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Approach

The following steps were used to develop monthly values for representative drain

water quality in the Delta for the computer models:

L

Delta drain water quality data collected by the MWQI Program was tabulated. The
period of record was from 1982 through 1997. Data for each sample (i.e., drain pump
station) were grouped and combined by island and tract. Descriptive statistics, dot
plots, and box and whisker plots of monthly DOC concentrations were made for each
island. Based on the monthly trends seen in the plots, the Delta islands were
subdivided into three classes based on their highest monthly DOC concentrations.
Inferences were then made on the expected DOC range classes at all Delta Island
Consumptive Use (DICU) model subunits. The classification of unsampled MWQI
areas were based on the monthly patterns and other similar characteristics (e.g., soil

type, peat soil thickness, land surface elevation, location) of adjacent sampled areas.

Correlations were determined for selected drain water quality parameters (DOC,
UVA-254nm, THMFP, bromide, chloride, EC). The UVA-254nm and bromide data
were not collected until 1991. Therefore, correlation matrices and regression
analyses comparing DOC, UVA254nm, TFPC, or bromide were limited to data from
1991 - 1997. Also, due to an earlier laboratory method, THMFP or TFPC data for
samples with more than 20 mg/l DOC and collected prior to 1991 were found to be

inaccurately low. DWR consequently revised their raw water THMFP test in 1991
(DWR, 1994).

. Historical EC data of Delta agricultural drain water were tabulated for each MWQI

sampled island. Scatter plots and box and whiskers plots of monthly EC values were
made for each island and tract. Based on the general trend in the highest monthly EC
values, each island/tract were grouped into four EC ranges and mapped to identify
regional differences. Monthly average values for EC, TDS, bromide, and chloride

were also computed for three subregions of the Delta based on primary water source
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in Bulletin 123 (DWR, 1967). Correlation matrices and regression equations to

compute bromide from EC, TDS, and chloride were also computed.

The monthly average values for the other mineral constituents (TDS, Ca, Mg, Na, Cl,
SQy) in drain water were computed from the monthly average values for each island
within each Bulletin 123 Delta region. Time series plots provided information about

the seasonal trends of the mineral salts in Delta drainage by region.

Dissolved Organic Carbon

DOC concentrations in Delta agricultural drainage appear to be associated with
location, season, soil type, and land surface elevations. During the wet months, soils
have more water content and longer contact time with water due to rainfall and the
managed flooding of fields to remove salt buildup, control weeds, or to attract waterfowl.
These activities result in higher DOC concentrations in drain water than during the dry
months when the water table is lower and when the soil is less moist. In the winter when
river channels are high, seepage pressure is the greatest and results in a higher water table
under the fields. Islands and tracts that have the lowest land surface elevation below
mean sea level appear to have the higher DOC concentrations. Most of the Delta
Lowlands are comprised of peat and mucky soils that are high in organic matter and
carbon content and are very porous. In contrast, the surrounding uplands soils are mostly

mineral type that are low in organic matter content (DWR, 1995c¢).

The islands and tracts fell into three classes based on their highest monthly
drainage DOC concentrations. The assumption was made that the trends seen in the
highest monthly DOC concentrations could be used as a good indicator for ranking the
relative magnitude of the islands and tracts as organic carbon sources. The classes were:
(1) a low-range DOC subarea (most maximum non-outlier or highest values less than 15
mg/1), (2) a mid-range DOC subarea (most maximum non-outlier or highest values

between 16 and 30 mg/l), and (3) a high-range DOC subarea (most maximum non-outlier

or highest values greater than or equal to 31 mg/l DOC).



Dot plots and box and whisker plots of the monthly DOC concentrations for each
of the three classes are shown in Figures 1a-f. The spread in DOC ranges were smallest
at the islands and tracts that were classified into the low-range DOC subarea. The spread
in DOC ranges were the largest in the high-range DOC subarea. In general, the

magnitude of monthly median values corresponded with the three ranges.

The low-range DOC subarea is located along the periphery of the Delta Lowlands
where the soil is predominately classified as a mineral type. The remaining drains located

in the peat soil areas were either in the high-range or mid-range DOC classes.
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The low-range DOC class included drains at the following four MWQI sampled
islands and tracts: Moss Tract, Netherlands Tract, Rio Blanco Tract, and Shima Tract.
The mid-range DOC class range included nine islands: Bacon Island, Clifton Court
Forebay drain, Grand Island, Mossdale Tract, Orwood Tract, Pescadero Tract, Pierson
District, Prospect Island, and Woodward Island. The high-range DOC class included
nineteen islands: Brannan-Andrus Island, Bouldin Island, Egbert and Upper Egbert Tract,
Empire Tract, Holland Tract, Jersey Island, King Island, Lower and Upper Jones Tracts,
Mandeville Island, Palm Tract, Staten Island, Rindge Tract, Terminous Island, Tyler
Island, Twitchell Island, Webb Tract, and Venice Island. Dot plots and box and whisker

plots of monthly drain water DOC at each of the thirty-two islands and tracts are
presented in the Appendix.

Greater detail than the previous mapping of the hypothesized DOC regions
(DWR, 1994) was made by classifying the Upland areas peripheral to the Delta Lowlands
and by classifying smaller land parcels (DICU subareas). These areas are listed in Table
1 and shown in Figure 2 for the DICU model subunits (DWR, 1995a). Under the new
ranking procedure for classifying islands and tracts as high, mid, or low-range DOC
subareas, several islands and tracts were reclassed into the next higher class than
previously assigned in the MWQI Five-Year Summary Report for 1978-1991. Figures
la-1f show that the new ranking scheme and additional data from 1992-1997 resulted in
identifying three very distinct DOC distribution patterns.

The descriptive statistics for the monthly DOC concentrations for the three DOC
range classes are presented in Table 2. The table includes the number of samples, lowest

and highest values, range, median, mean, upper and lower 95 percent confidence limits,
and the standard deviations.

The spread in monthly DOC values in the high-range DOC subarea during the
first six months of the year is a near mirror image of the last six months. Water
saturation in the peat soils caused by high seepage throughout the year is the suspected

cause as these islands and tracts are several feet below mean sea level (Figure 3).
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Table 1. DOC subregion classification for DICU model subareas
DICU Category Subarea

subarea
1M
2M
3M
4 M
5L
6L
7H
8H
oL
10L
110
4215
13 H
14 M
151
16 H
17H
18 L
19 H
20 M
21 M
22 H
23 H
24 L
25H
26 L
27 L
28 L

29 H

30L
31 M
32M
33 M
34 M
35L
36 L
37H
38 L
39L

40 L
41L
42 H
43 L
44 L
45 L
46 M

name

Union Isl. (east)
Union Isl. (west)
Grand lsl.
Mossdale

Meritt Isl.

Lisbon District
Andrus Isl. (lower)
Sherman Isl.

New Hope Tr.
Sutter Isl.

Rough and Ready
Mos Tr. (Boggs)
Andrus Isl. (middle)
Ryer Isl.

Roberts Isl. (middie)
Egbert Tr.

Egbert Tr.

Roberts Isl. (upper)
Terminous Tr.
Pierson District
Walnut Grove
Andrus Isl. (upper)
Tyler Isl.

Pocket District
Roberts Isl. (lower)
Scribner

Hood Junction
Randall

Isl.

Bouldin

Isl.

Glide District

El Pescadero
Hotchkiss Tr.
Byron Tr.

Clifton Court
Inactive

Weber Tr.

Jersey Isl.

West Sacramento
Netherlands
(counties 48 & 5)
Unnamed

Pico and Naglee
Twitchell Isl.

Smith ranch
Privately owned
Smith Tr.

Prospect Isl.

DICU Category Subarea

subarea
72 H
73L
74 M
75L
76 L
7L
78 L
79L
80H
81L
82 M
83 L
84 L
85 L
86 L
87L
88 L
89 L
90 M
91 M
92L
93 L
94 L
95 L
96 L
97 L
98 M
99 L

100 L

101 L
102 H
103 L
104 L
105L
106 L
107 L
108 H
109 H
110 H

111 H
112 H
1M13L
114 H
115L
116 L
1M7L

name

Brannan Isl.

Yolano (counties 48 & 57)
Woodward Isl.
Sargent-Barnhart Tr.
McMullin ranch
Inactive

Unnamed

Kasson

Canal ranch

Canal ranch

Stark Tr.

Liberty Isl. (counties 48 & 57)
Walthall Tr.

Paradise junction
Wetherbee Lake
Cache-Haas area
Cache-Haas area
Peter Pocket
Mossdale 2

Mossdale 2
Undesignated area
Undesignated area
Ehrhardt club (ARD)
Cosumnes-Mokelumne
Dead Horse Isl.

Hood area

Ida Isl.

Locke

area
McCormack-Williamnson Tr,

Stone Lake area
Undesignated area
Undesignated area
Acker Isl.

Atlas Tr.

Atlas Tr.

Drexler Tr.
Elmwood Tr.

Fern Isl.
Headreach Isl.

Henning Tr.
Hog lIsl.

Honker Lake Tr.
Morrison Isl.
Rio Blanco Tr.
Shima Tr.

Shin Kee Tr.



DICU Category Subarea

subarea
47 H

48 H
49 M

50 H

51H
52 H
53 H
54 H
55 H
56 L
57H
58 H
50 H
60 H
61 M
62 H

63 L

64 H
65 M
66 M

67 M
68 L
69 L

70L

71M

name

Mildred

Isl.

Venice Isl,
Orwood

Tr.

Holland

i

Webb Tr.
Mandeville Isl.
Bacon Isl.
Empire Tr.
McDonald Tr.
Brack Tr.

Palm Tr.

Rindge Tr.
Jones Tr. (lower)
Jones Tr. (upper)
Victoria Isl.
Medford Isl.

Bishop Tr.

King Isl.
Pescadero District
Pescadero District

Bradford lsl.
Hastings Tr.
Stewart

Tr:;

River junction

Veale Tr.

H = high DOC range class
M = mid-range DOC class

L = low DOC range class

DICU

Category Subarea

subarea

10

118 H

119 H
120 L

121 L

122 L
123 L
124 L
125 L
126 L
127 L
128 L
129 L
130 L
131H
132 M
133

134

135
136 L
137

138 M
139 M
140

141

142

name
Spud Isl.

Staten Isl.
Wright Tr.

Undesignated area

Undesignated area
Decker Isl.

Little Holland Tr.
Undesignated area
Undesignated area

Little Holland Tr.
Undesignated area
Undesignated area
Undesignated area
Bethel Isl.

Coney lIsl.

Dutch SI. and portion of
Sand Mound S,

Fals2 River, Piper SI.,
Sand Mound SI., & Rock Sl.
Fisherman Cut Waterway
Franks Tr.

Old River, Holland Cut,

& Indian Sl.

Quimby Isl.

Rhode Isl.

San Joaquin River waterway

San Joaquin River waterway
north of industrial strip
Taylor SI. Waterway

-
¥
\
X




Figure 2—DICU Model Consumptive Use Subareas

Drainage DOC Subarea
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Table 2. Summary Descriptive Statistics for Delta Drainage DOC
Data excludes drain into Clifton Court Forebay

High DOC Range Subarea
Concentration units in mg/L DOC

Month Count Min Max Range Median Mean 95% Upper Cl 95% Lower Cl Std. Dev.

1 178 54 1185 1131 32 323 35.1 296 18.4
2 56 6.2 71 64.8 36.6 35.5 401 31 16.9
3 82 76 75.2 67.6 345 33.8 374 30.3 16.3
4 177 3.1 89 85.9 208 22 20.1 23.8 12.7
5 59 53 84.5 792 18 206 16.9 242 13.9
6 154 4.1 59 54.9 12.2 15.3 13.8 16.8 9.9
7 177 3.5 76 72.5 13 154 16.8 14 9.8
8 147 4.7 57 52.3 15 155 16.8 14.2 8.2
9 40 3 96 93 77 12 16.8 7.3 14.9
10 144 53 96 90.7 13 17.8 204 15.3 154
11 45 59 67.5 61.6 12 17.5 22 13 14.9
12 57 71 85 77.9 237 285 333 23.7 18.1

Mid-DOC Range Subarea

Concentration units in mg/L DOC

Month Count Min Max Range Median Mean 95% UpperCl 95% Lower Cl Std. Dev.

1 57 19 29.5 276 7.9 10.5 126 8.4 8

2 12 3.2 20 16.8 16.3 12.8 17 8.6 6.6
3 31 1.5 37 35.5 10 11.8 15 8.5 8.9
4 57 1.7 17 15.3 7.7 8.3 9.3 7.4 34
5 21 34 17 136 6 74 9.1 57 3.7
6 42 16 18 16.4 6.7 7.3 8.2 6.4 28
7 51 3 18 15 6.7 7.5 8.4 6.7 3.1
8 48 3.1 18 14.9 6.9 .0 8.8 6.7 35
9 9 4.7 14.8 10.1 8.2 9 11.4 6.6 3.2
10 46 25 18.7 16.2 71 8 9.1 6.8 4

11 9 17 14 123 6.7 7.5 10.8 4.1 4.4
12 10 3.4 19.6 16.2 12 11.6 15.6 76 56

Low DOC Range Subarea

Concentration units in mg/L DOC

Month Count  Min Max Range Median Mean 95% UpperCl 95% Lower C| Std. Dev.

1 12 3.2 8 4.8 48 5.1 6 4.2 1.5

2 2 43 44 0.1 4.4 4.4 5 3.7 0.07
3 14 42 6.9 23 54 55 6 5 08
4 14 3.3 8.1 48 5.9 5.7 6.5 49 1.5
5 7 35 6.9 34 57 56 6.7 45 1.2

6 7 2.1 1 8.9 3.7 4.8 76 1.9 3.1

7 f 3.1 13 9.9 36 53 8.6 21 36
8 5 2.3 59 36 4.1 43 6.1 24 1.5
9

10 7 34 9.7 6.3 6 6.1 8.1 41 22
1

12 3 55 6.1 0.6 58 58 6.6 51 0.3
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The lower DOC concentrations seen during the summer are attributed to the
pumping off of drain water. This is done to lower the water table to avoid damage to the
crop roots. Pumping reduces the subsurface water contact time and water saturation
level in the organic soils, thereby, lowering the DOC concentrations in the drain water.
Historic drainage volume data showed that one peak drainage period for the Delta is in
the summer (July-August) when 1migation is increased to meet higher crop demands for
water (Jung and Tran, 1998; 1999). The other peak period is in the late fall and winter
during heavy rains and when managed flooded fields are drained.

Based on Table 2 information and Figures 1a-1f, the following DOC
concentration values will be used as input to the DSM2 model run (Table 3).

Table 3. DSM2 Model DOC Values

Units in mg/l
Month Low DOC range Mid;ran ge DOC High DOC range
subarea subarea subarea

January 5.4 12 32
February 5.4 12 36
March 54 12 34
April 54 7.8 22
May 5.4 7.8 20
June 5.4 7.8 15
July 5.4 7.8 15
August 5.4 7.8 15
September 5.4 9 15
October 5.4 8 18
November 5.4 T2 18
December 5.4 11.6 28
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TFPC and UVA-254nm

The THMFP carbon (TFPC) concentration is computed from THMFP
concentration data. The amount of carbon in each of the four THM compounds is totaled
to obtain the TFPC concentrations. Regression analysis of DOC, TFPC, and UVA-254nm
data collected by the MWQI Program from 1991 — 1997 were used to determine if there
were any strong relationships among these parameters. This later data set was used
because THMFP analysis prior to 1991 tended to yield lower results than actual in waters
with more than 20 mg/L DOC. A revised THMFP method was instituted in 1991 to
provide more reliable determinations (DWR, 1994). There were 953 samples that had all

four parameters measured.

A regression plot of the TFPC (ug/l) versus DOC (mg/L) concentrations for the
sampled drains in 1991-1997 is shown in Figure 4a. A similar plot for drainage UV A-
254nm readings and corresponding DOC concentrations for all sampled drains is shown
in Figures 4b and 5b. The UVA to TFPC relationship is shown in Figure 5a. The simple
linear regressions are shown below in Table 4. Data s'catter showed that the DOC pool of
organic compounds in the samples varied in the formation of trihalomethanes and

ultraviolet absorbance at 254nm. However, there was no significant difference among
the three DOC range subareas.

Table 4. TFPC, DOC, and UVA-254nm Regression Equations

DOC Equations Data range Correlation

subarea | UVAincm™” and TFPCinug/l | n=953 coefficients
and DOC in mg/L

All (Fig. | TFPC=36.815+7.52*DOC TFPC(8.86-917.2) | R=0.86

4a-b) UVA =1.2415+20.46*DOC UVA(0.059-3.86) | R=0.95

All (Fig. | TFPC=137.535 + 164.46*UVA DOC (2 - 98) R=0.87

5a-b) UVA =0.02374 + 0.04415*DOC R=0095

15



Monthly TFPC and UV A-254 nm values for the DSM2 model run were computed

from the two above equations using the DSM2 DOC values in Table 3. The model input
values are shown in Table §.

Figure 4a. Delta Drainage DOC vs. TFPC
TFPC = 36.815 + 7.5200 * DOC
Correlation: r = .85911
MWQI data 1991-1997 n=953

1000
o 5 )
=
8 600
ks} fe
S
O 400 o
200 5 o
o]
0 b o 3
i TO. Regression
-10 10 30 50 70 90 110 95% confid.
DOC mg/l
Figure 4b. Delta Drainage UVA vs. DOC
DOC =1.2415 + 20.460 * UVA
Correlation: r = .95041
MWQI data 1991-1997 n=953
100 Liisinuiion &
5, 60
£
Q
QO 40+
a
20
0
0. Regression
0 1 2 3 4 95% confid.
UVA per cm
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TFPC microg/l

UVA 254nm per cm

Figure 5a. Delta Drainage UVA vs. TFPC
TFPC = 37.535 + 164.46 * UVA
Correlation: r = .87281
MWQI data 1991-1997 n-953

Figure 5b. Delta Drainage DOC vs. UVA
UVA = .02374 + .04415 * DOC
Correlation; r = .95041
MWQI data 1991-1997 n=953

DOC mg/l
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Table 5. DSM2 Model TFPC and UVA-254nm Values

High Range DOC Subarea
Month DOC TFPC UVA-254nm Month

1 32 2715 1.42 1

2 36 307.5 1.59 2
3 34 2925 1.50 3

4 22 202.3 0.97 4
5 20 187.2 0.89 5
6 15 149.6 0.66 6
7 15 1496 0.66 7
8 15 149.6 0.66 8

9 15 149.6 0.66 9
10 18 172.2 0.80 10
11 18 1722 0.80 11
12 28 247.4 1.24 12

TFPC (microg/l) = 36.815+7.52*DOC (mg/l)
UVA-254nm per cm = 0.02374+0.04415*DOC (mg/l)
DOC (mg/l) are DSM2 values in Table 3.

el

Mid-Range DOC Subarea

DOC
12
12
12
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
12

TFPC UVA-254nm

127.1
1271
127.1
95.5
956.5
95.5
95.5
95.5
95.5
95.5
95.5
127.1

0.556
0.55
0.55
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.55

= = =

Month

NSV RNOOAEWN =

Low Range DOC Subarea
DOC TFPC UVA-254nm
54 77.4 0.26
5.4 77.4 0.26
54 77.4 0.26
54 774 0.26
5.4 77.4 0.26
54 774 0.26
54 774 0.26
54 77.4 0.26
54 77.4 0.26
54 774 0.26
54 774 0.26
5.4 77.4 0.26
=l
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Bromide and EC

The regional distribution of bromide concentrations in the Delta is related to the
degree of influence by seawater intrusion and the primary source of water applied to the
islands and tracts for irrigation or that is seeped onto the islands. Seawater is the
dominant source of bromide to the Delta. Areas of the western Delta are most impacted
by daily ocean tides. Areas to the north and further inland (Southeast) are less impacted
by tidal excursions. The areas (Figure 6) for salinity related constituents do not follow

that for organic carbon but are based on earlier work reported in Bulletin 123 (DWR,
1967).

The MWQI sampled islands and tracts that are in the north Delta included: Grand,
Tyler, Bouldin, Brannan-Andrus, Egbert and Upper Egbert, McCormick-Williamson,
Netherlands, Pierson, Prospect, Terminous, and Twitchell. The western Delta islands
included: drain at Clifton Court Forebay, Holland, Jersey, Orwood, Palm, Pierson,
Prospect, and Webb. The southeastern Delta islands and tracts included: Bacon, Empire,

King, Lower and Upper Jones, Mandeville, Moss, Mossdale, Rindge, Rio Blanco, Shima,
Staten, and Venice.

Pearson moment correlation matrices were computed to assess the correlations
among the drain water mineral constituents at each of the three Bulletin 123 Delta
subregions. The variables included EC, TDS, Br, Ca, Cl, Mg, Na, and SO4. The
correlation matrix table (n=168) for the western Delta island drains is presented in Table
6a. Bromide concentrations correlated extremely well (r = 0.96 — 0.98) with EC, TDS, Cl,
and Na). The relationship between Br and EC is shown in Figure 7a, for EC and TDS in
Figure 7b, and for Br and Cl in Figure 7c.

The correlation matrix for the northern segment of the Delta is shown in Table 6b
(n=257 samples). The highest correlation (r = 0.85) for bromide was with chloride (Fig.

8a). Chloride correlated well with EC (r = 0.95; Fig. 8b). EC correlated well with TDS
(r=10.98; Fig. 8c).

19



'-v- Stockion

s B
L

e

Figure 6. Bulletin 123 Delta Subregions

20



The correlation matrix for the southeastern Delta drain water samples (n=353) is

l presented in Table 6¢. Again bromide correlated well with chloride (r = 0.93; Figure 9a).
' EC had a correlation value of 0.96 with chloride (Figure 9b). EC and TDS had a 0.98
@ correlation coefficient (Figure 9¢). The chloride to TDS correlation was 0.91 (Figure 9d).

Table 6a. West Delta Drainage
Correlation Matrix Table

----------------------------------------------------------------------- +

+

— | STAT | Correlations (drwg3.sta) |

o | Basic | Marked correlaticns are significant at p < .05000 |

L) | sTaTs | N=168 (Casewise deletion of missing data) |
drvmmm————— e e dmmmm - Fommmm——-- tommm——- Fommmmm fommmm——— +
I l | l I l I | | I
| variable [ EC | T8 | BR | ©a | cu | Me | NA | sS04 |
e mm———— ] P em - e o i pmmmm—mea e S > adew (e fuot iy et R +
| EC | 1.00 1.00 * 96 73 *| .99 * .95 *| .99 *| .92 |
| ™S | 1.00 *| 1.00 96 * 75 *| .99 * .96 *| .98 *| .94 *|
| BR | .96 * .96 *| 1.00 58 | .98 * .87 *| .98 *| .82 *|

E | ca | 73, * .75 * 58 *| 1.00 | 68 * .86 *| .63 * .85 *|
| crL | .99 .99 * 98 * 68 *| 1.00 .92 x| .99 * .88 =|
| MG | .95 * .96 * 87 * 86 *| 92 ¥| 11.00 | .91 #| .95 *|
| NA | .99 * .98 * 98 * 63 *| 59 * .91 *| 1.00 | .88 |

E | 804 | .92 * .94 * 82 * 85 *| 88 * .95 *| .88 *| 1,00 |
e Fomm - dmmmmm - $rmm————— prmm————— $mmm e ——— Femm—m——— b ——— tommm————

Table 6a Correlation Plots for West Delta Drainage
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Table 6b. North Delta Drainage Correlation

Matrix Table

Frmereencaa o it i ey +
| sTAT [ Correlations (drwg3.sta) |
| BASIC | Marked correlations are gignificant at p < .05000 |
| STATS | N=257 (Casewise deletion of missing data) |
e ] o $ommm———- P e fmmm e ——— e oo e +
| | I | | 1 l

| variable | EC | TS | BR ca | CL MG | NA | 504 -

o i P e e e i s i e A i o i $frermmmea Ll +
| EC | 1.00 .98 * 9T * .92 * 95 *| 91 *| .93 * .85 |
i TDS | .98 *| 1.00 72 * 94 * 91 *| 91 | .90 * .87 *|
| BR | 77 * .72 *|  1.00 58 * 85 *| 59 *| .81 * 39 x|
| ca | 92 *| .94 * 58 *| 1.00 .79 *| 97 *| Sk .88 *|
| cL | .95 * .91 * 85 * .79 *| 1.00 | .79 *| .95 L71 %
| MG | .91 * .91 * 59 * .97 » .79 *| 1.00 | J71 .83 *

| NA | .93 * .90 * 81 « .74 > 95 *| .71 *| 1.00 e B

| s04 | 85 * .87 * 39 .88 * 71 *| 83 | v73 % 2.00 |
1 5 e e g e i e et S e e D i i i e e o o e 2 bt v *

Table 6b Correlation Plots for North Delta Drainage
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Table 6c. Southeastern Delta Drainage
Correlation Matrix Table

$ricemmiaa e B Rt et e b Lt B b e T e e mmsssmmca= +
| STAT. | Correlations (drwg3.sta)
BASIC | Marked correlations are significant at p < .05000
| sTaTs [ N=353 (Casewise deletion of missing data) [
o —m - fmr=mmm—- Fommmmena o ——— e fa=s-=ma= $u==cca== frem——— B +
‘ 1 | | | | |
| variable BC | TS | BR CA cL | M | NA | sos |
$ommmmm———— Fmmmmmm—a e dmmmmmm—a o ——— dmmmmmmm i e R L] +
| EC 1.00 | .98 *| B6 * .95 * .96 *| .97 *| .96 * .80 |
TDS .98 *| 1.00 | 82 * .96 * 92 +| .96 *| .93 .84 *|
BR .86 .82 *| 1.00 .78 293 *| 79 *| B4 * 47 |
| CcA .95 .96 *| .78 *| 1.00 .88 +| .98 *| B4 ¥ .81 w|
| cL .86 *| .92 *| 93 * .88 *| 1.00 | .90 *| .93 * JE4 *|
| MG .97 * .96 | .79 * .58 * .90 *| 1.00 | B9 * VB3 +|
| NA .96 * .93 | .B4 * .B4 * 93 *| .89 *| 1.00 .75 |
| 504 B0 *| .84 *| A7+ JB1 * 64 | .83 *| .75 *| 1.00 |
e L pomm e mana e B - o mmmm - $mmmmmm A +
Table 6c Correlation Plots for Southeast Delta Drainage
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Br mg/l

Br mg/l

Figure 7c. West Delta Drainage Chloride vs. Bromide
BR =.09611 +.00257 * CL
Correlation: r = .97900
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Figure 8a. Northern Delta Drainage Chloride vs. Bromide
BR =.11569 + .00214 * CL
Correlation: r = .84643
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Cl mg/l

TDS mgfl

Figure 8b. Northern Delta Drainage EC vs. Chloride
CL =-26.27 +.19225* EC
Correlation: r = .95345
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Figure 8c. Northern Delta Drainage EC vs. TDS
TDS =22.384 +.60782 * EC
Correlation: r = 98061
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Cl mgfl

Figure 9a. Southeastern Delta Drainage Chloride vs. Bromide
BR =.02749 + .00306 * CL

Correlation: r = 92666
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Br mg/l
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Figure 9b. Southeastern Delta Drainage EC vs. Chloride
CL=-4343 +.215614"EC
Correlation: r = .96083
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TDS mg/l

Cl mg/l

Figure 9c. Southeastern Delta Drainage EC vs. TDS
TDS =20.709 + .58997 *EC
Correlation: r = .98128
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Figure 9d. Southeastern Delta Drainage TDS vs. Chioride
CL =-37.27 + .34088 * TDS
Correlation: r = .91532
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Scatter plots and box and whiskers plots of drainage EC were made for each of
the sampled islands (Appendix B). This was done to determine if there were areasvthat
were more saline than others within the three Bulletin 123 subregions. The monthly
highest EC readings were used to categorize each island. The assumption was made that
the trends in the highest monthly EC values could be used to indicate the mineral quality
of the islands as affected by the irrigation and seepage water quality and

evapotranspiration. The island/tracts were categorized by the following monthly peak EC
values:

EC range in microS/cm EC classification
Less than or equal to 1000 low range EC
Between 1001 and 2000 midrange EC
Between 2001 and 3000 high range EC
Above 3000 extremely high EC

The results of the EC classification are shown in Figure 10. The western Delta
subarea has the highest EC due to the influence of seawater (Jersey, Holland, Webb) and
possibly mineral springs (drain into Clifton Court Forebay). Most of the southeastern
segment of the Delta had midrange EC values. The exceptions were at Empire Tract
(connate water), Pescadero and Moss tracts (mineral soil and irrigates water from the San
Joaquin River), which had higher EC values. The uppermost segment (Grand, Pierson,
McCormick-Williamson) of the northern subregion had the lowest EC drains. This is
attributed to the use of fresh water from the Sacramento River. Areas in the middle

segment (e.g., Brannan, Tyler, Bouldin) had midrange EC and in the lower end
(Twitchell) high EC values due to seawater influences.

An examination of the data set showed that the number of drains and samples
taken varied among the islands. This would skew the data when computing
representative monthly average values of EC, bromide, and other constituents. To
minimize this effect, monthly average values for each island were first computed

(Appendix C), then summed and divided by the number of islands to obtain regional
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monthly average values. Data from the drain at Clifton Court Forebay was excluded as it

is a small drain and does not drain into the Delta channels. The computed average

"

monthly EC and bromide concentration at the three Delta subareas are shown in Figures

11 and 12, respectively. The northern subarea had the lowest EC and bromide values,

followed by the southeastern Delta subarea, and the highest in the west Delta. The spatial
pattern in EC, bromide, and other minerals at the island drains is controlled by the quality
of channel water applied on and seeping into the islands and tracts. The qualities of the
applied and seepage water are controlled by the combined effects of tidal intrusion and

river flows from the Sacramento and San Joaquin rivers.
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Figure 10—EC Ranges of Delta Island Drains
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Other Mineral Constituents

As with the EC and bromide data, the monthly average concentrations of total
dissolved solids, calcium, magnesium, sodium, chloride, and sulfate were computed from
the monthly average concentrations for each island within each of the DWR Bulletin 123
Delta regions (Appendix C). The data were plotted to show the seasonal trends of these
mineral salts in the Delta drainages by region. In cases, where there were insufficient
data for a particular region and month, the data were not plotted in the figures. Examples

of omitting data include instances when there were only data for a highly saline island or

. tract (e.g., Jersey Island, Empire Tract) and none for other islands or tracts within the

same Delta region. If the data from the high saline areas were used, the plots would be
skewed towards showing higher monthly values than the more likely average for the
region and month. The TDS, calcium, magnesium, and sodium monthly averages are
presented in Figures 13 to 16, respectively. The monthly average concentrations of the

anions, chloride and sulfate, are shown in Figures 17 and 18, respectively.

The mineral salt concentrations in the west and southeast Delta drains were
generally highest in the winter (Feb-Mar) and lowest during the summer months. The
summer lows are attributed to high applications of irrigation water during the growing
season to meet crop demands with high pump off of drain water to maintain water table
heights. The combined actions result in deposition of salts in the soil surface due to high
evaporation and lower salt concentrations in the subsurface drainage. The increases in
salt levels in the drainage occur after the summer as the climate becomes cooler. The
drain water salinity increases as there is less water evaporation and curtailment of
irrigation for most crops, which then results in less salt buildup in the soil. The sharp
increases in drain water salts that occur in the late fall and winter are due to ponding of
the fields and heavy rainfall that resolubilizes the salts in the soil that had built up during

the summer. These observations agree with the seasonal trends studied in 1954-55 by
DWR (DWR, 1956; Figure 19).
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Salt concentrations were highest in the west Delta due to seawater influences on

the applied irrigation water. The lowest concentrations were found in the north Delta that
uses Sacramento River.
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Figure 14, Average Calcium Levels in Delta Drainage
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Figure 19. Delta Lowlands Average Drainage TDS, 1954- 55
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Appendix A

-Monthly Delta Island/Tract Drainage DOC Concentrations

DOC in mg/1
Months are calendar months
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Brannan Island DOC
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Clifton Court Forebay Drain DOC
y = 7.282-2.609"x+2,934*x2-0.897"x*3+0.136"x"4-0.006"x"5+eps
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Egbert Tract DOC
y = 50.026-50.623"x+32.936"x"2-8.078"x*3+0.806"x*4-0.028"x"5+eps
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Empire Tract DOC
y = 60.874+1.088"x-2.547"x*2+0.308"x"3-0.009*x*4-9.168e-7*x"5+eps
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APPENDIX B.

Delta Drainage EC by Island/Tract
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Appendix C.

Monthly Average Mineral Quality by Delta Island/Tract
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Figure 11. Average Monthly EC Values in Delta Drainage
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Drainage EC avgs.
Month North West
803 1843
903 1821
945 2877
682 1289
508 824
378 848
340 923
347 838
460 1224
606 1025
573 1664
871 1638

Southeast

1045
1523
1034
928
839
745
680
673

848
954
815
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ecvalues.xIs

OO0 06

CASENAME EC_MEAN EC_N
G_1:1 GRAND 622 4
G_1:1 TYLER 611 2
G_1:1 BOULD 588 20
G_1:1 BRANN 881 25
G_1:1 EGBER 954 4
_1:1 MCCOR 351 2
_1:1 NETHE 762 4
_1:1 PROSP 1390 1
_1:1 STATE 668 6
_1:1 TERMP 825 4
_1:1 TWITC 1414 1
_1:1 UPEGB 568 5
Jan avg. 803
G_2:2 GRAND 589 5
G_2:2 TYLER 847 1
G_2:2 BOULD 810 4
G_2:2 BRANN 970 4
G_2:2 EGBER 0
G_2:2 MCCOR 0
G_2:2 NETHE 0
G_2:2 PROSP 0
G_2:2 STATE 0
G_2:2 TERMP 0
G_2:2 TWITC 1500 5
G_2:2 UPEGB 0
Feb avg. 903
G_3:3 GRAND 692 5
G_3:3 TYLER 881 4
G_3:3 BOULD 646 4
G_3:3 BRANN 890 “
G_3:3 EGBER 1440 B
G_3:3 MCCOR 456 4
G_3:3 NETHE 1328 4
G_3:3 PROSP 826 3
G_3:3 STATE 0
G_3:3 TERMP 818 3
G_3:3 TWITC 1474 10
G_3:3 UPEGB 938 2
Mar avg. 845
G_4:4 GRAND 443 5
G_44 TYLER 527 2
G_44 BOULD 485 14
G_4:4 BRANN 862 24
G_44 EGBER 822 4
G_44 MCCOR 219 4
G_44 NETHE 790 B
G_44 PROSP 539 1
G_4:4 STATE 842 6
G_4:4 TERMP 736 4
G_44 TWITC 1085 9
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G_d4

UPEGB

Apr avg.

G_5:5
G_5:5
G_55
G_55
G_5:5
G_5:5
G_5:5
G_5:5

. G_55

G_5:5
G_S5:5
G_55

GRAND
TYLER
BOULD
BRANN
EGBER
MCCOR
NETHE
PROSP
STATE
TERMP
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UPEGB

May avg.

G_66
G_6:6
G_686
G_66
G_6:8
G_6:6
G_66
G_66
G_6:6
G_6:6
G_66
G_66

GRAND
TYLER
BOULD
BRANN
EGBER
MCCOR
NETHE
PROSP
STATE
TERMP
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UPEGB

Jun avg.

G_7.7
G_77
G_77
G_77
G_77
G_77
G_77
G_7:7
G_7:7
G_77
G_7.7
G_7:7
Jul avg.
G_88
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G_8:38
G_838
G_88
G_8:8
G_838
G_8s8
G_838
G_88

GRAND
TYLER
BOULD
BRANN
EGBER
MCCOR
NETHE
PROSP
STATE
TERMP
TWITC
UPEGB

GRAND

EGBER

NETHE
PROSP
STATE

TERMP

831
682
205
285
240

1022
227

815

1219
509
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181

316
178
218
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378
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478
301
167
214
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305
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G_88 TWITC
G_8:8 UPEGB
Aug avg.
G_9:8 GRAND
G_9:9 TYLER
G_9:9 BOULD
G_9:9 BRANN
G_9:9 EGBER
G_9:9 MCCOR
G_9:9 NETHE
. G_9:9 PROSP
G_9:9 STATE
G_9:9 TERMP
G_9:9 TWITC
G_9:9 UPEGB
Sep avg.
G_10:10 GRAND
G_10:10 TYLER
G_10:10 BOULD
G_10:10 BRANN
G_10:10 EGBER
G_10:10 MCCOR
G_10:10 NETHE
G_10:10 PROSP
G_10:10 STATE
G_10:10 TERMP
G_10:10 TWITC
G_10:10 UPEGB

G_11:11 GRAND
G_11:11 TYLER
G_11:11 BOULD
BRANN
_11:11 EGBER
_11:11 MCCOR
_11:11 NETHE
_11:11 PROSP
_11:11 STATE
_11:11 TERMP
_11:11 TWITC
1:11 UPEGB
avg.

_12:12 GRAND
_12:12 TYLER
G_12:12 BOULD
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G_12:12 TERMP
G_12:12 TWITC
G_12:12 UPEGB
Dec avg.

596
1025

871

ecvalues.xls
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G_2:2 JERSE
G_2:2 PALMT
G_2:2 WEBB0
. Feb avg.
G_3:3 HOLLA
G_3:3 JERSE
G_3:3 PALMT
G_3:3 WEBB0O
Mar avg.
G_4:4 HOLLA
G_4:4 JERSE
G_44 PALMT
G_44 WEBBO
Apr avg.
G_5:5 HOLLA
G_55 JERSE
G_55 PALMT
G_55 WEBB0
May avg.
G_6:6 HOLLA
G_6#6 JERSE
G_6:6 PALMT
G_6:6 WEBBO
Jun avg.
G_7.7 HOLLA
G_7:7 JERSE
G_7:7 PALMT
G_7:7 WEBBO
Jul avg.
G_8:8 HOLLA
G_8:8 JERSE
G_8:8 PALMT
G_8:8 WEBBO
Aug avg.
G_8:8 HOLLA
G_9:9 JERSE
G_9:9 PALMT
G_9:9 WEBBO
Sep avg.
G_10:10 HOLLA
G_10:10 JERSE
G_10:10 PALMT
G_10:10 WEBB0
Oct avg.

EC_MEAN
1607
3020
1287
1458
1843
1643
1580

2240
1821

2877

2877
1442
1562
1052
1100
1289

824

824
891
728
876
- 896

934
1041
748
968
023

1229

609
938

1224
1224
1037
1180
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1025

EC_N
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G_12:12 HOLLA
G_12:12 JERSE
G_12:12 PALMT
G_12:12 WEBBO
Dec avg.

. All Groups

1664
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1638

16838
1184

ecvalues.xis

ocowo

oo wo
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CASENAME EC_MEANEC_N
G_1:1 EMPIR 1241 11
G_1:1 BACON 955 9
G_1:1 KINGI 746 17
G_1:1 LJONE 1052 5
G_1:1 MANDE 778 2
G_1:1 MOSSD 793 9
G_1:1 MOSST 745 4
G_1:11 ORWOO 1313 2
G_1:1 PESCA 2218 18
. G_1:1 PIERS 651 2
G_1:1 RINDG 933 1
G_1:1 RIOBL 1176 4
G_1:11 SHIMA 651 2
G_1:1 UPJON 893 10
G_1:1 VENIC 781 3
G_1:1 WEBBO 1920 1
G_1:11 WOODW 926 3
Jan avg. 1045
G_2:2 EMPIR 2028 6
G_2:2 BACON 967 2
G_2:2 KINGI 806 6
G_2:2 LJONE 0
G_2:2 MANDE 0
G_2:2 MOSSD 0
G_2:2 MOSST 0
G_2:2 ORWOO 0
G_2:2 PESCA 2210 1
G_2:2 PIERS 0
G_2:2 RINDG 1433 4
G_2:2 RIOBL 1035 2
G_2:2 SHIMA 873 1
G_2:2 UPJON 1018 2
G_2:2 VENIC 0
G_2:2 WEBBO 2530 1
G_2:2 WOODW 0
Feb avg. 1523
G_3:3 EMPIR 2126 7
G_3:3 BACON 0
G_3:3 KINGI 758 6
G_3:3 LJONE 0
G_3:3 MANDE 0
G_3:3 MOSSD 1178 13
G_3:3 MOSST 878 5
G_3:3 ORWOO 0
G_3:3 PESCA 0
G_3:3 PIERS 501 2
G_3:3 RINDG 1263 4
G_3:3 RIOBL 1043 4
G_3:3 SHIMA 703 2
G_3:3 UPJON 769 3
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G_3:3 VENIC
G_3:3 WEBB0
G_3:3 WOODW
Mar avg.

G_4:4 EMPIR
G_4:4 BACON
G_4:4 KINGI
G_4:4 LJONE
G_4:4 MANDE
G_4:4 MOSSD

. G_44 MOSST

G_44 ORWOO
G_44 PESCA
G_44 PIERS
G_4:4 RINDG
G_44 RIOBL
G_4:4 SHIMA
G_44 UPJON
G_44 VENIC
G_44 WEBB0O
G_4:4 WOODW
Apr avg.

G_55 EMPIR
G_55 BACON
G_5:5 KINGI
G_55 LJONE
G_5:5 MANDE
G_55 MOSSD
G_55 MOSST
G_55 ORWOO
G_55 PESCA
G_5:5 PIERS
G_5:5 RINDG
G_55 RIOBL
G_5:5 SHIMA
G_55 UPJON
G_5:5 VENIC
G_55 WEBB0
G_55 WOODW
May avg.

G_6:6 EMPIR
G_6:6 BACON
G_6:6 KINGI
G_68:8 LJONE
G_6:6 MANDE
G_8:8 MOSSD
G_6:6 MOSST
G_6:6 ORWOO
G_6:6 PESCA
G_6:86 PIERS
G_6:6 RINDG

1034
1957

695

1168

620

1032
715

1310
463
819
512

10582

1021
470
469
855
531

1225

1128
1626
481
678
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ecvalues.xis

G_6:6 RIOBL 701 2
G_6:8 SHIMA 344 1
G_8:6 UPJON 889 9
G_6:6 VENIC 464 2
G_6:6 WEBBO 845 1
G_6:8 WOODW 503 3
Jun avg. 745
G_7:7 EMPIR 648 10
G_7:7 BACON 530 10
G_7:7 KINGI 585 15
G_7:7 LJONE 480 10
G_7:7 MANDE 505 4
G_7:7 MOSSD 1027 5
G_7:7 MOSST 0
G_7:7 ORWOO 829 4
G_7:7 PESCA 1604 20
G_7:7 PIERS 268 1
G_7:7 RINDG 645 6
G_7:7 RIOBL 762 2
G_7:7 SHIMA 577 1
G_7:7 UPJON 849 10
G_7:7 VENIC 438 4
G_7:7 WEBB0 853 2
G_7:7 WOODW 478 2
Jul avg. 680
G_8:8 EMPIR 553 8 .
G_8:8 BACON 553 8
G_8:8 KINGI 682 12
G_8:8 LJONE 538 5
G_8:8 MANDE 537 3
G_8:8 MOSSD 981 10
G_8:8 MOSST 720 2
G_8:8 ORWOO 638 2
G_8:8 PESCA 1583 14
G_8:8 PIERS 248 1
G_8:8 RINDG 550 6
G_8:8 RIOBL 870 2
G_8:8 SHIMA 631 1
G_8:8 UPJON 631 9
G_8:8 VENIC 439 3
G_8:8 WEBBO 801 2
G_8:8 WOODW 490 2
Aug avg. 673
G_9:9 EMPIR 2083 5
G_9:9 BACON 0
G_9:9 KINGI 0
G_9:9 LJONE 0
G_9:9 MANDE 0
G_9:9 MOSSD 0
G_8:8 MOSST 0
G_9:9 ORWOO 0
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G_10:10 ORWOO 1155
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G_11:11 PIERS
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G_11:11 RIOBL
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G_12:12 MOSSD
G_12:12 MOSST
G_12:12 ORWOO
G_12:12 PESCA

G_12:12 PIERS

G_12:12 RINDG 866
G_12:12 RIOBL 1150
G_12:12 SHIMA 585
G_12:12 UPJON 807
G_12:12 VENIC

. G_12:12 WEBBO

G_12:12 WOODW

Dec avg. 815
All Groups 1002 718

SCoOow-_pPpPNOOCOOO
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Figure 12. Average Monthly Bromide Concentrations in Delta Drainage
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Month North West Southeast

DZouorcczzrzmnac

0.35 0.80 0.48
0.36 0.91 047
0.66 1.29 1.068
0.48 0.8 0.52
0.33 0.4 0.37
0.25 0.45 0.3¢
0.17 0.6 0.36
0.2 0.66 0.39
0.5 0.86 0.3
0.41 0.63 0.57
0.55 1.27 0.35
0.71 1 0.32
annual 0.41 0.79 0.46
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QD006

CASENAME BR_MEANBR_N
G_111 EMPIR 0.69 5
G_1:1 BACON 033 10
G_1:11 KINGI 0.37 9
G_1:1 LJONE 0.28 5
G_1:1 MANDE 0.32 2
G_1:11 ORWOO 0.37 2
G_1:1 PESCA 110 1
G_1:1 RINDG 0.52 5
_1:1 UPJON 0.35 £
_1:1 VENIC 0.22 5
_1:1 WEBB0 0.64 1
_1:1 WOODW 0.29 3
Jan avg. 0.48
G_2:2 EMPIR 0
G_2:2 BACON 0.24 <
G_2:2 KINGI 0
G_2:2 LJONE 0
G_2:2 MANDE 0
G_2:2 ORWOO 0
G_2:2 PESCA 0.95 3
G_2:2 RINDG 0
G_2:2 UPJON 0
G_2:2 VENIC 0.20 1
G_2:2 WEBBO 0.48 1
G_2:2 WOODW 0
Feb avg. 0.47
G_33 EMPIR 2.70 1
G_3:3 BACON 0.17 3
G_3:3 KINGI 0
G_3:3 LJONE 0
G_3:3 MANDE 0
G_3:3 ORWOO 0
G_3:3 PESCA 1.02 2
G_3:3 RINDG 0
G_3:3 UPJON 0
G_3:3 VENIC 0.35 2
G_3:3 WEBBO 0
G_3:3 WOODW 0
Mar avg. 1.06
G_44 EMPIR 1.53 5
G_4:4 BACON 028 10
G_4:4 KINGI 042 12
G_44 LJONE 0.27 5
G_4:4 MANDE 0.30 3
G_4:4 ORWOO 0.24 3
G_4:4 PESCA 1.07 5
G_44 RINDG 0.71 5
G_44 UPJON 0.32 3
G_4:4 VENIC 0.26 4
G_4:4 WEBBO 0.59 2

bromides.xls
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G_44 WOODW
Apr avg.

G_55 EMPIR
G_5:5 BACON
G_5:5 KINGI
G_5:5 LJONE
G_5:5 MANDE
G_5:5 ORWOO
G_5:5 PESCA
G_5:5 RINDG
G_5:5 UPJON
G_5:5 VENIC
G_5:5 WEBB0
G_5:5 WOODW
May avg.

G_6:6 EMPIR
G_6:6 BACON
G_6:8 KINGI
G_6:6 LJONE
G_6:6 MANDE
G_6:6 ORWOO
G_6:6 PESCA
G_6:6 RINDG
G_6:6 UPJON
G_6:6 VENIC
G_6:6 WEBBO
G_6:6 WOODW
Jun avg.

G_7.7 EMPIR
G_7:7 BACON
G_7:7 KINGI
G_7:7 LJONE
G_7:7 MANDE
G_7:7 ORWOO
G_7:7 PESCA
G_7:7 RINDG
G_7:7 UPJON
G_7:7 VENIC
G_7:7 WEBBO
G_7:7 WOODW
Jul avg.

G_8:8 EMPIR
G_8:8 BACON
G_8:8 KINGI
G_8:8 LJONE
G_8:8 MANDE
G_88 ORWOO
G_8:8 PESCA
G_8:8 RINDG
G_8:8 UPJON
G_8:8 VENIC

0.24

0.52
0.42
0.22

0.47
0.35

0.37
0.79
0.20
0.22
0.25
0.30
0.43
0.86
0.32
0.28
0.21
0.55
0.26
0.39
0.37
0.26
0.33
0.24
0.27
0.43
0.80
0.33
0.34
0.13
0.59

028

0.36
0.45
0.31
0.40
0.24
0.33
0.26
0.89
0.38
0.33
0.16
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G_8:8
G_8:8
Aug avg
G_9:9
G_9:9
G_9:9
G_9:9
G_9:9
G_9:9
G_9:9

. G_9:9

G_9:9
G_9:9
G_9:9
G_9:9

WEBB0
WOODW

EMPIR
BACON
KINGI
LJONE
MANDE
ORWOO
PESCA
RINDG
UPJON
VENIC
WEBBO
WOODW

Sep avg.

G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
G_10:10
Oct avg.

G_12:12
G_12:12
G_12:12
G_12:12
G_12:12
G_12:12
G_12:12
G_12:12

EMPIR
BACON
KINGI
LJONE
MAND
ORWO
PESCA
RINDG
UPJON
VENIC
WEBB
WOOD

EMPIR
BACON
KINGI
LJONE
MANDE
ORWOQO
PESCA
RINDG
UPJON
VENIC
WEBB0
WOOoDW

' EMPIR

BACON
KINGI
LJONE
MANDE
ORWOO
PESCA
RINDG
UPJON

0.85
0.25
0.39

0.18

0.66
0.09

0.30
1.97
0.39
0.33
0.26
0.28
0.35
1.09
0.64
0.37
0.13
0.77
0.22
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G_44 BOULD
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G_55 TWITC
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Figure 18. Average Sulfate Levels in Delta Drainage
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