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1. Background 

1. 1 Purpose of report and scope of study 

An Environmental Assessment and Initial Study for the interim use of a ponion of the San Luis Drain for 

conveyance water through the GrassJand Water District and adjacent Grassland areas was conducted by Summers 

Engineering Inc. for a coalition of Grassland Drainage entities. These entities include the Panoche Drainage District, 

Firebaugh Canal Water District, Central California Irrigation District, Broadview Water District, Pacheco Water 

District, Charleston Drainage District and the City of Los Banos. The project proposes the use of 18 miles of the 

San Luis Drain for the conveyance of agricultural drainage water for a period of five years and the elimination of 

agricultural drainage discharges from 76 miles of existing channels in and adjacent to the Grassland Water District. 

Review of the study document by the Natural Resources Defence Council, the Environmental Defence Fund and 

the Fish and Wildlife Service resulted in the request by these organizations for more detailed analysis of potential 

environmental impacts of the project and a more detailed accounting of project benefits. A report by Swain and 

Quinn (March,I991) was prepared to (a) quantify the potential project effects on surface water quality within Salt and 

Mud Sloughs and the San Joaquin River using currently available data, and (b) to improve the understanding of 

existing water supply and drainage operations within the Grassland area. After submission of the original report it 

was brought to the attention of one of the co-authors that the database on selenium and boron concentrations in 

drainage water, compiled by the Environmental Defence Fund (EDF), did not include the water quality data collected 

by the Regional Water Quality Control Board (CRWQCB). In addition, the US Bureau of Reclamation (USBR) 

requested further examination of Grasslands hydrology to estimate the quantity of supplemental water that would be 

needed to restore the San Joaquin River to the same IDS and trace element concentrations prior to implementation of 

the projecL This report addresses these issues and incorporates additional analysis in response to some of the 

review comments of the March, 1991 (Swain and Quinn, 1991) report. 

Some of the March 1991 report will be repeated in this report to produce a stand-alone documenL Only two 

years of Grassland area hydrology are considered, however, as an expedient. These years are considered to be 

representative of wet (1986) and critically dry (1988) years. The years 1987 and 1989 were also considered critically 

dry - the 1988 results for monthly selenium and boron loads to the San Joaquin River appear to be intennediate 

between the 1987 and 1989 results. The updated database does not change the results significantly from those 

presented in the March, 1991 report. The reader is referred to the March, 1991 repon for the analysis of with project 

and without project scenarios for hydrologies similar to ilie 1987, 1989 and 1990 water years. 

1.2 Water supply and drainage in the Grassland area prior to 1985 

A derailed description of the water resources of the Grassland area is contain~d in the Report on Water Supply 

Investigations (USBR,1989) and in the San Joaquin Valley Drainage Program Repon on Fish and Wildlife 

Resources and Agricultural Drainage in the San Joaquin Valley (SJVDP, 1990a). 
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The Grassland area shown in Figure 1 is typically divided into two subareas, the northwestern Grassland and 

the Southwestern Grassland. The northwestern Grassland is approximately 130,000 acres in area and is bounded by 

State Sighway 140 to the north, State Highway 152 to the south, the San Joaquin River to the east and Ingomar 

Grade to the west The southwestern Grassland area covers a smaller area of approximately 50,000 acres and is 

bounded by State Highway 152 to the north, the Outside Canal to the south, State Highway 53 to the east and State 

Highway 165 to the west (SJVDP, 1990a). 

The Grassland Resource Conservation District (RCD) covers an area of approximately 75,000 acres and is the 

largest institutional entity within the combined northeastern and southwestern Grassland areas (Figure 2). The lands 

contained within the Grassland area sustain multiple hUld uses including seasonally flooded inland marshes, 

permanent pasture, seasonally flooded native pasture and agricultural crops. The Grassland RCD includes 60,000 

acres of privately owned duck clubs, 12,000 acres of land owned by the State and Federal governments and 3,000 

acres of cropland The Federal and State owned refuges include Kesterson National Wildlife refuge, Volta Wildlife 

Management Area and Los Banos Wildlife Management Area. The San Luis National Wildlife Refuge lies to the 

east of the northwestern Grassland area (USBR,1989). 

Within the non-refuge areas of Grassland RCD 70 - 80 % of the acreage is managed to provide habitat for 

wintering waterfowl (USBR,1989). Most agricultural land with in the RCD is in permanent pasture or field crops 

such as sugar beets, alfalfa and cotton. Wetland areas which have been converted to agricultural uses are no longer 

eligible to receive Central Vall.~y Project (CVP) water, which is made available through the Grassland Water 

District Hence today, as weli as prior to 1985, agricultural land is entitled only to drainage retwn flows as an 

irrigation water supply. The firm CVP allocation of 50,000 acre-ft per year has been insufficient to meet demand 

from the wetland areas within Grassland area - hence agricultural return flows and operationa.~ ,pills from agricultural 

areas outside the Grassland area and pumpage from groundwater wells within the Grassland area have been used to 

supplement water supplies in the Federal and State refuges and in the private duck clubs (USBR, 1989). The 

fraction of annual wetland water requirements met by groundwater pumping is difficult to assess owing to the lack 

of monitoring data and the variable water quality underlying the Grassland area. Private duck clubs. within the 

Grassland RCD, but outside the boundaries of the Grassland Water District, rely heavily upon alternative sources of 

water other than project deliveries, as well as on interim contracts for water with neighbouring water districts. 

The Grassland area conveys agricultural drainage produced by entities known as the "exchange contractors" 

including the Central California Irrigation District (CCID), the San Luis Canal Company and the Firebaugh Canal 

Company and by water districts within the San Luis Unit which include the Panoche Water District, the Broadview 

Water District, the San Luis Water District and the Pacheco Water District. The mass load of selenium entering the 

Grassland area is mostly contributed by the Federal water contractors within the San Luis Unit. The channels 

contributing these contaminated flows enter tP.! Grassland area from the south. These contaminated drainage return 

flows mix with return flows with lower selenium concentrations in transit through south and north Grasslands. 

Prior to 1985, these drninage return flows were utilized to supplement water deliveries to wetlands and refuges within 

the Grassland areas. 
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In 1985, after the closure of the t'Yelve 100 acre ponds of Kesterson Reservoir due to selenium poisoning of 

waterfowl, use of tile drainage flows from the Westlands Water District was also discontinued. Westlands is located 

to the south and east of Broadview, San Luis and Panoche Water Districts in the San Luis UniL To the Grassland 

area, this change in operation constituted a loss of approximately 90,000 acre-ft of fmn water supply (USFWS, 

1988). Although the Bureau of Reclamation has, since 1986, made available up to 100,000 acre-feet of interim 

project water, the cost of this water supply ($I21acre-ft) has precluded its wideSJX'C8d use (USBR,1989). In addition, 

capacity limitations within the Delta-Mendota canal have hampered efforts to deliver this water on a continuing 

basis. 

1.3 Present use of Grassland channels for drainage conveyance 

The major difference between pre-1985 and present use of the channels and drainage ditches for smface water 

conveyance within Grassland area, is the elimination of the use of turnouts along these channels to diven drainage 

return flows into the refuges. The non-availability of these drainage return flows for use in refuges ~BS ce ll-rely 

decreased operational flexibility related to delivery and distribution of fresh water supplies within the Grassla..d area. 

This has resulted in several of the ct'annels, such as the Agatha Canal and Camp 13 ditch, within southern Grassland 

being alternately used to convey fresh water supplies and agriCUltural drainage flows at various times during the water 

year (Figures 3 and 4). Although field studies have determined minimum flushing flows necessary to minimize 

contamination of fresh water supplies by residual volumes of contaminated drainage water, such a practice creates 

scheduling difficulties and leads to a potential loss of water supply. 

Water supplies to the northern area are delivered by Ganas Creek in the northwest, Volta Wasteway and San 

Luis Wasteway in the southwest, the Santa Fe Canal and Eagle Ditch in the central portion (Grassland Water 

District) and the San Luis Canal on the east side of the Grassland area (Figure 4). CVP water can be delivered from 

the Delta Mendota Canal, either through the Mendota Pool or Wolfsen Bypass to the CCID Main Canal which then 

flows into Garzas Creek, or from the Delta Mendota Canal directly into Volta Wasteway. Water supplies to the 

southern area are routed through the CCID Main Canal and CCID Helm Canal. The Camp 13 Ditch and the Agatha 

Canal/Geis Canal are the primary conveyances for delivering CVP water from the Delta Mendota Canal by way of 

the CCID Main Canal. 

A number of control and diversion structures have been consttucted in the Grassland area since 1985 to allow 

the separation of contaminated drainage flows from those flows of more suitable quality for use in refuges (Figure 4). 

These include : 

1.3.1 Blake-Porter Bypass 

This control structure was scheduled to be discontinued in 1990 by agreement with the San Luis Canal 

Company. The bypass diverts contaminated drainage flows, which passes through the Camp 13 and Agatha Canals, 

directly into Mud Slough (south) and hence to the San Joaquin River by way of Salt Slough. Use of the bypass has 

allowed freshwater deliveries to be made using the San Luis Canal to refuges in the nonhem Grassland RCD. The 
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potential effect of discontinuing use of this system, without use of an alternative means of flow separation, is the 

contamination of some portions of the northern Grassland ReD area (USBR, 1988). In this study an assumption is 

made that after August 1991 use of the bypass will continue, in the absence of the current proposed plan. Hence 

drainage from Camp 13 Ditch and Agatha Canal will be combined in Mud Slough (South) and will primarily be 

diverted through 23 miles of Salt Slough to the San Joaquin River. Some agricultural drainage flows would be 

carried to the San Joaquin River by Mud Slough (Nonb). This is similar to the without project assumption, made 

in the Environmental Assessment study (Summers Engineering, 1990), which assumed that the Santa-Fe Canal / 

Mud Slough bypass would be continued to be operated in violation of the agreement with San Luis Canal Company. 

1.3.2 Agatha I Camp 13 Flip-Flop 

This system was designed to allow Grassland Water District to alternate the conveyance of fresh water between 

the Agatha and Camp 13 Canals. When fresh water is divened along the Agatha Canal, adjacent marshlands can be 

flooded and irrigated, while agricultural drainage is divened along the Camp 13 Canal to Mud Slough and vice-versa. 

By alternating (flip-flopping) fresh water and drain water in each of these canals, the southern portion of the 

Grassland RCD wetlands can receive water of acceptable quality. However, because some agricultural drainage is 

present within the system at all times, there is some potential degradation of water quality and possible water 

wastage, in panicular if flushing flows are required prior to the delivery of refuge fresh water supply. The need for 

flushing can detract from the flexibility of conveyance operations and the ability to deliver water at the time it is 

needed. 

1.4 Alternative water supplies 

Groundwater pumping is used for supplemental water supply in as many as 15 of the 165 private duck clubs 

within the Grassland ReO. High pumping costs, poor groundwater quality and insufficient well yield preclude the 

use of these wells beyond use as a supplemental supply. Pump yields range from 675 - 2,100 gallons per minute 

and confined aquifer pumpage has an average TDS of 2000 ppm (USBR, 1989; USFWS, 1978). Safe yield for areas 

outside the State and Federal refuges has been estimated by the USBR at 71,500 acre-ft - however actual groundwater 

pumping within the Grassland area is typically less than 2000 acre-ft/year. 

1.5 Grassland drainers proposed use of the San Luis Drain 

Several variations of the Zahm-Sansoni-Nelson plan have been considered by the Grassland entities. Previous 

versions of the plan included use of segments of the San Luis Drain for separate conveyance of CVP water and 

agricultural drainage. The current proposed action is to use the San Luis Drain to convey agricultural drainage from 

a point approximately 1.3 miles south of Highway 152 to the terminus of the San Luis Drain at the north of 

Kesterson Reservoir, a distance of 18 miles (Summers Eng., 1990). Agricultural drainage would continue to be 

routed through the southern Grassland Water District via the existing Camp 13/Ag~~na Canal system and discharge 
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into the San Luis Drain at the point of intersection with Mud Slough. Structural changes would be necessary in 

Mud Slough (south) to pennit gravity discharge into the San Luis Drain. At the tenninus of the San Luis Drain an 

existing shon channel would be enlarged to allow the agricultura1 drain flows to enter Mud Slough (Nort..'1) and then 

be conveyed a short distance to the San Joaquin River (Figure 4). 

The effect of the project would be to diven contaminated agricultural drainage flows (drainage high in TOS, 

selenium and boron), which currently flow into both Mud and Salt Sloughs, entirely into Mud Slough. 

Eliminating these discharges would reduce the flow in Salt Slough. Flows in Salt Slougb would derive from 

seepage, runoff and reservoir releases from adjacent refuges and agricultwal drainage flows from water quality zone 

A, as described by the SJVDP 'plan (SJVDP, 1990b). It is assumed that San Luis NWR and Los Banos W A 

contribute flow mainly to channels tributary to Salt Slough and that Kesterson NWR and Volta W A contribute flow 

mainly to channels tributary to Mud Slough. Grassland RCD contributes to both Salt and Mud Sloughs. 

1be most important potential beneficial features of the project as stated by Summers Engineering (1990) are as 

follows: 

(a) Isolation of unusable agricultural drainage water from usable and fresh water supplies in the 

Nonhem Grassland area. 

(b) Improvement in the operational flexibility of existing facilities and improvements in the efficiency of 

water delivery to wetland areas. 

(c) Improvement in water quality in many of the existing channels within Grassland RCD and in Salt 

Slough. 

(d) Reduction in selenium and boron uptake by aquatic vegetation and invertebrates in the channels 

no longer carrying contaminated agricultural drainage. 

(e) Improved habitat quality for warm-water resident fish in Salt Slough. 

The significant potential environmental consequences of the project and imponant potential negative 

impacts, as noted by Summers Engineering (1990) and reviewers of the Environmental Assessment and Initial 

Study document, are the following : 

(a) Increased flows in Mud Slough reducing the habitat available for fish species such as sunfISh, 

bass and carp which prefer low velocity water. 

(b) Increased contaminant load in Mud Slough and increases in the concentrations ofTDS, selenium 

and boron. 

(c) Necessity for regulation of agricultural drninage discharges to meet SWRCB and CRWQCB 

objectives for selenium, boron and TDS in Mud and Salt Sloughs and in the San Joaquin River 

(although this may come to pass with or without the proposed action). 
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(d) Potential negative impacts on fish and invertebrates due to increased duration of exposure and 

higher ambient concenttations in the six mile segment of Mud Slough from the point of discharge 

tAl the point of discharge into the San Joaquin River. 

(e) Possible disturbance of contaminated sediments in Mud Slough due to an increase in flow within 

~,1ud Slough. 

(t) Likelihood of increased sediment deposition in Salt Slough because of reduced discharges. 

(g) Potential increase in selenium, boron and TDS loading to the San Joaquin River if there is no 

reduction in drainage discharges from Grassland drainers. 

1.6 Water quality objectives for the San Joaquin River, Mud and Salt 
Sloughs 

Water quality objectives have been established for selenium and boron by the State Water Resources Control 

Board (SV/RCB) and the California Regional Water Quality Control Board (CRWQCB), for Mud and Salt Sloughs, 

for the San Joaquin River near the mouth of the Merced River at Newman and by the USBR for TOS downstream of 

the Stanislaus River near Vernalis. Since less than 50% of the IDS load to the San Joaquin River is conveyed 

through the project study area, adherence to the TDS objective at Vernalis is an issue that concerns a much larger 

contributing area. Monitoring and regulation of IDS loading from Mud and Salt Sloughs is still important, 

however, because of the large total mass of salts added to the San Joaquin River by these SOUlCes. Selenium and 

boron are more important elements of concern, because more than 70% of the total load of these constituents in the 

San Joaquin River during a nonnal or dry year are contributed by Mud and Salt Sloughs (SWRCB, 1987). Analyses 

perfonned by the SWRCB (1987) have shown that the selenium objective of 2 ppb in l\1ud and Salt Sloughs is the 

most difficult to meet and hence the limiting constituent in these tributaries to the San Joaquin River. At Newman, 

the CVRWQCB boron objective of 0.8 ppm from March 15 - September 14 and 1.0 ppm from September 15 to 

March 14 (1.3 ppm in a critical year) limits drainage discharge to the San Joaquin River. At Vernalis, the limiting 

TOS water quality objective is 450 ppm, the result of an agreement between the US Bureau of Reclamation and the 

South Delta Water Agency. The SWRCB objective is 500 mg/l. Both objectives have been difficult to meet in 

dry and critically dry water years, even with releases from New Melones Reservoir. The SWRCB has adopted new 

objectives for Vernalis, which should go into effect in 1996. The new objectives are 0.7 mmhos/cm (April through 

August) and 1.0 mmhos/cm (September - March) and assume an IDS IEC conversion factor of 590 mg/l IDS per 

unit of EC) (BC is measured in mmhos/cm). 

Of direct relevance to this study and to the environmental assessment of the impacts of the proposed use of the 

San Luis Drain are the objectives for selenium and boron for Mud and Salt Sloughs and for the San Joaquin River. 

These are as follows: 
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Mud and Salt Siougb Objectives: 

boron 2 ppm (CVRWQCB 88-195) 

2 ppm (SWRCB, 1987) 

selenium 10 ppb (CVRWQCB 88-195) 

San Joaquin River Objectives near Newman (CVRWQCB 88-195): 

boron 0.8 ppm March 15 - September 15 

selenium 

1.0 ppm September 16 - March 14 

1.3 ppm 

5 ppb 

critical year 

8 ppb critical year 
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2. Study design 

2.1 Conceptual framework 

The Grassland area contains complex and diverse terrestrial and aquatic ecosystems. Any change in the inputs to 

these ecosystems, either in the quantity or quality of water deliveries can have impacts on the suitability of the 

ecosystem to suppon biota at each level of the food chain. Assessing the impacts of these seasonal changes cannot 

be performed adequately without intensive study and the collection of field-level data, neither of which are currently 

available. The approach that has been taken in this study is limited in scope to conservation of mass with respect 

to flows of water and contaminants. Contaminants are dermed as those dissolved constituents in water that have 

been shown to cause damage to the aquatic and terrestrial ecosystems through the processes of bioaccurnulation and 

that degrade the utility of the surface water resource as an irrigation supply for agricultural uses downstream. 

Selenium, boron and total dissolved solids (TDS) have been chosen as the primary contaminants of concern. 

It is important to note that the analysis which follows utilizes historical data and hence treats surface and 

subsurface drainage flows within the Grassland area as substantially unregulated flows. In this sense the analysis is 

conservative and portrays a worse case scenario for the two years considered (1986,1988). It is envisaged that any 

use of the drain through authorization of the project would require considerable monitoring and regulation of 

discharges from each of the upslope agriCultural water and drainage districts. Current monitoring sites have been 

chosen by Summers Engineering Inc. and the Grasslands Water District to allow the flow and contaminant load from 

each of these five entities to be in~1vidually estimated. Figure G-l (Appendix G) shows the location of current 

monitoring sites within the Grassland area (Summers Engineering, 1991). Aslo contained in Appendix G is a table 

which describes the location of the monitoring sites shown in Figure 0-1 and which also lists the sampling 

frequency of the major constituents EC, selenium and boron. 

A current effon, spearheaded by the Water Quality Subcommittee of the San Joaquin River Management 

Program, is investigating the telemetering of electrical conductivity (BC) of flows at Newman and at other stations 

along the San Joaquin River. Once in place, this would provide real-time TDS concentrations along various reaches 

of the river, allowing east-side reservoir releases to be scheduled at times when IDS concentrations exceeded the 

SWRCB water quality objectives. Telemetering of drainage flows and IDS at each of the monitoring sites and the 

development of regression equations, relating seasonal TDS to selenium and boron concentrations at these sites, 

would allow greater water district control over drainage discharges. Additional research will be required to develop 

better predictors of selenium concentrations from flow and IDS data. Use of the San Luis Drain for conveyance of 

subsurface drainage would enhance the ability to control releases of contaminated drainage water to Mud Slough and 

the San Joaquin River. With water district co-operation and involvement of State and Federal agencies in data 

acquisition, analysis and dissemination the project could playa significant role in helping to improve water quality 

for IDS, selenium and boron in the San Joaquin River . 
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2.2 Data requirements 
As previously noted, there is a paucity of historical data that provide concurrent records of flow and 

contaminant concenttations within the network of channels and ponds that make up the Grassland ReO. To 

perfonn a mass balance analysis, concurrent measurements of flow and concentration data are necessary at a sampling 

frequency that allows short term fluc~ations in these levels to be observed. A weekly and sometimes even a daily 

sampling frequency would be required to perfonn realistic mass balances. 

2.3 Data sources and limitations 

Monitoring of flows and contaminants within the Grassland area has been undertaken by a number of State and 

Federal Agencies, as well as local agencies. The most comprehensive database has been compiled by Summers 

Engineering, a local engineering consulting fmn, under conttact with the Department of Water Resources and the 

Grassland drainage entities (Figure G·l and Appendix G). The USGS has been monitoring flows and a wide range of 

common salts and ttace elements between June,1984 and October, 1988 within Salt and Mud Sloughs and the San 

Joaquin River. Data collected on contaminant loading entering the Grassland area is limited in its accuracy by virtue 

of the fact that the flow and concenttation measurements are grab samples, taken once or twice per month. Flow 

volumes along the Grassland channels are subject to considerable variation, especially ,,'uring the pre· irrigation and 

regular irrigation seasons when drainage flows in the channels can change dramatically in the space of a few days. 

The USGS monitoring stations utilize continuous recorders· hence the flow measurements are likely to provide an 

accurate accounting of monthly flow volume. Data from three of these stations were used to analyse the effect of the 

proposed actions. These include Salt Slough at Highway 165, Mud Slough at Highway 140 and the San Joaquin 

River near Newman. 

Analysis of monthly selenium and boron concentrations show significant correlation between monthly values of 

successive years· giving some confidence that grab samples of contaminant concentrations in channels within the 

Grassland area may be somewhat indicative of mean monthly contaminant concenttations. However, grab samples 

taken within the San Joaquin River may vary more markedly from the mean monthly average concentration of 

selenium, boron or IDS. 

At the outset of this study there was some confusion regarding the use of the contaminant data from the 

Newman gauging station. The station is located on the west bank of the San Joaquin River, a short distance 

downstream of the confluence with the Merced River. This distance is not considered sufficient to allow adequate 

mixing of discharges from Salt and Mud Slough and the high quality Merced River flow. Crows Landing 

monitoring station is located approximately 6 miles downstream from the Newman gauge and is presently used to 

estimate TDS, selenium and boron concentrations in the San Joaquin River at the Newman site. Although 

Orestimba Creek occasionally discharges into the River between these two sites, these flows are not considered to be 

significantly large to invalidate the assumption that the flows at Newman and Crow Landing are equal. The Crows 

Landing data is used in this study for 1989 and 1990 river hydrology. These data were obtained from the California 

Regional Water Quality Control Board (CRWQCB,1990, 1991). 
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During the period 1986· 1988, the USGS monitoring program was active. The USGS used a sampling 

technique that allowed contaminant concentrations to be measured at various depths and at several locations across 

the river. Using a flow weighting technique, the USGS was able to obtain a more realistic measurement of 

contaminanlloading within the river. These samples were taken between two and six times per month. In this 

study, the USGS dara for the period 1986 • 1988 was considered to be the most reliable, and hence was used in 

preference to other published dara. 
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3 • Analysis of operations and impac'~s on flow and water qnality 

3.1 Land use and water requirements 

Land use practices within the wetlands and wildlife refuges, managed by the Departments of Fish and Game and 

the Fish and Wildlife Service, have been surveyed - hence it is relatively simple to detennine water requirements 

within these areas. In the predominantly privately owned areas (southw~tem Grassland), data on land use practices 

are harder to obtain, and there is a greater variety of land use, making estimation of water requirements considerably 

more difficult The Report on Water Supply Investigations (USBR, 1989) was used to obtain the annual estimates 

of available water supply and the initial estimates of the monthly distribution of wetland water requirements. 

In a previous SJVDP study an attempt was made to subdivide the area in to land units according to the source of 

water supply for the 1988 water year (Quinn, 1990, Phillips and Quinn, 1990). The Grassland area was divided 

into a number of subareas according to maps provided by F. Paveglio of the Fish and Wildlife Service, which 

delineated areas that were serviced with water supply through common turnouts and managed as units by the District 

Watermaster. The Slate and Federal wildlife areas were each considered as single subareas for water budgeting 

purposes. A map of these delinC".ated subareas is provided in F-l (Appendix F). The dalabas~ of agricultural crops, 

pasture and managed wetlands for the 1988 water year, obtained from a survey of land use within each of the 

subareas, is included in Appendix At. These land use estimates were used to estimate the wet1m~d area drainage 

contribution to Salt and Mud Sloughs. 

3.2 Wetland water management practices 

Management practices differ between the subareas as a function of land use and refuge operation in those 

subareas with substantial areas of seasonal and permanent wetland. The most important impact of these practices 

from the standpoint of water quality in Grassland channels is : 

(a) the timing of water deliveries to seasonal and permanent wetlands during the fall flooding period; (b) 

the timing of spring-time wetland releases to the channels (typically during March or April) in 

preparation for emergence of vegetation within the wetland areas and irrigation of these areas for 

wildlife food supply. 

The schedule of wetland make-up water deliveries to offset direct evaporation and seepage losses can also affect 

the periods during which the channels contain water of good quality. The complicated schedule of water deliveries to 

wetlands and water releases from wetlands at different times of the year make a determination of monthly operations 

difficult to ascertain with confidence. Average monthly estimates of water deliveries have been determined for the 
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Srate and Federal refuges and private lands, based on hisiOric operations and on perceived management strat.egies 

(USBR,1989; SJVDP, 1990b), These data are presented in Tables 1- 5. 

3.3 Water budget and mass balances on salts and trace elements 

Water budgets and ttace element balances are also presented in Tables 1 - 5 for San Luis National Wildlife 

Refuge, Kesterson National Wildlife Refuge, Los Banos Wildlife Area, Volta Wildlife Area and Grassland RCD 

Wildlife Area. In each of these Tables the budgets and balances are perfonned for scenarios without the proposed 

action (without-project) and with the proposed action (with-project). These tables contain some small changes, 

which differ from the numbers tabulated in the March, 1991 report (Swain and Quinn, 1991), mostly to correct 

minor inconsistencies between the methodology described to calculate remaining wetland storage and the tabular 

values. 

Refuge water supply quantities for the without-project scenario are based on current fum annual water supplies 

to these refuges, obtained from data complied by the SJVDP and Reclamation (SJVDP, 19903 and USBR, 1989), 

The with-project scenario is more complicated because of the large number of different State and Federal Agency 

estimates of water supplies required for optimal operation of these wetland areas. 

The lOtal water supply assumed a'/ailable to each management area includes: 

(a) the existing firm annual water supply (SJVDP, 1990a, 1990b) 

(b) the surface return flows from wetland areas and agricultural drainage from operational spills of 

usable quality, made available as a result of the proposed action. 

3.4 Scenarios 

With-project scenarios can be developed with different sets of assumptions. Three scenarios are analyzed in this 

report which consider different operations utilizing three combinations of these sources of wetland water supply. 

These are as follows: 

(a) Contaminated agricultural return flows are diverted to the San Luis Drain. Existing fresh water supplies to 

wetlands are supplemented by use of useable quality water in Salt Slough, improved in quality as a result of the 

project. Annual wetland drainage flows are increased by 27,000 acre-ft to 65,300 acre·ft. - (Scenario 1) 

(b) Contaminated agriCUltural return flows are diverted to the San Luis Drain. Existing fresh water supplies to 

wetlands are not supplemented by use of useable quality water in Salt Slough due to a moratorium on increased 

diversions. A portion (80%) of the surface return flows and operational spills are routed directly to the San 

Joaquin River via Salt Slough. Total annual wetland drainage flows remain at approximately 38,300 acre-ft 

similar to the current condition .• (Scenario 2). 
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Table 1 

SAN LUIS NWR - WATER BUDGET AND CONTAMINANT LOAD-FLOW FACTORS 
(Acr&-Feet in 1000s) 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
FUTURE WITHOUT PROPOSED ACTION FUTURE WITH PROPOSED ACTION 

21 22 23 

Available Monthly Flood Wetland Wetland Applied Seep. Reser. load-Flow Factor Available Monthly Flood Wetlanc Wetland Applied Seep. Reser. load-Flow Factor 

Water Distrib. Wetland End of Make-up Irr. and Relea. TDS Boron Se Water Distrib. Wetlanc End of 

Yearl Supply (b) (3.0K Ac Month Water Water Runoff Supply (b) 3.0k Ac. Month 

Man (a) Max) Storage (h) (i) (j) (a) Max) Storage 

(c) (d) (e) (f) (g) ppm- ppm- ppb- (k) (I) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
Oct 0.0 0.33 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 3.4 0.25 2.5 2.1 
Nov 0.0 0.16 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 2.5 0.19 1.6 3.2 
Dec 0.0 0.05 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.9 0.07 0.0 3.2 
Jan 0.0 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.5 0.04 0.0 3.2 
Feb 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.7 0.05 0.0 3.2 
Mar 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.9 0.07 0.0 3.2 
Apr 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.5 0.04 0.0 1.1 
May 0.0 0.11 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.5 0.04 0.0 0.0 
Jun 0.0 0.08 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 1.7 0.13 0.0 0.0 
Jul 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.4 0.03 0.0 0.0 
Aug 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0,0 0 0.0 0.0 0.3 0.02 0.0 0.0 
Sep 0.0 0.24 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.9 0.07 0.7 0.5 

Total 0.0 1.00 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 13.4 1.00 4.8 

(a) Moore et ai, 1990, Present firm supply included in Vol. I "Fish and Wildlife Resources and Agricultural Drainage-, Table 2-14. 
(b) USBR, 1988, Table IV K-2 -Report on Refuge Water supply Investigations-, Central Valley Hydrologic Basin, California 

Make-u~ Irr. and Relea. TDS Boron 

Water Water Runoff 

(m) (n) 

(e) (f) (g) ppm- ppm-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
0.9 0.0 0.4 0.0 640 0.8 
0.9 0.0 0.5 0.0 800 1.0 
0.9 0.0 0.5 0.0 800 1.0 
0.5 0.0 0.4 0.0 640 0.8 
0.7 0.0 0.4 0.0 640 0.8 
0.9 0.0 0.4 0.0 640 0.8 
0.5 0.0 0.2 2.2 3,792 4.7 
0.0 0.5 0.2 1.1 1,990 2.5 
0.0 1.7 0.6 0.0 952 1.2 
0.0 0.4 0.1 0.0 .~24 0.3 
0.0 0.3 0.0 0.0 0 0.0 
0.2 0.0 0.3 0.0 480 0.6 

5.5 2.9 4.0 3.2 11,598 14.5 

(c) An average depth of water would be 1.0 feet and 0.5 feet per acre would be required to raise the water table to the land surface. No lands would be flooded with a firm water su;>ply. 
(d) Equals Col (2) minus Col (6) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(e) Wetland make-up water volume equals seepage and evaporation losses. 
(f) Applied water volume generally equals the available water supply during the months of May thur August. 
(g) Assumed releases from wetlands would be 67 and 33 percent in April and May, respectivily. 
(h) Calculated as [Col. (8) + Col. (9)] x 1600 ppm (USBR wetland discharge data). 
(i) Calculated as [Col. (8) + Col. (9)) x 2.0 ppm (USSR wetland discharge data). 
0> Calculated as [Col. (8) + Col. (9)] x 1 ppb (USSR wetland discharge data). 
(k) Assumed an ave. depth of water of 1.0 feet and 0.5 ac-ft per ac would be required to raise the water table to the land surface. The flooded area equals 3,000 acres. 
(I) Equals Col (13) minus col (17) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(m) Calculated as [Col. (19) + Col. (20)] x 1600 ppm (USSR wetland dscharge data). 

Se 

(0) 

ppb-

Ac-Ft 
0.4 
0.5 
0.5 
0.4 
0.4 
0.4 
2.4 
1.2 
0.6 
0.1 
0.0 
0.3 

7.2 
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1 2 3 

Available Monthly 

Water Distrib. 

Yearl Supply (b) 

Mon (a) 

Ac-Ft 
Oct 1.5 0.43 
Nov 1.5 0.43 
Dec 0.0 0.00 
Jan 0.0 0.00 
Feb 0.0 0.00 
Mar 0.0 0.00 

AIX' 0.0 0.00 
May 0.0 0.00 
Jun 0.0 0.00 
Jul 0.0 0.00 
Aug 0.0 0.00 
Sep 0.5 0.14 

4 5 

Table 2 

KESTERSON NWR - WATER BUDGET AND CONTAMINANT LOAD-FLOW FACTORS 
(Acre-Feet in 10oos) 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
FUTURE WITHOUT PROPOSED ACTION FUTURE WITH PROPOSED ACTION 

-
Flood Wetland Wetland Applied Seep. Reser. Load-Flow Factor Available Monthly Flood ~etlanc Wetland Applied Seep. Reser. 

Wetland End of Make-up Irr. and Relea. TDS Boron Se Water Distrib. Wetlanc End of Make-u~ Irr. and Relea. 

(1.4K Ac Month Water Water Runoff Supply (b) 1.4k A( Month Water Water Runoff 

Max) Storage (h) (i) (j) (a) Max) Storage 

(c) (d) (e) (f) (g) ppm- ppm- ppb- (k) 0) (e) (f) (g) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
1.2 1.1 0.3 0.0 0.1 0.0 160 0.2 0.1 1.5 0.43 1.2 1.1 0.3 0.0 0.1 0.0 
1.1 1.9 0.4 0.0 0.1 0.0 160 0.2 0.1 1.5 0.43 1.1 1.9 0.4 0.0 0.1 0.0 
0.0 1.7 0.0 0.0 0.1 0.0 160 0.2 0.1 0.0 0.00 0.0 1.7 0.0 0.0 0.1 0.0 
0.0 1.6 0.0 0.0 0.1 0.0 160 0.2 0.1 0.0 0.00 0.0 1.6 0.0 0.0 0.1 0.0 
0.0 1.6 0.0 0.0 0.1 0.0 160 0.2 0.1 0.0 0.00 0.0 1.6 0.0 0.0 0.1 C.O 
0.0 1.5 0.0 0.0 0.1 0.8 1,440 1.8 0.9 0.0 0.00 0.0 1.5 0.0 0.0 0.1 0.8 
0.0 0.5 0.0 0.0 0.0 0.4 640 0.8 0.4 0.0 0.00 0.0 0.5 0.0 0.0 0.0 0.4 
0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
0.5 0.3 0.0 0.0 0.0 0.0 0 0.0 0.0 0.5 0.14 0.5 0.3 0.0 0.0 0.0 0.0 

21 22 23 

I 

I 

Load-Flow Factor 

TDS Boron Se 

em) (n) (0) 

ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft 
160 0.2 0.1 
160 0.2 0.1 
160 0.2 0.1 
160 0.2 0.1 
160 0.2 0.1 

1,440 1.8 0.9 
640 0.8 0.4 

0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 

I 
I 

Total 3.5 1.00 2.8 0.7 0.0 0.6 1.2 2880 3.6 1.8 3.5 1.00 2.8 0.7 . 0.0 0.6 1.2 2,880 3.6 1.8 I 
---

(a) Moore et ai, 1990, Present firm supply Included in Vol. I "Fish and Wildlife Resources and Agricultural Drainage", Table 2-14. 
(b) USSR, 1988, Table IV J-2 "Report on Refuge Water supply Investigations", Central Valley Hydrologic Basin. California. 
(c) An average depth of water would be 1.0 feet and 0.5 feet per acre would be required to raise the water table to the land surface. Available water restricts the flooded area to 1,400 acres. 

(d) Equals Col (2) minus Col (6) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(e) Wetland make-up water volume equals seepage and evaporation losses. 
(f) Applied water volume generally equals the available water supply during the months of May thur August. 
(g) Assumed releases from wetlands would be 67 and 33 percent in April and May, respectlvily. 
(h) Calculated as [Col. (8) + Col. (9)] x 1600 ppm (USBR wetland discharge data). 
(I) Calculated as [Col. (8) + Col. (9)] x 2.0 ppm (USSR wetland discharge data). 

m Calculated as [Col. (8) + Col. (9)] x 1 ppb (USBR wetland dscharge data). 
(k) Assumed an ave. depth of water of 1.0 feet and 0.5 ac-ft per ac would be required to raise the water table to the land surface. The flooded area equals 1,400 acres. 

(I) Equals Col (13) minus col (17) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(m) Calculated as [Col. (19) + Col. (20)) x 1600 ppm (USSR wetland discharge data). 
(n) Calculated as [Col. (19) + Col. (20)) x 2.0 ppm (USSR wetland discharge data). 
(0) Calculated as [Col. (19) + Col. (20)] x 1 ppb (USSR wetland discharge data). 
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Table 3 

LOS BANOS WILDLIFE AREA - WATER BUDGET AND CONTAMINANT LOAD-FLOW FACTORS 
(Acre-Feet in 1000s) 

5 6 7 8 9 10 11 12 13 14 15 16 17 , 18 19 20 
FUTURE WITHOUT PROPOSED ACTION FUTURE WITH PROPOSED ACTION 

21 22 23 

Available Monthly Flood Wetland Wetland Applied Seep. Reser. Load-Flow Factor Available Monthly Flood Wetlanc WetlanCl Appfied Seep. Reser. Load-Flow Factor 

Water Distrib. Wetland End of Make-up Irr. and Relea. TDS Boron Se Water Distrib. Wetlane End of 

Yearl Supply (b) (3.8K Ac Month Water Water Runoff Supply (b) 3.8kA( Month 

Mon (a) Max) Storage (h) (i) (j) (a) Max) Storage 

(c) (d) (e) (f) (g) ppm- ppm- ppb- (k) (I) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
Oct 2.1 0.33 2.0 2.4 0.1 0.0 0.1 0.0 160 0.2 0.1 3.6 0.13 2.4 4.8 
Nov 1.0 0.16 0.7 2.9 0.3 0.0 0.1 0.0 160 0.2 0.1 1.9 0.07 0.7 5.3 
Dec 0.3 0.05 0.0 2.9 0.3 0.0 0.2 0.0 320 0.4 0.2 1.1 0.04 0.0 5.3 
Jan 0.2 0.03 0.0 2.9 0.2 0.0 0.1 0.0 160 0.2 0.1 0.6 0.02 0.0 5.3 
Feb 0.0 0.00 0.0 2.7 0.0 0.0 0.0 0.0 0 0.0 0.0 0.6 0.02 0.0 5.3 
Mar 0.0 0.00 0.0 2.4 0.0 0.0 0.0 0.0 0 0.0 0.0 1.1 0.04 0.0 5.3 
Apr 0.0 0.00 0.0 0.8 0.0 0.0 0.0 1.6 2,547 3.2 1.6 1.1 0.04 0.0 1.7 
May 0.7 0.11 0.0 0.0 0.0 0.7 0.3 0.8 1,734 2.2 1.1 3.6 0.13 0.0 0.0 
Jun 0.5 0.08 0.0 0.0 0.0 0.5 0.2 0.0 320 0.4 0.2 5.0 0.18 0.0 0.0 
Jul 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 3.6 0.13 0.0 0.0 
Aug 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 2.8 0.10 2.5 1.7 
Sep 1.5 0.24 1.5 1.0 0.0 0.0 0.0 0.0 0 0.0 0.0 2.8 0.10 2.3 3.2 

Total 6.4 1.00 4.2 '-------_. 0.9 1.2 1.0 2.4 5,401 6.8 3.4 27.7 1.00 7.9 

(a) Moore et ai, 1990, Present firm supply included in Vol. I "Fish and Wildlife Resources and Agricultural Drainage·, Table 2-14. 
(b) USEiR, 1988, Table IV 1-2 "Report on Refuge Water supply Investigations", Central Valfey Hydrologic Basin, California. 

~ake-u~ Irr. and Relea. TDS Boron Se 

Water Water Runoft 

(m) (n) (0) 

(e) (f) (g) ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
1.2 0.0 0.6 0.0 960 1.2 0.6 
1.2 0.0 0.5 0.0 800 1.0 0.5 
0.9 0.0 0.5 0.0 800 1.0 0.5 
0.4 0.0 0.4 0.0 640 0.8 0.4 
0.4 0.0 0.4 0.0 640 0.8 0.4 
0.9 0.0 0.4 0.0 640 0.8 0.4 
0.9 0.0 0.4 3.5 6,300 7.9 3.9 
0.0 2.8 1.0 1.7 4,356 5.4 2.7 
0.0 3.9 1.4 0.0 2,·184 2.7 1.4 
0.0 2.8 1.0 0.0 1,568 2.0 1.0 
0.3 0.0 0.0 0.0 0 0.0 0.0 
0.5 0.0 0.3 0.0 480 0.6 0.3 

6.7 9.5 6.8 5.3 19,367 24.2 12.1 

(c) An average depth of water would be 1.0 feet and 0.5 feet per acre would be required to raise the water table to the land surface. Available water restricts the flooded area to 2,900 acres. 
(d) Equals Col (2) minus Col (6) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(e) Wetland make-up water volume equals seepage and evaporation losses. 
(t) Applied water volume generally equals the available water supply during the months of May thur August. 
(g) Assumed releases from wetlands would be 67 and 33 percent in April and May. respectivily. 
(h) Calculated as [Col. (8) + Col. (9)] x 1600 ppm (USSR wetland discharge data). 
(i) Calculated as [Col. (8) + Col. (9)] x 2.0 ppm (USSR wetland discharge data). 
m Calculated as [Col. (8) + Col. (9)] x 1 ppb (USSR wetland discharge data). 
(k) Assumed an ave. depth of water of 1.0 feet and 0.5 ac-ft per ac would be required to raise the water table to the land surface. The flooded area equals 3,800 acres. 
(I) Equals Col (13) minus col (17) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(m) Calculated as [Col. (19) + Col. (20)] x 1600 ppm (USBR wetland dscharge data). 
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Table 4 

VOLTA WILDLIFE AREA - WATER BUDGET AND CONTAMINANT LOAD-FLOW FACTORS 
(Acre-Feet in 1000s) 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
FUTURE WITHOUT PROPOSED ACTION FUTURE WITH PROPOSED ACTION 

Available Monthly Flood Wetland Wetland Applied Seep. Reser. Load-Flow Factor Available Monthly Flood Wetland 

Water Distrib. Wetland End of Make-up Irr. and Relea. TDS Boron Se Water Distrib. Wetlam End of 

Yearl Supply (b) (2.7K Ac Month Water Water Runoff Supply (b) ~2.7k Ac Month 

Mon (a) Max) Storage (h) (i) (j) (a) Max) Storage 

(c) (d) (e) (f) (g) ppm- ppm- ppb- (k) (I) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 

Oct 2.0 0.20 1.0 2.6 0.5 0.0 0.3 0.0 400 0.5 0.3 2.0 0.20 1.0 2.6 

Nov 0.6 0.06 0.0 2.6 0.6 0.0 0.3 0.0 480 0.6 0.3 0.6 0.06 0.0 2.6 
Dec 0.6 0.06 0.0 2.6 0.6 0.0 0.3 0.0 480 0.6 0.3 0.6 0.06 0.0 2.6 

Jan 0.2 0.02 0.0 2.6 0.2 0.0 0.2 0.0 320 0.4 0.2 0.2 0.02 0.0 2.6 
Feb 0.2 0.02 0.0 2.6 0.2 0.0 0.2 0.0 320 0.4 0.2 0.2 0.02 0.0 2.6 
Mar 0.2 0.02 0.0 2.6 0.2 0.0 0.1 0.0 160 0.2 0.1 0.2 0.02 0.0 2.6 
Apr 0.2 0.02 0.0 0.9 0.2 0.0 0.0 1.8 2,805 3.5 1.8 0.2 0.02 0.0 0.9 
May 1.0 0.10 0.0 0.0 0.0 1.0 0.4 0.9 1,941 2.4 1.2 1.0 0.10 0.0 0.0 
Jun 1.2 0.12 0.0 0.0 0.0 1.2 0.4 0.0 672 0.8 0.4 1.2 0.12 0.0 0.0 
Jul 0.6 0.06 0.0 0.0 0.0 0.6 0.2 0.0 336 0.4 0.2 0.6 0.06 0.0 0.0 
Aug 1.4 0.14 1.1 0.7 0.3 0.0 0.0 0.0 0 0.0 0.0 1.4 0.14 1.1 0.7 
Sep 1.8 0.18 1.4 1.9 0.4 0.0 0.2 0.0 320 0.4 0.2 1.8 0.18 1.4 1.9 

I Total 10.0 1.00 3.5 3.2 2.8 2.5 2.6 8,234 10.3 5.1 10.0 1.00 3.5 
-

(a) Moore et ai, 1990, Presentfirm supply included in Vol. I HFish and Wildlife Resources and Agricultural Drainage", Table 2-14. 

(b) USBR, 1988, Table IV H-2 "Report on Refuge Water supply Investigations", Central Valley Hydrologic Basin, California. 
(c) An average depth of water would be 1.0 feet and 0.5 feet per acre would be required to raise the water table to the land surface. 

(d) Equals Col (2) minus Col (6) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 

(e) Wetland make-up water volume equals seepage and evaporation losses. 
(f) Applied water volume generally equals the available water supply during the months of May thur August. 
(g) Assumed releases from wetlands would be 67 and 33 percent in April and May, respectivily. 

(h) Calculated as [Col. (8) + Col. (9)] x 1600 ppm (USBR wetland discharge data). 

(i) Calculated as [Col. (8) + Col. (9)] x 2.0 ppm (USBR wetland discharge data). 

m Calculated as [Col. (8) + Col. (9)] x 1 ppb (USBR wetland discharge data). 
(k) Assumed an ave. depth of water of 1.0 feet and 0.5 ac-ft per ac would be required 10 raise the water table to the land surface. 
(I) Equals Col (13) minus col (17) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(m) Calculated as [Col. (19) + Col. (20)] x 1600 ppm (USBR wetland discharge data). 

(n) Calculated as [Col. (19) + Col. (20)] x 2.0 ppm (USBR wetland discharge data). 
(0) Calculated as [Col. (19) + Col. (20)] x 1 ppb (USBR wetland discharge data). 

• 

Wetland Applied Seep. Reser. 

Make-u~ Irr. and Relea. 

Water Water Runoff 

(e) (f) (g) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
0.5 0.0 0.3 0.0 
0.6 0.0 0.3 0.0 
0.6 0.0 0.3 0.0 
0.2 0.0 0.2 0.0 
0.2 0.0 0.2 0.0 
0.2 0.0 0.1 0.0 
0.2 0.0 0.0 1.8 
0.0 1.0 0.4 0.9 
0.0 1.2 0.4 0.0 
0.0 0.6 0.2 0.0 
0.3 0.0 0.0 0.0 
0.4 0.0 0.2 0.0 

3.2 2.8 2.5 2.6 

• 

21 22 23 

Load-Flow Factor 

TDS Boron Se 

(m) (n) (0) 

ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft 
400 0.5 0.3 
480 0.6 0.3 
480 0.6 0.3 
320 0.4 0.2 
320 0.4 0.2 
160 0.2 0.1 

2,805 3.5 1.8 
1,941 2.4 1.2 
672 0.8 0.4 
336 0.4 0.2 

0 0.0 0.0 
320 0.4 0.2 

8,234 10.3 5.1 



tv 

Table 5 

GRASSLANDS RESOURCE CONSERVATION DISTRICT WILDLIFE AREA - WATER BUDGET AND CONTAMINANT LOAD-FLOW FACTORS 
(Acre-Feet in 1000s) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 ! 

FUTURE WITHOUT PROPOSED ACTION FUTURE WITH PROPOSED ACTION 

Available Monthly Flood Wetlanc Wetland Applied Seep. Reser. load-Flow Factor Available Monthly Flood Wetland 

Water Distrib. Wetland End of Make-up Irr. and Relea. TDS Boron Se Water Distrib. ~etlanc End of 

Yearl Supply (b) (49K Ac Month Water Water Runoff (h) Supply (b) (49k Ac Month 

Mon (a) Max) Storage xl 000 (i) (j) (a) Max) Storage 

(c) (d) (e) (f) (g) ppm- ppm- ppb- (k) (I) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
Oct 28.8 0.60 22.8 21.7 6.0 0.0 2.0 0.0 3.2 4.0 2.0 17.1 0.25 11.1 16.6 
Nov 9.6 0.20 5.6 25.5 4.0 0.0 2.0 0.0 3.2 4.0 2.0 3.4 0.05 0.0 16.6 
Dec 0.0 0.00 0.0 22.5 0.0 0.0 2.0 0.0 3.2 4.0 2.0 2.0 0.03 0.0 16.7 

Jan 0.0 0.00 0.0 20.5 0.0 0.0 2.0 0.0 3.2 4.0 2.0 2.0 0.03 0.0 16.7 
Feb 0.0 0.00 0.0 17.5 0.0 0.0 2.0 0.0 3.2 4.0 2.0 2.0 0.03 0.0 16.8 
Mar 0.0 0.00 0.0 13.5 0.0 0.0 2.0 0.0 3.2 4.0 2.0 2.7 0.04 0.0 16.8 
Apr 0.0 0.00 0.0 5.8 0.0 0.0 1.0 7.7 13.9 17.4 8.7 3.4 0.05 0.0 5.6 
May 0.0 0.00 0.0 0.0 0.0 0.0 0.0 5.8 9.3 11.6 5.8 6.1 0.09 0.0 0.0 
Jun 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 0.09 0.0 0.0 
Jul 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.5 0.11 0.0 0.0 
Aug 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.1 0.06 4.1 2.7 
Sep 9.6 0.20 9.6 6.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.6 0.17 9.6 9.2 

Total 48.0 1.00 38.0 10.0 0.0 13.0 13.5 42.3 52.9 26.5 68.3 1.00 24.8 

(a) Moore et ai, 1990, Present firm supply included in Vat. I "Fish and Wildlife Resources and Agricultural Drainage-, Table 2-14. 
(b) USBR, 1988, Table IV G-2 "Report on Refuge Water supply Investigations-, Central Valley Hydrologic Basin, California 

Wetland Applied Seep. Reser. 

Make-u~ Irr. and Relea. 

Water Water Runoff 

(e) (f) (g) 

Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
6.0 0.0 2.0 0.0 
3.4 0.0 2.0 0.0 
2.0 0.0 2.0 0.0 
2.0 0.0 2.0 0.0 
2.0 0.0 2.0 0.0 
2.7 0.0 2.0 0.0 
2.0 1.4 2.0 11.2 
0.0 6.1 2.2 5.6 
0.0 6.1 2.2 0.0 
0.0 7.5 2.6 0.0 
0.0 0.0 0.0 0.0 
2.0 0.0 1.0 0.0 

22.1 21.2 21.9 16.8 

load-Row Factor 

TDS Boron Se 

(m) 

x1000 (n) (0) 

ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft 
3.2 4.0 3.2 
3.2 4.0 3.2 
3.2 4.0 3.2 
3.2 4.0 3.2 
3.2 4.0 3.2 
3.2 4.0 3.2 
21.2 26.5 21.2 
12.3 15.4 12.3 
3.4 4.3 3.4 
4.2 5.3 4.2 
0.0 0.0 0.0 
1.6 2.0 1.6 

61.9 n.4 61.9 

(c) An average depth of water would be 1.0 feet and 0.5 feet per acre would be required to raise the water table to the land surface. Available water restricts the flooded area to 22,700 acres. 
(d) Equals Col (2) minus Col (6) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(e) Wetland make-up water volume e~als seepage and evaporation losses. 
(f) Applied water volume generally equals the available water supply during the months of May thur August. 
(g) Assumed releases from wetlands would be 67 and 33 percent in April and May, respectivily. 
(h) Calculated as [Col. (8) + Col. (9)] x 1600 ppm (USBR wetland discharge data). 
(i) Calculated as [Cot. (8) + Col. (9)] x 2.0 ppm (USBR wetland discharge data). 
m Calculated as [Col. (8) + Col. (9)] x 1 ppb (USBR wetland cischarge data). 
(k) Assumed an ave. depth of water of 1.0 feet and 0.5 ac-ft per ac would be r~ired to raise the water table to the land surface. The flooded area equals 22,700 ac of improved habitat 
(I) Equals Col (13) minus col (17) times 0.67. One third of the wetland inflow will raise the water table to the land surface. 
(m) Calculated as [Col. (19) + Cot. (20)] x 1600 ppm (USBR wetland discharge data). 
(n) Calculated as [Col. (19) + Col. (20)] x 2.0 ppm (USSR wetland discharge data). 
(0) Calculated as [Col. (19) + Cot. (20)] x 1 ppb (USBR wetland discharge data). 

! 
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SAN LUIS NWR 

JIable 11 
Drainage Salinity Boron 

Volume load load 

Yearl (TDSx (8 x 

Men Vol) (a) Vol) (b) 

ppm- ppm-

Ac-Ft Ac-Ft Ae-Ft 
Od 0.0 0 0.0 
Nov 0.0 0 0.0 
Dec 0.0 0 0.0 
Jan 0.0 0 0.0 
Feb 0.0 0 0.0 
Mar 0.0 0 0.0 
Apr 0.0 0 0.0 
May 0.0 0 0.0 
Jun 0.0 0 0.0 
Jul 0.0 0 0.0 
AUQ 0.0 0 0.0 
Sep 0.0 0 0.0 

~otal 0.0 0 0.0 

Table 6 

GRASSLANDS WETLAND RETURN FLOW AND CONTAMINANT DISCHARGE 

FUTURE WITHOUT PROPOSED ACTION 
(Acre-Feet in 10oos) 

5 6 7 8 9 10 11 12 13 
KESTERSON NWR LOS BANOSWA 

(Table 2) (Table 3) 

Se Drainage Salinity Boron Se Drainage Salinity Boron Se 

load Volume load load load Volume load load load 

(Se x (TOSx (8 x (Se x (TDSx (8x (Se x 

Vol) (e) Vol) (a) Vol) (b) Vol) (e) Vol) (a) Vol) (b) Vol) (e) 

ppb- ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ae-Ft Ae-Ft Ac-Ft Ac-Ft Ac-Ft Ae-Ft Ae-Ft Ac-Ft 
0.0 0.1 160 0.2 0.1 0.1 160 0.2 0.1 
0.0 0.1 160 0.2 0.1 0.1 160 0.2 0.1 
0.0 0.1 160 0.2 0.1 0.2 320 0.4 0.2 
0.0 0.1 160 0.2 0.1 0.1 160 0.2 0.1 
0.0 0.1 160 0.2 0.1 0.0 0 0.0 0.0 
0.0 0.9 lA40 1.8 0.9 0.0 0 0.0 0.0 
0.0 0.4 640 0.8 0.4 1.6 2,547 3.2 1.6 
0.0 0.0 0 0.0 0.0 1.1 1,734 2.2 1.1 
0.0 0.0 0 0.0 0.0 0.2 320 0.4 0.2 
0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 
0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 
0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 

0.0 _ __ 1.~ ___ "--.2.88<l _ 3.6 
--

1.8 3.4 5,401 6.8 3.4 

14 15 16 
VOLTAWA 
crable 4) 

Drainage Salinity Boron 

Volume load load 

rrOSx {B x 

Vol) (a) Vol) (b) 

ppm- ppm-

Ac-Ft Ac-Ft Ac-Ft 
0.3 400 0.5 
0.3 480 0.6 
0.3 480 0.6 
0.2 320 0.4 
0.2 320 0.4 
0.1 160 0.2 
1.8 2,805 3.5 
1.3 1,941 2.4 
0.4 672 0.8 
0.2 336 0.4 
0.0 0 0.0 
0.2 320 0.4 

5.3 8,234 10.3 

(a) Salinity load calculated as drainage volume times 1600 ppm TDS [assumed salinity of the wetland releases and seepage (USBR Offstream Storage Study data)). 
(a) Boron load calculated as drainage volume times 2 ppm [assumed boron concentration of the wetland releases and seepage (USBR Offstream Storage Study data)]. 
(a) Selenium load calculated as drainage volume times 1 ppm [assumed selenium concentration of the wetland releases and seepage (USSR Offstream Storage Study data)]. 

17 

Se 

load 

(Se x 

Vol) (e) 

ppb-

Ac-Ft 
0.3 
0.3 
0.3 
0.2 
0.2 
0.1 
1.8 
1.2 
0.4 
0.2 
0.0 
0.2 

5.2 
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Table 6 (Continued) 

GRASSLANDS WETLAND RETURN FLOW AND CONTAMINANT DISCHARGE 
FUTURE WITHOUT PROPOSED ACTION 

(Acre-Feet in 10005) 

22 23 24 25 26 27 28 29 30 31 32 33 
GRASSLANDS RCD TOTAL MUD SLOUGH DISCHARGE SALT SLOUGH DISCHARGE 

(Table 5) 

Drainage Salinity Boron Se Drainage Salinity Boron Se Drainage 

Volume load load load Volume load load load Volume 

Yearl (TDSx (B x (Sex (TDSx (B x (Sex 

Mon Vol) (a) Vol) (b) Vol) (e) Vol) Vol) Vol) 

ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ae-Ft Ac-Ft Ae-Ft Ac-Ft Ac-Ft 
Oct 2.0 3,200 4.0 2.0 2.5 3,920 4.9 2.5 1.1 
Nov 2.0 3,200 4.0 2.0 2.5 4,000 5.0 2.5 1.1 

Dec 2.0 3,200 4.0 2.0 2.6 4,160 5.2 2.6 1.1 
Jan 2.0 3,200 4.0 2.0 2.4 3,840 4.8 2.4 1.0 
Feb 2.0 3,200 4.0 2.0 2.3 3,680 4.6 2.3 1.0 
Mar 2.0 3,200 4.0 2.0 3.0 4,800 6.0 3.0 1.7 
Apr 9.6 13,900 17.4 8.7 13.4 19,892 24.9 12.5 5.7 
May 6.2 9,300 11.6 5.8 8.6 12,975 16.2 8.1 3.5 

Jun 0.0 0 0.0 0.0 0.6 992 1.2 0.6 0.4 
Jul 0.0 0 0.0 0.0 0.2 336 0.4 0.2 0.2 
Aug 0.0 0 0.0 0.0 0.0 0 0.0 0.0 0.0 

Sap 0.0 0 0.0 0.0 0.2 320 0.4 0.2 0.2 

Total 27.8 42,300 52.9 26.5 38.3 58,915 73.6 36.9 17.1 

(d) Drainage discharge to Mud Slough at Hwy 140 equals Col(6) + Col(14) + 0.36 x Col(18). 
(e) Salinity load - flow discharged to Mud Slough at Hwy 140 equals CoI(7) + CoI(15) + 0.36 x CoI(19). 

(I) Bor~m load - flow discharged to Mud Slough at Hwy 140 equals Col(8) + Col(16) + 0.36 x CoI(20). 
(g) Selenium load - flow discharged to Mud Slough at Hwy 140 equals Col(9) + Col(l7) + 0.36 x CoI(21). 

(h) Drainage discharge to Salt Slough at Hwy 165 equals Col(~) + Col(10) + 0.64 x Col(18). 
(i) Salinity load - flow discharged to Salt Slough at Hwy 165 equals Col(3) + CoI(ll) + 0.64 x CoI(19). 
m Boron load - flow discharged to Salt Slough at Hwy 165 equals Col(4) + CoI(12) + 0.64 x CoI(20). 
(k) Selenium load - flow discharged to Salt Slough at Hwy 140 equals CoI(5) + Col(13) + 0.64 x Col(21). 

Salinity Boron Se Drainage Salinity Boron Se 

load load load Volume load load load 

(TDSx (B x (Sex (TDSx (B x (Se x 

Vol) Vol) Vol) Vol) Vol) Vol) 

ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
1,712 2.1 1.1 1.4 2,208 2.8 1.4 
1,792 2.2 1.1 1.4 2,208 2.8 1.4 
1,792 2.2 1.1 1.5 2,368 3.0 1.5 
1,632 2.0 1.0 1.4 2,208 2.8 1.4 
1,632 2.0 1.0 1.3 2,048 2.6 1.3 
2,752 3.4 1.7 1.3 2,048 2.6 1.3 
8,449 10.6 5.3 7.7 11,443 14.3 7.2 
5,289 6.6 3.3 5.1 7,686 9.6 4.8 
672 0.8 0.4 0.2 320 0.4 0.2 
336 0.4 0.2 0.0 0 0.0 0.0 

0 0.0 0.0 0.0 0 0.0 0.0 
320 0.4 0.2 0.0 0 0.0 0.0 

26,378 32.9 16.5 21.2 32,537 40.7 20.4 
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1 2 3 4 
SAN LUISNWR 

ITable 1) 

Drainage Salinity Boron 

Volume load load 

Yearl (TOSx (B x 

Man Vol) (a) Vol) (b) 

ppm- ppm-

Ac-Ft Ac-Ft Ac-Ft 
Oct 0.4 640 0.8 
Nov 0.5 SOO 1.0 
Dec 0.5 SOO 1.0 
Jan 0.4 640 0.8 
Feb 0.4 640 0.8 
Mar 0.4 640 0.8 
API 2.4 3,792 4.7 
May 1.3 1,990 2.5 
Jun 0.6 952 1.2 
Jul 0.1 224 0.3 
Aug 0.0 0 0.0 
Sap 0.3 480 0.6 

Total 7.3 ~1.598 14.5 

Table 1 

GRASSLANDS WETLAND RETURN FLOW AND CONTAMINANT DISCHARGE 
FUTURE WITH PROPOSED ACTION 

(Aae-Feet in 10005) 

5 6 7 8 9 10 11 12 13 
KESTERSON NWR LOSBANOSWA 

(Table 2) (Table 3) 

Se Drainage Salinity Boron Se Drainage Salinity Boron Sa 

load Volume load load load Volume load load load 

(Se x (TOSx (Bx (Sa x (TDSx (ax (Sex 

Vol) (c) Vol) (a) Vol) (b) Vol) (c) Vol) (a) Vol) (b) Vol) (c) 

ppb- ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-A Ac-Ft Ac-Ft Ac-Ft 
0.4 0.1 160 0.2 0.1 0.6 960 1.2 0.6 
0.5 0.1 160 0.2 0.1 0.5 800 1.0 0.5 
0.5 0.1 160 0.2 0.1 0.5 800 1.0 0.5 
0.4 0.1 160 0.2 0.1 0.4 640 0.8 0.4 
0.4 0.1 160 0.2 0.1 0.4 640 0.8 0.4 
0.4 0.9 1.440 1.8 0.9 0.4 640 0.8 0.4 
2.4 0.4 640 0.8 0.4 3.9 6.300 7.9 3.9 
1.2 0.0 0 0.0 0.0 2.7 4~356 5.4 2.7 
0.6 0.0 0 0.0 0.0 1.4 2.184 2.7 1.4 
0.1 0.0 0 0.0 0.0 1.0 1.568 2.0 1.0 
0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 
0.3 0.0 0 0.0 0.0 0.3 480 0.6 0.3 

7.2 1.8 2.880 3.6 1.8 12.1 19.368 24.2 12.1 

14 15 16 
VOLTAWA 
{Table 4) 

Drainage Salinity Boron 

Volume load load 

(TOSx (Bx 

Vol) (a) Vol) (b) 

ppm- ppm-

Ac-Ft Ac-Ft Ac-Ft 
0.3 400 0.5 
0.3 480 0.6 
0.2 480 0.6 
0.2 320 0.4 
0.2 320 0.4 
0.1 160 0.2 
1.8 2.805 3.5 
1.3 1,941 2.4 
0.4 672 0.8 
0.2 336 0.4 
0.0 0 0.0 
0.2 320 0.4 

5.2 8.234 10.2 

(a) Salinity load calculated as aalnage volume times 1600 ppm TOS [assumed salinity of the wetland release8 and 8eepage (USBR Offstream Storage Stu~ data». 
(a) Boron load calculated as drainage volume time8 2 ppm [assumed boron concentration of the wetland reieaS88 and seepage (USBR Offstream Storage Study data». 
(a) Selenium load calculated 88 drainage volume time8 1 ppm [assumed selenium concentration of the wetland releases and seepage (USBR Offstream Storage Study data)). 
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Se 

load 

(Sex 

Vol) (c) 

ppb-

Ac-Ft 
0.3 
0.3 
0.3 
0.2 
0.2 
0.1 
1.8 
1.2 
0.4 
0.2 
0.0 I 

0.2 I 

5.2 



N 
V\ 

1 18 19 20 21 

1 acle 7 (Continued) 

GRASSLANDS WETlAND RETURN FLOW AND CONTAMINANT DISCHARGE 
FUTURE WITH PROPOSED ACTION 

(Aa&-Feet in 10005) 

22 23 24 25 26 27 28 29 30 31 32 33 
GRASSLANDS RCD TOTAL MUD SLOUGH DISCHARGE SAlT SLOUGH DISCHARGE 

(Tabla 5) 

Drainage Salinity Boron Se Drainage Salinity Boron Se Drainage 

Volume load load load Volume load load load Volume 

Vear' (TDSx (ax (Sex (TDSx (ax (Sex 

Moo Vol) (a) Vol) (b) Vol) (c) Vol) Vol) Vol) 

ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ac-Ft Ac-Ft Ac-Ft k-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
Oct 2.0 3.200 4.0 3.2 3.4 5.360 6.7 4.6 1.1 
Nov 2.0 3,200 4.0 3.2 3.4 5,440 6.8 3.9 1.1 
Dec 2.0 3.200 4.0 3.2 3.3 5.440 6.8 3.9 1.0 
Jan 2.0 3,200 4.0 3.2 3.1 4,960 6.2 3.5 1.0 
Feb 2.0 3,200 4.0 3.2 3.1 4,960 6.2 3.5 1.0 
Mar 2.0 3,200 4.0 3.2 3.0 6080 7.6 4.2 0.9 

~ 13.2 21,164 26.5 21.2 22.2 34,701 43.4 24.0 7.5 
May 7.8 12.334 15.4 12.3 13.5 20,621 25.7 14.1 4.5 
Jun 2.2 3,442 4.3 3.4 4.6 7,250 9.0 5.2 1.2 
Jut 2.6 4i 207 5.3 4.2 3.9 6.335 8.0 4.1 1.1 
Aug 0.0 0 0.0 0.0 0.0 0 0.0 0.0 0.0 
Sap 1.0 l L600 2.0 1.6 1.8 2,880 3.6 2.1 0.6 

_ j).0 ----~~ 61.947 17.5 61.9 65.3 104,027 130.0 73.1 21.1 

(d) Drainage dscharge to Mud Slough at Hwy 140 equals CoI(6) + CoI(14) + 0.36 x CoI(18). 
(e) Salnily Io~ - flow discharged to tAId Slough at Hwy 140 equals CoI(7) + CoI(15) + 0.36 x CoI(19). 

(f) Boron load - flow discharged to Mud Slough at Hwy 140 equals CoI(8) + CoI(16) + 0.36 x CoI(20). 
(g) Selenium load - flow discharged to Mud Slough at Hwy 140 equals CoI(9) + CoI(l7) + 0.36 x CoI(21). 
(h) Drainage dscharge to Salt Slough at Hwy 165 equals CoI(2) + CoI(10) + 0.64 x CoI(18). 
(I) Salinity load - flow discharged to Salt Slough at Hwy 165 equals CoI(3) + CoI(11) + 0.64 x CoI(19). 
0) Boron load - flow discharged to Sail Slough at Hwy 165 equals CoI(4) + CoI(12) + 0.64 x CoI(20). 
(k) Selenium load - flow discharged to Salt Slough at Hwy 140 equals CoI(5) + CoI(13) + 0.64 x CoI(21). 

Salinity Boron Se Drainage Salinity Boron Se 

load load load Volume load load load 

(TDSx (ax (Sex (TDSx (ax (Sex 

Vol) Vol) Vol) Vol) Vol) Vol) 

ppm- ppm- ppb- ppm- ppm- ppb-

Ac-Ft Ac-A Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft 
1712 2.1 1.6 2.3 3.648 4.6 3.0 
1792 2.2 1.6 2.3 3,648 4.6 3.0 
1792 2.2 1.6 2.3 3.648 4.6 3.0 
1632 2.0 1.5 2.1 3.328 4.2 2.8 
1632 2.0 1.5 2.1 3.328 4.2 2.8 
2752 3.4 2.2 2.1 3.328 4.2 2.8 
11064 13.8 9.8 14.7 23,637 29.6 19.9 
6381 7.9 5.6 9.0 14,240 17.8 11.8 
1911 2.3 1.6 3.4 5.339 6.7 4.2 
1851 2.3 1.7 2.8 4,484 5.7 3.8 

0 0.0 0.0 0.0 0 0.0 0.0 
896 1.1 0.8 1.2 1,984 2.5 1.6 

33.415 41.7 29.3 44.2 70.612 88.3 58.9 

I 

j 

I 

I 

I 

! 
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(c) Contaminated agricultural retunl flows are diverted to the Sail Luis Drain. Wetland water supply is 

supplemented with an additiona155,OOO acre-ft of interim supply due to increased operational 

flexibility in the Grassland basin. Wetland drainage flows are identical to those in (a) and 80% of the 

surface return flows and operational spills are routed directly to the San Joaquin River via Salt Slough 

as in (b). - (Scenario 3). 

3.5 Assumptions in wetland return now analysis 

Moore et ale (1990) describe the historical use of surface and subsurface return flows in the Grassland area. The 

annual volume of these return flows made available for wetland use was estimated by the SIVDP (SIVDP, 199Ob) to 

be 55,000 acre-fL Estimates of likely increases in wetland water supplies, the volume of wetland return flows and 

constituent loads in these return flows, resulting from the proposed action, are shown in Tables 1 - 5. The average 

water use for these wetlands was asswned to be 4.2 acre-ft / acre. Allowance was also made for seepage losses from 

these wetland areas. Seepage losses were assumed to account for up to 30% of the annual surface applied irrigation 

water. 

The monthly supply was obtained, as previously noted, by multiplying the annual total available water supply 

by the monthly distribution percentage, as described for each wetland management area (USBR, 1988). This 

monthly distribution of water requirements varies from area to area because of differences in management objectives 

and in the mix of seasonal pasture, permanent pasture and agricultural crops in each refuge (Tables 1- 5 : column 3 

). The wetland flood - up period typically occurs between the months of September and November each year. To 

raise the water table to shooting depth, approximately one and one half feet of water were assumed necessary ( 

Tables 1-5 : column 4). This would provide 0.5 feet of water to raise the water table to the land surface. This 

estimate is based on a water table at 5.0 ft and a specific yield of the shallow groundwater aquifer of 0.1 ftlft. 

In months when water supply is available for flooding wetland, make-up water is supplied to the wetland to 

keep the water table at shooting depth. Make-up water is generally the sum of evaporation losses and seepage losses 

throughout the hunting season and until April when the seasonal wetlands are de-watered. The amount of water 

available to flood wetland is the difference between the available supply and the required volume of make-up water. 

During the months of May through August the applied irrigation waler is generally equal to the available monthly 

water supply as estimated by the USBR and the Fish and Wildlife Service (USBR, 1989). Seasonal wetlands and a 

portion of the permanent ponds are dewatered in anticipation of emergence of plants preferred by wa~~l: fowl as a food 

supply. Releases from wetlands into the drainage channels within the Grassland area are assumed to be 67% and 

33% of the total reservoir release in the months of April and May respectively. 

Drainage releases from these ponds are calculated according to the following algebraic equation where : 

RELi = STORie} EVAPi + AIWj ROj STORi 

Where : AIWi applied irrigation water in month 
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EVAPi 

RELi 

ROi 

SPi 

STORi-l 

STORi 

MUWi 

evaporcllion loss during the month i 

monthly wetland return flow in month i 

runoff in month i 

seepage losses in month 

previous month wetland storage month (i-I) 

storage in month i 

wetland make-up water in month i (equal to EV APi + SPi) 

In the case of the San Luis NWR, the refuge currently 11.18 no finn fresh water supply, hence the available water 

supply numbers in column 2 are shown equal to zero. Both tl~·~ Volta W A and Kesterson NWR are limited in the 

fann water supply and were assumed to have access to surface drainage water of usable quality. Hence the available 

water supply to these refuges, with the project, is assumed to equal the fmn water deliveries available under existing 

conditions. 

3.6 Contaminants in wetland return nows 

The load- flow factor, calculated in Tables 1- 5, is the product of (a) the volume of seepage, runoff and 

drainage releases from managed wetlands into channels within Grasslands and (b) the concentration of the chemical 

contaminants dissolved in these flows. The load-flow factor is a parameter used to compare mass loading of 

contaminants. This parameter is expressed in units of acre-ft - ppm (TOS and boron) or acre-ft - ppb (selenium) for 

ease of analysis (flow x contaminant concentration). 

Direct evaporation from wetland channels and from the ponded wetlands do not affect the mass of contaminants 

in the Grasslands but can have a significant effect on contaminant concentrations at various points within the 

system. Even though evaporation losses are lower in the winter months (when water is ponded) than in the 

summer months (when the seasonal wetlands are drained) evaporative concentration of the salts and ttace elements 

dissolved in the influent water supply takes place. During the summer months evaporative concentration and 

precipitation of sallS in the near surface soils occurs as water is drawn to the soil surface through capillarity and 

strong manic gradients. Salts are also concentrated in the root zone due to evapo-transpiration losses from native 

vegetation, during the growing season. Some of the sallS precipitated in swface soils are resolubilized during the 

flooding period. Data collected during an off-stream storage experiment conducted by the Boyle Engineering Corp. 

for the USBR (Boyle, 1987) shows effluent concentrations of approximately 1600 ppm for IDS, 2.6 ppm for boron 

and less than 1 ppb for selenium. These concentrations were assumed for the combined runoff, seepage and wetland 

reservoir releases during the flooding and irrigation seasons. It is likely that seepage into the network of shallow 

surface channels would contain high concentrations of salts and certain trace elements due to the high concentrations 

of these contaminants in the shallow groundwater. The mean TDS concentrations of these flows were estimated to 

be 3200 ppm. 
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3.7 Agricultural return fiows and contaminant loads 

Mass loadings of return flows from the wetland areas co-mingle with agricultural drainage retW11 flows from the 

upslope water and drainage districts. The total mass loading of boron, selenium and TOS from each of the wetland 

areas is summarized for the without project scenario in Table 6 and for the with project scenario in Table 7. 

Monthly flow and concenttation data of agricultural drainage discharged from several upslope water and drainage 

districts have been collected by Summer's Engineering Inc., the CRWQCB and local entities. The monitaing sites 

were chosen such that each site could be assumed to represent the flow and loading originating from certain water or 

drainage districts (Figure G-l, Appendix G». The assignment of these monitoring sites to the districts is shown 

schematically in Figure 4 using the symbols FC5, POD, POI and CHI. The flow and water quality monitoring 

data are grab samples, taken once or twice a month, and are used to represent the average contaminant level of 

drainage outflow from each entity for that month. There has been little analysis to check the validity of this 

sampling frequency to estimate monthly loads of TOS, boron and selenium to the San Joaquin River. 

USGS water quality and flow monitoring sites on Mud and Salt Sloughs and the San Joaquin River were used to 

determine the impact of the proposed action. The Mud and Salt Slough monitoring sites located at Highways 140 

and 165, respectively, generally correspond to the lower boundary of the wetland area and the San Joaquin River, near 

the Newman site, coincides with the Hills Ferry Basin Plan control station. Tables C I through C II in Appendix C 

include the mean monthly flow and water quality data for electrical conductivity, TOS, boron and selenium. Data in 

Appendix C: Tables CI - C5 for the years 1986 - 1988 include USGS published monthly flow data and calculated 

mean monthly water quality data from unpublished USGS grab sample data. Tables C6 - Cl1 for the years 1989 and 

1990 represents published USGS flow data and mean monthly water quality data calculated from the California Water 

Quality Control Board water quality grab sample data. 

In the previous report (Swain and Quinn, 1991) monthly TOS concentrations were estimated using boron data 

and a regression equation. The regression equation was developed by the SJVDP from field data, collected during 

the period the Water Districts were freely discharging their drainage water through the Grassland area. In this report, 

actual TOS data was obtained from CRWQCB records and substituted for the estimates based on boron 

concentrations, except for the period October - December, 1986, for which no records were obtained and for which the 

boron-based estimates were retained. In most cases the measured TOS concentrations, used as monthly averages, 

were greater than those estimated from boron concentrations. As noted in Sectionl, the previous database, compiled 

by the Environmental Defence Fund (EDF) did not include the selenium and boron data collected by the CRWQCB. 

These data were compiled and a simple mean was taken of the mean concentration values from both data sets. 

The monthly flow data for the period October 1985 - December 1989 is graphed in Figure 5. Monthly 

concentrations of boron and selenium for the same period are graphed in Figures 6 through 9. It should be noted 

that the monthly concentration values in these graphs are arranged according to calendar year - the spreadsheets, 

described in the next section, have the monthly sequence organized by water year (October 1 - September 30). The 

drainage flow, selenium and boron loading are recorded at each of four drains flowing into the Grassland area. The 
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Figure 5. Monthly drainage flows from agricultural and water districts 
measu.ed at four monitoring sites in South Grasslands for 
the period 1985 • 1989. 
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Figure 6. Boron concentrations In monthly drainage flows from agricultural 
and water districts measured at four monitoring Sites In South 
Grasslands for the period 1986 • 1987. 
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Figure 8. Selenium concentrations In monthly drainage flows from 
agricultural and water districts measured at four monitoring sites ~n 
South Grasslands for the period 1986 • 1987. 
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Figure 9. Selenium concentrations in monthly drainage flows from 
agricultural and water districts measured at four monitoring 
sites in South Grasslands for the period 1988 • 1989. 
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Figure 18. Shallow groundwater quality zones in Grassland area. 
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UJ 
\D 

MONTH 

Oet 

Nov 
Dec 
Jan 

Feb 
Mar 

Apr 
May 

Jun 

Jul 

Aug 

Ssp 

drainage 
LOAD 

FLOW 

FACTOR 

(In) 

AFXppm 

17.7 
12.6 
10.8 
23.2 
29.1 
40.9 
27.1 
30.1 
32.6 
34.3 
34.8 
17.8 

310.8 

Table 8. Input-output analysis of boron loading In the Grasslands area. 
(flow factor. In 1.000'.) 

(Boron 1988 load-flow f3cfors ~ (Boron 1986 lOad-flow factors 

(salt slough) (mud slough) drainage (salt slough) (mud slough) 
LOAD LOAD NET BORON NET BORON LOAD LOAD LOAD NET BORON 
FLOW FLOW LOAD FLOW LOAD FLOW FLOW FLOW LOAD flOW 

FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR 
(out) (out) (out-In) (out ... n) (In) (out) (out) (out"'n) 

AFXppm AFXppm AF-ppm ton. AFXppm AFXppm AFXppm AFoppm 

13.8 1.6 -2.3 -3.1 17.9 12.1 3.4 2.4 
25.7 5.7 18.8 25.6 6.9 11.7 6.5 11.3 
20.0 5.0 14.3 19.4 8.2 12.3 20.4 24.5 
34.4 12.2 23.4 31.8 21.1 20.1 21.0 20.0 
51.1 10.6 32.5 44.2 27.7 56.7 20.9 49.9 
46.9 21.3 27.4 37.3 46.3 41.6 28.8 24.1 
44.9 6.9 24.7 33.6 39.9 47.3 46.6 54.0 
31.6 10.9 12.4 16.9 39.0 21.8 33.5 16.3 
32.1 14.3 13.9 18.9 35.4 10.6 27.7 2.9 
46.8 4.1 16.6 22.6 21.2 21.1 18.8 18.7 
35.0 1.7 1.9 2.5 44.5 28.1 13.9 -2.5 
26.1 1.0 9.3 12.7 23.5 13.7 1.4 -8.4 

408.3 95.4 192.9 262.4 331.6 297.1 242.9 213.2 

NET BORON 

LOAD 

(out"'n) 

ton. 
3.3 
15.4 

33.3 
27.2 
67.9 
32.8 
73.4 
22.2 
3.9 
25.4 
-3.4 
-11.4 

! 

290.0 j 



~ 
o 

MONrn 

Oct 
Nov 

Dec 

Jan 
Feb 

Mar 

Apr 

May 
Jun 
Jul 
Aug 
Sep 

drainage 
LOAD 
FLOW 

FACTOR 
(In) 

AFXppb 

182.4 
108.1 
140.8 
321.7 
360.3 
538.6 
387.5 
349.6 
397.4 
394.9 
382.7 
193.4 

3757.4 

Table 9. Input-output analysis of selenium loading in the Grasslands area. 
(flow factora In 1,OOO's) 

Selenium-i988 load-flow factors Selenium 1986 load-flow factors 

(salt slough) (mud slough) drainage (salt slough) (mud slough) 
LOAD LOAD NET SELENIUM NET SELENIUM LOAD LOAD LOAD NET SELENIUM 
FLOW FLOW LOAD FLOW LOAD FLOW FLOW FLOW LOAD FLOW 

FACTOR FACTOR FACTOR (LOSSES) FACTOR FACTOR FACTOR FACTOR 
(out) (out) (out-ln) (out-In) (In) (out) (out) (out-Jn) 

AFXppb AF~pb AF-ppb Ibe AFXppb AFXppb AFXppb AFi'Pb 
74.8 2.0 -105.6 -287.2 230.1 51.0 3.0 -176.1 
71.6 4.1 -32.4 -88.1 72.4 45.0 9.0 -18.4 
75.9 1.8 -63.1 -171.6 58.1 46.0 63.0 50.9 

215.8 20.4 -85.5 -232.6 201.1 107.0 54.0 -40.1 
467.8 13.0 120.5 327.8 300.7 360.0 26.0 85.3 

308.8 110.6 -119.2 -324.2 534.6 310.0 95.0 -129.6 
263.7 26.1 -97.7 -265.7 514.3 326.0 336.0 147.7 
238.6 23.4 -87.6 -238.3 415.8 172.0 19.0 -224.8 
173.9 78.7 -144.8 -393.9 395.6 26.0 223.0 -146.6 
288.6 19.7 -86.6 -235.6 351.1 49.0 155.0 -147.1 
233.0 10.2 -139.5 -379.4 432.0 181.0 103.0 -148.0 
179.3 4.0 -10.1 -27.5 239.0 63.0 4.0 -172.0 

2591.8 314.0 -851.6 -2316.4 3744.8 1736.0 1090.0 -918.8 
-- ---- -- ---_ .. _----

NET SELENIUM I 

LOAD I 

(LOSSES) 

(out-ln) 

Ibc 
-479.0 
-50.0 
138.4 I 

-109.1 I 

232.0 

-352.5 
401.7 
-611.5 
-398.8 
-400.1 ! 

-402.6 
-467.8 

-2499.1 
-



MONTH 

Oct 
Nov 

Dec 
Jan 

Feb 

~ 
Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sap 

Table 10. Input-output analysis of TDS loading In the Grasslands area. 
(flow factors In 1.000·.) 

TDS 1988 load-flow tactors TDS 1986 load-flow factors 

drainage (salt slough) (mud slough) drainage (salt slough) (mud slough) 
LOAD LOAD LOAD NETTDS NETTDS LOAD LOAD LOAD NET lOS 

FLOW flOW FLOW LOAD FLOW LOAD FLOW FLOW FLOW LOAD FLOW 

FACTOR FACTOR FACTOR FACTOR (lOSSES) FACTOR FACTOR FACTOR FACTOR 

(In) (out) (out) (out-In) (out-In) (In) (out) (out) (out-ln) 

AFXppm AFXppm AFXppm AFXppm lb. -- AFXppm AFXppm AFXppm .... ~ .. 
8.1 11.9 1.5 5.3 7.2 14.1 9.1 2.7 -2.3 

6.2 17.2 4.5 15.5 21.1 5.0 9.8 4.9 9.7 

5.5 13.9 3.9 12.3 16.7 5.6 9.6 12.6 16.6 
12.4 20.9 8.5 17.0 23.1 12.3 13.1 14.1 14.9 

16.6 30.2 7.9 21.5 29.2 20.1 33.9 9.4 23.2 

21.0 33.3 12.9 25.2 34.3 30.7 26.1 16.2 11.6 

15.9 26.4 4.7 15.2 20.7 26.1 28.0 24.7 26.6 

16.3 21.6 8.0 13.3 18.1 23.7 15.6 35.5 27.4 

18.6 20.4 7.1 8.9 12.1 23.5 9.7 13.1 -0.7 

19.2 26.8 2.4 10.0 13.6 24.3 16.3 9.5 1.5 

20.3 24.5 0.9 5.1 6.9 26.7 18.8 3.9 -4.0 

9.3 17.9 0.6 9.2 12.5 13.1 12.4 0.8 0.1 

169.4 ___ '-------------_2_65.0 62.9 158.5 215.6 225.2 202.4 147.4 124.6 

NETTDS 

LOAD 

(LOSSES) 

(out-ln) 

ton • 
-3.1 
13.2 
22.6 
20.3 
31.6 
15.8 
36.2 
37.3 
-1.0 
2.0 
-5.4 
0.1 

169.5 
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four drains (CCD, FCWD, PWD and PDD) correspond to the the four drainage monitoring sites shown in Figure 4. 

Each histogram is labelled according to the relative contribution from each source. The total flow shown in Figw-e 5 

is equal to the ~ota1 agriCUltural drainage flow into the Grassland area. 

Examination of Figure 5 reveals that monthly flows from the agricultural water and drainage districts (SJVDP 

water quality zone A) have decreased by as much as 20% between 1985 and 1989. Since contaminant concentrations 

in these flows have not changed to the same extent (Figure 6). with the exception of San Luis Water District 

(SL WD) and Central California lnigation District (CCID), contaminant loads of TOS, selenium and boron passing 

into the Grassland area would appear to have decreased correspondingly. If analyzed by calendar year; boron loads 

decreased from 514,1321bs in 1987 to 432,904lbs in 1989 (16% reduction); selenium loads decreased from 4,835 

lbs in 1987 to 4253 Ibs in 1989 (12% reduction); and TOS decreased from 113,891 tons in 1987 to 96230 tons in 

1989 (16% reduction). This decrease in load may be auributed to increased subsurface drainage recycling and 

improvements in on-farm water management practices. The year 1988 is intennediate in boron, selenium and TOS 

drainage loads compared to years 1987 and 1989, which were also designated as critically dry . 

To gauge the significance of enlarging the database by inclusion of the CRWCB data and the effect on the 

conclusions drawn in the March 1991 report (Swain and Quinn, 1991), the EDF and the combined EDF and 

CRWCB datasets are contrasted in Figures 10 - 17. These figures are for boron and selenium concentrations and 

cover the period 1986 - 1989. The differences in mean values are small and not very significant fnr the boron data. 

In the case of the selenium data there appears to be more variability in the data. This may be ascribed to differences 

in laboratory protocols responsible for analyzing the samples - and inherent difficulties in measurement of 

concentrations in the parts per billion range in the case of selenium. Major discrepancies in the data were only 

evident in 1988, where the mean of the two data sets reduced the June mean monthly concentration by approximately 

30%. 

3.8 Losses of boron, selenium and TDS in ponds and channels 

Agricultural return flows pass though vegetated and earth-lined channels in their passage through the Grasslands 

area. Mass balance analyses of input loads and expon loads from the Grassland area mINe revealed substantial 

selenium losses between the points of entry into the Grassland area and the USGS monitoring sites in Salt and Mud 

Sloughs and along the San Joaquin River (Figures 19 and 20; TabJe 9). In Figures 19 and 20 the combined mass 

loadings of boron. selenium and TDS at Mud and Salt Sloughs are subtracted from the combined agricultural 

drainage mass loading of these constituents, as measured at the four previously described monitoring sites. In this 

repon the mass loadings at these impon and export sites were chosen without including the estimated return flows 

and loads from SJVDP zones Band C (as was perfomed by Swain and Quinn, March, 1991) so as to utilize only 

measured data. SJVDP zones Band C include those areas which moderate and low levels of boron, selenium and 

IDS in the Grassland area and are delineated in Figure 18. The tables and graphs in Figures 19 and 20 show that 

both boron and IDS loads increase in transit through Grasslands, resulting from the co-mingling of surface and 

subsurface return flows from SJVDP zones B and C and wetland return flows from within Grasslands itself. This 
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increase in load also results in a decrease in boron and TOS concentratious, since the mixing flows contain lower 

concentrations of TOS and boron than the agricultural drainage discharge from SJVDP zone A (Figure 18). 

Selenium loads, conversely, decrease in most months for both 1988 and 1986 water years. The observation 

that selenium loads do not increase can be explained by the low concentrations of selenium (typically less than 

Ippb) in return flows from SJVDP zones Band C and the wetland return flows. Selenium losses may result from 

activity by a variety of biochemical mechanisms including uptake by vegetation, invenebrates, algae and other 

biota within the Grassland ecosystem. Volatilization may take place along channels and within earth-lined canals 

that support fungi and other microbes capable of reducing selenium into volatile organic compounds such as 

dimethylselenide. Selenium reduction to Se(IV), Se(O) and Se (- I I) in bottom sediments may also conbibute to 

decreases in selenium load (Tokunaga, 1991, personal communication). 

Although some boron uptake may occur in vegetation growing within and along the sides of channels both 

boron and TOS loads are expected to be largely conserved during passage through the Grassland area. In the 

scenarios examined in Section 4 of this report, surface return flows from SJVDP zones B and C are utilized by 

wetlands to supplement water supply and hence some reduction in boron and TOS load may occur due to 

precipitation of salts and deposition in the pond sediments. Mass balances of all three contaminants of concern will 

be examined in more detail in Section 4. 
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4. Analysis of Impacts 

An analysis of project impacts must consider both the within and between season variations in contaminant 

loads and flows entering the Grassland area from the upslope drainage districts as well as the within and between 

season seepage flows, runoff and refuges and agricultural drainage discharges within the Grassland &rea. RebJlm flows 

from CCID, SLCC and other drainers adjacent to the Grassland area (SJVDP zones B and C) are of sufficient quality 

foc wedand use and are considered ro be a water resource, which presently is used either 10 blend with and dilute 

agricultural drain flows before discharging into the San Joaquin River, or is used as a supplemental water supply for 

re-use in the wetlands themselves. With the proposed action, more of this water is likely to become available for 

other uses. 

Return flows from wetlands, which include seepage, uncontrolled runoff and drainage releases are retunled 10 

the natural and man-made system of channels, ultimately reaching the San Joaquin River by way of Salt and Mud 

Sloughs. The geographic proximity of San Luis NWR and Los Banos W A to Salt Slough suggests thai. most of the 

return flows from these refuges discharge into Salt Slough. likewise, Kesterson NWR and Volta WA are closest to 

Mud Slough (North·, which is likely to receive the most of the return flows produced by these wildlife management 

areas. Grassland ReO, including the Grassland WD and the private duck clubs in southwest Grassland, is a large 

contiguous area and likely contributes to both Sloughs. To delennine the distribution of flow and contarnin.ant load 

from the privately operated wetland to each of the Sloughs, an area weighting procedure was used. The areas of 

pennanent and seasonal wetlands (land uses 20 and 21 in Appendix A) were summed and the acreages within the 

Grassland subareas shown in Figure 5 were allocated as tributary either to Salt Slough or Mud Slough (see the 

following tabulation). 
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Salt Slough Mud Slough 

Subarea Area (acres) Subarea Area(aaes) 

206 (50%) 1.5 203 3.8 

207 1.5 204 1.5 

209 1.7 205 8.1 

201 6.3 206 (50%) 1.5 

200 2.6 223 1.1 

215 5.3 TOTAL 16.0 

216 0.9 

218 3.1 

219 3.0 

220 2.2 

221 1.1 

222 0.8 

TOTAL 30.0 

The ratio of wetland areas contributing to Salt and Mud Sloughs flows is approximately 2 : 1. Therefore the 

return flow volume discharged to Salt Slough is assumed to be approximately twice as large as Iha1 discharged to 

Mud Slough. Wetland return flows to these two sloughs with and without the proposed action are illustrated in 

Figure 20. 

4. 1 Scenario development 

The analysis which follows considers the with project scenarios outlined in the previous section. The fust and 

most likely scenario (scenario 1) is that wetland managers take advantage of the improved water quality in Salt 

Slough and diven surface return flows and water district operational spiUs to supplement the fann water supply 

delivered from the Federal CVP. This will reduce the average annual volume of flow along Salt Slough as well as 

change the monthly schedule of flow and mass loading of TOS, selenium and boron to the San Joaquin River. 

Releases from wetlands during the spring will generally be larger and contain higher salt loads. The analysis which 

foUows (4.2) attempts to quantify the volume and mass loading of these discharges. 

The second scenario (scenario 2) assumes that no diversions into the adjacent wetlands will occur. In this 

scenario the hydrologic analysis is comparatively simple since the major impact of the project would be to diven the 

existing agricultural drainage flows into the San Luis Drain and then to Mud Slough (North). In this scenario 

boron and TOS loads to the river will be largely unchanged and should closely match the monthly distribution of 

contaminant load from the water districts. The only impact will be on selenium, which is not expected to experience 

the same losses due to plant and microbial uptake in the Drain that occurred within the Grassland channels. A 

comparison is made of these scenarios in Section 4.3. 
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A third scenario, which is not pan of the proposed project, is analyzed nevertheless. In this scenario (scenario 

3) the amount of water that is diverted by wetlands and refuges in scenario 1 is supplied from other sources. TIle 

rationale for this scenario is both practical and political. In order to ensure that no Salt Slough diversions occur to 

wetlands, with implementation of the project, additional water, equivalent in volume and quality to the zone B and 

C drainage is assumed to be found. This supply could as easily be supplied from groundwater pumpage. The 

USBR has estimated safe yield within the Grassland area of greater than 55,000 acre-ft/year. Water quality 

considerations, however, may account for the small annual amount of groundwater pumped within the Grassland 

area. The surface return flows and operational spills from SJVDP designated zones B and C continue to be divened 

mostly (80%) down Salt Slough. The wetland releases continue to be discharged down both Mud and Salt Sloughs 

in the ratio of approximately 1 : 2 (i.e. 33% into Mud Slough and 66% into Salt Slough) as in the other with

project scenarios. Hence, in this scenario, the total flow leaving Mud and Salt Sloughs is increased by a volume 

equal to the additional discharge from wetlands. 

4.2 Development of the with-project scenarios 

Tables 6 and 7 showed the return flow volumes and contaminant loads from each of the wetland management 

areas. The flow volumes were obtained by combining the volumes of seepage and runoff and the volume of reservoir 

release expected from each of the five refuges and wetland areas (Tables 1-5). The major differences between the 

without -project (Table 6) and the with-project scenarios (Table 7) are in the flow volumes assumed for San Luis 

NWR, Los Banos W A and Grassland RCD. The increase in the estimated return flows from each area is in direct 

proportion to the increased water supplies assumed to be available to these refuges resulting from the capability of 

separating usable return flows from contaminated agricultural return flows. Summing the volume of return flows for 

the with-project scenario, and subtracting these from the summed flow volumes for the without-project scenario, 

yields the total increased return flow volume from the wetlands of approximately 27,000 acre-fL Additional inflow 

to these areas was approximately 55,000 acre-fL Of these increased return flows it is assumed that approximately 

23,000 acre-ft would be directed down Salt Slough and the remaining 4,000 acre-ft down Mud Slough. 

To detennine the effects of the proposed action on the loads of boron, selenium and TDS at Mud and Salt 

Sloughs, the refuge return flows are combined with agriCUltural drainage flows from the upslope water and drainage 

districts. These agricultural drainage flows are from two main sources as recognized in the SJVDP Final Repon 

(SJVDP, 1990) and in the Technical Appendix to the SJVDP Final Report (Swain, 1991). SJVDP zones B and C 

(Figure 18) are sources of relatively good quality return flows and include agricultural drainage from parts of CCID 

and San Luis Canal Company. Zone A is the source of agricultural drainage, identified by the SJVDP as problem 

water, which derives from Firebaugh Water District (Canal Company), Broadview Water District, Panoche Water 

District, Pacheco Water District and San Luis Water DistricL 

Tables Bl - B27 and CI - C27 in Appendices Band C describe the effect of the combined flows (measured or 

estimated) on the concentrations of boron, selenium and TDS, with and without the proposed action for hydrologic 

years 1988 and 1986. The with-project analysis contrasts scenarios 1 t 2 and 3. The logic of the spreadsheet format 
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is discussed for one example, contrasting the without project and the with project cases (scenario 1) using Tables 

Bland B2 in Appendix B (hydrologic year 1988). The same logic used to construct Tables Bland B2 apply to all 

other tables in this report. The following assumptions apply to the construction of these tables: 

(a) The USGS continuous flow recorded in Salt and Mud Sloughs can be used as a standard against which the 

hydrology upstteam of these gauges can be calibrated. 

(b) The USGS TDS t boron and selenium grab sample data are representative of average monthly concenttations 

and can be used to estimate mean monthly loads of constituents for 1986 and 1988. 

(c) There are flows and contaminant loads unaccounted for in the mass balance analysis. These flows may be 

greater or lower than the annual figures calculated for each year of the 1986 and 1988 hydrology database used in 

the analysis. Adjustments were made to these flows, and to the loads of contaminants carried by these flows, in 

order to calibrate against the contaminant loads in Mud and Salt Sloughs for the existing or no-action condition. 

These adjustments can also be applied to the hydrology of the with project scenario. 

(d) Adjustments should be made to flows first, given the greater reliability of the data. 

(e) Grab samples taken by the CVRWQCB on the west bank of the San Joaquin River at Newman, tends to 

underestimate the effect of the Merced River. For this reason, the CVRWQCB water quality measurements at 

Crows Landing for TOS, boron and selenium Iaken during 1989 and 1990 were used to estimate the mean 

monthly load at Newman. For the years 1986 and 1988 which are the subject of this analysis the Newman data 

were used, complete CRWQCB data not having been available. (TIle San Joaquin River is assumed to be 

completel! mixed at Crows Landing.) The flow measured at Newman is assumed to be similar that measured 

at Crow Landing, since both are downstream of the Merced River and there are no major tributary inflows or 

river accretions between these sites. An adjustment factor could be applied between these sites to correct 

contaminant concentnltions for the small differences in flow, if the data were available. 

4.3 Calibration of contaminant flows and loads (without project) 

4.3.1 Contaminant now and concentration data 

Monthly flows and boron concentrations for the gauging station near Newman are shown in each of the water 

and contaminant budgets (Table Bl: columns 2 and 3), The integrated flow weighted water sampling procedure used 

by the USGS from October 1985 through September 1988 was assumed to improve data reliability at the Newman 

site. Boron load, expressed as a boron load-flow factor, is determined by multiplying the figures in columns 2 and 

3. This is equivalent to multiplying the monthly averaged flow and concenttation data as described by the 

following equation : 

= 1 / t J 0 m C ( t) dt 1. 
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Q = J m * o Q dt 2. 

L = ,CQ 3. 

Where: C = time averaged concentration 

C = sampled concentration at time t 

Q = monthly flow volume 

Q* = flow rate at time t 

m = month index 

d = delta time (t expressed in days or weeks) 

L = constituent load (expressed in load-flow units) 

Tokunaga (Tetsu Tokunaga, LBL : personal communication, 1991) has questioned the validity of this procedure, 
• in the case where C and/or Q vary with time. Unfortunately, flow and concentration data for constituents other 

than TOS, are not collected concurrently, as part of the current Grassland and San Joaquin River monitoring 

programs. Neither boron or selenium can be determined directly, except by chemical analysis in the laboratory. 

Regression relationships between TOS (or Ee) and the trace elements selenium and boron, as previously noted, are 

not entirely reliable. The regression coefficient for the relationship between TDS and boron is typically higher than 

that for TOS and selenium. The time averaged concentration data was considered more accurate than the regression 

derived concentration data and was therefore utilized in this study. 

The flows and estimated loads (load-flow factors), contributed by Salt and Mud Sloughs were subtracted from the 

flow and estimated boron load-flow factor near Newman(columns 11 and 12) to estimate the concentration of boron 

in river accretions between the Mud and Salt Slough monitoring stations and the San Joaquin River monitoring 

station near Newman. The calculated monthly value of boron concentration, obtained by dividing the boron load

flow factor by the flow, should be a positive number. However, most of the load-flow factors values are negative 

indicating a reduction in boron load somewhere between Salt and Mud Sloughs and the San Joaquin River 

monitoring station. If these monthly residuals are compared for water years 1986 through 1990, it appears that the 

error in the calculated mass balance'is not systematic. The error does not appear to be consistent between months of 

different years or for a particular water year type (i.e wet or critically dry). It is possible that random error, 

associated with the water quality sampling procedure at Newman and in Mud and Salt Sloughs, is rather large and 

that the sample values are not good estimators of the monthly mean. 

A calibration procedure was adopted to distribute the error in this load-flow factor by adjusting first the flows, 

then the contaminant load-flow factors in Mud and Salt Sloughs, so that the total of the flows and loads from each 

of the source areas balances with the flow and load measured at the Newman monitoring station. These source areas 

include the wetlands and refuges (columns 14 and 15), SJVDP agricultural drainage discharge zones B and C 
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(columns 16 and 17) and agricultural discharge zone A (columns 18 and 19), the source of most of the high boron, 

selenium and TOS. 

The wetland return flows are all assumed to have a boron concentration of 1 ppm, a selenium concentration of 

Ippb and a TOS concentration of 1600 ppm. The boron, selenium and TDS concentration assumptions are based 

on limited data, obtained during the USBR's offstream storage study, conducted in the Northern Grassland ~ and 

from the USBR agricultural drainage monitoring data from SJVDP zones B and C (Appendix D), obtained during the 

period 1984 - 1987. 

In columns 20 to 23 the flows and load-flow factor numbers are calculated from the wetland return flows and the 

agricultural drainage monitoring data from SJVDP water quality zones A, B and C, including that collected by 

Summers Engineering. In all years, and for most months the load-flow factors for the reconsttucted data exceed the 

monitored data load-flow factors at the Salt and Mud Slough, USGS stream gauging sites. However, the calculated 

flows are less than those recorded by the USGS. The calculated values were adjusted by increasing or decreasing the 

accretion sufficiently to match the recorded value. This adjustment factor was assumed to be independent of the 

proposed action and was used to adjust the predicted flows both with and without the proposed action. In columns 

24 -27, the flow discrepancy between the measured and the calculated values was determined for both Salt and Mud 

Sloughs and the contaminant concentration of these accretions assumed to be equal to the surface drainage water 

quality from the San Luis Canal Company which is: TOS - 1()()() ppm; boron - 1.0 ppm; selenium - 1.0 ppb. 

In columns 28 -31 the reconstructed load-flow factors (boron load in wetland releases + boron load agriCUltural return 

flows from zones A, B and C) were added to the adjusted low boron load-flow estimates and from this sum was 

subtracted the load flow factors estimated from the records at Mud and Salt Sloughs. The calculated difference is the 

in-transit boron adjustment, which when added to the reconstructed Mud and Salt Slough load-flow factors produces 

the figure in column 33, the load flow factor for boron in the San Joaquin river. If the load flow factor in column 33 

is divided by the recorded flow at Newman monitoring station, the monthly boron concentrations in column 2 are 

reproduced. These same adjustments are then applied to each of the with project scenarios. 

The calibration procedure, that has just been described, was duplicated for both the without project and with 

project analyses for the 1986 and 1988 water year hydrologies and for the three contaminants. In evaluating the 

impact of the proposed project, the calibrated TOS, selenium and boron loading data were used as base conditions for 

the impact analysis. 

4.3.2 Selenium uptake and effect or using San Luis Drain 

The conclusions drawn from analysis of Figures 19 and 20 were that, whereas boron and TDS mass loads 

appeared to be largely conserved in transit through Grassland channels, selenium experienced a significant loss. 

Mechanisms responsible for the reduction in selenium mass loading between the drainage monitoring sites and the 

points of discharge into the San Joaquin River along Mud and Salt Sloughs may include the following: 
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(a) Uptake by vegetation in unlined canals. 

(b) Direct volatilization of selenate and selenite from wetted soils. 

(c) Uptake by algae and other biota and immobilization in channel sediments. 

In Swain and Quinn (1991) the assumption made was that the selenium losses, which were calculated for the 

no-action condition, would be reduced by a certain percentage due to the diversion of highly contaminated drainage 

water from Salt and Mud Sloughs to the San Luis Drain. This percentage reduction was correlated with the residence 

time that the drainage contaminants had to interact with vegetation and biota. This reduction was assumed to 

correlate directly with the length of earth lined channel through which the drainage would pass - since the length of 

earth lined channel is reduced with the use of the San Luis Drain, the selenium uptake would likely decrease. To 

obtain an estimate of the percentage change in residence time, the reduction in the length of vegetated channel was 

measured and used as a weighting factor. This weighting factor was applied to correct for selenium accumulation in 

vegetation and biota that would no longer take place with the proposed action. This simple weighting factor was 

used as a rust approxim.ation and is not based on field concentration data or from a detailed knowledge of channel 

cross - sections or ve~ocities. More intensive study of selenium transformations within the Grassland basin will be 

necessary to address this deficiency. 

In Tables B9, B 11 and B 13 the effect of the project on selenium loading in Salt and Mud Sloughs is calculated in 

columns 28 - 31. Column 29 contains the selenium load in-transit adjusunent adjusted for the assumed reduction in 

selenium losses and/or uptake due to diverting the drain flows from the Grassland channels into the San Luis Drain. By 

adjusting the in-transit adjusunent load factor downward - the net effect is an increase in net selenium load compared to 

the without project scenario. The reduction in selenium losses and/or uptake within the Grassland rustribution system 

was calculated to be 49% in the repon by S wain and Quinn (1991) since conveyance along the San Luis Drain was 

assumed to reduce the vegetated channel residence time by 49%. Selenium losses were assumed to be primarily due to 

uptake by vegetation growing in the channels. Hence the selenium load increase due to the proposed action was 

estimated in Table B9, B II, B 13 and B 15 as 49% of the selenium load adjustment necessary to reconstruct the San 

Joaquin River selenium concentrations (Table B8). 

During a field trip organized by the Grassland Water District, after the completion of the report by Swain and Quinn 

(March, 1991), it was observed that water flowing along the Camp 13 and Agatha Canals did not contact aquatic and 

terrestrial vegetation to the extent initially assumed. During this tour it was also learned that channels were cleared and 

sediments were removed from the channels every 2 - 3 years as pan of routine maintenance by the Grassland Water 

District (Don Marchioci; personal communication, 1991). Allhough no data exists to verify selenium uptake or removal 

mechanisms, it may more reasonable to assume that the majority of the selenium loss may be through uptake by algae 

and phytoplankton than by vegetal uptake ( Alex Home, U.C. Berkeley: personal communication, 1991). Selenium 

taken up in this fashion would likely eventually end up in channel sediments, where it could become immobilized in the 

reducing environment of the detrital layer. Deposition and immobilization of selenium could occur equally in the San 

Luis Drain as in Grassland channels. The intial estimate of selenium in-transit loss adjustment of 51 % was decreased to 
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10% - resulting in a smaller net increase in selenium load entering Mud Slough as a result of the project, compared to the 

without project scenario. The 10% in transit loss adjustment assumption of 10% may be conservative if algal uptake, 

deposition and immobilization are the primary mechansims for selenium losses from the Grassland system. However, 

because this assumption has no scientific basis, a range of in-transit selenium reduction (uptake) assumptions were made 

- 0%, 10%, 20% and 51 %. The spreadsheet analysis perfonned for scenario 1 is made using each of these four 

assumptions. Scenarios 2 and 3 were analyzed using only the 10% uptake assumption. 

The importance of this assumption of selenium uptake mechanism will be evident in the analysis that follows. 

Field research to verify this assumption should be undenaken as a matter of some urgency. 

4.3.3 Projected mass loading or boron, selenium and TDS 

After calibrating flows in both Salt and Mud Sloughs to match measured data, a separate mass balance analysis 

was perfonned to estimate the effect of the project on concentrations of the contaminants in Mud Slough, Salt 

Slough and in the San Joaquin River. 

The effect of the proposed project on selenium flows and loads at Salt Slough, Mud Slough and the San 

Joaquin River near Newman are presented in Columns 35 - 43. In each case, since the majority of the agricultural 

drainage flows containing high loads of contaminants are routed and discharged into Mud Slough (north), above the 

monitoring site at Highway 140, the contaminant concentrations increase within Mud Slough (north) and decrease 

along Salt Slough. The volume of flow within Salt Slough is significantly depleted by virtue of the redirection of 

contaminated drainage and the increased diversions from the Slough of good quality drainage return flows to adjacent 

wetlands. The general effect of the proposed action is described in Figures 21 through 26 for contaminants boron, 

selenium and IDS and for the years 1988 and 1986. In the graphs which follow the 1988 results (crtitically dry 

year) are presented before 1986 results (wet year) to remain consistent with the previous repon by Swain and Quinn 

(1991). The three graphs on each page, labelled (a), (b) and (c), describe the effects on Salt Slough, Mud Slough and 

the San Joaquin River at Newman respectively. In order to make the graphs easy to interpret, only scenario 1 

(with increased use of Salt Slough flows by wetlands - SI) and scenario 2 (without increased use of Salt Slough 

flows by wetlands - S2) were compared with the without project scenario. 

4.4 Effect of proposed project on boron concentrations 

4.4.1 1988 data 

The effect of the proposed project on monthly boron concentrations is similar to the effect of the project on 

IDS. This is expected, since both boron and IDS appear to be conserved in transit through the Grassland area. In 

1988, boron concentrations are most elevated above the without project scenario concentrations in Mud Slough for 

the months of November through April (Figure 22), and may be close to 100% higher in the months of December, 

January and February for both Scenarios 1 and 2. Conversely, in Salt Slough, boron loads are reduced throughout 

the year with the greatest improvement occurring in January and February when most of the high boron loads are 

being diverted to Mud Slough. There doos not appear to be much difference in boron concentrations between 
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scenarios 1 and 2 (with and without wetland use of Salt Slough flows, respectively), although in every month, 

wetland diversions cause slightly higher concentrations of boron in both sloughs. Wetland releases during April and 

May do not add significantly to the total boron load - hence concentrations change very liule. 

Boron concentrations in the San Joaquin River at Newman are elevated only slightly, in Scenario I, over the 

without project scenario. As expected, since Scenario 2 involves only re-rouling of agricultural drainage flows 

along Salt and Mud Sloughs, there is little discemable difference in San Joaquin River concentrations. 

4.4.2 1986 data 

Figures 30 and 31 show the same general pattern of lower boron concentrations, in the months December 

through April in Salt Slough, compared to the without project scenario. The converse is true of Mud Slough, which 

exhibits higher concentrations of boron, during the same period, as a result of the project, and lower concentrations 

of boron between the months April and Seplf;mber. Boron concentrations are always higher in Salt Slough under 

scenario 1, where wetland return flows to ~ialt Slough contain higher concentrations of boron than the return flows 

within Salt Slough. There appears to be little effect of the project on boron concentrations in the San Joaquin 

River. The major difference between the wet year and critically dry year hydrologies for boron is manifested in 

lower boron concentrations in both Mud and Salt Sloughs, with the greatest percentage reduction, during the 

summer months. This is probably a result of improved quality of subsurface returns from the upslope agricultural 

areas due to a higher proportions of tail water in the combined flow. 

4.5 Effect of proposed project on selenium concentrations 

The monitoring data for the 1986 - 1989 period suggest that under the existing operation of the Grassland 

system significant losses of selenium occur in transit through the vegetated channels and unlined ditches. The 

precise magnitude of these losses have been difficult to quantify, because the monitoring program that has been 

conducted since 1985 has been more concerned with assessing compliance with water quality objectives and less 

with analysis of selenium losses through the Grassland system. An auempt has been made in the analysis, 

previously described, to correct for ungaged flows into the Grassland system and for errors in loads, resulting from 

using grab sample data as average monthly selenium concentration values. 

In Salt Slough the selenium concentration was assumed to remain at Ippb or less for the entire year. This 

assumption was based on monthly monitoring of Wetland return flows during the Reclamation's Offstream storage 

study, the assumed quality of fresh water delivered and/or spilled through Salt Slough and monthly monitoring of 

subsurface and surface drainage from agricultural lands east of Salt Slough by Reclamation and state and local 

agencies. For example the offstream storage monitoring program indicated that wetland releases did not contain 

selenium concentrations greater than 5ppb during three years of water quality sampling and were typically lower 

than lppb. 

4.5.1 1988 data 

In Figure 24 the analysis suggesL~ a dramatic increase in selenium concentrations in Mud Slough as a result of the 

project. During the year, selenium levels could increase from less than 5ppb to over 40 ppb in the months of October, 
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Figure 21. Estimated effect of project on boron concentrations In Salt Slough. 
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Figure 22. Estimated effect of project on boron concentrations In Mud Slough. 
S 1 - Increased wetland use of Salt Slough flows permitted 
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Figure 23. Estimated effect of project on boron concentrations In the San Joaquin River. 
S1 - Increased wetland use of Salt Slough flows permitted 
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Figure 2S. Estimated effect of the project on selenium concentrations In Mud Slough. 
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Figure 26 . Estimated effect of the proJect on selenium In the San Joaquin River. 
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Figure 29. Estimated effect of project on TOS concentrations In the San Joaquin River. 
51 . Increased wetland use of Salt Slough flows permitted 
52 • No increase in wetland use of Salt Slough flows 
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Figure 30. Estimated eff.ct of project on boron concentrations In Salt Slough 
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S2 • No Increase In wetland use of Salt Slough flows 
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Figure 31. Estimated effect of the project on boron concentrations In Mud Slough 
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Figure 32. Estimated effect of the project on boron concentrations In the San Joaquin f~lver 
Sl . Increased wetland use of Salt Slough flows permitted 
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Figure 33. Estimated effect of the project on selenium concentrations In Salt Slough 
S 1 . Increased wetland use of Salt Slough flows permitted 
S2 . No increase in wetland use of Salt Slough flows 
two • without project : fw • with project 
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Figure 35. Estimated effect of the project on selenium concentrations In the San Joaquin River. 
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Figure 36. Estimated effect of proJect on TOS concentrations In Salt Slo,ugh. 
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Figure 38. Estimated effect of project on lOS concentrations In the San Joaquin River. 
S1 • Increased wetland use of Salt Slough flows permitted 
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December, January and February and by more than 50% in the months of March through October. The peak 

concenttations between January and March in Mud Slough, that result from the project, appear to offset the high 

concentrations of selenium in the without project scenario, in Salt Slough. Mud Slough concentrations resulting from 

Scenario 1 are, in most months, elevated over selenium concentrations for Scenari02, due to evaporative concentration of 

selenium in the ponded wetlands. In the San Joaquin River selenium concentrations are slightly higher for each month 

with the project than without the projecl This is, in part, due to the assumption that 10% of the in-ttansit losses 

(uptake) of selenium, in the without project scenario, were added to the selenium load for the with-project scenarios. A 

n uptake assumption of 0% for selenium would result in a smaller increase in San Joaquin River selenium 

concentrations. A 51% uptake assumption for selenium, on the other hand, would result in much higher San Joaquin 

River selenium concentrations, relative to the without project scenario and the other with-project scenarios. 

4.5.2 1986 data 

The 1986 data presented in Figure 34 shows a marked difference from the 1988 data in the concentration of 

selenium in Mud Slough as a result of the projecl In 1988, the peak concentrations in February and September are 

50.8 ugll and 57.4 ugll- in 1986, the February and September selenium concentrations are 27.3 ugll and 21.1 ugll 

respectively. The unusually high runoff in March and April of 1986, combined with the high selenium load in 

wetland releases during April and May may help to explain the sawtooth nature of Figure 34 between February and 

June. In contrast to 1988, selenium concentrations are lower in June and July in Mud Slough, with the project, 

than without the projecl Inspection of the San Joaquin River selenium concentration at Newman for these two 

months shows little difference between the without and the with project scenarios. The likely result of the lower 

Mud Slough selenium concentrations associated with the project is therefore the wetland releases of 4600 acre-ft and 

3900 acre-ft during the months of lune and July, which helped to dilute selenium levels in Mud Slough flows. 

In 1986, a wet year, the effect of the project scenarios 1 and 2 on selenium concentrations in the San Joaquin 

River is smaller than experienced during 1988, a critically dry year. As for boron, the lower selenium concentrations 

in the combined agricultural return flows entering the Grassland area during 1986 helps to reduce the overall water 

quality impact of the project. 

4 .6 Effect of proposed project on TDS concentrations 

The analysis of mass loading in to and out of the Grassland area suggests that there was no significant net 

accwnulation of salts in the Grassland. Hence the major impact of lbe project would be a reapportioning of the 

TDS loads to Mud and Salt Sloughs, with a resulting change in the average monthly TOS concentrations and loads 

in the Sloughs. In the case of Salt Slough this is due to increased wetland diversions of Salt Slough flows. 

4.6.1 1988 data 

Figure 28 shows that TDS concentrations in Mud Slough could increase by as much as 80% in December, to 

approximately 3500 ppm, and increase by between 30% and 80% between the months of November through March. 
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The salinity of the flows generally are reduced after April due to the increased volume of water released from wetlands 

storage into Mud Slough. 

The major benefit of the project in Salt Slough would appear between the months of December and March, 

when the TDS concentrations are reduced by between 25% and 50% of those levels representative of conditions 

without the project This period corresponds with the highest expected increase in Mud Slough TDS concentration. 

One of the effects of the project on contaminant levels in the San Joaquin River near Newman would be an average 

annual increase in TDS concentrations. In Figure 29, the average estimated increase in TDS concentration is 3.5%, 

from a mean value of 928 ppm without the proposed project, to 960 ppm with the project. This small increase in 

concentration is a direct effect of increased consumptive use of water and storage of salts within the wetlands in the 

Grassland area. These return flows typically have concentrations of 1000 ppm TDS when diverted to the wetland 

areas and 1600 ppm when they are returned as drainage flows in the spring. The timing of these releases has a direct 

bearing on their TDS upon discharge to Mud and Salt Sloughs. Increasing levels of evaporation from the wetlands, 

as mean daily temperatW'es rise during the early Spring, can elevate concentrations of TDS, boron and selenium. 

Although the increase in IDS concenttations of return flows from these wetlands can be largely explained by the 

process of evapoconcentration of salts, part of this increase could also result from increased levels of organic 

materials suspended in the return flows, a fraction of which would be salts. 

4.6.2 1986 data 

Figures 36 and 37 summarize the effect of the project on IDS in Salt and Mud Sloughs respectively. Figure 36 

shows the same ttend as Figure 27, with lower TDS concentrations in Salt Slough in the October - March period 

offset by higher TDS concentrations during the same period in Mud Slough. The last two months of data are not 

included in Figure 37 - since both were negative and hence unrealistic. Hence the August :did September numbers in 

Figure 38 may also be in error. The negative numbers result from the calibration procedure and may arise from 

either (a) unreliable monthly IDS estimates from monitoring data or (b) a poor assumption for the TDS 

concentration of the flows used in the flow adjustment procedure during calibration. Scenario 1 produces higher 

TDS concentrations in both Salt and Mud Sloughs than in the case of Scenario 2. 

As expected, and consistent with the boron analysis, the effect of the project on TDS in the San Joaquin River 

is less marked in the wet year (19,86) than in the critically dry year (1988). 

4. 7 Effect of the proposed project on the maintenance of water quality 
objectives 

Figures 39,40,41 and 42 show monthly variations in boron and selenium concentrations in the San Joaquin 

River for the years 1986 and 1988 for the without and the with project conditions. The wet and critically dry year 

objectives for Mud and Salt Sloughs and the San Joaquin River were previously described in Section 1.6. 

Mud and Salt Slough Objectives: 

boron 2 ppm monthly mean 5.8 ppm maximum (CVRWQCB 88-195) 
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selenium 10 ppb monthly mean 26.0 ppb maximum (CVRWQCB 88-195) 

San Joaquin River Objectives near Newman (CVRWQCB 88-195): 

boron 0.8 ppm monthly mean March 15 • September 15 

1.0 ppm monthly mean September 16 - March 14 

1.3 ppm monthly mean 

selenium 5 ppb monthly mean 

8 ppb monthly mean 

critically dry year 

critically dry year 

For 1988 the boron objective of 1.3 ppm for the San Joaquin River (critically dry years) is violated in March, 

June and July both with the project, under scenarios 1,2 and 3 and without the project. In all cases scenario 2, in 

which Salt Slough flows are diverted for use on wetlands, shows the highest boron concentrations. The selenium 

objective for the San Joaquin River of 8 ppb (critically dry year) is exceeded once without the project and five times 

under scenario 2. For Scenario 2, in which Salt Slough is not utilized, the objective is violated twice, in both June 

and July. For Scenario 3, which allows for the provision of additional tailwater return flows, equal to the volume 

that would be taken from Salt Slough and used in wetlands, only one violation of the SWRCB objective occw's. 

Although there is a large difference in the number of monthly violations between the with (Scenario 1) and without 

project scenarios, inspection of Figure 40 shows that the objective for selenium concentrations is very close to being 

violated without the project in both February and June. 

In 1986 the boron and selenium objectives for the San Joaquin River at Newman are lower and are violated only 

once without the project, in January, and twice with the project (Scenario 1) - in January and July for boron, and in 

January and August for boron (Figures 41 and 42). Both Scenario 2 and Scenario 3 result in a lower frequency of 

exceeding the boron and selenium objectives than Scenario 1. Unlike the 1988 hydrologic year there are very small 

differences between the scenarios in the case of boron and only small differences in the case of selenium. The large 

volume of San Joaquin River flow in the spring months tends to dampen the effect of the much smaller volume of 

boron and selenium contaminated return flows. 

Table 11. is a summary of the frequency of exceeding the SWRCB objectives for both selenium and boron for 

both 1988 and 1986 hydrologic years. This table should be used wipl Figures 21 - 40 to assess the magnitude by 

which the objective was exceeded or how the close the objective was to being exceeded in anyone month. 

Inspection of the monthly frequency of exceeding the objectives for Salt and Mud Sloughs shows that the sum of 

monthly violations for both Sloughs actually decreases for each of the with-project Scenarios. The water quality data 

for 1988 and 1986 for Salt Slough shows that the SWRCB objectives were violated five times in 1988 and three 

times in 1986 for boron; the objectives were violated eight times in 1988 and four times in 1986 for selenium. 

By diverting most of the subsurface agricultural drainage flows to Mud Slough, in each of the with-project scenarios, 

violations of the SWRCB objectives in Salt Slough are largely eliminated. However, as was shown in Figures 21 -

38, the resulting Mud Slough concentrations of boron and selenium not only violate the objectives with greater 
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Figure 39. Estimated effect of boron concentration In the San Joaquin River 
(1988 • critically dry year) 

S1 - Increased wetland use of Salt Slough flows permitted 
S2 - No Increase in wetland use of Salt Slough flows 
S3 - No increase in wetland use of Salt Slough flows : Additional water supply supplied. 
fwo - without project fw - future-with project 
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Figure 40. r:stlmated effect of proJect on selenium concentrations In the San Joaquin River. 
(1988 • critically dry year) 

S1 - Increased wetland use of Salt Slough flows permitted 
S2 - No increase in wetland use of Salt Slough flows 
S3 - No increase in wetland use of Salt Slough flows : Additional water supply supplied. 
fwo - without project fw - future-with project 
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Figure 41. Estimated effect of boron concentration In the San Joaquin River. 
(1986 • wet year) 

S 1 - Increased wetland use of Salt Slough flows permitted 
S2 - No Increase in wetland use of Salt Slough flows 
S3 - No Increase in wetland use of Salt Slough flows : Additional water supply supplied. 
fwo - without project fw - future-with project 
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Figure 42. Estimated effect of project on selenium concentrations In the San Joaquin River. 

Oct 

(1986 • wet year) 
S1 - Increased wetland use of Salt Slough flows permitted 
S2 - No increase in wetland use of Salt Slough flows 
S3 - No increase in wetland use of Salt Slough flows : Additional water supply supplied. 
fwo - without project fw - future-with project 
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frequency, but also exceed more frequently the 5.8 ppm and 26.0 ppb maximum concentration limits, set by the 

CRWQCB for boron and selenium respectively. The maximum boron concentration of 5.8 ppm was not exceeded in 

either 1988 or 1986, in the without project scenario, whereas it is exceeded once in Mud Slough, in Scenario 1. 

The maximum selenium concentration of 26.0 ppb was exceeded once in 1988 (Salt Slough) and twice in 1986 

(Mud Slough) for the without project scenario. In Scenario I this maximum concentration was exceeded in Mud 

Slough ten times in 1988 and twice in 1986. 

4.8 Effect of the proposed project on boron and selenium loads 

The major difference between each of the project scenarios 1, 2 and 3 is in the use of Salt Slough flows and in 

the release pattern of wetland return flows. Table 12. is a summary of the boron and selenium loads for the San 

Joaquin River at Newman expressed as load-flow factors and taken from column 33 of the spreadsheet analysis. The 

conversion factor to change load flow factors to tons of boron and to pounds of selenium appears below Table 12. 

Inspection of Table 12. shows that boron loads generated by the project are not significantly different between 

Scenarios 1 and 2 and the without project scenario. The largest difference of 2700 AF-ppm between Scenario 2 and 

the without project scenario in 1988 is equivalent to an annual difference of 3.7 tons of boron. A larger difference 

occurs between Scenario 3 and the without project scenario - in this case 53,800 AF-ppm, which is equivalent to 

73.2 tons of boron annually. In Scenario 3, the boron load contained in the additional water supply supplied to 

wetlands, accounts for the higher boron load. It should be noted that the assumption was made that this water was of 

the same quality as the return flows from SJVDP water quality zones B and C. However, since this increased load is 

associated with higher return flows down Mud and Salt Slough, the overall effect on boron, selenium and TDS 

concentrations in the San Joaquin River was very small, as was shown in Figures 39 - 42 The higher runoff and 

return flows generated in 1986 account for the approximately 25 %u 30% difference in annual boron loading between 

the two years. 

The assumption that was made regarding selenium uptake in the Grassland area account, in large part for the 

differences between the project scenarios 1, 2 and 3 and the without project scenario. Again, the increased selenium 

load contained in the additional water supply accounts for the differences in total annual load between Scenario 3 and 

Scenarios 1 and 2. The largest difference in selenium loading between the Scenarios 1 and 3 in 1988 (90.8Ibs) is 

smaller than the difference between Scenario 1 and the without - project scenario for 1988 (415.8Ibs). This contrasts 

with 149.6 lbs between Scenarios 1 and 3 and 445.8 lbs for the without- project scenario in 1986. 

4.9 Options for restoring the San Joaquin River to pre-project conditions for 
boron, selenium and TDS 

A number of options existLO mitigate the effect of the project on the San Joaquin River. These options fall 

into two major categories: (a) those options that reduce the load of contaminants in agricultural return flows from 

SJVDP water quality zone A; and (b) those options which provide supplemental flows of fresh water for blending 

- 66-



0\ 
-..] 

WATER 
QUALITY 
CONTROL 

POINT 

Salt Slough 
atHwy 165 

Mud Slough 
atHwy 140 

I San Joaquin Riverl 
near Newman 

Salt Slough 
atHwy 165 

Mud Slough 
atHwy 140 

San Joaquin Riverl 
near Newman 

2.0 

2.0 

1.3 

2.0 

2.0 

0.8/1.0 

Table 11. Frequency of exceeding SWRCB water quality objectives 

FREQUENCY OF EXCEEDING WATER QUALITY OBJECTIVES 

5 0 0 0 10 8 0 0 0 

10 9 10 11 10 5 12 12 12 

3 3 3 3 8 5 2 

3 0 0 0 10 4 0 0 0 

5 6 6 6 10 2 12 12 12 
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Table 12. Summary of boron and selenium loads in the San Joaquin River with 
and without the project for 1988 and 1986. 
Loads expressed as load-flow factor (flow x concentration). 

MONTHL Y BORON LOAD-FLOW 
IN THE SAN JOAQUIN RIVER 

WITHOUT WITH PROJECT WITH PROJECT WITH PROJECT 

PROJECT SCENARIO 1 SCENARIO 2 SCENARIO 3 
KAF -ppm KAF -Ppm KAF - ppm KAF -ppm 

':::::4988(( ;: 1':':::::::::::::::::::::::::::::,:: co:: 1·,:':-":-::-:':"':':''''':':-:':-:-:':-:''::'::':':', -:-:':.:.: 

Oct 14.6 5.2 14.6 16.4 
Nov 23.9 20.6 23.9 25.7 
Dec 27.9 . 27.1 27.9 29.5 
Jan 42.8 42.5 42.7 44.1 

Feb 49.3 49.2 49.3 50.9 
Mar 74.3 73.2 74.2 75.9 
Apr 39.4 53.6 37.6 56.1 
May 36.6 40.3 35.9 45.4 

Jun 44.5 45.0 44.6 52.4 
Jul 49.8 52.0 49.7 57.3 

Aug 34.1 30.5 34.1 34.1 

Sep 25.9 22.6 25.9 29.1 

Total 463.1 461.8 460.4 516.9 

:::::::::::1986:/<::: .::-:::, .'-:: 
~:::::,:.,-: .• ::,:".:.:::.:,:,,::::(?i ... :-:.:," ..... ':.,:':: 

Oct 18.1 8.7 18.1 18.1 

Nov 21.6 18.3 21.6 21.6 

Dec 39.8 39.0 39.8 39.8 

Jan 52.1 51.9 52.1 52.1 

Feb 56.6 56.4 56.6 56.6 

Mar 85.2 84.2 85.2 85.2 

Apr 121.4 137.5 121.4 124.6 

May 61.2 65.6 61.2 62.5 

Jun 48.2 48.7 48.3 49.8 

Jul 50.8 53.0 50.8 52.7 

Aug 47.2 43.5 47.1 47.1 

Sep 11.7 8.4 11.6 12.3 

Total 613.9 615.2 613.8 622.4 

Note : tabular values are in thousands. 

To convert tabular values of boron to tons of boron multiply by 1000 x 0.00136 
To convert tabular values of selenium to lbs of selenium multiply by 2000 x 0.00136 

MONTHL Y SELENIUM LOAD-FLOW 
IN THE SAN JOAQUIN RIVER 

WITHOUT WIllI PROJECT WITIl PROJECT WITH PROJECT 

PROJECT SCENARIO 1 SCENARIO 2 SCENARIO 3 
KAF-ppb KAF -ppb KAF -ppb KAF -ppb 

':"'I"':':':'~ m 
62.7 65.2 74.3 76.4 
34.1 35.9 38.9 41.0 
83.7 90.3 90.7 92.7 
171.2 181.2 180.9 182.8 
3('3.2 314.3 292.4 294.4 
346.5 360.4 361.0 363.0 
275.8 301.9 287.6 304.3 
199.8 214.0 210.1 219.1 
254.4 268.2 270.4 275.6 
273.9 283.7 283.8 289.1 
217.0 228.8 232.4 232.4 
164.5 162.4 166.7 168.9 

2386.8 2506.3 2489.2 2539.7 

,,:;::-:-:,: ,'::::.::::;:: 
I::= •• :\})):::·O:.::::: '::::':::: ,.:,:.::.: ",:::,{:.:::.::::,':::::: ".: . co:: 

57.8 67.2 76.3 78.4 
67.5 67.2 70.2 72.3 
95.5 91.2 91.6 93.6 

222.1 227.2 226.9 228.8 
339.5 333.2 332.9 334.9 
851.9 867.7 868.3 870.3 
849.9 853.0 838.2 855.4 
408.0 436.4 432.2 441.5 
289.4 303.4 305.6 310.8 
190.5 207.1 207.2 212.5 
295.0 308.2 311.8 311.8 
58.4 72.6 76.9 79.1 

3725.5 3834.4 3838.1 3889.4 

e.g 39.4 KAF-ppm x 1000 x 0.00136 = 53.6 tons boron 
e.g 275.8 KAF-ppm x 2000 x 0.00136 = 750.21bs selenium 

j 

I 

I 

I 
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purposes during those periods when water quality either exceeds the without-project concenttation or exceeds the 

State Water Resources Control Board objectives for selenium and boron. 

(a) On-farm water management options for controlling drainage at its somce include water conservation 

through adoption of improved irrigation and drainage technologies, tail water and subsurface drainage 

recycling and changes in agronomic practices. Some of these options may result in little change in 

contaminant load, such as can happen with subsurface drainage recycling, whereby a reduction in 

subsurface agricultural drainage flows is associated with an increase in the contaminant concentration of 

these flows. Improved management practices, aided by the current proposed project, could increase 

flexibility of water delivery and discharge operations and hence enhance the ability to control the timing 

of contaminated subswface drainage discharges to Salt and Mud Sloughs and to the San Joaquin River. 

Current inititiatives by the SWRCB, the CRWQCB and the San Joaquin River Management Program to 

measure real-time flow and water quality data at designated monitoring stations along the San Joaquin 

River should substantially enhance infonnation flow between river managers and the upslope agriCUltural 

water districts, making it easier to meet San Joaquin River water quality objectives. 

(b) Supplemental flows, provided for blending with contaminated flows within Mud Slough to improve 

water quality in the San Joaquin River, could potentially be aquired from a number of sources depending 

on the availability of water supplies, the ability to pay for the water and the ability to convey water 

from the diversion point to the place of delivery. The Federal and State Project facilities to the west of 

the Grassland area can provide Delta water through the Delta Mendota,Canal or the California Aqueduct 

or by transfer along the Main or Outside Canals, water supplies can also be made available along the 

San Joaquin River, either through releases from Mendota Pool or through some future reoperation of 

Friant Dam. Additional surface retWll flows from SJVDP water quality zones Band C, which currently 

return to the river via Orestimba Creek, if available, could also be used for blending purposes, though 

the higher boron and IDS concentrations in these return flows would increase the volume of this supply 

that would be needed for blending purposes. Timing of supplemental water supplies for blending would 

rely heavily on a real-time monitoring system for provision of water quality information and flexible and 

coordinated water supply management by the State and Federal Water Pwveyors and the Grasslands 

Water Master. 

4.10 Supplemental water supply requirements to match without-project 

water quality concentrations and meet SWRCB objectives. 

One means of mitigating the impact of the project is to attempt to restore the San Joaquin River to the same 

water quality prior to implementation of the project. This is only feasible where the quality of the water used for 

blending purposes is lower in TDS, boron or selenium concentration than the without project, San Joaquin River 

concentration. If the water supply has a higher concentration than the target concentration this option would not be 

feasible, since, theoretically, even an infinite volume of water would fail to exactly satisfy the criterion. In practical 
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terms, a very large volume of water could concievably provide sufficient dilution to meet the criterion, owing to 

numerical round-ofT, since the SWRCB objective is an integer number in the case of selenium and roWlded to the 

rust decimal place in the case of boron . 

In Appendices Band C, the supplemental water requirements have been determined for each with-project 

scenario, for boron, selenium and TDS and for 1988 and 1986 hydrologies. The volume of supplemental (dilution) 

water was calculated using the following algorithm : 

Vs 

Where: Vs 

Vfw 

Cfw+s 

Cfw 

C s 

= V fw «Cfw - C fw + s) I (Cfw+s - Cs) ) 

volume of supplemental water required to match without project conc. 

flow in the San Joaquin River with the project 

concentration of the San Joaquin River without the project 

concentration of the San Joaquin River with the project 

concentration of the supplemental water supply 

Tables 13 - 24 and Figures 43 - 54 show the monthly supplemental water supply needed to (a) restore the San 

Joaquin River to pre-project concentrations and; (b) meet SWRCB objectives for the San Joaquin River. Pre

project conditions are the concentrations reported in column 3 of the spreadsheets. In the case of boron, Scenario 1 

and 1988 hydrology, meeting the SWRCB objectives requires a greater volume of supplemental water supply 

(39,518 acre-ft/year ) than the volume required to restore the San Joaquin River to the without-project boron 

concentration (28.113 acre-ft/yr). Tables 13 - 15 and Figure 43 also show that only in Scenarios 1 and 3 is 

supplemental water needed to restore boron concentrations to pre-project concentrations. This result is also true of 

the 1986 hydrology. 

In Figure 44 both the supplemental water requirement and the assimilative capacity of the San Joaquin River is 

shown. Assimilative capacity is a concept that was utilized by the San Joaquin Valley Drainage Program to 

describe the maximum contaminant load that the river can accept and still meet the existing Basin Plan water 

quality objectives for selenium and boron. developed to protect beneficial uses of the San Joaquin River. The 

assimilative capacity of the San Joaquin River at Newman can be calculated by rust reconstructing the flow and 

calculating the load-flow factor within the San Joaquin River without the contaminated flows from zone A. The 

reconstructed San Joaquin River flow is multiplied by the Basin plan objectives which produces the maximum 

allowable load-flow factor. Finally the reconstructed load-flow factor at Newman is subtracted from the maximum 

allowable load-flow factor to obtain the assimilative capacity. The allowable discharge by drainers is calculated by 

dividing the allowable load-flow factor by the concentration of each of the contaminants, selenium and boron, for 

the with-project condition. 

The allowable discharge can be calculated using the following algorithm: 
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Where : 

V fw «Crw· C SWRCB) / (CSWRCB • Cci) ) 

volwne of discharge allowed without exceeding SWRCB objectives. 

volume of flow in the San Joaquin River 

SWRCB objective for the San Joaquin River at Newman 

existing concentration of the San Joaquin River 

concentration of the discharge into San Joaquin River 

The assimilative capacity of the river can vary widely between months and between years depending on the flow 

volume. In the past four years the drought has caused Significant reductions in monthly flow volume in the San 

Joaquin River· hence the assimilative capacity of the river has been relatively low (Figure 44), whereas dwing 1986, 

high river flow volumes during the months of February, March and April provided a very large assimilative capacity 

(Figure 46). 

Only by making use of the assimilative capacity of the river can the requirement for supplemental water supply 

to meet SWRCB water quality objectives be reduced, since, for boron the SWRCB objectives are more restrictive 

than the requirement to recreate pre·project boron concentrations. To make use of the river assimilative capacity, 

temporary storage of subsurface agricultural drainage is necessary to pennit these drainage discharges to ente.r the 

river during those times \\hen flows are high relative to boron loads. 

In contrast to boron, the volume of supplemental water required for selenium to restore the San Joaquin River to 

pre·project conditions is, in most cases, greater than the volume required to meet SWRCB objectives. The 

magnitude of the supplemental flows are highly dependent on the assumptions made of selenium uptake within the 

Grassland system. Figure 47 and Tables BIO ·B16 and CIO·CI6 in the Appendix show the magnitude of the 

differences in monthly supplemental water requirement, if the assumption varies between a minimum of 0% uptake 

to a maximum of 51 % uptake, using 1988 hydrology. In Figure 47 scenario I and scenario 2 are compared as far as 

the monthly volume of supplemental water supply required to return the river to pre-project selenium 

concentrations. Five different levels of selenium uptake are assumed in scenario in the analysis of supplemental 

water requirements 10 meet SWRCB objectives. Only the 10% selenium uptake level is considered in scenario 2. 

111e reader is reminded that "uptake" refers to the toW selenium system losses assumed in the without-project 

scenario that are due to conveyance in the vegetated Grassland channels. It is assumed that these losses do not occur 

when the project is implemented, hence these losses must be added to selenium load that occurs in the no-action 

scenario. 

In Figure 50 the same range of selenium uptake assumption values is applied to 1986 San Joaquin River 

hydrology. The high flows in the San Joaquin River during the spring months make it more difficult to match pre

projt',ct selenium concentrations - hence a much larger volume of supplemental water is required. In several cases 

where the San Joaquin River selenium concentrations were equal or lower than the assumed selenium concentration 

of the supplemental water - an infinite volume of supplemental waler would be required - an infeasible solution. 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table 13, 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 1 : (1988 hydrology) 

1 2 3 4 5 6 7 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TOIIEET 
( col 33) BORON FWOCONC. SWRCBOBJ. 

(a) (b) 
KAF x ppm KAF ppm ppm ppm AF AF 

5.2 10.6 0.5 0.7 1.3 0 0 
20.6 29.9 0.7 0.7 1.3 0 0 
27.1 262 1.0 1.0 1.3 0 0 
42.5 41.9 1.0 1.0 1.3 0 0 
49.2 37.0 1.3 1.3 1.3 0 0 
73.2 46.9 1.6 1.5 1.3 3,608 12,791 
53.6 45.8 1.2 1.0 1.3 11,450 0 
40.3 33.1 1.2 1.1 1.3 3,678 0 
45.0 28.4 1.6 1.4 1.3 4,733 7,745 
52.0 23.2 2.2 2.0 1.3 2,578 18,982 
30.5 27.4 1.1 1.1 1.3 0 0 
22.6 18.6 1.2 1.1 1.3 2,067 0 

461.8 369.0 28,113 39.518 

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix 8-3) 
1988 was a critically dry year - hence SWRCB B objective of 1.3 ppm applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 

Aug 
Sep 

TOTALS 

Table 14. 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 2 : (1988 hydrology) 

1 2 3 4 5 6 7 
I 
I 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL I 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECnVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( 00133) BORON FWOCONC. SWRCBOBJ. 

(a) (b) 
KAF x ppm KAF ppm ppm ppm AF AF 

14.6 20.9 0.7 0.7 1.3 0 0 
23.9 34.1 0.7 0.7 1.3 0 0 
27.9 27.9 1.0 1.0 1.3 0 0 
42.7 42.8 1.0 1.0 1.3 0 0 
49.3 37.9 1.3 1.3 1.3 0 0 
74.2 49.5 1.5 1.5 1.3 0 9,000 
37.6 39.4 1.0 1.0 1.3 0 0 
35.9 33.3 1.1 1.1 1.3 0 0 
44.6 31.8 1.4 1.4 1.3 0 2,891 
49.7 24.9 2.0 2.0 1.3 0 15,845 
34.1 31.0 1.1 1.1 1.3 0 0 
25.9 28.8 0.9 1.1 1.3 0 0 

460.4 402.3 0 27,736 

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix 8-5) 
1988 was a critically dry year - hence SWRCB B objective of 1.3 ppm applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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Table IS. 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 3 : (1988 hydrology) 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS L 

1 2 3 4 5 6 7 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( eel 33) BORON FWOCONC. SWRCBOBJ. 

(8) (b) 
KAF x ppm KAF ppm ppm ppm AF AF 

16.4 21.8 0.8 0.7 1.3 4,360 0 
25.7 35.0 0.7 0.7 1.3 0 0 
29.5 28.6 1.0 1.0 1.3 0 0 
44.1 43.5 1.0 1.0 1.3 0 0 
50.9 38.7 1.3 1.3 1.3 0 0 
75.9 49.5 1.5 1.5 1.3 0 9,000 
56.1 48.2 1.2 1.0 1.3 12,050 0 
45.4 38.2 1.2 1.1 1.3 4,244 0 
52.4 35.8 1.5 1.4 1.3 2,983 6,509 
57.3 28.6 2.0 2.0 1.3 0 18,200 
34.1 31.0 1.1 1.1 1.3 0 0 
29.1 29.2 1.0 1.1 1.3 0 0 

516.9 I 428.1 I . ~-.-.----- ----
2M38 33,709 

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix B-7) 
1988 was a critically dry year - hence SWRCB B objective of 1.3 ppm applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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Se~ 

TOTALS 

Table 16. 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 1 : (1986 hydrology) 

1 2 3 4 5 6 7 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) BORON FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFxppm KAF ppm ppm ppm AF AF 

8.7 25.8 0.3 0.5 1.0 0 0 
18.3 22.8 0.8 0.8 1.0 0 0 
39.0 38.1 1.0 1.0 1.0 0 0 
51.9 33.8 1.5 1.5 1.0 0 21,125 
56.4 281.9 0.2 0.2 1.0 0 0 
84.2 849.3 0.1 0.1 0.8 0 0 
137.5 613.5 0.2 0.2 0.8 0 0 
65.6 203.8 0.3 0.3 0.8 0 0 
48.7 117.2 0.4 0.4 0.8 0 0 
53.0 61.8 0.9 0.8 0.8 10,300 10,300 
43.5 55.4 0.8 0.8 0.8 0 0 
8.4 53.6 0.2 0.2 0.8 0 0 

615.2 2357.0 10,300 31,425 
- -

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix C-3) 
1986 was a wet year - hence SWRCB B objective of 0.8 ppm applies (Mar 15- Sep15); 1.0 ppm (Sep16- Mar1l 
NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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Table 17. 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 2 : (1986 hydrology) 

1 2 3 4 5 6 7 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( 00133) BORON FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFxppm KAF ppm ppm ppm AF AF 

18.1 36.1 0.5 0.5 1.0 0 0 
21.6 27.0 0.8 0.8 1.0 0 0 
39.8 39.8 1.0 1.0 1.0 0 0 
52.1 34.7 1.5 1.5 1.0 0 21,688 
56.6 282.9 0.2 0.2 1.0 0 0 
85.2 851.9 0.1 0.1 0.8 0 0 
121.4 607.1 0.2 0.2 0.8 0 0 
61.2 204.0 0.3 0.3 0.8 0 0 
48.3 120.6 0.4 0.4 0.8 0 0 
SO.8 63.5 0.8 0.8 0.8 0 0 
47.1 59.0 0.8 0.8 0.8 0 0 
11.6 58.4 0.2 0.2 0.8 0 0 

613.8 2385.0 0 21,688 

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix C-5) 
1986 was a wet year - hence SWRCe B objective of 0.8 ppm applies (Mar 15- Sep15); 1.0 ppm (Sep16- Mar1~ 
NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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Table 18. 

Volume of supplemental water supply required to meet SWRCB boron objectives 
for the San Joaquin River at Newman with the project : Scenario 3 : (1986 hydrology) 

1 2 3 4 5 6 7 

BORON FLOW BORON BORON SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE, VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) BORON FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFx~~m KAF ppm ppm ppm AF AF 

18.1 37.0 0.5 0.5 1.0 0 0 
21.6 27.9 0.8 0.8 1.0 0 0 
39.8 40.5 1.0 1.0 1.0 0 0 I 

52.1 35.4 1.5 1.5 1.0 0 22,125 
56.6 283.7 0.2 0.2 1.0 0 0 
85.2 851.9 0.1 0.1 0.8 0 0 
124.6 615.9 0.2 0.2 0.8 0 0 
62.5 208.9 0.3 0.3 0.8 0 0 
49.8 124.6 0.4 0.4 0.8 0 0 
52.7 67.2 0.8 0.8 0.8 0 0 
47.1 59.0 0.8 0.8 0.8 0 0 
12.3 60.0 0.2 0.2 0.8 0 0 

622.4 2412.0 0 22,125 

(a) & (b) assume the B concentration of supplemental water supply is 0.2 ppm. (see Appendix C-7) 
1986 was a wet year - hence SWRCB B objective of 0.8 ppm applies (Mar 15- Sep15); 1.0 ppm (Sep16- Marl~ 

NF - Infeasible since an infinite volume of supplemental water supply at 0.2 ppm would be required 
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Table 19. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with the project : Scenario 1 : (1988 hydrology) 
(assume Grassland Se losses of 10%). 

1 2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) SELENIUM FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFxppb KAF ppb ppb ppb AF AF 

65.2 10.6 6.2 3.0 8.0 16,700 0 
35.9 29.9 1.2 1.0 8.0 NF 0 
90.3 26.2 3.4 3.0 8.0 5,850 0 
181.2 41.9 4.3 4.0 8.0 4,533 0 
314.3 37.0 8.5 8.0 8.0 2,614 2,614 
360.4 46.9 7.7 7.0 8.0 5,350 0 
301.9 45.8 6.6 7.0 8.0 0 0 
214.0 33.1 6.5 6.0 8.0 3,080 0 
268.2 28.4 9.4 8.0 8.0 5,857 5,857 
283.7 23.2 12.2 11.0 8.0 2,85Q 14,014 
228.8 27.4 8.4 7.0 8.0 6,167 1,371 
162.4 18.6 8.7 7.0 8.0 5,367 1,943 

2506.3 369.0 
- - -----

58,368 25,800 

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix 8-12) 
1988 was a critically dry year - hence SWRCB Se objective of 0.8 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1ppb would be required 
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Table 20. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with tile project : Scenario 2 : (1988 hydrology) 
(assume Grassland Se losses of 100k). 

1 2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) SELENIUM FWOCONC. SWRCBOBJ. 

(a) (b) 
KAF x ppb KAF ppb ppb ppb AF AF 

74.3 20.9 3.6 3.0 8.0 5,800 0 
38.9 34.1 1.1 1.0 8.0 NF 0 
90.7 27.9 3.2 3.0 8.0 2,790 0 

180.9 42.8 4.2 4.0 8.0 3,233 0 
292.4 37.9 7.7 8.0 8.0 0 0 
361.0 49.5 7.3 7.0 8.0 2,417 0 
287.6 39.4 7.3 7.0 8.0 1,967 0 
210.1 33.3 6.3 6.0 8.0 2,060 0 
270.4 31.8 8.5 8.0 8.0 2,286 2,286 
283.8 24.9 11.4 11.0 8.0 990 12,086 
232.4 31.0 7.5 7.0 8.0 2,567 0 
166.7 23.5 7.1 7.0 8.0 367 0 

---
2489.2 397.0 

----- --
_ __ g4,4IB 

--- -
_1~~71 _ 

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix 8-18) 
1988 was a critically dry year - hence SWRCe Se objective of 0.8 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1ppb would be required 
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Table 21. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with the project : Scenario 3 : (1988 hydrology) 
(assume Grassland Se losses of 100k). 

1 2 3 4 5 6 

• • 

7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWM~N CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) SELENIUM FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFxppb KAF ppb ppb ppb AF AF 

76.4 21.8 3.5 3.0 8.0 5,450 0 
41.0 35.0 1.2 1.0 8.0 NF 0 
92.7 28.6 3.2 3.0 8.0 2,860 0 

182.8 43.5 4.2 4.0 8.0 2.900 0 
294.4 38.7 7.6 8.0 8.0 0 0 
363.0 49.5 7.3 7.0 8.0 2,475 0 
304.3 48.2 6.3 7.0 8.0 0 0 
219.1 38.2 5.7 6.0 8.0 0 0 
275.6 35.8 7.7 8.0 8.0 0 0 
289.1 28.6 10.1 11.0 B.O 0 B,580 
232.4 31.0 7.5 7.0 8.0 2,583 0 
168.9 25.1 6.7 7.0 B.O 0 0 

2539.7 424.0 16.268 B.580 
--

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix 8-20) 
1988 was a critically dry year - hence SWRC8 Se objective of 0.8 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1ppb would be required 
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Monthly assimilative capacity of the San Joaquin River 
or monthly volume of supplemental water required to 
meet SWRCB selenium obJective: 1988 hydrology. 
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Table 22. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with the project : Scenario 1 : (1986 hydrology). 
(assume Grassland Se losses of 100k). 

1 2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( 00133) SELENIUM FWOCONC. SWRCBOBJ. 

(a) (b) 
KAFx ppb KAF ppb ppb ppb AF AF 

67.2 25.8 2.6 1.6 5.0 43,000 0 
67.2 22.8 2.9 2.5 5.0 6,080 0 
91.2 38.1 2.4 2.4 5.0 0 0 

227.2 33.8 6.7 6.4 5.0 1,878 14,365 
333.2 282.0 1.2 1.2 5.0 0 0 
867.7 849.3 1.0 1.0 5.0 0 0 
853.0 613.5 1.4 1.4 5.0 0 0 
436.4 203.8 2.1 2.0 5.0 20,380 0 
303.4 117.2 2.6 2.4 5.0 16,743 0 
207.1 61.8 3.4 3.0 5.0 12,360 0 
30.8 55.4 5.6 5.0 5.0 8,310 8,310 
72.6 53.5 1.4 1.0 5.0 NF 0 

3557.0 2357.0 108,751 22.675 
---

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix C-12) 
1986 was a wet year - hence SWRCe Se objective of 0.5 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1ppb would be required 
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Table 23. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with the project : Scenario 2 : (1986 hydrology). 
(assume Grassland Se losses of 100/0). 

1 2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col33j SELENIUM FWOCONC. SWRCBOBJ. 

~ (a) (b) 
KAF xppb KAF ppb ppb ppb AF AF 

76.3 36.1 2.1 1.6 5.0 30,083 0 
70.2 27.0 2.6 2.5 5.0 1,800 0 
91.6 39.8 2.3 2.4 5.0 0 0 

226.9 34.7 6.5 6.4 5.0 643 13,013 
332.9 282.9 1.2 1.2 5.0 0 0 
868.3 851.9 1.0 1.0 5.0 0 0 
838.2 607.1 1.4 1.4 5.0 0 0 
432.2 204.0 2.1 2.0 5.0 20,400 0 
305.6 120.6 2.5 2.4 5.0 8,614 0 
207.2 63.5 3.3 3.0 5.0 9.525 0 
311.8 59.0 5.3 5.0 5.0 4.425 4,425 
76.9 58.4 1.3 1.0 5.0 NF 0 

3838.1 2385.0 75,490 
--

17,438 

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix C-18) 
1986 was a wet year - hence SWRCB Se objective of 0.5 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1 ppb would be required 
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Table 241. 

Volume of supplemental water supply required to meet SWRCB selenium objectives 
for the San Joaquin River at Newman with the project : Scenario 3 : (1986 hydrology). 
(assume Grassland Se losses of 10%). 

1 2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM SWRCB SUPPLEMENTAL SUPPLEMENTAL 
LOAD FLOW NEWMAN CONCWITH CONCW/O OBJECTIVE VOLUME VOLUME 

FACTOR PROJECT PROJECT FOR TO MATCH TO MEET 
( col 33) SELENIUM FWOCONC. SWRCBOBJ. 

(a) (b) 
KAF x ppb KAF ppb ppb ppb AF AF 

78.4 37.0 2.1 1.6 5.0 30,833 0 
72.3 27.9 2.6 2.5 5.0 1,860 0 
93.6 40.5 2.3 2.4 5.0 0 0 

228.8 35.4 6.5 6.4 5.0 656 13,275 
334.9 283.7 1.2 1.2 5.0 0 0 
870.3 851.9 1.0 1.0 5.0 0 0 
855.4 615.9 1.4 1.4 5.0 0 0 
441.5 208.9 2.1 2.0 5.0 20,890 0 
310.8 124.6 2.5 2.4 5.0 8,900 0 
212.5 67.2 3.2 3.0 5.0 6,720 0 
311.8 59.0 5.3 5.0 5.0 4,425 4,425 
79.1 60.0 1.3 1.0 5.0 NF 0 

3889.4 2412.0 74,284 171700 

(a) & (b) assume the Se concentration of supplemental water supply is 1 ppb. (See Appendix C-20) 
1986 was a wet year - hence SWRCB Se objective of 0.5 ppb applies. 
NF - Infeasible since an infinite volume of supplemental water supply at 1ppb would be required 
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Although a greater volume of supplemental water appears to be required using the 1986 hydrology, the number of 

months for which supplemental flows are needed is reduced. 

Figures 49 and 52 and Tables 18 - 23 can be used to contrast the monthly supplemental flows required to meet 

SWRCB objectives for selenium in 1988 and 1986 respectively. Figure 49 shows that total supplemental water 

requirements of 25,800 AF/yr , 14,371 AF/yr and 8,580 AF/yr are needed in Scenarios 1,2 and 3 respectively 

(assuming a 10% selenium uptake). In a wet year (1986) these requirements are 22,675 AF/yr, 17,438 AF/yr and 

17,700 AF/yr. In 1988 the highest supplemental water requirements occurred in the months of June and July, 

whereas for 1986 the highest requirement occurred in January. Although not apparent from Figure 52 because of the 

scale of the ordinate, substantial assimilative capacity occurs in the river during the months October through 

December for all three project scenarios in 1986. Similarly in 1988 the months October through January combined 

produce an assimilative capacity ranging from more than 75,000 AF for Scenario 1 to more than 95,000 AF for 

Scenario 2. In all cases, considering only these months, the total assimilative capacity of the river exceeds the 

volume of supplemental water required - unfortunately this assimilative capacity does not coincide with the period of 

greatest selenium load to the river, which typically runs from February through July. 

In Figure 52, the high volumes of spring runoff produced exceptionally high river assimilative capacities in 

the months February through June, as high as 1 MAF in March of 1988 , when applied to all three of the potential 

project scenarios. Hildebrand (personal communication, 1990) and others have advocated the utilization of this 

assimilative capacity in wet years by pumping shallow groundwater - hence reducing shallow groundwater tables and 

the annual production of tile drainage high in toxic trace elements in succeeding years. Recent work by Swain 

(personal communication, 1991) and CH2M-Hill (Grant Davids, personal communication, 1991) has shown that a 

system of improved irrigation management, combined with drainage recycling and temporary stomge of subsurface 

drainage, can be developed to take better advantage of river assimilative capacity for boron and selenium in the San 

Joaquin River. 

Figures 53 and 54 and Tables B21-B28 and C21 - C28 show the supplemental flows required to restore the San 

Joaquin River to pre-project TDS concentrations for 1988 and 1986 respectively. Since there is no SWRCB 

objective for TOS at Newman, and meeting the Vernalis objective is outside the scope of this study this was the 

only analysis perfonned. Total supplemental water requirements for 1988 range from 20).27 AF/yr for Scenario 1, 

590 AF/yr for Scenario 2 and 20,864 AF/yr for Scenari03. In Scenarios 1 and 3 wetland return flows add TOS load 

to Mud Slough, which require dilution to return them to the pre-project TDS concentrations. In 1986, the high 

volumes of stream flow during the spring months tended to damp out the effect of the wetland return flows - hence 

only 50% of the 1988 Scenario 1 supplemental flows were required to restore the San Joaquin River to pre-project 

conditions. No supplemental water was required for either Scenario 2 or Scenario 3 in 1986. 
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s. Conclusions 

s. 1 Summary of findings 

The major effects of the proposed action under scenarios 1, 2 and 3 were summarized in Tables 11 and 12. 

The major effect of the project under each of the three scenarios described in this document are to increase the load 

and concentration of boron , selenium and TOS in Mud Slough while reducing the load and concenttation of these 

contaminants in Salt Slough. Other observations are as follows : 

o Violations of the SWRCB mean monthly concentration objectives for boron in Salt Slough, which currently 

occur, and which would continue to occur in the future, under the without - project scenario, would likely be 

eliminated with implementation of the projecl Violation of the SWRCB monthly maximum concentrations 

for selenium, which occur infrequently in Salt Slough in dry years, such as 1988, are also likely to be 

eliminated with implementation of the project. 

o SWRCB mean monthly boron concentration objectives for boron in Mud Slough which are currently violated in 

both critically dry and wet years would continue to be violated in both the without project and with project 

scenarios. The monthly maximum boron concentration level of 5.8 ppm was violated once using the 1988 

hydrology in Scenario 1, whereas no violations occurred in the without-project scenario. Selenium 

concentrations in Mud Slough, which currently exceed the mean monthly objective for more than one third of 

the year in both critically dry and wet years, would violate the objective throughout the year with 

implementation of the project. Maximum monthly selenium concentrations were violated in June and July of 

the wet year,1986, in Mud Slough but not in the critically dry year,1988. It would be more likely that these 

SWRCB maximum monthly selenium concentrations would be violated with implementation of the project, 

especially in critically dry years. 

o Implementation of the project causes boron, selenium and TOS loads and flows to decrease during every month 

of the year in Salt Slough and increase for every month of the year in Mud Slough. During the spring and late 

summer months these changes can be greater or smaller by a factor of greater than 100%. 

In every scenario the water quality for TOS, boron and selenium improves in Salt Slough and deteriorates in 

Mud Slough. The timing of the highest loads in Salt Slough in the without project scenario generally 

corresponds to the timing of the highes~ flows - these occur during pre irrigation and the regular season 

irrigations within the upslope water districts. Diversion of these high loads by the project into Mud Slough, 

during the high flow months of February - April and July - August, produces a corresponding bimodal load 

distIjbution. The concentrations of contaminants tend to be highest aetween December and February for TOS 

and boron in Salt Slough in the without project scenario and in Mud Slough in the with-project scenarios, when 
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flows are low. Selenium concentrations, on the other hand are influenced, not only by the timing of wetland 

releases, but also by opportunities for uptake by aquatic vegetation and biota. 

o The water years 1986 - 1990 show a trend of decreased flows of agricultural drainage water from the upslope 

agricultural water districts. This reduction in flow is the result of improvements in water conservation and 

irrigation practices and an increase in tailwater and subsurface drainage recycling. As a result, the concentrations 

of TOS, boron and selenium within the drainage water from these water disUicts have increased during the same 

period. If the flows and the co .. 1centrations are multiplied together, a small reduction in contaminant loading to 

the Grassland area appears to be taking place for IDS, boron and selenium. The encouragement of water 

conservation and drainage reduction practices in the upslope agriCUltural areas would appear to make it more 

difficult for these entities to comply with water quality objectives for selenium and boron in Mud and Salt 

Sloughs. However, the reductions in boron and selenium loads should make it easier to comply with SWRCB 

water quality objectives for the San Joaquin River at Newman. During drought periods such as the present one, 

smaller volumes of Merced River water may be available to dilute the discharges from Mud and Salt Sloughs. 

Tailwater drainage flows and operational spills are also substantially reduced, diminishing the available water 

supply for dilution purposes. 

o The ~,oron objective is generally more restrictive than the selenium objective in the San Joaquin River at 

Newman for the with-project scenarios. This occurs even though selenium concentrations are expected to 

increase by a greater percentage than boron concentrations 8: \ result of the project. The ramification of this 

rmding is that selenium levels would be expected to fall below the objective during those months where the 

assimilative capacity of the river with respect to boron was met but not exceeded. 

o Annual supplemental water requirements are generally higher for boron than they are for selenium for both 1988 

and 1986 hydrologies to meet SWRCB objectives for the San Joaquin River at Newman. Conversely, 

supplemental water requirements are greater for selenium than they are for either boron or TOS in order to 

restore the San Joaquin River to pre-project concentrations. 

o Wetland return flows often have boron concentrations exceeding the SWRCB objectives for Mud and Salt 

Sloughs. Delivering additional water to wetlands, such as was analyzed in Scenario 3 to discourage use of Salt 

Slough flows, increases total boron loading to the San Joaquin River but does not have a significant affect on 

boron concentrations ir~ the river for either 1988 or 1986 hydrologies. Although boron and selenium loading 

to the San Joaquin River is similar in Scenarios 1 and 2, boron and selenium concentrations are almost always 

higher in Scenario 1 because of the use of Salt Slough to provide supplemental wetland water supply. 
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o Considerable opponunity exists to make use of the assimilative capacity of the San Joaquin River through 

creative management of subsurface agricultural drainage that contains high levels of potentially toxic trace 

elements. Pumping of the shallow semi-confined aquifer and discharge of contaminated water high in these 

trace elements during wet years and times of large river assimilative capacity can help to lower water tables and 

thus reduce the flow and load of contaminated agricultural return flows during nomal and dry years. Changes in 

drainage management practices to accomodate this strategy would be made easier with the implementation of the 

proposed projecL 

5.2 Study Limitations 

Besides the data limitations, which were discussed in Section 2, the major weakness of this study lies in the use 

of recent hydrology data to represent the without-project scenario pre-1985 conditions before the development of the 

Blake-Poner bypass and its use to diven contaminated drainage flows from Camp 13 and Agatha Canals directly into 

Mud Slough (South) and Salt Sough for eventual delivery to the San Joaquin River. A calibration procedure was 

devised to allow reconstruction of the monthly flow records, so as to account for the effects of these diversions and 

on the conditions manifested without the proposed action. The paucity of data, especially replicate data, makes it 

impossible to test some of the assumptions made in this analysis or to develop confidence intervals for the flow, 

load and concentration data. As a result, there are unexplained gains and losses of TDS, boron and selenium within 

the study area. 

The mechanisms responsible for selenium losses that have been shown to occur within the Grassland area are 

not well understood. Hence, there is no means to predict with confidence the effect of diverting the contaminated 

agricultural drainage flows into the San Luis Drain - hence reducing the total residence time in the vegetated channels 

within the Grassland area. If uptake by vegetation is the primary mechanism responsible for selenium uptake then 

the net gain in r,elenium load with implementation of the project could be as large as 51 % of the total annual system 

losses of selenium. On the other hand, if algae and phytoplankton are the responsible agents for the loss of 

selenium in the system, then the losses experienced by the current routing of contaminated drainage flows could quite 

easily be replicated in the San Luis Drain. The long - term effects of selenium immobilization and accumulation 

within Mud Slough are also unknown. This research question deserves to be examined in more detail. 

- 99-



6. References 

Boyh.1 Engineering Corporation, 1987. An Evaluation of Wetland Habitat for Offstream Storage: Final 

Report. US Buraeu of reclamation. CA. November, 1987. 

CRWCB, 1990. Agricultural Drainage Contribution to Water Quality in the Grassland Area of 'Western Merced 

County, California. October 19881hrough September 1989. Water Yw- 1989. November 1990. 

CRWCB,1991. Agricultural Drainage Contribution to Water Quality in the Grassland Area of ' IN' estern Merced 

County, California. October 19891hrough September 1990. Water Year 1990. November 1991. 

Phillips A. and N.W.T. Quinn. 1989. Grassland Fresh Water Supply and Drainage Model Preliminary 

Draft Report. Septf'mber, 1989. 

Quinn, N.W.T. et al. 1990. Overview of the Use of the Westside Agricultural Drainage Economics Model 

(WADE) for Plan Evaluation. Technical Infonnation Record. August, 1990. 

SJVDP,1990a. Fish and Wildlife ResoW'Ces and Agricultural Drainage in the San Joaquin VaI1ley. California. 

October 1990. 

SJVDP,1990b. A Management Plan for Agricultural SUbswface Drainage and Related Problems on the Westside 

San Joaquin Valley. September 1990. 

State Water Resources Control Board, 1987. Regulation of Agricultural Drainage to the San Joaquin 

River. Final Report. August, 1987. 

Summers Engineering, 1990. Environmental Assessment and Initial StUdy. Proposed Use of the San Luis 

Drain for Conveyance of Drainage Water through the Grassland Water District and Adjacent Grassland Areas. 

Summers Engineering, 1991. Monitoring Program Map, 1991. 

Swain D.G., 1990. Documentation of the Use of Data, Analysis and Evaluation Process that Resulted in the 

SJVDP Recommended Plan. Technical Information Record. September, 1990. 

Swain D.G. and N.W.T. Quinn, 1991. Analysis of the Potential Water Quality Impacts Resulting from 

the Proposed Use of the San Luis Drain by Grassland Drainers. In: Supplemental Environmental assessment and 

Draft Finding of No Significant ImpacL USBR, April, 1991. 

USBR, 1989. Report on Refuge Water Supply Investigations. Central Valley Hydrologic Basin, California. 

March 1989. 

USGS Watstore database. 

- 100-



Appendix A 

Monthly water quality data 
Concentrations and load-flow factor 

San Joaquin River, Mud Slough, Sal\ S,t(\,ugh 

1986 - 1990 

A1 - A11 
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Table A-1 

SAN JOAQUIN RIVER nr NEWMAN AVERAGE MONTHLY WATER QUAlITY (a) 
.. _ .. _-- - .. ----- .... ----

YEAR 1986 

MONTH CONCENTRATION 
FLOWS (b) Salinity TDS B Sa EC-FLOW 
AF or cfs EC ppm ppm ppb AF-ppm 

Oct- Ave. 36.1 0.8 492 0.5 1.6 28.3 
7 455 0.6 365 0.2 1.0 273 

23 724 0.9 571 0.7 2.0 651.6 
Total 1179 924.6 

Nov- Ava. 27 1.2 721 0.8 2.5 32.2 
6 497 1.1 668 0.8 3.0 546.7 
18 414 1.3 785 0.8 2.0 538.2 

Total 911 1084.9 
Dec • Ave. 39.8 1.2 728 1.0 2.4 48.6 

4 876 1.1 571 0.8 2.0 963.6 
18 598 1.4 957 1.2 3.0 837.2 

Total 1474 1800.8 
Jan - Ave. 34.7 1.7 1,127 1.5 6.4 59.8 

8 508 1.5 1,020 1.3 7.0 762 
23 651 1.9 1,210 1.6 6.0 1236.9 

Total 1159 1998.9 
Feb-Ava. 282.9 0.4 194 0.2 1.2 103.7 

5 971 1.3 802 1.1 4.0 1262.3 
20 13600 0.3 151 0.1 1.0 4080 

Total 14571 5342.3 
Mar-Ave. 851.9 0.2 121 0.1 1.0 134.9 

4 5580 0.4 230 0.3 1.0 2232 
18 23100 0.1 95 0.1 1.0 2310 

Total 28680 4542 
Apr-Ave. 607.1 2.0 170 0.2 1.4 1214.2 

2 15100 0.3 182 0.2 1.0 4530 
15 11500 0.3 154 0.2 2.0 3450 

Total 26600 7980 
May -Ave. 204 1.7 277 0.3 2.0 346.8 

6 4440 0.4 216 0.3 2.0 1776 
21 2300 0.7 396 0.4 2.0 1610 

Total 6740 3386 
Jun- Ave. 120.6 1.7 301 0.4 2.4 205.0 

3 2380 0.4 231 0.3 2.0 952 
17 15SO 0.7 4Q9 0.6 3.0 1085 

Total 3930 2037 
Jul-Ava. 63.5 1.6 646 0.8 3.0 101.6 

15 920 1.1 646 0.8 3.0 1012 
0 

Total 920 1012 
Aug-Ave. 59 1.4 564 0.8 5.0 82.6 

26 974 0.9 564 0.8 5.0 876.6 
0 

Total 974 876.6 
Sap-Ave. 58.4 1.6 288 0.2 1.0 93.4 

24 971 0.5 288 0.2 1.0 485.5 
0 

Total 971 485.5 
, ~ 

~----.- --~ 

2385.0 
(a) USGS published and unpublished data. 
(b) Monltlly average values are in thousands of acre-feet and Itle daily values are in cubic feet per second. 

LOAD-FLOW FACTOR 
TOS-FLOW B-FLOW Se-FLOW 

AF-ppm AF-ppm AF-ppb 
17,743 18.3 58.3 
166,075 91 455 
413,404 S06.8 1448 
579 479 597.8 1903 
19,472 21.6 68.7 

331,996 397.6 H91 
324,990 331.2 8211 
656.986 728.8 2319 
28.958 38.3 95.7 
SOD,196 700.8 1752 
572.286 717.6 1794 

1072482 1418.4 3546 
39,097 51.0 223.4 
518.160 660.4 3556 
787.710 1041.6 3906 

1305870 1702 7462 
54,991 47.1 339.5 
778.742 1068.1 3884 

2.053,600 1360 13600 
2,832342 2428.1 17484 
103,306 118.3 851.9 

1,283.400 1674 5580 
2,194,500 2310 23100 
34-:7 900 3984 28680 
103,143 121.4 869.6 

2.748,200 3020 15100 
l,n1,OOO 2300 23000 
4519200 5320 38100 

56,595 68.2 408.0 
959,040 1332 8880 
910,800 920 4600 

1869840 2252 13480 
36,325 SO.4 288.8 
549,780 714 4760 
633,9SO 930 4650 

1.183.730 1644 9410 
41,021 SO.8 190.5 I 

594,320 736 2760 
0 0 0 

594 320 736 2760 
33,276 47.2 295.0 
549,336 779.2 4870 

0 0 0 
549,336 719.2 4870 
16,819 11.7 58.4 

279,648 194.2 971 
0 0 0 

279,648 194.2 971 
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Table A-2 

SAN JOAQUIN RIVER nr NEWMAN AVERAGE MONTHLY WATER OUALITY <a) 
,. '_"-__ .1- •• ____ v". II_V __ , 

YEAR 1987 YEAR 1988 

MONTH CONCENTRATION LOAD-FLOW FACTOR MONTH CONCENTRATION LOAD-FLOW FACTOR 
FLOWS (b) EC TOS B Se EC-FLOW IDS-FLOW B-FLOW Se-FLOW FLOWS(b, EC IDS B Sa EC-FLOW IDS-FLOW B-FLOW Se-FLOW 
AF orefs us/em ppm ppm ppb AF-ppm AF-ppm AF-ppm AF-ppb AF ore's uslem ppm DPITI ppb us/em AF-ppm AF-ppm AF-ppb 

Oct- Ave. 56.2 0.4 270 0.2 2.0 22.5 15,174 11.2 112.4 Oct-Ave. 20.9 1.1 689 0.7 2.0 23.0 14,400 14.6 41.8 

23 1120 0.4 270 0.2 2.0 448 302,400 224 2240 21 322 1.1 689 0.7 2.0 354.2 221,858 225.4 644 
Total 1120 448 302,400 224 2240 Total 322 354.2 221858 225.4 644 

Nov -Ave. 32.9 1.2 749 0.9 4.0 39.5 24,642 29.6 131.6 Nov- Ave. 34.1 1.1 610 0.7 1.0 37.5 22,841 23.9 34.1 
! 

20 534 1.2 749 0.9 4.0 640.8 399,966 480.6 2136 18 553 1.1 670 0.7 1.0 608.3 370,510 387.1 553 
Total 534 640.8 399 966 480.6 2136 TolBl 553 608.3 370 510 387.1 553 

Dec - Ave. 30.8 1.5 899 1.0 7.0 46.2 27,689 30.8 215.6 Dec-Ave. 27.9 1.5 934 1.0 3.0 41.9 26,059 27.9 83.7 

16 490 1.5 899 1.0 7.0 735 440,510 490 3430 16 448 1.5 934 1.0 3.0 672 418,432 448 1344 
Total 490 735 440 510 490 3430 TolBl 448 672 418432 448 1344 

Jain - Ave. 36.6 1.7 1,090 1.4 7.0 62.2 39,894 51.2 256.2 Jan-Ave. 42.8 1.3 779 1.0 3.0 55.6 33,341 42.8 128.4 

22 626 1.7 1,090 1.4 7.0 1064.2 682,340 876.4 4382 21 944 1.3 Tl9 1.0 3.0 1227.2 735,376 944 2832 
Total 626 1064.2 682340 876.4 4382 TolBl 944 1227.2 735376 944 2832 

F&b- Ave. 43.6 1.6 966 0.6 7.0 69.8 42,118 26.2 305.2 Feb - Ave. 37.9 1.5 992 1.3 8.0 56.9 37,597 49.3 303.2 

- 19 1060 1.6 966 0.6 7.0 1696 1,023,960 636 7420 18 612 1.5 992 1.3 8.0 918 607,104 795.6 4896 

~ Total 1060 1696 1023 960 636 7420 TolBl 612 918 607104 795.6 4896 
Mar-Ave. 68.7 1.9 1,140 1.6 8.0 130.5 78,318 109.9 549.6 Mar-Ave. 49.5 1.7 1,100 1.5 7.0 84.2 54,450 74.3 346.5 

25 10SO 1.9 1,140 1.6 8.0 1995 1,197,000 1680 8400 15 864 1.7 1,100 1.5 7.0 1468.8 950,400 1296 6048 
Total 10SO 1995 1197000 1680 8400 TolBl 864 1468.8 950 400 1296 6046 

Apt-Ava. 43.9 1.4 903 0.9 3.5 59.3 3st,642 39.6 154.1 Apr-Ava. 39.4 1.2 770 1.0 7.0 47.3 30,338 39.4 275.8 
22 665 1.4 903 1.0 4.0 931 600,495 665 2660 2 
30 637 1.3 0.8 3.0 828.1 S09.6 1911 20 765 1.2 710 1.0 1.0 918 589,OSO 765 5355 

i Total 1302 1759.1 600 495 1174.6 4571 Total 765 918 589 OSO 765 5355 
May-Ava. 41.2 1.4 866 1.2 1.0 57.7 35,679 49.4 41.2 May - Ava. 33.3 1.4 993 1.1 6.0 46.6 33,067 36.6 199.8 

1 

20 665 1.4 866 1.2 1.0 931 575,890 798 665 19 472 1.4 993 1.1 6.0 660.8 468,696 519.2 2832 
I 

Total 665 931 575890 798 665 Tolal 472 660.8 468 696 519.2 2832 
Jun - Ave. 37.8 1.5 964 1.4 4.0 56.7 36,439 52.9 151.2 Jun - A\a. 31.8 1.5 950 1.4 8.0 47.7 30,210 44.5 254.4 

17 576 1.5 964 1.4 4.0 864 555,264 806.4 2304 23 490 1.5 950 1.4 8.0 735 465,500 686 3920 
Total 576 864 555264 806.4 2304 Tolal 490 735 465,500 686 3920 

Jul-Ave. 35.2 1.4 922 1.4 8.0 SO.7 33,376 SO. 7 289.6 Jul-Ava. 24.9 1.8 1,5SO 2.0 11.0 44.8 38,595 49.8 273.9 

20 564 1.4 922 1.4 8.0 189.6 520,008 789.6 4512 20 316 1.8 1,5SO 2.0 11.0 568.8 489.8>0 632 3476 
Total 564 789.6 520008 789.6 4512 Tolal 316 568.8 489800 632 3475 

Aug-Ave. 33.4 1.3 700 1.0 6.0 43.4 23,380 33.4 200.4 Aug-Ava. 31 1.3 824 1.1 8.0 40.3 25,544 34.1 248.0 

19 S08 1.3 700 1.0 6.0 660.4 355,600 S08 3048 25 560 1.3 824 1.1 8.0 728 461,440 616 4480 
Total S08 660.4 355600 508 3048 Total 560 728 461440 616 4480 

Sep-Ave. 26 1.4 668 0.7 3.0 36.4 17,368 18.2 78.0 Sap-Ave. 23.5 1.5 929 1.1 7.0 35.3 21.832 25.9 164.5 

23 3SO 1.4 668 0.7 3.0 490 233,800 245 10SO 28 357 1.5 929 1.1 7.0 535.5 331,653 392.7 2499 
Total 3SO 490 233800 245 1050 Tolal 357 535.5 331653 392.7 2499 

487.3 397.0 
- -- ------

(a) USGS published and unpublished data. 
(b) Monthly average values are in thousands of acre-feet and the dally values are in cubic feet per second. 



Table A-3 
DEVELOPMENT OF AVERAGE MONTHLY WATER QUALITY - WATER YEAR 1986 (a) 

..... _.- - ..... _ .. _ ...... _ .... - ---_ .. _ ..... ---_.- .- -- -_.- .... ----J 
SALT SLOUGH @ HWY 165 MUD SLOUGH @ HWY 140 

MONTH CONCENTRATION LOAD-FLOW FACTOR CONCENTRATION LOAD-FLOW FACTOR 
FLOWS (b) EC IDS B Sa EC-FLOW TDS-FlOW B-FLOW Se-FLOW FLOWS{b; EC IDS B Se EC-FLOW TOS-FLOW B-FLOW Sa-FLOW 
AF crcfa uslem ppm ppm ppb AF-uslem AF-ppm AF-PDm AF-ppb AF orcfa us/em ODm DDm Dob AF-uslcm AF-ppm AF-oDm AF-ppb 

Oct- Ave. 11.0 1.4 829 1.1 4.6 15.0 9.121 12.0 SO.4 2.4 9.8 1,126 1.4 1.3 23.6 2.703 3.4 3.2 
11 152.0 1.3 784 0.7 2.0 197.6 119.168 106.4 304.0 31.0 27.8 1.810 2.5 2.0 861.8 56,110 17.5 62.0 
24 276.0 1.4 854 1.3 6.0 386.4 235.704 358.8 1656.0 66.0 1.4 805 0.9 1.0 92.4 53.130 59.4 66.0 

Total 428.0 584.0 354 872 465.2 1960.0 97.0 954.2 109.240 136.9 128.0 
Nov- Ave. 7.8 2.0 1,256 1.5 5.8 15.2 9,793 12.0 45.6 2.4 2.9 2.039 2.7 3.6 7.1 4,895 6.4 8.7 

7 144.0 1.7 1.070 1.2 5.0 244.8 154,080 172.8 720.0 38.0 2.2 1,570 2.2 5.0 83.6 59,660 83.6 190.0 
19 105.0 2.3 1,510 2.0 7.0 241.5 158,550 210.0 735.0 33.0 3.8 2,580 3.2 2.0 125.4 85.140 105.6 66.0 

Total 249.0 486.3 312630 382.8 1455.0 71.0 209.0 144.800 1892 256.0 
Dec- Ave. 5.6 2.5 1,717 2.2 8.3 14.2 9,617 12.5 46.3 6.8 2.7 1,846 3.0 9.2 18.1 12.556 20.3 62.6 

5 160.0 2.5 1,700 2.5 10.0 400.0 272,000 400.0 1600.0 96.0 2.2 1,420 2.2 4.0 211.2 136,320 211.2 384.!l 
19 65.0 2.6 1.760 1.6 4.0 169.0 114.400 104.0 260.0 104.0 3.1 2,240 3.7 14.0 322.4 232.960 384.8 1456.0 

Total 225.0 569.0 386 400 S04.0 1860.0 200.0 533.6 369.280 596.0 1840.0 
Jan- Ave. 5.9 3.1 2.225 3.4 18.2 18.6 13.130 19.8 107.3 6.0 3.2 2,346 3.5 9.0 19.2 14,076 20.9 53.8 

9 100.0 3.2 2,340 3.3 16.0 320.0 234,000 330.0 1600.0 62.0 3.2 2.340 3.3 6.0 198.4 145.080 204.6 372.0 
24 120.0 3.1 2,130 3.4 20.0 372.0 255,600 408.0 2400.0 90.0 3.2 2.350 3.6 11.0 288.0 211,500 324.0 990.0 

Total 220.0 692.0 489600 738.0 4000.0 152.0 486.4 356->580 528.6 1362.D 
Feb- Ave. 16.2 3.0 2,091 3.5 22.2 48.1 33,875 56.0 359.6 9.1 1.5 1,036 2.3 2.9 13.6 9.424 20.6 26.1 

6 1SO.0 2.9 2.070 3.6 25.0 435.0 310.500 540.0 3750.0 55.0 2.8 2.290 1.3 2.0 154.0 125,950 71.5 110.0 
21 352.0 3.0 2.100 3.4 21.0 1056.0 739,200 1196.8 7392.0 380.0 1.3 854 2.4 3.0 494.0 324,520 912.0 1140.0 

Total S02.0 1491.0 1049700 1736.8 11142.0 435.0 648.0 450470 983.5 1250.0 -o 
Vt 

Mar-Ave. 23.1 1.8 1,131 1.8 13.4 42.3 26.123 42.1 309.9 20.6 1.3 787 1.4 4.6 27.8 16.206 28.1 93.8 
5 314.0 2.3 1.530 2.7 21.0 722.2 480,420 847.8 6594.0 108.0 2.0 1,220 2.1 7.J 216.0 131,760 226.8 756.0 
18 440.0 1.5 846 1.2 8.0 660.0 372,240 528.0 3520.0 479.0 1.2 689 1.2 4.0 574.8 330,031 574.8 1916.0 

Total 754.0 1382.2 852660 1375.8 10114.0 587.0 790.8 461,791 801.6 2672.0 

Arx-Av8. 24.9 1.6 1,125 1.9 13.1 40.2 28,025 47.1 327.2 13.7 2.9 1,805 3.4 24.5 39.0 24.729 45.9 335.7 
2 370.0 2.0 1,420 2.5 17.0 740.0 525,400 925.0 6290.0 323.0 2.9 1,740 3.4 17.0 936.7 562.020 1098.2 5491.0 
16 455.0 1.3 886 1.4 10.0 591.5 403,130 637.0 4550.0 323.0 2.8 1,870 3.3 32.0 904.4 604,010 1065.9 10336.0 

Total 825.0 1331.5 928530 1562.0 10840.0 646.0 1841.1 1 166,030 2164.1 15827.0 
May -Ave. 19.8 1.2 789 1.1 8.7 23.1 15,626 20.8 172.5 6.7 2.4 5.303 5.0 7.6 16.1 35,530 33.5 51.2 

7 450.0 1.2 821 1.3 13.0 540.0 369,450 585.0 5850.0 134.0 2.4 6,390 8.2 3.0 321.6 856,260 1098.8 402.0 

21 250.0 1.1 732 0.6 1.0 275.0 183,000 150.0 250.0 38.0 2.4 1,470 3.0 24.0 91.2 55,860 114.0 912.0 
Total 700.0 815.0 552450 735.0 6100.0 172.0 412.8 912120 1212.8 1314.0 

Jun - Ave. 17.6 0.9 549 0.6 1.5 15.8 9,664 11.4 26.1 7.7 2.5 1,705 3.6 29.0 19.5 13,130 28.0 223.3 
3 320.0 0.8 491 0.5 1.0 256.0 157,120 160.0 320.0 127.0 2.8 1,880 3.9 29.0 355.6 238,760 495.3 3683.0 
18 300.0 1.0 611 0.8 2.0 300.0 183,300 240.0 600.0 143.0 2.3 1,550 3.4 29.0 328.9 221.650 486.2 4147.0 

Total 620.0 556.0 340,420 400.0 920.0 270.0 684.5 460410 981.5 7830.0 
Jul-Ave. 23.4 1.2 698 0.9 2.1 27.0 16,344 20.0 48.4 5.7 2.4 1,664 3.3 27.2 13.6 9.486 18.7 155.2 

1 354.0 1.2 732 0.9 3.0 424.8 259,128 318.6 1062.0 132.0 2.3 1,590 3.1 26.0 303.6 209,880 409.2 3432.0 
16 309.0 1.1 660 0.8 1.0 339.9 203,940 247.2 309.0 59.0 2.6 1,830 3.7 30.0 153.4 107,970 218.3 1770.0 

Toral 663.0 764.7 463068 565.8 1371.0 191.0 457.0 317850 627.5 5202.0 
Aug-Ave. 25.5 1.3 739 1.1 7.1 32.0 18,833 28.2 180.3 4.8 2.1 813 2.9 21.4 10.3 3,901 14.1 102.5 

6 410.0 1.1 620 0.9 5.0 451.0 254,200 369.0 2050.0 109.0 2.1 1,260 3.0 21.0 228.9 137.340 327.0 2289.0 
27 440.0 1.4 849 1.3 9.0 616,0 373.560 572.0 3960.0 60.0 2.2 2.8 22.0 132.0 0 168.0 1320.0 

Total 850.0 1067.0 627760 941.0 6010.0 169.0 360.9 137340 495.0 3609.0 
Sep-Ave. 17.1 1.1 726 0.8 3.7 18.8 12,408 13.9 63.4 0.7 2.0 1,158 2.0 6.0 1.4 811 1.4 4.2 

8 351.0 1.1 720 0.9 5.0 386.1 252,720 315.9 1755.0 15.0 2.0 1,160 2.0 6.0 30.0 17,400 30.0 90.0 
25 266.0 1.1 733 0.7 2.0 292.6 194,978 186.2 532.0 3.0 2.1 1,150 1.8 6.0 6.3 3,450 5.4 18.0 

Total 617.0 678.7 447698 502.1 2287.0 18.0 36.3 208SO 35.4 108.0 
otal Annual (AF 197.9 

- -- -------
86.6 

(a) USGS published and unpublished data. 
(b) Monthly average values are in thousands of acre·feet and the daily values are in cubic feet per second. 
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TableA-4 
DEVELOPMENT OF AVERAGE MONTHLY WATER QUALITY· WATER YEAR 1987 (a) 

\." .. _0_::'- '.'_"_":' ... _ .... _ _ _ ... _ ..... ____ . __ . -- .. ---- ...... ----
SALT SlOUGH @ HWY 165 MUD SLOUGH @ HWY 140 

MONTH CONCENTRATION LOAD-FLOW FACTOR CONCENTRATION 
FLOWS (b) EC IDS B Sa EC-FLOW TD5-FLOW B-FlOW Se-FLOW FLOWS (b) EC TDS B Sa EC-FLOW 

AF orcfs us/cm ppm ppm ppt) AF-us/cm AF-ppm AF-ppm AF-ppb AF or cis us/cm ppm ppm ppb AF-us/cm 
Oct- Ave. 11.5 1.3 763 1.0 6.9 15.2 8.776 11.0 79.8 1.0 1.2 804 0.9 1.6 1.2 

7 133 1.7 920 1.4 12 226.1 122.360 186.2 1596 26 0.8 483 0.6 1 20.8 
22 229 1.1 672 0.7 4 251.9 153.888 160.3 916 10 2.1 1.640 1.7 3 21 

Total 362 478 276 248 346.5 2512 36 41.8 
Nov - Ave. 12.9 1.4 944 1.3 10.6 18.7 12,177 16.8 136.8 1.5 2.4 1.530 2.1 4.3 3.6 

5 274 1.4 895 1.3 12 383.6 245.230 356.2 3288 17 2.6 1.610 2 1 44.2 
19 239 1.5 1.000 1.3 9 358.5 239.000 310.7 2151 34 2.3 1.490 2.1 6 78.2 

Total 513 742.1 484 230 666.9 5439 51 122.4 

Dec - Ave. 9.6 2.1 1.361 1.9 16.7 20.6 13.066 18.1 160.8 1.5 3.8 2.564 3.3 3.9 5.7 
4 205 2.1 1.290 1.8 18 430.5 264.450 369 3690 19 4.3 2.840 3.4 1 81.7 
15 147 2.2 1.460 2 15 323.4 214.620 294 2205 27 3.4 2.370 3.3 6 91.8 

Total 352 753.9 479.070 663 5895 46 173.5 
Jan - Ave. 9.1 2.7 1.986 3.2 20.0 24.6 18,077 29.0 181.6 3.0 3.4 2,182 3.3 8.6 10.1 

6 144 2.7 1.740 2.6 17 388.8 250.560 374.4 2448 36 3.3 2,170 3.2 8 118.8 
21 140 2.7 2,240 3.8 23 378 313.600 532 3220 52 3.4 2.190 3." 9 176.8 

Total 284 766.8 564.160 906.4 5668 88 295.6 
Feb- Ave. 13.7 2.2 1,471 1.8 14.9 30.2 20,159 24.9 204.5 7.0 2.6 1,789 3.3 11.0 18.5 

5 238 2.1 1.3~ 2.3 16 499.8 328.440 547.4 3808 129 2.7 1.nO 3.1 3 348.~ 

18 2n 2.3 1.550 1.4 14 637.1 429.350 387.8 3878 208 2.6 1.a 3.5 16 540.8 
Total 515 1136.9 757.790 935.2 7686 337 889.1 

Mer-Ave. 28.6 2.2 1.336 2.0 12.2 63.5 38.208 56.6 348.7 8.8 3.0 2.005 3.5 14.4 26.1 

10 734 2.3 1.340 2.1 13 1688.2 983.560 1541.4 9542 94 3.1 1.670 2.5 2 291.4 

24 499 2.1 1.330 1.8 11 1047.9 663,670 898.2 5489 154 3 2.210 4.1 22 462 
Total 1233 2736.1 1647.230 2439.6 15031 248 753.4 

Apr-Ave. 16.7 2.0 1.205 1.5 8.0 33.4 20,121 25.5 133.6 4.6 3.4 1.976 3.7 17.0 15.6 

9 339 2 1.320 1.7 8 678 447,480 576.3 2712 127 2.7 1,880 3.6 17 342.9 

21 252 1.6 1,050 1.3 8 403.2 264,600 327.6 2016 43 3.2 2,260 3.8 17 137.6 
Total 591 1081.2 712,080 903.9 4728 170 480.5 

May- Ave. 21.8 1.7 1,153 1.7 10.1 37.1 25,136 37.7 221.2 1.7 3.7 1.450 2.6 14.0 6.3 

7 252 1.9 1.290 1.9 13 478.8 325.080 478.8 3276 0 0 0 

20 335 1.7 1,050 1.6 8 569.5 351,750 536 2680 38 2.2 1.4SO 2.6 14 83.6 
Total 587 1048.3 676,830 1014.8 5956 38 83.6 

Jun - Ave. 20.2 1.7 1,036 1.5 9.6 34.3 20,932 31.1 193.9 2.1 2.5 1,971 3.9 24.1 5.3 

3 482 1.6 1.000 1.5 10 771.2 482,000 723 4820 42 2.6 1.820 3.5 16 109.2 
16 325 1.6 1,090 1.6 9 520 354,250 520 2925 58 2.8 2.080 42 30 162.4 

Total 807 1291.2 836 250 1243 7745 100 271.6 
Jul-Ave. 19.2 1.6 1,039 1.6 7.4 30.7 19,9SO 31.6 143.0 3.7 2.1 1.505 2.9 19.2 7.8 

8 298 1.9 1,280 2.2 8 566.2 381,440 655.6 2384 23 1.8 1,120 1.7 3 41.4 
22 368 1.3 844 1.2 7 478.4 310,592 441.6 2576 n 2.3 1,620 3.2 24 177.1 

Total 666 1044.6 692032 1097.2 4960 100 218.5 
Aug-Ave. 15.6 1.4 816 0.9 5.2 21.8 12,724 14.3 BO.4 6.2 2.3 1.597 3.4 14.5 14.3 

5 241 1.4 884 1.1 7 337.4 213.044 265.1 1687 109 2.1 1,4SO 3 15 228.9 

18 207 1.3 736 0.7 3 269.1 152.352 144.9 621 98 2.5 1.760 3.8 14 245 
Total 448 606.5 365396 410 2308 207 473.9 

Sap-Ave. 13.1 1.6 972 1.3 6.4 21.0 12,728 17.0 83.7 0.9 1.6 808 1.2 6.9 1.4 

9 275 1.5 883 1.1 6 412.5 242,825 302.5 1650 18 1.5 979 1.7 11 27 

22 176 1.7 1,110 1.6 7 299.2 195,360 281.0 1232 15 1 603 0.7 2 15 
Total 451 711.7 438185 584.1 2882 33 42 

!Total Annual (AF 192.0 
- '---

41.8 

(a) USGS published and unpublished data. 
(b) Monthly average values are in thousands 01 acre-leel and the daily values are in cubic leet per second. 

LOAO-FLOW FACTOR 
TD5-FLOW B-FlOW Se-FLOW 

AF-ppm AF-ppm AF-ppb 
804 0.9 1.6 

12.558 15.6 26 
16.400 17 30 
28958 32.6 56 
2.295 3.1 6.5 
27.370 34 17 
50.660 71.4 204 I 

78030 105.4 221 ! 

3,846 5.0 5.9 , 

53,960 64.6 19 
63.990 89.1 162 
117950 153.7 181 
6.545 10.0 25.8 
78.120 115.2 288 
113.880 176.8 468 

192000 292 756 
12.520 23.4 77.2 

228.330 399.9 387 
374.400 728 3328 
602730 1127.9 3715 
17.246 30.0 124.0 

156.980 235 188 
340,340 631.4 3388 
497320 866.4 3576 

9.090 16.8 78.2 
238,760 457.2 2159 
97,1~ 163.4 731 
335940 620.6 2890 

2.465 4.4 23.8 
0 0 0 

55,100 98.8 532 
55100 98.8 532 
4,139 8.2 SO.7 
76,440 147 672 
120,640 243.6 1740 
197080 390.6 2412 
5,569 10.6 70.9 

25.760 39.1 69 
124,740 246.4 1848 

1SO 500 285.5 1917 
9,900 20.9 90.1 

158,050 327 1635 

172.480 372.4 1372 
330530 699.4 3007 

727 1.1 6.2 
17.622 30.6 198 
9,045 10.5 30 

26 667 41.1 228 
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Table A-5 
DEVELOPMENT OF AVERAGE MONTHLY WATER QUALITY - WATER YEAR 1988 (a) 

. ~.-'-:!I- ··-_··_·'z ... _ ... - ---- ... _ ...... -_ .. -.- _.- -- ._._-- n. ".---_1 
SALT SLOUGH @ HWY 165 MUD SLOUGH @ HWY 140 

MONTH CONCENTRATION LOA[)"FLOW FACTOR CONCENTRATION 
FLOWS (b) EC TDS B Sa EC-FLOW TDS-FLOW B-FlOW S&-FlOW FLOWS (b) EC IDS B Sa EC-FlOW 

AF or ers u~em ppm ppm ppb AF-u~em AF-ppm AF-ppm AF-ppb AF or efa u~em ppm ppm ppb AF-u~em 
Oct- Ave. 11.5 1.6 1,036 1.2 6.5 18.4 11,910 14.3 74.3 2.0 1.3 773 0.8 1.0 2.5 

7 152 1.8 1.110 1.4 8 273.6 168.720 212.8 1216 10 1.5 928 1.1 1 15 
20 160 1.5 965 1.1 5 240 154.400 176 800 39 1.2 733 0.7 1 46.8 

Total 312 513.6 323 120 388.8 2016 49 61.8 
Nov - Ave. 13.5 2.0 1.271 1.9 5.3 27.0 17.154 25.0 71.0 4.1 1.8 1.091 1.4 1.0 7.4 

4 269 1.8 1,230 1.9 3 484.2 330.870 511.1 807 82 1.7 9n 1.3 1 139.4 
17 222 1.8 1.320 1.8 8 399.6 293.040 399.6 1776 78 1.9 1.210 1.6 1 148.2 

Total 491 883.8 623 910 910.7 2583 160 287.6 
Dec - AV8. 6.9 3.0 2.017 2.9 11.0 20.7 13.919 20.3 75.9 1.8 3.3 2.176 2.8 1.0 5.9 

2 136 2.8 1,940 2.9 11 380.8 263,840 394.4 1496 29 2.9 1.870 2.4 1 84.1 
15 127 3 2.100 3 11 381 266.700 381 1397 16 3.9 2,730 3.4 1 62.4 

Total 263 761.8 530540 775.4 2893 45 146.5 
Jan - Ave. 9.3 3.2 2.251 3.7 23.2 29.8 20,938 34.2 215.5 5.1 2.6 1.669 2.4 4.0 13.3 

7 108 3.4 2,360 3.8 27 367.2 254,880 410.4 2916 67 3 1.920 2.8 4 201 
20 191 3.1 2.190 3.6 21 592. 1 418,290 687.6 4011 130 2.4 1,540 2.2 4 312 

Total 299 959.3 673,170 1098 6927 197 513 
Feb- Ave. 13.e 2.8 2,190 3.7 33.9 38.6 30,216 50.9 467.9 4.8 2.5 1,645 2.2 2..7 11.9 

3 167 3.3 2,450 4.2 39 551.1 409.150 701.4 6513 115 2..1 1.350 1.7 1 241.5 

17 218 2.8 1,990 3.3 30 610.4 433,820 719.4 6540 60 3.2 2,210 3.2 6 192 
Total 385 1161.5 842970 1420.8 13053 175 433.5 

Mar-Ave. 24.7 2.2 1,349 1.9 12..5 54.3 33.325 47.0 309.1 7.9 2.'- 1,629 2..7 14.0 18.8 
3 492 1.9 1,320 2 13 934.~ 649,440 984 6396 163 2.3 1,590 2.7 14 374.9 

14 466 2.1 1,390 1.8 12 978.6 643,080 838.8 5592 122 2.5 1,680 2.7 14 305 
Total 958 1913.4 1 292520 1822.8 11988 285 679.9 

Apt-A"e. 18.7 2.2 1,410 2.4 14.1 41.1 26,361 «.9 262.8 3.0 2.4 1,570 2.3 8.7 7.2 

5 281 2.4 1,610 1.8 17 674.4 452,410 505.8 47n 36 3.2 2,190 3.1 4 115.2 
19 403 1.9 1,270 1.1 12 765.7 511,810 443.3 4836 72 2 1,260 1.9 11 144 

Total 684 1440.1 964,220 949.1 9613 108 259.2 
May - Ave. 15.8 1.9 1,366 2.0 15.1 30.0 21,585 31.0 239.2 3.2 3.6 2,513 3.4 7.3 11.6 

2 272 2.3 1.540 2.3 19 625.6 418.880 625.6 5168 11 4.9 3,480 4.3 2 53.9 
18 254 1.8 1,180 1.6 11 457.2 299.720 406.4 2794 22 3 2,030 2.9 10 66 

Total 526 1082.8 718,600 1032 7962 33 119.9 

Jun - Ave. 18.9 1.7 1.081 1.7 9.2 32.1 20,422 31.6 173.8 4.1 2.5 1.735 3.5 19.2 10.2 
10 323 1.5 933 1.3 6 484.5 301,359 419.9 1938 113 2.7 1,900 4 22 305.1 
22 368 1.8 1,210 2 12 662.4 445,280 736 4416 44 1.9 1,310 2..3 12 83.6 

Total 691 1146.9 746639 1155.9 6354 157 388.7 
Jut-Ave. 19.5 2.0 1,372 2.4 14.8 39.0 26,745 46.0 288.5 1.7 2.0 1.390 2.4 11.6 3.5 

7 408 1.9 1,300 2.2 14 775.2 530,400 897.6 5712 34 1.6 1.030 1.6 5 54.4 
19 269 2.2 1,480 2.6 16 591.8 398,120 699.4 4304 13 3.2 2,330 4.5 29 41.6 

Total 677 1367 928520 1597 10016 47 96 
Aug-Ave. 23.3 1.7 1,051 1.5 10.0 38.5 24,479 35.0 233.9 0.5 2.6 1.799 3.4 20.3 1.3 

9 379 1.6 1,020 1.4 8 606.4 386,580 530.6 3032 22 2.5 1.720 3.4 19 55 
24 394 1.7 1,080 1.6 12 669.8 425,520 630.4 4728 3 3.4 2,380 3.7 30 10.2 

Total n3 1276.2 812100 1161 nso 25 65.2 
Sep-Av8. 16.3 1.7 1,099 1.6 11.0 27.7 17,914 26.1 179.7 0.3 2.9 2,023 3.4 13.3 0.9 

8 270 1.9 1,250 1.9 13 513 337,500 513 3510 7 2.7 1,930 3.7 16 18.9 
27 263 1.5 944 1.3 9 394.5 248,272 341.9 2367 2 3.4 2,350 2.5 4 6.8 

Total 533 907.5 585772 854.9 5877 9 25.7 
otal Annual (AF 192.2 38.5 

- --- _._. - -

(a) USGS published and unpublished data. 
(b) Monthly average values are in thousands of acre-foot and the dally ",alues are in cubic foot per second. 

lOA[)"FlOW FACTOR 

IIDS-FlOY. B-FlOW Se-FLOW 
AF-PPITI AF-ppm AF-ppb 

1,546 1.6 2.0 

9.280 11 10 
28.587 27.3 39 
37867 38.3 49 
4.471 5.9 4.1 

80.114 106.6 82 
94,380 124.8 78 
174494 231.4 160 

3.916 5.0 1.8 

54.230 69.6 29 
43,680 54.4 16 
97910 124 45 

8.513 12.3 20.4 
128.640 187.6 268 
200.200 286 520 
328840 473.6 788 

7,895 10.6 13.0 
155.250 195.5 115 

132.600 192 360 
287.850 387.5 475 
12,865 21.3 110.6 

259,170 440.1 2292 

204,960 329.4 1708 
464 130 769.5 3990 

4,710 6.9 26.0 
78,840 111.6 144 

90,720 136.8 792 
169560 248.4 936 
8,043 10.8 23.5 

38,280 47.3 22 
44.660 63.8 220 
82,940 111.1 242 

7,1 '2 14.4 78.7 

214.700 452 2486 
57,640 101.2 528 

272340 553.2 3014 

2.362 4.1 19.8 

35.020 54.4 170 
30,290 58.5 377 

65310 112.9 547 

900 1.7 10.2 
I 

37,840 74.8 418 

7.140 11.1 90 

44980 85.9 508 
607 1.0 4.0 

13.510 25.9 112 
4,700 5 8 

18210 30.9 120 



MONTH flOWS (b) 
AF or cfs 

Oct - Ave. 21.5 
4 275 
11 345 
'17 329 
25 441 

Total 1390 
Nov - Ave. to.S 

1 376 
10 321 
15 314 
22 323 

Total 1334 
Dec - Ave. 26.4 

8 468 
28 553 

Total 1 021 
Jan - Ave. 31.4 

11 596 
26 465 
31 463 

Total 1 524 
Feb - Ave. 31.9 

7 596 
14 728 
21 577 

Total 1901 
Mar-Ave. 42 

1 492 
7 711 
15 640 
21 612 
29 859 

Total 3314 
Apr-Ave. 44.7 

12 620 
20 1,000 
26 831 

Total 2451 
May - AYe. 36.2 , 1,270 

10 448 
17 479 
24 522 
30 565 

10 tal 3284 
Jun - Ave. 28.9 

7 435 
14 499 
21 464 
27 572 

Total 1990 
Jul-Ave. 25.2 

2 530 
12 374 
19 471 
25 405 

Total 1,780 
Aug-Ave. 26.1 

1 468 
9 394 
16 426 
24 472 

Total 1724 
Sep-Ave. 22.8 

1 396 
6 451 
13 339 
21 466 
29 391 

Total 2,043 
Total Annual (AE) 347.3 

TableA-6 

SAN JOAQUIN RIVER nr NEWMAN AVERAGE MONTHLY WATER QUALITY - WATER YEAR 1989(a) 
(Flows and Salt Loads in 1ooos) 

CONCENTRATION LOAD-flOW FACTOR 
EC IDS (c) B Se EC-FLOW IDS-FLOW B-FlOW 

us/cm ppm ppm ppb AF-uslcm AF-ppm AF-ppm 
1.4 902 0.8 5.3 30.8 19,390 17.6 
1.6 1,008 0.9 6.9 440.0 277,200 247.5 
1.4 882 0.7 4.6 483.0 304,290 241.5 
1.5 945 0.9 5.8 493.5 310,905 296.1 
1.3 819 0.8 4.5 573.3 361,179 352.8 

1989.8 1 253 574 1137.9 
1.5 960 0.9 4.2 16.3 10,270 10.1 
1.5 945 0.9 3.5 564.0 355,320 338.4 
1.5 945 0.9 3.4 481.5 303,345 288.9 
1.6 1,008 1.0 5.0 502.4 316,512 314.0 
1.5 945 1.0 5.0 484.5 305,235 323.0 

2032.4 19eoJ 412 1,264.3 
1.6 984 1.1 4.5 41.2 25,987 29.3 
1.4 882 1.0 4.1 655.2 412,776 468.0 
1.7 1,071 1.2 4.8 940.1 592,263 663.6 

1 595.3 1 005-,039 1 131.6 
1.8 1.129 1.3 7.0 56.3 35,438 41.5 
1.7 1,071 1.2 4.5 1,013.2 638.316 715.2 
1.9 1,197 1.4 7.4 883.5 556,605 651.0 
1.8 1,134 1.4 9.8 833.4 525,042 648.2 

2 730.1 1 719963 2014.4 
1.8 1,128 1.3 9.6 57.1 35,995 42.4 
1.7 1,071 1.2 7.7 1,013.2 638.316 715.2 
1.7 1,071 1.3 8.4 1,237.6 n9,688 946.4 
2.0 1,260 1.5 13.0 1,154.0 727,020 8&5.5 

3404.8 2145024 2527.1 
1.7 1,073 1.3 10.3 70.7 44,530 53.1 
2.2 1,386 1.9 17.0 1,082.4 681,912 934.8 
1.5 945 1.1 6.9 1,06&.5 671,895 782.1 
1.9 1,197 1.4 11.0 1,216.0 766,080 89&.0 
1.9 1,197 1.4 12.0 1,162.8 732,564 856.8 
1.3 819 0.9 7.5 1,116.7 703,521 773.1 

5644.4 3555972 4242.8 
1,014 1.3 6.6 0.0 45,333 59.5 

1.8 1,134 1.1 9.5 1,116.0 703,080 682.0 
1.5 945 1.5 5.4 1,500.0 945,000 1,500.0 
1.6 l,OOS 1.3 5.8 1,329.6 837,648 1,080.3 

3945.6 2485 728 3262.3 
820 1.0 7.0 0.0 29,688 37.2 

1.0 630 0.8 4.5 1,270.0 800,100 1,016.0 
1.6 l,OOS 1.2 9.7 716.8 451,584 537.6 
1.6 1,008 1.3 9.1 766.4 482,832 622.7 
1.4 882 1.0 7.1 730.8 460,404 522.0 
1.4 882 1.2 8.5 791.0 498,330 678.0 

4275.0 2,693,250 3376.3 
1.7 936 1.5 8.8 49.1 27,038 42.2 
1.6 l,OOS 1.3 10.0 696.0 438,480 565.5 
1.6 l,OOS 1.4 9.5 798.4 502,992 698.6 
1.6 1,008 1.5 9.2 774.4 487,872 726.0 
1.2 756 1.6 7.0 686.4 432,432 915.2 

2955.2 1861,776 2905.3 
1.6 967 1.3 7.4 40.3 24,3&7 31.8 
1.5 945 1.2 7.9 795.0 500,850 636.0 
1.9 1,197 1.6 10.0 710.6 447,678 598.4 
1.4 882 1.2 6.0 &59.4 415,422 565.2 
1.4 882 1.1 6.1 567.0 357,210 445.5 

2732.0 1,721 160 2245.1 
1.5 883 1.2 6.4 39.2 23,051 30.7 
1.4 882 1.1 6.3 &55.2 412,776 514.8 
1.4 882 1.1 5.9 551.6 347,508 433.4 
1.4 882 1.2 6.6 596.4 375,732 511.2 
1.3 819 1.2 6.2 613.6 386,568 5&&.4 

2416.8 1 522 584 2025.8 
906 1.0 5.5 0.0 20,652 23.7 

1.5 945 1.2 5.8 594.0 374,220 475.2 
1.5 945 1.2 7.2 676.5 426,195 541.2 
1.4 882 1.0 5.3 474.6 298,998 339.0 
1.3 819 0.9 3.8 &05.8 381,654 419.4 
1.5 945 0.9 5.4 586.5 369,495 351.9 

2,937.4 1850562 2-,-126.7 

Sa-flOW 
AF-ppb 
114.1 

1,897.5 
1,587.0 
1,908.2 
1,984.5 
7377.2 

44.9 
1,316.0 
1,091.4 
1,570.0 
1,615.0 
5 592.4 
118.2 

1,918.8 
2,654.4 
4 573.2 
219.6 

2,682.0 
3,441.0 
4,537.4 
10660.4 

305.5 
4,589.2 
6,115.2 
7,501.0 
18205.4 

427.0 
8,364.0 
4,905.9 
7,040.0 
7,344.0 
6,442.5 

34 096.4 
293.8 

5,890.0 
5,400.0 
4,819.8 
16109.8 

252.7 
5,715.0 
4,345.6 
4,358.9 
3,706.2 
4,802.5 

22,928.2 
254.8 

4,350.0 
4,740.5 
4,452.8 
4,004.0 
17 547.3 

187.2 
4,187.0 
3,740.0 
2,826.0 
2,470.5 
13,223.5 

166.7 
2,948.4 
2,324.6 
2,811.6 
2,926.4 
11 011.0 

125.2 
2,296.8 
3,247.2 
1,796.7 
l,nO.S 
2,111.4 
11.222.9 '. 

(a) USGS now data near Newman and Calif. RWacB water quality data at Crows Landing from their December 1990 report on the lower San Joaquin River. 
(b) Monthly average values are in thousands of acre-feet and the daily values are in cubic feet per second. 
(c) Daily TDS values calculated as 0.63 times the recorded EC values measured at the Crows Landing CVRWQCB monitoring station. The 0.64 EC to IDS 

oonversion factor was determined from the 1987 and 1988 USGS data obtained at the Newman station. 
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MONTH 

Oct - Ave. 
4 
11 
17 
25 

Total 
Nov - Ave. 

1 
10 
15 
22 

Total 
Dec- Ave. 

8 
28 

Total 
Jan· Ave. 

11 
26 
31 

Total 
Feb- Ave. 

7 
14 
21 

Total 
Mar-Ave. 

1 
7 
15 
21 
29 

Total 
Apr-Ave. 

5 
12 
20 
26 

Total 
May- Ave. 

1 
10 
17 
24 
30 

Total 
Jun· Ave. 

7 
14 
21 
27 

Total 
Jul-Ave. 

5 
12 
19 
25 

Total 
Aug-Ave. 

1 
9 
16 
24 

Total 
Sep-Ave. 

1 
6 
13 
21 
29 

Total 
Total Annual (AF) 

Table A-7 

SALT SLOUGH AT riWY 165 AVERAGE MONTHLY WATER QUALITY - WATER YEAR1989 (8) 
(Average Monthly Flows, Load Flow Factors and EC Values In 1,OOOs) 

CONCENTRATION LOAD-FLOW FACTOR 
FLOWS (b) EC TDS B Se EO-FLOW TDS-FLOW B-FLOW 
AF or cts uS/em ppm ppm ppb AF-uS/c::rt:1 AF-ppm AF-ppm 

15_6 1.5 958 1.0 7.9 23.0 14,945 15.7 
236 1.7 1,105 1.3 15.0 401.2 260,780 306.8 
245 1.4 910 0.8 7.5 343.0 222,950 196.0 
247 1.3 845 0.7 2.7 321.1 208,715 172.9 
295 1.5 975 1.2 6.8 442.5 287,625 354.0 
1023 1,S07.8 980 070 1029.7 
10.7 2.0 1,264 1.5 7.6 21.1 13,521 15.8 
272 1.6 1,024 1.1 6.2 4352 278,528 2992 
162 2.1 1,344 1.6 7.0 3402 217,728 2592 
167 2.0 1,280 1.5 6.7 334.0 213,760 2SO.5 
147 2.5 1,600 2.0 12.0 367.5 235,200 294.0 
748 1476.9 945,216 1 102.9 
9.7 2.4 1,634 2.1 9.1 23.7 15,854 20.7 
174 2.0 1,340 1.6 5.4 348.0 233,160 278.4 
166 2.9 1,943 2.7 13.0 481.4 322,538 4482 
340 829.4 555698 726.6 
8.6 3.0 1,965 3.1 25.5 25.6 16,898 26.9 
140 2.8 1,960 2.8 15.0 392.0 274,400 392.0 
126 3.4 2,176 3.4 33.0 428.4 274,176 428.4 
1SO 2.8 1,792 32 29.0 420.0 268,800 480.0 
416 1,240.4 817376 1300.4 
132 2.7 2,097 2.5 222 35.5 27,679 332 
224 2.8 2,184 2.7 23.0 6272 489,216 604.8 
293 2.4 1,872 22 18.0 7032 548,496 644.6 
281 2.9 2,262 2.7 26.0 814.9 635,622 758.7 
798 2,145.3 1673 334 2008.1 
18.0 2.7 1,630 2.5 24.1 48.1 29,341 44.8 

195.0 3.4 2,074 3.9 38.0 663.0 404,430 760.5 
228.0 2.9 1,769 2.7 24.0 661.2 403,332 615.6 
269.0 2.9 1,169 2.5 20.0 780.1 475,861 672.5 
287 2.8 1,708 2.7 31.0 803.6 490,196 n4.9 
434 2.0 1,220 1.6 16.0 868.0 529,480 694.4 
1413 3,n5.9 2303299 3517.9 
18.7 2.3 1,490 2.4 19.9 43.5 27,870 44.9 
251 2.9 1,856 25 30.0 727.9 465,856 627 .. t; 
370 2.1 1,344 1.8 17.0 777.0 497,280 666.0 
371 2.3 1,472 2.5 18.0 853.3 546,112 927.5 
374 2.2 1,408 1.9 18.0 822.8 526,592 710.6 
1366 3181.0 2035 84Q 2931.6 
17.0 2.1 1,508 22 19.1 35.6 25,634 372 

266.0 2.5 1,800 2.7 28.0 665.0 478,800 7182 
235.0 22 1.584 2.4 22.0 517.0 372,240 564.0 
277.0 22 1,584 2.2 18.0 609.4 438,768 609.4 
326 1.7 1,224 1.6 14.0 5542 399.024 521.6 
356 2.0 1,440 2.2 16.0 112.0 512,640 7832 
1460 3057.6 2.201472 3,196.4 
19.9 1.9 1,235 2.1 19.1 38.4 24,574 42.1 
257 2.5 1,600 2.6 27.0 642.5 411,200 6682 
290 2.1 1.344 2.2 19.0 609.0 389,760 638.0 
347 2.1 1,344 2.4 19.0 728.7 466,368 832.8 
482 1.4 896 1.6 15.0 674.8 431.872 771.2 
1376 2655.0 1699 200 2910.2 
20.5 1.7 1,200 1.8 12.4 35.7 24,600 37.6 
308 1.9 1,311 2.0 13.0 585.2 403,788 616.0 
314 2.0 1,380 2.2 16.0 628.0 433,320 690.8 
363 1.5 1,035 1.5 10.0 544.5 375,705 544.5 
321 1.6 1,104 1.7 11.0 513.6 354,384 545.7 
1306 2271.3 1 567197 2397.0 
22.S 1.5 960 1.5 9.0 33.8 21 ,60S 34.6 
495 1.3 832 1.2 7.4 643.5 411,840 594.0 
322 1.7 1,088 1.8 11.0 547.4 350.336 579.6 
351 1.6 1,024 1.7 9.4 561.6 359,424 596.7 
431 1.5 960 1.6 9.2 646.5 413.760 689.6 
1599 2,399.0 1535360 2459.9 
15.7 1.6 1,065 1.6 12.9 25.7 16,713 24.5 
312 1.6 1,040 1.6 11.0 499.2 324,480 499.2 
323 1.6 1,040 1.5 10.0 516.8 335,920 484.5 
269 1.5 975 1.4 12.0 403.S 26~',27S 376.6 
250 1.7 1,105 1.6 14 425.0 27f,,250 400.0 
280 1.8 1,170 1.7 18 504.0 32~'.600 476.0 
1434 2348.5 1526525 2236.3 
190.1 

Se-FLOW 
AF-ppb 
122.8 

3,540.0 
1,837.5 
666.9 

2,006.0 
80SO.4 

81.6 
1,686.4 
1,134.0 
1,118.9 
1,764.0 
5703.3 

88.4 
939.6 

2,158.0 
3097.6 
219.3 

2,100.0 
4,158.0 
4,350.0 
10608.0 

293.3 
5,152.0 
5,274.0 
7,306.0 
17,732.0 

434.4 
7,410.0 
5,472.0 
5,380.0 
8,897.0 
6,944.0 

34,'03.0 
372.8 

7,530.0 
6,290.0 
6,678.0 
6,732.0 
27230.0 

324.4 
7,448.0 
5,170.0 
4,986.0 
4,564.0 
5,696.0 
27,864.0 

380.0 
6,939.0 
5,510.0 
6.593.0 
7,230.0 
26 272.0 

254.1 
4,004.0 
5,024.0 
3,630.0 
3,531.0 
16189.0 

203.6 
3.663.0 
3,542.0 
3,299.4 
3,965.2 
14,469.6 

201.8 
3,432.0 
3,230.0 
3.228.0 
3,500.0 
5,040.0 
18430.0 

(a) USGS published and unpublished data and Calli. Reg. Water quality Control Board data from December 1990 report on the lower San Joaquin River. 
(b) Monthly average values are In thousands of acre-feet and Ule dally values are In cubk: feet per seoond. 
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MONTH 

Oct -Ave. 
4 
11 
17 
25 

Total 
Nov ·Ave. 

1 
10 
15 
22 

Total 
Dec -Ave. 

8 
28 

Total 
Jan· Ave. 

11 
26 
31 

Total 
Feb-Ave. 

7 
14 
21 

Total 
Mar·Ave. 

1 
7 
15 
21 
29 

Total 
Apr·Ave. 

5 
12 
20 
26 

Total 
May - Ave. 

1 
10 
17 
24 
30 

Total 
Jun· Ave. 

7 
14 
21 
27 

Total 
Jul·Ave. 

5 
12 
19 
25 

Total 
Aug-Ave. 

1 
9 
16 
24 

Total 
Sop-Ave. 

1 
6 
13 
21 
29 

Total 
Total Annual (AF) 

Table A-8 

MUD SLOUGH AT HWY 140 AVERAGE MONTHLY WATER QUALITY - WATER YEAR1989 (a) 
(Average Monthly Flows, Load Flow Factors and EC Values In 1,0005) 

CONCENTRATION LOAD-FLOW FACTOR 
FLOWS (b) EC TOS B Se EC-FLOW TDS-FlOW B-FlOW 

AF orcfs uSian ppm ppm ppb AF-uSian AF-ppm AF-ppm 
1.4 1.4 859 0.8 2.4 2.0 1,202 1.1 
10 1.4 854 0.8 4.5 14.0 8,540 8.1 
7 1.4 854 0.7 3.5 9.8 5,978 4.9 

32 1.3 793 0.7 1.9 41.6 25,376 22.4 
39 1.5 915 0.9 2.1 58.5 35,685 35.1 
88 123.9 75,579 70.5 
1.1 2.8 1,679 1.7 1.7 3.0 1,847 1.9 
22 2.0 1,220 1.2 1.8 44.0 26,840 26.4 
14 2.5 1,525 1.6 1.6 35.0 21,350 22.4 
11 3.2 1,952 2.0 1.6 35.2 21,472 22.0 
16 3.7 2,257 2.4 1.9 59.2 36,112 38.4 
63 173.4 105n4 109.2 
3.5 2.0 1,361 1.3 1.0 7.1 4,763 4.7 
85 1.8 1,206 1.2 0.9 153.0 102,510 102.0 
73 2.3 1,541 1.5 1.1 167.9 112,493 109.5 
158 320.9 215003 211.5 
2.9 3.1 1,987 2.3 2.5 9.0 5,761 6.7 
47 2.7 1,728 1.9 0.7 126.9 81,216 89.3 
41 3.4 2,176 2.4 2.5 139.4 89,216 98.4 
35 3.3 2,112 2.8 5.0 115.5 73,920 98.0 
123 381.8 244352 285.7 
2.5 3.0 2,012 2.2 1.1 7.6 5,030 5.5 
39 3.1 2,046 2.2 1.1 120.9 79,794 85.8 
76 3.0 1,980 2.2 1.1 228.0 150,480 167.2 
32 3.1 2,046 2.2 1.1 99.2 65,472 70.4 
147 448.1 295746 323.4 
1.7 3.7 2,527 2.8 3.8 6.3 4,296 4.8 
27 3.8 2,584 2.8 5.0 102.6 69,768 75.6 
33 3.5 2,380 2.6 3.7 115.5 78,540 85.8 
25 3.7 2,516 2.8 2.1 92.5 62,900 70.0 
24 3.6 2,448 2.7 1.9 86.4 58,752 64.8 
21 4.1 2,788 3.2 6.9 86.1 58,548 67.2 
130 483.1 328508 363.4 
3.2 3.4 2,230 3.0 1.8 11.0 7,137 9.6 
14 5.0 3,250 3.3 1.9 70.0 45,500 46.2 
11 6.4 4,160 4.5 2.1 70.4 45,760 49.5 

127 3.2 2,080 3.0 1.6 406.4 264,160 381.0 
109 3.2 2,080 2.8 2.0 348.8 226,720 305.2 
261 895.6 582140 781.9 
1.2 3.3 2,289 2.8 2.5 4.0 2,747 3.4 

84.0 2.8 1,932 2.5 1.7 235.2 162,288 210.0 
7 3.8 2,622 2.8 2.3 2&.6 18,354 19.6 
5 6.3 4,347 4.8 5.0 31.5 21,735 24.0 
9 6.8 4,692 5.4 8.8 61.2 42,228 48.6 
10 2.7 1,863 2.1 3.0 27.0 18,630 21.0 

115 381.5 263235 323.2 
0.5 3.4 2,396 2.8 2.5 1.7 ',198 1.4 
~ 3.5 2,450 2.5 2.4 14.0 9,800 10.0 
11 1.9 1,330 1.5 2.2 20.9 14,630 16.5 
6 4.1 2,870 2.9 2.0 24.6 17,220 17.4 
9 4.8 3,360 4.4 3.3 43.2 30,240 39.6 

30 102.7 71890 83.5 
1.1 2.1 1,460 1.8 3.3 2.4 1,606 2.0 
11 5.0 3,400 4.1 5.7 SS.O 37,400 45.1 
19 1.9 1,292 1.5 2.0 36.1 24,548 28.5 
18 1.7 1,156 1.4 1.9 30.6 20,808 25.2 
25 1.4 952 1.4 4.2 35.0 23,800 35.0 
73 156.7 106 5S6 133.8 
1.1 2.7 1,852 2.8 9.5 3.0 2,037 3.1 
15 2.1 1,449 1.9 6.1 31.5 21,735 28.5 
19 3.2 2,208 3.0 7.4 60.8 41,952 57.0 
18 2.8 1,932 32 13.0 50.4 34,n6 57.6 
17 2.5 1,725 3.1 11.0 42.5 29,325 52.7 
69 185.2 127,788 195.8 
1.0 1.5 1,058 1.1 3.1 1.5 1,058 1.1 
11 3.1 2,201 3.3 9.6 34.1 24,211 36.3 
18 1.1 781 0.8 3.6 19.8 14,058 14.4 
19 1.6 1,136 1.1 2.6 30.4 21,584 20.9 
20 1.2 852 0.7 1.4 24.0 17,040 14.0 
24 1.2 852 0.7 1.6 28.8 20,448 16.6 
92 137.1 97341 102.4 

21.2 

Se.fLOW 
AF-ppb 

3.4 
45.0 
24.5 
60.8 
81.9 

212.2 
1.9 

39.6 
22.4 
17.6 
30.4 
110 
3.5 
78.5 
80.3 
156.8 
7.3 
32.9 
102.5 
175.0 
310.4 

2.8 
42.9 
83.6 
35.2 
161.7 
6.5 

135.0 
122.1 
52.5 
45.6 
144.9 
500.1 

5.8 
2&.6 
23.1 

203.2 
218.0 
470.9 

3.1 
142.8 
16.1 
25.0 
79.2 
30.0 

293.1 
1.3 
9.6 
24.2 
12.0 
29.7 
75.5 
3.6 
62.7 
38.0 
34.2 
105.0 
239.9 
10.4 
91.5 
140.6 
234.0 
187.0 
653.1 

3.1 
105.6 
64.8 
49.4 
28.0 
38.4 

286.2 

(a) USGS published and unpublished data and Calif. Reo. Water quality Control Board data from December 1990 report on the lower San Joaquin River. 
(b) Monthly average values are In thousands of acre·feet and the daily values are In cubic feet per second. 
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MONTH FLOWS (b) 
AF or cis 

Oct- Ave. 27.8 
6 378 

13 348 
20 395 
30 621 

Total 1742 
Nov - Ave. 35.8 

6 568 
13 613 
20 584 
30 652 

Total 2417 
Dec- Ave. 36.2 

8 614 
15 604 
21 593 
29 553 

Total 2364 
Jan - Ave. 34.8 

5 530 
11 540 
19 622 
26 552 

Total 2244 
Feb- Ave. 37.4 

2 575 
9 625 
19 827 
26 693 

Total 2720 
Mar-Ave. 38.1 

5 677 
9 637 
16 634 
23 609 
30 503 

Total 3060 
Apr-Ave. 30.1 

6 454 
12 465 
20 567 
27 487 

Total 1973 
May-Ave. 25.6 

4 397.0 
11 306.0 
18 306.0 
25 384 
31 733 

Total 2126 
Jun - Ave. 21.5 

8 313 
15 294 
22 303 
28 269 

Total 1179 
Jul·Ave. 20.1 

6 384 
13 225 
20 289 
27 332 

Total 1230 
Aug-Ave. 20.6 

3 299 
9 317 
16 333 
24 311 
31 258 

Total 1518 
Sep-Ave. 13.6 

7 264 
14 249 
21 180 
28 255 

Total 948 
Total Annual (A F) 341.6 

Table A-9 

SAN JOAQUIN RIVER nr NEWMAN AVERAGE MONTHLY WATER QUALITY - WATER YEAR 1990(a) 
(Flows and Salt Loads In 1000&) 

CONCENTRATION LOAD· FLOW FACTOR 
EC TDS(c) B Se EC-FLOW TOS·FLOW B-FLOW Sa-FLOW 

uslcm DPm -J)pm. DPb AF-uslcm AI:-Ppm AF-ppm AF-ppb 
1.3 811 0.9 3.6 35.8 22,537 23.9 98.8 
1.6 l,OOS 1.0 5.9 604.8 381,024 378.0 2.230.2 
1.2 756 0.7 4.0 417.6 263,088 243.6 1,392.0 
1.2 756 0.8 2.1 474.0 298,620 316.0 829.5 
1.2 756 0.9 2.8 745.2 469.476 558.9 1.738.8 

2241.6 1412208 1496.5 6190.5 
1.3 819 0.9 3.5 46.5 29.320 31.3 126.7 
1.3 819 0.9 3.9 738.4 465,192 511.2 2,215.2 
1.3 819 0.8 2.9 796.9 502.047 490.4 1.n7.7 
1.3 819 0.9 3.9 759.2 478,296 525.6 2,2n.6 
1.3 819 0.9 3.5 M7.6 533.988 586.8 2,282.0 

3142.1 1979523 2.114.0 8.552.5 
1.5 943 1.0 5.7 M.2 34,130 37.0 207.1 
1.3 819 0.9 3.9 798.2 502,866 552.6 2,394.6 
1.5 945 1.0 5.5 906.0 570,780 604.0 3,322.0 
1.6 1,008 1.1 5.8 948.8 597,744 652.3 3.439.4 
1.6 1,008 1.1 7.9 884.8 557.424 608.3 4.368.7 

3537.8 2228814 2417.2 13524.7 
1.8 1,163 1.3 8.9 64.2 40,462 45.2 310.5 
1.8 1,134 1.2 8.4 954.0 601,020 636.0 4.452.0 
1.9 1,197 1.3 9.3 1.026.0 646.380 702.0 5.022.0 
1.7 1.071 1.2 7.2 1.057.4 666.162 746.4 4,478.4 
2.0 1,260 1.5 11.0 1.104.0 695.520 828.0 6.072.0 

4141.4 2609082 2912.4 20024.4 
1.8 1,148 1.5 12.0 68.2 42.953 57.1 447.2 
1.8 1.134 1.4 13.0 1.035.0 652,050 805.0 7,475.0 
1.9 1.197 1.6 12.0 1.18Ui 748,125 1.000.0 7,500.0 
1.8 1,134 1.5 12.0 1,488.6 937,818 1,240.5 9,924.0 
1.8 1.134 1.6 11.0 1,247.4 785.862 1.108.8 7,623.0 

4958.5 3123855 41M.3 32522.0 
2.0 1.233 1.5 11.0 74.6 46.975 55.7 420.9 
1.9 1,197 1.7 12.0 1,286.3 810,369 1,150.9 8.124.0 
1.9 1.197 1.4 12.0 1,210.3 762.489 891.8 7.644.0 
2.0 1.260 1.3 11.0 1,268.0 798,840 824.2 6,974.0 
2.0 1,260 1.4 9.9 1,218.0 767,340 852.6 6.029.1 
2.0 1.260 1.5 10.0 1,006.0 633.780 754.5 5.030.0 

5,988.6 3 n2.818 4,474.0 33801.1 
2.0 1,245 1.4 7.9 59.5 37.479 43.3 239.0 
2.0 1.260 1.4 8.8 008.0 572,040 635.6 3.995.2 
1.9 1.197 1.3 7.8 883.5 556,605 604.5 3.627.0 
2.0 1,260 1.7 8.6 1,134.0 714,420 963.9 4,876.2 
2.0 1,260 1.3 6.5 974.0 613,620 633.1 3.165.5 

3.899.5 2456.685 2.837.1 15.663.9 
1.7 1.089 1.3 9.4 44.3 27,886 33.0 240.4 
1.8 1,134 1.3 9.4 714.6 450,198 516.1 3.731.8 
1.8 1.134 1.4 10.0 550.8 347,004 428.4 3.060.0 
1.9 1.197 1.6 12.0 581.4 366.282 489.6 3.672.0 
1.9 1.197 1.5 11.0 729.6 459,648 576.0 4,224.0 
1.5 945 1.0 7.2 1.099.5 692,685 733.0 5,2n.6 

3675.9 2315817 2743.1 19965.4 
1.7 1,093 1.4 7.4 37.3 23,493 29.6 158.8 
1.8 1,134 1.1 8.4 563.4 354,942 344.3 2,629.2 
1.8 1,134 1.5 7.6 529.2 333,396 441.0 2,234.4 
1.9 1,197 1.7 9.4 575.7 362.691 515.1 2,848.2 
1.4 882 1.2 3.7 316.6 237,258 322.8 995.3 

2044.9 1 288287 1623.2 8707.1 
1.5 965 1.3 5.9 30.8 19,401 25.9 119.0 
1.6 1,008 1.4 6.8 614.4 387,072 537.6 2,611.2 
1.8 1.134 1.5 6.1 405.0 255,150 337.5 1.372.5 
1.5 945 1.2 6.2 433.5 273.105 346.8 1.791.8 
1.3 819 1.1 4.5 431.6 271.908 365.2 1,507.3 

1 884.5 1187235 1.587.1 7,282.8 
1.5 965 1.1 6.1 31.5 19,875 22.9 125.8 
1.9 1,197 1.3 7.4 568.1 357.903 388.7 2.212.6 
1.5 945 1.3 6.3 475.5 299.565 412.1 1.997.1 
1.3 819 0.9 4.8 432.9 2'12.727 299.7 1,598 .. 4 
1.4 882 0.9 5.5 435.4 274,302 279.9 1,710.5 
1.6 1.008 1.2 6.8 412.8 260.064 309.6 1.754.4 

2324.7 1464561 1690 9273 
1.3 790 0.8 3.4 17.1 10.745 10.6 46.8 
1.3 819 0.8 3.5 343.2 216.216 211.2 924.0 
1.3 819 0.8 2.8 323.7 203,931 199.2 697.2 
1.2 756 0.7 1.6 216.0 136,080 126.0 288.0 
1.2 756 0.8 5.3 306.0 192,780 204.0 1.351.5 

1188.9 749007 740.4 3260.7 

(a) USGS lIow dala near Newman and CalIf. RWOCB water qualIty dala at Crows Landing from their December 1990 report on the lower San JoaqUin RIVer. 
(b) Monthly average values are in thousands of acra-feat and the dally values are in cubic feet per second. 
(c) Daily )'DS values calculated as 0.63 times the recorded EC values meaSlJred at the Crows Landing CVRWOCB monilDring Sla~on. The 0.64 EC to TDS 

conv8f'Sion factor was determined from th~ 1987 and 1988 USGS data obtained at the Newman station. 
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MONTH 

Ocl - Ave. 
6 
13 
20 
30 

Total 
Nov - Ave. 

6 
13 
20 
30 

Total 
Dec - Ave. 

8 
15 
21 
29 

Total 
Jan - Ave. 

5 
11 
19 
26 

Total 
Feb- Ave. 

2 
19 
26 

Total 
Mar·Ave. 

5 
9 
16 
23 
30 

Total 
Apr-Ava. 

6 
12 
20 
27 

Total 
May - Ave. 

4 
11 
18 
25 
31 

Total 
Jun - Ave. 

8 
15 
22 
28 

Tolal 
Jul-Ave. 

6 
13 
20 
27 

Total 
Aug-Ave. 

3 
9 
16 
31 

Total 
Sap-Ave. 

2 
7 
14 
21 
28 

Total 
Tolal Annual (AF) 

Table A·10 

SALT SLOUGH AT HWY 165 AVERAGE MONTHLY WATER QUALITY - WATER YEAR1990 (a) 
(Average Monthly Flows, Load Flow Factors and EC Values in 1,(005) 

CONCENmATK>N LOAD-f'.OW FACTOR 
FLOWS (b) EC TOS B 58 EC-FLOW TOS-FLOW B-FLOW 
AF orcfs us/cm ppm ppm ppb AF-us/cm AF·ppm AF-ppm 

15.8 1.6 1.014 1.3 6.7 24.6 16.019 20.6 
246 1.6 1.040 1.3 8.7 393.6 255.840 319.8 
193 1.4 910 1.1 5.4 270.2 175.630 212.3 
212 1.6 1.040 1.5 9.2 339.2 220.480 318.0 
309 1.6 1.040 1.3 4.2 494.4 321.360 401.7 
960 1497.4 973 310 1251.8 
16.4 1.8 1.131 1.4 8.5 29.0 18.554 23.5 
286 1.7 1.088 1.4 9.4 486.2 311.168 400.4 
286 1.7 1.088 1.2 7.2 486.2 311.168 343.2 
235 1.9 1.216 1.7 9.9 446.5 285.760 399.5 
237 1.8 1.152 1.5 7.7 431.6 273.024 355.5 
1044 1845.5 1._181120 1498.6 
12 2.3 1.569 2.0 14.1 28.1 18.828 24.4 

212 2.1 1.407 1.7 7.2 445.2 298.284 360.4 
224 2.1 1.407 11.0 470.4 315.168 
178 2.6 1.742 2.1 17.0 462.8 310,076 373.8 
166 2.7 1.809 2.4 24.0 448.2 300.294 398.4 
780 1826.6 1223 822 1.133 
10.9 3.2 2,106 2.8 27.3 35.2 22,960 30.7 
175 2.8 1,960 2.3 22.0 490.0 343,000 402.5 
183 3.1 1,984 3.0 26.0 567.3 363,072 549.0 
181 3.0 1,920 2.9 27.0 543.0 347,520 524.9 
158 4.1 2,624 3.1 35.0 647.0 414,592 489.8 
697 2.248.1 1.468,184 1966.2 
15 2.6 2.049 2.6 28.1 39.4 30,728 39.6 

211 3.0 2.340 2.9 36.0 633.0 493,740 611.9 
306 2.5 1.950 2.6 30.0 765.0 596.700 795.6 
318 2.5 1.950 2.5 21.0 795.0 63»,100 795.0 
835 2.193.0 1,710.540 2,202.5 
19.1 2.6 1.611 2.6 22.3 50.5 3O,n6 48.9 
366 2.3 1.403 2.1 19.0 841.8 513,498 768.6 
293 2.8 1.708 2.6 29.0 83).4 SOO.4-W 761.8 
278 2.0 1.708 3.1 24.0 778.4 474,824 861.8 
306 2.5 1.525 2.2 18.0 765.0 466.650 613.2 
217 3.0 1.830 3.1 23.0 651.0 397.110 672.7 
10460 3856.6 2.352.526 3738.1 
18.8 2.7 1,696 2.4 18.2 49.8 31,885 45.1 
214 3.0 1.920 2.6 24.0 642.0 410,880 556.4 
199 2.7 1.728 2.2 16.0 537.3 343,872 437.8 
269 2.3 1.472 2.4 14.0 618.7 395.968 645.6 
187 2.7 1.728 2.6 3».0 504.9 323,136 486.2 
869 2.302.9 1473856 2.126.0 
12.9 2.5 1.767 2.4 21.4 31.7 22.789 30.9 
165 2.7 1.944 2.7 28.0 445.5 33»,760 445.5 
175 2.7 1,944 2.8 31.0 472.5 340,200 490.0 
153 2.9 2,088 3.0 25.0 4a.7 319,464 459.0 
236 2.0 1.440 1.6 14.0 472.0 339,840 3n.6 
293 2.3 1.656 2.3 16.0 673.9 485,208 673.9 
1022 2.507.6 1805472 2,446.0 
10.9 2.7 1.699 3.0 17.3 28.9 18.518 32.4 
151 2.9 1,856 2.3 21.0 437.9 280,256 347.3 
185 2.8 1.792 3.4 18.0 518.0 331,520 629.0 
178 2.8 1.792 3.7 19.0 498.4 318,976 658.6 
162 2.1 1.344 2.3 11.0 340.2 ~~17,728 372.6 
676 1794.5 1148 480 2,007.5 
16.1 2.0 1.373 2.2 10.6 32.0 22,100 35.1 
273 2.0 1.380 2.2 12.0 546.0 376,740 600.6 
157 2.4 1.656 3.0 13.0 376.8 259.992 471.0 
240 1.8 1,242 1.8 8.2 432.0 298,080 432.0 
245 1.9 1.311 2.0 10.0 465.5 321,195 490.0 
915 1820.3 1256007 1993.6 
18.4 1.6 995 1.5 8.4 28.6 18,300 28.0 
237 1.9 1.216 2.4 10.0 450.3 288,192 568.8 
274 1.7 1.088 1.7 9.6 465.8 298,112 465.8 
298 1.4 896 1.1 6.3 417.2 267,008 327.8 
215 1.2 768 0.9 7.9 258.0 165.120 193.5 
1024 1591.3 1018432 1555.9 
12.2 1.8 1,202 1.5 11.8 22.6 14,668 18.5 
245 2.9 1,885 2.8 27.0 710.5 461.825 686.0 
201 2.0 1.300 1.1 6.3 402.0 261,300 221.1 
133 1.2 780 0.8 3.6 159.6 103.740 106.4 
165 1.3 845 1.2 9.1 214.5 139,425 198.0 
201 1.3 845 1.1 6.4 261.3 169.845 221.1 
945 1747.9 1 136135 1432.6 

178.5 
(a) USGS published and unpublished data and Calif. Reg. Water qual1ty Control Board data from December 1990 report on the lower San Joaquin RIVer. 
(b) Monthly average values 81e in thousands of acre-feet and the daily values are In cubic feet per second. 
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Se-FLOW 
AF-ppb 

105.8 
2,140.2 
1.042.2 
1.950.4 
1,297.8 
6430.6 
139.8 

2,688.4 
2,059.2 
2,326.5 
1.824.9 
8899.0 
169.2 

1.526.4 
2,464.0 
3.026.0 
3,984.0 
11000 
297.5 

3,850.0 
4,758.0 
4,887.0 
5.530.0 
19025.0 

421.3 
7,596.0 
9,180.0 
6.678.0 
23 454.0 

426,8 
6,954.0 
8.497.0 
6.672.0 
5.508.0 
4.991.0 

32.622.0 
342.4 

5,136.0 
3.184.0 
3,766.0 
3,740.0 
15826.0 

275.9 
4,620.0 
5,425.0 
3.825.0 
3,304.0 
4.688.0 

21862.0 
188.1 

3,171.0 
3.330.0 
3.382.0 
1,782.0 

11665.0 
171.3 

3,276.0 
2.041.0 
1.968.0 
2,450.0 
9735.0 
154.1 

2.370.0 
2.630.4 
1.877.4 
1.698.5 
8576.3 
143.9 

6,615.0 
1.266.3 
478.8 

1,501.5 
1,286.4 

11 148.0 



MONTH 

Oct· Ave. 
6 
13 
20 
30 

Total 
Nov· Ave. 

6 
13 
20 
30 

Total 
Dec - Ave. 

8 
15 
21 
29 

Total 
Jan - Ave. 

5 
11 
19 
26 

Total 
I-f'"b - Ave. 

2 
19 
26 

Total 
Mar-Ave. 

5 
9 
16 
23 
30 

Total 
Apr-Ave. 

6 
12 
20 
27 

Total 
May - Ave. 

4 
11 
18 
25 
31 

Total 
Jun· Ave. 

8 
15 
22 
28 

Total 
Jul·Ave. 

6 
13 
20 
27 

Total 
Aug-Ave. 

3 
9 
16 
31 

Total 
Sap-Ave. 

2 
7 
14 
21 
28 

Total 
Total Annual (AA 

TableA·11 

MUD SLOUGH AT HWV 140 AVERAGE MONTHLY WATER QUALITY· WATER YEAR1990 (a> 
(Average Monthly Flows. Load Flow Factors and EC Values In 1,ooos) 

CONCENTRATION LOAD-FLOW FACTOR 
FLOWS (b) EC TDS B Sa E<rFLOW TD5-fLOW B-FLOW 

AF orcfs us/cm ppm ppm p~ AF-lla/cm AF-ppm AF·ppm 
3.5 1.2 728 0.8 1.1 4.2 2.548 2.7 
21.0 1.5 915 0.9 1.9 31.5 19,215 18.9 
~.O 1.9 1,159 1.1 1.2 38.0 23,180 22.0 
75.0 1.1 671 o.e 1.0 82.5 SO,325 60.0 
70.0 1.0 610 0.6 1.0 70.0 42.700 42.0 

186.0 222.0 135,420 142.9 
3.6 1.5 886 1.0 1.5 5.2 3,190 3.5 
58.0 1.5 915 1.7 87.0 53,070 
56.0 1.4 854 0.9 1.1 78.'. 47,824 SO.4 
52.0 1.4 854 0.9 1.4 72.8 44,408 46.8 
61.0 1.5 915 1.1 1.9 91.5 55,815 67.1 

227.0 329.7 201,117 164.3 
4.5 1.9 1,253 1.2 1.2 8.4 5.636 5.4 

65.0 1.9 1,273 1.2 1.4 123.5 82,745 78.0 
64.0 1.9 1,273 1.2 1.1 121.6 81,472 76.8 
109.0 1.7 1,139 1.1 1.1 185.3 124.151 119.9 
63.0 2.1 1,407 1.4 1.4 132.3 88,641 88.2 

301.0 562.7 3nOO9 362.9 
3.2 2.5 1,620 1.9 2.6 8.1 5.185 6.2 
51.0 2.6 1,664 1.7 1.4 13~t6 84,864 86.7 
51.0 2.5 1,600 1.7 0.9 127.5 81,600 86.7 
59.0 2.5 1,600 2.0 7.0 147.5 94,400 118.0 
49.0 2.3 7.2 112.7 

210.0 407.6 260864 0404.1 
2.2 3.0 2,008 3.0 8.9 6.7 4.418 6.5 

37.0 3.1 2,046 2.2 5.5 114.7 75.702 81.4 
48.0 3.4 20.0 163.2 
SO.O 3.0 1,980 3.1 12.0 150.0 99,000 155.0 
135.0 264.7 174702 399.6 

1.7 3.8 2,600 3.3 10.8 6.5 4.420 5.6 
47.0 3.2 2,176 3.0 14.0 150.4 102,272 141.0 
35.0 3.6 2,448 3.1 12.0 126.0 85,680 108.5 
23.0 4.1 2,788 3.6 11.0 94.3 64.124 82.8 
15.0 4.4 2,992 3.4 3.8 66.0 44,880 51.0 
15.0 5.~ 3,604 4.1 4.7 79.5 54.060 61.5 

135.0 516.2 351016 444.8 
1.4 4.2 2,728 3.6 1.7 5.9 3.819 5.0 
9.0 5.6 3,640 3.8 2.8 SO.4 32.760 34.2 
10.0 6.3 4.095 4.5 3.1 63.0 40.950 45.0 
34.0 4.4 2,860 4.1 1.7 149.6 97,240 139.4 
51.0 3.4 2,210 3.0 1.3 173.4 112,710 153.0 
104.0 436.4 283660 371.6 

0.5 5.4 3,693 4.3 13.5 2.7 1,846 2.1 
7.3 5.4 3,726 3.8 1.6 39.4 27,200 27.7 
5.4 7.6 5,244 5.3 1.4 41.0 28.318 28.6 
6.3 8.9 6,141 5.8 1.1 56.1 38.688 36.5 
12.0 5.2 3,588 3.8 8.7 62.4 43.056 45.6 
20.0 3.7 2,553 4.0 28.0 74.0 51.060 80.0 
51.0 272.9 188,322 218.5 
0.7 4.6 3,238 4.0 14.5 3.2 2,267 2.8 
4.4 5.5 3,8SO 4.2 3.7 24.2 16,940 18.5 
13.0 4.6 3,220 5.6 28.0 59.8 41._ 72.8 
14.0 9.0 6.300 1.7 4.9 126.0 88,200 23.8 
14.0 4.9 15.0 68.6 
45.4 210.0 147000 183.7 
0.7 3.5 2,385 5.0 19.4 2.5 1.669 3.5 
11.0 3.5 2.380 4.8 22.0 38.5 26,180 52.8 
6.8 4.5 3,060 5.5 13.0 30.6 20,808 37.4 
10.0 3.3 2.244 4.7 20.0 33.0 22.440 47.0 
15.0 3.2 2. 176 5.0 20.0 48.0 32,640 75.0 
42.8 150.1 102,068 212.2 
0.4 2.4 1,635 4.3 21.2 0.9 654 1.7 
8.6 1.7 1,173 4.4 21.0 14.6 10,088 37.8 
2.3 2.9 2.001 4.0 15.0 6.7 4,602 9.2 
4.1 3.2 2.208 4.2 23.0 13.1 9,053 11.2 
1.8 3.0 2.070 4.0 26.0 5.4 3,726 7.2 

16.8 39.8 2t469 71.5 
0.2 2.8 2.015 3.2 10.5 0.6 403 0.6 
1.2 3.0 2. 130 2.0 1.9 3.6 2.556 2.4 
1.2 3.4 2.414 4.7 31.0 4.1 2.897 5.6 
1.4 3.8 2.698 4.9 10.0 5.3 3,n7 6.9 
2.3 2.8 1,988 3.2 7.8 6.4 4,572 7.4 
1.3 1.2 852 1.0 5.1 1.6 1,108 1.3 
7.4 21.0 14.910 23.6 
22.6 

(a) USGS publIshed and unpublished data and CalIf. Reg. WafDr qualIty Control Board data from December 1990 report on the lower San JoaquIn RIVer. 
(b) Monthly average values are in thousands of acre-feet and the daily values are in cubic fS8t per second. 
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Se-FLOW 
AF·ppb 

3.9 
39.9 
24.0 
75.0 
70.0 

208.9 
5.5 

98.6 
61.6 
72.8 

115.9 
348.9 

5.5 
91.0 
70.4 

119.9 
88.2 

369.5 
8.3 
71.4 
45.9 

413.0 
16.6 

546.9 
19.6 

203.5 
960.0 
37.2 

1200.7 
18.4 

658.0 
420.0 
253.0 
57.0 
70.5 

1458.5 
2.4 

25.2 
31.0 
57.8 
66.3 
180.3 
6.8 
11.7 
7.6 
6.9 

104.4 
560.0 
690.6 
10.2 
16.3 

364.0 
68.6 

210.0 
658.9 
13.6 

242.0 
88.4 

200.0 
300.0 
830.4 

8.5 
180.6 
34.5 
94.3 
46.8 

356.2 
2.1 
2.3 

37.2 
14.0 
11.9 
6.6 
78.0 
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Appendix B 

Mass balance analysis for 
boron, selenium and TDS 

1988 hydrology 

81 .. 828 
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Table 81. Boron mass balance analysis 1988 hydrology : Future without scenario. 

SAN JOAQUIN R SALT 

nr NEWMAN (a) SLOUGHa. 
HWY 165 a) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. flOW .OROt FLOW FLOW BORm FLOW 

FACTOR FACTOR 

(2)1(3) (5)1(1) 

AF ppm AFXDIJm AF ppm AFXppm 

Oct 20.9 0.7 14.6 11.5 1.2 13.8 

Nov 34.1 0.7 23.9 13.5 1.9 25.7 

Dec 27.9 1.0 27.9 6.9 2.9 20.0 

JAn 42.8 1.0 42.8 9.3 3.7 34.4 

Feb 37.9 1.3 49.3 13.8 3.7 51.1 

Mar 49.5 1.5 74.3 24.7 1.9 46.9 

Apr 39.4 1.0 39.4 18.7 2.4 44.9 

May 33.3 1.1 36.6 15.8 2.0 31.6 

Jun 31.8 1.4 44.5 18.9 1.7 32.1 

Jul 24.9 2.0 49.8 19.5 2.4 46.8 

Aug 31.0 1.1 34.1 23.3 1.5 35.0 

Sep 23.5 1.1 25.9 16.3 1.6 26.1 

~OTAl 397.0 i 1.2 463.0 .192.2. 2.1 _ 408.3 

SAN JOAQUIN RIVER BORON CONCENTRATIONS - 1988 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flow. Met Load-f1ow Facten In 1,oooa) 

MUD SJR nr NEWMAN WETLAM> ZONEBANDC ZONE A 
SLOUGH .. llinu. MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 

HWY 140 a) SLOUGH DRAINAGE (c) DRAINAGE Cd) 

8 1 10 11 12 13 14 15 16 17 18 11 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW 80RO~ FLOW FLOW FLOW A ••• VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 

FACTOR FACTOR WO FACTO~ DRAINAGE FACTOR DRAINAGE FACTOR 

(2Hs)- (4)-(7)- BORON DISCHARGE DISCHARGE 

(1)1(1) (8J (10J (e) T .... (11).1.0 

AF DDftI AFXDDftI AF AFlCDDm ppm AF AFXppm AF AFXppm AF AFXppm 

2.0 0.8 1.6 7.4 -0.8 1.0 2.5 4.9 11.2 11.2 3.5 17.7 

4.1 1.4 5.7 16.5 ·7.5 1.0 2.5 5.0 5.1 5.1 2.4 12.6 

1.8 2.8 5.0 19.2 2.8 1.0 243 5.2 2.4 2.4 2.2 10.8 

5.1 ~.4 12.2 28.4 -3.9 1.0 2.4 4.8 1.6 1.6 3.3 23.2 

4.8 2.2 10.6 19.3 -12.4 1.0 2.3 4.6 1.7 1.7 6.2 29.1 

7.9 2.7 21.3 16.9 6.0 1.0 3.0 6.0 2.6 2.6 7.3 40.9 

3.0 2.3 6.9 17.7 -12.4 1.0 13.4 24.9 2.4 2.4 5.6 27.1 

3.2 3.4 10.9 14.3 -5.9 1.0 8.6 16.2 5.1 5.1 6.0 30.1 

4.1 3.5 14.3 8.8 -2.0 1.0 0.6 1.2 7.4 7.4 7.9 32.6 

1.7 2.4 4.1 3.7 -1.1 1.0 0.2 0.4 5.4 5.4 9.0 34.3 

0.5 3.4 1.7 7.2 -2.6 1.0 0.0 0.0 3.6 3.6 9.4 34.8 

0.3 3.4 1.0 6.9 -1.3 1.0 0.2 0.4 6.5 6.5 4.4 17.8 

38.5 2.5 95.4 166.3 -40.7 38.3 73.6 55.0 55.0 67.2 310.8 

(a) Siream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A·2 and Table A-5. respectively. 

(b) Wetland releases were obtained from Table 6. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(11,.0.82+ FLOW 

(1,,.0"" Fn:TOR 
(3O)T ...... (I) 

AF AFXDDm 

13.4 26.1 

7.5 17.1 

5.2 13.6 

5.4 22.7 

7.7 27.3 

9.3 37.4 

14.1 39.1 

14.1 38.4 

12.6 32.5 

11.6 31.8 

10.5 30.8 

8.9 19.5 

120.2 336.4 

RECONSTRUCTED 
MUOSLOUGH 

FLOWS Ind LOAD 

22 23 
FLOWS LOAD 

(11,.0.'1+ FLOW 
(18,.0.20. FACTOR 

(21)Tab'" (g) 

AF AF~ 

3.8 7.7 , 

2.5 5.6 I 

2.0 4.8 

1.9 6.9 

2.5 8.1 

3.6 12.0 

7.3 17.0 

5.6 13.8 

3.3 8.6 

3.0 8.2 

2.5 7.6 

2.3 5.1 

40.3 105.7 

(c) Agricuhural drai,.ge vollme available for wetland use was assumed to be identical 10 those quantities identified in the SJVDP Final Report 0' Sept 1990. Monthly distribution was calculated as Col( 13)-Col(2) of Tables 1-5. 

(d) The volume and quality agricultural drainage discharged 10 the grasslands area from the drainage districts was collected by Sumners Engineering and organized by EOF. 

(e) Boron load· Flow estimates were calculated as Boron load in Jbs .. 2OOOlbsIlon .. 0.00136 tonslAF-ppm .. 1000. 

(f) Calculated as Col (17) x 0.82 + Col (19) .0.8 + Col (32) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0.2 + Col (28) of table 6. 
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Table Bl. (cont). Boron mass balance analysis: 1988 hydrology 

ADJUSTED LOW B FLOWS REQ. 

TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER BORON CONCENTRATIONS - 1988 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flows and Load-Fiow Fadors In 1,0005) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS ( RECONSTRUCTED 
NECESSARY TO MATCH MEASURED VALUES SAN JOAQUIN RIVER 

Future without scenario. 

EFFECT OF PROPOSED ACTION 

SALT SLOUGH MUD SLOUGH SALT SLOUGH MUD SLOUGH nr NEWMAN CONDITIONS SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
BORON BORON BORON BOROH BORON BORON LOAD BORON LOAD BORON LOAD LOAD BORON 

FLOWS LOAD- FLOWS LOAD- LOAD- LOAD LOAD- LOAD flOW flOW BORON FLOW CONCa flOW FLOW CONCa flOW FLOW FLOW LOAD 
FLOW FLOW FLOW FLOW FACTOR CONC. ((21)+(25) FACTOR (23)+(27) FACTOR FACTOR [(42).1000 

FACTOR FACTOR FACTOR (28)x0.00131 FACTOR (28).0.00131 (11)+(20)+(22) (12)+(21)+(23)+(25) (20)+ (21». [(21)+(25)- (22)+ (31)}f- (23)+(27)- .0.00136) 
(5)-(20) (24) X 1.0 (8)-(22) (26) X 1.0 (21)+(25)-(7J .1000 (23)+(27)-(10) .1000 (24)+(28) (27)-(28)-(30) (33)1(32) (24)}(5) [(20)+(24) (28)J-(7) (26)H8) (22)+(26) (30)]-(10) (32)-(2) (33)-(4) 

AF AFXppm AF AFXppm AFXppm Ton. AFXppm Tone AF AFXppm JlPIII .. AF ppm AFXPIIIII AF PIIIII AFXppm AF AFXppm Tona 

-1.9 -1.9 -1.8 -1.8 10.4 14.2 4.2 5.8 20.9 14.6 0.7 NA NA NA NA NA NA NA NA NA 

6.0 6.0 1.6 1.6 -2.6 -3.5 1.5 2.0 34.1 23.9 0.7 NA NA NA NA NA NA NA NA NA 

1.7 1.7 -0.2 -0.2 -4.8 -6.5 -0.4 -0.6 27.9 27.9 1.0 NA NA NA NA NA NA NA NA NA 

3.9 3.9 3.2 > 3.2 -7.8 -10.5 -2.2 -2.9 42.8 42.8 1.0 NA NA NA NA NA NA NA NA NA 

6.1 6.1 2.3 2.3 -17.6 -24.0 -0.2 -0.2 37.9 49.3 1.3 NA NA NA NA NA NA NA NA NA 

15.4 15.4 4.3 4.3 5.9 8.1 -5.0 -6.8 49.5 74.3 1.5 NA NA NA NA NA NA NA NA NA 

4.6 4.6 -4.3 4.3 -1.2 -1.6 5.9 8.0 39.4 39.4 1.0 NA NA NA NA NA NA NA NA NA 

1.7 1.7 -2.4 -2.4 8.5 11.5 0.5 0.7 33.3 36.6 1.1 NA NA NA NA NA NA NA NA NA 

6.3 6.3 0.8 0.8 6.7 9.1 -4.9 -6.7 31.8 44.5 1.4 NA NA NA NA NA NA NA NA NA 

7.9 7.9 -1.3 -1.3 -7.1 -9.7 2.9 3.9 24.9 49.8 2.0 NA NA NA NA NA NA NA NA NA 

12.8 12.8 -2.0 -2.0 8.7 11.8 3.9 5.3 31.0 34.1 1.1 NA NA NA NA NA NA NA NA NA 

7.5 7.5 -2.0 -2.0 0.9 1.2 2.2 2.9 23.5 25.9 1.1 NA NA NA NA NA NA NA NA NA 

72.0 72.0 -l.B -1.8 0.1 0.1 8.4 11.4 397.0 463.0 1.2 NA NA NA NA NA NA ,---NA NA NA 
-------

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any significant salt load flushed from these channels over an anooal period. 
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SAN JOAQUIN R 
nr tEWlIAN (a) 

1 2 3 4 
WQ LOAD 

110. flOW BOROII FLOW 
FACTOR 

(2)11(3» 
AF ...... AFx.n 

Oct 20.9 0.7 14.6 

Nov 34J 0.7 23.9 

Dec 27.9 1.0 27.9 

JAn 42.8 1.0 42.8 

Feb 37.9 1.3 49.3 

Mar 49.5 1.5 74.3 

Apr 39.4 1.0 39.4 

May 33.3 1.1 36.6 

Jun 31.8 1.4 44.5 

Jut 24.9 2.0 49.8 

Aug 31.0 1.1 34.1 

Sep 23.5 1.1 25.9 

if'OTAl 397.0 1.2 463.0 

Table B2. Boron mass balance analysis: 1988 hydrology: Scenario 1. 

SALT 
SLOUGH .. 
HWY 165 a) 

5 • 7 
WQ LOAD 

FLOW BOR~ FLOW 
FACTOR 

(I)JI(I) 

AF ...... AFIDIMn 

11.5 1.2 13.8 

13.5 1.9 25.7 

6.9 2.9 20.0 

9.3 3.7 34.4 

13.8 3.7 51.1 

24.7 1.9 4&.9 

18.7 2.4 44.9 

15.8 2.0 31.6 

18.9 1.7 32.1 

19.5 2.4 46.8 

23.3 1.5 35.0 

16.3 1.6 26.1 

192.2 2.1 408.3 

SAN JOAQUIN RIVER BORON CONCENTRAnONS .. 1988 HYDROLOGY 
WITH PROPOSED ACTION 

(Flow • .-.d LoH-FIow Facten In 1,000.) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH .. MI .... MUD a SALT RELEASES (b) AOAICUL TURAL AGAICUL lURAL 
HWY140 .) SLOUGH DRAINAGE c) DRAINAGE (d) 

• • 10 11 12 13 14 15 " 17 ,. 
" WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD IURFACEAND LOAD 

flOW BOROtI FLOW FLOW FLOW Au. VOLUME FLOW SUBSURFACE FLOW IUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOil DRAINAGE FACI'OR DRAINAGE FACTOR 

C2HSJ- (4H7)o BORON DllQtARGE DISCHARGE 
(.1(1) [IJ (10) (e) (14)112.0 ('1).'.0 

AF IIPIII AfINIII AF !.&~- .... AF AFIDsIm AF AFXDam AF AFIppM 

2.0 0.8 1.6 7.4 -0.8 1.0 3.4 6.8 0.0 0.0 3.5 17.7 

4.1 1.4 5.7 16.5 -7.5 1.0 3.4 6.8 0.0 0.0 2.4 12.6 

1.8 2.8 5.0 19.2 2.8 1.0 3.4 6.8 0.0 0.0 2.2 10.8 

5.1 2.4 12.2 28.4 -3.9 1.0 3.1 6.2 0.0 0.0 3.3 23.2 

4.8 2.2 10.6 19.3 -12.4 1.0 3.1 6.2 0.0 0.0 6.2 29.1 

7.9 2.7 21.3 16.9 6.0 1.0 3.0 6.0 0.0 0.0 7.3 40.9 

3.0 2.3 6.9 17.7 -12.4 1.0 22.2 44.4 0.0 0.0 5.6 27.1 

3.2 3.4 10.9 14.3 -5.9 1.0 13.5 27.0 0.0 0.0 6.0 30.1 

4.1 3.5 14.3 8.8 -2.0 1.0 4.6 9.2 0.0 0.0 7.9 32.6 

1.7 2.4 4.1 3.7 -1.1 1.0 3.9 7.8 0.0 0.0 9.0 34.3 

0.5 3.4 1.7 7.2 -2.6 1.0 0.0 0.0 0.0 0.0 9.4 34.8 

0.3 3.4 1.0 6.9 -1.3 1.0 1.8 3.6 0.0 0.0 4.4 17.8 

38.5 2.5 95.4 166.3 -40.7 65.4 130.8 0.0 0.0 67.2 310.8 

(a) Str.m flow and water quality data for Ihe SenJcNlquin River and Salt 8nd Mud Slough .. _obtained from Table A-2 and Table A-5. r8Bp8Cttvely. 
(b) Weiland,...... ..... obtained from Table 7. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH llUOSLOUGH 

FLOWS and LOAD FLOWS and LOAD 

20 21 22 23 
FLOWI LOAD FlOW8 LOAD 

(11)10.12+ flOW (11,.0.1" FLOW 
(11PO+ FACTOR (1~ FACTOR 

(JIItT ... 7 (t) (2I)T ..... 7 (9) 

AF AfXpprn AF .AFx.m 

2.3 4.6 4.6 19.8 

2.3 4.6 3.5 14.8 

2.3 4.6 3.2 13.0 

2.1 4.2 4.3 25.2 

2.1 4.2 7.2 31.1 

2.1 4.2 8.2 44.3 

14.7 29.6 13.1 40.9 

9.0 17.8 10.5 38.0 I 

3.4 6.7 9.1 I 34.9 I 

! 

2.8 5.7 10.1 36.6 
I 

0.0 0.0 9.4 34.8 i 

1.2 2.5 5.0 18.9 

44.3 88.7 88.2 352.1 

(c) Agric:uI1uraI drain.ge volwne available for weiland use wu auumed to be IdenIlcalIlD IhoM quantiti_ldentified In Ihe SJVOP Final Report of Sept 1990. Montlly diaIribution ... calculated .. CoI(13)-cot(2) of Tablel1-5. 
(d) The volume and CJ8Iity agricul1utal ctainage diIcharged lID Ihe gruaMda .,.. from Ihe chlnage dnicts wu collected by SuTmerI EnginMring and supplemented with CAWOCB data. 
(e) Boron load· Row .. timatel were calculated u Boron Load in It. + 2OOOIbIIIon + 0.OO138tonllAF-ppm + 1000. 
(I) Calculated .. Col (17, x 0.82 + Col (19) x 0 + Col (32) of table 7. 
(0) Calculated .. Col (17) x 0.18 + Col (19) + Col (28) of table 7 . 

• 
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Table B2 (cont.). Boron mass balance analysis: 1988 hydrology: 

ADJUSTED LOW B FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER BORON CONCENTRATIONS ·1988 HYDROLOGY 
WITH PROPOSED ACTION 

(Flo .. and Load-FIaw Factors In 1.000s) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS SAN JOAQUIN RIVER 
SALT and Muct SALT MUD nr NEWMAN CONDITIONS 

Scenario 1. 

EFFECT Of PROPOSED ACTION 
(ChI nc.sln ftowe IIMI ........ 'Klare) 

SALT SLOUGH MUD SLOUGH SlOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 21 27 28 21 30 31 32 33 34 3S 36 37 38 31 40 41 42 43 
BORON BORON I LOAD BLOAD Boron BlOAD- lOAD BORON lOAD BORON lOAD LOAD BORON 

FLOWS lOAD- FLOWS lOAD- (~ ..... REDUCTIOH lOAD- R.OW FLOW flOW BORON FLOW CONe. A.OW FLOW CONe. flOW FLOW FLOW lOAD 

FLOW FLOW ouI condlUDn DUE TO USE FACTOR FACTOR FACTOR CONe. ((21)+(21) FACTOR ~23)+(27] FACTOR FACTOR (42).1000 

(241 FACTOR (241 FACTOR (CoI(2I) +(31) OFSLD ~1aoo (11~ (12)+(21,.c~25) 1(" (30)'" 1(21).{25)o (22)+ (31,,.. 1(23).(27)- JIG.G0131) 

T ..... (24) X 1.0 T .... (21) X 1.0 .. T ...... '1 (2I)x(1.1, ..0.110131 (24)+(21) (27H3OH31, (33M32) (24)Hst .(2D)t(24) (3D)}{I) (2I)HIt .22)+(21 (:IU)}o(1Gt (32M!) (33)0(4) 

AF A£IppnI AF AFXppm T_ T_ AFIppm AFIIIIn AF AFXppm ppnI AF ppm AFXIIPftI AF PPIII AFXppm AF AFIpprn Ton. 

-1.9 -1.9 -1.8 -1.8 20.0 0.0 0.0 14.7 10.6 5.2 0.5 -11.1 1.5 -11.1 0.8 1.1 1.7 -10.3 -9.4 -12.8 

6.0 6.0 1.6 1.6 -1.5 0.0 0.0 -1.1 29.9 20.6 0.7 -5.2 1.3 -15.1 1.0 3.4 11.8 -4.2 -3.3 -4.5 

1.7 1.7 -0.2 -0.2 -7.1 0.0 0.0 -5.2 26.2 27.1 1.0 -2.9 1.6 -13.7 1.2 6.0 12.9 -1.7 -0.8 -1.1 

3.9 3.9 3.2 3.2 -13.4 0.0 0.0 -9.9 41.9 42.5 1.0 -3.3 1.4 -26.3 2.4 5.1 26.1 -0.9 -0.3 -0.3 

6.1 6.1 2.3 2.3 -24.2 0.0 0.0 -17.8 37.0 49.2 1.3 -5.6 1.3 -40.8 4.7 5.4 40.6 -0.9 -0.1 -0.2 

15.4 15.4 4.3 4.3 1.3 0.0 0.0 1.0 46.9 73.2 1.6 -7.2 1.1 -27.3 4.6 3.8 26.3 -2.6 -1.1 -1.4 

4.6 4.6 -4.3 -4.3 6.4 0.0 0.0 4.7 45.8 53.7 1.2 0.6 1.8 -10.7 5.8 3.6 25.0 6.4 14.3 19.4 I 

1.7 1.7 -2.4 -2.4 12.2 0.0 0.0 9.0 33.1 40.3 1.2 -5.1 1.8 -12.1 4.9 3.3 15.7 -0.2 3.6 4.9 
I 

6.3 6.3 0.8 0.8 2.4 0.0 0.0 1.8 28.4 45.0 1.6 -9.2 1.3 -19.1 5.8 3.4 19.6 -3.4 0.4 0.6 

7.9 1.9 -1.3 -1.3 -5.6 0.0 0.0 -4.1 23.2 51.9 2.2 -8.8 1.3 -33.2 7.1 3.7 35.3 -1.7 2.1 2.8 

12.8 12.8 -2.0 -2.0 17.1 0.0 0.0 12.6 27.4 30.5 1.1 -10.5 1.0 -22.2 6.9 2.1 18.5 -3.6 -3.6 -4.9 

7.5 7.5 -2.0 -2.0 4.1 0.0 0.0 3.0 18.6 22.6 1.2 -7.6 1.1 -16.1 2.7 2.6 12.8 -4.9 -3.2 -4.4 

72.0 72.0 -1.8 -1.8_ 11·7 __ . 0.0 0.0 8.6 369.0 461.7 1.3 -75.9 -247.6 47.9 246.3 -28.0 -1.3 -1.8 

(h) Theoretically salinity should not accumulate whhin the channell conveying drainage through the weiland .,. nor should their be any lignificant ... t load ftUlhed from t1ese Channell flier an arn.aaI period. 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 
-_._---

Table B3. Boron dilution requirement~: 1988 hydrology: Scenario 1. 

1 

INCREASED 
BORON 

LOAD DUE 
TO USE OF 

DRAIN (col 29) 
Ibs 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

Dilution volume required to restore the SJR at Newman to the 
same boron concentration without the project 

2 3 4 5 6 

BORON FLOW BORON BORON DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

FACTOR PROJECT PROJECT TO MATCH 
(col 33) FWO CONC.(a) 

KAFxppm KAF ppm ppm AF x1000 
5.2 10.6 0.5 0.7 -4.2 

20.6 29.9 0.7 0.7 0.0 
27.1 26.2 1.0 1.0 0.0 
42.5 41.9 1.0 1.0 0.0 
49.2 37.0 1.3 1.3 0.0 
73.2 46.9 1.6 1.5 3.6 
53.6 45.8 1.2 1.0 11.4 
40.3 33.1 1.2 1.1 3.7 
45.0 28.4 1.6 1.4 4.7 
52.0 23.2 2.2 2.0 2.6 
30.5 27.4 1.1 1.1 0.0 
22.6 18.6 1.2 1.1 2.1 

461.8 369.0 23.9 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
0 
0 
0 
0 
0 

3,608 
11,450 
3,678 
4,733 
2,578 

0 
2,067 

28,113 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 
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Table B4. Boron mass balance analysis: 1988 hydrology : Scenario 2. 

SAN JOAQUIN R SALT 
rv NEWMAN (a) SLOUGH .. 

HWY 165 a) 

1 2 3 4 5 & 7 
WQ tOAD WQ LOAD 

110. FLOW .OROt FLOW FLOW BOROfi FLOW 

FACTOR FACTOR 

(2)JI(S) (5)1(1) 

AF ppm AFXppm AF ppm AFIppm 

Oct 20.9 0.7 14.6 11.5 1.2 13.8 

Nov 34.1 0.7 23.9 13.5 1.9 25.7 

Dec 27.9 1.0 27.9 6.9 2.9 20.0 

JAn 42.8 1.0 42.8 9.3 3.7 34.4 

Feb 37.9 1.3 49.3 13.8 3.7 51.1 

Mar 49.5 1.5 74.3 24.7 1.9 46.9 

Apr 39.4 1.0 39.4 18.7 2.4 44.9 

May 33.3 1.1 36.6 15.8 2.0 31.6 

Jun 31.8 1.4 44.5 18.9 1.7 32.1 

Jul 24.9 2.0 49.8 19.5 2.4 46.8 

Aug 31.0 1.1 34.1 23.3 1.5 35.0 

Sap 23.5 1.1 25.9 16.3 1.6 26.1 

[TOTAl 397.0 1.2 463.0 192.2 2.1 408.3 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flaw. and La.d-Flow Factors In 1.000s) 

MUD SJR nr NEWMAN WETLAND ZONE B ANDC ZONE A 
SLOUGH .. Mlnu.IIUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGE c) DRAINAGE (d) 

• I 10 11 12 13 14 15 1& 17 1. 11 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW BOAOfi FLOW FLOW FLOW Au. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 

FACTOR FACTOR WQ FACTOA DRAINAGE FACTOR DRAINAGE FACTOR 
(2)-(5)- (4~ BORON DISCHARGE DISCHARGE 

(1)1(1) [8J (10) (e) T .... (11}.1.0 

AF ppm AfXppm AF AFIppm ppm AF AfXppm AF AFXppm AF AFXppm 

2.0 0.8 1.6 7.4 -0.8 1.0 2.5 4.9 11.2 11.2 3.5 17.7 

4.1 1.4 5.7 16.5 -7.5 1.0 2.5 5.0 5.1 5.1 2.4 12.6 

1.8 2.8 5.0 19.2 2.8 1.0 2.6 5.2 2.4 2.4 2.2 10.8 

5.1 2.4 12.2 28.4 ·3.9 1.0 2.4 4.8 1.6 1.6 3.3 23.2 

4.8 2.2 10.6 19.3 -12.4 1.0 2.3 4.6 1.7 1.7 6.2 29.1 

7.9 2.7 21.3 16.9 6.0 1.0 3.0 6.0 2.6 2.6 7.3 40.9 

3.0 2.3 6.9 17.7 -12.4 1.0 13.4 24.9 2.4 2.4 5.6 27.1 

3.2 3.4 10.9 14.3 -5.9 1.0 8.6 16.2 5.1 5.1 6.0 30.1 

4.1 3.5 14.3 8.8 -2.0 1.0 0.6 1.2 7.4 7.4 7.9 32.6 

1.7 2.4 4.1 3.7 -1.1 1.0 0.2 0.4 5.4 5.4 9.0 34.3 

0.5 3.4 1.7 7.2 -2.6 1.0 0.0 0.0 3.6 3.6 9.4 34.8 

0.3 3.4 1.0 6.9 -1.3 1.0 0.2 0.4 6.5 6.5 4.4 17.8 

38.5 2.5 95.4 166.3 -40.7 38.3 73.6 55.0 55.0 67.2 310.8 

(a) Stream flow and water quality data for the San Joaquin RIver and Salt and Mud Slough were obtained from Table A-2 and Table A·5, respectively. 
(b) Wetland releases were obtained from Table 8. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(1',.G.82+ FLOW 
(1., ..... FACTOR 

(3O)T ..... ' (I) 

AF AFXppm 

10.6 12.0 

5.6 7.0 

3.5 5.0 

2.7 4.1 

2.7 4.0 

3.4 4.7 

9.7 16.3 

9.3 13.8 

6.3 6.5 

4.4 4.4 

3.0 3.0 

10.6 5.3 

71.7 86.0 

RECONSTRUCTED 
MUOSLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(1,,.0.11+ FLOW 

(18)+ FACTOR 

(21)Tab'" (g) 

AF IAFXppm 

6.6 21.8 

4.4 15.7 

3.7 13.4 

4.6 25.5 

7.5 31.4 

9.5 44.7 

11.7 38.1 

10.4 37.6 

9.6 34.7 

10.2 35.6 

10.0 35.4 

5.8 19.3 

94.1 353.4 

(c) Agricultural drainage volL6T18 available for wetland use was assumed to be identical to those quantities identified in the SJVDP Final Report of Sept 1990. Monftly distribution was calculaaed u Col(13)-Col(2) of TableI1-5. 
Cd) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Summers Engineering and supplemented with CRWOCB data. 
(e) Boron load - Flow estimates were calculated 81 Boron load in IbIS + 2000lbsllDn + 0.OO138tonllAF·ppm + 1000. 
(I) Calculated as Col (17) x 0.82 + Col (19).0 + Col (32) of Table 8. 
(g) Calculated alS Col (17) x 0.18 + Col (19) + Col (28) of Table 6. 
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Table 84. (cont.). Boron mass balance analysis: 1988 hydrology : 

:;AN JOAQUIN RIVER BORON CONCENTRATIONS· 1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flows and Load-Flow Factors In 1,000.) 

ADJUSTED LOW B FLOWS REO. ASSUMED IN TRANSIT BORON ADJUSTMENTS SAN JOAOUN AlVEA 
TO MATCH MEASURED VALUES SALT and Mud SALT MUD ... NEWMAN CONDlTlONS 

Scenario 2. 

EFFECT OF PROPOSED ACTlON 
{Chi nan In now. .nd Ioed..ftow leeton) 

SALTSLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJA nr tEWIIAN 

24 25 26 27 28 21 30 31 32 33 34 35 36 37 38 3t 40 41 42 43 
BORON BORON BLOAD BLOAD Boron BLOAD- LOAD BORON LOAD BORON LOAD LOAD BORON 

FLOWS LOAD- FLOWS LOAD- (Future whit- REDUCTION LOAD- FLOW FLOW FLOW BORON FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 

FLOW FLOW OUI condllon DUE TO USE FACTOR FACTOR FACTOR CONe. [(21)+(25)- FACTOR :c23)+(271 FACTOR FACTOR ((42)x1000 

(24) FACTOR (24) FACTOR (CoI(2I) +(31) OFSLD (28)+1000 (11)+(20)+(22) (12)+C21)+(~25) ((20)+ (3O)J. ((21)+(25)- (22)+ (31)J. [(23)+(27)- d.D0131] 
Table_I (24) x 1.0 T8ble11 (21) X 1.0 ofT." .,. (28)11(1-1) .0.00131 (24)+(21) (27)-(30)-(31) (33)1(32) (24)Hs) ~(20)+(24) (3O)H7) (2I)HI) (22)+(21 (3CJtH10) (32)-(2) (33)-(4) 

AF AfXppm AF AfXppm Tone Tone AfXppm AfXppm AF AfXppm ppm AF ppm AfXJIpm AF ppm AFXppm AF AFXppm Tone 

-1.9 -1.9 -1.8 -1.8 20.0 0.0 0.0 14.7 20.9 14.6 0.7 -2.8 1.2 -3.7 2.8 1.1 3.7 0.0 0.0 0.0 

6.0 6.0 1.6 1.6 -1.5 0.0 0.0 -1.1 34.1 23.9 0.7 -1.9 1.1 -12.7 1.9 3.1 12.7 0.0 0.0 0.0 

1.7 1.7 -0.2 -0.2 -7.1 0.0 0.0 -5.2 27.9 27.9 1.0 -1.7 1.3 -13.3 1.7 5.2 13.4 0.0 0.0 0.0 

3.9 3.9 3.2 3.2 -13.4 0.0 0.0 -9.9 42.8 42.7 1.0 -2.7 1.2 -26.4 2.7 5.0 26.3 0.0 -0.1 -0.1 

6.1 6.1 2.3 2.3 -24.2 0.0 0.0 -17.8 37.9 49.3 1.3 -5.0 1.1 ~1.0 5.0 5.3 41.0 0.0 0.0 0.0 

15.4 15.4 4.3 4.3 1.3 0.0 0.0 1.0 49.5 74.2 1.5 -5.9 1.1 -26.8 5.9 3.5 26.7 0.0 -0.1 -0.1 

4.6 4.6 -4.3 -4.3 6.4 0.0 0.0 4.7 39.4 37.6 1.0 -4.4 1.5 -24.0 4.4 3.9 22.2 0.0 -1.8 -2.4 

1.7 1.7 -2.4 -2.4 12.2 0.0 0.0 9.0 33.3 35.9 1.1 -4.8 1.4 -16.1 4.8 3.3 15.4 0.0 -0.8 -1.0 

6.3 6.3 0.8 0.8 2.4 0.0 0.0 1.8 31.8 44.6 1.4 -6.3 1.0 -19.4 6.3 3.2 19.4 0.0 0.0 0.0 

7.9 7.9 -1.3 -1.3 -5.6 0.0 0.0 -4.1 24.9 49.7 2.0 -7.2 1.0 -34.5 7.2 4.3 34.4 0.0 -0.1 -0.2 

12.8 12.8 -2.0 -2.0 17.1 0.0 0.0 12.6 31.0 34.1 1.1 -7.5 1.0 -19.2 7.S 2.6 19.2 0.0 0.0 0.0 

7.5 7.5 -2.0 -2.0 4.1 0.0 0.0 3.0 28.8 25.9 0.9 1.8 0.7 -13.3 3.5 3.8 13.3 5.3 0.1 0.1 

"---.72.~ 72.0 -1.8 -1.8 11.7 0.0 0.0 8.6 402.3 460.3 1.1 -48.5 -250.3 53.8 247.6 5.3 -2.7 -3.7 

(h) Theoretically salinity should not accumulate within the channell co""eying drainage through the weiland 1!11811 nor ihouId their be any lignificant salt load flushed from these channels over an anlUll period. 
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MONTH INCREASED 
BORON 

LOAD DUE 
TO USE OF 

DRAIN (col 29) 
Ibs 

Oct 0.0 
Nov 0.0 

- Dec 0.0 
tv 
w Jan 0.0 

Feb 0.0 
Mar 0.0 
Apr 0.0 
May 0.0 
Jun 0.0 
Jul 0.0 
Aug 0.0 
Sap 0.0 

TOTALS 0.0 

Table BS. Boron dilution requirements: 1988 hydrology: Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same boron 
concentration without the project assuming no Increased wetland use 

2 3 4 5 6 7 

BORON FLOW BORON BORON DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOl.:UME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
(col 33) FWO CONC.(a) FWO CONC.(b) 

KAFx ppm KAF ppm ppm AF x1000 AF 
14.6 20.9 0.7 0.7 0.0 0 
23.9 34.1 0.7 0.7 0.0 0 
27.9 27.9 1.0 1.0 0.0 0 
42.7 42.8 1.0 1.0 0.0 0 
49.3 37.9 1.3 1.3 0.0 0 
74.2 49.5 1.5 1.5 0.0 0 
37.6 39.4 1.0 1.0 0.0 0 
35.9 33.3 1.1 1.1 0.0 0 
44.6 31.8 1.4 1.4 0.0 0 
49.7 24.9 2.0 2.0 0.0 0 
34.1 31.0 1.1 1.1 0.0 0 
25.9 28.8 0.9 1.1 -6.4 0 

460.4 402.3 -6.4 0 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 
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Table B6. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH at 

HWY 165 a) 

1 2 3 4 5 & 7 
WQ LOAD WQ LOAD 

110. FLOW _ORO. FLOW FLOW BOROfi FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(1) 

AF ppm AFXppm AF ppm AfXppm 

Oct 20.9 0.7 14.6 11.5 1.2 13.8 

Nov 34.1 0.7 23.9 13.5 1.9 25.7 

Dec 27.9 1.0 27.9 6.9 2.9 20.0 

JAn 42.8 1.0 42.8 9.3 3.7 34.4 

Feb 37.9 1.3 . 49.3 13.8 3.7 51.1 

Mar 49.5 1.5 74.3 24.7 1.9 46.9 

AJK 39.4 1.0 39.4 18.7 2.4 44.9 

May 33.3 1.1 36.6 15.8 2.0 31.6 

Jun 31.8 1.4 44.5 18.9 1.7 32.1 

Jul 24.9 2.0 49.8 19.5 2.4 46.8 

Aug 31.0 1.1 34.1 23.3 1.5 35.0 

Sep 23.5 1.1 25.9 16.3 1.6 26.1 

TOTAL 397.0 1.2 463.0 192.2 2.1 408.3 

Boron mass balance analysis: 1988 hydrology : Scenario 3. 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flows and Load-Flow Factors In 1,OOOs) 

MUD SJR nr NEWMAN WETLAND ZONE B AND C ZONE A 
SLOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGE c) DRAINAGE (d) 

8 8 10 11 12 13 14 15 1& 17 1. 18 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW BORON FLOW FLOW FLOW A ... VOlUIE FLOW SUBSURFACE FLOW SUBSURFACE FLOW 

FACTOR FACTOR WQ FACTOR DRAINAGE FACfOR DRAINAGE FACTOR 

(2)-(5)- (4~ BORON DISCHARGE DISCHARGE 

(1)x(1) [8) (10) (e) T ..... 7 (11)x1.0 

AF ppm ~fXppm AF arv. ppm AF AFXppm AF AFXDDm AF AfXDIam 

2.0 0.8 1.6 7.4 -0.8 1.0 3.4 6.7 11.2 11.2 3.5 17.7 

4.1 1.4 5.7 16.5 -7.5 1.0 3.4 6.8 5.1 5.1 2.4 12.6 

1.8 2.8 5.0 19.2 2.8 1.0 3.3 6.8 2.4 2.4 2.2 10.8 

5.1 2.4 12.2 28.4 -3.9 1.0 3.1 6.2 1.6 1.6 3.3 23.2 

4.8 2.2 10.6 19.3 -12.4 1.0 3.1 6.2 1.7 1.7 6.2 29.1 

7.9 2.7 21.3 16.9 6.0 1.0 3.0 7.6 2.6 2.6 7.3 40.9 

3.0 2.3 6.9 17.7 -12.4 1.0 22.2 43.4 2.4 2.4 5.6 27.1 

3.2 3.4 10.9 14.3 -5.9 1.0 13.5 25.7 5.1 5.1 6.0 30.1 

4.1 3.5 14.3 8.8 -2.0 1.0 4.6 9.0 7.4 7.4 7.9 32.6 

1.7 2.4 4.1 3.7 -1.1 1.0 3.9 8.0 5.4 5.4 9.0 34.3 

0.5 3.4 1.7 7.2 -2.6 1.0 0.0 0.0 3.6 3.6 9.4 34.8 

0.3 3.4 1.0 6.9 -1.3 1.0 1.8 3.6 6.5 6.5 4.4 17.8 

38.5 2.5 95.4 166.3 -40.7 65.3 130.0 55.0 55.0 67.2 310.8 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough wertlt obtained from Table A-2 and Table A-5. respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH MUD SLOUGH 

FLOWS and LOAD FLOWS and LOAD 

20 21 22 23 
FLOWS LOAD FlOWS LOAD 

(1I)xO.12+ FLOW (1I)IdL1a. FLOW I 

(11).0. FACTOR [11J+ FACfORI 
(3O)T ..... 7 (I) (2I)T.w.7 (g) 

AF AFXpptn AF AFXppm 

11.5 13.8 6.6 21.8 

6.5 8.8 4.4 15.7 

4.3 6.6 3.6 13.4 

3.4 5.5 4.6 25.5 

3.5 5.6 7.5 31.4 

4.2 6.3 8.7 44.7 

16.7 31.6 13.5 41.3 

13.2 22.0 11.4 38.9 

9.5 12.8 10.4 36.2 

7.2 10.1 11.1 37.5 

3.0 3.0 10.0 35.4 

10.6 7.8 6.2 20.0 

93.5 133.8 98.1 362.0 

(c) Agricultural drainage VOllmS available for wetJand use was asaumed ID be identicallD those quantiti_ identified in the SJVDP Final Report of Sept 1990. Mont'lly dia1ribution was calculated as Col(13)-Co1(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged ID the grasslands area from the drainage cistricts was collected by Sumners Engineering and supplemented with CRWOCB data. 
(e) Boron load - Flow estimates were calculated as Boron load in Ibs + 2OOOlb&Iton + 0.00136 tonslAF-ppm + 1GCro. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (32) of T3b1e 7. 
(g) Calculated as Col (11) x !l.18 + Col (19) + Col (28) of Table 7. 
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ADJUSTED LOW B FLOWS REQ. 
TO MATCH MEASURED VALUES 
SALTSLOUGH MUOSLOUGH 

24 25 26 27 
BORON BORON 

FLOWS LOAD- FLOWS LOAD-
FLOW FLOW 

(24) FACTOR (24J FACTOR 
T ... ll (24, X 1.0 

T ... " 
(21) X 1.0 

AF AfXpcn AF AFXppm 

-1.9 -1.9 -1.8 -1.8 

6.0 6.0 1.6 1.6 

1.7 1.7 -0.2 -0.2 

3.9 3.9 3.2 3.2 

6.1 6.1 2.3 2.3 

15.4 15.4 4.3 4.3 

4.6 4.6 -4.3 -4.3 

1.7 1.7 -2.4 -2.4 

6.3 6.3 0.8 0.8 

7.9 7.9 -1.3 -1.3 

12.8 12.8 -2.0 -2.0 

7.5 7.5 -2.0 -2.0 

72.0 72.0 -1.8 -1.8 

Table B6 (cont.). Boron mass balance analysis: 1988 hydrology 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flowe and Load-Fiow Faden In 1,000s) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS SAN JOAQUIN RIVER 
SALT and Mud SALT MUD I'll' NEWMAN COHDfTlONS 

Scenario 3. 

EF>cCT OF PROPOSED ACTION 
(ChI nan In .................. ectanJ 

SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

21 21 30 31 32 33 34 3S 31 37 38 31 40 41 42 43 
BLOAD BLOAD Boron BlOAl). lOAD BORON LOAD BORON lOAD LOAD BORON 

(FuIIn ..... REDUCTION LOAD- R.OW FLOW FLOW BORON FLOW CONe. R.OW FLOW CONe. flOW FLOW FLOW LOAD 
ouI candlllan DUE TO USE FACTOR FACTOR FACTOR CONe. ((21)t(25) FACTOR ~271 FACTOR FACTOR ((G)z100D 
(CoI(2I) +(31) OFSLD (2IJ+1GDO (11)otC2G)+(22) (12).(21)+(23).(25) ((2Gt+ (30)" [(2t)+(25J- (22)+ (31),. [(2~ dJlD131) 
an ...... ! (21)11(1-1, ... .DD1. (24)+(21, (27H3DH31, (33)1(32) (24))-(1) ~2O)t(24) (")-(7) (21)~ (22)+(21 (30)>)-(10) (32)-(2) (33M4) 

Tane Tane AFXIaIMn AFx.m AF AfXDDm .~ AF -- A~ AF JIP!II AFXppm AF AFXppnt T_ 

20.0 0.0 0.0 14.7 21.8 16.4 0.8 -1.9 1.2 -1.9 2.8 1.1 3.7 0.9 1.8 2.4 

-1.5 !).O 0.0 -1.1 35.0 25.7 0.7 -1.0 1.2 -10.9 1.9 3.1 12.7 0.9 1.8 2.5 

-7.1 0.0 0.0 -5.2 28.6 29.5 1.0 -0.9 1.4 -11.7 1.6 5.4 13.4 0.7 1.6 2.2 

-13.4 0.0 0.0 -9.9 43.5 44.1 1.0 -2.0 1.3 -25.0 2.7 5.0 26.3 0.7 1.3 1.8 

-24.2 0.0 0.0 -17.8 38.7 SO.9 1.3 -4.2 1.2 -39.4 5.0 5.3 41.0 0.8 1.6 2.2 

1.3 0.0 0.0 1.0 49.5 75.8 1.5 -5.1 1.1 -25.2 5.1 3.~' 26.7 0.0 1.5 2.1 

6.4 0.0 0.0 4.7 48.2 56.1 1.2 2.6 1.7 -a.7 6.2 3.5 25.4 8.8 16.7 22.7 

12.2 0.0 0.0 9.0 38.2 45.4 1.2 -0.9 1.6 -7.9 5.8 3.1 16.7 4.9 8.7 11.9 

2.4 0.0 0.0 1.8 35.8 52.4 1.5 -3.1 1.2 -13.1 7.1 3.1 20.9 4.0 7.8 10.7 

-5.6 0.0 0.0 -4.1 28.6 57.3 2.0 -4.4 1.2 -28.8 8.1 4.1 36.3 3.7 7.5 10.2 

17.1 0.0 0.0 12.6 31.0 34.1 1.1 -7.5 1.0 -19.2 7.5 2.6 19.2 0.0 0.0 0.0 

4.1 0.0 0.0 3.0 29.2 29.1 1.0 1.8 0.8 -10.8 3.9 3.6 14.0 5.7 3.3 4.4 

11.7 0.0 0.0 8.6 428.1 516.7 1.2 -26.7 -202.5 57.8 256.2 31.1 53.7 73.0 

(h) Theoretically aalinity should not accumulate within Ihe channela conveying drainage through !he weiland .... nor should Iheir be any .ignifica1t ..at load tlumed from ilese channeIa eN", an IIIVII8I period. 



MONTH 

Oct 

- Nov 
N 
0'\ Dec 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table B7. Boron dilution requirements: 1988 hydrology: Scenario 3. 

1 

INCREASED 
BORON 

LOAD DUE 
TO USE OF 

DRAIN (col 29) 
Ibs 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

Dilution volume required to restore the SJR at Newman to the same boron 
concentration without the project assuming no Increased wetland use 
Assume increased water supply to wetlands. 

2 3 4 5 6 7 

BORON FLOW BORON BORON DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
(col 33) FWO CONC.(a) FWO CONC.(b) 

KAFxppm KAF PJ)I1'I ppm AF x1000 AF 
16.4 21.8 0.8 0.7 4.4 4,360 
25.7 35.0 0.7 0.7 0.0 0 
29.5 28.6 1.0 1.0 0.0 0 
44.1 43.5 1.0 1.0 0.0 0 
50.9 38.7 1.3 1.3 0.0 0 
75.9 49.5 1.5 1.5 0.0 0 
56.1 48.2 1.2 1.0 12.1 12,050 
45.4 38.2 1.2 1.1 4.2 4,244 
52.4 35.8 1.5 1.4 3.0 2,983 
57.3 28.6 2.0 2.0 0.0 0 
34.1 31.0 1.1 1.1 0.0 0 
29.1 29.2 1.0 1.1 -3.2 0 

516.9 428.1 20.4 23,638 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 
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Table 88. Selenium mass balance analysis: 1988 hydrology: Future without scenario. 

SAN JOAQUIN R SALT 
nr NEWMAN (.) SLOUGH .. 

HWY165 .) 

1 2 3 .. 5 I 7 
WQ LOAD WQ LOAD 

110. FLOW Be FLOW FLOW Be FLOW 
FACTOR FACTOR 

(2)x(3) (5)JI(I) 

AF ppb AFXppb AF ppb AfXpJab 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 

Nov 34.1 1.0 34.1 13.5 5.3 71.6 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 

ArK 39.4 7.0 275.8 18.7 14.1 263.7 

May 33.3 6.0 199.8 15.8 15.1 238.6 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 

Jul 24.9 11.0 273.9 19.5 14.8 288.6 

Aug 31.0 7.0 217.0 23.3 10.0 233.0 

Sap 23.5 7.0 164.5 16.3 11.0 119.3 

rQT~ ~7.0 6.0 2386.8 192.2 13.5 2591.6 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITHOUT PROPOSED ACTION 

(FIow • .ad L~ Fact.". In 1,000.) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH .. Mlnu. MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY140 [~ SLOUGH DRAINAGE (e) DRAINAGE (eI) 

• • 10 11 12 13 14 15 1& 17 1. " WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACEAHD LOAD 
FLOW Be FLOW FLOW FLOW Aa. VOLUIE FLOW ... SURFACE FLOW SUBS_FACE FlOW 

FACTOR FACTOR WQ FACTOII DRAINAGE FACJOR DRAINAGE FACJOR 
(2H5)o (4~ Be DISCHARGE DISCHARGE 

")11(1) III (10J (e) T ...... ('1).'.0 
AF ... IAFXppb AF AFXpJab ppIt AF AF.gIIIb AF AF .... IE AF .... 

2.0 1.0 2.0 7.4 -14.1 1.0 2.5 2.5 11.2 11.2 3.5 182.4 

4.1 1.0 4.1 16.5 -41.6 1.0 2.5 2.5 5.1 5.1 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 2.6 2.6 2.4 2.4 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 2.4 2.4 1.6 1.6 3.3 321.7 

4.8 2.7 13.0 19.3 -177.6 1.0 2.3 2.3 1.7 1.7 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 3.0 2.6 2.6 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 13.4 12.5 2.4 2.4 5.6 3875 

3.2 7.3 23.4 14.3 -62.1 1.0 8.6 8.1 5.1 5.1 6.0 349.6 

4.1 19.2 78.7 8.8 1.8 1.0 0.6 0.6 7.4 7.4 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 0.2 0.2 5.4 5.4 9.0 394.9 

0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 3.6 3.6 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 0.2 0.2 6.5 6.5 4.4 193.4 

38.5 8.2 313.9 166.3 -518.7 38.3 36.9 55.0 55.0 67.2 3757.4 

(a) Stream flow and weier quality da .. for the San Joaquin River and Salt and Mud Slough were oblained from Table A-2 and Table A-5. respectively. 
(b) Weiland,..... were ob1Bined from Table 8. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS mid LOAD 

20 21 
FLOWS LOAD 

(1')IdLI2+ FLOW 
(~ FACTOR 
PlItT .... (I) 

AF AfxIIDb 

13.4 156.5 

7.5 92.1 

5.2 116.1 

5.4 260.1 

7.7 290.9 

9.3 434.3 

14.1 319.2 

14.1 288.7 

12.6 324.2 

11.6 320.3 

10.5 309.1 

0.9 160.0 

120.2 307:'5 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS mid LOAD 

22 23 
flows LOAD 

(11)JLO.1" FLOW 
(1 .... FACTOR 
(2I)T ...... (II) 

AF AFlIIIPb 

3.8 39.6 

2.5 23.6 

2.0 29.7 

1.9 65.6 

2.5 13.4 

3.6 109.9 

7.3 83.2 

5.6 74.1 

3.3 81.2 

3.0 SO.1 

2.5 77.2 

2.3 40.0 

40.3 777.8 

(e) AgricuI1uraI drairwge voIa.me available for weiland use was auumed to be IdenIicaI to IhoIe quantiti_ identified in the SJVDP Firal Report of Sept 1980. Monllly disIribution was calculalld .. CoI(13)-Co1(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged ID 1he grauIanda.,.. from the cnnge clatricta ... collected ~ Summera Engineering and lupplemellted with CRWQC8 daIa. 
(e) Selenium load - Flow estimates were calculated .. Selenium Load in IbI + 2000IbWIDn + 0.00136 tDnIIAF-ppm + 1000. 
(f) Calculated 81 Col (11) x 0.82 + Col (19) x 0.8 + Col (33) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0.2 + Col (29) of table 8. 



-tv 
00 

Table 88. (cont). Selenium mass balance analysis: 1988 hydrology: Future without scenario. 

SAN JOAQUIN RIVER SELENIUM CONCENTRAnONS -1988 HYDROLOGY 
WITHOUT PROPOSED AcnON 

(FIow8 8nd L.o8d-FIow FllCtorsln 1,000.) 

ADJUSTED LOW 58 FLOWS REG. ASSUMED IN TRANSIT S. ADJUSTMENTS (h) RECONSTRUCTED EFFECT OF PROPOSED ACTION I 

TO MATCH MEASURED VALUES NECESSARY TO MATCH MEASURED VALUES SAN JOAQUN liVER i 

SALTSLOUGH MUD SLOUGH SALT SLOUGH MUD SLOUGH nr NEWMAN CONDITIONS SALT SLOUGH IlUDSLOUGH SJR nr NEWMAN I 

24 25 21 %7 21 21 30 31 32 33 34 35 3& 37 38 31 «J 41 42 

~ 
Ie Ie .. .. Ie Ie LOAD Ie LOAD Ie LOAD LOAD 

FLOWS LOAD- FLOWS LOAD- LOAD- LOAD LOAD- LOAD FLOW FLOW Ie FLOW COHC. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW ROW ,at ODD) FLOW ,a1. FACTOR CONe. (2t~ FACTOR ._- FACTOR FACTOR 

.j 
FACTOR FACJOR FACTOR 8)aG.OO131 FACTOR C2I)JdLOOI3I (11)+(2Gt+(22) 12).(21)+(23)+(211 ((20)+ (21»)+ [(Zt)t(25) (22)+ (3t»)+ ((23).(21)- ..., 

(5)0(20) (24) x t.o (8}0(22) (21) x 1.0 C21M25Hl1 lI2ODO C2 ... 27H1D) ldDGO (24)+(21) C27H28H3Gt (3SM3Z) (24JH5) ~ (211))0(7) (21)H8) (22)+(21) (3D)H111t (32H2) C3S)o(4) 

AF AfXIIpb AF AflCDpb AfXIIIIIt 1M AFXppb .. AF AFXppb .... AF .... AFXIIPb AF ... AFXppb AF .- AFXIIPIt. 

-1.9 -1.9 -1.8 -1.8 79.8 217.1 35.8 97.3 20.9 62.7 3.0 NA NA NA NA NA NA NA NA NA 

6.0 6.0 1.6 1.6 26.5 72.1 21.1 57.5 34.1 34.1 1.0 NA NA NA NA NA NA NA NA NA 

1.7 1.7 ~.2 ~.2 41.9 113.9 27.7 75.4 27.9 83.7 3.0 NA NA NA NA NA NA NA NA NA 

3.9 3.9 3.2 3.2 48.3 131.2 48.4 131.6 42.8 171.2 4.0 NA NA NA NA NA NA NA NA NA 

6.1 6.1 2.3 2.3 -170.7 -464.4 62.7 170.4 37.9 303.2 8.0 NA NA NA NA NA NA NA NA NA I 

15.4 15.4 4.3 4.3 141.0 383.5 3.6 9.7 49.5 346.5 7.0 NA NA NA NA NA NA NA NA NA 

4.6 4.6 -4.3 -4.3 60.1 163.3 52.9 143.8 39.4 275.8 7.0 NA NA NA NA NA NA NA NA NA 

1.7 1.7 -2.4 -2.4 51.8 141.0 48.4 131.6 33.3 199.8 6.0 NA NA NA NA NA NA NA NA NA 

6.3 6.3 0.8 0.8 156.6 426.1 3.3 8.9 31.8 254.4 8.0 NA NA NA NA NA NA NA NA NA 

7.9 7.9 -1.3 -1.3 39.6 107.7 59.2 160.9 24.9 273.9 11.0 NA NA NA NA NA NA NA NA. NA 

12.8 12.8 -2.0 -2.0 89.0 242.0 65.0 176.8 31.0 217.0 7.0 NA NA NA NA NA NA NA NA NA 

7.5 7.5 -2.0 -2.0 -11.8 -32.1 34.1 92.8 23.5 164.5 7.0 NA NA NA NA NA NA NA NA NA 

72.0 72.0 -1.8 -1.8 552.0 1501.3 462.0 1256.7 397.0 2386.8 6.0 NA NA NA NA NA NA NA NA NA 

(h) Theoretic:aly salinity should not ac~" within the c:hanneIa conveying drain8ge through the weiland .,.. nor should Iheir be .", ..=gnIfic8n''''' ioIId ftUlhed from .... dwv1eIa w.-1Ift ...... period. 
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Table 89. Selenium mass balance analysis: 1988 hydrology: Scenario t: 0% uptake. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH .. 

HWY165 a) 

1 2 3 4 5 1 7 
WQ LOAD WQ LOAD 

110. FLOW Be flOW FLOW Be FLOW 
FACTOR FACTOR 

(2)2(3) (5)x(1) 

AF .... AFXppb AF ... AFJppb 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 

Nov 34.1 1.0 34.1 13.5 5.3 71.6 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 

AJK 39.4 7.0 275.8 18.7 14.1 263.7 

May 33.3 6.0 199.8 15.8 15.1 238.6 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 

Jul 24.9 11.0 273.9 19.5 14.8 288.6 

Aug 31.0 7.0 217.0 23.3 10.0 233.0 

Sap 23.5 7.0 164.5 16.3 11.0 179.3 

TOTAL 397.0 6.0 2S86.8 192.2 13.5 2591.~ 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION (Assume selenium system losses reduced by 0%) 

(Flowa MCI LoacI-F1ow F.ctcn In 1.000a) 

MUD SJR nr NEWMAN WETLAND ZONEBMOe ZONE A 
SLOUGH .. MInus MUD & SALT RELEASES (b) AGRICULTURAL AQRICUL TURAL 
HWY140 [II) SLOUGH DRAINAGE 'e) DRAINAGE tell 

8 , 10 11 12 13 14 15 11 17 18 l' 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW .. flOW FLOW FLOW Aa. VOlUIE FLOW SUBSURFACE FLOW SUBSlIIFACE FLOW 

FACTOR FACTOR WQ FACI'OA DRAINAGE FACTOR DRAINAGE FACTOR 
(2)0(5)- (4H7)- S. DllCHARGE DISCHARGE 

&I)IICI) II) l1D) ee, 1 ..... 7 (11)s1.0 
AF .... AfIIIIIII AF AfXppb ppb AF AFIQIPb AF AFxppb AF AF ..... 

2.0 1.0 2.0 7.4 -14.1 1.0 3.4 4.6 0.0 0.0 3.5 182.4 

4.1 1.0 4.1 16.5 -41.6 1.0 3.4 3.9 0.0 0.0 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 3.3 3.9 0.0 0.0 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 3.1 3.5 0.0 0.0 3.3 321.7 

4.8 2.7 13.0 19.3 -1n.6 1.0 3.1 3.5 0.0 0.0 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 4.2 0.0 0.0 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 22.2 24.0 0.0 0.0 5.6 387.5 

3.2 7.3 23.4 14.3 -62.1 1.0 13.5 14.1 0.0 0.0 6.0 349.6 

4.1 19.2 78.7 8.8 1.8 1.0 4.6 5.2 0.0 0.0 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 3.9 4.1 0.0 0.0 9.0 394.9 

0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 0.0 0.0 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 1.8 2.1 0.0 0.0 4.4 193.4 

_38~I8.2 313.9 166.3 -518.7 65.3 73.1 0.0 0.0 67.2 3757.4 

(a) Stream flow and .. .., quality cia1ll for Ihe San JcMIquIn River and Salt and Mud Slough ..... obIaIned from Table A-2 and Table A-5. re.pectivefy. 
(b) Wetland releases were obIained from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

A.OWS and LOAD 

20 21 
FLOWS LOAD 

'1I)l0.l2+ FLOW 
(18)xO+ FACTOR 

(3IItl ..... 7 (t) 

AF AFxppb 

2.3 3.0 

2.3 3.0 

2.3 3.0 

2.1 2.8 

2.1 2.8 

2.1 2.8 

14.7 19.9 

9.0 11.8 

3.4 4.2 

2.8 3.8 

0.0 0.0 

1.2 1.6 

44.3 58.7 

RECONSTRUCTED 
IlUDSLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(11)xO.1a.. FLOW 
(1 .... FACTOR 

(21)1 ..... 7 (g) 

AF AFJPPb 

4.6 184.0 

3.5 109.7 

3.2 142.4 

4.3 323.2 

7.2 361.8 

8.2 540.8 

13.1 397.3 

10.5 355.2 

9.1 399.0 

10.1 396.6 

9.4 382.7 

5.0 194.2 

88.2 3786.9
1 

(c) Agricultural dnIlrwge vol&.me available for weiland uu wu auumed.., be idankaI.., IhoM quanliti_ idantified In Ihe SJVDP Fm.I Raport of Sept 1980. MonHy dia1ribution .. c:ak:uIatId .. CoI(13)~2) of Tables 1-5. 
(d) The volume and qualitl agricultural chinage dilc:harged .., Ihe ~ ... from .. drainage cls1ricta ... collected br Swnmera Engineering and .upplemel1IIId with CRWCC8 cia1ll. 
(e) Selenium load • Flow .. lin"ates were c:aJculated .. Selenium load In .... 2OOOIbIID'a • O.OO138IDna1AF-ppm • 1000. 
(I) Calculated a. Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7. 
(g) Calcutated as Col (17) l 0.18 + Col (19). Col (29) of table 7. 
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Table 89. (cont.). Selenium mass balance analysis: 1988 hydrology: Scenario I 

SAN JOAQUIN RIVER SELENIUM CONCENTRAnONS ·1988 HYDROLOGY 

0% uptake. 

WITH PROPOSED AcnON (A.sume selenium system 10 .... reduced by 0%) 
(flowa and LoH-Flow F-=tcn In 1,000a) 

ADJUSTED LOW Be FLOWS REQ. ASSUMED IN TRANSIT Be ADJUSTMENTS (h) SAN JOAQUIN RIYER EFFECT OF PROPOSED ACTION 
TO MATCH IEASURED VALUES SALT end Mud SALT MUD nr NEWMAN CONDI1IONI (a._In ..... Mel ..... law feet •• ) 
SALTSLOUGH MUOSlOUGH SLOUGH SLOUGH SLOUGH SALTSLOUOH MUD SLOUGH SJR nr NEWMAN 

24 25 21 27 21 21 30 31 32 33 M sa 31 37 31 3t 40 41 42 43 
Ie Ie Ie LOAD .. LOAD .. .. LOAD- LOAD Ie LOAD .. LOAD LOAD Ie 

FLOWS LOAD- FLOWS LOAD- (FuIIn .... ADJUITED LOAD- FLOW FLOW FLOW .. FLOW CONe. FLOW RoOW CONe. FLOW FLOW flOW LOAD 
FLOW FLOW "'caM'" FORGA_ FLOW FACTOR FACTOR CONe. ((21",.) FACTOR ((U).(27) FACTOR FACTOR 142,.2000 

(24J FACTOR (24J FACTOfil ceo.2I)"S1, .. ILD FACTOR (21""" (11)+42 ... .(22) (12)+(21'+(~ 1C2Gt+ (3D)J+ ((21M'" (22)+ "',J+ 1(2_+(27)- 1IO.GOI3I) 

T ..... (24) X 1.0 T .... :2I)lt1.D .. T .... ' '.11(1.0.. .o.oot31 (24)+(21) (27)oCS1) CUM_ (24)HI) .(20)+(24' CSlltHl) (H)HIt [(22)+(21) ""H1. CJ2)o(2) (UH4) 
AF AfXDDb AF "-FXJ..., 1M 1M AFIIIDIt AfXDIIIt AF AfXDIIIt NIt AF .... An ... AF NIt AfXDIIIt AF AFXpjJtt 1M 

-1.9 -1.9 -1.8 -1.0 314.4 314.4 0.0 115.6 10.6 53.6 5.1 -11.1 2.8 -73.7 0.8 23.8 64.6 -10.3 -9.1 -24.7 

6.0 6.0 1.6 1.6 129.6 129.6 0.0 47.6 29.9 31.1 1.0 -5.2 1.1 -62.6 1.0 12.5 59.5 -4.2 -3.0 -8.2 

1.7 1.7 -0.2 -0.2 189.3 189.3 0.0 69.6 26.2 83.3 3.2 -2.9 1.2 -71.2 1.2 24.2 70.8 -1.7 -0.4 -1.1 

3.9 3.9 3.2 3.2 262.8 262.8 0.0 96.6 41.9 171.5 4.1 -3.3 1.1 -209.1 2.4 30.6 209.4 -0.9 0.3 0.9 

6.1 6.1 2.3 2.3 -294.0 -294.0 0.0 -108.1 37.0 303.5 8.2 -5.6 1.1 -458.9 4.7 49.7 459.2 -0.9 0.3 0.8 

15.4 15.4 4.3 4.3 393.2 393.2 0.0 144.6 46.9 345.9 7.4 -7.2 1.0 -290.6 4.6 32.0 289.9 -2.6 -0.6 -1.6 

4.6 4.6 -4.3 -4.3 307.1 307.1 0.0 112.9 45.8 290.6 6.3 0.6 1.3 -239.2 5.8 31.8 254.0 6.4 14.8 40.3 

1.7 1.7 -2.4 -2.4 272.6 272.6 0.0 100.2 33.1 204.0 6.2 -5.1 1.3 -225.1 4.9 31.2 229.3 -0.2 4.2 11.3 

6.3 6.3 0.8 0.8 435.0 435.0 0.0 159.9 28.4 252.2 8.9 -9.2 1.1 -163.4 5.8 24.2 161.2 -3.4 -2.2 -6.0 

7.9 7.9 -1.3 -1.3 268.6 268.6 0.0 98.8 23.2 273.8 11.8 -8.8 1.1 -276.9 7.1 33.7 276.8 -1.7 -0.1 ..C).3 

12.8 12.8 -2.0 -2.0 418.8 418.8 0.0 154.0 27.4 213.4 7.8 -10.5 1.0 -220.2 6.9 30.6 216.6 -3.6 -3.6 -9.8 

7.5 7.5 -2.0 -2.0 f)().7 60.7 0.0 22.3 18.6 160.2 8.6 -7.6 1.0 -170.2 2.7 56.6 165.9 -4.9 -4.3 -11.8 

72.0 72.0 -1.8 -1.8 2,758.1 2,758.1 0.0 1,014.0 369.0 2,383.1 6.5 -75.9 -2,460.9 47.9 2,457.1 -28.0 -3.7 -10.1 

(h) Theoretically alinity should not accumulate wi1hIn the d1annela conveying drainage Ihrough 1M weiland .,.. nor should Iheir be any aignifican'aaI.load flushed from fMtae ctwmela tN_ an arnaI period. 



MONTH 

Oct 
Nov 

- Dec w 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table 810. Selenium dilution requirements: 1988 hydrology: Scenario I: 0% uptake. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 00/0) 

1 2 3 4 5 6 

INCREASED SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITIf CONCW/O VOLUME 
LOAD DUE FACTOR PROJECT PROJECT TO MATCH 

TO USE OF ( col 33) FWO CONC.(a) 
DRAIN (C28-C29) 

Ibs KAF x ppb KAF ppb ppb AF x1000 
0.0 53.6 10.6 5.1 3.0 10.9 
0.0 31.1 29.9 1.0 1.0 0.0 
0.0 83.3 26.2 3.2 3.0 2.4 
0.0 171.5 41.9 4.1 4.0 1.3 
0.0 303.5 37.0 8.2 8.0 1.1 
0.0 345.9 46.9 7.4 7.0 2.9 
0.0 290.6 45.8 6.3 7.0 -5.0 
0.0 204.0 33.1 6.2 6.0 1.1 
0.0 252.2 28.4 8.9 8.0 3.6 
0.0 273.8 23.2 11.8 11.0 1.9 
0.0 213.4 27.4 7.8 7.0 3.6 
0.0 160.2 18.6 8.6 7.0 5.0 

0.0 2383.1 369.0 28.7 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
10.900 

0 
2.350 
1.300 
1,071 
2,933 

0 
1,080 
3,571 
1,860 
3,600 
5.000 

33.666 

i 

i 

I 

I 

! 

• 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 



Vol 
N 

Table Bll. Selenium mass balance analysis: 1988 hydrology: Scenario 1 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION (Assume selenium system losses reduced by 1CW.) 

(Flows anct LOMI-FIow Fact ... In 1,000.) 

10% uptake. 

SAN JOAQUIN R SALT MUD SJR nr NEWMAN WETLAND ZONEBANDC 
nr NEWMAN (a) SLOUGH .. SLOUGH .. llinus MUD & SALT RELEASES (b) AORICUL TURAL 

HWY165'.) HWY 140 a) SLOUGH DRAINAGE fe) 
1 2 3 4 5 • 7 • • 10 11 12 13 14 15 l' 17 

WQ LOAD WQ LOAD WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD 

110. FLOW S. FLOW FLOW a. FLOW FLOW S. FLOW FLOW FLOW Aa. VOLUIE FLOW SUBSURFACE FLOW 

FACTOR FACTOR FACTOR FA1:TOR WQ FACTOII DRAINAGE FACTOR 

I ca)XCl) 
(~ (4H7)- S. DISCHARGE 

(2)11(3) (5)11(1) (I) 110) (e) T ... 7 (11).1.0 
AF JIlIII ~ ~ ... AfXDpb AF .. AFXIIDII AF AfXNb ppb AF AF .... AF AF._ 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 2.0 1.0 2.0 7.4 -14.1 1.0 3.4 4.6 0.0 0.0 

Nov 34.1 1.0 34.1 13.5 5.3 71.6 4.1 1.0 4.1 16.5 "'1.6 1.0 3.4 3.9 0.0 0.0 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 1.8 1.0 1.8 19.2 6.0 1.0 3.3 3.9 0.0 0.0 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 5.1 4.0 20.4 28.4 -65.0 1.0 3.1 3.5 0.0 0.0 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 4.8 2.7 13.0 19.3 -1n.6 1.0 3.1 3.5 0.0 0.0 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 7.9 14.0 110.6 16.9 -72.9 1.0 3.0 4.2 0.0 0.0 

ArK 39.4 7.0 275.8 18.7 14.1 263.7 3.0 8.7 26.1 17.7 -14.0 1.0 22.2 24.0 0.0 0.0 

May 33.3 6.0 199.8 15.8 15.1 238.6 3.2 7.3 23.4 14.3 -62.1 1.0 13.5 14.1 0.0 0.0 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 4.1 19.2 78.7 8.8 1.8 1.0 4.6 5.2 0.0 0.0 

Jul 24.9 11.0 273.9 19.5 14.8 288.6 1.7 11.6 19.7 3.7 -34.4 1.0 3.9 4.1 0.0 0.0 

Aug 31.0 7.0 217.0 23.3 10.0 233.0 0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 0.0 0.0 

Ssp 23.5 7.0 164.5 16.3 11.0 179.3 0.3 13.3 4.0 6.9 -18.8 1.0 1.8 2.1 0.0 0.0 

TOTAL 397.0 ~.O 2386.8 192.2 13.5 2591.6 38.5 8.2 313.9 166.3 -518.7 65.3 73.1 0.0 0.0 

(a) Stream fInw and watltr quality data for 1he San Joa~n River and Salt and Mud Slough were oblained from Table A-2 and Table A-5, ,.pectively. 
(b) Weiland releases were obtained from Table 7. 

ZONE A RECONSTRUCTED 
AGAICUL TURAL SALT SLOUGH 

DRAINAGE (d) R.OWS and LOAD 

l' 1 • 20 21 
SURFACE AND LOAD FLOWS LOAD 

SUBSURFACE FLOW (1')d.82+ FLOW 

DRAINAGE FACTOR (1".0.. FACTOR 

DISCHARGE (3O)T .... 1 (I) 

AF AFxIIPb AF AF._ 

3.5 182.4 2.3 3.0 

2.4 108.1 2.3 3.0 

2.2 140.8 2.3 3.0 

3.3 321.7 2.1 2.8 

6.2 360.3 2.1 2.8 

7.3 538.6 2.1 2.8 

5.6 387.5 14.7 19.9 

6.0 349.6 9.0 11.8 

7.9 397.4 3.4 4.2 

9.0 394.9 2.8 3.8 

9.4 382.7 0.0 0.0 

4.4 193.4 1.2 1.6 

67.2 3757.4 44.3 58.7 

RECONSTRUCTED 
IlUDSLOUGH 

R.OWS and LOAD 

22 23 
FLOWS LOAD 

(11).0.1'" FLOW 
(1., .. FACTOR 

(2I)T ... 7 (m 
AF AFxPPb 

4.6 184.0 

3.5 109.7 

3.2 142.4 

4.3 323.2 

7.2 361.8 

8.2 540.8 

13.1 397.3 

10.5 355.2 

9.1 399.0 

10.1 396.6 

9.4 382.7 

5.0 194.2 

88.2 3786.9 

(e) AgricuIIuraJ draiFllge voh.me available for weiland use was assumed 10 be identical 10 thole ...,.titi_ identified in the SJVDP Final Report of Sept 1990. Mont'lly distribution was calculaliJd u CoI(13)-Co1(2) of Tables 1-5. 
(d) The volume and quality agriculturaJ ctainage discharged ID the graaaIanda area from the drainage cislricta was collected by Surnmera Engineering and supplemented with CRWQCB data. 

(e) Selenium load - Flow estimates were calculated u Selenium load in It. + 2000IbIIIDn +O.OO1381DnalAF-ppm + 1000. 
(f) Calculated a. Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 7. 
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Table Bll. (cont.). Selenium mass balance analysis: 1988 hydrology: Scenario 1 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 

10% uptake. 

WITH PROPOSED ACTION (Assume seienlum system losses reduced by 10%) 
(flo .. and LOMI-Flaw F.:tcn In 1,000.) 

ADJUSTED LOW Be FLOWS REQ. ASSUMED IN TRANSIT S. ADJUSTMENTS (h} SAN JOAQUIN RIVER EFFECT Of PROPOSED ACTION 
TO MATCH MeASURED VALUES SALT and Mud SALT MUD nr NEWMAN CONDfTIONS fCh __ ........ end ....... fedcn) 

SALTSLOUGH UUOSLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 21 27 28 21 30 31 32 33 34 31 31 37 31 31 40 41 42 43 
Be Sa Ie LOAD .. LOAD Be Ie LOAD- LOAD Ie LOAD Ie LOAD LOAD Ie 

FLOWS LOAD- FLOWS LOAD- (FuIIn." ADJUSTED LOAD- FLOW FLOW FLOW Ie FLOW CONe. FLOW flOW COlIC. FLOW FLOW FLOW LOAD 
FLOW FLOW -~ FORGA .. FLOW FACTOR FACTOR CONe. 121)tC2I. FACTOR 1~27) FACTOR FACTOR IG)dGDO 

(24) FACTOR (24) FACTOR CCoI(2I) +(31) ItSLD FACTOR C2I~ (11)+(2O).tC22) (12).(21)tC~ .. ((2Gt+ C3D)J. ((21)tC-. (22)+ (J1)J. ((23»+(27)- x0Jl0l3l] , 

T ...... (24) X 1.0 1 ...... (21) X 1.0 ... 1 .... C2I)x(1.o.1Gt +0.001_ (24)tC2I) (21HJ1) (UM3Z) (24)}(st R2O)tC24) C3D)H7) (2I)H" ~Z2M2IJ (31'H1C1) (32H2) (33H4) 

AF AFIDDIt AF AfXDDIt 1M Ita AFXIIIIIt AfXppIt AF AFIaIIIb ppb AF - AFXppb AF .... AfXIaI* AF AFXppb Ita 

-1.9 -1.9 -1.8 -1.8 31 ..... 283.0 0.0 104.0 10.6 65.2 6.1 -11.1 2.8 -73.7 0.8 27.9 76.1 -10.3 2.5 6.7 

6.0 6.0 1.6 1.6 129.6 116.6 0.0 42.9 29.9 35.9 1.2 -5.2 1.1 -62.6 1.0 13.4 64.3 -4.2 1.8 4.8 

1.7 1.7 -0.2 -0.2 189.3 170.4 0.0 62.6 26.2 90.3 3.4 -2.9 1.2 -71.2 1.2 26.5 17.8 -1.7 6.6 17.9 

3.9 3.9 3.2 3.2 262.8 236.5 0.0 87.0 41.9 181.2 4.3 -3.3 1.1 -209.1 2.4 31.9 219.0 -0.9 10.0 27.1 

6.1 6.1 2.3 2.3 -294.0 -323.4 0.0 -118.9 37.0 314.3 8.5 -5.6 1.1 -458.9 4.7 SO.8 470.0 -0.9 11.1 30.2 
I 

15.4 15.4 4.3 ".3 393.2 353.9 0.0 130.1 46.9 360.4 7.7 -7.2 1.0 -290.6 4.6 33.2 304.4 -2.6 13.9 37.7 ! 

I 

I 

4.6 4.6 -4.3 -4.3 307.1 276.4 0.0 101.6 45.8 301.9 6.6 0.6 1.3 -239.2 5.8 33.1 265.3 6.4 26.1 71.0 I 

1.7 1.7 -2.4 -2.4 272.6 245.3 0.0 90.2 33.1 214.0 6.5 -5.1 1.3 -225.1 4.9 32." 239.3 -0.2 14.2 38.6 
! 

6.3 6.3 0.8 0.8 435.0 391.5 0.0 143.9 28.4 268.2 9.4 -9.2 1.1 -163.4 5.8 25.8 177.2 -3.4 13.8 37.5 

7.9 7.9 -1.3 -1.3 268.6 241.7 0.0 88.9 23.2 283.7 12.2 -8.8 1.1 -276.9 7.1 34.8 286.7 -1.7 9.8 26.5 

12.8 12.8 -2.0 -2.0 418.8 376.9 0.0 138.6 27.4 228.8 8." -10.5 1.0 -220.2 6.9 32.7 232.0 -3.6 11.8 32.1 

7.5 7.5 -2.0 -2.0 60.7 54.6 0.0 20.1 18.6 162.4 8.7 -7.6 1.0 -170.2 2.7 57.4 168.1 -4.9 -2.1 -5.7 

72.0 72.0 -1.8 _ -1.8 2,758.1 2,423.5 0.0 891.0 369.0 2,506.1 6.8 -75.9 -2,460.9 47.9 2,580.2 -28.0 119.3 324.5 

(h) Theoretically salinity should not accumulate within 1M c:hanneIa conveying dtainage Ihtough the weiland .,. nor WuId their be 81'1'/ aignificant salt load flushed from fleH channels tNet an .",... period. 
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Table B12. Selenium dilution requirements: 1988 hydrology: Scenario 1 10% uptake. 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

_TQ1t\LS_ 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Sa losses of 10%) 

1 

INCREASED 
SELENIUM 
LOAD DUE 
TO USE OF 

DRAIN (C28-C29) 
Ibs 
31.4 
13.0 
18.9 
26.3 
29.4 
39.3 
30.7 
27.3 
43.5 
26.9 
41.9 
61.0 

~-~--
389.6 

2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION I 

LOAD FLOW NEWMAN CONCWITH CONCWIO VOLUME VOLUME I 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
( col 33) FWO CONC.(a) FWO CONC.(b) I 

I 

KAFxppb KAF DPb ppb AF x1000 AF 
65.2 10.6 6.2 3.0 16.7 16,700 I 

35.9 29.9 1.2 1.0 NF NF 
I 

i 

90.3 26.2 3.4 3.0 5.9 5,850 I 

181.2 41.9 4.3 4.0 4.5 4,533 
314.3 37.0 8.5 8.0 2.6 2,614 
360.4 46.9 7.7 7.0 5.3 5,350 
301.9 45.8 6.6 7.0 -3.1 0 
214.0 33.1 6.5 6.0 3.1 3,080 
268.2 28.4 9.4 8.0 5.9 5,857 
283.7 23.2 12.2 11.0 2.9 2,850 
228.8 27.4 8.4 7.0 6.2 6,167 
162.4 18.6 8.7 7.0 5.4 5,367 

2506.3 369.0 55.3 58,368 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table B13. Selenium mass balance analysis 1988 hydrology: Scenario 1: 20% uptake. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH .. 

HWY165 .) 

1 2 3 4 5 I 7 
WQ LOAD WQ LOAD 

110. flOW &. R.OW flOW &. FLOW 
FACTOR FACTOR 

(2"(3) (5)x(1) 

AF .... AFXppb AF .... AfXppb 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 

Nov 34.1 1.0 34.1 13.5 5.3 71.6 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 

Apr 39.4 7.0 275.8 18.7 14.1 263.7 

May 33.3 6.0 199.8 15.8 15.1 238.6 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 

Jul 24.9 11.0 273.9 19.5 14.8 288.6 

Aug 31.0 7.0 217.0 23.3 10.0 233.0 

Sep 23.5 7.0 164.5 16.3 11.0 179.3 

TOTAl 397.0 6.0 2386.8 192.2 13.5 2591.6 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION (Assume selenium system losses reduced by 20%) 

(Flows .ncI Load-FIow fllCtora In 1.000a) 

MUD SJRnrNEWMAN WETLAND ZONE BANDe ZONE A 
SLOUGH .. Minus MUD & SALT RELEASES (b) AGRICULTURAL AQRICUL TURAL 
HWY 140 [a) SLOUGH DRAINAGE 'e) DRAINAGE (eft 

• • 10 11 12 13 14 15 11 17 1. l' WQ LOAD LOAD DRAIIAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 
flOW Se R.OW flOW FLOW Au. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 

FACTOR FACTOR WQ FACTOII DRAINAGE FACTOR DRAIIAGE FACTOR 
(2H5)O (4H1)- &. DISCHARGE DISCHARGE 

(8)xCl) II) (10) (e) Tllble7 (11)x1.0 
AF .... An_ M AFXppb .... IE IE", AF AFQIPb IE IE ..... 

2.0 1.0 2.0 7.4 -14.1 1.0 3.4 4.6 0.0 0.0 3.5 182.4 

4.1 1.0 4.1 16.5 -41.6 1.0 3.4 3.9 0.0 0.0 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 3.3 3.9 0.0 0.0 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 3.1 3.5 0.0 0.0 3.3 321.7 

4.8 2.7 13.0 19.3 -177.6 1.0 3.1 3.5 0.0 0.0 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 4.2 0.0 0.0 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 22.2 24.0 0.0 0.0 5.6 387.5 

3.2 7.3 23.4 14.3 -62.1 1.0 13.5 14.1 0.0 0.0 6.0 349.6 

4.1 19.2 78.7 S.8 1.8 1.0 4.6 5.2 0.0 0.0 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 3.9 4.1 0.0 0.0 9.0 394.9 

0.5 20.3 10.2 7.2 -~.2 1.0 0.0 0.0 0.0 0.0 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 1.8 2.1 0.0 0.0 4.4 193.4 

38.5 8.2 313.9 166.3 -518.7 65.3 73.1 0.0 0.0 67.2 3757.4 

(al Stream flow and wa_ quality dala for the San Joaquin River and Salt and Mud Slough were oblained from Tabla A-2 and Table A-s, r_pectively. 
(b) Weiland reIeaaos were obtained from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

flOWS and LOAD 

20 21 
FLOWS LOAD 

(1I)xO.12. FLOW 
(1.,,,, FACTOR 

(JIItTllala7 (I) 

AF AFxDDb 

2.3 3.0 

2.3 3.0 

2.3 3.0 

2.1 2.8 

2.1 2.8 

2.1 2.8 

14.7 19.9 

9.0 11.8 

3.4 4.2 

2.8 3.8 

0.0 0.0 

1.2 1.6 

44.3 58.7 

RECONSTRUCTED 
llUOSLOUGH 

flOWS and LOAD 

22 23 
FLOWS LOAD 

(11).0.'1+ FLOW 
(11) •• FACTOR 

(2I)T __ 7 (g) 

AF AF ..... 

4.6 184.0 

3.5 109.7 

3.2 142.4 

4.3 323.2 

7.2 361.8 

8.2 540.8 

13.1 397.3 

10.5 355.2 

9.1 399.0 

10.1 396.6 

9.4 382.7 1 

5.0 194.2 

88.2 3786.9 

(c) Agricul1ural drairege voILnle available far weiland UN wu 88IUf'I18d tD be identicallD Ihoae quantiti. identified in the S.lVDP Anal Report of Sept 1990. Monflly distribution ... caIcuIalld as CoI(13)-Co1(2) of Tables 1-5. 
(d) The wlume and quality agricultural drainage discharged ID the grauIanda area from the chinage cistricts was c:oIlocted by Summers Engineering and IUDDleme .. led with CRWQC8 data. 
(e) Selenium load - Flow estimates were calculated .. Selenium load in a. + 2OOOIbII1Dn + 0.00136 tDnalAF-ppm + 1000. 
(I) Calculated as Col (17) .0.82 + Col (19) x o. Col (33) of lable 7. 
(g) Calculated 81 Col (17) x 0.18 + Col (19) + Col (29) of lable 7. 
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Table 813. (cont.). Selenium mass balance analysis: 1988 hydrology : 

ADJUSTED L.OW Se FlOWS REa. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1988 HYDROLOGY 
WITH PROPOSED ACTION (Assume selenium system losses reduced by 20%) 

(Flo .. and L~low Faden In 1.000a) 

ASSUMED IN TRANSIT S. ADJUSTMENTS (h) SAN JOAQUIN RIVER 
SALT and Mud SALT MUD nr NEWMAN CONDITIONS 

Scenario 1 20% uptake. 

EFFECT OF PROPOSED ACTION 
(ell ....... now. end Ioed IIaw tact .. ) 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJRrwNEWMAN 

24 25 26 21 28 21 30 31 32 33 34 35 38 31 31 31 40 41 42 43 
Se a. SeLOAD SeLOAD S. SeLOAD- LOAD Se LOAD Ie LOAD LOAD !Ie 

flOWS LOAD- flOWS LOAD- (Future .... ADJUSTED LOAD- flOW flOW flOW Se FlOW CONe. FLOW flOW CONe. flOW FLOW flOW LOAD 

flOW flOW .... concIlian FORGAN flOW FACTOR FACTOR CONe. [(21)+(25) FACTOR ((23)+(27) FACTOR FACTOR 142)x2ODO 
(24) FACTOR (24] FACTOR (CoI(ft) ,,31, .. SlD FACTOR (21,..2000 (11).(20).(22) (12),,21)+(23)-t(25) ((20)+ (3D)}+ [(21)+(25~ (22)+ (31))+ ((2~7)- xO.OO131] 

T ... " 
{24, X 1.0 T..-. (21) X 1.0 oIT ...... C (28)>11(1.0.2) +0.001_ (24)+(21, (27)-(31) (~ (24)H5) ((20)+(24' (3D)H7) (2I)HI» ~22)+(21) (31)HU,. (32H2) (33H4} 

AF AFXppb AF AFXppb .. 1M AFXppb AFXppb AF AFIIIIIb ppb AF ppIt AFXppb AF ppb AFXiIIIb AF AFXppb .. 
-1.9 -1.9 -1.8 -1.8 314.4 251.5 0.0 92.5 10.6 76.7 7.2 -11.1 2.8 -73.7 0.8 32.0 87.7 -10.3 14.0 38.2 

6.0 6.0 1.6 1.6 129.6 103.7 0.0 38.1 29.9 40.6 1.4 -5.2 1.1 -62.6 1.0 14.3 69.1 -4.2 6.5 17.7 

1.7 1.7 -0.2 -0.2 189.3 151.4 0.0 55.7 26.2 97.2 3.7 -2.9 1.2 -71.2 1.2 28.8 84.7 -1.7 13.5 36.8 

3.9 3.9 3.2 3.2 262.8 210.2 0.0 n.3 41.9 190.8 4.6 -3.3 1.1 -209.1 2.4 33.2 228.7 -0.9 19.6 53.4 

6.1 6.1 2.3 2.3 -294.0 -352.8 0.0 -129.7 37.0 325.1 8.8 -5.6 1.1 -458.9 4.7 52.0 480.8 -0.9 21.9 59.6 

15.4 15.4 4.3 4.3 393.2 314.6 0.0 115.6 46.9 374.8 8.0 -7.2 1.0 -290.6 4.6 34.4 318.9 -2.6 28.3 n.o 
4.6 4.6 -4.3 -4.3 307.1 245.7 0.0 90.3 45.8 313.2 6.8 0.6 1.3 -239.2 5.8 34.4 276.6 6.4 37.4 101.7 

1.7 1.7 -2.4 -2.4 272.6 218.1 0.0 80.2 33.1 224.0 6.8 -5.1 1.3 -225.1 4.9 33.7 249.3 -0.2 24.2 65.9 

6.3 6.3 0.8 0.8 435.0 348.0 0.0 127.9 28.4 284.2 10.0 -9.2 1.1 -163.4 5.8 27.5 193.2 -3.4 29.8 81.0 

7.9 7.9 -1.3 -1.3 268.6 214.9 0.0 79.0 23.2 293.5 12.7 -8.8 1.1 -276.9 7.1 35.9 296.5 -1.7 19.6 53.4 

12.8 12.8 -2.0 -2.0 418.8 335.0 0.0 123.2 27.4 244.2 8.9 -10.5 1.0 -220.2 6.9 34.8 247.4 -3.6 27.2 74.0 

7.5 7.5 -2.0 -2.0 60.7 48.6 0.0 17.9 18.6 164.6 8.9 -7.6 1.0 -170.2 2.7 58.1 170.3 -4.9 0.1 i 0.4 

72.0 72.0 -1.8 -1.8 
-- 2.7sa-----L 2.088.9 0.0 768.0 369.0 2.629.1 7.1 -75.9 -2.460.9 47.9 2.703.2 -28.0 242.3 659.1 

(h) Theoretically salinity should not accumulate within the channels conveying drainage Ihrough the weiland area nor should Iheir be any aignificMt I8It load ftushed from .... channela rIIIet an annual period. 

I 
I 

! 



W 
-...J 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table B14. Selenium dilution requirements: 1988 hydrology: Scenario 1 20% uptake. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 200/0) 

1 2 3 4 5 6 

INCREASED SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
LOAD DUE FACTOR PROJECT PROJECT TO MATCH 
TO USE OF ( 00133) FWO CONC.(a) 

DRAIN (C28-C29) 
Ibs KAFx ppb KAF ppb ppb AF x1000 
62.8 76.7 10.6 7.2 3.0 22.5 
26.0 40.6 29.9 1.4 1.0 NF 
37.8 97.2 26.2 3.7 3.0 9.3 
52.6 190.8 41.9 4.6 4.0 7.7 
58.8 325.1 37.0 8.8 8.0 4.2 
78.6 374.8 46.9 8.0 7.0 7.8 
61.4 313.2 45.8 6.8 7.0 -1.2 
54.6 224.0 33.1 6.8 6.0 5.1 
87.0 284.2 28.4 10.0 8.0 8.1 
53.8 293.5 23.2 12.7 11.0 3.8 
83.8 244.2 27.4 8.9 7.0 8.7 
12.2 164.6 18.6 8.8 7.0 5.7 

669.4 2628.9 369.0 81.7 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONCe(b) 

AF 
22,450 

NF 
9,300 
7,733 
4,157 
7,750 

0 
5,080 
8,143 
3,830 
8,733 
5.733 

82,910 . 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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SAN JOAQUIN R 
nr NEWMAN Ca) 

1 2 3 4 
WQ LOAD 

MO. FLOW S. FLOW 
FACTOR 

(2)11(3) 

AF .... AFXNb 

Oct 20.9 3.0 62.7 

Nov 34.1 1.0 34.1 

Dec 27.9 3.0 83.7 

JAn 42.8 4.0 171.2 

Feb 37.9 8.0 303.2 

Mar 49.5 7.0 346.5 

Apf 39.4 7.0 275.8 

May 33.3 6.0 199.8 

Jun 31.8 8.0 254.4 

Jul 24.9 11.0 273.9 

Aug 31.0 7.0 217.0 

Ssp 23.5 7.0 164.5 

TOTAl 397.0 6.0 2386.8 

Table B15. Selenium mass balance analysis: 1988 hydrology: Scenario 1 

SALT 
SLOUGH .. 
HWY 165 a) 

5 • 7 
WQ LOAD 

FLOW S. FLOW 
FACfOR 

(5}1I(1) 

AF .. AFXppb 

11.5 6.5 74.8 

13.5 5.3 71.6 

6.9 11.0 15.9 

9.3 23.2 215.8 

13.8 33.9 467.8 

24.7 12.5 308.8 

18.7 14.1 263.7 

15.8 15.1 238.6 

18.9 9.2 173.9 

19.5 14.8 288.6 

23.3 10.0 233.0 

16.3 11.0 179.3 

192.2 13.5 2591.6 

SAN JOAQUIN RIVER SELENIUM CONCENTRAnONS -1988 HYDROLOGY 
WITH PROPOSED AcnON (Assume selenium system losses reduced by 51%) 

(Flow. Mel LoN-FIow FKtora In 1,oooa) 

MUD SJR nr NEWMAN WETLAND ZONE8MDe ZONE A 
SLOUGH. Mlnua MUD & SALT RELEASES (b) AGRICULTURAL AGRICUL 'JURAL 
HWY 140 ra) SLOUGH DRAINAGE 'e) DRAINAGE (d) 

• • 10 11 12 13 14 15 1. 17 1. l' 
WQ LOAD LOAD DRAIIAGE LOAD SURFACE AND LOAD SURFACE A.., LOAD 

FLOW S. FLOW FLOW FLOW Aa. VO'_;,tE FLOW SUBSURFACE FLOW su_URFACE FLOW 
FACTOR FACJOR WQ FACfOR DRAINAGE FACTOR DRAINAGE FACfOR 

(2H5)o (4}-(7)0 S. DISCHARGE DISCHARGE 

(l)JlCI' II) (10) (e) T ..... 7 (11).1.0 

AF .... AFIIIIIb AF AFXppb .. AF AF._ AF AF.- AF AF.-
2.0 1.0 2.0 7.4 -14.1 1.0 3.4 4.6 0.0 0.0 3.5 182.4 

4.1 1.0 4.1 16.5 -41.6 1.0 3.4 3.9 0.0 0.0 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 3.3 3.9 0.0 0.0 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 3.1 3.5 0.0 0.0 3.3 321.7 

4.8 2.7 13.0 19.3 -1n.6 1.0 3.1 3.5 0.0 0.0 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 4.2 0.0 0.0 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 22.2 24.0 0.0 0.0 5.6 387.5 

3.2 7.3 23.4 14.3 -62.1 1.0 13.5 14.1 0.0 0.0 6.0 349.6 

4.1 19.2 78.7 8.8 1.8 1.0 4.6 5.2 0.0 0.0 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 3.9 4.1 0.0 0.0 9.0 394.9 

0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 0.0 0.0 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 1.8 2.1 0.0 0.0 4.4 193.4 

38.5 8.2 313.9 166.3 -518.7 65.3 73.1 0.0 0.0 67.2 3757.4 

(a) Str.m ftow and wea quality data for the San Joaquin River and Salt and Mud Slough wer. obtained from Table 1.-2 and Table 1.-5, respectively. 
(b) Weiland ntIeuea were obtained from Tabkt 7. 

51 % uptake. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH IlUDSLOUGH 

FLOWS and LOAD FlOWS and LOAD 
20 21 22 23 

FLOWS LOAD FLOWS LOAD 
(11)1dL1Z+ fLOW (11) ...... FLOW 

(1 ..... FACTOR (1.,.. FACTOP. 
(3IItT ..... 7 (I) (2I)T ..... 7 (g) 

AF AhDDb AF AFIIPPb 

2.3 3.0 4.6 184.0 

2.3 3.0 3.5 109.7 

2.3 3.0 3.2 142.4 

2.1 2.8 4.3 323.2 

2.1 2.8 7.2 361.8 

2.1 2.8 8.2 540.8 

14.7 19.9 13.1 a97.3 

9.0 11.8 10.5 355.2 

3.4 4.2 9.1 399.0 I 

2.8 3.8 10.1 396.6 

0.0 0.0 9.4 382.7 

1.2 1.6 5.0 194.2 

44.3 58.7 88.2 3786.9 

(e) AgricuhuraI drainage voIwne available far weiland UIO wu auumed ID be idenlicallD IhoH quMtiti_ identified In She SJVDP Ar.I Report of Sept 1990. Mont1Iy diaIribution W8I caIcuIatld u CoI(13)-C01(2) or Tables 1-5. 
(d) The volume and ~ity agricultural drainage discharged 10 the graulanda .,.. from the chInage cla1ricta waa collected bv Swnnera Engineering and IUppIemented with CRWOCB data. 
(e) Selenium Load - Flow estimates were calculated .. Selenium Load In Ibs + 2OOOIbaI1Dn + 0.OO138lDnalAF-ppm + 1000. 
(I) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of IabIe 7. 
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Table 815. (cont.). Selenium mass balance analysis: 1988 hydrology : 

ADJUSTED LOW S. FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION (Assume selenium system losses reduced by 51%) 

(Flowa and Load-FIow Factcn In 1.000a) 

ASSUMED IN TRANSIT Se ADJUSTMENTS (h) SAN JOAQUIN RIYER 
SALT end Mud SALT MUD nr NEWMAN CONDITIONS 

Scenario 1 51 % uptake. 

EFFECT OF PROPOSED ACTION 
(eII ...................... taw r.ct.a) 

SALTSLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 
24 25 2C 71 21 21 30 31 32 33 34 35 31 37 38 H 40 41 42 

~D I 

Be Be .. LOAD Be LOAD S. .. LOAD- LOAD Be LOAD .. LOAD LOAD 
FLOWS LOAD- FLOWS LOAD- (Future ..... ADJUSTED LOAD- FLOW FLOW FLOW .. FLOW CONe. FLOW R.OW COHe. FLOW FLOW FLOW 

FLOW FLOW ... cond .... FORGAN FLOW FACTOR FACTOR CONe. [(21)+(25) FACTOR ((23)+(27) FACTOR FACTOR 11 (4) FACTOR (24) FACTOR (CoI(2I) ,,(31) ItSLD FACTOR (21)+2- (11)+(20)+(22) (12)+(21)t(~25) ((20)+ (3D)J+ ((21)+(25)- (22)+ (31)J+ (23)+(27)- xUDl3I) 
1 .... (24) X 1.0 T ..... (21) X 1.0 ..T ...... (28,..1.0.11) +0.001. (24)+(21) (27)-(31) (33M32) (24lHI) ((20)+(24) (3D»H7) (21)'-' ~22)t(2t) (31)H11J) C3Z)o(2) (33M.., 

AF AfXppb AF AFIppb 1M !be AfXIIpb ~ AF AFIDIIb .. AF .. AFX" AF .. A~ AF AFXppb 

1:.6 -1.9 -1.9 -1.8 -1.8 314.4 154.1 0.0 56.6 10.6 112.6 10.6 -11.1 2.8 -73.7 0.8 44.8 1,3.5 -10.3 49.9 

6.0 6.0 1.6 1.6 129.6 63.5 0.0 23.3 29.9 55.4 1.9 -5.2 1.1 -62.6 1.0 17.2 83.8 -4.2 21.3 57.9 

1.7 1.7 -0.2 -0.2 189.3 92.8 0.0 34.1 26.2 118.8 4.5 -2.9 1.2 -71.2 1.2 36.0 106.3 -1.7 35.1 95.5 

3.9 3.9 3.2 3.2 262.8 128.8 0.0 47.3 41.9 220.8 5.3 -3.3 1.1 -209.1 2.4 37.2 258.6 -0.9 49.6 134.9 

6.1 6.1 2.3 2.3 -294.0 -443.9 0.0 -163.2 37.0 358.6 9.7 -5.6 1.1 -458.9 4.7 55.5 514.3 -0.9 55.4 150.8 

15.4 15.4 4.3 4.3 393.2 192.7 0.0 70.8 46.9 419.6 8.9 -7.2 1.0 -290.6 4.6 37.9 363.7 -2.6 73.1 198.9 

4.6 4.6 -4.3 -4.3 307.1 150.5 0.0 55.3 45.8 348.2 7.6 0.6 1.3 -239.2 5.8 38.4 311.6 6.4 72.4 196.9 

1.7 1.7 -2.4 -2.4 272.6 133.6 0.0 49.1 33.1 255.1 7.7 -5.1 1.3 -225.1 4.9 37.5 280.4 -0.2 SS.3 150.4 

6.3 6.3 0.8 0.8 435.0 213.2 0.0 78.4 28.4 333.8 11.8 -9.2 1.1 -163.4 5.8 32.5 242.7 -3.4 79.4 215.9 

7.9 7.9 -1.3 -1.3 268.6 131.6 0.0 48.4 23.2 324.1 14.0 -8.8 1.1 -276.9 7.1 39.4 327.1 -1.7 50.2 136.7 I 

12.8 12.8 -2.0 -2.0 418.8 205.2 0.0 75.4 27.4 291.9 10.7 -10.5 1.0 -220.2 6.9 41.3 295.1 -3.6 74.9 203.8 I 

7.5 7.5 -2.0 -2.0 60.7 29.7 0.0 10.9 18.6 171.6 9.2 -7.6 1.0 -170.2 2.7 60.4 1n.3 -4.9 7.1 19.2 I 

72.0 72.0 -1.8 -1.8 .... _ 2,758.1_ 1.Q51~_ '-- 0.0 386.6 369.0 __ _3 .• 010.5 ~~- -75~~L ---
-2.460_·!i_ 47.9 3.084.5 -28.0 623.7 1,696.4 ~ 

(h) Theoretically salinity should not accumulate within the channels conveying drange through 1he weiland .,.. nor Ihould lheir be any aignilant ... t !oed flushed from Ihese channefa tNer an .",.., period. 



~ 
o 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table 816. Selenium dilution requirements: 1988 hydrology: Scenario I: 51 % uptake. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 510/0) 

1 

INCREASED 
SELENIUM 
LOAD DUE 

TO USE OF 
DRAIN (C28-C29) 

Ibs 
160.1 
66.3 
96.4 

134.1 
149.9 
200.4 
156.6 
139.2 
221.9 
137.2 
213.7 
31.1 

1707.0 

2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
( col 33) FWO CONC.(a) FWO CONC.(b) 

KAFx ppb KAF ppb ppb AF x1000 AF 
112.6 10.6 10.6 3.0 40.4 40,400 
55.4 29.9 1.9 1.0 NF NF 
118.8 26.2 4.5 3.0 20.1 20,100 
220.8 41.9 5.3 4.0 17.7 17,733 
358.6 37.0 9.7 8.0 8.9 8,943 
419.6 46.9 8.9 7.0 15.2 15,217 
348.2 45.8 7.6 7.0 4.6 4,600 
255.1 33.1 7.7 6.0 11.3 11,300 
333.8 28.4 11.8 8.0 15.2 15,229 
324.1 23.2 14.0 11.0 6.9 6,890 
291.9 27.4 10.7 7.0 16.7 16,683 
171.6 18.6 9.2 7.0 6.9 6,900 

3010.5 369.0 164.0 163,995 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table 817. Selenium mass balance analysis: 1988 hydrology: Scenario 2. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH .. 

HWY165 a) 

1 2 3 4 5 & 7 
WQ LOAD Ie LOAD 

110. FLOW Be R.OW FLOW ~~ FLOW 
FACTOR FACTOR 

(2)X(3) (5)x(1) 
AF ppb AFXppb AF .... AFXppb 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 

Nov 34.1 1.0 34.1 13.S 5.3 71.6 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 

Arx 39.4 7.0 275.8 18.7 14.1 263.7 

May 33.3 6.0 199.8 15.8 15.1 238.6 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 

Jut 24.9 11.0 273.9 19.5 14.8 288.6 

Aug 31.0 7.0 217.0 23.3 10.0 233.0 

Se~ 23.5 7.0 164.5 16.3 11.0 179.3 

~OTAl 397.0 6.0 2386.8 ~2.2 13.5 2591.6 

SAN JOAQUIN RIVER SELENIUM CONCENTRAnONS -1988 HYDROLOGY 
WITH PROPOSED AcnON WITHOUT INCREASED WETLAND WATER USE 

(Flow • .,d Load-fIow FlICtors In 1,000.) 

MUD SJR nr NEWMAN WETLAND ZONE8ANDC ZONE A 
SLOUGH .. Mlnu.MUD & SALT RELEASES (b) AGRICULTURAL AORICUt. TURAL 
HWY 140 a) SLOUGH DRAINAGE c) DRAINAGE (d) 

• 1 10 11 12 13 14 15 1& 17 l' 11 
Be LOAD LOAD DRAINAGE l()AD SURFACE AND LOAD IURfACEAND LOAD 

FLOW .&ORON R.OW FLOW FLOW Aa. VOLUIE FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAItAGE FACTOR 

(2H5~ (4~ Be DISCHARGE DISCHARGE 

(1)1(1' (I] (10) (el T ...... (11).1.0 
AF .... AfXJIpb AF AfXppb .... AF A~ AF AFlQIIIIt AF AFXIIIIb 

2.0 1.0 2.0 7.4 -14.1 1.0 2.5 2.5 11.2 11.2 3.5 182.4 

4.1 1.0 4.1 16.5 -41.6 1.0 2.5 2.5 5.1 5.1 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 2.6 2.6 2.4 2.4 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 2.4 2.4 1.6 1.6 3.3 321.7 

4.8 2.7 13.0 19.3 -177.6 1.0 2.3 2.3 1.7 1.7 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 3.0 2.6 2.6 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 13.4 12.5 2.4 2.4 5.6 387.5 

3.2 7.3 23.4 14.3 -62.1 1.0 8.6 8.1 5.1 5.1 6.0 349.6 

4.1 19.2 78.7 8.8 1.8 1.0 0.6 0.6 7.4 7.4 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 0.2 0.2 5.4 5.4 9.0 394.9 

0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 3.6 3.6 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 0.2 0.2 6.5 6.5 4.4 193.4 

38.5 8.2 313.9 166.3 -518.7 38.3 36.9 55.0 55.0 67.2 3757.4 

(8) Stream flow and water quality dam for 1he San Joaquin River and Salt and Mud Slough were obtained from Table A-2 and Table A-5. respectively. 
(tI) Weiland releases were obtained from Table 6. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS .... LOAD 

20 21 
FLOWS LOAD 

(1')1&0.12+ FLOW 
(1.,. FACTOR 

(3IItT ...... (f) 

AF AF ..... 

10.6 10.6 

5.6 5.6 

3.5 3.5 

2.7 2.7 

2.7 2.7 

3.4 3.4 

9.7 9.7 

9.3 9.3 

6.3 6.3 

4.4 4.4 

3.0 3.0 

5.3 5.3 

66.4 66.4 

RECONSTRUCTED 
IIUDSLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(11)d,1I+ FLOW 
(18)+ FACTORi 

(2I)T ...... (sa) 

AF AF ..... 

6.6 185.5 

4.4 110.1 I 

3.7 142.31 

4.6 323.0 

7.5 361.6 

9.5 540.8 

11.7 393.21 

10.4 353.91 

9.6 399.2 

10.2 396.0 

10.0 383.4 

5.8 194.8 

94.1 3763.7 

(c) Agricultural drai,.ge voIl.I'Tl8 available for weiland use was assumed to be Identical to Ihose quantiti_ identified in 1he SJVOP Aral Aepott of Sept 1990. Monllly distribution was caIcuIatid as CoI(13)-CoI(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the gnsaslanda area from 1he drainage dstrictl was collected by Summers Engineering and supplemalded wi1h CRWQCS daIa. 
(e) Selenium load - Flow estimates were calculated as Selenium Load in It. + 2OOOIbsIton + 0.00136 IDnslAF-ppm + 1000. 
(f) Calculated as Col (11) x 0.82 + Col (19) x 0 + Col (33) of Table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) ofTabie 6. 
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ADJUSTED LOW S. FLOWS REO. 
TO MATCH MEASURED VALUES 
SALTSLOUGH IlUOSLOUGH 

24 25 26 'Z7 
s- Se 

FLOWS LOAD- FLOWS LOAD-
FLOW FLOW 

(24) FACTOR (H) FACTOR 
T ..... ~ (24) 11.0 T .... (21) X 1.0 

AF AFXppb AF AFXppb 

-1.9 -1.9 -1.8 -1.8 

6.0 6.0 1.6 1.6 

1.7 1.7 -0.2 -0.2 

3.9 3.9 3.2 3.2 

6.1 6.1 2.3 2.3 

15.4 15.4 4.3 4.3 

4.6 4.6 -4.3 -4.3 

1.7 1.7 -2.4 -2.4 

6.3 6.3 0.8 0.8 

7.9 7.9 -1.3 -1.3 

12.8 12.8 -2.0 -2.0 

7.5 7.5 -2.0 -2.0 

72.0 72.0 -1.8 -1.8 

Table 817. (cont.). Selenium mass balance analysis: 1988 hydrology 

SAN JOAQUIN RIVER SELENIUM CONCENTRAnoNS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flows and Load-FIDw Factora In 1.000a) 

ASSUMED IN TRANSIT S. ADJUSTMENTS (h) SAN JOAQUIN RIVER 

Scenario 2. 

EFFECT OF PROPOSED ACTION 
SALT and Mud SALT MUD nr NEWMAN CONDITIONS [ell .. In fIDIrJ ............ tedGn) 

SLOUGH SLOUGH SLOUGH SALT SLOUGH IlUDSLOUGH SJR nr NEWMAN 
28 21 30 31 32 33 34 35 31 37 31 31 40 41 42 43 

.. LOAD .. LOAD S. leLOAD- LOAD Ie LOAD Ie LOAD LOAD S. 
(FuIure ..... ADJUSTED LOAD- FLOW FLOW FLOW Ie FLOW CONe. FLOW R.OW CONe. FLOW FLOW FLOW LOAD 
outcond'" FORGA .. FLOW FACTOR FACTOR CONe. [(21)+(25) FACTOR -- FACTOR FACTOR KG)dGOO 
(CoI(2I) +(11) 1t8LD FACTOR (21).1000 (11~ (12)+(21~+(25) ((20)+ (3D)J+- [(21~ (22)+ (31))+ ~1)- lIO.G0131] 
.. n ..... (.,.1.0.1) 4.00131 (24)+(21) C27H31) (33M32) (24JHJa .(20)+(24) ,JIItH7l (2I)H" (J1)H1D) C3ZH2) (33)0(4) .. .. AFXppb AFXppb AF AFXIII* ppb IE .... AFXaIIaIt IE .... AFXppb IE AFXppb .. 

314.4 283.0 0.0 104.0 20.9 74.3 3.6 -2.8 1.0 -66.1 2.8 16.5 n.6 0.0 11.6 31.5 

129.6 116.6 0.0 42.9 34.1 38.9 1.1 -1.9 1.0 -60.0 1.9 11.4 54.7 0.0 4.8 12.9 

189.3 170.4 0.0 62.6 27.9 90.7 3.2 -1.7 1.0 -70.7 1.7 22.5 n.7 0.0 7.0 19.0 

262.8 236.5 0.0 87.0 42.8 180.9 4.2 -2.7 1.0 -209.1 2.7 30.7 218.8 0.0 9.7 26.3 

-294.0 -264.6 0.0 -97.3 37.9 292.4 7.7 -5.0 1.0 .... 59.0 5.0 47.0 448.2 0.0 -10.8 -29.4 

393.2 353.9 0.0 130.1 49.5 361.0 7.3 -5.9 1.0 -289.9 5.9 30.1 304.4 0.0 14.5 39.3 

307.1 276.4 0.0 101.6 39.4 287.6 7.3 ..... 4 1.0 -249.4 4.4 38.7 261.2 0.0 11.8 32.1 

272.6 245.3 0.0 90.2 33.3 210.1 6.3 -4.8 1.0 -227.6 4.8 32.6 237.9 0.0 10.3 28.0 

435.0 391.5 0.0 143.9 31.8 270.4 8.5 -6.3 1.0 -161.3 6.3 24.5 In.3 0.0 16.0 43.5 

268.6 241.7 0.0 88.9 24.9 283.8 11.4 -7.2 1.0 -276.3 7.2 34.5 286.1 0.0 9.9 26.8 

418.8 376.9 0.0 138.6 31.0 232.4 7.5 -7.5 1.0 -217.2 7.5 30.2 232.6 0.0 15.4 41.9 

60.7 54.6 0.0 20.1 23.5 166.7 7.1 -3.5 1.0 -166.5 3.5 45.8 168.7 0.0 2.2 6.0 

2,758.1 2,482.3 0.0 912.6 397.0 2,489.0 6.3 -53.8 -2,453.2 53.8 2,555.3 0.0 102.2 2n.9 

(h) Theotetically salinity should not accumulate within Ihe c:hanneIa conveying drainage through the wetland area nor should their be any significant ..at load IlUlhed from .... ctwvMIIa ow .. an ..... period. 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table 818. Selenium dilution requirements: 1988 hydrology Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 10% 
and assume no Salt Slough diversions to wetlands. 

1 2 3 4 5 6 

INCREASED SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
LOAD DUE FACTOR PROJECT PROJECT TO MATCH 

TO USE OF ( col 33) FWO CONC.(a) 
DRAIN (C28-C29) 

Ibs KAFxppb KAF ppb ppb AF x1000 
31.4 74.3 20.9 3.6 3.0 6.3 
13.0 38.9 34.1 1.1 1.0 NF 
18.9 90.7 27.9 3.2 3.0 2.8 
26.3 180.9 42.8 4.2 4.0 3.2 
29.4 292.4 37.9 7.7 8.0 -1.6 
39.3 361.0 49.5 7.3 7.0 2.5 
30.7 287.6 39.4 7.3 7.0 2.0 
27.3 210.1 33.3 6.3 6.0 2.0 
43.5 270.4 31.8 8.5 8.0 2.3 
26.9 283.8 24.9 11.4 11.0 1.0 
41.9 232.4 31.0 7.5 7.0 2.6 
6.1 166.7 23.5 7.1 7.0 0.4 

334.7 2489.2 397.0 23.3 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
6,270 

NF 
2,790 
3,233 

0 
2,475 
1,970 
1,998 
2,271 
996 

2,567 
392 

24,962 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of diiution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 

r 
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Table 819. Seh~nium mass balance analysis: 1988 hydrology: Scenario 3. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH at 

HWY 165 a) 

1 2 3 4 5 6 7 
WQ LOAD S. LOAD 

MO. FLOW S. FLOW FLOW _OROII FLOW 
FACTOR FACTOR 

(2).(3) (5)K(1) 

AF ppb AFXppb AF IIPb AFIppb 

Oct 20.9 3.0 62.7 11.5 6.5 74.8 

Nov 34.1 1.0 34.1 13.5 5.3 71.6 

Dec 27.9 3.0 83.7 6.9 11.0 75.9 

JAn 42.8 4.0 171.2 9.3 23.2 215.8 

Feb 37.9 8.0 303.2 13.8 33.9 467.8 

Mar 49.5 7.0 346.5 24.7 12.5 308.8 

Apr 39.4 7.0 275.8 18.7 14.1 263.7 

May 33.3 6.0 199.8 15.8 15.1 238.6 

Jun 31.8 8.0 254.4 18.9 9.2 173.9 

Jul 24.9 11.0 273.9 19.5 14.8 288.6 

Au9131.0 17.0 217.0 123.3 10.0 233.0 

_ Sap _ 23.5 7.0 164.5 16.3 11.0 179.3 

SAN JOAQUIN RIVER SELENIUM CONCENTRAT~ONS • 1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flaws and LOild-Fiow Factors In 1,oooa) 

MUD SJR nr NEWMAN WETLAND ZONEBANDe ZONE A 
SLOUGH at Mlnu. MUD & SALT RELEASES (b) AGRICULTURAL AGAICUL TURAL 
HWY 140 .) SLOUGH DRAINAGE Ie) DRAINAGE Id) 

8 • 10 11 12 13 14 15 16 17 18 l' 
S. LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW BORON FLOW FLOW FLOW A ... VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACJOR DRAINAGE FAC'f'OR 

(2)~5" (4H7)- S. DlsatARGE DISCHARGE 
(lp(l) (I) (10) (e) T ..... 7 (tl).'.O 

AF .... AFXDPII AF AFIppb ppb AF AFIDDm AF AF."" AF AF ..... 

2.0 1.0 2.0 7.4 -14.1 1.0 3.4 4.6 11.2 11.2 3.5 182.4 

".1 1.0 4.1 16.5 -41.6 1.0 3.4 3.9 5.1 5.1 2.4 108.1 

1.8 1.0 1.8 19.2 6.0 1.0 3.3 3.9 2.4 2.4 2.2 140.8 

5.1 4.0 20.4 28.4 -65.0 1.0 3.1 3.5 1.6 1.6 3.3 321.7 

4.8 2.7 13.0 19.3 -1n.6 1.0 3.1 3.5 1.7 1.7 6.2 360.3 

7.9 14.0 110.6 16.9 -72.9 1.0 3.0 4.2 2.6 2.6 7.3 538.6 

3.0 8.7 26.1 17.7 -14.0 1.0 22.2 24.0 2.4 2.4 5.6 387.5 

3.2 7.3 23.4 14.3 -62.1 1.0 13.5 14.1 5.1 5.1 6.0 349.6 

4.1 19.2 78.7 8.8 1.8 1.0 4.6 5.2 7.4 7.4 7.9 397.4 

1.7 11.6 19.7 3.7 -34.4 1.0 3.9 4.1 5.4 5.4 9.0 394.9 

0.5 20.3 10.2 7.2 -26.2 1.0 0.0 0.0 3.6 3.S 9.4 382.7 

0.3 13.3 4.0 6.9 -18.8 1.0 1.8 2.1 6.5 6.5 4.4 193.4 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(1',.G.I2. FLOW 

" • .0. FACTOR 
(3O)T ... 7 (I) 

AF AF.1IPb 

11.5 12.2 

6.5 7.2 

4.3 5.0 

3.4 4.1 

3.5 4.2 

4.2 4.9 

16.7 21.9 

13.2 16.0 

9.5 10.3 

7.2 8.2 

3.0 3.0 

6.5 6.9 

TOTJ397.0 6.0 2386.aI19g.2113.512591.sl38.5la.2 313.91166.3 1-51a.71 1 65.3 173.1 1 55.0 55.0 67.2 3757.4Ia~.4.· 1103.al 
(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-2 and Table A-5, respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(1.).a.11+ FLOW 

(t'" FACTOR 
(2I)T ..... 7 (g) 

AF AFxppb 

6.6 186.0 

4.4 110.6 

3.6 142.8 

4.6 323.5 

7.5 362.1 

8.7 541.3 

13.5 397.7 

11.4 356.2 

10.4 400.4 

11.1 397.5 

10.0 383.4 

6.2 195.4 

98.1 13796.8 

(c) Agricultural drainage volt.me available for wetland use was assumed 10 be Identical 10 those quantities identified In the SJVDP FiraJ Report of Sept 1990. Monthly distribution was calculated as Col(13)-Col(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Sumners Engineering and supplemented with CRWOCB data. 
(e) Selenium load - Flow estimates were calculated as Selenium load in Ibs ~ 2OOOlbsiton ~ 0.00136 mnslAF-ppm ~ 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) ofTabie 7. 
(9) Calculated as Col (17) x 0.18 + Col (19) + Col (29) ofTabie 7. 
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Table 819. (cont.). Selenium mass balance analysis: 1988 hydrology 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flowe and Load-Fiow Factors In 1,OOOs) 

ADJUSTED LOW S. FLOWS REQ. ASSUMED ;N TRANSIT s. ADJUSTMENTS (h) SAN JOAQUIN AIVER 
TO MATCH MEASURED VALUES SALTandllud SALT MUD nr NEWMAN CONDmONS 

Scenario 3. 

EFFECT OF PROPOSED ACTION 
(CIt ~ In flow ......... tIow teet •• ) 

SALTSLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH IIUDSLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 35 31 37 38 31 40 41 42 43 
Se Se Ie LOAD SeLOAD S. SeLOAD- LOAD Be LOAD Be LOAD LOAD Ie 

flOWS lOAD- flOWS LOAD- (Futurw willi- ADJUSTED LOAD- flOW flOW flOW Be FLOW COHe. FLOW flOW CONe. flOW flOW FLOW LOAD 
flOW flOW out candlUan FORGA .. flOW FACTOR FACTOR CONe. (21).(25) FACTOR ((23)+(27) FACTOR FACTOR [(G)x2000 

(24) FACTOR (21) FACTOR (CoI(2I) .(31) ItSlD FACTOR (21)+1000 (11)+(20)+('"&.2) (12)+(21)+(21).(25) ((2Gt+ (3O)J. [(21).(25)- (22)+ (:11)" [(23)+(27)- .0JI0131) 
Tableal (24) X 1.0 Tab... (21) X 1.0 ofT ...... (28)-<'-0.') +0.00131 114)+(21) (21H31) (33)1{32) (24)HI) (20)+(24) (3U)H7) (2I)HI) (22)+(21) (31)H10) (32)-(2) (33)-(4) 

AF AfXIIIIb AF AFx.b lb. lb. A~ AFIDDb AF AFIDIIb .... AF .... AFX_ AF .... AFIppb AF AFXppb 1M 

-1.9 -1.9 -1.8 -1.8 314.4 283.0 0.0 104.0 21.8 76.4 3.5 -1.9 1.1 -64.5 2.8 16.6 78.1 0.9 13.7 37.2 

6.0 6.0 1.6 1.6 129.6 116.6 0.0 42.9 35.0 41.0 1.2 -1.0 1.1 -58.4 1.9 11.5 65.2 0.9 6.9 18.6 

1.7 1.7 -0.2 -0.2 189.3 170.4 0.0 62.6 28.6 92.7 3.2 -0.9 1.1 -69.2 1.6 23.3 78.2 0.7 9.0 24.4 

3.9 3.9 3.2 3.2 262.8 236.5 0.0 87.0 43.5 182.8 4.2 -2.0 1.1 -207.7 2.7 30.8 219.3 0.7 11.6 31.5 

6.1 6.1 2.3 2.3 -294.0 -264.6 0.0 -97.3 38.7 294.4 7.6 -4.2 1.1 -457.5 5.0 47.1 448.7 0.8 -8.8 -24.0 

15.4 15.4 4.3 4.3 393.2 353.9 0.0 130.1 49.5 363.0 7.3 -5.1 1.0 -288.4 5.1 32.0 304.9 0.0 16.5 44.7 

4.6 4.6 -4.3 -4.3 307.1 276.4 0.0 101.6 48.2 304.3 6.3 2.6 1.2 -237.2 6.2 31.6 265.7 8.8 28.5 n.6 

1.7 1.7 -2.4 -2.4 272.6 245.3 0.0 90.2 38.2 219.1 5.7 -0.9 1.2 -220.9 5.8 29.2 240.2 4.9 19.3 52.5 

6.3 6.3 0.8 0.8 435.0 391.5 0.0 143.9 35.8 275.6 7.7 -3.1 1.1 -157.3 7.1 22.9 178.5 4.0 21.2 57.6 

7.9 7.9 -1.3 -1.3 268.6 241.7 0.0 88.9 28.6 289.1 10.1 -4.4 1.1 -272.5 8.1 31.5 287.6 3.7 15.2 41.2 

12.8 12.8 -2.0 -2.0 418.8 376.9 0.0 138.6 31.0 232.4 7.5 -7.5 1.0 -217.2 7.5 30.2 232.6 0.0 15.4 41.g 

7.5 7.5 -2.0 -2.0 60.7 54.6 0.0 20.1 25.1 168.9 6.7 -2.3 1.0 -164.9 3.9 41.6 169.3 1.6 4.4 
I 

12.0 I 

I 

72.0 72.0 -1.8 -1.8 2,758.1 2,482.3 0.0 912.6 424.0 2,539.5 6.0 -30.8 -2,415.8 57.8 2,568.4 27.0 152.7 415.3 I 

(h) Theoretically salinity should not accumulate within Ihe channels conweying drainage Itvough Ihe weiland area nor should their be any aignificant ult load lIushed from .... channels ewer an annJ8I period. 



MONTH 

-~ Oct 
0\ Nov 

Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table 820. Selenium dilution requirements: 1988 hydrology: Scenario 3. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 10% 
and assume no Salt Slough diversions to wetlands. 
Assume additional wetland water supply. 

1 2 3 4 5 6 

INCREASED SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
lOAD DUE FACTOR PROJECT PROJECT TO MATCH 
TO USE OF ( col 33) FWO CONe.(a) 

DRAIN (C28-C29) 
Ibs KAFxppb KAF ppb ppb AF x1000 
31.4 76.4 21.8 3.5 3.0 5.4 
13.0 41.0 35.0 1.2 1.0 NF 
18.9 92.7 28.6 3.2 3.0 2.9 
26.3 182.8 43.5 4.2 4.0 2.9 
29.4 294.4 38.7 7.6 8.0 -2.2 
39.3 363.0 49.5 7.3 7.0 2.5 
30.7 304.3 48.2 6.3 7.0 -5.6 
27.3 219.1 38.2 5.7 6.0 -2.3 
43.5 275.6 35.8 7.7 8.0 -1.5 
26.9 289.1 28.6 10.1 11.0 -2.6 
41.9 232.4 31.0 7.5 7.0 2.6 
6.1 168.9 25.1 6.7 7.0 -1.3 

334.7 2539.7 424.0 0.8 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
5,450 

NF 
2,860 
2,900 

0 
2,475 

0 
I 0 

0 
0 I 

2,583 
0 I 

16,268 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table B21. TDS mass balance analysis: 1988 hydrology : Future without scenario. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SlOUGH at 

HWY 165 .) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. flOW IDS flOW flOW YDS flOW 
FACTOR FACTOR 

(2)11(3) (5)x(1) 

AF ppm AFXppm AF ppm AFXppm 

Oct 20.9 689 14.4 11.5 1,036 11.9 

Nov 34.1 670 22.8 13.5 1,271 17.2 

Dec 27.9 934 26.1 6.9 2,017 13.9 

JAn 42.8 n9 33.3 9.3 2,251 20.9 

Feb 37.9 992 37.6 13.8 2,190 30.2 

Mar 49.5 1,100 54.5 24.7 1,349 33.3 

Apr 39.4 no 30.3 18.7 1,410 26.4 

May 33.3 993 33.1 15.8 1,366 21.6 

Jun 31.8 950 30.2 18.9 1,081 20.4 

Jul 24.9 1,550 38.6 19.5 1,372 26.8 

Aug 31.0 824 25.5 23.3 1,051 24.5 

Sep 23.5 929 21.8 16.3 1,099 17.9 

TOTAL 397.0 928 368.3 192.2 1,379 265.0 

SAN JOAQUIN RIVER TDS CONCENTRATIONS - 1988 HYDROLOGY 
WITHOUT PROPOSED ACTION 

(Fiowa In 1,000. and Load-Flaw Factors In 1,ooo,OOOs) 

MUD SJR nr NEWMAN WETLAND ZONESAHOC ZONE A 
SlOUGH. llinu. MUD & SALT RELEASES (b) AGAICUL TURAL AGRICULTURAL 
HWY 140 a1 SLOUGH DRAINAGE Ie} DRAINAGE (d) 

8 • 10 11 12 13 14 15 16 17 18 l' 
WQ LOAD LOAD DRAINAGE LOAD SURFACEANO LOAD SURFACE AND LOAD 

flOW IDS FlOW flOW flOW A ... VOLUME flOW SUBSURFACE flOW SUBSURFACE flOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2)-(5)- (4H7)- lOS DISCHARGE DISCHARGE 
(8)JI(I) (8) (10) (e) T .... (11) ..... 

AF PIlI" ~FXppm AF AFXppm ppm AF AFXppm AF AFXppm AF AFXppnt 

2.0 n3 1.5 7.4 0.9 1,000 2.5 3.9 11.2 11.2 3.5 8.1 

4.1 1,091 4.5 16.5 1.2 1,000 2.5 4.0 5.1 5.1 2.4 6.2 

1.8 2,175 3.9 19.2 8.2 1,000 2.6 4.2 2.4 2.4 2.2 5.5 

5.1 1,669 8.5 28.4 3.9 1,000 2.4 3.8 1.6 1.6 3.3 12.4 

4.8 1,645 7.9 19.3 -0.5 1,000 2.3 3.7 1.7 1.7 6.2 16.6 

7.9 1,629 12.9 16.9 8.3 1,000 3.0 4.8 2.6 2.6 7.3 21.0 

3.0 1,570 4.7 17.7 -0.7 1,000 13.4 19.9 2.4 2.4 5.6 15.9 

3.2 2,513 8.0 14.3 3.4 1,000 8.6 13.0 5.1 5.1 6.0 16.3 

4.1 1,735 7.1 8.8 2.7 1,000 0.6 1.0 7.4 7.4 7.9 18.6 

1.7 1,390 2.4 3.7 9.5 1,000 0.2 0.3 5.4 5.4 9.0 19.2 

0.5 1,799 0.9 7.2 0.2 1,000 0.0 0.0 3.6 3.6 9.4 20.3 

0.3 2,023 0.6 6.9 3.3 1,000 0.2 0.3 6.5 6.5 4.4 9.3 

38.5 1,635 62.9 166.3 40.3 
-----

38.3 _5~.~_ 55.0 ~5·(L _67.1_ 169.3 

(a) Stream ftow and we_ quality data for the San Joa~n River and Salt and Mud Slough were obtained from Table A-1 and Table A-3, respectively. 

(b) Weiland reIea&es were obtained from Table B. 

RECONSTRUCTED 
SALT SlOUGH 

FLOWS and LOAD 

20 21 
flOWS LOAD 

(1')IID.I2+ FlOW 
(18)110..e0. FACTOR 
(3CItl .... (I) 

AF AFXppm 

13.4 17.9 

7.5 11.4 

5.2 8.7 

5.4 13.4 

7.7 16.7 

9.2 20.9 

14.1 26.2 

14.1 24.9 

12.6 21.2 

11.6 19.8 

10.5 19.2 

8.9 12.8 

120.1 213.1 

RECONSTRUCTED 
IIODSlOUGH 

FLOWS .. d LOAD 

22 23 
flOWS LOAD 

(1I)xO.11+ flOW 
(1I)JdUOt. FACTOR 
(21)1 .... (D) 

AF AFXppm 

3.8 5.4 

2.5 4.0 

2.0 3.3 

2.0 4.4 

2.6 5.2 

3.6 7.4 I 

7.2 12.1 

5.6 9.5 

3.3 5.7 

3.0 5.1 

2.5 4.7 

2.3 3.4 

40.3 70.1 

(e) Agricultural drainage volune available for wetland use was assumed ID be IdenticailD Ihose ....."ti1iel identified In the SJVOP Final Report of Sept 1990. Mont1ly distribution was calculated a. CoI(13)~ol(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged ID the GtusIanda area from the dnUnage dislricl'a W8I ~1IeCIed by Summer. Engineering and the CRWOCB. 
(e) IDS load - Row estimates were estimated from EC data coHected by Summer. Engineering Inc. and the CRWOCB. 
(I) Calculated 8S Col (11) x 0.82 + Col (19) x 0.8 + Col (31) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0.2 + Col (21) of table 6. 
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Table B21. (cont). TDS mass balance analysis: 1988 hydrology : 

SAN JOAQUIN RiVER TDS CONCENTRATIONS -1988 HYDROLOGY 
WITHOUT PROPOSED ACTION 

(Flows In 1.000e and Load-FIow Facto ... In 1.ooo.000s) 

Future without scenario. 

ADJUSTED LOW TDS FLOWS REO. ASSUMED IN TRANSIT TDS ADJUSTMENTS (h RECONSTRUCTED EfFECT OF PROPOSED ACTION 
TO MATCH MEASURED VALUES NECESSARY TO MATCH MEASURED VALUES SAN JOAOUN RIVER 
SALTSLOUGH MUD SLOUGH SALT SLOUGH MUD SLOUGH nr NEWMAN CONDITIONS SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 21 30 31 32 33 34 35 3& 37 38 31 40 4~ 42 43 
TDS TDS TDS TDS TDS TDS LOAD TDS LOAD TDS LOAD LOAD TDS 

FLOWS LOA~ FLOWS LOAD- LOAD- LOAD LOAD- LOAD FLOW FLOW TDS FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW FLOW FLOW FACTOR CONe. [(21)+(25) FACfOR (2~7) FACTOR FACTOR ((G)ll1000 

FACTOR FACTOR FACTOR (.1000) FACTOR (28,.0.001. (11~ot+(22) (12)+(21)+(23»+(25) ((20)+ (2I))e- ((21)+(25)- (22)+ (31) .... ((23)+(27)- .0.00131] 
(5H20) (24) x 1.8 (8)-(22) (26) X 1.0 (21)+(25H7) (21,.0.001. (2~7H1D) .1000 (24)+(26) (27)-(28H30» (~32) (24)H~ ~~4) (28)H7) (26)H. (22)+(21) (3O)H10) (32)-(2) (33)0(4) (.1000) 

AF AFXppm AF AFXppm AFXppm Ton. <AfXJIpm Ton. AF AFXppm ppm AF ppm AFXppm AF ...... AFXppm AF AFXppm Ton. 

-1.9 -1.9 -1.8 -1.8 4.1 5.6 2.0 2.7 20.9 14.4 689 NA NA NA NA NA NA NA NA NA 

6.0 6.0 1.6 1.6 0.2 0.3 1.1 1.5 34.1 22.8 670 NA NA NA NA NA NA NA NA NA 

1.7 1.7 -0.2 -0.2 -3.5 -4.8 -0.8 -1.0 27.9 26.1 934 NA NA NA NA NA NA NA NA NA 

3.9 3.9 3.1 3.1 -3.6 -4.9 -1.0 -1.3 42.8 33.3 n9 NA NA NA NA NA NA NA NA NA 

6.1 6.1 2.2 2.2 -7.4 -10.1 -0.4 -0.5 37.9 37.6 992 NA NA NA NA NA NA NA NA NA 

15.5 15.5 4.3 4.3 3.1 4.2 -1.2 -1.6 49.5 54.5 1,100 NA NA NA NA NA NA NA NA NA 

4.6 4.6 -4.2 -4.2 4.4 6.0 3.1 4.2 39.4 30.3 770 NA NA NA NA NA NA NA NA NA 

1.7 1.7 -2.4 -2.4 5.1 6.9 -1.0 -1.3 33.3 33.1 993 NA NA NA NA NA NA NA NA NA 

6.3 6.3 0.8 0.8 7.2 9.7 -0.6 -0.8 31.8 30.2 950 NA NA NA NA NA NA NA NA NA 

7.9 7.9 -1.3 -1.3 0.9 1.2 1.5 2.1 24.9 38.6 1,550 NA NA NA NA NA NA NA NA NA 

12.8 12.8 -2.0 -2.0 7.5 10.2 1.8 2.4 31.0 25.5 824 NA NA NA NA NA NA NA NA NA 

7.4 7.4 -2.0 -2.0 2.3 3.1 0.8 1.1 23.5 21.8 929 NA NA NA NA NA NA NA NA NA 

72.1 72.1 -1.8 -1.8 20.2 27.5 5.4 7.3 397.0 368.3 928 NA NA NA_ NA NL '----_N~. NA NA NA 

(h) Theoreticalty salinity should not accumulate within the channell conveying drainage through the wetland .... nor should their be any significant .. It load ftushed from Ihese channels over an ann.aI period. 

~ 
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SAN JOAQUIN R 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW ms FLOW 
FACTOR 

(2"(3' 
AF pprII AFXppm 

Oct 20.9 689 14.4 

Nov 34.1 670 22.8 

Dec 27.9 934 26.1 

Jan 42.8 779 33.3 

Feb 37.9 992 37.6 

Mar 49.5 1,100 54.5 

~ 39.4 no 30.3 

May 33.3 993 33.1 

Jun 31.8 950 30.2 

Jul 24.9 1,550 38.6 

Aug 31.0 824 25.5 

Sap 23.5 929 21.8 

[OTAL 397.0 928 368.3 

• 

Table B22. TDS mass balance analysis: 1988 hydrology : Scenario 1. 

SALT 
SLOUGH .. 
HWY115 a) 

5 • 7 
WQ LOAD 

FLOW ms FLOW 
FACTOR 

(sax(1) 
AF JIPIII AFIppm 

11.5 1.036 11.9 

13.5 1,271 17.2 

6.9 2.017 13.9 

9.3 2.251 20.9 

13.8 2,190 30.2 

24.7 1,349 33.3 

18.7 1,410 26.4 

15.8 1,366 21.6 

18.9 1,081 20.4 

19.5 1,372 26.8 

23.3 1,051 24.5 

16.3 1,099 17.9 

192.2 1,379 265.0 

SAN JOAQUIN RIVER TDS CONCENTRAnONS -1988 HYDROLOGY 
WITH PROPOSED ACTION 

(Flo .. In 1.000. and Load-FIow Facto ... In 1.000.000.) 

MUD s.,qrwNEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH at Min ... MUD • SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY140 .) SLOUGH DRAINAGE Ie) DRAINAGE (d) 

8 • 10 11 12 13 14 15 l' 17 1. l' 
WQ LOAD LOAD A-. DRAINAGE LOAD SURFACEAHD LOAD SURFACE AND LOAD 

FLOW ms FLOW FLOW FLOW WQ VOLUME FLOW SUBSURFACE FLOW ... SURFACE FLOW 
FACTOR FACTOR TDI FACTOil DRAINAGE FACTOR DRAINAGE FACTOR 

(~ (4H7)- DISCHARGE DISCHARGE 

(1"(1' (8) (IOJ (e, T ..... 7 (11,.,.0 
AF JIPHI ~ AF AFXppm ppnI AF AFXppm AF AFXppm AF AFXppm 

2.0 n3 1.5 7.4 0.9 1.000 3.4 5.4 0.0 0.0 3.5 8.1 

4.1 1.091 4.5 16.5 1.2 1.000 3.4 5.4 0.0 0.0 2.4 6.3 

1.8 2.175 3.9 19.2 8.2 1.000 3.4 5.4 0.0 0.0 2.2 5.6 

5.1 1.669 8.5 28.4 3.9 1.000 3.1 5.0 0.0 0.0 3.3 12.3 

4.8 1,645 7.9 19.3 -0.5 1,000 3.1 5.0 0.0 0.0 6.2 16.4 

7.9 1,629 12.9 16.9 8.3 1,000 3.0 6.1 0.0 0.0 7.3 21.1 

3.0 1,570 4.7 17.7 -0.7 1,000 22.2 34.7 0.0 0.0 5.6 16.1 

3.2 2,513 8.0 14.3 3.4 1,000 13.5 20.6 0.0 0.0 6.0 16.4 

4.1 1,735 7.1 8.8 2.7 1,000 4.6 7.3 0.0 0.0 7.9 18.7 

1.7 1,390 2.4 3.7 9.5 1,000 3.9 6.3 0.0 0.0 9.0 19.2 

0.5 1,799 0.9 7.2 0.2 1,000 0.0 0.0 0.0 0.0 9.4 20.3 

0.3 2,023 0.6 6.9 3.3 1,000 1.8 2.9 0.0 0.0 4.4 9.3 

38.5 1,635 62.9 166.3 40.3 65.4 104.0 0.0 0.0 67.2 169.6 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-2 and Table A·5. respectively. 
(b) Weiland releases were obtained from Table 7. 

.. 

RECONSTRUCTED RECONSTRUCfED I 

SALT SLOUGH IlUDSLOUGH 
I FLOWS and LOAD FLOWS and LOAD 

20 21 22 231 
FLOWS LOAD FLOWS LOAD I 

(11).0.12+ FLOW (11).0.18+ FLOW I 

(1.,.0. FACTOR ('-' FACTOR, 
( .. T ..... 7 (f) (21) Tablr 7 (g) 

I 

AF AFIppm AF AFXppm! 

2.3 3.6 4.6 9.9 

2.3 3.6 3.5 8.1 

2.3 3.6 3.2 7.4 I 

2.1 3.3 4.3 13.9 

2.1 3.3 7.2 18.1 

2.1 3.3 8.2 23.8 

14.7 23.6 13.1 27.1 

9.0 14.2 10.5 22.8 

3.4 5.3 9.1 20.6 

2.8 4.5 10.1 21.1 

0.0 0.0 9.4 20.3 

1.2 2.0 5.0 10.2 

44.3 70.6 88.2 203.1 

(c) Agricultural drainage vollma 8V8Ilabie for wetland use W8I uaumed to be identical 10 those cpmtiti_ identified In the SJVDP Final Report of Sept 1990. Monlhly distribution was calculated as Co~ 13)--CoI(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage cistricts W8I collected by Summers Engineering and the CRWOCB. 
(e) TDS load - Row estimates were estimated from EC data collected by Sumrnera Engineering Inc. and 1he CRWOCB. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (31) of Table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0 + Col (27) of table 7. 
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Table 823. (cont.). TDS mass balance analysis: 1988 hydrology 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION 

(~In 1.000. and Lolld-Flow Factora In 1.ooo.000s) 

ADJUSTED LOWTDS FLOWS REQ. ASSUMED IN TRANSIT TDS REDUCTION (hI SAN JOAQUIN RIVER 
TO MATCH MEASURED VALUES SALT and MUD SALT MUD nr NEWMAN CONDITIONS 

Scenario 1. 

EFFECT OF PROPOSED ACTION 
(au ........... Mld ....... 1ow '.:ton) 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 21 30 31 32 33 34 35 38 37 38 31 40 41 42 43 
TDS TDS TDSLOAD TDSLOAD TDSLOAI). TDSLOAD- LOAD TDS LOAD TOS LOAD LOAD TDS 

flOWS LOAD- flOWS LOAD- (Fulura with- REDUCTION flOW R.OW FLOW flOW TDS FlOW CONC. R.OW R.OW CONe. flOW R.OW R.OW LOAD 
R.OW flOW out condllan DUE TO USE FACTOR FACTOR FACTOR CONe. ((21)+(25) FACTOR (23).(27) FACTOR FACTOR [(Q)x1000 

(24) FACTOR (21) FACTOR (CoI(28) +(31) OFSLD (28)+1000 (11)+(2CJJ+(22) (12).t(21)+(2~2S) [(20)+ (3O))t- [(21)+425)- (22)+ (31))t- ((23)+(27)- xo.OO131) 
T __ l, 

(24) X 1.0 Teble II (26) x 1.0 oITebIe&J (28)x(1·1) ..0.001. (24)+(21) (27)-(30)-(31) (33)1(32) (24)Hs) (20)+(24) (3D)H7) (2I)HIJ (22)+(21) (3D)H10) (32H2) (33)-(4) (xl 000) 
AF AFlCppm AF AFXppm T ... x1000 Tonsx1000 AFXppm AfXppm AF AFXppm DIMII AF DIMII AFX~ AF ~ ~ AF AFXppm Ton. 

-1.9 -1.9 -1.8 -1.8 8.3 0.0 0.0 6.1 10.6 4.6 438 -11.1 1,326 -10.2 0.8 871 0.4 -10.3 -9.8 -13.3 

6.0 6.0 1.6 1.6 1.8 0.0 0.0 1.3 29.9 19.3 644 -5.2 1.162 -7.5 1.0 1,643 3.9 -4.2 -3.6 -4.8 

1.7 1.7 -0.2 -0.2 -5.8 0.0 0.0 -4.3 26.2 25.0 954 -2.9 1,337 -8.6 1.2 3.498 7.5 -1.7 -1.0 -1.4 

3.9 3.9 3.1 3.1 ~.2 0.0 0.0 -4.6 41.9 32.7 782 -3.3 1.204 -13.7 2.3 2,900 13.1 -0.9 -0.6 -0.8 

6.1 6.1 2.2 2.2 -10.6 0.0 0.0 -7.8 37.0 37.1 1,003 -5.6 1.150 -20.8 4.6 2,979 20.2 -0.9 -0.5 
-0.7 I 

15.5 15.5 4.3 4.3 2.6 0.0 0.0 1.9 46.9 53.3 1,134 -7.1 1.070 -14.5 4.6 2,099 13.3 -2.6 -1.2 -1.6 

4.6 4.6 -4.2 -4.2 10.2 0.0 0.0 7.5 45.8 42.9 935 0.6 1,463 1.9 5.9 1,738 10.7 6.4 12.5 17.1 

1.7 1.7 -2.4 -2.4 5.6 0.0 0.0 4.1 33.1 35.7 1,077 -5.1 1.488 -5.6 4.9 2.009 8.2 -0.2 2.6 3.5 

6.3 6.3 0.8 0.8 8.9 0.0 0.0 6.6 28.4 29.2 1,026 -9.2 1,199 -8.7 5.8 1,497 7.7 -3.4 -1.0 -1.4 

7.9 7.9 -1.3 -1.3 3.3 0.0 0.0 2.4 23.2 39.2 1,690 -8.8 1,158 -14.4 7.1 1,967 15.0 -1.7 0.6 0.8 

12.8 12.8 -2.0 -2.0 12.6 0.0 0.0 9.3 27.4 21.9 801 -10.5 1,000 -11.7 6.9 1,215 8.1- -3.6 -3.6 -4.9 

7.4 7.4 -2.0 -2.0 4.2 0.0 0.0 3.1 18.6 17.9 961 -7.7 1,091 -8.5 2.7 1,684 4.5 -4.9 -4.0 -5.4 

72.1 72.1 -1.8 -1.8 34.8 0.0 0.0 25.6 369.~ 358.7 972 -75.8 -122.3 47.9 112.7 -27.9 -9.6 -13.0 

(h) Theoretically &alinity should not accumulate wilhin the channels conveying drainage through the wetland area nor should their be any significant salt load flushed from !hese channels oyer an anrutl period . 

• v 
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Table 824. TDS dilution requirements: 1988 hydrology: Scenario 1. 

1 

INCREASED 
lDS LOAD 

DUE TO USE 
OF THE S.l. 

DRAIN (col 29) 
tons 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

Dilution volume required to restore the SJR at Newman to the 
same TDS concentration without the project 

2 3 4 5 6 

TDS FLOW TDS lOS DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

FACTOR PROJECT PROJECT TO MATCH 
( col 33) FWO CONC.(a) 
(x 1000) 

KAF x ppm KAF ppm ppm AF x1000 
4.6 10.6 438 689 -3.867 
19.3 29.9 644 670 -1.162 
25.0 26.2 954 934 0.562 
32.7 41.9 782 779 0.162 
37.1 37.0 1,003 992 0.411 
53.3 46.9 1,134 1,100 1.451 
42.9 45.8 935 no 9.827 
35.7 33.1 1,077 993 2.803 
29.2 28.4 1,026 950 2.274 
39.2 23.2 1,690 1,550 2.097 
21.9 27.4 801 824 -0.766 
17.9 18.6 961 929 0.641 

358.8 369.0 14.432 

7 
I 

DILUTION I 
1 

VOLUME I 

TO MATCH 
FWO CONC.(b) 

AF 
0 
0 

562 
162 
411 

1,451 
9,827 
2,803 
2,274 
2,097 

0 
641 

20,227 
--

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 1600 ppm TDS 
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SAN JOAQUIN R 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW TDS FLOW 

FACTOR 

(2)x(3) 

AF ppm AFXppm 

Oct 20.9 689 14.4 

Nov 34.1 610 22.8 

Dec 21.9 934 26.1 

JAn 42.8 n9 33.3 

Feb S1.9 992 31.6 

Mar 49.5 1,100 54.5 

Apr 39.4 110 30.3 

May 33.3 993 33.1 

Jun 31.8 950 30.2 

Jul 24.9 1,550 38.6 

Aug 31.0 824 25.5 

Sep 23.5 929 21.8 

i'fOTAl 397.0 928 368.3 

Table 825. TDS mass balance analysis: 1988 hydrology : Scenario 2. 

SALT 

SLOUGH lit 
HWY 165 .} 

5 6 7 
WQ LOAD 

FLOW TDS FLOW 

FACTOR 

(51x(1) 

AF ppm AfXIIIIm 

11.5 1,036 11.9 

13.5 1,211 11.2 

6.9 2,011 13.9 

9.3 2,251 20.9 

13.8 2,190 30.2 

24.7 1,349 33.3 

18.7 1,410 26.4 

15.8 1,366 21.6 

18.9 1,081 20.4 

19.5 1,372 26.8 

23.3 1,051 24.5 

16.3 1,099 11.9 

192.2 1,319 265.0 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flows and Load-Flow Factors In 1,OOOs) 

MUD SJR fY NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH. Mlnu. MUD. SALT RELEASES (b) AGAICUL TURAL AGRICULTURAL 
HWY 140 a} SLOUGH DRAINAGE c) DRAINAGE (d) 

8 g 10 11 12 13 14 15 16 17 l' l' 
WQ LOAD LOAD A_. DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW T!)S FLOW FLOW FLOW WQ VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 

FACTOR FACTOR TDS FACTOA DRAINAGE FACTOR DRAINAGE FACTOR 
(2)-(5)- (4)"7)- DISCHARGE DISCHARGE 

(8p(l) (81 (10] (e) T .... (11)x1.0 

AF ppm ~ AF A~ IPII AF AFXJIPIII AF AFXppm AF AFXppnI 

2.0 113 1.5 1.4 0.9 1,000 2.5 3.9 11.2 11.2 3.5 8.1 

4.1 1,091 4.5 16.5 1.2 1,000 2.5 4.0 5.1 5.1 2.4 6.3 

1.8 2,115 3.9 19.2 8.2 1,000 2.6 4.2 2.4 2.4 2.2 5.6 

5.1 1,669 8.5 28.4 3.9 1,000 2.4 3.8 1.6 1.6 3.3 12.3 

4.8 1,645 1.9 19.3 .{l.5 1,000 2.3 3.7 1.1 1.1 6.2 16.4 

1.9 1,629 12.9 16.9 8.3 1,000 3.0 4.8 2.6 2.6 7.3 21.1 

3.0 1,510 4.1 11.1 .{l.1 1,000 13.4 19.9 2.4 2.4 5.6 16.1 

3.2 2,513 8.0 14.3 3.4 1,000 8.6 13.0 5.1 5.1 6.0 16.4 

4.1 1,135 7.1 8.8 2.1 1,000 0.6 1.0 7.4 7.4 7.9 18.7 

1.7 1,390 2.4 3.7 9.5 1,000 0.2 0.3 5.4 5.4 9.0 19.2 

0.5 1,799 0.9 7.2 0.2 1,000 0.0 0.0 3.6 3.6 9.4 20.3 

0.3 2,023 0.6 6.9 3.3 1,000 0.2 0.3 6.5 6.5 4.4 9.3 

38.5 1,635 62.9 166.3 40.3 38.3 58.9 55.0 55.0 67-? __ 169.6 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-2 and Table A-5, respectively. 
(b) Wetland releases were obtained from Table 6. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH MUD SLOUGH 

FLOWS and LOAD FLOWS and LOAD 

20 21 22 23 
FLOWS LOAD FLOWS LOAD 

(11).0.82+ FLOW (11).0.11+ FLOW 
(11)xo. FACTOR (11)+ FACTOR 

(:qT .... (f) (lI)T .... (sa) 

AF AFXppm AF AFXppm 

10.6 11.4 6.6 11.9 

5.6 6.4 4.4 9.0 

3.5 4.3 3.7 1.8 

2.1 3.5 4.6 14.2 

2.1 3.4 1.5 18.4 

3.4 4.2 9.5 24.3 

9.1 13.4 11.1 24.9 

9.3 11.9 10.4 22.6 

6.3 6.4 9.6 20.7 

4.4 4.4 10.2 20.5 

3.0 3.0 10.0 20.9 

5.3 5.3 5.8 10.8 

66.4 n.6 94.1 205.9 
-- -- -- -

(c) Agricultural drairege volume available for wed and use was assumed to be identical to those quantities identified in the SJVOP Final Report of Sept 1990. Monlhly distribution was calculalBd as Col(13)-Col(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the graS&1ands area from the chinage districts was collected by Sunmers Engineering and updated with CRWOCa data. 
(e) IDS Load - Row estimates were calculated as Exp{(Ln(Boron Load in Ibs + Col (18) + 2000 + 0.00136 + 2.926] + 1.387} x Col (18). 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (31) ofTable6. 

!g) Calculated as Col (17) x 0.18 + Col (19) + Col (27) of Table 6. 

t' 
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Table 825. (cont.). TDS mass balance analysis: 1988 hydrology: 

ADJUSTED LOWTDS flOWS REO. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER TDS CONCENTRAnONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flo .. and Load-Fiow Factors In 1,oooa) 

ASSUMED IN TRANSIT TOS REDUCTION (h) SAN JOAQUIN RIVEA 
SALT and MUD SALT MUD ... NEWMAN CONDITIONS 

.. 

Scenario 2. 

EffECT OF PROPOSED ACTION 
(at naea ........ end Ioed-fIow 'Klor.) 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 • 40 41 42 43 
TDS TDS TOSLOAD TOSLOAD TOSLOAI). TOSLOAI). LOAD TOS LOAD TOS LOAD LOAD T08 

flOWS LOAD- FLOWS LOA I). (Fubn ...... REDUCTION FLOW flOW FLOW FLOW TDS FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW out condlUDn DUE TO USE FACTOR FACTOR FACTOR CONe. (21)+(25) FACTOR (23).t(27) FACTOR FACTOR ((42).1000 

(24) FACTOR (26] FACTOR (CoI(2It) +(31) OFSLD (28)+1000 (1t)+(2IJ}+(22) (12)+(21)+(23)+(25) [(20)+ (30)" [(21)+(25)- (22)+ (31)" [(23)+(27)- .CUIO'I3G) 
T._" (24) X 1.0 T • ..,. (26) X 1.0 alT ..... &. (2S)x(1·1) .o.G01. (24)+(21) (27)-(30)-(31) (33)1(32) (24)H5) 1l(2O)+(24) (3O)Hl) (2I)HI) (22)+(21) (3O)H10) (32)-(2) (33H4) (., DOD} 

AF AFXppm AF AFXppm T ..... 1ooo T .... .,ooo AfXppm AfXpjpm AF AFXDPm DDIII AF JI.IIm AFXJIPIII AF JIJMII AFXppm AF AfXppm Tona 

-1.9 -1.9 ·1.8 -1.8 8.1 0.0 0.0 6.0 20.9 14.5 696 -2.8 1,065 -2.4 2.8 917 2.6 0.0 0.1 0.2 

6.0 6.0 1.6 1.6 1.8 0.0 0.0 1.3 34.1 22.9 671 -1.9 1,070 -4.8 1.9 1,543 4.8 0.0 0.0 0.0 

1.7 1.7 -0.2 -0.2 -5.8 0.0 0.0 -4.3 27.9 26.1 936 -1.7 1,168 -7.9 1.7 3,116 7.9 0.0 0.1 0.1 

3.9 3.9 3.1 3.1 -6.1 0.0 0.0 -4.5 42.7 33.1 775 -2.7 1,122 -13.5 2.6 2,831 13.2 -0.1 0.0 0.0 

6.1 6.1 2.2 2.2 -10.6 0.0 0.0 -7.8 37.8 37.4 989 -5.0 1,085 -20.7 4.9 2,923 20.5 -0.1 -0.2 -0.3 

15.5 15.5 4.3 4.3 2.6 0.0 0.0 1.9 49.6 54.6 1,101 -5.8 1,040 -13.6 5.9 1,939 13.8 0.1 0.2 0.2 

4.6 4.6 -4.2 -4.2 10.2 0.0 0.0 7.5 39.5 30.5 773 -4.4 1,262 -8.4 4.5 1,759 8.5 0.1 0.2 0.2 
I 

1.7 1.7 -2.4 -2.4 5.6 0.0 0.0 4.1 33.3 33.1 993 -4.8 1,235 -8.0 4.8 2,003 8.0 0.0 0.0 0.0 

6.3 6.3 0.8 0.8 8.9 0.0 0.0 6.5 31.8 30.3 952 -6.3 1,010 -7.7 6.3 1,431 7.8 0.0 0.1 0.1 

7.9 7.9 -1.3 -1.3 3.3 0.0 0.0 2.4 24.9 38.6 1,550 -7.2 1,000 -14.4 7.2 1,893 14.4 0.0 0.0 0.0 

12.8 12.8 -2.0 -2.0 12.6 0.0 0.0 9.3 31.0 25.5 824 -7.5 1,000 -8.7 7.5 1,198 8.7 0.0 0.0 0.0 I 

7.4 7.4 -2.0 -2.0 4.2 0.0 0.0 3.1 23.4 21.7 928 -3.6 1,000 -5.2 3.5 1,506 5.1 -0.1 -0.1 -0.2 I 

i 

72.0 72.0 -1.9 -1.9 34.8 0.0 0.0 25.6 396.9 368.4 928 -53.8 -115.4 53.7 115.5 -0.1 0.0 0.0 I 

(h) Theoretically salinity should not accumulate within the channels corweying drainage through the wetland 8188 nor should their be any significant I8It load flushed from tMtse channels aver an anrual period. 
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TOTALS 

Table 826. TDS dilution requirements: 1988 hydrology: Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same TDS 
concentration without the project, assuming no Salt Slough diversions to wetlands. 

1 2 3 4 5 6 

INCREASED TDS FLOW TDS TDS DILUTION 
TDSLOAD LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

DUE TO USE FACTOR PROJECT PROJECT TO MATCH 
OF THE S.L. ( col 33) FWO CONC.(a) 

DRAIN (col 29) (x 1000) 
tons KAF x ppm KAF ppm ppm AF x1000 
0.0 14.5 20.9 696 689 0.213 
0.0 22.9 34.1 671 670 0.051 
0.0 26.1 27.9 936 934 0.060 
0.0 33.1 42.7 775 n9 -0.220 
0.0 37.4 37.8 989 992 -0.114 
0.0 54.6 49.6 1,101 1,100 0.045 
0.0 30.5 39.5 773 no 0.154 
0.0 33.1 33.3 993 993 0.000 
0.0 30.3 31.8 952 950 0.067 
0.0 38.6 24.9 1,550 1,550 0.000 
0.0 25.5 31.0 824 824 0.000 
0.0 21.7 23.4 928 929 -0.025 

0.0 368.3 396.9 0.230 

7 

DILUTION 

VOLUME 
TO MATCH 

I 

FWO CONC.(b) 

AF 
213 
51 
60 
0 
0 
45 
154 
0 
67 
0 
0 
0 

I 

590 I 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 1600 ppm TOS 
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SAN JOAQUIN A 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW TDS FLOW 
FACTOR 

(2)x(3) 

IE ppm AfXppm 

Oct 20.9 689 14.4 

Nov 34.1 670 22.8 

Dec 27.9 934 26.1 

JAn 42.8 779 33.3 

Fab 37.9 992 37.6 

Mar 49.5 1,100 54.5 

Apr 39.4 no 30.3 

May 33.3 993 33.1 

Jun 31.8 950 30.2 

Jul 24.9 1.550 38.6 

Aug 31.0 824 25.5 

Sap 23.5 929 21.8 

TOTAl 397.0 928 368.3 

Table B27. TDS mass balance analysis: 1988 hydrology : Scenario 3. 

SALT 
SLOUGH 81 
HWY 165 .) 

5 6 7 
WQ LOAD 

FLOW TD8 FlOW 
FACTOR 

(5Jx(1) 

IE ppm AFIppnt 

11.5 1.036 11.9 

13.5 1,271 17.2 

6.9 2,017 13.9 

9.3 2.251 20.9 

13.8 2.190 30.2 

24.7 1,349 33.3 

18.7 1,410 26.4 

15.6 1.366 21.6 

18.9 1.081 20.4 

19.5 1.372 26.8 

23.3 1,051 24.5 

16.3 1,099 17.9 

192.2 1,379 265.0 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(FIowa and Lo.d-FIow F.aora In 1.000.) 

MUD SJA nr NEWMAN WE11.AND ZONE II ANDC ZONE A 
SLOUGH .. MIn_MUD & SALT IELEASES (b) AGRICULTURAL AGRIaJLTUUL 
HWY140 a} SLOUGH DRAINAGE 'e) DAAlNAGe~ 

8 I 10 11 12 13 14 15 16 17 ,. l' 
WQ LOAD LOAD Aa. DRAINAGE LOAD SURFACE AND LOAD SURFACEMfl LOAD 

FLOW lOS FLOW FLOW FlOW WQ VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR TDS FACTOI! DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4H7)- DISCHARGE DISCHARGE 
(I)x(I) (II (10)(" 1 ... 7 (1I)a1.o 

AF ...... ~ IE AFXppn ppm AF AFXIIPIII AF IAR_ AF AFXppIn 

2.0 n3 1.5 7.4 0.9 1.000 3.4 5.4 11.2 11.2 3.5 8.1 

4.1 1.091 4.5 16.5 1.2 1.000 3.4 5.4 5.1 5.1 2.4 6.3 

1.8 2.175 3.9 19.2 8.2 1.000 3.3 5.4 2.4 2.4 2.2 5.6 

5.1 1.669 8.5 28.4 3.9 1,000 3.1 5.0 1.6 1.6 3.3 12.3 

4.8 1.645 7.9 19.3 -0.5 1.000 3.1 5.0 1.7 1.1 6.2 16.4 

7.9 1.629 12.9 16.9 8.3 1,000 3.0 6.1 2.6 2.6 7.3 21.1 

3.0 1,570 4.7 17.7 -0.7 1.000 22.2 34.7 2.4 2.4 5.6 16.1 

3.2 2.513 8.0 14.3 3.4 1.000 13.5 20.6 5.1 5.1 6.0 16.4 

4.1 1.735 7.1 8.8 2.7 1.000 4.6 7.3 7.4 7.4 7.9 18.7 

1.7 1,390 2.4 3.7 9.5 1,000 3.9 6.3 5.4 5.4 9.0 19.2 

0.5 1,799 0.9 7.2 0.2 1,000 0.0 0.0 3.6 3.6 9.4 20.3 

0.3 2,023 0.6 6.9 3.3 1,000 1.8 2.9 6.5 6.5 4.4 9.3 

38.5 1,635 62.9 166.3 40.3 65.3 104.0 55.0 55.0 67.2 169.6 

(a) SIream flow and WIder qL8Iity data lor the Sen Joaquin ANerand SIIItand Mud Slough were obtained from T8bleA-~ and Table A-5. re.pec1iveIy. 
(b) Weiland I'8Ieesos weftI obtained from Table 7. 

RECONSlRUCTED AECONSTRUC1'ED 

I 

SALT SLOUGH IlUDSLOUGH 
FLOWS and LOAD FLOWS and LOAD 

2D 21 22 23 
FLOWS LOAD FLOWS :1 (11)xO.12+ FLOW (11)JdL18+ 

(1 .... FACTOR (1 .... FACTOR 
C3lltT ... 7 (f) (21)T ... 7 (g) 

i 

IE AFXppm AF An-

I 

11.5 12.8 6.6 11.9 i 

6.5 7.8 4.4 9.0 

4.3 5.6 3.6 7.8 

3.4 4.6 4.6 14.2 

3.5 4.7 7.5 18.4 

4.2 5.5 8.7 24.31 

16.7 25.6 13.5 27.6 

13.2 18.4 11.4 23.7 I 

9.5 11.4 10.4 21.9 

7.2 8.9 11.1 22.0 

3.0 3.0 10.0 20.9 i 
I 

6.5 7.3 6.2 11.31 

89.4 115.7 98.1 213.0 i 

(e) Agricultural dtairwge voftnWJ available for weiland use wu aaumed to be idenlic:alto Ihoee CJ'8I1IiIi- identified in 1he SJVDP Final Report of Sept 1990. MonI1Iy diAibution .. ca!c:ulelld as CoI(13)-CoI(2) of Tables 1-5. 
(d) The vofume and quality agricultural drainage diIcharged to the graaIIInda .,.. from the drainage d&1rids was colleded br &.nmers Eugin ... ing and updated with CRWQC8 data. 
te) lOS load - Row estimates went calculated u Exp{[l.n(Boron load in It. + Col (18) + a.~ + 0.00136 + 2.926) + 1.381) x Col (18). 
(t) Calculated as Col (11) x 0.82 + Col (19) x 0 + Col (31) of Table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (21) of Table 7. 



U. 
0\ 

Table B27 (cont.). TDS mass balance analysis: 1988 hydrology 

ADJUSTED LOW TDS FLOWS REa. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER TDS CONCENTRAnoNS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND WATER USE 

(Flo .. and Load-FIow Facten In 1,ooos) 

ASSUMED IN TRANSIT TDS REDUCTION (h) SAN JOAQUN RIVER 
SALT .... MUD SALT MUD nr NEWMAN CONDmoNS 

Scenario 3. 

EFFECT OF PROPOSED ACTION 
(a.. .............................. are) 

SALTSLOUGH IIUDSLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWlUN 

24 25 26 %7 21 21 30 31 32 33 34 35 36 !J7 31 31 40 41 42 43 
TDS TDS TDSLOAD TDSLOAD TDSLOAD- TDSLOAD- LOAD TDS LOAD TDS LOAD LOAD TD8 

FlOWS LOAD- FLOWS LOAD- (FuUe .... REDUCTION FLOW FLOW FLOW FLOW TDS FLOW CONe. FLOW FlOW CONC. FLOW FLOW FLOW LOAD 
FLOW FLOW ouI condIUan DUE TO USE FACTOR FACTOR FACTOR CONe. ({21)+(25)0 FACTOR .. - FACTOR FACTOR ((G)xlGD11 

(24) FACTOR (21) FACTOR (~)+(31) OFSLD (21).1000 (11).+(2~ (12)+(21)+(23)+(25) [(2IIt+ (3OtJ. ((21).(25)- (22)t. (31))+ (C23)+C27)o JdUlDt3l) 
T __ II 

(24) X 1.0 T .... (2S) X 1.0 ofT ..... &! (2I)x(l-') +O.D01. (24)+(21' (27)-(3D)J;11) (33)I(32) C2~H5) [(2O)+C24) (3IItJ-C7) (21)}(8) (22).(28) (3IItH1OJ C32)-(2) (33M.., (111"" 
AF AFXppm AF AFXppm T_x1GD11 T_zlooo AFXppm AfXppIn AF .. AFItIPm ..... AF ..... An.- AF ..... AFx.m AF AFx.- T_ 

-1.9 -1.9 -1.8 -1.8 8.1 0.0 0.0 6.0 21.8 16.0 733 -1.9 1.101 -1.0 2.8 917 2.6 0.9 1.6 2.2 

6.0 6.0 1.6 1.6 1.8 0.0 0.0 1.3 35.0 24.3 695 -1.0 1.108 -3.3 1.9 1,543 4.8 0.9 0.0 0.0 

1.7 1.7 -0.2 -0.2 -5.8 0.0 0.0 -4.3 28.6 27.4 958 -0.9 1,226 -6.6 1.6 3,197 7.9 0.7 1.3 1.8 

3.9 3.9 3.1 3.1 -6.1 0.0 0.0 -4.5 43.4 34.2 788 -2.0 1,168 -12.4 2.6 2,831 13.2 0.6 0.0 0.0 

6.1 6.1 2.2 2.2 -10.6 0.0 0.0 -7.8 38.6 38.7 1,002 -4.2 1,128 -19.4 4.9 2,923 20.5 0.7 1.1 1.5 

15.5 15.5 4.3 4.3 2.6 0.0 0.0 1.9 49.6 55.9 1,127 -5.0 1,062 -12.4 5.1 2,058 13.8 0.1 1.5 2.0 

4.6 4.6 -4.2 -4.2 10.2 0.0 0.0 7.5 48.3 45.3 938 2.6 1,420 3.8 6.3 1,700 11.2 8.9 15.0 20.4 

1.7 1.7 -2.4 -2.4 5.6 0.0 0.0 4.1 38.2 40.7 1,066 -0.9 1,352 -1.5 5.8 1,902 9.1 4.9 7.7 10.4 

6.3 6.3 0.8 0.8 8.9 0.0 0.0 6.5 35.8 36.5 1,021 -3.1 1,123 -2.7 7.1 1,439 9.1 4.0 6.3 8.6 

7.9 7.9 -1.3 -1.3 3.3 0.0 0.0 2.4 28.6 44.6 1,559 -4.4 1,111 -9.9 8.1 1,874 15.9 3.7 6.0 8.2 

12.8 12.8 -2.0 -2.0 12.6 0.0 0.0 9.3 31.0 25.5 824 -7.5 1,000 -8.7 7.5 1,198 8.7 0.0 0.0 0.0 

7.4 7.4 -2.0 -2.0 " .... .... .... 
ft " 3.1 25.0 24.3 971 -2.4 .. I\Cl:! -3.2 3.9 1,500 5.6 1.5 2.4 3.3 -t.e; V.V v.v ',v..rv 

72.0 72.0 -1.9 -1.9 34.8 0.0 0.0 25.6 423.9 413.5 975 -30.8 -n.3 57.7 122.5 26.9 0.0 0.0 

(h) Theoretically salinity should not accumulate within the channeIa conveying drainage 1htaugh the wetland area nor should 1heir be any significant salt load nuahed from .... cIwlneIa ow. an ....... period. 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table 828. TDS dilution requirements: 1988 hydrology: Scenario 3 

Dilution volume required to restore the SJR at Newman to the same TDS 
concentration without the project, assuming no Salt Slough diversions to wetlands. 
Assume additional wetland water supply. 

1 2 3 4 5 6 

INCREASED TOS FLOW TDS TDS DILUTION 
TDSLOAD LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

DUE TO USE FACTOR PROJECT PROJECT TO MATCH 
OF THE S.L. ( col 33) FWO CONC.(a) 

DRAIN (col 29) (x 1000) 
tons KAFxppm KAF ppm ppm AF x1000 
0.0 16.0 21.8 733 689 1.394 
0.0 24.3 35.0 695 670 1.308 
0.0 27.4 28.6 958 934 0.736 
0.0 !w.2 43.4 788 n9 0.502 
0.0 38.7 38.6 1.002 992 0.390 
0.0 55.9 49.6 1,127 1,100 1.219 
0.0 45.3 48.3 938 no 10.552 
0.0 40.7 38.2 1.066 993 2.811 
0.0 36.5 35.8 1.021 950 2.678 
0.0 44.6 28.6 1,559 1,550 0.166 
0.0 25.5 31.0 824 824 0.000 
0.0 24.3 25.0 971 929 1.131 

0.0 413.4 423.9 22.9 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
1.394 
1.308 
736 

0 
0 

1,219 
10.552 
2.811 
2.678 
166 

0 
0 

20.864 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only tt.ose months where dilution is required) - AF 

Assume dilution water (;ontains 1600 ppm TOS 
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Table Ct. Boron mass balance analysis: 1986 hydrology Future without scenario. 

SAN JOAQUIN R SALT 
nr NEWMAN <a) SLOUGH at 

HWY 165 a) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. FLOW BORO~ FLOW FLOW BORO. FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(6) 
AF !"PIn AFXppm AF ppm AFXppm 

Oct 36.1 0.5 18.1 11.0 1.1 12.1 

Nov 27.0 0.8 21.6 7.8 1.5 11.1 

Dec 39.8 1.0 39.8 5.6 2.2 12.3 

Jan 34.7 1.5 52.1 5.9 3.4 20.1 

Feb 282.9 0.2 56.6 16.2 3.5 56.7 

Mar 851.9 0.1 85.2 23.1 1.8 41.6 

Apr 607.1 0.2 121.4 24.9 1.9 47.3 

May 204.0 0.3 61.2 19.8 1.1 21.8 

Jun 120.6 0.4 48.2 17.6 0.6 10.6 

Ju! 63.5 0.8 50.8 23.4 0.9 21.1 

Aug 59.0 0.8 47.2 25.5 1.1 28.1 

Sep 58.4 0.2 11.7 17.1 0.8 13.7 

TOTAL 2,385.0 0.3 613.8 197.9 1.5 296.9 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flows and Load-Fiow Factors In 1,000s) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGE (el DRAINAGE (d) 

8 9 10 11 12 13 14 15 16 17 18 19 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW !&<>RO. FLOW flOW FLCiVV Ass. VOLUME FLOW SUBSURFACE flOW SUBSURFACE flOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4)-(7)- BORON DISCHARGE DISCHARGE 
(8)x(I) [8J (10) (e) T.,te. (16).1.0 

AF ppm AFXppm AF AFlCDPm ppm AF AFXppm AF AFXppm AF AFXppm 

2.4 1.4 3.4 22.1 2.6 1.0 2.5 4.9 11.2 11.2 4.0 17.9 

2.4 2.1 6.5 16.8 3.4 1.0 2.5 5.0 5.1 5.1 1.2 6.9 

6.8 3.0 20.4 27.4 7.1 1.0 2.6 5.2 2.4 2.4 1.1 8.2 

6.0 3.5 21.0 22.8 11.0 1.0 2.4 4.8 1.6 1.6 3.6 21.1 

9.1 2.3 20.9 257.6 -21.0 1.0 2.3 4.6 1.1 1.7 5.9 27.7 

20.6 1.4 28.8 808.2 14.8 1.0 3.0 6.0 2.6 2.6 9.6 46.3 

13.7 3.4 46.6 568.5 27.5 1.0 13.4 24.9 2.4 2.4 8.2 39.9 

6.1 5.0 33.5 In.5 5.9 1.0 8.6 16.2 5.1 5.1 1.5 39.0 

7.1 3.6 27.1 95.3 10.0 1.0 0.6 1.2 7.4 7.4 9.0 35.4 

5.1 3.3 18.8 34.4 10.9 1.0 0.2 0.4 5.4 5.4 9.5 21.2 

4.8 2.9 13.9 28.7 5.2 1.0 0.0 0.0 3.6 3.6 10.8 44.5 

0.7 2.0 1.4 40.6 -3.4 1.0 0.2 0.4 6.5 6.5 4.3 23.5 

86.6 2.8 242.9 2,100.5 74.0 0.0 38.3 73.6 55~Q___ _ 55.0 74.7 ___ 331.7 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A·3. respectively. 
(bj Wetland releases were obtained from Table 6. 

RECONSTRUCTED 
SALT SLOUGH 

flOWS and LOAD 

20 21 
FLOWS LOAD 

(16)x0.82+ FLOW 
(18)xO.80+ FACTOR 
(30)Table6 (I) 

AF AFXppm 

13.8 26.3 

6.5 12.5 

4.3 11.6 

5.6 21.0 

7.4 26.2 

11.1 41.7 

16.2 48.2 

15.3 45.0 

13.5 34.8 

12.0 21.4 

11.6 38.5 

8.8 24.2 

126.2 351.3 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(16)xO.18+ FLOW 
(18)xO.20+ FACTOR 
(26)T.,1e 6 (g) 

AF AFXppm 

3.9 7.1 

2.3 4.5 

1.8 4.3 

2.0 6.5 

2.5 7.9 

4.1 13.1 

7.8 19.0 

5.9 15.3 

3.5 9.2 

3.1 5.6 

2.8 9.5 

2.2 6.3 

41.8 108.9 

(c) Agricultural drainage volume available for wetland use was assumed to be identical to those quantities identified in the SJVDP Final Report of Sept 1990. Monlhly distribution was calculated as Col( 13)-Col(2) of Tables 1·5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the ctainage districts was collected by Sunvners Engineering and updated with CRWOCB data. 
(e) Boron load - Flow estimates were calculated as Boron load in Ibs ~ 2OOOlbslton ~ 0.00136 tonsiAF-ppm ~ 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0.8 + Col (32) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0.2 + Col (2e) of table 6. 



-0'1 

Table Cl (cont). Boron mass balance analysis: 1986 hydrology : 

ADJUSTED lOW B flOWS REO. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flows and load-Aow Factors In 1,0005) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS (h RECONSTRUCTED 
NECESSARY TO MATCH MEASURED VALUES SAN JOAQUIN RIVER 

Future without scenario. 

EFFECT OF PROPOSED ACTION 

SALT SLOUGH MUOSlOUGH SALT SLOUGH MUD SLOUGH nr NEWMAN CONDITIONS SAlT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 Xl 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
BORON BORON BORON BORON BORON BORON LOAD BORON LOAD BORON LOAD LOAD BORON 

FLOWS LOAD- FLOWS LOAD- LOAD- LOAD LOAD- LOAD FLOW FLOW BORON flOW CONC. FLOW flOW CONe. FLOW flOW FLOW LOAD 
FLOW FLOW FLOW FLOW FACTOR CONe. (21)+(25) FACTOR (23)+(27) FACTOR FACTOR [(42).,000 

FACTOR FACTOR FACTOR (28)JdJ.OO136 FACTOR (3O)JdJ.OO136 (11 )+(20)+(22) (12)+(21)+(23)+(25) [(20)+ (21)}I- [(21)+(25)+ (22)+ (31)}I- (23)+(27)+ .0.00136J 

(5)-(20) (24) X 1.0 (8)-(22) (26) X 1.0 (21 )+(25)-(7) .,0D0 (23)+(27)-(10) .,000 (24)+(26) (27)-(28}-(30) (33)J{32) (24)H5) (20)+(24) (28)]-(7) (26)H8) (22)+(26) (3O)H10) (32)-{2) (33)-(4) 

AF AFXDPIIl AF AFXDDI11 AFXDam Tona AFXDDm Tons AF AFXIIDIft IIDIft AF IIDIft AFXPDIII AF IIDIft AFXIIDIft AF AFXDam Tana 

-2.8 -2.8 -1.5 -1.5 11.4 15.5 2.8 3.8 36.1 18.1 0.5 NA NA NA NA NA NA NA NA NA 

1.3 1.3 0.1 0.1 2.0 2.8 -1.8 -2.5 27.0 21.6 0.8 NA NA NA NA NA NA NA NA NA 

1.3 1.3 5.0 5.0 0.5 0.7 -11.1 -15.1 39.8 39.8 1.0 NA NA NA NA NA NA NA NA NA 

0.3 0.3 4.0 4.0 1.2 1.6 -10.5 -14.3 34.7 52.1 1.5 NA NA NA NA NA NA NA NA NA 

8.8 8.8 6.6 6.6 -21.7 -29.6 -6.5 -B.8 282.9 56.6 0.2 NA NA NA NA NA NA NA NA NA 

12.0 12.0 16.5 16.5 12.1 16.5 0.8 1.1 851.9 85.2 0.1 NA NA NA NA NA NA NA NA NA 

8.7 8.7 5.9 5.9 9.6 13.0 -21.6 -29.4 607.1 121.4 0.2 NA NA NA NA NA NA NA NA NA 

4.5 4.5 0.8 0.8 27.7 37.7 -17.4 -23.7 204.0 I 61.2 0.3 NA NA NA NA NA NA NA NA NA 

4.1 4.1 4.2 4.2 28.4 38.6 -14.3 -19.5 120.6 48.2 0.4 NA NA NA NA NA NA NA NA NA 

11.4 11.4 2.6 2.6 11.7 16.0 -10.6 -14.4 63.5 SO.8 0.8 NA NA NA NA NA NA NA NA NA 

13.9 13.9 2.0 2.0 24.4 33.2 -2.4 -3.2 59.0 47.2 0.8 NA NA NA NA NA NA NA NA NA 

8.3 8.3 -1.5 -1.5 18.8 25.6 3.3 4.6 58.4 11.7 0.2 NA NA NA NA NA NA NA NA NA 

71.7 71.7 44.8 44.8 126.2 171.6 -89.2 -121.4 2385.0 613.8 0.3 NA NA NA NA NA NA NA NA NA 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any significant salt load flushed from Ihese channels over an annual period. 

I 

! 
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Table C2. Boron mass balance analysis: 1986 hydrology: Scenario 1. 

I SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH at 

HWY 165 a) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. FLOW BOROfl FLOW FLOW BOROr. FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(6) 
AF PPIII_ AFXppm AF . ppm AFXppm 

Oct 36.1 0.5 18.1 11.0 1.1 12.1 

Nov 27.0 0.8 21.6 7.8 1.5 11.7 

Dec 39.8 1.0 39.8 5.6 2.2 12.3 

Jan 34.7 1.5 52.1 5.9 3.4 20.1 

Feb 282.9 0.2 56.6 16.2 3.5 56.7 

Mar 851.9 0.1 85.2 23.1 1.8 41.6 

Apr 607.1 0.2 121.4 24.9 1.9 47.3 

May 204.0 0.3 61.2 19.8 1.1 21.8 

Jun 120.6 0.4 48.2 17.6 0.6 10.6 

Jul 63.5 0.8 SO.8 23.4 0.9 21.1 

Aug 59.0 0.8 47.2 25.5 1.1 28.1 

Sep 58.4 0.2 11.7 17.1 0.8 13.7 

:rOTAI 2,385.0 Q.3 613.8 197.9 1.5 296.9 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Loac:H=Iow Factors In 1,OOOs) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH a! lIinus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGE (e) DRAINAGE (et) 

8 9 10 11 12 13 14 15 16 17 18 19 
WQ LOAD LOAD DRAINAGE LOAD IsURFACE ANI: LOAD SURFACE AND LOAD 

FLOW BORON flOW flOW FLOW Ass. VOLUME FLOW SUBSURFACE flOW SUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOfi 

(2Hs)- (4H7r BORON DISCHARGE DISCHARGE 
(8)x(l) PI) [10) (e) Talble7 (":6)x1.0 

AF ppm AFXDDm AF AFXppm ppm AF AFXDDm AF AFXIIDII1 AF AFXDDm 

2.4 1.4 3.4 22.7 2.6 1.0 3.4 6.7 0.0 0.0 4.0 17.9 

2.4 2.7 6.5 16.8 3.4 1.0 3.4 6.8 0.0 0.0 12 6.9 

6.8 3.0 20.4 27.4 7.1 1.0 3.4 6.S 0.0 0.0 1.1 8.2 

6.0 3.5 21.0 22.8 11.0 1.0 3.1 6.2 0.0 0.0 3.6 21.1 

9.1 2.3 20.9 257.6 -21.0 1.0 3.1 6.2 0.0 0.0 5.9 27.7 

20.6 1.4 28.8 808.2 14.8 1.0 3.0 7.6 0.0 0.0 9.6 46.3 

13.7 3.4 46.6 568.5 27.5 1.0 22.2 43.4 0.0 0.0 8.2 39.9 

6.7 5.0 33.5 177.5 5.9 1.0 13.5 25.7 0.0 0.0 7.5 39.0 

7.7 3.6 27.7 95 .. 3 10.0 1.0 4.6 9.0 0.0 0.0 9.0 35.4 

5.7 3.3 18.8 34.4 10.9 1.0 3.9 8.0 0.0 0.0 9.5 21.2 

4.8 2.9 13.9 28.7 5.2 1.0 0.0 0.0 0.0 0.0 10.8 44.5 

0.7 2.0 1.4 40.6 -3.4 1.0 1.8 3.6 0.0 0.0 4.3 23.5 

86.6 2.8 242.9 2,100.5 74.0 0.0 _65.4_ 130.0 0.0 0.0 74.7 331.7 

(a) Stream flow and wafer quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3. respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
flOWS LOAD 

(16)xO.82+ FLOW 
(18)xo. FACTOR 

(30)Tllble7 (f) 

AF .. rv. 

2.3 4.6 

2.3 4.6 

2.3 4.6 

2.1 4.2 

2.1 4.2 

2.1 4.2 

14.7 29.6 

9.0 17.8 

3.4 6.7 

2.8 5.7 

0.0 0.0 

1.2 2.5 

44.3 88.7 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(16)xO.ll+ flOW 
(18)+ FACTOR 

(26)Table7 (g) 

AF AFXDOm 

5.1 20.0 

2.3 9.1 

2.1 10.4 

4.6 23.1 

6.9 29.7 

10.5 49.7 

15.7 53.7 

12.0 46.9 

10.2 37.7 

10.6 23.5 

10.8 44.5 

4.9 24.6 

95.7 373.0 

(c) Agricultural drainage volume available for wedand use was assumed to be identical to those quantities identified in the SJVDP Final Report of Sept 1990. Monlhly distribution was calculated as Coil 13)-Col(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage cistricts was collected by Sumners Engineering and updated with CRWOCB data. 
(e) Boron load - Flow estimates were calculated as Boron load in Ibs + 2000lbslton + 0.00136 tonslAF-ppm + 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (32) of table 7. 
(9) Calculated as Col (17) x 0.18 + Col (19) + Col (28) of table 7. 
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Table C2 (cont.). Boron mass balance analysis: 1986 hydrology : 

ADJUSTED LOW B FLOWS REO. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Load-Flow Factors In 1,0005) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS (11 SAN JOAQUIN RIVER 
SALT and Mud SALT MUD IV NEWMAN CONDITIONS 

Scenario 1. 

EFFECT OF PROPOSED ACTION 
(Chenge in flewa and load flaw factara) 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR rv NEWMAN 

24 25 2& 27 28 29 30 31 32 33 34 35 3& 37 38 39 40 41 42 43 
BORON BORON BLOAD BLOAD Boron BLOAD- LOAD BORON LOAD BORON LOAD LOAD BORON 

FLOWS LOAD- FLOWS LOAD- (Future with- REDUCTION LOAD- flOW FLOW FLOW BORON FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW out condition DUE TO USE FLOW FACTOR FACTOR CONe. [(21)+(25) FACTOR (23~27) FACTOR FACTOR [(42)x 1 000 

[24] FACTOR (24] FACTOR (CoI(29) +(31) OFSLD FACTOR (28)+1000 (11 )+(20)+(22) (12)+(21)+(23)+(25) (20)+ (30»)+ [(21)+(25)- (22)+ (31»)+ [(23)+(27)- .0.00136) 
TablaC.l (24) X 1.0 iTabla C1 (26) X 1.0 ofT •• <:t. (28)x(1-1) +G.0013& (24)+(26) (27)-(31) (33)1(32) (24)Hs) (20)+(24) (3O)H7) (26)H8) (22)+(26) (31)H10) (32)-(2) (33)-(4) 

AF AFXDDIII AF AFXppm Tons Tone AFX ...... AFXDDIII AF AFXDDIr. DDIII AF DDIII AFXppm AF DDIII AfXppm AF AFXppm Tana 

-2.8 -2.8 -1.5 -1.5 19.3 0.0 0.0 14.2 25.8 8.7 0.3 -11.5 -3.6 -10.3 1.2 1.2 0.9 -10.3 -9.4 -12.7 

1.3 1.3 0.1 0.1 0.3 0.0 0.0 0.2 22.8 18.3 0.8 -4.2 1.6 -5.8 0.0 3.7 2.5 -4.2 -3.3 -4.5 

1.3 1.3 5.0 5.0 -14.4 0.0 0.0 -10.6 38.1 ~g.O 1.0 -2.0 1.6 -6.4 0.3 3.7 5.6 -1.7 -0.8 -1.1 

0.3 0.3 4.0 4.0 -12.7 0.0 0.0 -9.3 33.8 fil.9 1.5 -3.5 1.9 -15.6 2.6 4.2 15.4 -0.9 -0.2 -0.2 

8.8 8.8 6.5 6.5 -38.4 0.0 0.0 -28.2 281.9 56.4 0.2 -5.3 1.2 -43.7 4.3 4.8 43.5 -1.0 -0.2 -0.2 

12.0 12.0 16.5 16.5 17.6 0.0 0.0 12.9 849.3 84.2 0.1 -9.0 1.1 -25.4 6.4 2.0 24.4 -2.6 -1.0 -1.4 

8.7 8.7 5.9 5.9 -16.4 0.0 0.0 -12.1 613.5 137.5 0.2 -1.5 1.6 -9.0 7.9 3.3 25.1 6.4 16.1 21.9 

4.5 4.5 0.8 0.8 14.0 0.0 0.0 10.3 203.8 65.6 0.3 -6.3 1.7 0.5 6.1 2.9 3.9 -0.2 4.4 6.0 

4.1 4.1 4.2 4.2 19.1 0.0 0.0 14.0 117.2 48.7 0.4 -10.1 1.4 0.2 6.7 1.9 0.2 -3.4 0.4 0.6 

11.4 11.4 2.6 2.6 1.6 0.0 0.0 1.2 61.8 53.0 0.9 -9.2 1.2 -4.0 7.5 1.9 6.2 -1.7 2.2 3.0 

13.9 13.9 2.0 2.0 30.0 0.0 0.0 22.1 55.4 43.5 0.8 -11.6 1.0 -14.2 8.0 1.9 10.5 -3.6 -3.7 -5.0 

8.3 8.3 -1.4 -1.4 30.2 0.0 0.0 22.2 53.6 8.4 0.2 -7.6 1.1 -2.9 2.8 0.3 -0.4 -4.8 -3.3 -4.4 

71.8 71.8 44.7 4~ ~2 __ __ O~_ _ _0.0 _~.9 2,357~0 615.2 0.3 ~1.8 -----
-136.4 §3.8 

- __ ~7.8 -28.0 __ 1.4 __ 1.9 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wedand area nor should 1heir be any significant salt load ftushed from 1hese channels over an annual period. 



MONTH 

Oct 
Nov 

--- Dec 
~ Jan 

Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table C3. Boron dilution requirements: 1986 hydrology Scenario 1. 

1 

INCREASED 
BORON 

lOAD DUE 
TO USE OF 

DRAIN (col 29) 
Ibs 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

Dilution volume required to restore the SJR at Newman to the 
same boron concentration without the project 

2 3 4 5 6 

BORON FLOW BORON BORON DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

FACTOR PROJECT PROJECT TO MATCH 
(col 33) FWO CONC.(a) 

KAFx ppm KAF ppm ppm AF x1000 
8.7 25.8 0.3 0.5 -17.2 
18.3 22.8 0.8 0.8 0.0 
39.0 38.1 1.0 1.0 0.0 
51.9 33.8 1.5 1.5 0.0 
56.4 281.9 0.2 0.2 0.0 
84.2 849.3 0.1 0.1 0.0 
137.5 613.5 0.2 0.2 0.0 
65.6 203.8 0.3 0.3 0.0 
48.7 117.2 0.4 0.4 0.0 
53.0 61.8 0.9 0.8 10.3 
43.5 55.4 0.8 0.8 0.0 
8.4 53.6 0.2 0.2 0.0 

615.2 2357.0 -6.9 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10,300 
0 
0 

10,300 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 

I 
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SAN JOAQUIN R 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW BORC»I FLOW 
FACTOR 

(2)x(3) 

AF DDIIt AFXDDm 

Oct 36.1 0.5 18.1 

Nov 27.0 0.8 21.6 

Dec 39.8 1.0 39.8 

Jan 34.7 1.5 52.1 

Feb 282.9 0.2 56.6 

Mar 851.9 0.1 85.2 

Apr 607.1 0.2 121.4 

May 204.0 0.3 61.2 

Jun 120.6 0.4 48.2 

Jul 63.5 0.8 SO.8 

Aug 59.0 0.8 47.2 

Sap 58.4 0.2 11.7 

Table C4. Boron mass balance analysis: 1986 hydrology : Scenario 2. 

SALT 
SLOUGH at 
HWY 165 .) 

5 6 7 
WQ LOAD 

FLOW BOfIOtj FLOW 
FACTOR 

(5)x(I) 

AF DDI'ft AFX--.n 

11.0 1.1 12.1 

7.8 1.5 11.7 

5.6 2.2 12.3 

5.9 3.4 20.1 

16.2 3.5 56.7 

23.1 1.8 41.6 

24.9 1.9 47.3 

19.8 1.1 21.8 

17.6 0.6 10.6 

23.4 0.9 21.1 

25.5 1.1 28.1 

17.1 0.8 13.7 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows and Load.f'1ow Factors In l,OOOs) 

MUD SJR IV' NEWMAN WETLAND ZONE BANO C ZONE A 
SLOUGH at Min ... MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGI Ie) DRAINAGE IcD 

8 1 10 11 12 13 14 15 16 17 18 11 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AM:] LOAD SURFACE AND LOAD 

FLOW BORON FLOW FLOW FLOW Ass. VOLUIE FLOW SUBSURfACE FLOW SUBSURfACE FLOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOFI 

(2)-(5)- (4H1)- BOROfj DISCHARGE DISCHARGE 
(1)11(1) (I) (10) (8) T .... (11).1.0 

Af ....... AfXDDm AF &&:Y_ DDIII AF an_ A£. AfXlIDm AF AFXIIIII'I'I 

2.4 1.4 3.4 22.7 2.6 1.0 2.5 4.9 11.2 11.2 4.0 17.9 

2.4 2.7 6.5 16.8 3.4 1.0 2.5 5.0 5.1 5.1 1.2 6.9 

6.8 3.0 20.4 27.4 7.1 1.0 2.6 5.2 2.4 2.4 1.1 8.2 

6.0 3.5 21.0 22.8 11.0 1.0 2.4 4.8 1.6 1.6 3.6 21.1 

9.1 2.3 20.9 257.6 -21.0 1.0 2.3 4.6 1.7 1.7 5.9 27.7 

20.6 1.4 28.8 808.2 14.8 1.0 3.0 6.0 2.6 2.6 9.6 46.3 

13.7 3.4 46.6 568.5 27.5 1.0 13.4 24.9 2.4 2.4 8.2 39.9 

6.7 5.0 33.5 In.5 5.9 1.0 8.6 16.2 5.1 5.1 7.5 39.0 

7.7 3.6 27.7 95.3 10.0 1.0 0.6 1.2 7.4 7.4 9.0 35.4 

5.7 3.3 18.8 34.4 10.9 1.0 0.2 0.4 5.4 5.4 9.5 21.2 

4.8 2.9 13.9 28.7 5.2 1.0 0.0 0.0 3.6 3.6 10.8 44.5 

0.7 2.0 1.4 40.6 -3.4 1.0 0.2 0.4 6.5 6.5 4.3 23.5 

RECONSTRUCTED RECONSTRUCTED 
I 

SALT SLOUGH MUD SLOUGH 
FLOWS.nd OAD Fl OWS and OAD 

20 21 22 23 
flOWS LOAD FLOWS LOAD 

(11).0.82+ FLOW (1 1)xD.1 1+ FLOW 
(11) .... fACTOR (18)+ FACTOR 

(3O)T .... (f) (2&)T8bIe' (g) 

AF AfXDDm AF AfXDGnI 

10.6 12.0 7.1 22.0 

5.6 7.0 3.2 10.0 

3.5 5.0 2.6 10.9 

2.7 4.1 4.9 23.3 

2.7 4.0 7.2 30.0 

3.4 4.7 11.8 50.1 

9.7 16.3 14.3 51.0 

9.3 13.8 11.9 46.5 

6.3 6.5 10.7 37.6 

4.4 4.4 10.7 22.6 

3.0 3.0 11.4 45.1 

5.3 5.3 5.7 25.1 

rOTAI 2.385.0 0.3 613.8 197.9 1.5 296.9 86.6 2.8 242.9 2,100.5 74.0 0.0 38.3 73.6 55.0 55.0 74.7 331.7 66.4 86.0 101.6 374.3 I 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3, respectively. 
(b) Wetland releases were obtained from Table 6. 
(c) AgriculbJraI drainage wiLmet available for wetland use was auumed ID be idenlk:allD those quantities identified in !he SJVDP Final Report of Sept 1990. Monthly distribution was calculated as CoI(13)-CoI(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged ID the grasslanda area from !he drainage cistricts was collected by Summers Engineering and updated with CRWOCB daIa. 
(e) Boron load - Row estimates were calculated as Boron load in Ibis + 2OOOIbsI1Dn + 0.00136 tDnslAF-ppm + 1000. 
(t) Calculated as Col (1n x 0.82 + Col (19) x 0 + Col (32) of table 6. 
(g) Calculated as Col (11) x 0.18 + Col (19) x 0.2 + Col (28) of table 6. 
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Table C4 (cont.). Boron mass balance analysis: 1986 hydrology: 

ADJUSTED LOW B FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows and Load-Flow Factors In l,OOOs) 

ASSUMED IN TRANSIT BORON ADJUSTMENTS (~ SAN JOAQUIN RIVER 
SALT and Mud SALT MUD I'll' NEWMAN CONDmoNS 

Scenario 2. 

EFFECT OF PROPOSED ACTION 
(CN nca In ftowa .nd Iced law ladora) 

SALT SLOUGH MUD SLOUGH SLOlJGH SLOUGH SLOUGH SA .TSLOUGH MUD SLOUGH SJR rv NEWMAN 

24 25 26 'Z7 28 21 30 31 32 33 34 35 36 37 38 31 40 41 42 43 
BORON BORON BLOAD BLOAD Boron BLOAD- LOAD BORON LOAD BORON LOAD LOAD BORON 

FLOWS LOAD- FLOWS LOAD- (FuluNwHh- REOUcnoN LOAD- R.OW FLOW FLOW BORON FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW out cond.1on DUE TO USE flOW FACTOR FACTOR CONe. (21)+(25) FACTOR (23)+(27) FACTOR FACTOR ((42,.,000 

FACTOR FACTOR (CoI(2I) +(31) OFSLD FACTOR (28)+1000 (11 )+(20)+(22) (12)+(21)+(2:Q+(25) ((20)+ (3D)J+ ((21)+(25)- (22)+ (31)J+ ((23)+(27) .0.00136) 
(5H20) (24) X 1.0 (8)-(22) (28) X 1.0 oIT"- e.~ (28)x(1·1) ..o.D01. (24)+(21) (21)-(31) (33V(32) (24)H5) (20)+(24) (3O)H7) (2I)HI) (22)+(28) (31)H10) (32}-(2) (33H4) (x1000) 

AF AfXDDrn AF AfXDDrn Tona Tona AFXDDfi1 AFXDDm AF AFXDDII'I DDm AF DDIQ AFX .... AF DDIII AfXDDrn AF AfXDDrn Ton. 

-2.8 -2.8 -1.5 -1.5 19.3 0.0 0.0 14.2 36.1 18.1 0.5 -3.2 1.2 -2.9 3.2 1.1 3.0 0.0 0.0 0.1 

1.3 1.3 0.1 0.1 0.3 0.0 0.0 0.2 27.0 21.6 0.8 -0.9 1.2 -3.4 0.9 3.0 3.4 0.0 0.0 -0.1 

1.3 1.3 5.0 5.0 -14.4 0.0 0.0 -10.6 39.8 39.8 1.0 -0.8 1.3 -6.1 0.8 3.5 6.0 0.0 0.0 0.0 

0.3 0.3 4.0 4.0 -12.7 0.0 0.0 -9.3 34.7 52.1 1.5 -2.9 1.5 -15.6 2.9 4.1 15.7 0.0 0.0 0.1 

8.8 8.8 6.6 6.6 -38.4 0.0 0.0 -28.2 282.9 56.6 0.2 -4.7 1.1 -43.9 4.7 4.7 43.9 0.0 0.0 0.0 

12.0 12.0 16.5 16.5 17.6 0.0 0.0 12.9 851.9 85.2 0.1 -7.7 1.1 -24.8 7.7 1.9 24.8 0.0 0.0 0.0 

8.7 8.7 5.9 5.9 -16.4 0.0 0.0 -12.1 607.1 121.4 0.2 -6.5 1.4 -22.3 6.5 3.4 22.4 0.0 0.0 0.0 

4.5 4.5 0.8 0.8 14.0 0.0 0.0 10.3 204.0 61.2 0.3 -6.0 1.3 -3.5 6.0 2.9 3.5 0.0 0.0 0.0 

4.1 4.1 4.2 4.2 19.1 0.0 0.0 14.0 120.6 48.3 0.4 -7.2 1.0 0.0 7.2 1.9 0.0 0.0 0.0 0.0 

11.4 11.4 2.6 2.6 1.6 0.0 0.0 1.2 63.5 SO.8 0.8 -7.6 1.0 -5.2 7.6 1.8 5.2 0.0 0.0 0.0 

13.9 13.9 2.0 2.0 30.0 0.0 0.0 22.1 59.0 47.1 0.8 -8.6 1.0 -11.2 8.6 1.9 11.1 0.0 -0.1 -0.1 

8.3 8.3 -1.5 -1.5 30.2 0.0 0.0 22.2 58.4 11.6 0.2 -3.5 1.0 -0.1 3.5 0.3 0.0 0.0 -0.1 -0.1 

71.8 71.8 44.7 I 44.7 50.~_ 0.0 0.0 36.9 2,385.0 613.8 0.3 -59.7 -139.1 59.7 139.1 0.0 0.0 0.0 

(h) Theoretically salinity should not accumulate within the channels conveying drainage Ihtough the wetland .... nor should !heir be any significant salt load flushed from these channels rNfK an annual period. 
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MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

,--~T9T A'---L ___ 

Table CS. Boron dilution requirements: 1986 hydrology: Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same boron 
concentration without the project, assuming no Salt Slough diversions to wetlands 

1 2 3 4 5 6 

INCREASED BORON FLOW BORON BORON DILUTION 
BORON LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

LOAD DUE FACTOR PROJECT PROJECT TO MATCH 
TO USE OF (col 33) FWO CONC.(a) 

DRAIN (col 29) 
Ibs KAFxppm KAF ppm ppm AF x1000 
0.0 18.1 36.1 0.5 0.5 0.0 
0.0 21.6 27.0 0.8 0.8 0.0 
0.0 39.8 39.8 1.0 1.0 0.0 
0.0 52.1 34.7 1.5 1.5 0.0 
0.0 56.6 282.9 0.2 0.2 0.0 
0.0 85.2 851.9 0.1 0.1 0.0 
0.0 121.4 607.1 0.2 0.2 0.0 
0.0 61.2 204.0 0.3 0.3 0.0 
0.0 48.3 120.6 0.4 0.4 0.0 
0.0 SO.8 63.5 0.8 0.8 0.0 
0.0 47.1 59.0 0.8 0.8 0.0 
0.0 11.6 58.4 0.2 0.2 0.0 

0.0 613.8 2385.0 0.0 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
---~-

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 

i 
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SAN JOAQUIN R 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW BOROII FLOW 
FACTOR 

(2)x(3) 

AF DDm AFXDDm 

Oct 36.1 0.5 18.1 

Nov 27.0 0.8 21.6 

Dec 39.8 1.0 39.8 

Jan 34.7 1.5 52.1 

Feb 282.9 0.2 56.6 

Mar 851.9 0.1 85.2 

Apr 607.1 0.2 121.4 

May 204.0 0.3 61.2 

Jun 120.6 0.4 48.2 

Jul 63.5 0.8 SO.8 

Aug 59.0 0.8 47.2 

Sep 58.4 0.2 11.7 

rI"OTAl 2,385.0 0.3 613.8 

Table C6. Boron mass balance analysis: 1986 hydrology : Scenario 3. 

SALT 
SLOUGH at 
HWY 1&st,} 

5 6 7 
wo LOAD 

FLOW BOnOIl FLOW 
FACTOR 

(5)x(l) 

AF DDIn AFXIIDIII 

11.0 1.1 12.1 

7.8 1.5 11.7 

5.6 2.2 12.3 

5.9 3.4 20.1 

16.2 3.5 56.7 

23.1 1.8 41.6 

24.9 1.9 47.3 

19.8 1.1 21.8 

17.6 0.6 10.6 

23.4 0.9 21.1 

25.5 1.1 28.1 

17.1 0.8 13.7 

197.9 1.5 296.9 

SAN JOAQUIN RIVER BORON CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows and Load~1ow Flldor. In 1,OGOs) 

MUD SJR nr NEWMAN WETLAND ZONE B AND C ZONE A 
SLOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HNY 140 ,1 SLOUGJo DRAINAGI Ie} DRAINAGE left 

8 9 10 11 12 13 14 15 16 17 1. 19 
wo LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW BORON FLOW FLOW FLOW Au. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4){7)- BOROH DISCHARGE DISCHARGE 
(8)x(l) (8) {10] Ce) T ... 7 (11).1.0 

AF DDIII AfXDDm AF ACY __ 
DDm AF AFXDDm AF IAFXIIDIII AF AFXDDIII 

2.4 1.4 3.4 22.7 2.6 1.0 3.4 6.7 11.2 11.2 4.0 17.9 

2.4 2.7 6.5 16.8 3.4 1.0 3.4 6.8 5.1 5.1 1.2 6.9 

6.8 3.0 20.4 27.4 7.1 1.0 3.3 6.8 2.4 2.4 1.1 8.2 

6.0 3.5 21.0 22.8 11.0 1.0 3.1 6.2 1.6 1.6 3.6 21.1 

9.1 2.3 20.9 257.6 -21.0 1.0 3.1 6.2 1.7 1.7 5.9 27.7 

20.6 1.4 28.8 808.2 14.8 1.0 3.0 7.6 2.6 2.6 9.6 46.3 

13.7 3.4 46.6 568.5 27.5 1.0 22.2 43.4 2.4 2.4 8.2 39.9 

6.7 5.0 33.5 In.5 5.9 1.0 13.5 25.7 5.1 5.1 7.5 39.0 

7.7 3.6 27.7 95.3 10.0 1.0 4.6 9.0 7.4 7.4 9.0 35.4 

5.7 3.3 18.8 34.4 10.9 1.0 3.9 8.0 5.4 5.4 9.5 21.2 

4.8 2.9 13.9 28.7 5.2 1.0 0.0 0.0 3.6 3.6 10.8 44.5 

0.7 2.0 1.4 40.6 -3.4 1.0 1.8 3.6 6.5 6.5 4.3 23.5 

86.6 2.8 242.9 2,100.5 74.0 0.0 65.3 130.0 55.0 55.0 74.7 331.7 

(a) Stream flow and WOBr' quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3, respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH MUD SLOUGH 

FLOWS and OAD FLOWS and OAD 

20 21 22 23 
FLOWS LOAD FLOWS LOAD 

(1')xO.82+ FLOW (1I)xO.18+ FLOW 
(18).0. FACTOR (18)+ FACTOR 

(.)Table7 (I) (2I)Tebla7 (g) 

AF AFXDDm AF AFXDDm 

11.5 12.0 7.1 22.0 

6.5 7.0 3.2 10.0 

4.3 5.0 2.5 10.9 

3.4 4.1 4.9 23.3 

3.5 4.0 7.2 30.0 

4.2 4.7 11.0 SO.l 

16.7 16.3 16.1 54.2 

13.2 13.8 12.9 47.8 

9.5 6.5 11.5 39.1 

7.2 4.4 11.6 24.5 

3.0 3.0 11.4 45.1 

6.5 5.3 6.1 25.8 

89.4 86.0 105.6 382.9 

(e) Agricultural drainage volume available for weiland use was assumed 10 be identical 10 those quantities identified in the SJVOP Final Report of Sept 1990. Monthly distribution was caJculalad as CoI(13)-C01(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Summers Engineering end updated with CRwaca data. 
(e) Boron Load - Row estimates were calculated as Boron Load in Ibs + 2OOOlbsIIon .. 0.OO136Ion11Af-ppm .. 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (32) of IabIe 7. 
(g) Calculated as Col (11) x 0.18 + Col (19) x 0.2 + Col (28) of Jable 7. 
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Table C6 (cont.). Boron mass balance analysis: 1986 hydrology : 

ADJUSTED LOW 8 FLOWS REO. 
TO MATCH MEASURED VALUES 

SALTS OUGH MUDS .OUGH 

24 25 26 27 
BORON BORON 

ROWS LOAD- FLOWS LOAD-
ROW FLOW 

FACTOR FACTOR 
(5)-(20) (24) X 1.0 (8H22) (21) X 1.0 

AF AfXDDm AF AfXDDm 

-2.8 -2.8 -1.5 -1.5 

1.3 1.3 0.1 0.1 

1.3 1.3 5.0 5.0 

0.3 0.3 4.0 4.0 

8.8 8.8 6.6 6.6 

12.0 12.0 16.5 16.5 

8.7 8.7 5.9 5.9 

4.5 4.5 0.8 0.8 

4.1 4.1 4.2 4.2 

11.4 11.4 2.6 2.6 

13.9 13.9 2.0 2.0 

8.3 8.3 -1.5 -1.5 

71.8 71.8 44.7 44.7 

SAN JOAQUIN RIVER BORON CONCENTRAnONS -1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(FIowa and Load-Flow Factors In 1,000.) 

ASSUMED IN TRANSIT BORON ADJUSTIIENTS1l1 SAN JOAOlIN RIVER 
SALT ancIllUd SALT IIUD nr NEWMAN CONDmoNS 

SLOIJGH SLOUGH SLOUGH SA :"T~nl 

28 21 30 31 32 33 34 35 36 
BLOAD B ... OAIil Boron BLOAD- LOAD BORON 

(FuUw ..... HEDUC110N LOAD- FLOW FLOW FLOW BORON ROW COlIC. 
ouI concIlIDn DUE TO USE FlOW FACTOR FACTOR CONe. -
(CoI(2t) +(31) OFSLD . FACTOR ~10D0 (111+(20)+(22) (12)+C21)+(23}+(25) ((20»+ (30))+ 

ofT ... C.t. (28)X(1.1) +O.G0131 (24)+(21) (21H31) (33)1(32) (24)H5) ~4) 
Tone Tona AfXaDIn AFXIIDIII IE AFXDDIII .... AF DDIft 

19.3 0.0 0.0 14.2 37.0 18.1 0.5 -2.3 1.1 

0.3 0.0 0.0 0.2 27.9 21.5 0.8 0.0 1.1 

-14.4 0.0 0.0 -10.6 40.5 39.8 1.0 0.0 1.1 

-12.7 0.0 0.0 -9.3 35.4 52.1 1.5 -2.2 1.2 

-38.4 0.0 0.0 -28.2 283.7 56.6 0.2 -3.9 1.0 

17.6 0.0 0.0 12.9 851.9 85.2 0.1 -6.9 1.0 

-16.4 0.0 0.0 -12.1 615.9 124.6 0.2 0.5 1.0 

14.0 0.0 0.0 10.3 208.9 62.5 0.3 -2.1 1.0 

19.1 0.0 0.0 14.0 124.6 49.8 0.4 -4.0 0.8 

1.6 0.0 0.0 1.2 67.2 52.7 0.8 -4.8 0.8 

30.0 0.0 0.0 22.1 59.0 47.1 0.8 -8.6 1.0 

30.2 0.0 0.0 22.2 SO.O 12.3 0.2 -2.3 0.9 

50.2 0.0 0.0 36.9 2,412.0 622.4 0.3 -36.7 

Scenario 3. 

EFFECT OF PROPOSED ACTION 
(Ciu ....-In ......... 1oMI ... f8c1an) 

t::lW III rDSLOU t»t SJF; 

37 31 31 40 41 
LOAD BORON LOAD 
FLOW ROW COlIC. FLOW FLOW 

FACTOR ·U~ FACTOR 
((21)+(25t- (22)+ (31)Jt- 123)+(27)-'_)0(7) (21) .... .22)1(21) (31)H10) (3ZH2) 

AfXDIn AF IIDIIl AfXDDIIl AF 

-2.9 3.2 1.1 3.0 0.9 

-3.4 0.9 3.0 3.4 0.9 

-6.1 0.7 3.5 6.0 0.7 

-15.6 2.9 4.1 15.7 0.7 

-43.9 4.7 4.7 43.9 0.8 

-24.8 6.9 2.0 24.8 0.0 

-22.3 8.3 3.3 25.6 8.8 

-3.5 7.0 2.8 4.8 4.9 

0.0 8.0 1.9 1.5 4.0 

-5.2 8.5 1.8 7.1 3.7 

-11.2 8.6 1.9 11.1 0.0 

-0.1 3.9 0.5 0.7 1.6 

-139.1 63.7 147.7 27.0 

(h) Theoretically aaJinity should not accumulate within the c:hanneIa C:OrPIeyilg drainage 1hrough the weiland .... nor IhouId their be any lignificant ..at load IUIhed from .... chInneIa ow. an ...... period. 

nrNEW IAN 
42 43 

LOAD BORON 
FLOW LOAD 

FACTOR ((42)Ir1DGD 
xO.GOI3I] 

(33M4) (d.., 
.&I:Y_ Tana 

0.0 0.1 

0.0 -0.1 

0.0 0.0 

0.0 0.1 

0.0 0.0 

0.0 0.0 

3.2 4.4 

1.3 1.8 

1.5 2.1 

1.9 2.6 

-0.1 -0.1 

0.6 0.9 

8.6 11.7 



MONTH 

Oct 

- Nov 
~ o Dec 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTAl..~ ___ , 

Table C7. Boron dilution requirements: 1986 hydrology: Scenario 3 

Dilution volume required to restore the SJR at Newman to the same boron 
concentration without the project, assuming no Salt Slough diversions to wetlands 
Assume additional wetland water supply. 

1 2 3 4 5 6 

INCREASED BORON FLOW BORON BORON DILUTION 
BORON LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

LOAD DUE FACTOR PROJECT PROJECT TOMATai 
TO·USEOF (col 33) FWO CONC.(a) 
DR~JN (col 29) 

KAFxppm KAF PPm ppm mgJI AF xl000 
0.0 18.1 37.0 0.5 0.5 0.0 
0.0 21.6 27.9 0.8 0.8 0.0 
0.0 39.8 40.5 1.0 1.0 0.0 
0.0 52.1 35.4 1.5 1.5 0.0 
0.0 56.6 283.7 0.2 0.2 0.0 
0.0 85.2 851.9 0.1 0.1 0.0 
0.0 124.6 615.9 0.2 0.2 0.0 
0.0 62.5 208.9 0.3 0.3 0.0 
0.0 49.8 124.6 0.4 0.4 0.0 
0.0 52.7 67.2 0.8 0.8 0.0 
0.0 47.1 59.0 0.8 0.8 0.0 
0.0 12.3 SO.O 0.2 0.2 0.0 

0.0 622.4 2412.0 0.0 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 0.2 ppm boron. 
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Table CS. Selenium mass balance analysis: 1986 hyru-ology : Future without scenario. 

SAN JOAQUIN R SALT 
nr NEWMAN Ca) SLOUGH .. 

HWY 165 .) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. ROW Se FLOW ROW Se FLOW 
FACTOII FACTOR 

(2)x(3) (5)K(6) 

AF -AFXIIDb AF DDb AfXDpb 

Oct 36.1 1.6 58 11.0 4.6 51 

Nov 27.0 2.5 68 7.8 5.8 45 

Dec 39.8 2.4 96 5.6 8.3 46 

Jan 34.7 6.4 222 5.9 18.2 107 

Feb 282.9 1.2 339 16.2 22.2 360 

Mar 851.9 1.0 852 23.1 13.4 310 

Apr 607.1 1.4 850 24.9 13.1 326 

May 204.0 2.0 408 19.8 8.7 172 

Jun 120.6 2.4 289 17.6 1.5 26 

Jul 63.5 3.0 191 23.4 2.1 49 

Aug 59.0 5.0 295 25.5 7.1 181 

SeP 58.4 1.0 58 17.1 3.7 63 

OTA 2.385.0 1.6 3.726 197.9 8.8 1737 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flows and i.oMt-FIaw Facten In 1.000.) 

MUD SJR nr NEWMAN WETLAND ZONEBAM)C ZDNEA 
SLOUGH .. Minus MUD & SALT REI EASES (b) AGRICULTWIAL AGRICULTURAL 
HWY140 a' SLOUGH DRAINAGE 'e) DfWNAGE{d) 

8 9 10 11 12 13 14 15 16 17 11 19 
WQ LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACEAHD LOAD 

FLOW S. FLOW FLOW FLOW Ass. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WQ FACTOR ~ FACTOR DRAINAGE FACTOR 

(2H5)- (4H1)- Se DISCHARGE DISCHARGE 
(8)s(I) (8] 110) (e) T .... (11)x1.D 

AF ppb .~. AF AFXIIDb DIIb AF AFSDDb AF AFIIIIGb AF AFXDDb 

2.4 1.3 3 22.7 4.0 1.0 2.5 2.5 11.2 11.2 4.0 230.1 

2.4 3.6 9 16.8 13.6 1.0 2.5 2.5 5.1 5.1 1.2 72..4 

6.8 9.2 63 27.4 -13.5 1.0 2.6 2.6 2.4 2.4 1.1 58.1 

6.0 9.0 54 22.8 60.7 1.0 2.4 2.4 1.6 1.6 3.6 201.1 

9.1 2.9 26 257.6 -46.6 1.0 2.3 2.3 1.7 1.7 5.9 300.7 

20.6 4.6 95 808.2 447.6 1.0 3.0 3.0 2.6 2.6 9.6 534.6 

13.7 24.5 336 568.5 188.1 1.0 13.4 12.5 2.4 2.4 8.2 514.3 

6.7 2.9 19 1n.5 216.3 1.0 8.6 8.1 5.1 5.1 7.5 415.8 

7.7 29.0 223 95.3 39.7 1.0 0.6 0.6 7.4 7.4 9.0 395.6 

5.7 27.2 155 34.4 -13.7 1.0 0.2 0.2 5.4 5.4 9.5 351.1 

4.8 21.4 103 28.7 11.2 1.0 0.0 0.0 3.6 3.6 10.8 432.0 

0.7 6.0 4 40.6 -9.1 1.0 0.2 0.2 6.5 6.5 4.3 239.0 

86.6 12.6 1090 2.100.5 898.5 0.4 38.3 36.9 55.0 55.0 74.7 ~44.9 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from TableA-1 and Table A-3. respectively. 
(b) Wetland releases were obi8ined from Table 6. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 
20 21 

ROWS LOAD 
(11)d.8Z. ROW 
(18)xO.IO+ FACTOR 
C3GtT .... (f) 

AF AFSDDb 

13.8 194.7 

6.5 63.5 

4.3 49.9 

5.6 163.6 

7.4 243.3 

11.1 431.1 

16.2 420.6 

15.3 341.6 

13.5 322.7 

12.0 285.3 

11.6 348.5 

8.8 196.5 

1262 3061.5 

RECONSTRUCTED 
I IlUDSLOUGH 

FLOWS and LOAD i 

22 L~I FLOWS 
(16)JdL18+ FLOW I 
(18)d-1D+ rACT~ 
(2&)T .... (g)j 

AF AFSDDbi 

3.9 49.1 

2.3 16.5 

1.8 13.1 

2.0 41.5 

2.5 61.5 

4.1 109.1 

7.8 108.6 

5.9 87.4 

3.5 SO.8 

3.1 71.4 

2.8 87.0 

2.2 49.2 

41.8 775.3 

(c) Agricultural drainage vollJT18 available for wetland use was assumed to be identicailD those quantities identified in the SJVDP Final Report of Sept 1990. Mont1Iy di&tribution was c:ak:uIated as Col( 13)-CoI(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged ID the grasslands area from the drainage cistricts was collected by Summers Engineering and updated with CRWOCB da!a. 
(e) Selenium load - Flow estimates were calculated as Selenium load in Ibs + 2OOOIbsIIon + 0.OO136lDnslAF-ppm + 1000. 
(f) Calculated as Col (11) x 0.82 + Col (19) x 0.8 + Col (33) of table 6. 
(g) Calculated as Col (11) )( 0.18 + Col (19) x 0.2 + Col (29) of table 6. 
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Table CS. (cont). Selenium mass balance analysis: 1986 hydrology : Future without scenario. 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 

(Flows and Load-Flow Factors In 1.0005) 

ADJUSTED LOW Se FLOWS REQ. ASSUMED IN TRANSIT Se ADJUSTMENTS (h) RECONSTRUCTED EFFECT OF PROPOSED ACTION 
TO MATCH MEASURED VALUES NECESSARY TO MATCH MEASURED VALUES SAN JOAQUIN RIVER 
SALT SLOUGH MUD SLOUGH SALT SLOUGH MUD SLOUGH IV NEWMAN CONDITIONS SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 21 28 29 30 31 32 33 34 35 36 37 .:1 39 40 41 42 43 
Se Se Se Se Se Se LOAD 58 LOAD 58 LOAD LOAD 58 

FLOWS LOAD- FLOWS LOAD- LOAD- LOAD LOAD- LOAD flOW flOW 58 FLOW COHC. FLOW COHC. flOW flOW flOW LOAD 
FLOW FLOW FLOW (.1000) FLOW (.1000) FACTOR COHC. (21)+(25). FACTOR [(23k(21) fACTOR FACTOR (42)x2000 

FACTOR FACTOR FACTOR (28)xG.0013& FACTOR (28)xo.OO136 (11 )+(20)+(22) (12)+(21)+(23)+(25) [(20)+ (28»)+ [(21 )+(25)- (22)+ (30))+ ((23)+(27)- .G.OO136] 
(5)-(20) (24) X 1.0 (8H22) (26iX 1.0 (21)+(2SH7) x2000 (23)+C27)~ 10) x2000 (24)+(2t) (2~28)-(30) (33)1(32) (24)H5) (20)+(24) (28))-(7) (26)}-(8) [(22)+(26) (3O)}-(10) (32)0(2) (33)-{C) 

AF AFXppb AF AFXppb AfXppb lb. AFXDDb lb. AF AfXDDb DDb AF DDb AFXiJIIb AF IlDb AFXppb AF DDt» AFXppb 

-2_8 -2.8 -1.5 -1.5 141.3 384.4 44.5 121.1 36.1 57.8 1.6 NA NA NA NA NA NA NA NA NA 

1.3 1.3 0.1 0.1 19.5 532 8.0 21.8 27.0 67.5 2.5 NA NA NA NA NA NA NA NA NA 

1.3 1.3 5.0 5.0 4.7 12.8 -44.4 -120.7 39.8 95.5 2.4 NA NA NA NA NA NA NA NA NA 

0.3 0.3 4.0 4.0 56.5 153.7 -8.5 -23.1 34.7 222.1 6.4 NA NA NA NA NA NA NA NA NA 

8.8 8.8 6.6 6.6 -107.6 -292.6 41.7 113.4 282.9 339.5 1.2 NA NA NA NA NA NA NA NA NA 

12.0 12.0 16.5 16.5 133.5 363.2 30.8 83.9 851.9 851.9 1.0 NA NA NA NA NA NA NA NA NA 

8.7 8.7 5.9 5.9 103.1 280.5 -221.1 -601.5 607.1 849.9 1.4 NA NA NA NA NA NA NA NA NA 

4.5 4.5 0.8 0.8 173.9 473.0 68.7 187.0 204.0 408.0 2.0 NA NA NA NA NA NA NA NA NA 

4.1 4.1 4.2 4.2 300.5 817.3 -138.3 -376.1 120.6 289.4 2.4 NA NA NA NA NA NA NA NA NA 

11.4 11.4 2.6 2.6 247.5 673.3 -81.0 -220.4 63.5 190.5 3.0 NA NA NA NA NA NA NA NA NA 

13.9 13.9 2.0 2.0 181.4 493.4 -13.7 -37.2 59.0 295.0 5.0 NA NA NA NA NA NA NA NA NA 

8.3 8.3 -1.5 -1.5 141.6 385.1 43.4 118.1 58.4 58.4 1.0 NA NA NA NA NA NA NA NA NA 

71.7 71.7 44.8 44.8 1,396.0 3,797.2 -269.8 -733.8 2,385.0 3,725.5 1.6 NA NA NA NA NA NA NA NA NA 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any Significant salt load flushed from Ihese channels aver an anrual period. 
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tAN JOAQUIN R 
nr NEWMAN (a) 

1 2 3 4 
WQ LOAD 

110. FLOW S- FLOW 
FACTOR 

(2)%(3) 
AF DDb AFXppb 

Oct 36.1 1.6 57.8 

Nov 27.0 2.5 67.5 

Dec 39.8 2.4 95.5 

Jan 34.7 5.4 222.1 

Feb 28~.9 1.2 339.5 

Mar 851.9 1.0 851.9 

Apr 607.1 1.4 849.9 

May 204.0 12.0 408.0 

Jun 120.6 . 2.4 289.4 

·Jul 63.5 3.0 190.5 

Aug 59.0 5.0 295.0 

SeP 58.4 1.0 58.4 

OTA 2.385.0 1.6 3725.5 

Table C9. Selenium mass balance analysis: 1986 hydrology : Scenario 1 

SALT 
SLOUGH at 
HWY 165(11' 

5 6 7 
S- LOAD 

FLOW ~OROI FLOW 
FACTOR 

(5)x(6) 
AF Dab AFXppb 

11.0 4.6 SO.6 

7.8 5.8 45.2 

5.6 8.3 46.5 

5.9 18.2 107.4 

16.2 22.2 359.6 

23.1 13.4 309.5 

24.9 13.1 326.2 

19.8 8.7 172.3 

17.6 1.5 26.4 

23.4 2.1 49.1 

25.5 7.1 181.1 

17.1 3.7 63.3 

197.9 8.8 1.737.2 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and load-Flow Factors In l,OOOs) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 

SLOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 

HWY 140 a} SLOUGH DRAINAGE lel DRAINAGE (d) 

8 9 10 11 12 13 14 15 16 17 18 19 
Se LOAD LOAD DRAINAGE LOAD SURFACE ANI: LOAD SURFACE ANI: LOAD 

FLOW BORO~ FLOW FLOW FLO'tV Ass. VOLUME FLOW SUBSURFACE FLOW SUB5-URFACE flOW 

FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4H1) S- DISCHARGE DISCHARGE 

(8)x(I) (8) (10j ,e) 1.., .. 6 (16).'.0 

AF ppb AFXDDb AF AFXaob .,.., AF AFxDDb AF AFxllDb AF AFxDDb 

2.4 1.3 3.1 22.7 4.0 0.2 2.5 2.5 0.0 0.0 4.0 230.1 

2.4 3.6 8.6 16.8 13.6 0.8 2.5 2.5 0.0 0.0 1.2 72.4 

6.8 9.2 62.6 27.4 -13.5 -0.5 2.6 2.6 0.0 0.0 1.1 58.1 

6.0 9.0 54.0 22.8 60.7 2.7 2.4 2.4 0.0 0.0 3.6 201.1 

9.1 2.9 26.4 257.6 -46.6 -0.2 2.3 2.3 0.0 0.0 5.9 300.7 

20.6 4.6 94.8 808.2 447.6 0.6 3.0 3.0 0.0 0.0 9.6 534.6 

13.7 24.5 335.7 568.5 188.1 0.3 13.4 13.4 0.0 0.0 8.2 514.3 

6.7 2.9 19.4 177.5 216.3 ~ '" 8.S 8.S 0.0 0.0 7.5 415.8 I.' 
1395.6 7.7 29.0 223.3 95.3 39.7 0.4 0.6 0.6 0.0 0.0 9.0 

5.7 27.2 155.0 34.4 -13.7 -0.4 0.2 0.2 0.0 0.0 9.5 351.1 

4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 0.0 0.0 10.8 432.0 

0.7 6.0 4.2 40.6 -9.1 -0.2 1.0 1.0 0.0 0.0 4.3 239.0 

86.6 12.6 1089.8 2.100.5 898.5 0.4 39.1 39.1 0.0 0.0 74.7 3744.9 

(a) Stream flow and water quality data f."~:;16 ~n Joaquin River and Salt and Mud Slough were obtained from Table A·1 and Table A·3, respectively. 
(b) Wedand releases were obtained from Table 7. 

0% uptake. 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH MUD SLOUGH 

FLOWS and lOAD FLOWS and LOAD 

20 21 22 23 
FLOWS LOAD FLOWS LOAD 

(16).0.82+ FLOW (16)xO.11+ FLOW 
(18)xo.. FACTOR (18)+ FACTOR 

(3O)T ... 7 (I) (26)1.., .. 7 (g) 

AF AFxppb AF AFxPPb I 
2.3 3.0 5.1 231.7 

2.3 3.0 2.3 74.0 

2.3 3.0 2.1 59.7 

2.1 2.8 4.6 202.6 

2.1 2.8 6.9 302.2 

2.1 2.8 10.5 536.8 

14.7 19.9 15.7 524.1 

9.0 11.8 12.0 421.4 

3.4 4.2 10.2 397.2 

2.8 3.8 10.6 352.8 

0.0 0.0 10.8 432.0 

1.2 1.6 4.9 239.8 

44.3 58.7 95.7 3774.4 

(e) Agricultural drainage v91UTle available forwedend use was assumed to be identical to those quantities identified in the SJVOP Final Report of Sept 1990. Monthly distribution was calculated as Col(13)-Col(2) ofTables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage dstricts was collected by Surrvners Engineering and updated with CRWOCB data. 
(e) Selenium load - Flow estima!!'S were calculated as Selenil.m load in Ibs + 2OOOlbsiton + O.OO136lDnslAF·ppm + 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of taDie 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 7. 
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Table C9. (cont.). Selenium mass balance analysis: 1986 hydrology : 

ADJUSTE!) lOW S. FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Load-Flow Factors In 1,OOOs) 

ASSUMED IN TRANSIT S. ADJUSTMENTS (h) SAN JOAQUIN RIVER 
SALT and Mud MUD SALT IV NEWMAN CONDmoNS 

Scenario 1 0% uptake. 

EFFECT OF PROPOSED ACTION 
(ChMg8 In fIowa Md 10 .. fIow'ector.) 

SALT SLOUGH MUD SLOUGH SLOUG;2 SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 35

1
36 37 38 39 40 41 42 43 

Se Se SeLOAD SeLOAD S. SeLOAD- LOAD 
FLOW coS:C. LOAD Se LOAD LOAD Se 

FLOWS LOAD- FLOWS LOAD- (Future w~1h- ADJUSTED LOAD- FLOW FLOW FLOW Se FLOW flOW CONe. flOW FLOW FLOW LOAD 
FLOW FLOW out condition FORGAIHS FLOW FACTOR FACTOR CONe. ((21)+(25)- FACTOR (23)+(27] FACTOR FACTOR [(42)x2OOO 

(24) FACTOR (24) FACTOR (Col(29) +(31) INSLD FACTOR (21,.1000 (11)+(20)+(22) (12)+(21 )+(23)+(25) (20)+ (30»)+ ((21)+(25)- (22)+ (31)]+ [(23)+(27)- XO.OOl36) 
T_w. (24) x 1.0 TllbkCS (26) x 1.0 ofT· .. CS (28)x(l-o'O) +0.001. (24)+(26) (27)-(31) (33)1(32) (24)H5) (20)+(24) (3O)H7) (26)H8) (22)+(2G; (31)H10) (32)-(2) (33)-(4) 

AF AfXDDb AF AFXppb Ibe lb. AFXDDb AfXDDb AF AFXppb DDb AF DDb AFXDDb AF DDb AfXDDb AF AFXppb lb. 

-2.8 -2.8 -1.5 -1.5 505.5 505.5 0.0 185.8 25.8 48.6 1.9 -11.5 -0.4 -50.4 1.2 12.3 41.3 -10.3 -9.1 -24.8 

1.3 1.3 0.1 0.1 75.0 75.0 0.0 27.6 22.8 64.5 2.8 -4.2 1.2 -40.9 0.0 19.4 37.9 -4.2 -3.0 -8.2 

1.3 1.3 5.0 5.0 -107.9 -107.9 0.0 -39.7 38.1 95.1 2.5 -3.0 1.2 -42.2 0.3 14.7 41.8 -1.7 -0.4 -1.0 

0.3 0.3 4.0 4.0 130.6 130.6 0.0 48.0 33.8 222.4 6.6 5.0 1.3 -104.3 2.6 18.4 104.6 -0.9 0.3 0.8 

8.8 8.8 6.6 6.6 -179.2 -179.2 0.0 -65.9 282.0 339.8 1.2 -2.1 1.1 -348.0 4.4 27.8 348.3 -0.9 0.3 0.8 

12.0 12.0 16.5 16.5 447.1 447.1 0.0 164.4 849.3 851.3 1.0 -12.3 1.0 -294.7 6.4 14.4 294.1 -2.6 -0.6 -1.7 

8.7 8.7 5.9 5.9 -321.0 -321.0 0.0 -118.0 613.5 864.8 1.4 -5.7 1.2 -297.6 7.9 30.0 312.4 6.4 14.8 40.3 

4.5 4.5 0.8 0.8 660.0 660.0 0.0 242.6 203.8 412.2 2.0 -6.7 1.2 -156.0 6.1 14.0 160.1 -0.2 4.2 11.3 

4.1 4.1 4.2 4.2 441.2 441.2 0.0 162.2 117.2 287.2 2.5 -2.8 1.1 -18.1 6.7 16.6 15.9 -3.4 -2.2 -6.0 

11.4 11.4 2.6 2.6 452.9 452.9 0.0 166.5 61.8 190.4 3.1 -6.7 1.1 -33.9 7.5 14.3 33.9 -1.7 -0.1 -0.2 

13.9 13.9 2.0 2.0 456.2 456.2 0.0 167.7 55.4 291.4 5.3 -17.2 1.0 -167.2 8.0 20.8 163.5 -3.6 -3.6 -9.8 

8.3 8.3 -1.5 -1.5 503.2 503.2 0.0 185.0 53.5 54.1 1.0 -7.6 1.0 -53.4 2.7 15.7 49.1 -4.9 -4.3 -11.7 

71.8 71.8 44.7 I 44.7 3063.6 3,063.6 ~. _0.0 1.126.3 2357.0 3721.7 1.6 -74.8 -1.606.7 53.8 1.602.9 -28.0 -3.8 -10.3 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the weiland area nor should their be any Significant salt load flushed from \hese channels over an annual period. 
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Table CIO. Selenium dilution requirements: 1986 hydrology: Scenario 1 0% uptake. 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jut 
Aug 
Sep 

TOTALS 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 00/0) 

1 

INCREASED 
SELENIUM 
LOAD DUE 

TO USE OF 
DRAIN (C28-C29) I 

Ibs 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION 

LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 

( col 33) FWO CONC.(a) FWO CONC.(b) 

KAFxDDb KAF ppIJ ppb AF x1000 AF 

48.6 25.8 1.9 1.6 12.9 12,900 
64.5 22.8 2.8 2.5 4.6 4,560 
95.1 38.1 2.5 2.4 2.7 2,721 
222.4 33.8 6.6 6.4 1.3 1,252 
339.8 282.0 1.2 1.2 0.0 0 
851.3 849.3 1.0 1.0 0.0 0 
864.8 613.5 1.4 1.4 0.0 0 
412.2 203.8 2.0 2.0 0.0 0 
287.2 117.2 2.5 2.4 8.4 8,371 
190.4 61.8 3.1 3.0 3.1 3,090 
291.4 55.4 5.3 5.0 4.2 4,155 
54.1 53.5 1.0 1.0 0.0 0 

3721.8 2357.0 37.0 37,050 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table Cll. Selenium mass balance analysis: 1986 hydrology: Scenario 1: 10% uptake. 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Rows and Load-Fiow Factors In 1,0005) 

SAN JOAQUIN R SALT MUD SJR nr NEWMAN WETLAND ZONEBANDC 
nr NEWMAN (a) SLOUGH •• SLOUGHa' Minus MUD & SALT RELEASES (b) AGRICULTURAL 

HWY 165 tal HWY 140 a} SLOUGH DRAINAGE (c) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
WQ LOAD S. LOAD S- LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD 

110. flOW S. flOW FLOW ~OROI FLOW FLOW BOROll FLOW FLOW FLOW Ass. VOLUME FLOW SUBSURFACE FLOW 
FACTOR FACTOR FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR 

(2HS~ (C~ s. DISCHARGE 
(2)x(3) (5)x(6) (8)x(t) [8J [1 Q) (e) TIIb .. 7 (1i)x1.0 

AF ppb AFXppb AF ppb AF~ AF ppb AFXppb AF AFXppb .NIb AF AFXDDb AF AFxppb 

Oct 36.1 1.6 57.8 11.0 4.6 50.6 2.4 1.3 3.1 22.7 4.0 0.2 3.4 4.6 0.0 0.0 

Nov 27.0 2.5 67.5 7.8 5.8 45.2 2.4 3.6 8.6 1~L8 13.6 0.8 3.4 3.9 0.0 0.0 

Dec 39.8 2.4 95.5 5.6 8.3 46.5 6.8 9.2 62.6 27.4 -13.5 -0.5 3.3 3.9 0.0 0.0 

Jan 34.7 6.4 222.1 5.9 18.2 107.4 6.0 9.0 54.0 22.8 60.7 2.7 3.1 3.5 0.0 0.0 

Feb 282.9 1.2 339.5 16.2 22.2 359.6 9.1 2.9 26.4 257.6 -46.6 -0.2 3.1 3.5 0.0 0.0 

Mar 851.9 1.0 851.9 23.1 13.4 309.5 20.6 4.6 94.8 808.2 447.6 0.6 3.0 4.2 0.0 0.0 

Apr 607.1 1.4 849.9 24.9 13.1 326.2 13.7 24.5 335.7 568.5 188.1 0.3 22.2 24.0 0.0 0.0 

May 204.0 2.0 408.0 19.8 8.7 172.3 6.7 2.9 19.4 177.5 216.3 1.2 13.5 14.1 0.0 0.0 

Jun 120.6 2.4 289.4 17.6 1.5 26.4 7.7 29.0 223.3 95.3 39.7 0.4 4.6 5.2 0.0 0.0 

Jul 63.5 3.0 190.5 23.4 2.1 49.1 5.7 272 155.0 34.4 -13.7 -0.4 3.9 4.1 0.0 0.0 

Aug 59.0 5.0 295.0 25.5 7.1 181.1 4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 0.0 0.0 

SeP 58.4 1.0 58.4 17.1 3.7 63.3 0.7 6.0 4.2 40.6 -9.1 -0.2 1.8 2.1 0.0 0.0 

OTA 2,385.0 1.6 3725.51197.9 8.8 1,737.2 86.6 12.6 1.089.8 2.100.5 898.5 O.L 65.3_ 73.1 ~.(t. ~O_ 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from TableA-1 and Table A-3, respectively. 
(b) Wetland releases were obtained from Table 7. 

ZONE A RECONSTRUCTED 
AGRICULTURAL SALT SLOUGH 

DRAINAGE (eI) FLOWS and LOAD 

18 19 20 21 
SURFACEANC LOAD flOWS LOAD 
SUBSURFACE FLOW (16).0..82+ FLOW 

DRAINAGE FACTOR (18)xo. FACTOR 
DISCHARGE (3O)T1lb1e7 (I) 

AF AFxppb AF AFxDPb 

4.0 230.1 2.3 3.0 

1.2 72.4 2.3 3.0 

1.1 58.1 2.3 3.0 

3.6 201.1 2.1 2.8 

5.9 300.7 2.1 2.8 

9.6 534.6 2.1 2.8 

8.2 514.3 14.7 19.9 

7.5 415.8 9.0 11.8 

9.0 395.6 3.4 4.2 

9.5 351.1 2.8 3.8 

10.8 432.0 0.0 0.0 

4.3 239.0 1.2 1.6 

~74.",-- 3744.9L_ 44.3 ._ _~8.7 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(16)xO.18+ FLOW 
(18)+ FACTOR 

(26)TabIe7 (g) 

AF AF~I 

5.1 231.7 ~ 
2.3 74.0 

2.1 59.7 

4.6 202.6 

6.9 302.2 

105 536.8 

15.7 524.1 

12.0 421.4 

10.2 397.2 

10.6 352.8 

10.8 432.0 

4.9 239.8 

95.7 3774.4 

(e) Agricultural drainage volume available for wetland use was assumed to be identicaltD those quantities identified in the SJVDP Final Report of Sept 1990. Monlhly distribution was calculated as Col(13)-Col(2) of Tab!es 1·5. 
(d) The volurT1t> and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Sunmers Engineering and updated with CRWOCa data. 
(e) Selenium load - Flow estimates were calculated as Selenium Load in Ibs .. 2OOOlbslton + 0.OO136lDnslAF-ppm .. 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 7. 
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Table Cll. (cont.). Selenium mass balance analysis: 1986 hydrology : Scenario 1 10% uptake. 

ADJUSTED LOW Sa FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Load-Flow Factors In 1,OOOs) 

ASSUMED IN TRANSIT Sa ADJUSTMENTSthl SAN JOAQUIN RIVER 
SALT and Mud MUD SALT IV NEWMAN CONDITIONS 

EFFECT OF PROPOSED ACTION 
(as. age In flows WId 108«1 flow 'actors) i 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUOSLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 
35 I 36 

37 38 39 40 41 42 43 
Sa Sa SeLOAD SeLOAD Sa SeLOAD- LOAD 

FLOW coS:C. 
LOAD Sa LOAD LOAD Sa 

FLOWS LOAD- FLOWS LOAD- (Future with- ADJUSTED LOAD- flOW flOW flOW Se FLOW flOW CONC. flOW FLOW FLOW LOAD 
FLOW FLOW out condition FOR GAINS flOW FACTOR FACTOR CONe. [(21)+(25)- FACTOR (23)+(271 FACTOR FACTOR [(42)x2000 

[24) FACTOR (24) FACTOR (~2SI) +(31) .. SLD FACTOR (211).-1000 (11)+(20)+(22) (12)+(21)+(23)+(25) [(20)+ (3O))+ [(21 )+(25)- (22)+ (31))+ [(23)+(27)- .0.00136) 

,TableCi (24) X 1.0 TeleLe (26) X 1.0 01 Table c.t; (28)x(1-.10) 4.0013& (24)+(26) (27)-(31) (33V(32) (24)H5) (20)+(24) (3O)H7) (26)H8) (22)+(26) (31)H10) (32)-(2) (33)-(4) 

AF AFXPDb AF AFXppb !be lb. AFXppb AFXDDb AF MXppat ppb AF ~ AFXDDb AF DPb AFXppb AF AfXocIb lb. 

I -2.8 -2.8 -1.5 -1.5 505.5 455.0 0.0 167.3 25.8 67.2 2.6 -11.5 -0.4 -50.4 1.2 17.5 59.9 -10.3 9.5 25.7 

1.3 1.3 0.1 0.1 75.0 67.5 0.0 24.8 22.8 67.2 2.9 -4.2 1.2 -40.9 0.0 20.5 40.7 -4.2 -0.3 -0.7 

1.3 1.3 5.0 5.0 -107.9 -97.1 0.0 -35.7 38.1 91.2 2.4 -3.0 1.2 -42.2 0.3 14.1 37.8 -1.7 -4.3 -11.8 

0.3 0.3 4.0 4.0 130.6 117.5 0.0 43.2 33.8 227.2 6.7 5.0 1.3 -104.3 2.6 19.0 109.4 -0.9 5.1 13.9 

8.8 8.8 6.6 6.6 -179.2 -161.3 0.0 -59.3 282.0 333.2 1.2 -2.1 1.1 -348.0 4.4 27.3 341.7 -0.9 -6.3 -17.1 

12.0 12.0 16.5 16.5 447.1 402.4 0.0 147.9 849.3 867.7 1.0 -12.3 1.0 -294.7 6.4 15.0 310.6 -2.6 15.8 43.0 

8.7 8.7 5.9 5.9 -3~1.0 -288.9 0.0 -106.2 613.5 853.0 1.4 -5.7 1.2 -297.6 7.9 29.5 300.6 6.4 3.0 8.2 

4.5 4.5 0.8 0.8 660.0 594.0 0.0 218.4 203.8 436.4 2.1 -6.7 1.2 -156.0 6.1 15.9 184.4 -0.2 28.4 Ti.3 I 

4.1 4.1 4.2 4.2 441.2 397.1 0.0 146.0 117.2 303.4 2.6 -2.8 1.1 -18.1 6.7 17.7 32.1 -3.4 14.0 38.1 

11.4 11.4 2.6 2.6 452.9 407.6 0.0 149.9 61.8 207.1 3.4 -6.7 1.1 -33.9 7.5 15.6 50.5 -1.7 16.6 45.1 

13.9 13.9 2.0 2.0 456.2 410.6 0.0 150.9 55.4 308.2 5.6 -17.2 1.0 -167.2 8.0 22.1 180.3 -3.6 13.2 35.8 

8.3 8.3 -1.5 -1.5 503.2 452.9 0.0 166.5 53.5 72.6 1.4 -7.6 1.0 -53.4 2.7 21.1 67.6 -4.9 14.2 38.6 

I 71.8 71.8 44.7 44.7 3.063.6 ~ 2.757.2 0.0 1 013.7 2357.0 3.834~ 1.6 -74.8_ '------ -1,606.7 53.8 
--

1,715.6 -28.0 108.9 296.1 I 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area _lOr should their be any significant sail load flushed from 1hese channels over an annual period. 
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TOTALS 

Table C 12. Selenium dilution requirements: 1986 hydrology: Scenario 1 10% uptake. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 10%) 

1 

INCREASED 
SELENIUM 
LOAD DUE 

TO USE OF 
DRAIN (C28-C29) 

Ibs 
50.5 
7.5 
10.8 
13.1 
17.9 
44.7 
32.1 
66.0 
44.1 
45.3 
45.6 
50.3 

427.9 

2 3 4 . 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
( col 33) FWO CONC.(a) FWO CONC.(b) 

KAF x ppb KAF ppb ppb AF x1000 AF 
67.2 25.8 2.6 1.6 43.0 43,000 
67.2 22.8 2.9 2.5 6.1 6,080 
91.2 38.1 2.4 2.4 0.0 0 

227.2 33.8 6.7 6.4 1.9 1,878 
333.2 282.0 1.2 1.2 0.0 0 
867.7 849.3 1.0 1.0 0.0 0 
853.0 613.5 1.4 1.4 0.0 0 
436.4 203.8 2.1 2.0 20.4 20,380 
303.4 117.2 2.6 2.4 16.7 16,743 
207.1 61.8 3.4 3.0 12.4 12,360 
30.8 55.4 5.6 5.0 8.3 8,310 
72.6 53.5 1.4 1.0 NF NF 

3557.0 2357.0 108.8 108,751 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table e13. Selenium mass balance analysis: 1986 hydrology : Scenario 1: 20% uptake. 

SAN JOAQUIN R SALT 
nr NEWMAN (a> SLOUGH at 

HWY 165(8) 

1 2 3 4 5 6 7 
WQ LOAD Se LOAD 

110. flOW Se flOW flOW BOROI flOW 
FACTOR FACTOR 

(2)x(3) (5)x(6) 

AF DDb AFXI)I)b AF IIPb AFXppb 

Oct 36.1 1.6 57.8 11.0 4.6 SO.6 

Nov 27.0 2.5 67.5 7.8 5.8 45.2 

Dec 39.8 2.4 95.5 5.6 8.3 46.5 

Jan 34.7 6.4 222.1 5.9 18.2 107.4 

Feb 282.9 1.2 339.5 16.2 22.2 359.6 

Mar 851.9 1.0 851.9 23.1 13.4 309.5 

Apr 607.1 1.4 849.9 24.9 13.1 326.2 

May 204.0 2.0 408.0 19.8 8.7 172.3 

Jun 120.6 2.4 289.4 17.6 1.5 26.4 

Jut 63.5 3.0 190.5 23.4 2.1 49.1 

Aug 59.0 5.0 295.0 25.5 7.1 t81.1 

Sep 58.4 1.0 58.4 17.1 3.7 63.3 

OTA 2,385.0 1.6 3,725.5 197.9 8.8 1,737.2 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Load-Fiow Factors In 1,OOOs) 

MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A 
SlOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY140 a} SLOUGH DRAINAGE (e) DRAINAGE (eI) 

8 9 10 11 12 13 14 15 16 17 18 19 
S. LOAD LOAD DRAINAGE LOAD ~URFACEANIl LOAD SURFACE AND LOAD 

flOW BORO~ flOW flOW flOW Ass. VOlUME flOW SUBSURFACE flOW SUBSURFACE flOW 
FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4){1)- s. DISCHARGE DISCHARGE 
(8)x(8) (8] [10) (e) T .... (16)x1.o 

AF IIPb AfXDDb AF AFXIIDb Dab AF AFXDPb AF AFxllDb AF AFxDab 

2.4 1.3 3.1 22.7 4.0 0.2 2.5 2.5 0.0 0.0 4.0 1 230.1 

2.4 3.6 8.6 16.8 13.6 0.8 2.5 2.5 0.0 0.0 1.2 72.4 

6.8 9.2 62.6 27.4 -13.5 -0.5 2.6 2.6 0_0 \1.0 1.1 58.1 

6.0 9.0 54.0 22.8 60.7 2.7 2.4 2.4 0.0 0.0 3.6 201.1 

9.1 2.9 26.4 257.6 -46.6 -0.2 2.3 2.3 0.0 0.0 5.9 300.7 

20.6 4.6 94.8 808.2 447.6 0.6 3.0 3.0 0.0 0.0 9.6 534.6 

13.7 24.5 335.7 568.5 188.1 0.3 13.4 13.4 0.0 0.0 8.2 514.3 

6.7 2.9 19.4 1n.5 216.3 1.2 8.6 8.6 0.0 0.0 7.5 415.8 

7.7 29.0 223.3 95.3 39.7 0.4 0.6 0.6 0.0 0.0 9.0 395.6 

5.7 27.2 155.0 34.4 -13.7 -0.4 0.2 0.2 0.0 0.0 9.5 351.1 

4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 0.0 0.0 10.8 432.0 

0.7 6.0 4.2 40_6 -9.1 -0.2 1.0 1.0 0.0 0.0 4.3 239.0 

86.6 12.6 1,089.8 2,100.5 898.5 0.4 39.1 __ ~~.1 _0.0 0.0 74.7 3744.9 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3, respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(16).0.82+ FLOW 
(18)xo. FACTOR 

(3O)T ... 7 (I) 

AF AFxDPb 

2.3 3.0 

2.3 3.0 

2.3 3.0 

2.1 2.8 

2.1 2.8 

2.1 2.8 

14.7 19.9 

9.0 11.8 

3.4 4.2 

2.8 3.8 

0.0 0.0 

1.2 1.6 

44.3 58.7 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
flOWS LOAD 

(16).0.18+ FLOW 
(18)+ FACTOR 

(26)T ... 7 (g) 

AF AFxIIPb 

5.1 231.7 

2.3 74.0 

2.1 59.7 

4.6 202.6 

6.9 302.2 

10.5 536.8 

15.7 524.1 

12.0 421.4 

10.2 397.2 

10.6 352.8 

10.8 432.0 

4.9 239.8 

95.7 3n4.4 

(e) Agricultural drainage vohme available for wetland use was assumed to be identical to those quantities identified in the SJVOP Final Report of Sept 1990. Monthly distribution was calculated as Col(13)-Col(2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Sunmers Engineering and updated with CRWOCS daa 
(e) Selenium Load - Row estimates were calculated as Selenium Load in Ibs + 2OOOlbsiton + 0.00136lDnslAF-ppm + 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7_ 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 7. 
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Table e13 .. (cont.). Selenium mass balance analysis: 1986 hydrology: 

ADJUSTED LOW 58 FLOWS REQ. 
TO MATCH MEASUR[D VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows Md Load-Fiow Factors In 1,0005) 

ASSUMED IN TRANSIT S. ADJUSTMENTS (h) SAN JOAQUIN RIVER 
SAlT and Mud MUD SALT IV NEWMAN CONDITIONS 

Scenario 1 20% uptake. 

EFFECT OF PROPOSED ACTION . 

{Chenge in now. end ao.d (low (.elora) , 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN I 

24 25 26 Z1 28 29 30 31 32 33 34 
35 I 3& 

37 38 39 40 41 42 43 
Se Se SeLOAD SeLOAD 58 SeLOAD- LOAD 

ROW coS:C. 
LOAD S- LOAD LOAD Se I 

I 
ROWS LOAD- FLOWS LOAI). (Future wIth- ADJUSTED LOAD- FLOW FLOW FLOW Se FLOW flOW CONe. FLOW flOW ROW LOAD 

flOW FLOW out c:ondHJon FORGAIHS ROW FACTOR FACTOR CONC. (21)+(25) FACTOR (23J+C27J FACTOR FACTOR (42)x2000 
[24] FACTOR (24] FACTOR (CoI(2t) +(31) INSLD FACTOR (21)0-1000 (11)+(20)+(22) (12)+(21 )+(23)+(25) «20)+ (30)}I- [(21)+(25)- (22)+ (31)J. ((23)+(27)- .0.00136] 

TUlle t.8 (24) X 1.0 rrele<:.S (26) X 1.0 ofTab"'~ (28)JI(1..Q.2) +0.00138 (24)+(26) (27)-(31) (33)1(32) (24»)-(5) (20)+(24) (30)H7) (26))-(8) (22)+(26] (31»)-(10) (32H2) (33H4) 
I AF AFXppb AF AFXppb Iba lb. AFXDDb AFXDDb AF ~. DDb AF DDb AFXDPb AF DDb AFXppb AF AFXppb lb. 

I -2.8 -2.8 -1.5 -1.5 505.5 404.4 0.0 148.7 25.8 85.8 3.3 -11.5 -0.4 -50.4 1.2 22.7 78.5 -10.3 28.1 76.3 

1.3 1.3 0.1 0.1 75.0 60.0 0.0 22.1 22.8 70.0 3.1 -4.2 1.2 -40.9 0.0 21.7 43.4 -4.2 2.5 6.8 

1.3 1.3 5.0 5.0 -107.9 -86.3 0.0 -31.7 38.1 87.2 2.3 -3.0 1.2 -42.2 0.3 13.6 33.9 -1.7 -8.3 -22.6 

0.3 0.3 4.0 4.0 130.6 104.5 0.0 38.4 33.8 232.0 6.9 5.0 1.3 -104.3 2.6 19.6 114.2 -0.9 9.9 27.0 

8.8 8.8 6.6 6.6 -179.2 -143.4 0.0 -52.7 282.0 326.6 1.2 -2.1 1.1 -348.0 4.4 26.8 335.2 -0.9 -12.9 -35.1 

12.0 12.0 16.5 16.5 447.1 357.7 0.0 131.5 849.3 884.2 1.0 -12.3 1.0 -294.7 6.4 15.6 327.0 -2.6 32.3 87.7 I 
8.7 8.7 5.9 5.9 -321.0 -256.8 0.0 -94.4 613.5 841.1 1.4 -5.7 1.2 -297.6 7.9 28.9 288.8 6.4 -8.8 -23.9 

4.5 4.5 0.8 0.8 660.0 528.0 0.0 194.1 203.8 460.7 2.3 -6.7 1.2 -156.0 6.1 17.8 208.7 -0.2 52.7 143.3 

4.1 4.1 4.2 4.2 441.2 353.0 0.0 129.8 117.2 319.7 2.7 -2.8 1.1 -18.1 6.7 18.9 48.3 -3.4 30.2 82.2 

11.4 11.4 2.6 2.6 452.9 362.3 0.0 133.2 61.8 223.7 3.6 -6.7 1.1 -33.9 7.5 16.8 67.2 -1.7 33.2 90.4 

13.9 13.9 •. Q 2.0 456.2 365.0 0.0 134.2 55.4 324.9 5.9 -17.2 1.0 -167.2 8.0 23.4 197.1 ·3.6 29.9 81.4 

8.3 8.3 -1.5 -1.5 503.2 402.6 0.0 148.0 53.5 91.1 1.7 -7.6 1.0 -53.4 2.7 26.6 86.1 -4.9 32.7 88.9 

71.8 71.8 44.7 44.7 3,063.6 2450.9 0.0 901.1 2.357.() __ 
-

3-,947JL_ lL L. -74.8 -J.606.7 53.8 1 828.2 :2~.Q L-221.5_ .~02.5 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetlal"ld area nor should their be any significant salt load flushed from 1hese channels over an anooal period. 
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Table C14. Selenium dilution requirements: 1986 hydrology: Scenario I: 20% uptake. 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

__ TOTAlS. __ 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 200/0) 

1 

INCREASED 
SELENIUM 
LOAD DUE 

TO USE OF 
DRAIN (C28-C29) 

Ibs 
101.1 
15.0 
21.6 
26.1 
35.8 
89.4 
64.2 
132.0 
88.2 
90.6 
91.2 

100.6 

855.8 

2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH I 

( col 33) FWO CONC.(a) FWO CONC.(b) 

KAFxppb KAF ppb ppb AF x1000 AF 
85.8 25.8 3.3 1.6 73.1 73,100 
70.0 22.8 3.1 2.5 9.1 9,120 
87.2 38.1 2.3 2.4 -2.7 0 
232.0 33.8 6.9 6.4 3.1 3,130 
326.6 282.0 1.2 1.2 0.0 0 
884.2 849.3 1.0 1.0 0.0 0 
841.1 613.5 1.4 1.4 0.0 0 
460.7 203.8 2.3 2.0 61.1 61,140 
319.7 117.2 2.7 2.4 25.1 25,114 
223.7 61.8 3.6 3.0 18.5 18,540 

I 324.9 55.4 5.9 5.0 12.5 12,465 
i 91.1 53.5 1.7 1.0 NF NF 

3947.0 2357.0 199.9 202,60~ 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table C IS. Selenium mass balance analysis: 1986 hydrology : Scenario 1: SI % uptake. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH at 

HWYl65(a) 

1 2 3 4 5 6 7 
WO LOAD Se LOAD 

lID. FLOW Se FLOW FLOW ~ORO' FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(6) 

AF ppb AFXDCb AF DDb AfXDDb 

Oct 36.1 1.6 57.8 11.0 4.6 50.6 

Nov 27.0 2.5 67.5 7.8 5.8 45.2 

Dec 39.8 2.4 95.5 5.6 8.3 46.5 

Jan 34.7 6.4 222.1 5.9 18.2 107.4 

Feb 282.9 1.2 339.5 162 22.2 359.6 

Mar 851.9 1.0 851.9 23.1 13.4 309.5 

Apr 607.1 1.4 849.9 24.9 13.1 326.2 

May 204.0 2.0 408.0 19.8 8.7 172.3 

Jun 120.6 2.4 289.4 17.6 1.5 26.4 

Jul 63.5 3.0 190.5 23.4 2.1 49.1 

Aug 59.0 5.0 295.0 25.5 7.1 181.1 

SeP 58.4 1.0 58.4 17.1 3.7 63.3 

OTA 2.385.0 1.6 3.725.~ cl97.9 8.8 1.737.2 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows and Load-Fiow Factors In 1.000s) 

MUD SJR IV' NEWMAN WETLAND ZONEBANDC ZONE A 
SLOUGH at Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY140 .) SLOUGH DRAINAGE Ie) DRAINAGE Id) 

8 9 10 11 12 13 14 15 16 17 18 19 
Se LOAD LOAD DRAINAGE LOAD SuRFACE AN!: LOAD SURFACEANIl LOAD 

FLOW BORO~ FLOW FLOW FLOW Ass. VOLUE FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WO FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2)-(* (4H1)- Sa DISCHARGE DISCHARGE 
(8)x(I) (8) (10) (e) Tilble' (16)_1.0 

AF DDb AfXDDb AF AFXppb PCIb AF AFxDDb AF AF_DDb AF AF_PCIb 

2.4 1.3 3.1 22.7 4.0 0.2 2.5 2.5 0.0 0.0 4.0 230.1 

2.4 3.6 8.6 16.8 13.6 0.8 2.5 2.5 0.0 0.0 1.2 72.4 

6.8 9.2 62.6 27.4 -13.5 -0.5 2.6 2.6 0.0 0.0 1.1 58.1 

6.0 9.0 54.0 22.8 SO.7 2.7 2.4 2.4 0.0 0.0 3.6 201.1 

9.1 2.9 26.4 257.6 -46.6 -0.2 2.3 2.3 0.0 0.0 5.9 300.7 

20.6 4.6 94.8 808.2 447.6 0.6 3.0 3.0 0.0 0.0 9.6 534.6 

13.7 24.5 335.7 568.5 188.1 0.3 13.4 13.4 0.0 0.0 8.2 514.3 

6.7 2.9 19.4 In.5 216.3 1.2 8.6 8.6 0.0 0.0 7.5 415.8 

7.7 29.0 223.3 95.3 39.7 0.4 0.6 0.6 0.0 0.0 9.0 395.6 

5.7 27.2 155.0 34.4 -13.7 -0.4 0.2 0.2 0.0 0.0 9.5 351.1 

4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 0.0 0.0 10.8 432.0 

0.7 6.0 4.2 40.6 -9.1 -0.2 1.0 1.0 0.0 0.0 4.3 239.0 

86.6 12.6 1089.8 2.100.5 898.5 0.4 39.L 39.1 0.0 0.0 74.7 3744.9 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3. respectively. 
(b) Wetland releases were obtained from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(16).0.82+ FLOW 
(18)xOt- FACTOR 

(3O)T ... 7 (I) 

AF AFxppb 

2.3 3.0 

2.3 3.0 

2.3 3.0 

2.1 2.8 

2.1 2.8 

2.1 2.8 

14.7 19.9 

9.0 11.8 

3.4 4.2 

2.8 3.8 

0.0 0.0 

1.2 1.6 

44.3 58.7 

RECONSTRUCTED 
IIUDSLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(16).o.1a.. FLOW 
(18)+ FACTOR 

(26)TIIb"7 (g) 

AF AFQ)Db 

5.1 231.7 

2.3 74.0 

2.1 59.7 

4.6 202.6 

6.9 3022 

10.5 536.8 

15.7 524.1 

12.0 421.4 

10.2 3972 

10.6 352.8 

10.8 432.0 

4.9 239.8 

95.7 3n4.4 

(c) Agricultural drainage volume available for wetland use was assumed to be identical to those quantities identified in the SJVDP Final Report of Sept 1990. Monthly distribution was calculated as CoI( 13)-Col(2) of Tables 1-5. 
(d) The volume and QUality agricultural drainage dISCharged to the grasslands area from the drainage districts was collected by Summers Engineering and updated with CRWOCB data. 
(e) Selenium load - Flow estimates were calculated as Selenium load in Ibs -to 2OOOlbslton -to O.OO136lDnslAF-ppm -to 1000. 
(I) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of lable 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of tabfe 7. 

" .., 
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Table CIS. (cont.). Selenium mass balance analysis: 1986 hydrology : 

ADJUSTED LOW 58 FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows ... d Load-Flow Factors In 1,OOOs) 

ASSUMED IN TRANSIT 58 ADJUSTMENlS (h) SAN JOAQUIN RIVER 
SALT and Mud MUD SALT nr NEWMAN CONDmoNS 

• 

Scenario 1 51 % uptake. 

EFFECT OF PROPOSED AcnON 
(CMnae in ftowa Ind ..,...11ow faclora) 

SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH llUOSLOUGH SJR nr NEWMAN 

24 25 26 27 19 29 30 31 32 33 34 
35 I 3& 

37 38

1
39 4C 41 42 43 

Se Se SeLOAD SeLOAD Se SeLOAD- LOAD S- LOAD 
FLOW coS:C. 

LOAD LOAD Se 
R.OWS LOAD- FLOWS LOAD- (Future with- ADJUSTED LOAD- FLOW FLOW FLOW Se FLOW CONC. FLOW FLOW FLOW FLOW LOAD 

FLOW FLOW out condition FORGAIHS FLOW FACTOR FACTOR CONe • (21~l5) FACTOR (23)+(27] FACTOR FACTOR ((42)x2000 
(24) FACTOR (24] FACTOR (CoI(2I) -t{31) .. SLD FACTOR (2I~1000 (11)+(20)+(22) (12)+(21 )t(23)t(25) ((20)+ (3O)J+ (21)+(25)- (22)+ (31)J+ ((23)+(27)- zO.OO136] 

{aba.cs (24) x 1.0 [Tllblea (26) x 1.0 ofTablltc.e (28)x(1~.51) +0..00131 (24)+(26) (27)-(31) (33)1(32) (24)H5) (20)+(24) (30)H1) (26»)-(8) (22)+(26] (31»)-(10) (32H2) (33H4) 
AF AFXppb AF AFXaob It. Ita AFXaob AFXaDb AF AFXppb PIIb AF ppb AFXIIPb AF ppoI) AFXppb AF AfXppb Ita 

I -2.8 -2.8 -1.5 -1.5 505.5 247.7 0.0 91.1 25.8 143.4 5.6 -11.5 -0.4 -50.4 1.2 38.7 136.1 -10.3 85.7 233.0 

1.3 1.3 0.1 0.1 75.0 36.8 0.0 13.5 22.8 78.5 3.4 -4.2 1.2 -40.9 0.0 25.3 52.0 -4.2 11.0 30.0 

1.3 1.3 5.0 5.0 -107.9 -52.9 0.0 -19.4 38.1 74.9 2.0 -3.0 1.2 -42.2 0.3 11.8 21.6 -1.7 -20.6 -56.1 

0.3 0.3 4.0 4.0 130.6 64.0 0.0 23.5 33.8 246.9 7.3 5.0 1.3 -104.3 2.6 21.3 129.1 -0.9 24.8 67.4 

8.8 8.8 6.6 6.6 -179.2 -87.8 0.0 -32.3 282.0 306.2 1.1 -2.1 1.1 -348.0 4.4 25.3 314.7 -0.9 -33.3 -90.6 

12.0 12.0 16.5 16.5 447.1 219.1 0.0 80.5 849.3 935.1 1.1 -12.3 1.0 -294.7 6.4 17.5 378.0 -2.6 83.2 226.3 

8.7 8.7 5.9 5.9 -321.0 -15'1.3 0.0 -57.8 613.5 804.6 1.3 -5.7 1.2 -297.6 7.9 27.2 252.2 6.4 -45.4 -123.4 

4.5 4.5 0.8 0.8 660.0 323.4 0.0 118.9 203.8 535.9 2.6 -6.7 1.2 -156.0 6.1 23.7 283.9 -0.2 127.9 347.9 

4.1 4.1 4.2 4.2 441.2 216.2 0.0 79.5 117.2 369.9 3.2 -2.8 1.1 -18.1 6.7 22.4 98.6 ·3.4 80.5 219.0 

11.4 11.4 2.6 2.6 452.9 221.9 0.0 81.6 61.8 275.3 4.5 -6.7 1.1 -33.9 7.5 20.7 118.8 -1.7 84.8 230.7 

13.9 13.9 2.0 2.0 456.2 223.5 0.0 82.2 55.4 376.9 6.8 -17.2 1.0 -167.2 8.0 27.5 249.1 ·3.6 81.9 222.9 

8.3 8.3 -1.5 -1.5 503.2 246.6 0.0 90.7 53.5 148.5 2.8 -7.6 1.0 -53.4 2.7 43.4 143.4 -4.9 90.1 244.9 

71.8 .. _71.8 44.7 44.7 3.063.6 1.501.2 0.0 551.9 2.357.0 4.296.2 1.8 -74.8 -1.606.7 53.8 2.177.3 -28.0 570.7 1.552.2 

(h) TI-.eoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any significant salt load flushed from these channels over an 8I1IUiI period. 
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MONTH 

. 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table C 16. Selenium dilution requirements: 1986 hydrology: Scenario 1: 51 % uptake. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 51 %) 

1 

INCREASED 
SELENIUM 
LOAD DUE 

TO USE OF 
DRAIN (C28-C29) 

Ibs 
257.8 
38.2 
55.0 
66.6 
91.4 

228.0 
163.7 
336.6 
225.0 
231.0 
232.7 
256.6 

2182.6 

., 

2 3 4 5 6 7 

SELENIUM FLOW SELENIUM SELENIUM DILUTION DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME VOLUME 

FACTOR PROJECT PROJECT TO MATCH TO MATCH 
( col 33) FWO CONC.(a) FWO CONC.(b) 

KAF x ppb KAF . ppb ppb AFx1000 AF 
143.4 25.8 5.6 1.6 172.0 172.000 
78.5 22.8 3.4 2.5 13.7 13,680 
74.9 38.1 2.0 2.4 -10.9 0 

246.9 33.8 7.3 6.4 5.6 5.633 
306.2 282.0 1.1 1.2 -141.0 0 
935.1 849.3 1.1 1.0 NF NF 
804.6 613.5 1.3 1.4 -153.4 0 
535.9 203.8 2.6 2.0 122.3 122.280 
369.9 117.2 3.2 2.4 67.0 66,971 
275.3 61.8 4.5 3.0 46.4 46,350 
376.9 55.4 6.8 5.0 24.9 24,930 
148.5 53.5 2.8 1.0 NF NF 

4290.1 2357.0 146.6 451,845 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasi~J~ since an infinite volume of dilution water at 1ppb would be required 
Assume dilution water contains 1 ppb selenium. 

• 
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Table C 17. Selenium mass balance analysis: 1986 hydrology : Scenario 2. 

SAN JOAQUIN R SALT 
nr fEWMAN (a) SLOUGH at 

HWY165(a) 

1 2 3 4 5 6 7 
WQ LOAD !Ie LOAD 

110. FLOW Se FLOW FLOW _OROI FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(1) 

AF Dab AFXDDb AF JM ~ 

Oct 36.1 1.6 57.8 11.0 4.6 SO.6 

Nov 27.0 2.5 67.5 7.8 5.8 45.2 

Dec 39.8 2.4 95.5 5.6 8.3 46.5 

Jan 34.7 6.4 222.1 5.9 18.2 107.4 

Feb 282.9 1.2 339.5 16.2 22.2 359.6 

Mar 851.9 1.0 851.9 23.1 13.4 309.5 

Apr 607.1 1.4 849.9 24.9 13.1 326.2 

May 204.0 2.0 408.0 19.8 8.7 172.3 

Jun 120.6 2.4 289.4 17.6 1.5 26.4 

Jul 63.5 3.0 190.5 23.4 2.1 49.1 

Aug 59.0 5.0 295.0 25.5 7.1 181.1 

SaP 58.4 1.0 58.4 17.1 3.7 63.3 

01"~ 2.385.0 1.6 3.725.5 197.9 8.8 1.737.2 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flowa and LHd-FIow FKIOrs In 1.000s) 

MUD SJR nr NEWMAN WE1LAND Z0NE8ANDC ZDNEA 
SLOUGH .. "n ... MUD a SALT RELEASES (b) AGRlCULlUIAL AGAICUL 1'URAL 
HWY140 al SLOUGH DRAINAGE (el DRAINAGE (eft 

8 • 10 11 12 13 14 15 11 17 l' l' Ie LOAD LOAD DRAINAGE LOAD SURFACE ANIl LOAD SURFACE ANIl LOAD 
FLOW i~ FLOW FLOW FLOW AD. VOLUIE FlOW SIIISURFACE FLOW ....aIIIFACE flOW 

FACTOR FACTOR WQ FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 
(2H5)o (4~ Ie DISCHARGE DlSatARGE 

(1)x(1) (I) (10) (e) T .... (1.,.,.0 
AF ~ AFIJIDb AF AFXDPb ... AF AFQDb AF AF .... AF AFsIIIIb 

2.4 1.3 3.1 22.7 4.0 0.2 2.5 2.5 11.2 11.2 4.0 230.1 

2.4 3.6 8.6 16.8 13.6 0.8 2.5 2.5 5.1 5.1 1.2 72.4 

6.8 9.2 62.6 27.4 -13.5 -0.5 2.6 2.6 2.4 2.4 1.1 58.1 

6.0 9.0 54.0 22.8 SO.7 2.7 2.4 2.4 1.6 1.6 3.6 201.1 

9.1 2.9 26.4 257.6 -46.6 -0.2 2.3 2.3 1.7 1.7 5.9 300.7 

20.6 4.6 94.8 808.2 447.6 0.6 3.0 3.0 2_6 2.6 9.6 534.6 

13.7 24.5 335.7 568.5 188.1 0.3 13.4 12.5 2.4 2.4 8.2 514.3 

6.7 2.9 19.4 In.5 216.3 1.2 8.6 8.1 5.1 5.1 7.5 415.8 

7.7 29.0 223.3 95.3 39.7 0.4 0.6 0.6 7.4 7.4 9.0 395.6 

5.7 27.2 155.0 34.4 -13.7 -0.4 0.2 0.2 5.4 5.4 9.5 351.1 

4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 3.6 3.6 10.8 432.0 

0.7 6.0 4.2 40.6 -9.1 -0.2 0.2 0.2 6.5 6.5 4.3 239.0 

86.6 12.6 1.089.8 2100.5 898.5 0.4 38.3 36.9 55.0 55.0 74.7 3744.9 

(a> Stream flow and wsw quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3. reapec1ively. 
(b) Wetland releases were obtained from Table 6. 

R£CONSTRUCTED 
SALT SLOUGH 

FlOWS and LOAD 

20 21 
FLOWS LOAD 

C1e)xO.Ii2+ FLOW 
(1'-' FACTOR 

C .. T .... (t) 

AF AFxDDb 

10.6 10.6 

5.6 5.6 

3.5 3.5 

2.7 2.7 

2.7 2.7 

3.4 3.4 

9.7 9.2 

9.3 9.0 

6.3 6.3 

4.4 4.4 

3.0 3.0 

5.3 5.3 

66.4 65.6 

RECONSTRUCtED I 

IaJDSLOUGH 
FlOWS and LOAD I 

22 23. 
FLOWS LOADi 

(1""'''' FlOW 
(18)+ F~I (21)T ..... 

AF AF ... J 

: 

7.1 233.31 
3.2 74.4 

2.6 59.6 1 
4.9 202.4 

7-2 302.0 

11.8 536.7

1 14.3 520.1 

11.9 420.0 

10.7 397.3 

10.7 352.3 

11.4 432.6 

5.7 240.3
1 

101.6 an1.2 

(c) Agricultural drainage volume available for wel1and use was assumed 10 be identical to those quantiti_ identified in the SJVDP FiMi Report of Sept 1990. MontlIy distribution .. c:ak:uIaIed as CoI(13)-Cot(2) of Tables 1-5. 
(d) The volume and quality agricuJturaJ drainage discharged ID the grasslands .,.. from the drainage cistricts was c:oflected by Summers Engineering and updated with CRWOC8 daIa. 
(e) Selenium Losi - Flow estimates were calculated al Selenium Load in Ibr + 2000fbIItun + 0.00136 tonaiAF-ppm + 1000. 
(I) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 6. 
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Table C17. (cont.). Selenium mass balance analysis: 1986 hydrology 

ADJUSTED LOW Se FLOWS REO. 

SAN JOAQUIN RIVEA SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSF.D ACTION WITHOUT INCREASED WETLAND USE 

(Flo .... d Load-Flow Factorw In 1.000.) 

ASSUMED IN TRANSIT Se ADJUSTIIENlS (h) SAN JOAQUIN RIVER 

Scenario 2. 

EFFECT OF PROPOSED ACTION I 

TO MATCH MEASURED VALUES SALT and Mud MUD SALT nr NEWMAN CONDIlJONS fa.. ....... 8IId ........ r.ctora) j 
SALT SLOUGH MUD SLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH llUOSLOUGH SJR IV' NEWMAN 

24 25 26 27 28 21 30 31 32 33 34 35 36 37 38 31 40 41 42 

~ 
Be Be SeLOAD Be LOAD Se leLOA~ LOAD I Ie LOAD Ie LOAD LOAD 

flOWS LOA~ FLOWS LOAD- (FutuN with- REDUCTION LOAD- FLOW FLOW FLOW Ie R.OW CONe. FLOW FLOW CONe. FLOW FLOW R.OW 
FLOW FLOW cut condition DUE TO USE R.OW FACTOR FACTOR CONe. ~(21)+(25)- FACTOR ~71 FACTOR FACTOR KG 

(24) FACTOR (24) FACTOR (Co1(2I) .(31) OFSLD . FACTOR (21,,'000 (11)+(20)+(22) (12)+(21)+(23)+(25) (20)+ (30))+ [(21)+(25)- (22)4- (31))+ (~ d.GOt3l) 

tab.C.1 (24) X 1.0 iT..-c..s (21) X 1.0 ofTablltC.S (2I)x(1-o.1) +0.00131 (24)+(21) (27)-(31) ~ (24))-(5) f(20)+(24) (3D)H7) (2I)HIJ :=: (31»)-(10} (32)0(2) (33M4) 
AF AfXppb AF AFXppb Ibe ... AFXIIDb AfXDJIb AF AfXDDb Dab AF Dab AFXDDb AF AfXDab AF AfXDDb lie 

I -2.8 -2.8 -1.5 -1.5 505.5 455.0 0.0 167.3 36.1 76.3 2.1 -3.2 1.0 -42.8 3.2 11.5 61.4 0.0 18.6 SO.5 

1.3 1.3 0.1 0.1 75.0 67.5 0.0 24.8 27.0 70.2 2.6 -0.9 1.0 -38.4 0.9 15.0 41.1 0.0 2.7 7.4 

1.3 1.3 5.0 5.0 -107.9 -97.1 0.0 -35.7 39.8 91.6 2.3 -1.8 1.0 -41.7 0.8 13.1 37.8 0.0 -3.9 -10.7 

0.3 0.3 4.0 4.0 130.6 117.5 0.0 43.2 34.7 226.9 6.5 5.6 1.0 -104.4 2.9 18.4 109.2 0.0 4.8 13.1 

8.8 8.8 6.6 6.6 -179.2 -161.3 0.0 -59.3 282.9 332.9 1.2 -1.5 1.0 -348.1 4.7 26.7 341.5 0.0 -6.6 -18.0 

12.0 12.0 16.5 16.5 447.1 402.4 0.0 147.9 851.9 868.3 1.0 -11.0 1.0 -294.1 7.7 14.3 310.5 0.0 16.4 44.7 

8.7 8.7 5.9 5.9 -321.0 -288.9 0.0 -106.2 607.1 838.2 1.4 -10.7 1.0 -308.3 6.5 31.2 296.5 0.0 -11.8 -32.1 

4.5 4.5 0.8 0.8 660.0 594.0 0.0 218.4 204.0 432.2 2.1 -6.4 1.0 -158.8 6.0 15.9 183.0 0.0 24.2 65.9 

4.1 4.1 4.2 4.2 441.2 397.1 0.0 I 146.0 120.6 305.6 2.5 0.1 1.0 -16.0 7.2 17.1 32.2 0.0 16.2 44.1 

11.4 11.4 2.6 2.6 452.9 407.6 0.0 149.9 63.5 207.2 3.3 -5.1 1.0 -33.3 7.6 15.4 SO.O 0.0 16.7 45.3 

13.9 13.9 2.0 2.0 456.2 410.6 0.0 150.9 59.0 311.8 5.3 -14.2 1.0 -164.2 8.6 21.1 181.0 0.0 16.8 45.6 

8.3 8.3 -1.5 -1.5 503.2 452.9 0.0 166.5 58.4 76.9 1.3 -3.5 1.0 -49.6 3.5 17.3 68.1 0.0 18.5 SO.3 
I 

71.8 71.8 44.7 44.7 3063.6 2 7~7.2 0.0 1.013.7 2.385.0 3.838.1 1.6 -52.7 -1.599.8 59.7 1.712.4 0.0 112.6 306.2 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any aignifica.'1t salt load lIushed from ..... ct.nneIs over an IIIVUlI period. 
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Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jut 
Aug 
Sap 

TOTALS 
-------
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Table C18. Selenium dilution requirements: 1986 hydrology Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 10% 
and assume no Salt Slough diversions to wetlands. 

1 2 3 4 5 6 

INCREASED SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
LOAD DUE FACTOR PROJECT PRO .. 'ECT TO MATCH 

TO USE OF ( col 33) FWO CONC.(a) 
DRAIN (C2B-C29) 

Ibs KAFxppb KAF ppb JlPb AF x1000 

50.5 76.3 36.1 2.1 1.6 30.1 
7.5 70.2 27.0 2.6 2.5 1.8 
10.8 91.6 39.8 2.3 2.4 -2.8 
13.1 226.9 34.7 6.5 6.4 0.6 
17.9 332.9 282.9 1.2 1.2 0.0 
44.7 868.3 851.9 1.0 1.0 0.0 
32.1 838.2 607.1 1.4 1.4 0.0 
66.0 432.2 204.0 2.1 2.0 20.4 
44.1 305.6 120.6 2.5 2.4 8.6 
45.3 207.2 63.5 3.3 3.0 9.5 
45.6 311.8 59.0 5.3 5.0 4.4 
50.3 76.9 58.4 1.3 1.0 NF 

427.9 3838.1 2385.0 72.6 

7 

DILUTIOtJ 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
30,083 
1,800 

° 643 
0 
0 
0 

20,400 
8,614 
9,525 
4,425 

NF 

75,490 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table C 19. Selenium mass balance analysis: 1986 hydrology : Scenario 3 .. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGH at 

HWY 165 (a) 

1 2 3 4 5 6 7 
WO LOAD Be LOAD 

110. FLOW Be FLOW FLOW BOROI flOW 
FACTOR FACTOR 

(2)x(3) (5)x(1) 
AF .,.. AFXPIIb AF IIDb AfXDpb 

Oct 36.1 1.6 57.8 11.0 4.6 50.6 

Nov 27.0 2.5 67.5 7.8 5.8 45.2 

Dec 39.8 2.4 95.5 5.6 8.3 46.5 

Jan 34.7 6.4 222.1 5.9 18.2 107.4 

Feb 282.9 1.2 339.5 16.2 22.2 359.6 

Mar 851.9 1.0 851.9 23.1 13.4 309.5 

Apr 607.1 1.4 849.9 24.9 13.1 326.2 

May 204.0 2.0 408.0 19.8 8.7 172.3 

Jun 120.6 2.4 289.4 17.6 1.5 26.4 

Jul 63.5 3.0 190.5 23.4 2.1 49.1 

Aug 59.0 5.0 295.0 25.5 7.1 181.1 

SeP 58.4 1.0 58.4 17.1 3.7 63.3 

OTA 2385.0 1.6 3725.5 197.9 8.8 1737.2 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows and Load~low Factors In 1.000s) 

MUD SJR nr NEWMAN WETLAND ZONEBANOC ZONE A 
SLOUGH at Mlnu. MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY140 a) SLOUGH DRAINAGE (e) DRAINAGE (d) 

8 • 10 11 12 13 14 15 16 17 18 1. 
Be LOAD LOAD DRAINAGE LOAD SURFACE ANI: LOAD SURFACEANIJ LOAD 

fLOW BORO~ FLOW FLOW FLOW An. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE FLOW 
FACTOR FACTOR WO FACTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2)-(5)- (4){7)- Be DISCHARGE DISCHARGE 
(8)x(I) (8] (1OJ (e) TIIb.7 (1I)lr1.0 

AF IIDb AFXDDb AF AFXDDb DDb AF AFXDDb AF AFlrDDb AF AFlrDllb 

2.4 1.3 3.1 22.7 4.0 0.2 3.4 4.6 11.2 11.2 4.0 230.1 

2.4 3.6 8.6 16.8 13.6 0.8 3.4 3.9 5.1 5.1 1.2 72.4 

6.8 9.2 62.6 27.4 -13.5 -0.5 3.3 3.9 2.4 2.4 1.1 58.1 

6.0 9.0 54.0 22.8 60.7 2.7 3.1 3.5 1.6 1.6 3.6 201.1 

9.1 2.9 26.4 257.6 -46.6 -0.2 3.1 3.5 1.7 1.7 5.9 300.7 

20.6 4.6 94.8 808.2 447.6 0.6 3.0 4.2 2.6 2.6 9.6 534.6 

13.7 24.5 335.7 568.5 188.1 0.3 22.2 24.0 2.4 2.4 8.2 514.3 

6.7 2.9 19.4 177.5 216.3 1.2 13.5 14.1 5.1 5.1 7.5 415.8 

7.7 29.0 223.3 95.3 39.7 0.4 4.6 5.2 7.4 7.4 9.0 395.6 

5.7 27.2 155.0 34.4 -13.7 -0.4 3.9 4.1 5.4 5.4 9.5 351.1 

4.8 21.4 102.7 28.7 11.2 0.4 0.0 0.0 3.6 3.6 10.8 432.0 

0.7 6.0 4.2 40.6 -9.1 -0.2 1.8 2.1 6.5 6.5 4.3 239.0 

86.6 12.6 1089.8 2.100.5 898.5 0.4 65.3 73.1 55.0 55.0 74.7 3744.9 

(a) Stream flow and watltr quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A·3. respectively. 
(b) Wetland releases were obtai~ from Table 7. 

RECONSTRUCTED 
SALT SLOUGH 

FLOWS and LOAD 

20 21 
FLOWS LOAD 

(1I)xO..82+ FLOW 
(18)xfk. FACTOR 

(3O)TIIb.7 (f) 

AF AFlrDDb 

11.5 12.2 

6.5 7.2 

4.3 5.0 

3.4 4.1 

3.5 4.2 

4.2 4.9 

16.7 21.9 

13.2 16.0 

9.5 10.3 

7.2 8.2 

3.0 3.0 

6.5 6.9 

89.4 ~03.8 

RECONSTRUCTED 
I 

MUD SLOUGH 
I 

FLOWS and LOAD 

22 23

1 

FLOWS LOAD 
(11).0.18+ FLOW I 

(18)+ FACTORj 
(2I)Tab.7 (g) I 

AF AFXDDb i 

7.1 233.8 ! 

3.2 74.9 I 

2.5 60.1 

4.9 202.9 

7.2 302.5 

11.0 537.2 

16.1 524.6 

12.9 422.3 

11.5 398.5 

11.6 353.8 

11.4 432.6 

6.1 240.9 

105.6 3784.3 

(e) Agricultural drainage volLme available for wetland use wes assumed to be identical to those quantities Identified in the SJVDP Final Report of Sept 1990. Monthly distribution was calculatad a. CoI(13)-Col(2) ofTable.1·S. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Summers Engineering and updated with CRWOCB data. 
(e) Selenium load - Flow estimates were calculated as Selenium load in Ibs + 2OOOlbslton + 0.00136 bnslAF-ppm + 1000. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0 + Col (33) of table 7. 
(g) Calculated as Col (17) x 0.18 + Col (19) + Col (29) of table 7. 
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Table C19. (cont.). Selenium mass balance analysis: 1986 hydrology 

SAN JOAQUIN RIVER SELENIUM CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows MCI Load-Flow Factors In 1.00Ds) 

ADJUSTED LOW S. FLOWS REO. ASSUMED IN TRANSIT Se ADJUSTMENTS (h) SAN JOAQUIN RIVER 

Scenario 3. 

EFFECT OF PROPOSED ACTION 
TO MATCH MEASURED VALUES SALT and Mud MUD SALT nr NEWMAN CONDITIONS (CIt ... In now. ancIloed .Iow 'Ktor.) J 
SALTSLOUGH MUOSLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUOSLOUGH SJR nr NEWMAN I 

24 23 26 'Z7 21 21 30 31 32 33 34 
35 I 31 

37 38 3t 40 41 42 43 I 
Se Ie SeLOAD SeLOAD Se SeLOAD- LOAD Se LOAD Ie LOAD LOAD S. I 

FLOWS LOAD- FLOWS LOAD- (FuUe ...... ADJUSTED LOAD- FLOW FLOW FLOW Se FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD ! 

FLOW FLOW oul candItIan FORGA ... FLOW FACTOR FACTOR CONe. ((21)+(25) FACTOR (23)+(27, FACTOR FACTOR (G)x2ODO 
[24J FACTOR (24] FACTOR (CoI(2t) .(31) .. SLD FACTOR (21,,'000 (11)+(20)+(22) (12)+(21 )+(23)+(25) [(20)+ (30)]+ [(21)+(25)- (22)+ (31)]+ [(23).(27)- .0.D0138] 

ITablec:.c (24) x 1.0 Tlblece (21) X 1.0 :.iT ... ,. (21)11(1-0.1) ..oJiD1. (24).(21) (27)-(31) (33y(32) (24)H5) (20).(24) '-')-(7) (2I)H8) (22)+(211 (31)H10) (32H2) (33)-(4) 
I 

AF AfXDDb Af- An_ Iba Iba An ... AFXNb AF AfXDDb DDb AF DDb An_ AF DDb AfXIIpb AF A~ !be 

I -2.8 -2.8 -1.5 -t 5 505.5 455.0 0.0 167.3 37.0 78.4 2.1 -2.3 1.1 -41.2 3.2 11.6 61.9 0.9 20.7 56.2 I 

1.3 1.3 0.1 0.1 75.0 67.5 0.0 24.8 27.9 72.3 2.6 0.0 1.1 -36.8 0.9 15.1 41.6 0.9 4.8 
I 

13.1 

1.3 1.3 5.0 5.0 -107.9 -97.1 0.0 -35.7 40.5 93.6 2.3 -1.0 1.1 -40.2 0.7 13.4 38.3 0.7 -1.9 -5.3 

0.3 0.3 4.0 4.0 130.6 117.5 0.0 43.2 35.4 228.8 6.5 6.3 1.2 -103.0 2.9 18.4 109.7 0.7 6.7 18.3 

8.8 S.8 6.6 6.6 -179.2 -161.3 0.0 -59.3 283.7 334.9 1.2 -0.7 1.1 -346.6 4.7 26.7 342.0 0.8 -4.6 -12.5 

12.0 12.0 16.5 16.5 447.1 402.4 0.0 147.9 651.9 870.3 1.0 -10.2 1.0 -292.6 6.9 14.8 311.0 0.0 18.4 SO.1 

8.7 8.7 5.9 5.9 -321.0 -288.9 0.0 -106.2 615.9 855.4 1.4 -3.7 1.2 -295.6 8.3 28.9 301.0 8.8 5.4 14.7 

4.5 4.5 0.8 0.8 660.0 594.0 0.0 218.4 208.9 441.5 2.1 -2.5 1.2 -151.8 7.0 14.9 185.3 4.9 33.5 91.2 

4.1 4.1 4.2 4.2 441.2 397.1 0.0 146.0 124.6 310.8 2.5 3.3 1.1 -12.0 8.0 16.3 33.4 4.0 21.4 58.2 

11.4 11.4 2.6 2.6 452.9 407.6 0.0 149.9 67.2 212.5 3.2 -2.3 1.1 -29.5 8.5 14.6 51.5 3.7 22.0 59.7 

13.9 13.9 2.0 2.0 456.2 410.6 0.0 150.9 59.0 311.8 5.3 -14.2 1.0 -164.2 8.6 21.1 181.0 0.0 16.8 45.6 I 

8.3 8.3 -1.5 -1.5 503.2 452.9 0.0 166.5 60.0 79.1 1.3 -2.3 1.0 -48.0 3.9 16.0 68.7 1.6 20.7 56.3 

71.8 71.8 44.7 44.7 3063.6 2.757.2 0.0 1.013.7 2.412.0 3.889.4 1.6 -29.7 -1.561.6 63.7 1.725.5 27.0 163.9 445.7 

(h) Theoretically satinily should not accumulate within 1he channels corweying drainage through the wetland area nor should their be any significant alt load flushed from "'8 channels over an an .... 1 period. 



MONTH 

-\0 Oct 
o Nov 

Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table C20. Selenium dilution requirements: 1986 hydrology: S~enario 3. 

Dilution volume required to restore the SJR at Newman to the same selenium 
concentration without the project (assume Grassland Se losses of 100/0 
and assume no Salt Slough diversions to wetlands. 
Assume additional wetland water supply 

1 2 3 4 5 6 

INCREASi:D SELENIUM FLOW SELENIUM SELENIUM DILUTION 
SELENIUM LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
LOAD DUE FACTOR PROJECT PROJECT TO MATCH 

TO USE OF ( col 33) FWO CONC.{a) 
DRAIN (C2B-C29) 

Ibs KAFx ppb KAF ppb ppb AF x1000 

50.5 78.4 37.0 2.1 1.6 30.8 
7.5 72.3 27.9 2.6 2.5 1.9 
10.8 93.6 40.5 2.3 2.4 -2.9 
13.1 228.8 35.4 6.5 6.4 0.7 
17.9 334.9 283.7 1.2 1.2 0.0 
44.7 870.3 851.9 1.0 1.0 0.0 
32.1 855.4 615.9 1.4 1.4 0.0 
6S.0 441.5 208.9 2.1 2.0 20.9 
44.1 310.8 124.6 2.5 2.4 8.9 
45.3 212.5 67.2 3.2 3.0 6.7 
45.6 311.8 59.0 5.3 5.0 4.4 
SO.3 79.1 SO.O 1.3 1.0 NF 

427.9 3889.4 2412.0 71.4 

7 

DILUTION 
I 

VOLUME 
TO MATCH 

FWO CONC.(b) 

AF 
30,833 
1,860 

0 
656 

0 
0 
0 

20,890 
8,900 
6,720 
4,425 

NF 

74284 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 
NF - Infeasible since an infinite volume of dilution water at 1 ppb would be required 
Assume dilution water contains 1 ppb selenium. 
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Table e2l. TDS mass balance analysis: 1986 hydrology : Future without scenario. 

SAN JOAQUIN R SALT 
nr NEWMAN (a) SLOUGHa' 

HWY 165 a) 

1 2 3 4 5 6 7 
WQ LOAD WQ LOAD 

110. FLOW TOS flOW FLOW TOS FLOW 
FACTOR FACTOR 

(2)x(3) (5)x(6) 

AF ppm AFXppm AF DDm AFXDDm 

Oct 36.1 492 17.8 11.0 829 9.1 

Nov 27.0 721 19.5 7.8 1,256 9.8 

Dec 39.8 728 29.0 5.6 1,717 9.6 

Jan 34.7 1,127 39.1 5.9 2,225 13.1 

Feb 282.9 194 54.9 16.2 2,091 33.9 

Mar 851.9 121 103.1 23.1 1,131 26.1 

Apr 607.1 170 103.2 24.9 1,125 28.0 

May 204.0 277 56.5 19.8 789 15.6 

Jun 120.6 301 36.3 17.6 549 9.7 

Jul 63.5 646 41.0 23.4 698 16.3 

Aug 59.0 564 33.3 25.5 739 18.8 

Sep 58.4 288 16.8 17.1 726 12.4 

TOTAL 2,385.0 231 550.4 197.9 1023 202.5 

SAN JOAQUIN RIVER TDS CONCENTRATIONS - 1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 
(Flows and Load-Flow Fac40rs In 1,000&) 

MUD SJR nr NEWMAN WETlAND ZONEBANDC ZONE A 
SLOUGHa' Minus MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL 
HWY 140 a) SLOUGH DRAINAGE (e) DRAINAGE (en 

8 9 10 11 12 13 14 15 16 17 18 19 
WO LOAD LOAD DRAINAGE LOAD SURFACE AND LOAD SURFACE AND LOAD 

FLOW TDS FLOW FLOW FLOW Au. VOLUME FLOW SUBSURFACE FLOW SUBSURFACE flOW 
FACTOR FACTOR WQ F~CTOR DRAINAGE FACTOR DRAINAGE FACTOR 

(2H5)- (4H~ TOS DISCHARGE DISCHARGE 
(8)x(t) (8] (10) (a) Tablet (16)xl.o 

AF IIDIIl AFXppm AF AfXDDm DDm AF AFXDDm AF AFXppm AF AF~ 

2.4 1,126 2.7 22.7 5.9 1,000 2.5 3.9 11.2 11.2 4.0 14.1 

2.4 2,039 4.9 16.8 4.8 1,000 2.5 4.0 5.1 5.1 1.2 5.0 

6.8 1,846 12.6 27.4 6.8 1,000 2.6 4.2 2.4 2.4 1.1 5.6 

6.0 2,346 14.1 22.8 11.9 1,000 2.4 3.8 1.6 1.6 3.6 12.3 

9.1 1,036 9.4 257.6 11.6 1,000 2.3 3.7 1.7 1.7 5.9 20.1 

20.6 787 16.2 808.2 60.7 1,000 3.0 4.8 2.6 2.6 9.6 30.7 

13.7 1,805 24.7 568.5 SO.5 1,000 13.4 19.9 2.4 2.4 8.2 26.1 

6.7 5,303 35.5 In.5 5.4 1,000 8.6 13.0 5.1 5.1 7.5 23.7 

7.7 1,705 13.1 95.3 13.5 1.000 0.6 1.0 7.4 7.4 9.0 23.5 

5.7 1,664 9.5 34.4 15.2 1,000 0.2 0.3 5.4 5.4 9.5 24.3 

4.8 813 3.9 28.7 10.5 1,000 0.0 0.0 3.6 3.6 10.8 26.7 

0.7 1.158 0.8 40.6 3.6 1000 0.2 0.3 6.5 6.5 4.3 13.1 

86.6 1,703 147.4 2,100.5 200.4 38.3 58.9 55.0 55.0 74.7 
- 22~.!J _ 

(a) Stream now and water quality data for the San Joaquin River and SaIl and Mud Slough were obtained from Table A-1 and Table A-3. respectively. 
(b) Wetland releases were obtained from Table 6. 

k~CONSTRUCTED 

SALT SLOUGH 
FLOWS and LOAD 

20 21 
FLOWS LOAD 

(16)xO.82+ FLOW 
(l8)xO.8O+ FACTOR 
(3O)TmIe6 (f) 

AF AFXppm 

13.8 22.7 

6.5 10.4 

4.3 8.8 

5.6 13.4 

7.4 19.5 

11.1 28.8 

16.2 34.3 

15.3 30.8 

13.5 25.2 

12.0 23.9 

11.6 24.3 

8.8 15.8 

_ 126.2 257.9 

RECONSTRUCTED 
MUD SLOUGH 

FLOWS and LOAD 

22 23 
FLOWS LOAD 

(16)xO.18+ flOW 
(18)xO.20+ FACTOR 
(26)TabIe6 (g) 

AF AFXIIPII'I 

3.9 6.6 

2.3 3.7 I 

1.8 3.3 I 

2.0 4.4 

2.5 6.0 I 

4.1 9.4 

7.8 14.1 

5.9 11.0 

3.5 6.7 

3.1 6.2 

2.8 6.0 

2.2 4.1 

41.8 8t~ I 

(c) Agricultural drainage volume available for wetland use was assumed to be identical to those quantities identified in the SJVDP Final Report of SepI1990. Monlhly distribution was calculated as CoI(13)·CoI(2) of Tables 1·5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage districts was collected by Summers Engineering and updated with CRWOCa data. 
(6) IDS load - Flow estimales were calculaled as Exp{{ln(Boron load in Ibs + Col (18) + 2000 + O.OO~36 + 2.926] + 1.387} x Col (18) for Oct-Dec. IDS data used for Jan -Sep 1986. 
(f) Calculated as Col (17) x 0.82 + Col (19) x 0.8 + Col (31) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19) x 0.2 + Col (27) of table 6. 
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Table e21. (cont). TDS mass balance analysis: 1986 hydrology: Future without scenario. 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1986 HYDROLOGY 
WITHOUT PROPOSED ACTION 

(Flows In 1 ,000s and Load-Flow Factors In 1,000,0005) 

ADJUSTED LOW TDS flOWS REQ. ASSUMED IN TRANSIT TDS ADJUSTMENTS (h) RECONSTRUCTED EFFECT OF PROPOSED ACTION 
TO MATCH MEASURED VALUES NECESSARY TO MATCH MEASURED VALUES SAN JOAQUIN RIVER 
SALT SLOUGH MUD SLOUGH SALT SLOUGH MUD SLOUGH nr NEWMAN CONDITIONS SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 Xl 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
TDS TDS TDS TDS TOS TOS LOAD TDS LOAD TOS LOAD LOAD TOS 

FLOWS LOAD- FLOWS LOAD- LOAD- LOAD LOAD- LOAD FLOW FLOW TDS FLOW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 
FLOW FLOW FLOW FLOW FACTOR CONC. ((21)+(25)+ FACTOR «23)+(27)+ FACTOR FACTOR [(42)x1ooo 

FACTOR FACTOR FACTOR (x1ooo) FACTOR (x1ooo) (11 )+(20)+(22) (12)+(21)+(23)+(25) ((20)+ (2t)J+ [(21)+(25)+ (22)+ (31)}t- [(23)+(27)+ xO.00136) 

(5}<20) (24) X 1.0 (8)-(22) (26) X 1.0 (21)+(25)-(7) (28)xO.OI)136 (23)+(27)-(10) (30).0.00136 (24)+(26) (27)-(28)-(30) (33)1(32) (24»)-(5) (20)+(24)] (28»)-(7) (26)H8) [(22)+(26)) (30)]-(10) (32)-(2) (33)-(4) (.1000) 

AF AFXI)pIII AF AFXppm AFXppm Tons AFXDDm Ton. AF AFXIIDIII IlIIftI AF ppm AFXppm AF DDm AFXDOm AF A FXppb Tons 

-2.8 -2.8 -1.5 -1.5 10.8 14.7 2.3 3.2 36.1 17.8 492 NA NA NA NA NA NA NA NA NA 

1.3 1.3 0.1 0.1 1.9 2.6 -1.0 -1.4 27.0 19.5 721 NA NA NA NA NA NA NA NA NA 

1.3 1.3 5.0 5.0 0.5 0.6 -4.2 -5.7 39.8 29.0 728 NA NA NA NA NA NA NA NA NA 

0.3 0.3 4.0 4.0 0.6 0.8 -5.7 -7.8 34.7 39.1 1,127 NA NA NA NA NA NA NA NA NA 

8.8 8.8 6.6 6.6 -5.6 -7.6 3.1 4.3 282.9 54.9 194 NA NA NA NA NA NA NA NA NA 

12.0 12.0 16.5 16.5 14.6 19.9 9.7 13.1 851.9 103.1 121 NA NA NA NA NA NA NA NA NA 

8.7 8.7 5.9 5.9 15.0 20.3 -4.7 -6.4 607.1 103.2 170 NA NA NA NA NA NA NA NA NA 

4.5 4.5 0.8 0.8 19.7 26.8 -23.8 -32.4 204.0 56.5 277 NA NA NA NA NA NA NA NA NA 

4.1 4.1 4.2 4.2 19.6 26.7 -2.3 -3.1 120.6 36.3 301 NA NA NA NA NA NA NA NA NA 

11.4 11.4 2.6 2.6 18.9 25.7 -0.7 -0.9 63.5 41.0 646 NA NA NA NA NA NA NA NA NA 

13.9 13.9 2.0 2.0 19.4 26.4 4.1 5.6 59.0 33.3 564 NA NA NA NA NA NA NA NA NA 

8.3 8.3 -1.5 -1.5 11.7 16.0 1.8 2.4 58.4 16.8 288 NA NA NA NA NA NA NA NA NA 

71.7 71.7 
-

44.8 
--

44.8 127.1 172.9 -21.3 -29.0 2,385.0 550.4 231 NA NA __ N~ __ L-.. NA NA NA NA NA NA 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any signifICant salt load flushed from these channels aver an annual period. 
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Table e22. TDS mass balance analysis: 1986 hydrology : Scenario 1. 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows In 1,000s and Load-FloW' Factors In 1,000,0008) 

SAN JOAQUIN R SALT MUD SJR nr NEWMAN WETLAND ZONEBANDC 

nr NEWMAN (a) SLOUGHa' SLOUGHa' Minus MUD & SALT RELEASES (b) AGRICULTURAL 
HWY 165 a) HWY 140 a) SLOUGH DRAINAGE Ie) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
WQ LOAD WQ LOAD WQ LOAD LOAD Ass. DRAINAGE LOAD SURFACEANE: LOAD 

MO. FLOW TOS flOW FLOW TOS flOW FLOW TDS FLOW FLOW FLOW WQ VOLUME FLOW SUBSURFACE FLOW 
FACTOR FACTOR FACTOR FACTOR TOS FACTOR DRAINAGE FACTOR 

(2)-(5)- (4~ DISCHARGE 

(2)x(3) (5)x(6) (8)lC(8) (8] [10] (e) Table 7 (16)x1.0 

AF Dam AFXDDm AF DDm AFXDDm AF Dam AFXDam AF AFXDDm Dam AF AFXppm AF AFXppm 

Oct 36.1 492 17.8 11.0 829 9.1 2.4 1,126 2.7 22.7 5.9 1,000 3.4 5.4 0.0 0.0 

Nov 27.0 721 19.5 7.8 1,256 9.8 2.4 2,039 4.9 16.8 4.8 1,000 3.4 5.4 0.0 0.0 

Dec 39.8 728 29.0 5.6 1,717 9.6 6.8 1,846 12.6 27.4 6.8 1,000 3.4 5.4 0.0 0.0 

Jan 34.7 1,127 39.1 5.9 2,225 13.1 6.0 2,346 14.1 22.8 11.9 1,000 3.1 5.0 0.0 0.0 

Feb 282.9 194 54.9 16.2 2,091 33.9 9.1 1,036 9.4 257.6 11.6 1,000 3.1 5.0 0.0 0.0 

Mar 851.9 121 103.1 23.1 1,131 26.1 20.6 787 16.2 808.2 SO.7 1,000 3.0 6.1 0.0 0.0 

Apr 607.1 170 103.2 24.9 1,125 28.0 13.7 1,805 24.7 568.5 50.5 1,000 22.2 34.7 0.0 0.0 

May 204.0 277 56.5 19.8 789 15.6 6.7 5,303 35.5 In.5 5.4 1,000 13.5 20.6 0.0 0.0 

Jun 120.6 301 36.3 17.6 549 9.7 7.7 1,705 13.1 95.3 13.5 1,000 4.6 7.3 0.0 0.0 

Jul 63.5 646 41.0 23.4 698 16.3 5.7 1,664 9.5 34.4 15.2 1,000 3.9 6.3 0.0 0.0 

Aug 59.0 564 33.3 25.5 739 18.8 4.8 813 3.9 28.7 10.5 1,000 0.0 0.0 0.0 0.0 

Sep 58.4 288 16.8 17.1 726 12.4 0.7 1.158 0.8 40.6 3.6 1,000 1.8 2.9 0.0 0.0 

ILOT~ 2,385.0 231 550.4 1~h9 J .. 023 202.5 86.6 1.702 147.4 2100.5 200.4 65.4 104.0 0.0 0.0 

(a) Stream flow and water quality data for the San Joaquin River and Salt and Mud Slough were obtained from Table A-1 and Table A-3. respectively. 
(b) Wetland releases were obtained from Table 7. 

ZONE A 
AGRICULTURAL 

Dr .AINAGE IcD 

18 19 
SURFACE AND LOAD 
SUBSURFACE FLOW 

DRAINAGE FACTOfl 
DISCHARGE 

AF AFXCIDII1 

4.0 14.1 

1.2 5.0 

1.1 5.6 

3.6 12.3 

5.9 20.1 

9.6 30.7 

8.2 26.1 

7.5 23.7 

9.0 23.5 

9.5 24.3 

10.8 26.7 

4.3 13.1 

74.7 225.4 

RECONSTRUCTED RECONSTRUCTED 
SALT SLOUGH MUD SLOUGH 

FLOWS and LOAC FLOWS and LOAD 

20 21 22 23 
FLOWS LOAD flOWS LOAD 

(16).0.82+ flOW (16)xO.18+ FLOW 
(18)xO+ FACTOR (18)+ FACTOR 

(30) TIIb .. 7 (f) (26)TIIb" 7 (g) 

AF AFXoom AF AFXppm 

2.3 3.6 5.1 15.8 

2.3 3.6 2.3 6.8 
I 

2.3 3.6 2.1 7.4 I 

2.1 3.3 4.6 14.0 I 

2.1 3.3 6.9 21.7 I 

2.1 3.3 10.5 33.5 , 

14.7 23.6 15.7 37.2 

9.0 14.2 12.0 30.1 

3.4 5.3 10.2 25.4 

2.8 4.5 10.6 26.1 

0.0 0.0 10.8 26.7 

1.2 2.0 4.9 14.0 

44.3 70.6 95.7 258.8 

{c} Agricultural drainage volume available for wetland use was assumed to be identical to those quantities identified in the SJVDP Final Report of Sept 1990. Monlhly distribution was calculated as CoI(13)·CoI{2) of Tables 1-5. 
(d) The volume and quality agricultural drainage discharged to the grasslands area from the drainage dstricts was collected by Sumners Engineering and updated with CRWOCS data. 
(e) IDS Load - flow estimates were calculated as Exp([Ln(Boron Load in Ibs+ Col (18) +2000 + 0.00136 + 2.926) + 1.387} x Col (18) for Oct-Dec. IDS data used for Jan -Sep 1986. 
(f) Calculated as Col (ll) x 0.82 + Col {19} x 0 + Col (31) of table 7. 
(9) Calculated as Col (17) x 0.18 + Col (19)+ Col (27) of table 7. 
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Table e23. (cont.). TDS mass balance analysis: 1986 hydrology: 

ADJUSTED LOW TDS FLOWS REQ. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER TDS CONCENTRATIONS -1986 HYDROLOGY 
WITH PROPOSED ACTION 

(Flows In 1,OOOs and Load-Flow Factors In 1,000,0005) 

ASSUMED IN TRANSIT TDS REDUCTION (h) SAN JOAQUIN RIVER 
SALT and MUD SALT MUD nr NEWMAN CONDITIONS 

Scenario 1. 

EFFECT OF PROPOSED ACTION 
CCha 1Qea In flowa ... d load· dow factora} 

SALT SLOUGH MUOSLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 

24 25 26 27 28 29 30 31 32 33 34 
35 I 36 

37 38 39 40 41 42 43 
TDS TDS TDSLOAD TDSLOAD TOS TDSLOAD- LOAD 

flOW c1':c. LOAD TDS LOAD LOAD TOS 
ROWS LOAD- FLOWS LOAD- (Future with- REDUCTION LOAD- FLOW FLOW FLOW TDS FLOW ROW CONe. FLOW FLOW FLOW LOAD 

FLOW FLOW out condition DUE TO USE FLOW FACTOR FACTOR CONe. [(21)+(25) FACTOR (23)+(27) FACTOR FACTOR [(42)Xlooo 
(24) FACTOR [24] FACTOR (CoI(2I) +(31) OFSLD FACTOR (28)-0-1000 (11 )+(20)+(22) (12)+(21)+(23)+(25) [(20)+ (3O))+ [(21)+(25)- (22)+ (31)). [(23)+(27)- xO.ool36] 

T8blec.z:l (24) X 1.0 T8bkq% (26) X 1.0 01 Tab!eCu. (28)x(1-1) .0.00136 (24)+(26) (27)-(31) (33)1(32) (24)H5) (20)+(24) (3O)H7) (26)H8) (22)+(26) (31)Hl0) (32H2) (33)-(4) (xl 000) 
AF AFXppm AF AFlCppm Tons Tona AFXpprI"I AFXppm AF AFXPI)m ppm AF ppm AFXDCIm AF ppm AFXppm AF AFXppm Tone 

-2.8 -2.8 -1.5 -1.5 17.9 0.0 0.0 13.2 25.8 8.0 309 -11.5 1,264 -8.3 1.2 633 -1.5 -10.3 -9.8 -13.3 

1.3 1.3 0.1 0.1 1.2 0.0 0.0 0.9 22.8 15.8 692 -4.2 1,374 -4.8 0.0 2,522 1.2 -4.2 -3.7 -5.0 

1.3 1.3 5.0 5.0 -5.1 0.0 0.0 -3.8 38.1 27.9 733 -2.0 1,374 -4.7 0.3 2,276 3.6 -1.7 -1.1 -1.4 

0.3 0.3 4.0 4.0 -7.0 0.0 0.0 -5.1 33.8 38.6 1,143 -3.5 1,512 -9.5 2.6 2,686 9.0 -0.9 -0.5 -0.6 

8.8 8.8 6.6 6.6 -3.3 0.0 0.0 -2.4 282.0 54.4 193 -5.3 1,113 -21.7 4.4 2,277 21.3 -0.9 -0.4 -0.6 

12.0 12.0 16.5 16.5 33.0 0.0 0.0 24.3 849.3 101.8 120 -9.0 1,087 -10.8 6.4 952 9.5 -2.6 -1.3 -1.8 

8.7 8.7 5.9 5.9 13.9 0.0 0.0 10.2 613.5 115.6 189 -1.5 1,382 4.3 7.9 1,521 8.1 6.4 12.4 16.9 

4.5 4.5 0.8 0.8 -5.6 0.0 0.0 -4.1 203.8 59.1 290 -6.3 1,388 3.1 6.1 2,736 -0.5 -0.2 2.6 3.6 

4.1 4.1 4.2 4.2 23.6 0.0 0.0 17.4 117.2 35.2 300 -10.1 1,259 -0.2 6.7 849 -0.9 -3.4 -1.1 -1.5 

11.4 11.4 2.6 2.6 24.8 0.0 0.0 18.2 61.8 41.6 673 -9.2 1,119 -0.4 7.5 795 1.0 -1.7 0.6 0.8 

13.9 13.9 2.0 2.0 32.0 0.0 0.0 23.5 55.4 29.6 535 -11.6 1,000 -4.9 8.0 406 1.3 -3.6 -3.7 -5.0 

8.3 8.3 -1.5 -1.5 18.4 0.0 0.0 13.5 53.5 12.9 241 -7.6 1083 -2.1 2.7 -295 -1.8 -4.9 -3.9 -5.4 

~1.8 -
71.8 44.7 44.7 

- --
143.8 L-_Q.(L_ 0.0 105.7 2357.0 540.6 229 -81.8 -60.1 

-
53.8 50.3 -28.0 -9.8 -13.4 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any Significant salt load flushed from these channels over an annual period. 

i 



MONTH 

Oct 
Nov 

-\0 
Dec 

til Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 

Table C24. TDS dilution~ requirements: 1986 hydrology: Scenario 1. 

1 

INCREASED 
TDSLOAD 

DUE TO USE 
OF THE S.L. 

DRAIN (col 29) 
tons 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

Dilution volume required to restore the SJR at Newman to the 
same TDS concentration without the project 

2 3 4 5 6 

lOS FLOW lOS lOS DILUTION 
LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

FACTOR PROJECT PROJECT TO MATCH 
( col 33) FWO CONC.(a) 
(x 1000) 

KAF x ppm KAF ppm ppm AF x1000 
8.0 25.8 309 492 -9.616 
15.8 22.8 692 721 -0.918 
27.9 38.1 733 728 0.262 
38.6 33.8 1.143 1.127 0.480 
54.4 282.0 193 194 -1.461 
101.8 849.3 120 121 -7.077 
115.6 613.5 189 170 68.973 
59.1 203.8 290 277 9.599 
35.2 117.2 300 301 -0.391 
41.6 61.8 673 646 2.587 
29.6 55.4 535 564 -2.854 
12.9 53.5 241 288 -8.761 

540.5 2357.0 50.823 

7 

DILUTION 
VOLUME 

lOMATCH 
FWO CONC.(b) I 

AF I 

0 
I 0 

262 j 

I 

480 
0 
0 

68.973 
9.599 

0 
2,587 

0 
0 

81.902 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 1600 ppm TOS 
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Table e2S. TDS mass balance analysis: 1986 hydrology : Scenario 2. 

SAN JOAQUIN RIVER TOS CONCENTRATIONS -198& HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flow. In l,oooa and Load-Fiow Factors In 1,000,000.) 

SAN JOAQUIN R SALT MUD SJR nr NEWMAN WETLAND ZONEBANOC ZONE A RECONSTRUCTED RECONSTRUCTED 
nr NEWMAN (a) SLOUGH at SLOUGH .. Mlnua MUD & SALT RELEASES (b) AGRICULTURAL AGRICULTURAL SALT SLOUGH MUD SLOUGH 

HWY 165 ai HWY 140 a' SLOUGH DRAINAGE (e) DRAINAGE (eI) FLOWS and LOAD FLOWS and LOAD 

1 2 3 4 5 & 7 8 1 10 11 12 13 14 15 1& 
WQ LOAD WQ LOAD WQ LOAD LOAD An. DRAINAGE LOAD SURFACE ANIl 

110. FLOW TDS flOW FLOW TDS flOW flOW TDS FLOW FLOW FLOW WQ VOlUME FLOW SUBSURFACE 
FACTOR FACTOR FACTOR FACTOR TDS FACTOR DRAINAGE 

(2)-(5)- C4~ DISCHARGE 
(2)x(3) (5)x(') (I)x(l) tal (10) (e) T .... 

AF ..... AfXDDm AF DDIII AFXDDCII AF DDIII AfXDDm AF AFIDDm DDIII AF AFXNm AF 

Oct 36.1 492 17.8 11.0 829 9.1 2.4 1,126 2.7 22.7 5.9 1,000 2.5 3.9 11.2 

Nov 27.0 721 19.5 7.8 1,256 9.8 2.4 2,039 4.9 16.8 4.8 1,000 2.5 4.0 5.1 

Dec 39.8 728 29.j 5.6 ~,717 9.6 6.8 1,846 12.6 27.4 6.8 1,000 2.6 4.2 2.4 

Jan 34.7 1,127 39.1 5.9 2,225 13.1 6.0 2,346 14.1 22.8 11.9 1,000 2.4 3.8 1.6 

Feb 282.9 194 54.9 16.2 2,091 33.9 9.1 1,036 9.4 257.6 11.6 1,000 2.3 3.7 1.7 

Mar 851.9 121 103.1 23.1 1,131 26.1 20.6 787 16.2 808.2 60.7 1,000 3.0 4.8 2.6 

Apr 607.1 170 103.2 24.9 1,125 28.0 13.7 1,805 24.7 568.5 50.5 1,000 13.4 19.9 2.4 

May 204.0 277 56.5 19.8 789 15.6 6.7 5,303 35.5 177.5 5.4 1,000 8.6 13.0 5.1 

Jun 120.6 301 36.3 17.6 549 9.7 7.7 1,705 13.1 95.3 13.5 1,000 0.6 1.0 7.4 

Jul 63.5 646 41.0 23.4 698 16.3 5.7 1,664 9.5 34.4 15.2 1,000 0.2 0.3 5.4 

Aug 59.0 554 33.3 25.5 739 18.8 4.8 813 3.9 28.7 10.5 1,000 0.0 0.0 3.6 

Sep 58.4 288 16.8 17.1 726 12.4 0.7 1.158 0.8 40.6 3.6 1.000 0.2 0.3 6.5 

rt"OTAl 2.385.0 231 550.4 197.9 1.023 202.5 86.6 1.702 147.4 2.100.5 2O()A ---
__ 38.3_ _ 5Jl"-9_ __~fi,--O __ 

(a) Stream ftowand weier quality data for the San Joaquin River and Salt and Mud Slough were ob1ained from Table A-1 and Table A-3, respectively. 
(b) Wettand releases were obtained from Table 6. 

17 " 11 20 21 22 
LOAD SURFACE AND LOAD FLOWS LOAD FLOWS 
FLOW SUBSURFACE FLOW (11).0.82+ FLOW (11,.0.18+ 

FACTOR DRAINAGE FACTOA (11)d+ FACTOR (18)+ 
DISCHARGE (3D)TIIb'" (1) (2I)TIIb'" 

('1).'.0 
AFX .... AF AFXJIIMII AF AFIppm AF 

11.2 4.0 14.1 10.6 11.4 7.1 

5.1 1.2 5.0 5.6 6.4 3.2 

2.4 1.1 5.6 3.5 4.3 2.6 

1.6 3.6 9.0 2.7 3.5 4.9 

1.7 5.9 14.7 2.7 3.4 7.2 

2.6 9.6 22.6 3.4 4.2 11.8 

2.4 8.2 19.1 9.7 13.4 14.3 

5.1 7.5 17.4 9.3 11.9 11.9 

7.4 9.0 17.2 6.3 6.4 10.7 

5.4 9.5 17.9 4.4 4.4 10.7 

3.6 10.8 19.6 3.0 3.0 11.4 

6.5 4.3 9.6 5.3 5.3 5.7 

,----SSJL 74.7 171.9 66.4 __ 77.6 101.6 

(c) Agricultural drainage voltme available for weiland use was assumed to be identicallD those quantities identified In the SJVDP Anal Report of Sept 1990. Mon1hly distribution wu caJculaaed as CoI(13)-Col(2) of Tables 1-5. 
(d) The volume ami quality agricultural ctainage discharged to the grasslands area from the drainage districts was collected by Summers Engineering and updated with CRWOCa daIa. 
(e) TOS load - Flow estimates were calculated as Exp{[Ln(Boron Load in lbe + Col (18) + 2000 + 0.00136 + 2.926) + 1.387} x Col (18) for months Oct - Dec. Combined CRWACB and SEI data was used for the months Jan - Sept 
(f) Calculated as Col (11) J( 0.82 + Col (19) x 0 + Col (31) of table 6. 
(g) Calculated as Col (17) x 0.18 + Col (19)+ Col (27) of table 6. 

23 
LOAD 
FLOW 

FACTOR 
(g) 

AFXDDm 

17.9 

7.8 

7.8 

10.9 

16.6 

25.8 

28.0 

23.6 

19.2 

19.2 

20.3 

11.0 

208.1 
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Table elSe (cont.). TDS mass balance analysis: 1986 hydrology 

ADJUSTED LOW TDS FLOWS REa. 
TO MATCH MEASURED VALUES 

SAN JOAQUIN RIVER TDS CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flows In 1,000. and Load-Flow Factors In 1,OOO,OOOS) 

ASSUMED IN TRANSIT TDS REDUC110N .hl SAN JOAQUIN RIVER 
SALTandWD SALT MUD Ill' NEWMAN CONDITIONS 

Scenario 2. 

E~FECT OF PROPOSED ACTION 
(eMilie. In .Iow ... d Ioed.flow f.etor.' 

SALT SLOUGH MUD SLOUGH SlOUGH SLOUGH SLOUGH SALT SLOUGH MUD SlOUGH SJR nr NEWMAN 

24 25 26 27 28 21 30 31 32 33 34 35 3G 37 38 31 40 41 42 43 
I 

TDS TDS TDSLOAD TDSLOAD TDS TDS LOAD-- LOAD TDS LOAD TDS LOAD LOAD TOS 
flOWS LOAD- FLOWS ~OAD- (Future with· REDUCTION LOAD- flOW FLOW FLOW TDS flOW CONe. flOW FLOW CONe. FLOW FLOW FLOW LOAD 

FLOW FLOW out concIllon DUETO~ FLOW FACTOR FACTOR COHC. (21)+(25) FACTOR ,.23)+(27) FACTOR FACTOR [(42)x1ooo ! 

(24) FACTOR (24) FACTOR (CoI(2I) +(31) OFSlD FACTOR (28)+1000 (11 )+(20)+(22) (12)+(21)+(2~+(25) (20)+ (30))+ [(21)+(25)· (22)+ (31)}+ (\23)+(27)0 .0.00131) • 
T ... C1J (24)11.0 Table~ (26)11.0 oIT .... c:zz (28)x(1.1) +0.00131 (24)+(21) (27)-(31) (33)1(32) (24)H5) (20)+(24) (30)H7) (2I)H8) (22)+(21) (31)H10) (32H2) (33H4) (.'000) 

AF AfXDDm AF AfXppnI Tona Ton. AFXIIDIII AFXIIINII AF AFXPIIIII ppm AF ~ AFXJIDm AF DDm ~ AF AfXDDm Tan. 

-2.8 -2.8 -1.5 -1.5 17.9 0.0 0.0 13.2 36.1 17.7 491 -3.2 1,060 -0.5 3.2 719 0.5 0.0 0.0 -0.1 

1.3 1.3 0.1 0.1 1.2 0.0 0.0 0.9 27.0 19.4 720 -0.9 1,116 -2.1 0.9 2,101 2.1 0.0 0.0 -0.1 

1.3 1.3 5.0 5.0 -5.1 0.0 0.0 -3.8 39.8 29.0 730 -0.8 1,182 -4.0 0.8 2,174 4.0 0.0 0.1 0.1 

0.3 0.3 4.0 4.0 -7.0 0.0 0.0 -5.1 34.7 35.8 1,032 -2.9 1,268 -9.3 2.9 2,259 6.0 0.0 -3.3 -4.5 

8.8 8.S 6.6 6.6 -3.3 0.0 0.0 -2.4 282.9 49.4 175 -4.7 1,065 -21.6 4.7 1,856 16.2 0.0 -5.4 -7.4 

12.0 12.0 16.5 16.5 33.0 0.0 0.0 24.3 851.9 94.9 111 -7.7 1,048 -9.9 7.7 637 1.8 0.0 -8.2 -11.1 

8.7 8.7 5.9 5.9 13.9 0.0 0.0 10.2 6~"'.1 96.3 159 -6.5 1,204 -5.9 6.5 1,170 -1.1 0.0 -7.0 -9.5 

4.5 4.5 0.8 0.8 -5.6 0.0 0.0 -4.1 204.0 50.3 247 -6.0 1,188 0.7 6.0 2,244 -7.0 0.0 -6.2 -8.5 

4.1 4.1 4.2 4.2 23.6 0.0 0.0 17.4 120.6 30.1 249 -7.2 1,012 0.8 7.2 407 -7.1 0.0 -6.2 -8.5 

11.4 11.4 2.6 2.6 24.8 0.0 0.0 18.2 63.5 34.6 546 -7.6 1,000 -0.5 7.6 272 -5.9 0.0 -6.4 -8.7 

13.9 13.9 2.0 2.0 32.0 0.0 0.0 23.5 59.0 26.1 443 -8.6 1,000 -2.0 8.6 -94 -5.2 0.0 -7.2 -9.7 

8.3 8.3 -1.5 -1.5 18.4 0.0 0.0 13.5 58.4 13.2 227 -3.5 1 000 1.2 3.5 -957 -4.8 0.0 -3.6 -4.9 

71.8 71.8 44.7 44.1_ 143.8 __ O~ __ 0.0 __ _tQ~L _~ .. 385.0 497.0 208 -59.7 -53.1 59.7 -0.3 0.0 -53.4 -72.7_ 

(h) Theoretically salinity should not accumulate within !he channels conveying drainage through !he weiland 8188 nor should their be any significant salt load flushed from t1ese channefa over an anl'Ull period. 



MONTH 

Oct 
Nov 

--\0 
Dec 

00 Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 

TOTALS 
- --- -

Table C26. TDS dilution requirements: 1986 hydrology: Scenario 2. 

Dilution volume required to restore the SJR at Newman to the same TDS 
concentration without the project, assuming no Salt Slough diversions to wetlands. 

1 2 3 4 5 6 

INCREASED TDS FLOW TDS TDS DILUTION 

TDSlOAD lOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 
DUE TO USE FACTOR PROJECT PROJECT TO MATCH 
OF THE S.l. ( col 33) FWO CONC.(a) 

DRAIN (col 29) (x 1000) 

tons KAF x ppm KAF ppm ppm AF x1000 

0.0 17.7 36.1 491 492 -0.074 

0.0 19.4 27.0 720 721 -0.038 
0.0 29.0 39.8 730 728 0.109 

0.0 35.8 34.7 1,032 1,127 -2.928 

0.0 49.4 282.9 175 194 -27.850 
0.0 94.9 851.9 111 121 -70.992 

0.0 96.3 607.1 159 170 -39.515 
0.0 SO.3 204.0 247 277 -22.174 

0.0 30.1 120.6 249 301 -20.904 
0.0 34.6 63.5 546 646 -9.845 

0.0 26.1 59.0 443 564 -12.680 

0.0 13.2 58.4 227 288 -12.413 

0.0 496.8 2385.0 -219.302 

7 
I 

DILUTION 
VOLUME 

TO MATCH i 

FWO CONC.(b) I 

AF I 

0 I 

0 I 

109 i 

0 
0 
0 
0 

I 
0 
0 

I 

0 
I 

0 
0 

109 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 1600 ppm TOS 
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Table C27. TDS mass balance analysis: 1986 hydrology : Scenario 3. 

SAN JOAQUIN RIVER TDS CONCENTRATIONS - 1988 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flow. In 1,OOOs and Load-FJow Factors In 1,OOO,OOOS) 

• 

SAN JOAQUIN R SALT MUD SJR nr NEWMAN WETLAND ZONEBANDC ZONE A RECONSTRUCTED RECONSTRUCTED 
nr NEWMAN (a) SLOUGH at SlOUGH at Min ... MUD & SALT RELEASES (b) AGRICULTURAL AGAICUL TURAL SALT SLOUGH MUD SlOUGH 

HWY 165 a) HWY 140 a) SLOUGH DRAINAGE Ie) DRAINAGE (eft FLOWS end LOAD flOWS and LOAD 

1 2 3 4 5 I 7 • • 10 11 12 13 14 15 16 
WQ LOAD WQ LOAD WQ LOAD LOAD An. DRAINAGE LOAD SURFACE AND 

110. FLOW lOS FLOW FLOW lDS FLOW FLOW lDS FLOW FLOW FLOW WQ VOLUME FLOW SUBSURFACE 
FACTOR FACTOR FACTOR FACTOR lOS FACTOR DRAWAGE 

(2)-(5)- (4H1)- DISCHARGE 
(2"(3) (5)x(') (1"(1) tlJ (10) (., Teb .. 7 

AF .... AFXDDm AF DDIII AFXIIDIII AF DDIII AfXDDm AF AfXDDm DDft'I A;: AFXaDm AF 

Oct 36.1 492 17.8 11.0 829 9.1 2.4 1,126 2.7 22.7 5.9 1,000 3.4 5.4 11.2 

Nov 27.0 721 19.5 7.8 1,256 9.8 2.4 2,039 4.9 16.8 4.8 1,000 3.4 5.4 5.1 

Dec 39.8 728 29.0 5.6 1,717 9.6 6.8 1,846 12.6 27.4 6.8 1,000 3.3 5.4 2.4 

Jan 34.7 1,127 39.1 5.9 2,225 13.1 6.0 2,346 14.1 22.8 11.9 1,000 3.1 5.0 1.6 

Feb 282.9 194 54.9 16.2 2,091 33.9 9.1 1.036 9.4 257.6 11.6 1,000 3.1 5.0 1.7 

Mar 851.9 121 103.1 23.1 1,131 26.1 20.6 787 16.2 808.2 60.7 1,000 3.0 6.1 2.6 

Apr 607.1 170 103.2 24.9 1,125 28.0 13.7 1,805 24.7 568.5 50.5 1,000 22.2 34.7 2.4 

May 204.0 277 56.5 19.8 789 15.6 6.7 5,303 35.5 177.5 5.4 1,000 13.5 20.6 5.1 

I Jun 120.6 301 36.3 17.6 549 9.7 7.7 1,705 13.1 95.3 13.5 1,000 4.6 7.3 7.4 

- Jul 63.5 646 41.0 23.4 698 16.3 5.7 1,664 9.5 34.4 15.2 1,000 3.9 6.3 5.4 

Aug 59.0 564 33.3 25.5 739 18.8 4.8 813 3.9 28.7 10.5 1,000 0.0 0.0 3.6 

SaP 58." 288 16.8 17.1 726 12.4 0.7 1 158 0.8 40.6 3.6 1.000 1.8 2.9 6.5 

trP-.-IAi ~5.0 231 5SOA 197.9 1-,--Q23 202.5 86.6 1.702 147.4 2100.5 200.4 65.3 104.0 55.0 

(a) Stream flow and waw quality dalll for the San Joaquin River and Salt and Mud Slough were obtained from Table A01 and Table A-3. respectively. 
(bj Weiiiind raleiiDa: were ob!!!ined from Table 1. 

17 11 11 20 21 22 
LOAD SURFACEAMD LOAD FLOWS LOAD fLOWS 
FLOW SUBSURFACE FLOW (tl}xO.I2. FLOW (tl,.o.t" 

FACTOR DRAINAGE FACTOfl (tl)lO+ FACTOR (11)+ 
DISCHARGE (3O)T ... 7 (f) (2I)T ... 7 

(11).1.0 
AFXIIDIII AF AFXIIIN'II AF AfXDDm AF 

11.2 4.0 14.1 11.5 12.8 7.1 

5.1 1.2 5.0 6.5 7.8 3.2 

2.4 1.1 5.6 4.3 5.6 2.5 

1.6 3.6 9.0 3.4 4.6 4.9 

1.7 5.9 14.7 3.5 4.7 7.2 

2.6 9.6 22.6 4.2 5.5 11.0 

2.4 8.2 19.1 16.7 25.6 16.1 

5.1 7.5 17.4 13.2 18.4 12.9 

7.4 9.0 17.2 9.5 11.4 11.5 

5.4 9.5 17.9 7.2 8.9 11.6 

3.6 10.8 19.6 3.0 3.0 11.4 

6.5 4.3 9.6 6.5 7.3 6.1 

55.0 74.7 171.9 89.4 115.7 105.6 

(e) Agric:ultural drainage vollnle avaUabIe for weiland use waa assumed 10 be identical to ~ c;:.=ntitie !den!i~ in the SJVDP Final Report of Sept 1990. Monthly dia1ribution was calculated aa Col(13)-Co1(2) ofTablea 1-5. 
(d) The volume and quality agricultural drainage discharged to the gruslanda .... from the drainage ciatricts we. collected by Summers Engineering and updated wilh CRWOCB daia. 
(e) TDS load - Row estimates were calculated as Exp{(ln(Boron load in lba + Col (18) + 2000 + 0.00136.2.928] + 1.381} x Col (18) for monlhl Oct - Dec. Combined CRWRCB and SEI data wal used for ihe monlhl Jan - Sept 
(f) Calculated as Col (11) x 0.82 + Col (19) x o. Col (31) of table 1. 
(g) Calculated as Col (17) x 0.18 + Col (19)+ Col (27) of lable 1. 

23 
LOAD 
FLOW 

FACTOR 
(g) 

AFJDINn 

17.9 

7.8 

7.8 

10.9 

16.6 

25.8 

28.0 

23.6 

19.2 

19.2 

20.3 

11.0 

208.1 
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Table C27 (cont.). TDS mass balance analysis: 1986 hydrology : 

ADJUSTED LOW TDS FLOWS REQ. 
TO MATCH MEASl RED VALUES 

SAN JOAQUIN RIVER TDS CONCENTRATIONS - 1986 HYDROLOGY 
WITH PROPOSED ACTION WITHOUT INCREASED WETLAND USE 

(Flowe In 1,000. and Load-Flow Factors In 1,000,000.) 

ASSUMED IN TRANSIT TDS REDUCTION (h) SAN JOAQUIN RIVER 
SALT and MUD SALT MUD nr NEWMAN CONDITIONS 

Scenario 3. 

EFFECT OF PROPOSED ACTION 
(C ...... in flaw. Ind IoecI-fIow '1Ie1ar.J 

SALT SLOUGH MUOSLOUGH SLOUGH SLOUGH SLOUGH SALT SLOUGH MUD SLOUGH SJR nr NEWMAN 
24 25 26 27 28 21 30 31 32 33 34 35 3& 37 38 31 40 41 42 43 

TDS TDS TDSLOAD TDSLOAD TDS TOSLOAD- LOAD TDS LOAD TDS LOAD LOAD TOS 
R.OWS LOAD- FLOWS LOAD- (F ...... wIth- REDUCTION LOAD- R.OW FLOW FLOW YDS R.OW CONe. FLOW FLOW CONe. FLOW FLOW FLOW LOAD 

R.OW FLOW ouI condllan DUE TO USE FLOW FACTOR FACTOR CONe. [(21)+(25) FACTOR (23)+(27) FACTOR FACTOR (42)x1000 
(24) FACTOR (24) FACTOR (CoI(2I) +(31) OFSLD FACTOR (21)+1C1OO (11 )+(20)+(22) (12)+(21)+(23)+(25) ((20)+ (30))+ (21)+(25)- (22)+ (31»)+ (23)+(2l) .0.00138) 

TIibleCU (24) X 1.0 1T1b1eC&1 (26) X 1.0 ofT."Qt'l (28)x(1·" .0.001. (24)+(21) (21)-(31) (33)'(32) (24)H5) (20)+(24) (3O)H7) (2I)H8) (22)+(21) (31))-(10) (32)-{2) (33H4) (.'000) 
AF AFXNm AF AFIIarn Tone Ton. AFXIIDIft AFXDDm AF AFXDDm DDm AF DDm AFXDDm AF DDm AFIDDm AF AFIDam Tan. 

-2.8 -2.8 -1.5 -1.5 17.9 0.0 0.0 13.2 37.0 19.2 518 -2.3 1,094 0.9 3.2 719 0.5 0.9 1.4 1.9 

1.3 1.3 0.1 0.1 1.2 0.0 0.0 0.9 27.9 20.9 748 0.0 1,173 -0.7 0.9 2,101 2.1 0.9 1.4 1.9 

1.3 1.3 5.0 5.0 -5.1 0.0 0.0 -3.8 40.5 30.3 749 0.0 1,242 -2.7 0.7 2,203 4.0 0.7 1.3 1.8 

0.3 0.3 4.0 4.0 -7.0 0.0 0.0 -5.1 35.4 36.9 1,043 -2.2 1,331 -8.2 2.9 2,259 6.0 0.7 -2.2 -3.0 

8.8 8.8 6.6 6.6 -3.3 0.0 0.0 -2.4 283.7 SO.7 179 -3.9 1,100 -20.4 4.7 1,856 16.2 0.8 -4.2 -5.6 

12.0 12.0 16.5 16.5 33.0 0.0 0.0 24.3 851.9 96.2 113 -6.9 1,076 -8.7 6.9 656 1.8 0.0 -6.9 -9.3 

8.7 B.7 5.9 5.9 13.9 0.0 0.0 10.2 615.9 108.4 176 0.5 1,352 6.3 8.3 1,075 -1.1 8.8 5.2 7.1 

4.5 4.5 0.8 0.8 -5.6 0.0 0.0 -4.1 208.9 56.8 272 -2.1 1,296 7.3 7.0 2,080 -7.0 4.9 0.3 0.5 

4.1 4.1 4.l 4.2 23.6 0.0 0.0 17.4 124.6 35.1 282 -4.0 1,143 5.8 8.0 386 -7.1 4.0 -1.2 -1.6 

11.4 11.4 2.6 2.6 24.8 0.0 0.0 18.2 67.2 39.1 582 -4.8 1,090 4.0 8.5 255 -5.9 3.7 -1.9 -2.6 

13.9 13.9 2.0 2.0 32.0 0.0 0.0 23.5 59.0 26.1 443 -8.6 1,000 -2.0 8.6 -94 -5.2 0.0 -7.2 -9.7 

8.3 8.3 -1.5 -1.5 18.4 0.0 0.0 13.5 60.0 15.2 254 -2.3 1053 3.2 3.9 -873 -4.8 1.6 -1.6 -2.2 

71.8 71.8 44.7 44.7 143.8 0.0 0.0 105.7 2412.0 535.1 222 -3R.7 -15.0 63.7 -0.3 27.0 -15.3 -20.9 

(h) Theoretically salinity should not accumulate within the channels conveying drainage through the wetland area nor should their be any .igni~ .~ ioad flushed from !hess channels oyer an anfUll period. 



N o 
~ 

MONTH 

Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sap 

TOTALS 

Table e28. TDS dilution requirements: 1986 hydrology: Scenario 3 

Dilution volume required to restore the SJR at Newman to the same TDS 
concentration without the project, assuming no Salt Slough diversions to wetlands. 
Assume additional wetland water supply. 

1 2 3 4 5 6 

INCREASED TDS FLOW TDS TDS DILUTION 
TDSLOAD LOAD FLOW NEWMAN CONCWITH CONCW/O VOLUME 

DUE TO USE FACTOR PROJECT PROJECT TO MATCH 
OF THE S.L. ( 00133) FWO CONC.(a) 

DRAIN (col 29) (x 1000) 
tons KAFxppm KAF ppm ppm AF x1000 

0.0 19.2 37.0 518 492 1.959 
0.0 20.9 27.9 748 721 1.046 
0.0 30.3 40.5 749 728 1.170 
0.0 36.9 35.4 1,043 1,127 -2.641 
0.0 50.7 283.7 179 194 -22.049 
0.0 96.2 851.9 113 121 -56.793 
0.0 108.4 615.9 176 170 21.866 
0.0 56.8 208.9 272 277 -3.784 
0.0 35.1 124.6 282 301 -7.891 
0.0 39.1 67.2 582 646 -6.668 
0.0 26.1 59.0 443 564 -12.680 
0.0 15.2 60.0 254 288 -7.108 

0.0 534.9 2412.0 -93.6 

7 

DILUTION 
VOLUME 

TO MATCH 
FWO CONC.(b) 

AF 
1,959 
1,046 
1,170 

0 
0 
0 

21,866 
0 
0 

. 0 
0 
0 

26,042 

(a) annual dilution volume (including months with negative dilution volumes) - AF x 1000 
(b) annual dilution volume (only those months where dilution is required) - AF 

Assume dilution water contains 1600 ppm TOS 



Appendix 0 

Flow, boron, selenium and TDS data 
collected by Summers Eng. Inc. and 
supplemented with CRWQCB data. 
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35 
34 
63 

1230 
10911 

70 
70 

1114 
1 SO 
62 

126 
212 
140 

S8 
5 
o 

26 

1102 
1203 

60 
78 

232 
101 

14 
10 
sa 
sa 
28 
36 
51 
37 

123 
731 

50 
III 

127 
209 
151 
173 

96 
127 
65 
11 
o 
o 

1094 
1206 



N a 
U-

All 
lIow 
SE! 

Total 

3.1 iii 
5 •• , 
1iI.20 
.23. 
7511 
'Olt 
iii. 5 iii 

'0'2' .34. 
•• 21 
.077 
4350 

.3823 
7 •• 0. 

37 .. 
5557 
730. 
7U. 
".2 

'00'. 
1t3U 
10201 

5711 
3 ••• 
2312 
2171 

773.7 
.43111 

3333 
12 •• 
725. 
5555 
5812 
7157 
1l1iI2 
•• 0. 
4412 
1103 
140. 
,.0a 

13151 
.7071 

2.21 
.004 
.70. 
513. 
5142 
... 3 
73 •• 
1777 
n8. 
illS 
2143 
272. 

5.310 
5 •• 22 

TDS.Updated • .bined data 

3.15 3.15 
3.'5 3.'5 
3.71i1 3.7' 
3 .• 0 3.10 3.50 
3." 3.70 3.5' 
2.12 3.30 3.01 
3.22 3.22 
2.7' 3.20 3.00 
3.7. 3.10 3.'7 
3.0' 3.ot 
2.2' 2.21 
3.52 3.52 

lUO 3 .• 0 
•. 52 3 .• 7 •. 25 
•. 12 ..12 
3.71 •. 3' •. 01 
3.15 2.'3 3.0. 
3.01 3 .• 0 3.21 
3.0. 3.05 3.05 
2.to 2.to 
3 .• 3 3.12 3.2' 
3.81 •. 75 •. M 
3.12 ..55 •. tt 
3.03 3 .• ' 3.25 

5.30 5.30 
..30 •. 30 
•. 20 3.12 •. 01 
4.'5 •. 15 

4.25 •. 25 
4.00 3.2' 3.'4 
2.t3 2.1i13 
3.21i1 2.10 3.10 
3.51 3.31 3 .• 5 
3.53 5.ot •. 3' 
3.11 • ••• •. 25 

4 .• ' 3 .• t •. tt 

•.• 0 •. 11 •. 3' 
3.to •. 22 4.01 
4.10 4.70 •. 71 
15.10 .... ..7' 
1.00 3.12 4." 
3.40 3.40 
3.10 3.02 3.31 
3.70 3.22 3." 
3.50 3.'5 3.51 
•. 70 &.71 5.23 
•. 70 4.75 4.73 
3.30 4.15 3.73 
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TOSUpdated • .bined data 

b1 

I·········· panoch.\·?pW~~~~U::.:.Matricl ••• 1.. . No ... ·go 0····· .. ··0 
Ilow Ee Ee }~{:~~::::::~:}?J~<:: TDS lIow Ee 
SEI 

:;~~ •• S8 SEI 
Total Total Alii 

I AF mmho mmho ::::::iWii&j:·::::::::::ii:ini'::::: PDIII Af mmhc 

I 
1 iii 85 Oct 

Ncow 
Dec 

HI811 Jan 1478 3.15 3.15 .430 220. 1821 3.87 3.87 117011 270. 2117 3.22 3.115 3 .•• .73 2.0. 53 '.37 11.00 lI.ft 
F.tI 2233 3.65 365 7758 255. 211211 3.52 3.52 11101 2.113 1121 3.03 2.10 2.112 1731 20311 IS. 5.30 5.30 5.30 
u. 25114 3.711 3.711 11355 2652 511114 3.24 3.24 11411 2217 570 2.lIe 3.10 3.05 1152 2131 412 3." 2.20 2.'2 
Apr 3611 3.40 3.110 3.50 12050 24411 21 .. 2.72 2.72 72U 11103 1154 3.110 3.'0 3.85 422. 2lt4 144 4 .• 5 3.110 4.13 ... 3852 3.48 3.70 ~.511 131511 2512 22111 2.57 2.57 5427 17el 1230 3.17 3.50 3.l1li Ul!o 257. 210 2.12 5 .• 0 4.11 
Jun .225 2.82 3.30 3.08 12303 2Ul 21117 '.11' '.111 5571 1371 '"4 2.11. 2.111 2.117 3375 207. .13 •. 03 3.'0 3.'2 
Jul 4378 3.22 3.22 13415 2253 33110 1.83 1.83 5851 1210 1343 2.88 2.11 3'" 2015 37. 3.71 3.71 
Aug 31173 2.711 3.20 3.00 11323 20111 50114 2.211 2.21 lOllS!! 1581 1204 3.17 2.80 2.l1li 3420 208' 550 2.23 1.70 1.'7 
s.p 207. 3.74 3.10 3.17 72111 2561 2117 2.15 2.115 53311 115. II 2." 3.21 3 .• 0 200 2"3 12 4.02 4.40 4.21 
Oct 1210 3.0' 3.0' 3551 2112 300. 3.04 3.0. 8702 2127 340 2.14 2.14 854 1147 .. 3.07 3.07 
Ncow 1l1li3 2.28 2.21 4324 1595 3785 1.111 1.11 18711 133. 2111 2.70 2.70 7111 11.0 3 7.20 7.20 
Dec 1124 3.52 3.52 5 .. 0 24113 2400 2." 2." 5002 1532 321 3.52 3.52 10.2 24113 o 7.00 7.00 

CYr 33257 104374 3852. 111001 .111 211.5 32,. 
WVr 31573 .,052 323.4 75US 715. 23471 311. 

11187 Jan 11122 3 .• 0 3.40 12111 23711 1412 3.41 341 41411 2421 31t 3.1e 3.70 3.45 1210 24" 45 1.57 1.57 
Feb 2141 4.52 3.117 4.25 10l1li7 2117(1 2077 4.1511 4.1' 11270 3212 4112 3.52 3.70 3.11 11110 2521 340 5.411 5.35 5.42 
u. 3012 4.12 4.12 12005 2813 2200 SIS SIS 10712 3104 1127 3.117 3.117 4251 2771 11111 5.24 5.24 
Apr 2874 3.71 4.31 4.01 101117 2801 2133 2.17 3.01 2.111 1020 2012 1128 3.20 3.3' 3.30 21110 2301 101 4.111 4.61 ... 3244 3.15 2.113 3.04 10507 23.2 3442 2.55 2.14 2.35 7 .. , 1141 1141 3.04 2.90 2.117 21711 2071 301 3.15 4.61 4.23 
Jun 4443 3.01 3.40 3.21 13551 2243 31132 2.14 2.32 2.5' UOI 1105 .47 4.02 3.1' 3.'0 21102 25111 1112 4.1' 3.61 3.90 

N 
Jul 5042 3.04 3.05 3.05 141110 2131 42111 2.13 2.35 2.411 111117 1742 1237 4.0' 3.30 3.111 4344 25.2 845 2.53 3.45 2.l1li 

0 Aull 43l1li 2.90 2.90 12140 20211 43aO 2.23 2.23 1311 1510 11311 3.41 3.'" 30CT 23ae 47. 3.13 3.13 

0'\ s.p 2380 3.43 3.12 3.2' 7417 22111 2773 2.43 2.31 2.37 11254 ,.5. 55. 3.'. 3.53 3.70 11112 25.5 0 3.32 3.32 
Oct 1321 3.111 4.75 4.38 5475 3047 2142 2.11 2.71 2.611 5473 11711 31 3.65 1.'3 125 2553 0 2.73 2.73 
Ncow "5' 3.'2 4.55 .. ,. .112 2112' '204 3.07 3.10 3.34 3121 2334 o 3.13 3.'3 0 C 4.55 •. 55 
Dec 1143 3.03 3 .• 1 3.25 56111 2271 17. 7 .• 11 7.51 7.50 1271 5250 1411 3.52 3.52 .1111 2412 0 10.22 10.22 

CYr 34336 113811 30703 .511411 71130 25826 41111 
WV, 34841 111435 31371 1151110 1407 277011 .7l1li 

,.11 Jan 2141 5.30 5.30 10.23 3701 117 7.711 •. 73 1.2' .0111 43711 377 3.40 3.50 3.45 1231 2.,5 123 1.03 5.10 5.12 
Fat! 2861 •. 30 •. 30 11727 300t 2344 3.22 3.22 7112 2253 UI 3.85 3.'5 1744 2l1li4 510 3.51 3.51 
u. 3120 4.20 3.112 •. 06 12054 21., 2,.5 •. 2' 3.60 3.114 8t17 2757 "111 •. 44 •. 112 •. 53 50311 3170 .04 •. 31 4.30 4.31 
Apr 2356 4.65 4.15 10425 325. 2151 3 .• 7 3.47 7103 2421 120 •. 45 •.• 5 2525 3113 42. 3.73 3.73 ... 2634 4.25 •. 25 10653 21174 2778 2.113 3.85 3.311 11162 2372 126 •. 21 •. 21 513 211114 444 •.• 0 5.00 4.90 
Jun 3753 4.00 3.21 3.6. 13000 2547 3001 2.71 2.83 2.611 71.11 1184 120 •. " 3.50 3.11 .35 21115 1183 •. 11 4.20 4 .• ' 
Jul 4413 2.113 2.83 12304 2050 3525 2.112 2.112 117115 2043 540 4." 4.M 23115 3211 514 3.30 3.30 
Aug 3111n 3.211 2.110 3.10 11754 21151 3174 2.52 2 .• 5 2 .• ' .,11 17311 532 1.45 3.25 •. 85 2455 33.3 1007 •. 30 4.45 4.38 
s.p ,.74 3.51 3.31 3.45 1471 2410 1 Itt 2.00 2.11 2.43 4104 1700 2'5 3.10 3.10 870 2"8 152 4.4' 5.20 4.15 
Oct 788 3.53 5.0t 4.31 3236 30" 851 3.58 3.041 3.33 2708 2321 150 5.31 5.37 5.38 717 3710 8 3.01 2.11. 3.00 
Ncow .01 3.61 4.8. •. 25 32311 21173 402 2.05 2.05 714 143. 203 4.'1 5.011 4.l1li 1113 3 ... o 7.30 S.55 5.43 
Dec 1301 4.411 3.88 .. ,. 5117 21132 125 1.50 4.77 5.14 170 3841 182 3.00 •. 811 3.115 183 27511 o 11.27 5.33 7.30 

CYr 30U4 110173 238 •• 70.GI .7110 ,.727 5023 
WVr 31575 1141188 21041 77271 4440 171131 5015 

,.811 Jan 1817 4.10 4.11 •. 38 1755 3072 .81 1.90 4.90 3.40 3,.7 237. , .... 70 5.42 5.01 1116 3542 30 8.70 5.11 7.25 
FtC 3208 3.90 4.22 4.01 123N 2.41 18117 3.110 2.70 3.30 51157 23011 583 5.10 4.15 4.111 2710 3411 315 .... 4.110 4.77 
U. 2507 •. 10 4.70 •. 75 11332 332. 157. 4.20 5.10 4.15 .113 3254 432 5.10 5.82 5.41 2245 3121 117 5.111 4.33 4.117 
Apr 2'" 5.10 4.41 4.71 10110 3344 2228 3.50 3.15 3.51 7580 2502 7t5 5.'0 It.12 5.38 3800 3750 451 5.00 5.13 5.07 ... 22113 5.00 3.12 4.41 .132 3121 242' 3.10 3.11 3.11 7171 2173 585 1.00 5.47 5.74 3113 4013 335 4.114 5.41 5.20 
Jun 2430 3.40 3.40 7812 237. S075 3.20 2.18 3.03 1"1 2120 172 4.20 6.21 5.24 3351 3117 801 4.50 4.40 3.40 
Jul 26,. 3.10 3.02 3.31 8240 2318 310. 2.70 2.GO 2.80 101411 11511 411 5.10 4.42 4.71 11111 3331 504 4.04 3.11 3.61 
Aug 2451 3.70 3.22 3.41 8013 2421 3111 2.10 2.041 2.08 7157 1455 601 3.40 6.15 4.7' 2731 3341 102 3.71 1.11 
s.p , .. 0 3.50 3.15 3.51 557. 2501 1823 3.00 2.40 2.70 400 11" 364 4.20 4.11 4.51 157. 3111 It 2.11 3.40 3.04 
Oct 827 4.70 5.71 5.23 4111 3110 7 .. 2.10 3.73 3.17 2401 2214 110 4.00 •. It 4.10 234 2 ... o 4.78 4.72 4.75 
New 1042 4.70 4.75 4.73 4 .. 5 3301 10117 1.110 3.111 2.55 2857 1711 0 3.90 3.110 0 4 5.111 4.70 4.115 
Dec 1122 3.30 4.15 3.73 1458 2101 171 3.80 4.21 4.03 25.1 281. 0 3.01 3.01 0 221 5.20 2.1' 4.04 

CYr 24175 e1230 23817 III" 4147 22 .. ' 302t 
2212' 153118 5122 24815 27l1li 
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Updaled arc. oed clara 

............ ~.~~.~J ............ '. ............ ~~~ Wale. OISll'IC ................ 'f ....J All All Upcj~~: All ~f4~ 

::.:~ :: .~ :::. :: :! ::~' ::. :~ :~ ~ .:- .: .. !! .•. ~ ..• ~ 
Incomplele data 0 36 21 21 2 2 - II 2.1 269 274 ••• , 628 &26 46635 46690 

o 2 4 4 0 0 6 II 1.1 37 37 1220 197 197 18572 111668 
o 0 0 0 0 0 0 1055 151 1511 22325 223113 

34 4.7 41 2491 2956 53 9 1U 62 1 9 69 64 6.1 992 957 3619 543 547 56814 57217 
2.9 3.2 3 I 4972 5210 151 74 92 83 31 35 50 57 5.4 21~2 2270 5941 7111 11111 75153 75419 
2.' 3.2 30 4264 4112 412 13 31 25 11 31 31 III 2.7 4524 3393 9620 14311 1454 126U5 125831 
4.5 5.5 50 1"25 15116 644 110 117 69 140 155 33 31 3.6 57111 6211 11234 1348 13!19 96823 1011642 
49 40 4.5 16393 148111 210 15 100 51' 33 29 50 4.0 16711 2211 7511 1110 1131 1011551 106106 
21 3.5 30 11347 9157 113 U 75 60 73 99 32 311 3.5 5302 5119 90111 987 1071 831155 115398 

:: 3.9 :: :!~~~ !~~~: ~~::: 23 :~!~ ~! ~ : 1 5 ~:: :::: ~~~:I 1~::~ I ~!~ 1 ~~~ 1 ~~~~~ I ~~!~: 
4.5 5.0 47 8311 177 12 39 65 53 II 12 44 49 4.7 9114 10311 4346 663 650 61017 .40011 
2 II 29 2719 2112 II 7 7 1 1 3 6 3.~ 673 616 4621 159 1159 606511 607131 
30 3.1 33 2431 2115 J 4 J2 II 0 0 J 7 19 2.1 JO 23 6077 261 2114 411141 5J003 
42 4.1 42 3751 3693 0 0 117 97 0 0 55 5.5 II 0 4350 722 725 36U8 40611 

117462 19214 3219 310 473 28316 28193 13623 10110 110el 925167 961774 
71561 10174 3111 311 474 27971 28516 117153 9949 10114 111153 1102111 

40 3.11 39 3975 3944 45 5 124 IS 1 II 611 1.0 13 103 769 3746 514 520 42923 42159 
31 44 3. 4149 5018 340 93 114 104 81 96 41 52 4.9 4263 4536 5557 1419 1351 91131 96235 
3.2 32 9171 91011 919 92 92 230 230 40 40 10024 !lt99 7301 1671 1672 109451 1097111 
29 3.5 32 7320 1077 101 77 12 110 111 173 34 43 3.9 7401 1381 7431 1075 1213 73079 97794 
3.4 3.0 32 1793 8264 301 75 102 19 83 74 32 41 3.1 2651 3045 7942 957 900 11820 79321 
4.5 3.6 41 10459 9377 912 65 65 65 170 i 70 42 35 3.9 11095 10126 10084 1117 1246 104034 110903 
3.1 35 36 12752 12264 US 52 1 211 119 67 11 52 3.5 4229 1090 11343 1210 1232 81956 106155 

N 3.6 36 9169 9195 471 50 50 IS 65 23 23 2925 2!190 10206 1137 1131 101053 101111 

8 39 3.9 3.9 51119 5904 0 47 47 0 0 30 30 0 0 5711 6112 609 1011786 115092 
4.4 44 683 431 0 31 31 0 0 24 2.4 0 0 3499 451 496 4550. 48087 

34 34 0 0 0 63 13 0 0 47 4.7 0 0 2362 301 294 21355 J4259 
3.2 32 1216 1297 0 21 21 0 0 24 2.4 0 0 2171 374 313 26562 29243 

742711 73511 4691 901 1183 43402 47944 77367 11059 11130 197161 9415117 
11277 10193 47611 903 1114 44101 U633 143111 lI774 11834 943781 9114342 

29 31 30 3015 3097 123104 115 11535 32 51 45 4.1 1706 1106 3333 831 17513351 63220 
31 3.1 4946 4920 510 39 311 511 511 27 2.7 4082 4113 6241 1179 980 79110 79184 
46 1.3 54 14627 17250 104 69 92 66 ISO 143 3.4 37 35 1944 7742 7251 1566 1465 109165 111152 
47 41 79211 7926 421 119 119 110 110 2 I 2.6 3219 3027 5555 11114 1054 740116 73670 
51 56 1902 1919 444 115 93 III 102 107 311 40 4.0 5193 4182 5912 1115 951 71847 111&32 
4.5 311 41 14116 1353 913 77 76 71 694 203 40 311 3.9 16002 10321 71157 1654 10lt 110914 111611 
6.9 69 1111 10135 514 36 36 at 50 31 3.1 9693 4334 81192 988 1074 119122 93114 

11.0 2.9 70 1227 10057 1007 71 61 69 310 119 11 46 2.9 14933 7147 9404 1102 1041 1009113 94655 
33 33 1305 2648 15230 71 5134 21 4.1 57 5.332111 2171 4412 479 52646364 411337 
70 13 66 2841 27011 610 32 21 0 31 23 2.7 71 59 1803 320 364 21639 211091 
45 46 45 2468 2504 0 4 44 24 0113 30 72 1406 219 26420555 21112 
30 47 39 1415 1906 0 7 81 U 0 15 I 52 10.5 1601 392 349 30619 21936 

44332 81423 1144 1553 III 67130 46001 631151 10631 10023 104841 112533 
39430 81032 8131 1552 US eT059 45942 67071 101127 10219 825453 845413 

53 1.0 51 2111 2151 30 129 99 114 12 II 13.5 10 91 751 7911 2821 470 597 41354 41315 
73 3.8 S.S 11576 .64231592 53 737. 6. 48 JI 4.24541 3599 6004 1090 9111 '9325 10706 
47 5.9 5.3 5523 S221 117 52 17 70 21 35 5.9 3.1 4.5 2619 2289 4704 1215 1329 710111 110.4 
5.3 5.0 52 10740 10436 451 79 125 102 91 12! 4.5 40 4.3 5214 5214 51131 1213 1307 1t541 19716 
77 '.7 72 12252 11457 335 7. 100 II 19 10 52 4.' 4.9 4192 .. IS 5642 1117 1075 13924 12429 
45 7.9 1.2 1225 11333 101 17 91 19 191 195 3.7 3.1 3.1 7454 1221 "13 1052 1021 14517 17555 
7.4 5.3 1.4 8434 7237 504 52 51 55 71 7! 2.1 2 I 2.1 3014 3831 7341 131 124 13033 111410 
3 I 1.5 6.~ 1212 10054 102 50 61 51 14 16 2.1 2.1 694 777 8777 411 544 17205 72329 
1.4 5.7 1.1 6337 5990 II 15 .. 32 2 5 2.4 3.0 27 551 4.. 3681 532 411 60114 53963 
50 4.5 4.7 .09 772 0 14 70 42 0 0 4.1 4.9 4.9 1686 413 .. 0 27521 30905 

'.7 41 0 0 4 44 69 57 0 1 71 4.4 5.1 2143 430 394 31340 33535 
2.1 2.1 0 0 221 31 39 35 0 22 13 25 44 272. 1011 315 215111 311114 

727111 75006 559 125 29104 29U2 52110 11979 9315 757971 713023 
7117111 111353 2799 560 104 29175 29701 54122 8960 9143 757345 759177 
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Appendix E 

Detailed maps of water supply facilities 
in State and Federal Refuges and 

Management Areas 

E1 • E4 
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Appendix F 

Land use data for management areas 
defined in GRASDIN model 
(Philips and Quinn, 1988) 
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Figure F-l Map showing the breakdown of the Grassland area into water service 

subareas (Phillips and Quinn, 1990). The land use data appears in 

Appendix F. 
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.J 

/ 

200 1988 
1 .95 
7 .95 
8 .95 

12 .95 
15 1.00 
20 1.00 
21 1.00 
22 1.00 

201 1988 
1 .95 
5 .95 
7 .95 
8 .95 

12 .95 
15 .95 
19 .95 
20 1.00 
21 1.00 
22 1.00 

202 1988 
20 1.00 
21 1.00 
22 1.00 

203 1988 
1 .96 
5 .95 
7 .95 
8 .95 

12 .95 
15 .95 
19 .95 
20 1.00 
21 1.00 
22 1.00 

204 1988 
7 .95 
8 .95 

12 .95 
20 1.00 
21 1.00 
22 1.00 

205 1988 
1 .96 
5 .95 
7 .95 
8 .95 
9 .95 

12 .95 
15 .95 
17 .95 
18 .95 
19 .95 
20 1.00 
21 1.00 
22 1.00 
23 1.00 

206 1988 
1 .96 

17 
40. 
18. 
29. 
32. 

2160. 
437. 
581. 

41. 
18. 
96: 
42. 
33. 
95. 
13. 

5221. 
1058. 
1403. 

4919. 
982. 

1348. 

24. 
11. 
58. 
25. 
41. 
35. 

8. 
3130. 

635. 
841. 

27. 
12. 
56. 

1461. 
296. 
392. 

52. 
24. 

125. 
55 . 
16. 
44. 
76. 
14 
3. 

17. 
6758. 
1370. 
1816. 

10. 

19. 

TYPE H - WOU 200 

TYPE H - WOU 201 

TYPE H - WOU 202 

TYPE H - WOU 203 

TYPE H - WOU 204 

TYPE H - WOU 205 

TYPE H - WOU 206 
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5 .95 
7 .95 
8 .95 

12 .95 
20 1.00 
21 1.00 
22 1.00 

207 1988 
7 .95 
8 .95 

20 1.00 
21 1.00 
22 1.00 
25 1.00 

208 1985 
20 1.00 
21 1.00 
22 1.00 

209 1985 
5 .95 
7 .95 
8 .95 

20 1.00 
21 1.00 
22 1.00 

210 1988 
20 1.00 
21 1.00 
22 1.00 

211 1988 
1 .96 
7 .95 
8 .95 

12 .95 
20 1.00 
21 1.00 
22 1.00 

212 1988 
20 1.00 
21 1.00 

213 
1 
5 
7 
8 
9 

12 
15 
17 
18 
19 
20 
21 
22 
23 

1988 
. 96 
. 95 
. 95 
. 95 
. 95 
. 95 
. 95 
. 95 
. 95 
. 95 

1.00 
1.00 
1.00 
1.00 

214 1988 
7 .95 
8 .95 

9. 
46. 
20. 
61. 

2412. 
489. 
649. 

40. 
11. 

1275. 
258. 
345. 

30: 

2942. 
80. 

4400. 

5. 
32. 

8. 
1460. 

296. 
392. 

3069. 
850. 
970. 

10. 
40. 
11. 
22. 

1589. 
371. 
396. 

2400. 
415. 

87 . 
39 . 

208 . 
91 . 
26 . 
73 . 

127 . 
23 . 

5 . 
29 . 

11223. 
2275. 
3017. 

17. 

5. 
4. 

TYPE H - WOU 207 

TYPE H - WOU 208 

TYPE H - WOU 209 

TYPE H - WOU 210 

TYPE H - WOU 211 

TYPE H - WOU 212 

TYPE H - WOU 213 

TYPE H - WOU 214 
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12 . 95 9 . 
20 1.00 263. 
21 1.00 53. 
22 1.00 70. 

TYPE H - WOU 215 
215 1988 

1 . 96 35 . 
5 . 95 15 . 
7 . 95 82 . 
8 . 95 32 . 
9 . 95 9 . 

12 . 95 76 . 
~ 18 . 95 9 . 

19 . 95 20 . 
20 1.00 4430 : 
21 1.00 868. 
22 1.00 1190. 

TYPE H - WOO 216 
216 1988 

2 . 95 2 . 
7 . 95 23 . 
3 . 95 23 . 

20 1.00 760. 
21 1.00 154. 
22 1.00 207. 

TYPE H - WOU 217 
217 1988 

7 . 95 20 . 
17 .95 20 
20 1.00 600. 
21 1.00 121. 
22 1.00 161. 

TYPE H - WOU 218 ) 
218 1988 

7 . 95 77 . 
17 . 95 91 . 
20 1.00 2597. 
21 1.00 526. 
22 1.00 698. 

TYPE H - WOU 219 
219 1988 

1 . 96 5 . 
5 . 95 9 . 
7 . 95 69 . 
8 . 95 20 . 
9 . 95 6 . 

12 . 95 17 . 
17 .95 10 
19 .95 13 
20 1.00 2477. 
21 1.00 513. 
22 1.00 666. 

TYPE H - WOU 220 ./ 

220 1988 
7 . 95 57 . 
8 . 95 16 . 

12 . 95 45 . 
20 1.00 1866. 
21 1.00 378. 
22 1.00 504. 

TYPE H - WOU 221 
221 1988 

7 . 95 27 . 
8 . 95 8 • 

12 . 95 11 . - 219-
17 . 95 5 . 



19 . 95 8 . 
20 1.00 937. 
21 1.00 190. 
22 1.00 252. 

222 1982 
7 . 95 18 . 

17 . 95 22 . 
19 . 95 7 . 
20 1.00 703. 
21 1.00 142. 
22 1.00 188. 

223 1982 
3 .95 7: 
7 . 95 25 . 

12 . 95 10 . 
17 . 95 8 . 
19 . 95 10 . 
20 1.00 926. 
21 1.00 188. 
22 1.00 249. 

ALFALFA 
ALF SEED 
BARLEY 
BEANS 
BEETS 
CORN 
COTTON 
GRAIN 

") MELONS 
MILO 
MISC FLD 
MISC TRK 
NATIVE 
NURSERY 
PASTURE 
POTATOES 
RICE 
SAFFLOWER 
TOMATOES 
SEASONAL WETLANDS 
PERMANENT WETLANDS 
MANAGED UPLANDS 
OTHER UPLANDS 
UNIRRIGATED CROPLANDS 
NO CROP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0.96 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.96 
0.95 
0.95 
0.95 
0.95 
1.00 
0.96 
0.96 
0.95 
0.96 
0.95 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

- 220-
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TYPE H - WOU 223 

TYPE H - END OF DATA 
TYPE I - CROP CODES 



Appendix G 

Monitoring stations within the Grassland area 
and frequency of measurement 
(Summers Engineeering, 1991) 
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Figure G- 1. Monitoring stations within the Grassland area (Summers, 1991). 
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Table G -1 Detailed description of monitoring sites within the Grassland area 

LOCATlON 

Routine G,.. ..... monitoring ....... listed In SWRCB (,.,) 

1 IBroadview Drain 

2 IMain Drain (Firebaugh) 
Russell Blvd. 

3 ICCID Main CcnII 
Russell Avenue 

4 IPanoche Drain al OBanion 
Agalha Canal 

GWD BV-3 C 

CRWOCB MER556 
GWD FC-5 C 

. .. - ............. . 
·:::\::t:lIf:{? 

CRWCB t MER510 

·:<Nj_d/); 
CRWOCB MER501 

GWD PE-14 I C 

M 

M 

M 

SUFFACE WATER MONTORNiv.8 

M I M 

M I M I M 
M M 

M I M I M 

M 

M 
M 

M 

M I M I M I M 
C M M 

DPFU 
PT2D 

DPFU 
PT2D 

DPFU 
PT2D 

lit • 

TREND 
OPER 

TREND 
OPER 

TREND 

TREND 

May 84-

Mar 81-

.AJ1y84-

DPFU 
PT2D 

TREND 

~ 

~~151~A~-~a~~m~~-ld~~·--~I~CRW-OC~BI:=):~~~j'!~H::::'~I-M~IM~I-M~IM~I-M~I~I~I~I~I~~~--~--~~ 

6 IAgatha canal 
al locaIion of Main Canal 

7 IAgatha Canal 
1.5 miles north of main Canal 

8 ICoIony Branch 12 

al Swill Road 

9 ICoIony Branch , 3 

at weir • wesI 01 Swill Road 

10 IRice Drain 
81 Grassland boundary 

11 IPacheco Outlet on Hamburg Drain 
between Main and Outside Canals 

GWD ~~G1 

:>;>fl. 
CRWOC8 I MER506 

Gl-4E 

·:::::f.::~ 

GWD GL-5 M 

GWD GL-6 M 

GWD CCI~8 M 

GWD PCC-1 CRWCCB I MEA509 I 
::::::ff:2f:h(:::: 

CRWOCB MER504 I 
GWD ~1 M 

':::fn/)::: 

M I M M 

M M I M I M M 

M I M M 

M I a 

a I A 

M M M M M 
M a M 

M M M M M 
M M M 

PaQe 1 

DPFU 
PT2D 

DFPU 

TREND 

TREND 

TREND 

TREND 

TREND 
PT2D OPER 

DFPU TREND 
PT2D OPER 

Novas-

Nov as-

Novas-

Novas-

Apr 85-

May 84 -



N 
N 
U\ 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

LOCATION 

Camp 13 Canal 
nonh of main Canal 

Charleston Drain 

at location of Main Canal 

Charleston Drain 

at location of Gadwall Canal 

Almond Drive Drain 

at location of Main Canal 

Mueller Weir 

Sal luis CalaI 
at location 01 Highway 152 

Sal luis CanaJ 
below San luislSanta Fe splil 
(San luis spillway) 

Salta Fe Canal 
at Mud Slough diversion poim 

at Henry Miller Road 

Boundary Drain 

at Fish and game pumping Slallan 

SaIl Slough 

in the low wafer channel 

SaIl Slough 

at locaIion 01 Herelord Road 

AGENCY STAllCH 
(CURRENT) 10 

CRWOCB MER505 

GWO Gl-3 

USBR DSAGWOO1 
~~ 

CRWOCB t MER502 
Gl-2 

>}2.~ .. ···· 

GWD CH-1 

CRWOCB MER555 

GWD CCID-6 

·····~25 >< 
GWD 5l-17 

CRWOCB MER527 

GWD CCID-5 

USBR OSAGW008 ... ,. ... 

GWD Gl-24 

USBR SFC101 

GWO Gl-25 

CRWOCB MER521 

Sl-2 

: ·disk'::::) 
GWO Sl-1 

CRWOCB MER528 

.:/+8 ..... :: 

~ 

SURFACE WATER MONTORING V.S 

PHYSICAL DATA CHEMICAL 810 - RESOURCE DATA MONITORING USE OF DATA LENGTH OF 
Flow Temp pH EC Sa a egga bird. fIah Invert ~. ather PLANS (PURPOSE) RECORD 

M M M M M DFPU TREND Nov85-

M M M M PT2D OPER 

M M M M M DFPU TREND Nov85-

PT2D 

M M M M TREND 0ec84 -

OPER 

M M M M M DFPU TREND 

M M M M PT2D OPER Nov84-

M a M HIST Jun85-

M M M M M DFPU HIST Nov85-

I 

M M M M PT2D OPER 

I 

M HIST Nov85-

MO OPER Oct 85 -

M M M M M DFPU OPER Jan85-

PT2D 

M M M TREND Jan85-

M M M 

M M M M M DFPU COMP 

PT2D TREND 

----

Page 2 

, 



tv 
N 
0'\ 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

'-

LOCATION AGENCY STAnON PHYSICAL DATA 

(CURRENT) ID Flow Temp pH 
San Luis Creek GWO GL-l1 M 

allocalion 01 Ingomar Grade 

Ganas Creek GWO CCI~l M 

at Verdi (Wonhy) weir GL-12 

City Drain GWD GL-23 M 

allocalion 01 Mud Slough 

~ii,25b· 
Calilornia AquedUd GWO GL-31 M 
al Check 13 (near Hwy 207) 

Deha Mendola Canal GWO GL-32 M 

al Check 13 (near Hwy 207) 

Mendota Pool GWO GL-33 M 

al locaIion 01 Mowbray Bridge 

'--- --

Monllorlng of the s.n .JcNtquln RIver .nd Ita IrlbuUriee In the vldnHy of Or ...... 

San Joaquin River CRWOCB MER522 W W 
al Lander Avenue USGS 260815 C 

OWR 807400 C 
.. :.::,:ii. .... :.:: .. : 

SaIl Slough CRWOCB MER531 W W 

at Lander Avenue USGS 261100 C 

GWO GL-22J22a 

DWR BOO470 C 
<·:::::f2:1k·<:-:-:·:-·· 

San Joaquin River CRWace MER558 W W 

al Fremont Ford GWD GL20 
DWR 807375 

USBR SJRl40 

:<~3 ~.'<> 

Mud Slough CRWOCB MER542 W W 

at the San Luis Drain. near Gustine USGS 262900 C C 

::.<l .. ~:::·:: 

" 
SURFACE WATER MONTORNG V.a 

CHEMICAL 810 • RESOURCE DATA MONITORING USE OF DATA LEHGTHOF 

EC Se B egg. blrde hh Invert ,.... other PLANS (PURPOSE) RECORD 
M a TREND Nov85-

: 

M a M HIST Nov85- i 

DPFU HIST Jan 85 -

PT2D 

a a a TREND Dec85-

OPER 

a a a TREND Dec 85-
r OPER 

M M M TREND Dec 85 -
OPER 

UOO TREND 

W W W DPFU OPER 

C PT2D 

C M TA 

W W W DPFU COMP 
I C PT2D OPER 

M M M 

W W W UOO TREND Sep85-
M M M DPFU OPER 

C M A2 PT2D 

W W W UOO COMP 

C DPFU OPER 

PT2D 

-- --_. - ~------ --- - -- - ---

Page 3 



N 
N 
.....,J 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

LOCATION 

los Banos Creek 
al locaIion of Highway 140 

Mud Slough 

at locaIion 01 Highway 140 

downstream of San luis Drain 

Mud Slough 

al Newman Gun Club 

San Joaquin River upstream 0' the 
Merced River 

Merced River 
near Slevinson 

San Joaquin River 

near Newman 

San Joaqoo River 
near Crows Landing 

San Joaquin River 
al Panerson 

San Joaqoo River 
at Grayson 

Tuolomne River 

at Modesto 

Tuolomne River 

al T uolomne City 

- - - -

~ 

AGENCY 

(CURRENT) 

CRWQC8 

GWO 

GWO 

CRWOC8 

CRWOC8 

USGS 

USGS 

OWR 

GWO 

CRWQC8 

CRWOC8 

DWR 

USGS 

CRWOCB 

OWR 

USGS 

OWR 

OWR 

STAnOH PHYSICAL DATA 

10 Flow Temp pH 
MER~ M M 

GL-18 M 

'~5~: . 

Gl-19 

... :~ 
MER552 W W 

'.$~ " 
STC512 W W 
GL-21 

·"::::~7.::~:""" 

272500 C C 

':>}ei><, 
274000 ~ 
807300 

: :~o~ " 
Gl-21. 

STC504 W W 

:::::}~: 10 t/:: : 
STC507 W W 

807200 ~ 
274570 

::::::~iii:,: 
STCS11 ~ W 

)::/::#12:t> ': 
290000 C C 

80'120 ~ ~ 

,,:::~::1S:i> ,":,: 
804105 

:::"14:'::·"" 

SURFACE WATER MONTORlNGv.8 

CHEMICAL 810 - RESOURCE DATA MONITORING USE OF DATA LEHGTHOF 
EC s- 8 egp blnt. fIah Invert ~-. other PLANS (PURPOSE) RECORD 

M M M DPFU HIST Nov 85· 
M a M PT20 

M M M uoo COMP Od85· 
DPFU OPER 

PT20 

W W W uoo TREND 

DPFU 

PT2D 

W W W UOO TREND Od85 . 
DPfU OPER 

PT20 

C OPFU TREND 

PT20 OPER 

UOO TREND 

DPFU COMP 

PT20 OPER I 
I 

i 

M M M DPFU TREND ! 

W W W PT2D MULTI 

W W W DPFU TREND 

M ",2 

W W W DPFU TREND 
M A2 

C DPFU TREND 

C PT2D OPER 

C DPFU TREND 

PT2D 

- _._- --
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tv 
tv 
00 

\r.. 

SURFACE WATER MONTORHG v.8 

44 

45 

46 

47 

LOCATION AGENCY STAnON PHYSICAL DATA 
(CURRENT) ID Flow T.m~ . 9!t EC 

San Joaquin River CRWOCS STC510 W W W 
alMaze DWR 807040 C C 

::'i::1S~':::::-< 

Stansiaus River USGS 303000 C C C 
alR~ 

~ 1aa~:: 

Stanislaus River DWR 803115 C C 
at KostAz Ranch 

"<;16~:>' 

San Joaquin River CRWOCB SLC501 W W W 
al Vernalis USGS 303500 C C C 

OWR 807020 C C C 
• :\f17 f:::: . 

AddllloMl O ....... nde ..... monllcnd by ar....... W.r. 0IetrIcI prior to 1.7 
E - designalion indicales site eliminated in GWD moniloring program in January 1987 
E1 - designation indicales sire eliminaled in GWD moniIoring program in April 1989 

1 Firebaugh Drain near Sanla-Fe GWO FC-1E 
Grade 

2 Firebaugh Drain West 0' GWD FC-2E 
Crooked Drain 

3 Firebaugh Drain West 0' GWD FC-3E 
Crooked Drain 

4 Main Drain aI Camp 13 GWD FC-4E 
south side of Main Canal 

5 Firebaugh Drain aI Oes;ardins GWO ~1E 

6 Agalha Canal a1 Britto Road, GWD GL-7E 
north of Santa Fe Grade USSR OASGW012 

--

CHEMICAL 
S- a egp blrde 

W W 
M A2 

W W 

.. ~ '------- --

PageS 

~ 

810 - RESOURCE DATA IIONITOAINO USE OF DATA LENGTH OF ..... Invert ..... other PLANS (PURPOSE) RECORD 
OPFU TREND 
PT2D OPER 

OPFU TREND 

TREND 

OPFU TREND 
PT2D COMP 

I OPER 

I 

HIST Nov 84 -
Apr-89 

HIST Nov84-
Apr-89 

HIST Oct85-
Apr-89 

HIST Oct 85 -
Apr-89 I 

I 

HIST Nov85-
! 

--



tv 
tv 
\0 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

LOCATION 

CCID MMt Canal civersion aI 

Ascot Ditch 

CCID Main Canal diversion al Silva 
Ditch 

Gadwall Ditch at Almond Drive 

Ditch 

Jensen and Brandi Drain al 

Almond Drive Dilch 

~n Drain at Tsrceira Road 

Santa Fe Canal at Highway 152 

Mud Slough (SOUlh) aI 

Highway 152 

Santa Fe Canal - Mud Slough Oiversior 

at Henry Miller Road 

Bypass 21 + 30 

Santa Fe CanaI- Mud Slough Oiversior1 

aI Henry Miller Road 

Bypass 61 + 05 

Santa Fe Canal - Mud Slough Oiversior 

aI Henry Miller Road 

Bypass 122 + 00 

Santa Fe Canal - Mud Slough Diversior 
at Henry Miller Road 

Bypass 140 + 00 

'------

.. . 

AGENCY STAnON 
(CURRENT) 10 

GWO Gl-29E 

GWO GL-30E 

GWO Gl-1E 

USBR DSAGWD05 

GWO JEN-1E1 

GWD Gl-1OE 

GWO Gl-SE 
USBR DASGWD09 

GWO Gl-9E 

USBR MSl152 

GWO Gl25s1 

GWO Gl-25s3 

GWO Gl-25s4 

GWO Gl-25s5 

~ 

SURFACE WATER MONTORNG V.S 

PHYSICAL DATA CHEMICAL 810 - RESOURCE DATA MONITORING USE OF DATA LENGTH OF 
Flow Temj) pH EC S- a ... bI .. ..... Invert .,..,.. other PLANS (PURPOSE) RECORD 

TREND Novas-
0ec-87 

HIST Nov as-
Dec-97 

HIST Janas-

HIST Novas -

HIST Novas-
Jun-87 

HIST Novas-

TREND Nov85-

HIST Sep85-

HIST Sep85- ! 

HIST Sep86-

HIST Sep85-

Page 6 
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N 
W 
o 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

-

t, 

LOCATION AGENCY STAnOH PHYSICAL DATA 

(CURRENT; ID Flow Tamp pH 
MexicM Drain aI Henry Miller CCIO CClO-4E 
Avenue 

Johns<;.rt Field Drain aI Henry CCID CClO-3E 

Miler Road 

los Banos Creek aI Henry Miller CCID CCIO-2E1 

Road 

Mud Slough (south) downstream GWD Gl-26E 

of City Drain 

W8Slside Ditch at Santa Fe Grade GWD Gl-17E1 

0.5 miles south of lone Tree useR WSOSFG 

Eagle Ditch at Gun Club Road GWD Gl..-13E 

UseR EIXD=l 

Santa Fe Canal at Gun CI:Jb Road GWD Gl..-14E 

USSR ~ 

Mud Slough at Gun Cilb Road GWD Gl..-15E 

upstream from lhe Fremont Canal USSR MSlCGR 

Fremont Canal aI Gun Club Road GWD Gl..-16E 

north side of road USSR FRECA2 

SaIl Slough at WoHsen Road GWO Gl-22E1 

1.0 mile ea3t 0' Highway 165 

.:: .. ~_::t:::::::.: 
Hillside Ferry Road 81 lhe GWD Gl-21E1 

San Joaquil River 

:" .• ::::::=:. 
~-

Monitoring alta ... mpled by LBL In the vicinity of Knter80n AeMr'YOlr 

~. 

SURFACE WATER MONTORNG V.S 

CHEMICAL 810 - RESOURCE DATA MONITORING USE OF DATA LEHGTHOF 
EC Sa 8 eag8 bird8 ftah Innrt ...... other PLANS (PURPOSE) RECORD 

HIST Nov85-
F.a7 

HIST Nov 85 -
F_87 

I 
HIST Nov85-

I 
Od-88 

! 

TREND Sep85-
Feb-87 

HIST Nov 85-

HIST Nov85-

TREND Jan 85 -

TREND Nov85-

HIST Nov 85 -

M M ~~ DPFU HIST Oct85-

DPFU HIST Oct 85 -

--
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N 
W 

I 

I 

LOCAllON 

1 Fremont Canal 
between pond 6 and Gun Club Road 

2 Mud Slough 
0.9 miles north of Gun Club Road 
wesl 01 pond , 10 

3 Keslerson Reservoir 
ephemeral pools 
easl border of pond , 6 

.. Keslerson Resetvoir 
ephemeral pools 
west border of pond , 10 

5 Kesterson Reselvoir 
ephemeral pools 
north - eall comer of pond , 3 

6 Keslerson Resatvoir 
ephemeral pools 
south - well comer of pond • 3 

7 Keslerson Reservoir 
ephemeral pools 
north cenlral edge 0' pond ... 

8 Kesterson Reservoir 
ephemeral pools 
pond , 5 across from site 
al pond' 4 

9 

I -----

~ 

LBl. NF NF 

LBl NF NF 

lBl NF NF 

LBl NF NF 

L81 NF NF 

LBl NF NF 

LBl NF NF 

LBl NF NF 

L 

~ 

SURFACE WATER MONTORN3 V.S 

NF NF NF PT20 mEND Aprea -

NF NF NF PT20 TREND Apr 88-

NF NF NF PT2D TREND Mar-87 

NF NF NF PT2D TREND Mar-87 

NF NF NF PT2D TREND Mar-87 

NF NF NF PT2D TREND Dec-88 

I 

NF NF NF PT2D TREND Dec-S8 
I 

NF NF NF PT2D TREND Dec-88 

Dec-88 

I 

~ I I I 1 __ ~~ ___ 1 I .1 ________ L_ ---
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