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Executive Summary

Nutrient loads are an important water quality management issue in the SacramenteSan
Joaquin Delta (Delta) and there is consensus that the current monitoring activities do not collect
all the information needed to answer important management questions.

The purpose of this report is to use hydrodynamic model outputs to refine recommendations
for monitoring nutrients and related conditions in the Delta . The basic premise was that
variability in water source and hydraulic residence time can serve to estimate variability in
water quality. Therefore, using existing hydrodynamic models that are highly resolved in space
and time could be a costeffective way to get information about likely spatial and temporal
variability in nutrients and nutrient -associated parameters We assume that the Delta can be
divided into relatively homogeneous subregions(e.g., such as those proposed in a preious
report by Jabusch et al. 2016and that a representative monitoring location can be chosenin
each subregion to track status and trends.We also assume that, within any subregion, areas
with long hydraulic residence time and source water mixing may represent potential nutrient
transformation hotspots .

Two types of modeling approaches were applied: 1) volumetric water source analysis to
evaluate the mix of source waters within each subregion; and 2) particle tracking simulations.
Results from the source water analysis were evaluated to assess heterogengi of water sources
within each of the subregions. Results from the particle tracking analysis were evaluated to
identify high-residence-time areas.Finally, we compared analysis results to current monitoring
locations to inform potential monitoring gaps o r redundancies within each of the subregions.

Volumetric Source Water Analysis
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output from the DSM2 (Delta Simulation Model 2), a hydrodynamic model of the Delt a and

Suisun Bay. The volumetric water source analysis addressal two key questions for each

subregion:

1. How variable is source water composition within each of the subregions?

2. Where are monitoring stations missing or redundant for monitoring the status and
trends of nutrients in each of the Delta subregions?

The analysis revealedthat each subregion has a unique? | D OT 1 U tetin® & Bow much of
its water comes from different sources (seeFigure 1). Further, certain parts of the Delta show
much more variability in source water composition, where the relative composition of source
water shows substantial spatial, seasonal, and interannual variation

Relatively homogeneous subregions where source water composition is similar between
locations include the Sacramento River, North Delta, Confluence, Suisun Bay, Eastside
(Mokelumne and Cosumnes Rivers), and the South Central Delta. Heterogeneoussubregions



with more variability in source water composition between stations include the South Delta and
the North Central Delta.

Particle Tracking Simulations

Particle tracking is a modeling tool that can be used to simulate the sources and dispersal d

water parcels at specified locations in aquatic environments. Model outputs were used to

estimate residence time, age, and exposure (how much time spent) of water in each subregion.

The results alsohighlighted smaller areas within each subregion where t he residence time was

high and thus might be locations of enhanced biogeochemical processes. Statistics on the age

EQEwlI BRxOUUUI wOi wxEUUPEOI UwPOWEWUUEUI 1T DPOOwkI Ul wgUE
2 O U Udarmpnsition to better define source waters in each of the subregions.

The patrticle tracking simulations were used to addresses four key questions.

1. What is the residence time of water within the subregions under different flow regimes?
2. What are potential high-residence-time areas within each subregion?
3. How long does water from different sources typically spend in each of the subregions?
4. " Opw? O0E2> wbUwUT T whbEUI Uy
The particle tracking simulation results indicate that residence time varies considerably among
subregions. The regions with the longest median residence times are the peripheral subregions
of North Delta (>28 days in low and average flow conditions) and Eastside (>28 d in low flow
conditions). The regions with the shortest median residence times are the subregions along the

flowpath of the Sacramento River towards San Francisco Bay: the Sacramento River,
Confluence, and Suisun Bay subregions (G5 days in all flow scenarios).

Subregions with a high degree of variability in residence time include the Eastside, the North
Delta, and the North Central Delta. This indicates that there are more high -residence-time
pockets in these areas.

Results from the age and exposure time analysis suggest that water from most sources typically
spends less than 5 days in most subregionsThe age and exposure ime analysis also reveals
water occurs in the Central Delta (aged 25 28 days), where it mingles with younger water from
other sources.



Recommendations for Nutrient Monitoring Design
Three major recommendations for a future monitoring design were derived from this analysis.

Recommendation #1: The subregions proposed for status and trends monitoring ina
previous report should b e redrawn to better reflect the mixtures of source waters.

The volumetric results indicate that splitting the North Central subregion apart and merging

the parts with other subregions would improve the alignment of subregional boundaries with
different wa ter source influences. The split portions could be merged with the South Central
Delta, South Delta, and Eastside subregions and result in expanded Central Delta, San Joaquin
River, and Northeast Delta subregions.

Recommendation #2: Long-term water quality stations are needed in the North Delta,

Eastside, and South Delta subregions.

Results from the analyses suggest that some subregions are adequately covered by the existing
monitoring to capture spatial variability and that others have data gaps. The anal ysis also
identified several redundancies, for example, in the South Central Delta and Suisun Bay.
Subregions with adequate coverage include the Sacramento River, the Confluence, the South
Central Delta, and Suisun Bay. The North Delta and the Eastsideinclude important habitat
areas, but long-term monitoring stations have not been established in these subregions. At least
one long-term monitoring station is recommended in the North Delta to compare trends of
nutrients with other subregions, and ideally two stations to capture the range of hydrologic
conditions in this subregion. Two stations are recommended in the Eastside subregion, because
there are distinctly different relative contributions of source waters upstream and downstream

of the Delta Cross Channel. One additional station is recommended in the South Delta
subregion to capture spatial variability . Some of these recommended longterm stations already
have nitrate or chlorophyll sensors installed and/or have been sampled in recent years as part of
special studies. Long-term stations in these places could be established by ensuring continued
funding for existing sensor stations andeither continuing or adding co-located discrete water
guality sampling.

Recommendation #3: Areas with a long -residence time and where mixing of different water
sources occursare potential for nutrient transformation hotspots L. High -frequency water
guality mapping of these areas has the potential to increase our understanding of sources

and sinks of nutrients in the Delta.

Subregions with a high degree of variability in residence time and where mixing of different
water sources occurs are the most likely to contain potential transformation zones. Such areas
include the Eastside, the North Delta, and the North Central Delta. There are also some

1 Nutrient transformation or biogeochemical hotspots can be defined as areas or patches of
disproportionately high reaction rates relative to the surrounding locations (McClain et al. 2003).



potential long retention time areas where mixing of different water sources occurs in the South
Delta. These aeascould be targeted with high -frequency water quality mapping to evaluate
potential transformation zones.



Project Background

The SacramenteSan Joaquin Delta (Delta) is ahydrologically complex ecosystem, composed of
a diverse array of aquatic environments, and influenced by gradients in flow, salinity, and other
physical-chemical properties. Loads of anthropogenic nitroge n (N) and phosphorous (P) enter
the Delta from a number of sources, including treated wastewater effluent, agricultural runoff,
and stormwater runoff. Subregions of and individual habitats within the Delta respond
differently to these N and P inputs, and dso influence nutrient concentrations differently , as
evidenced by the large degree of spatial variability in ambient water quality (e.g., Novick et al.
2015).

The Delta Regional Monitoring Program (Delta RMP) is in the process ofdeveloping a nutrient

monitoring design that will answer the management questions of the program participants.

Assessingthe utility of a design with empirical data would require intensive field sampling -

and actually oversampling - to thoroughly characterize variability and ide ntify the network

needed to capture necessary information in the complex Delta ecosystem.Hydrodynamic

models canbe usedtoUD OUOEUT wUT T wUaUuU0il Oz UwE a OE Cop &ndlyaedE OE wUO T |
to identify the sampling design needed to answer management gquestions.

Objective

The objective of this project was to generate and evaluate model outputs that inform the Delta

RMP Assessment Question:

1 Are there important nutrient data gaps associated with particular water bodies
within the Delta subregions?

This assessment question falls under the DeltaRMP Management Question:

1 Is there a problem or are there signs of a problem?

Two types of modeling approaches were applied: (1) volumetric water source analysis to
evaluate the mix of source waters within e ach subregion; and (2) particle tracking simulations to
further define the distribution of source waters within each subregion and characterize the
hydrology in the different subregions. Results from the source water analysis were evaluated to
assess hetengeneity of water sources within each of the subregions. Results from the particle
tracking analysis were evaluated to identify potential high-residence-time areas. The results
from the analyseswere then compared against the current locations of monitorin g stations, to
inform potential monitoring gaps or redundancies within each of the subregions. The
underlying assumption for the comparisons is that a Delta nutrient monitoring network of
representative sites should be capableof adequately characterizing status and trends within



each of the proposed subregions and that targeted monitoring should adequately characterize

Approach

The Delta RMP contracted with the consulting firm RMA to use modeling tool s to better

understand nutrient transport in the Delta. RMA used models investigate the temporal and

spatial variations in transport and?2U1 UDET OEl wUDOI » wpEl | DOl EWET OOPb A8 we
source of water in Delta subregions. Finally , we explored whether the existing nutrient

monitoring network is sufficient to capture the spatial variations in Delta water, and make

recommendations where additional monitoring may be useful or current monitoring is

redundant.

Two hydrodynamic/hydrologic models were used: (1) DSM2 (Delta Simulation Model 2), and
(2) the RMA Bay-Delta model in particle tracking mode. The modeling approaches are briefly
summarized below. Appendix 1 provides additional detalil.

Time Frames Selected for Analysis

Most of the modeling analy seswere done using three time frames that are representative of
Delta flow conditions. Table 1 shows the three time frames selected,as well asthe monthly
average values of the inflows and exports considered. The three time framesare roughly
described as Average flow conditions, Low flow conditions, and High flow conditions, and
were chosenas a single month and year for each condition.

Table 1. Summary table of the representative time periods that were selected for the analysis.

Estimated average inflows and outflows in cubic feet per second (cfs)

Flow San Combined
) . C Yolo Bypass/

Time period Condition Joaquin Sacramento CVPand Calaveras Ri(flseurmnes Mokelumne Lisbon Toe
River River Inflow  SWP River inflow River inflow .
; Inflow Drain
inflow outflow?

September Low 801 10,461 4,930 32 3 33 110

2008

September Average 1,713 16,451 10,403 21 13 163 158

2010

June : 655

o011 High 10,529 41,397 9,676 103 947 1,786

IThe two large transfers out of the Delta are the federal Central Valley Project (CVP and the State Water
Project (SWP).

Average inflows were calculated from daily average flow data estimated with the Dayflow computer
program ( http://www.water.ca.gov/dayflow/ ).

The recommended time frames were selectedusing a statistical analysis of monthly average
flows into and out of the Delta for the period May to October during the period from 2000to
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2013.Outside of this time period, little information can be gained, as flows are high and
residence timesare short, and source wateris contributed from two dominant sources .

Subregions Used for the Analysis

Figure 1 shows the subregions thatwere chosenfor the modeling analyses: Sacramento River,
North Delta (Yolo region and Liberty Island), Eastside (Mokelumne and Cosumnes River
inflows), Central Delta, South Delta (San Joaquin River inflow), Confluence, and Suisun Bay.
These subregionswere proposed in a report titted Summary and Evaluation of Delta
Subregions for Nutrient Monitoring and Assessment (Jabusch et al. 2016) thatvas funded by
the Delta Science Program. Theproposed subregions are derived from operational landscape
units (OLUs), which are a newly developed planning tool for landscape -scale ecosystem
restoration in the Delta (Grenier and Grossinger 2013). TheOLU delineations are basedon
ecosystem functions and physical drivers such aswater source and hydrology; therefore, there
is a mechanistic linkage and scientific foundation for their use in the context of nutrient
conditions and cycling. The proposed subregions are compatible with the DSM 2 hydrologic
model and are in general agreement with water quality regions used b y major monitoring
programs.

Volumetric Source Water Analysis with DSM2

The DSM2 model was usedto calculate volumetric source water information for 49 individual
locations to represent the variation within each subregion. The output provided monthly values
for 12 years at each location.In addition , this output was used to calculate regional averages for
each of the Delta subregions for each time period. Results from individual locations within
subregions were compared to evaluate similarities and differen ces in the mix of source waters.
Sincethe modeled locations include monitoring stations, the result of this evaluation inform ed
recommendations about where stations are missing or redundant.

Particle Tracking Analysis

Residence Time

Spatial variability i n residence time within a subregion indicates whether it is homogeneous or
not. Residence timeis defined as the time required for a water parcel at a certain location to
migrate out of a subregion. An estimate of residence time was made using the RMA Bay-Delta
Model (RMA 2005)by how long it took individual particles ( initially uniformly distributed in a
subregion) to exit the subregion. The model was run for 28 days for the low, average, and high
flow conditions for each of the seven subregions. Statistics from the model output were used to
estimate the residence time for particles in the subregions under different flow regimes.

Age and Exposure Time Analysis

The purpose of this analysis is to understand how long water from different sources typically
spends in each of the subregions. Age is the complement of residence time. Age represents the
amount of time an individual parcel of water has spent inside of the model domain sinceit
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entered the model. So, age appliego parcels of water that enter through an inflow boundary in
the Delta model domain (for example, at the San Joaquin River at Vernalis).

Exposure time is the amount of time a parcel spends within a specified region during a
predetermined time period such asthe length of a computer simulati on, allowing for multiple
entries and exits to the region. In comparison, the residence time calculation only considers the
time to the first exit. Age/exposure time maps were generated with the RMA model by
simulating the near continuous release of particles from a source water for 28 days under low,
average, and high flow conditions.

The model tracked the movement of these particles through the Delta for 28 days. Statistics on
the age of particles in a subregion on day 28were calculated and qualitativel y compared with
2500001 UUPEwW6EUI Uw2OUUET » wUUEUPUUPEUWUOWET UUI UwWEI

water?

Results and Discussion

This section describes am discusses the modeling results. Subsection 2.1 presents the results of
the volumetric source water analysis, and subsection 2.2 presents the results of the particle
tracking simulations. Subsection 2.3 synthesizes the results from both modeling approaches into
monitoring recommendations.

Vol umetric ciFingerprints
This subsection outlines the results of the volumetric water source analysis. It addressestwo
key questions for each subregion:

1. How variable is source water within each of the subregions?

2. Where are monitoring stations missing or redundant?
Resultsare presentedE UwY OOUOI UUPE w?1 POT 1T UxUDBDOUfowi BT UUT Uwi UL
representative locations within each of the subregions.
Comparison across subregions
Substantial spatial, seasonal, and inteannual variability in water sources is evident in a
comparison of the averaged volumetric fingerprints of all subregions ( Figure 1). Each subregion
(Figure 2) has a unique volumetric fingerprint ( Figure 1, Table 2). The Sacramento River is the
dominant water source in all subregions except the South Delta and Suisun Bay, which are
dominated by San Joaquin River water andtidal exchange, respectively. In the Sacramento
River subregion, water sources other than the Sacramento River are trivial in terms of their

volumetric contributions. In the North Delta, water from the Yolo Bypass and from irrigation
return flows can also be significant.
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In the Confluence, additional water sources that can betemporally significant include San
Francisco Bay (the tidal source) and the Mokelumne and Cosumnes River (Eastside tributaries).
The tidal source is important in Suisun Bay. In the Eastside subregion, water source
composition is largely controlled by the operation of the Delta Cross Channel (DCC) gates and
either the Sacramento River or the Eastside tributaries are the dominant water source.

The North Central Delta has the most heterogeneous source water composition. Sacramento
River water is the most significant wat er source overall, but the San Joaquin River, the Eastside
tributaries, and irrigation return flows are also importan t sources.(As discussedin a later
section, volumetric results for different locations inside the North Central Delta suggest that
splitti ng this subregion further apart could improve the alignment of subregional boundaries
with diff erent water source influences.)

The South Central Delta has a similar source water profile as the North Delta, but it has on
average more Sacramento River sourcevater and more interannual variability in source water
composition. The South Deltais dominated by San Joaquin Riversource water.

13



PerqentofSource Water

Figure 1. DSM2 volumetric fingerprints, comparison of regional averages.
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Key to water sources: AG =irrigation return flows, EAST = Eastside tributaries (Cosumnes and
Mokelumne rivers), MTZ = tidal source (originating at Martinez boundary condition), SAC = Sacramento
River, SJIR+CAL =San Joaquin and Calaveras rivers, YOLO = Yolo Bypass, WWTP = combined wtewater
effluent sources.
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South Delta

Figure 2. Subregions used in the modeling analyses.




Table 2. Average source water composition of Delta subregions in average flow conditions.

Source Water (% of Total)

Subregion AG EAST MTZ SAC SJR+CAL YOLO WWTP
Sacramento River <1 <1 <1 99 <1 <1 1
North Delta 6 <1 <1 91 <1 1 1
Confluence 3 <1 9 86 <1 1 1
Suisun Bay 1 <1 66 32 <1 <1 1
Eastside 2 26 <1 71 <1 <1 1
North Central Delta 6 2 1 70 19 <1 2
South Central Delta 5 1 2 86 5 <1 2
South Delta 5 <1 <1 23 76 <1 1

The resultsare calculated based on the average flow simulation for September 2010. Key to water sources: AG =
irrigation return flows (calculated with Delta Island Consumptive Use Model [DICU]), EAST Eastside tributaries
(Cosumnes and Mokelumne rivers), MTZ = tidal source (originating at Martinez boundary condition), SAC =

Sacramento River, SJIR+CAL =San Joaquin and Calaveras rivers, YOLO = Yolo Bypass, WWTP = combined wastewater
effluent sources.

Sacramento River

The Sacramento subregion is homogeneouswith respect to source water (Figure 3). Water in the
Sacramento River subregionis almost completely comprised of Sacramento River water (98
99%). The three volumetric fingerprints in Figure 3 represent the range of water source
variability observed in this region. The location s represented in Figure 3 are shown in Figure 4.
Freeport represents the boundary condition where upstream Sacramento River water is the
exclusive water source. At Hood, downstream of the Sacramento Regional WWTP, in low flow
conditions up to 2% of the total water volume can be comprised of wastewater effluent. The
relative contrib ution of AG sources increases moving downstream and can amount to up to 1%
of total volume in low flow conditions at Ida Island just above Cache Slough.

17
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Figure 3. DSM2 volumetric fingerprints at representative stations inthe = Sacramento River subregion.

Key to water sources: AG = irrigation return flows, SAC = Sacramento River, SRWWTP = Sacramento
Regional Wastewater Treatment Plant, YOLO = Yolo Bypass. All other water sources were negligible.
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DSM2 volumetric output locations

DWR-EMP monitoring station £
(* = nutrients)

USGS monitoring station
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Other DSM2 node

Figure 4. Map of the Sacramento River subregion showing the locations represented in Figure 3.
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Implications for Monitoring

Based on the source water analysis, lhe current stations Freeport (USGS) and Hood (DWR)
adequately represent the boundary condition and the impact of the Sacramento Regional
Wastewater Treatment Plant (SRWWTP) source on the river (Figure 3).

North Delta

The volumetric data suggest that water source composition is similar across all analyzed
locations in the North Delta, but the relative contributions of these main water sources varies
between locations (Figure 5). Sacramento water is the dominant water source in the North Delta
and contributes in average between 89395% of the total water volume in the three reference time
frames selected for the anayses. The balance of the water in the subregion is: agricultural return
flow between 7-8% on average, the Yolo Bypass/Toe Drain source from 1% tanore than 7%,
and the SRWWTP from less than 1% up to 2% Figure 5). Note that the contribution of the Yolo
Bypass source can be much higher in wet season conditions, and may contributemore than 40%
in wet years. The relative contribution of agricultural return flows can be as large as 70% in wet
seasons in Cache Slough near Hastings Tract, and as small as 0.7% in the same conditions in the
Cache Slough at Ryer Island.Note that model estimates do not include the contribution from
smaller and lower -order upstream tributaries to Barker Slough and Cache Slough. The
SRWWTP source isrelatively consistent across stations. The locations represented irFigure 5
are shown in Figure 6.

Implications for Monitoring

There iscurrently no long-term monitoring station in the North Delta , even though it contains
large biologically significant areas (e.g., the CacheSlough complex and the Deep Water Ship
Channel). At least one and ideally two permanent monitoring station in this subregion are
recommended for comparing nutrient trends in the North Delta to those in other subregions
with different source water compositi on. Sacramento water is the dominant water source in the
North Delta, but source water composition is considerably different and more variable here
than in the mainstem Sacramento River. Depending on hydrologic conditions, the Yolo
Bypass/Toe Drain can bean important source in this subregion, and this source water
contribution is not captured by monitoring in other subregions. As discussed in the particle
tracking simulation results later in this report , residence times canvary considerably in this
region both spatially and temporally , and two monitoring stations would capture some of the
variability.

Based on the volumetric analysis, continued monitoring at the existing USGS high-frequency
sensor stationsin the Deep Water Ship Channel and at Liberty Island would capture the range
of conditions (Figure 5). DWR Municipal Water Quality Investigations has conducted bi -
monthly sampling near these locationssince 2013as part of aDSM2 Nutrient Special Study
(Delta RMP 2016).The recommended approach would be to ensure continued funding for the
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existing USGS sensor stations, cdocated with continued discrete water quality sampling to
capture a wider range of parameters.

= \q}‘"\ NN ‘\/‘\/‘\/’\ ,P\/\ North Delta
| F Y " /-
m SRWWTP

Barker Slough SAC
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YOLO

-

SRR EEEE ISR EEEERE

Percent of Source Water

g
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100%

k% & T a2 ARAAA
vy {7 Y /'\f\ L8A
Cache Slough
near Hastings Tra Sacramento
% Deep Water Ship Channel
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Cache Slough Liberty Island
at Ryerisland
20%
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 5. DSM2 volumetric fingerprints for locations in the North Delta subregion.

Key to water sources: AG = irrigation return flows, SAC = Sacramento River, SRWWTP = Sacramento
Regional Wastewater Treatment Plant, YOLO = Yolo Bypass
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Figure 6. Map of the North Delta subregion showing the locations represented in Figure 5.
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Confluence

The Confluence subregion has a more diverse mix of water sources than regions farther
upstream; however, source water composition is similar across most locations in this region.
Sacramento water is the dominant water source, the regional average ranges from 78% to 86%.
Other temporally significant sources in the Confluence subregion include the San Joaquin River
(regional average up to 11% in high flow scenario) and San Francisco Bay (up to 10% in low
flow scenario). Agricultural return flows contribute between 1 and 5% on average, and the Yolo
Bypass/Toe Drain source and SRWWTP each up to 2%kigure 7 illustrates the range of
volumetric fingerprints encountered in the Confluence subregion. The represented locations are
shown in Figure 8.

Sacramento River at Rio Vista represents the boundary condition where the Sacramento River

enters the Confluence subregion and looks different from the other stations. Here, the average

contribution of the Sacramento River is larger than at the other stations (between 93 and 96%),
and additional sources other than agricultural returns (up to 3%) and the Yolo Bypass (up to 3%
in the analyzed periods and exceeding 40% in wet years winter flows) are negligible.

All stati ons further downstream have significant contributions from additional sources,
including highly seasonal signals fromthe tidal source (MTZ) and the San Joaquin and
Calaveras Rivers. WWTPs contribute up to 2%, mostly originating from the SRWWTP. The
Stockton WWTP never contributes more than 0.2%.

Implications for Monitoring
This region is relatively homogeneouswith respect to source waters andwell monitored. No
additional water quality monitoring stations are neededbased on this analysis.
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Figure 7. DSM2 volumetric fingerprints for locations in the Confluence subregion.

Key to water sources: AG = irrigation return flows, CAL = Calaveras River, EAST = Eastside tributaries
(Cosumnes and Mokelumne rivers), MTZ = tidal source (originating at Martinez boundary condition),
SAC = Sacramento River, SJR = San Joaquin River, SRWWTP = Sacramento Regional Wastewater
Treatment Plant, STOCKT = Stockton WWTP, YOLO = Yolo Bypass.
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Figure 8. Map of the Confluence su bregion showing the locations represented in Figure 7.
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Suisun Bay

The relative water source composition of Suisun Bay is similar across most locations igure 9).
However, it varies considerably at each individual location by season and flow condition.
Figure 10shows the locations of the volumetric profiles presented in Figure 9. Across the
region, either the Sacramento River or the tidal source (nput from San FranciscoBay) is the
dominant source at any given place and time (Figure 9). As Figure 9illustrates, the Sacramento
River signal diminishes towards the ocean along the deep water channel (as shown in the left
side panels top to bottom) and along Montezuma Slough (right side panels top to bottom).
Other tributary sources can be significant in high flows. Averages for contributions in the high
flow period analysis are 8% for the San Joaquin River the contribution from the Calaveras
River is negligible), 4% for Eastside tributaries, and 2% for the Yolo Bypass. During spring
runoff following the very wet winter of 2006, the Eastside tributaries contribution peaked at
33% (January 2006), the Yolo Bypass contribution at 32% (April 2006) and the San Joaquin River
contribution at 27% (May 2006). In low flow conditions , on the other hand, contribution s from
these tributaries are negligible. Relative contributions from agricultural return flows and
WWTPs are largest in low flow conditions, with an average of 3% for AG and 1% for WWTPs.

Implications for Monitoring

Spatial variability in source water com position appears to be adequately captured by existing
monitoring stations. Source water composition is similar across monitoring stations in Suisun
Bay. An exception is the Martinez station at the outflow of Suisun Bay, where the Sacramento
River influence is reduced compared to other locations (<20% compared to >40% at the other
Suisun Bay locations). Eight of the ten locations in Figures 9 and 10are monitoring stations .
Nutrient data are currently collected at three Suisun Bay monitoring stations (including
Martinez) .
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Figure 9. DSM2 volumetric fingerprints for locations in the Suisun Bay subregion.

Key to water sources: AG = irrigation return flows, SJR+CAL =San Joaquin and Calaveras rivers EAST =
Eastside tributaries (Cosumnes and Mokelumne rivers), MTZ = tidal source (originating at Martinez
boundary condition), SAC = Sacramento River, YOLO = Yolo Bypass, WWTP = combined wastewater
effluent sources.
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Figure 10. M ap of the Suisun Bay subregion showing the locations represented in Figure 9.
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Eastside

The Eastside subregion has a unique source water profile compared to other regions (Figures 1 and 11).
The source water composition of the Eastside subregion is strongly influenced by the operation of the
Delta Cross Channel (DCC) gates. Depending on whether the gates are open or closed either the
Sacramento River or the Eastside tributaries are the dominant water source. The gates are generally
open during the summer mo nths and closed in winter and spring for flood control and to protect
fisheries. During the high flow period of analysis (June 2011), the DCC  was closed and Eastside
tributaries contributed 99% of the flow volume.  During the low flow period of analysis, th e situation
was completely reversed: the Sacramento River contributed 96% of the flow and the SRWWTP 2%, the
Eastside tributaries contribution was close to 0%. The AG contribution was at around 1% in all three
scenarios.
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Figure 11 shows similar volumetric profiles for all locations downstream of the DCC (compare
panels for Delta Cross Channel, Mokelumne River at Snodgrass Slough, and South Fork
Mokelumne River). Figure 12 shows a subregion map with these locations. The DCC has a
relatively high contribution from AG (9%) when the flood gates are closed The results for the
station up stream of the DCC (Mokelumne River at Franklin Road Bridge) are unique in that the
contribution of the Sacramento River is much smaller here, even when the gates are open (3% in
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low flow period of September 2008). However, closer examination of the detaile d results reveals
that the contribution of the Sacramento River upstream of the DCC has beerguite high in the
summer of some years and reached 78% in August 2004.

Several locations thatare currently assigned to the North Central Delta should be merged with
the Eastside (to form an expanded Northeast Delta subregion), because their volumetric
fingerprints fit into the volumetric profile of this subregion (more on this in the next subsection
for the North Central Delta, see Figure 13).

Implications for Mo nitoring

This subregion has a unique source water profile and is currently not monitored for nutrients. It
also contains important habitat areas (for example, spawning areas in Eastside tributaries and
sloughs). The relative contribution of different source waters is very different depending on
whether one is above the DCC or below it. Based on this assessment, at least two longerm
monitoring stations are neededto characterize this subregion, one above and onebelow the
DCC. Despite the differences above and below the DCC, it still makes sense to treat this area as
one subregion because thetypes of source waters are consistent across the subregion. Based on
the volumetric analysis (Figure 11), Mokelumne River at Franklin Road Bridge (above DCC)
and Sycamore Slough (below DCC) would be good candidate sites. Sycamore Slough is also of
potential interest as a potential high-residence-time area and as an important habitat.
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Figure 11. DSM2 volumetric fingerprints at representative stations in the Eastside subregion.

Key to water sources: AG = irrigation return flows, EAST = Eastside tributaries (Cosumnes and
Mokelumne rivers), SAC = Sacramento River, SRWWTP = Sacramento Regional Wastewater
Treatment Plant.
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Figure 12. Map of the Eastside subregion showing the locations represented in Figure 11.
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