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Figure ES - 2. Surface Water TDS Inputs for the Three Study Areas

Figure ES - 3. Surface Water TDS Outputs for the Three Study Areas
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Figure ES - 4. Near-surface Groundwater TDS Inputs for the Three Study Areas

Figure ES - 5. Near-surface Groundwater TDS Outputs for the Three Study Areas
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Yolo Modesto Tule River

Figure ES - 6. Deeper Groundwater TDS Inputs for the Three Study Areas
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Figure ES - 7. Deeper Groundwater TDS Outputs for the Three Study Areas
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Figure ES - 8. Surface Water Nitrate Inputs for the Three Study Areas
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Figure ES - 9. Surface Water Nitrate Outputs for the Three Study Areas
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Figure ES - 10. Near-surface Groundwater Nitrate Inputs for the Three Study Areas
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Figure ES - 11. Near-surface Groundwater Nitrate Outputs for the Three Study Areas
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Yolo Modesto Tule River

Figure ES - 12. Deeper Groundwater Nitrate Inputs for the Three Study Areas
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Figure ES - 13. Deeper Groundwater Nitrate Outputs for the Three Study Areas
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CONCLUSIONS

Study Results

Key conclusions derived from study results for mass balances of sources and sinks of TDS and
nitrate are stated below.

TDS

1. The principal inputs of TDS to near-surface groundwater, and therefore likely to deeper
groundwater, in all three pilots areas are irrigation and fertilizer/land application.

2. Other sources contributing more than 10 percent TDS to near-surface groundwater include
atmospheric deposition in the Yolo and Modesto areas and mineral weathering and reaction
products in the Tule River area.

3. TDS is accumulating in the near-surface and deeper groundwater in all three pilot areas.

Nitrate

1. Principal inputs of nitrate to near-surface groundwater in all three pilot areas are irrigation,
fertilizer/land application.

2. Other sources contributing more than 10 percent nitrate to near-surface groundwater include
mineral weathering and reaction products in the Yolo and Tule River areas.

3. Nitrate is accumulating in the near-surface groundwater in all three pilot areas and in the
deeper groundwater in the Yolo and Modesto areas, but is depleting in the Tule River area as
a whole.

Project Objectives
Study conclusions regarding achievement of project objectives are summarized in Table ES-6.

Table ES- 6 . Conclusions Regarding Achievement of Project Objectives

Project Objective Conclusion

Objective 2: Provide the methods The study report identifies the types and sources of data that are
and manner of collection, needed to run the models employed to calculate TDS and nitrate
characterization, and use of the (and chloride in one study) sources and sinks and an overall
salt and nutrient source data for mass balance. The report further describes the methods used to
the pilot areas. collect and analyze the data and how the data are used in the

models.

Objective 3: Outline data that are The study report identifies the data sources used in the study and
currently available and the quality  indicates limitations, including accessibility to data in useful
of the data formats and the general availability of the desired data. The

report also indicates if site-specific data are necessary and
essential to perform mass balance determinations or if the data
can be estimated or extrapolated based on limited data or
knowledge of typical practices.

Objective 4: Identify additional data  The data collected during the study were adequate to run the

that should be collected or models and perform the mass balance calculations. Additional
developed. data could improve the certainty and accuracy of the results.
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Table ES- 6 . Conclusions Regarding Achievement of Project Objectives

Project Objective

Conclusion

Objective 5: Indicate how the
methodology will account for total
salt loading balance and
accumulation and identify critical
concentration discharges.

Objective 6: Ensure accurate
accounting of all sources

Obijective 7: Identify how historic,
current, and future source
quantities will be determined or
estimated to provide trend
information

Objective 8: Identify and quantify
areas where nitrates are
impacting beneficial uses of
waters.

Objective 9: Select analytical tools
and methods that will work for the
pilot areas as well as other parts
of the Central Valley.

Summary

The methodology employed considers the input from all
potentially significant sources of all constituents related to TDS
and nitrate to water and land and accounts for changes in
constituent concentrations as a result of physical, chemical, and
biological processes that occur in the surface water and in the
soil profile.

The WARMF model tracks all constituents from all sources and
creates input and output mass balances.

Specific trend analyses were not performed as part of this study,
but the report describes how trend analyses can be performed
and the type of information that these analyses can provide.

Results from this study did not provide all data needed to make
determinations of impacts to beneficial uses. This will be an area
of scope development for future CV-Salts studies.

The analytical tools and methods developed for this study would
be applicable to all parts of the Central Valley. The primary data
needed to run the mass balance calculation model are
meteorologic, hydrologic, and land cover data that are readily
available for all regions. The accuracy of the mass balance
calculations will vary depending on the amount and accuracy of
other input data, such as groundwater quality data and
groundwater pumping and recharge volumes. Reasonable values
for data that are missing or limited can be estimated.

The principal goals of this work were to identify and assemble
input data sets for available models, and then to use the models
to quantitatively relate salt and nitrate sources and sinks within
representative pilot study areas. Modeling of this kind is
extremely sensitive to land cover (e.g., the distribution of
impervious surfaces, irrigation and fertilization rates, salt loading,
and plant communities among analyzed catchments). Available
data sources were combined to provide a level of land cover
detail greater than previously employed with the widely used
WARMF platform. The input data and modeling products
achieved the principal project goal and advance the CV-SALTS
work. The recommendations discussed below for further
refinements are based on the study results.

General Conclusion

The physical, chemical, and biological data needed as input to the tools used to quantitatively
relate salt and nitrate sources and sinks were gathered and evaluated for each of the pilot study
areas. Data quality and quantity advantages and limitations were identified. The WARMF output
demonstrates its utility as an accounting method for tracking salts and nitrates on and beneath the
land surface. The groundwater models in each of the study areas demonstrated how these tools
provide complementary data to the WARMF model application and also provide insights
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regarding the subsurface distribution of salts and nitrates in groundwater. Based on the pilot
study results, recommendations are provided for further refinements and additional approaches
that could be useful during the development and/or implementation of salt and nitrate
management plans, pending regional plan objectives.

RECOMMENDATIONS

Key recommendations regarding the topics of land cover and soils, surface water modeling,
groundwater data, groundwater flow and quality modeling, and analysis tools are summarized
below in order of priority. All recommendations are focused on refinements that could be made
to improve access to certain data types and to improve the certainty and accuracy of results using
the methodology employed in the study. None of these recommended actions would likely
impact the basic results or conclusions derived from this study.

Land Cover And Soils
First Priority

1. Refine handling of non-Dairy CAFO’s
2. Refine land use classes for mixed or blended classes of crops (e.g. other row crops)

3. Aggregate land use class with small percentages of total land use and loading where
possible

4. Refine nitrogen loading parameters for dairy solids to include forms of nitrogen

5. Perform sensitivity analyses for soil classes and parameters and refine, if appropriate,
using SSURGO mapping and parameters

6. Compare estimated fertilizer application with fertilizer sales/use data
Second Priority

1. Refine land use classes for Urban Commercial and Industrial related to imperviousness

2. Check land use class parameters against actual documented characteristics and practices
3. Compare modeled plant N uptake with harvest data and harvest N content data
4

. Assess regional variations in gaseous N losses (volatilization, denitrification) in soils and
aquifers

Surface Water Modeling
First Priority

1. Perform post-WARMF analyses to quantify salt and nitrate loadings to near-surface
groundwater by land use class to better identify land use classes with the highest potential
to impact groundwaters.

2. Perform a more extensive set of sensitivity analyses to better define the relative
importance of major input and process parameters

3. Establish a single point of contact on the Regional Water Quality Control Board staff
who is responsible for processing requests for discharger data related to salt and nutrient
planning efforts

4. Expand CIWQS public access database to include basic discharge data: flow, effluent
quality, location, land discharge area, if feasible
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Second Priority

1. Collect data on soil pore water in and immediately below the root zone
2. Refine soil process parameters based on field study data
3. Monitor flow and quality in drainage-dominated waterways

Groundwater Data
First Priority

1. Identify construction data for CDPH wells to improve utility of historical water quality
records

2. Add monitoring locations (existing wells with known construction and/or new dedicated
monitoring wells) as needed, particularly in under-sampled areas (including water level
measurements)

Second Priority

1. Continue to expand and keep current the Yolo countywide database

2. Develop central organized data repositories for the Modesto and Tule River areas (water
levels, salt, nitrate, depth of screen)

3. Improve (or create for Modesto and Tule River areas) zone/aquifer-specific monitoring.

4. Develop refined estimates of separate pumpage volumes for agriculture and for
Municipal/Industrial.

Groundwater Flow and Quality Modeling
First Priority

1. Groundwater transport modeling could be refined to better account for local distribution
of nitrogen, salt, and recharge inputs and flow field effects due to pumping

2. WARMF output to groundwater should be disaggregated to the individual land unit scale,
then used as input to groundwater model for more realistic simulation of the source
distribution

3. Consider performing sensitivity analyses and recalibrating the groundwater models as
necessary. Consider use of both head and groundwater age data

4. Further validate WARMF mass loads estimated to reach groundwater
Second Priority

1. Consider whether a higher vertical resolution model may improve groundwater age
estimates

2. Collect depth-specific groundwater ages across a region for further validation
3. The 95 percent confidence intervals for predictions should be analyzed and provided to
indicate the range of uncertainty of the model results.
Analysis Tools

Recommendations regarding the use of other tools to model salt and nitrates on a regional basis
are listed below:

Salt and Nitrate Sources Pilot Implementation Study ES-21 February 2010
Final Report



1. Evaluate water, salt, and nitrate balances with whole-systems approach (current and
future scenarios)

2. ldentify insights provided by and limitations of tools used to estimate future implications
of mass loading

3. Evaluate sensitivity of tools to inputs and assumptions
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