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1.0   INTRODUCTION

This report presents the results of the integration of the Cropping Scenarios Technical
Memorandum developed by Questa Engineering Corp. (September, 1995) with the detailed,
localized hydrology and water quality modeling performed for the project by U.C. Davis
Professor K. Tanji, entitled Water Quality Evaluations on Wastewater Irrigation in West and
South County Alternatives, Santa Rosa Long-Term Wastewater Project (July 1995).  The Tanji
model provides an estimate of nitrates, salts and pesticides in irrigation return flow drainage
waters to nearby streams, and loading to groundwater for various irrigated crops, based on an
assumed 100-acre parcel. The modeling is presented as a series of case studies in which various
crops with differing management requirements are evaluated in detail.  Therefore, it does not in
itself provide a project or watershed-wide basis for water quality analysis.

The Tanji hydrology and irrigation drainage water quality model predicts the concentration of
parameters at two time periods of biological interest.  These are:

1. The spring, when there is abundant flow and biological activity in the creek, but when
irrigation, which is just being initiated, has a relatively small contribution to the overall
flow compared to rainfall-fed baseflow.

2. The summer, when flow in the creek is essentially reduced to a trickle and where the
occasional lingering pool is thought to largely represent irrigation contributed baseflow.

Combining this analysis with the Cropping Scenarios report provides the basis for the evaluation
of a mix of different, contrasting kinds of crops (i.e., crops with differing levels of agrochemical
management needs).  The integration of these two reports yields an overview of probable surface
water quality effects from irrigation using reclaimed water on certain streams in the South County
and West County project areas.  This report focuses on the effects of translocation of chemicals in
applied irrigation water to surface water as well as the effect of agrochemical use.  Specifically
addressed in the analysis are nitrate-nitrogen, salts (as total dissolved solids or TDS) and two
herbicides/pesticides (2,4, D and carbaryl).
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2.0 RELATED STUDIES

The reader is referred to several related Technical Memoranda which provide additional
background on project hydrology, water quality effects and irrigation management approaches
including:

1. Baseline Hydrology And Irrigation Drainage Evaluation For West And South County
Reclamation Alternatives (Questa Engineering Corp., November 1995).

2. Irrigation Nitrogen Loading to Groundwater, West County and South County
Reclamation Alternatives (Questa Engineering Corp., November 1995).

3. Water Quality Evaluations on Wastewater Irrigation in West County and South County
Alternatives, Santa Rosa Long-Term Wastewater Project (Professor K. Tanji, U.C. Davis,
July 1995).

4. Evaluation of Metals in Irrigation Affected Percolate, West County and South County
Alternatives (Questa Engineering, April, 1996)

5. Trace Element Soil Loading Analysis for the South and West County Reclamation
Alternatives (Questa Engineering Corp., September 1995)

6. Evaluation of Soil Erosion Impacts of the West and South County Alternatives (Questa
Engineering Corp., September 1995)

7. Estimated Temperature of Irrigation Subflow Intercepted by Surface Streams, West
County and South County Reclamation Project (Questa Engineering Corp., October,
1995).

8. Irrigation Management Plan for the West County and South County Alternatives, (Questa
Engineering Corp., November, 1995).

9. Cropping Scenarios Technical Memorandum (Questa Engineering Corp., September,
1995)
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3.0 APPROACH

Because of the required differences in modeling approach, the effects of metals additions from
irrigation with reclaimed water on surface and groundwater are dealt with in a separate technical
memorandum (see Evaluation of Metals in Irrigation Affected Percolate, West County and South
County Alternatives (Questa Engineering, April, 1996).  Nitrate impacts on shallow groundwater
are also described in a separate technical memorandum.

Three streams were selected for analysis based on the likelihood of significant irrigation return
flow impacts: Stemple and Americano Creeks in the West County and Tolay Creek in the South
County.  Watershed hydrology and the rationale for selecting these streams is further discussed in
Baseline Hydrology and Irrigation Drainage Evaluation for West and South County
Reclamation Alternatives (Questa, November 1995).   Water quality effects from irrigation of
Baylands areas are also discussed in a separate technical memorandum.

Metals behave much differently than nutrients, salts and, to a certain extent, pesticides in the soil
and shallow zone groundwater.  Various mechanisms exist in the soils which can partially retain
or immobilize metals, preventing their translocation to groundwater.  These attenuation
mechanisms are discussed more fully in Evaluation of Metals in Irrigation Affected Percolate,
West County and South County Alternatives (Questa Engineering, April, 1996).  Such attenuation
mechanisms are accounted for in the metals model by use of an estimated uptake coefficient. On
the other hand, nitrogen transformations in an irrigated agricultural system are more complex and
involve many input variables (manure, fertilizer, atmospheric N fixation, resident N in soil, and N
in irrigation water) and output functions (crop uptake, soil storage, denitrification, and movement
with groundwater).

When considering the attenuation of nitrogen, biological processes are most important; physical
and chemical reactions are secondary factors.  These various complex and interrelated functions
and transformations are considered in the Tanji irrigation water quality model.  Since the input
and output functions may vary considerably depending upon the crop grown, farm management
practices, and local soil and micro-climate conditions, the Tanji model individually evaluates
various irrigated crops that could be raised in the West and South County areas.  For example,
corn and sudan silage crops have a high nitrogen demand and are typically fertilized with chemical
fertilizers and/or animal wastes.  In certain circumstances, they may require management of
aggressive weeds through use of herbicides such as 2,4,D.  The N in the reclaimed water can only
partially meet the crop's N requirements.  Irrigated pasture, once established, may receive no
nitrogen fertilizer beyond that contained in the reclaimed water and occasional manure
applications.  Herbicides and insecticides are very seldom used.  Other crops that could be grown
in the West or South County, such as lettuce, melon or strawberries, may require extensive use of
herbicides, pesticides and fertilizers.  These functions are all assessed in the Tanji water quality
model.
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The basis for the Tanji model is a 100-acre agricultural field in which various types of crops are
grown under good irrigation and farm management practices outlined in the Irrigation
Management Plan.  The crops have different agrochemical inputs and differing nitrogen
requirements.  Local soil types, climatic conditions, irrigation techniques and farm management
practices are considered in a series of "case study" crops which allow for assessment of potential
impacts.  The model assesses average annual irrigation return flow discharge to the adjacent
stream (in cfs and acre-feet) and predicts the concentration of N, TDS and herbicides/pesticides in
mg/l for each of the 100-acre case study crops.

With some restrictions, each privately owned farm or ranch will choose individually which crops
to grow.  Consequently, it is not possible to predict the precise amount and type of crop grown
within each watershed.  Therefore, when considering the irrigation water quality effects of
differing prospective irrigated crops on a watershed-wide basis, certain cropping scenario
assumptions were made.  The Cropping Scenarios Technical Memorandum presents possible
project-wide future irrigation agricultural land uses under three contrasting levels or intensities of
agricultural development.  On the basis of soil and micro-climate suitability for crop production,
possible acreages are presented by crop category (as shown in Appendix B) for: 1) Low Tech, 2) Medium
Tech, and 3) High Tech agricultural land use scenarios.  These are defined as follows:

1. The Low Tech scenario assumes suitable land will be used for irrigated pasture and forage
crops.  These crops have lower management requirements. This scenario represents the
lowest acreage of crops that use agrochemicals.

2. The Medium Tech scenario assumes suitable lands will be utilized for forage, hay or silage
production, and lesser acreage in specialty or vegetable crops and irrigated pasture.  This
scenario represents the largest area of crops with high N demand, and where use of
manure and N fertilizer may be widespread.

3. The High Tech scenario assumes suitable lands in the project alternative areas are to be
utilized for more intensively managed crops such as vineyards, orchards, specialty crops
(melon, strawberries, etc.) and truck crops (vegetables), with little acreage in forage or
irrigated pasture.  This scenario represents the highest mix of crops that would use
herbicides and pesticides.

These same scenarios are used in examining possible soil erosion impacts and the effects of a
reclaimed water irrigation project on the area's agricultural economy.  The levels of farming
intensity examined (with respect to agrochemical additions) include, from highest to lowest:

1.      Vineyards and orchards (none assumed for the three creeks studied);

2.      Specialty crops such as strawberries, artichokes and melons;

3. Vegetable crops such as cool season vegetables (lettuce, broccoli, green beans) and
potatoes;

4.      Forage, hay or silage crops (irrigated hay, sudan grass, field corn); and,
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5.       Improved, irrigated permanent pasture.

Since not every possible crop can be modeled, the crops selected for evaluation must serve as
representative or benchmark crops indicative of a common level of management and likely water
quality effect.  Strawberries were selected as representative of specialty crops for water quality
modeling for the Stemple and Americano Creek watersheds, and melons for Tolay Creek.
Lettuce and potatoes were used as the benchmark vegetable crop for all three areas, and sudan
grass was used as the benchmark for the forage crop, with irrigated pasture as the lowest intensity
crop in all areas.

As described in the Tanji Technical Memorandum, a number of assumptions are made for each
crop evaluated regarding typical nitrogen requirements, fertilizer and manure application rates and
irrigation amounts.  These are based on discussions with U.C. Cooperative Extension Service,
records available from the Sonoma County Agricultural Commissioner's office, and consultation
with the project agronomist, Vern Marble, Ph.D.

Based on management needs, a large number of new herbicides and pesticides (insecticides,
fungicides, etc.) potentially could be used in the West or South County project areas.  Two of the
most common currently used in Sonoma County (the herbicide 2,4,D and the insecticide carbaryl
[trade name Sevin]) were selected as representative of possible water quality impacts.  In part,
their selection was based on knowledge of their behavior, toxicity and modeling capabilities.

The modeling assumed that all areas of forage crops would have 2,4,D applied and all areas of
specialty and vegetable crops would have carbaryl applied at common application rates.  This
represents a worst-case scenario.  In reality, only a portion of the forage crop lands would likely
need herbicide management in any year, and a wide variety of pesticides would be used, in
addition to and instead of carbaryl.  The modeling also assumes direct runoff of some irrigation
water to the adjacent creeks (one to two percent).  This is a worst case assumption that will
largely be controlled by implementing the Irrigation Management Plan.
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4.0 PREDICTING WATERSHED STREAM WATER
QUALITY EFFECTS

An estimate or prediction of the average annual concentration of nitrates, salts and
herbicides/pesticides from study area watersheds was made by combining the cropping scenario
acreages by crop type (e.g., High Tech = 600 acres of specialty crops and 500 acres of vegetables,
etc.) with the Tanji agricultural water quality model for each 100 acres of crop.  Since some crops
have higher (or lower) stream discharges and different water quality effects than other crops, the
discharge and concentration must be normalized or proportioned on a watershed-wide basis to
properly estimate water quality impact.  This can be accomplished by using the following
weighted average formula:

Cw = (AA)(QA)(CA) + (AB)(QB)(CB) ... + (AN)(QN)(CN)
-----------------------------------------------------------

          QA +  QB +  ...  +    QN

where:

Cw = Composite concentration (of nitrate, salts, pesticides) for watershed area.

AA, AB, etc. = number of 100 acres of Crop, A, Crop B, etc.

An = number of 100 acres of non-irrigated area.

QA, QB, etc. = Predicted discharge per 100 acres of Crop A, Crop B, etc. per Tanji model (cfs)

QN = Predicted discharge per 100 acres of non-irrigated land per Tanji model (cfs).

CA, CB, etc. = Predicted concentration (of nitrate, salts, pesticides) per 100 acres of Crop A,
Crop B, etc. per Tanji model (mg/l).

CN = Predicted concentration (of nitrate, salts, pesticides) per 100 acres of non-irrigated
land per Tanji model (mg/l).

Since each cropping scenario has a different mix of crop types with different water quality
effects, separate analyses are presented for the Low Tech, Medium Tech and High Tech
scenarios.  The results of integrating the Cropping Scenarios acreages for Low Tech, Medium
Tech and High Tech are summarized in Table 1 in Appendix A for each creek system evaluated.
The individual computational tables are included in Appendix B.

The results of the model integration indicate that the Medium Tech cropping scenario will have
the greatest overall effect on nitrogen increases in the creeks, with summer increases of nitrate-
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nitrogen from two (2) to 3.7 mg/l, or about 75 percent.  Improved management of manure in the
West County watershed, which is not directly assessed in the Tanji model but is an important
element of the Irrigation Management Plan, may actually result in reductions in overall nitrogen
concentrations in surface water.

The herbicide 2,4,D, which is assumed in the modeling to be in widespread use in the watershed
on forage crop lands, is predicted to exist at concentrations in the range of parts per trillion for
the Medium Tech scenario.  These concentrations would be below detection levels for routine
field and laboratory monitoring, but possibly detectable in more sophisticated research
laboratories.  If it is assumed that 2,4,D or other similar herbicides will actually be applied in
any cropping year to only about 25 percent of the forage crop lands, then the predicted herbicide
concentration would likely be below detection limits achievable in research facilities.  Similarly,
even when the non-persistent insecticide carbaryl (Sevin) is assumed to be widely applied to all
specialty crops and vegetables crops, the model predicts concentrations at or below the detection
limits of research grade laboratory instruments.

The most significant increase predicted by the water quality modeling is in salt discharge to the
estuaries.  Increases of more than three times in the salt content of return flow irrigation tail
water to surface water are predicted for all streams.  While this may seem somewhat surprising
given the high quality-low TDS of the reclaimed water, it is due to the concentration of salts that
occurs from evapotranspiration of the applied water.  Salts, which are not accumulated to any
significant extent in the growing crops and are relatively mobile in the soil environment, are
easily transported through the watershed soils through rainfall and applied irrigation water.
Virtually all salts added to the watershed eventually will be discharged to the estuaries. This
predicted increase in the annual mass discharge of salts from project watershed lands should be
put into proper perspective. The salt discharge from watershed runoff and subflow represents a
very small amount of salt (estimated less than one percent) compared to the salts entering the
estuaries with tidal inflow. The effects of this are discussed in the Water Quality Impact Analysis
Technical Report (Meritt-Smith Consultants, April, 1996).
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5.0 MASS DISCHARGE

Mass discharge refers to the total discharge quantity of an element such as nitrogen, salts or
pesticides, in kilograms, pounds or tons, reported on an annual basis.  Basically, it represents the
multiplication of concentration with volume.  The point of interest is the discharge of these
constituents to the Estero Americano, Estero de San Antonio and the mouth of Tolay Creek at
San Pablo Bay.  Using the Tanji model, mass discharges of nitrate-nitrogen and salt can be
estimated for the existing conditions scenario and compared with the Low Tech, Medium Tech
and High Tech cropping scenarios.  The results of the mass loading analysis are summarized in
Tables 2 and 3 in Appendix A; the calculation sheets are included in tables in Appendix B.

The capability of the watershed's soil-hydrologic system to retain these compounds can also be
approximated.  This can be accomplished by comparing the total load applied to each watershed
in irrigation water (for nitrates and salts) with the stream mass loading discharge (Table 4).   The
difference between the two is an approximation of watershed retention or concentration (some
salts and N are added from fertilizers, manure and imported feeds).  For nitrogen, over 99 percent
of the irrigation applied load is retained in the soil or crop.  Salts, being relatively soluble and
mobile, are retained in the watershed to a much less significant extent (84%+).

The greatest increase in mass loading are: 1) for the Medium Tech scenario for nitrogen, about a
10-percent increase; and 2) the High Tech scenario for salts, an approximately 300-percent
increase.  Existing conditions assume essentially no detectable herbicides/pesticides in the
surface water.



APPENDIX A
Tables



Table 1   Summary of Irrigation Water Quality Effects

Discharge

 (ac-ft)

Salt TDS
(mg/l)

Nitrogen
(mg/l)

2,4,D

(mg/l)

Carbaryl

(mg/l)

STEMPLE CREEK

Summer

Low Tech 1019.33 1376.92 3.47 2.71E-06 2.03E-08

Med Tech 1091.18 1638.89 3.67 6.32E-06 5.63E-08

High Tech 940.93 1676.46 3.31 5.86E-06 1.88E-07

Existing Cond. 95.65 500 2 0 0

Winter

Low Tech 7140.30 175.51 0.83 0 0

Med Tech 7488.45 163.76 0.90 0 0

High Tech 7372.40 167.56 0.96 0 0

Existing Cond. 6908.2 184 0.8 0 0

AMERICANO CREEK

Summer

Low Tech 769.83 1319.08 3.43 1.47E-06 1.79E-08

Med Tech 675.65 1549.34 3.51 4.57E-06 8.14E-08

High Tech 583.38 1644.36 3.01 4.32E-06 2.83E-07

Existing Cond. 51.03 500 2 0 0

Winter

Low Tech 3875.40 171.20 0.84 0 0

Med Tech 4202.45 151.87 0.95 0 0

High Tech 4107.50 157.17 1.08 0 0

Existing Cond. 3685.5 184 0.8 0 0



Table 1, Continued

TOLAY CREEK

Summer

Low Tech 232.26 2077.90 3.44 3.78E-06 4.91E-08
Med Tech 219.46 2322.57 3.33 5.00E-06 1.30E-07
High Tech 204.62 2543.09 3.18 5.80E-06 2.23E-07
Existing Cond. 0 0 0 0 0
Winter

Low Tech 1583.46 248.55 0.75 0 0
Med Tech 1600.66 250.57 0.76 0 0
High Tech 1607.54 251.37 0.77 0 0
Existing Cond. 450 .75 0 0

Ref.:  93012EST.T1







Table 4   Watershed Loading Analysis

Stemple Americano Tolay

Irrigation Application (ft) 1.9 1.9 2.8

Irrigated Acreage 6,200 5,470 1,540

Total Application (acre-feet) 11,780 10,393 4,312

Total Watershed Loading 1

     wastewater = 11.2 mg/l N 358,713 lbs 316,450 lbs 131,320 lbs

     wastewater = 450 mg/l TDS 14,412,570 lbs 12,715,608 lbs 5,276,718 lbs

Net Total Watershed Discharge 2 (Table 3)

     N (Medium Tech) 3,200 3,058 844

     TDS (Medium Tech) 2,263,173 2,107,345 (-291,310)

Retention in Watershed  N -   (%)

                                                TDS (%)

99.1

84.3

99.0

84.5

99.4

--

1 Total mass loading applied to watershed in wastewater (volume multiplied by concentration).
2 Total mass load in stream discharge attributed to project Medium Tech (project discharge less existing

condition discharge).

Ref.:  93012EST.T4
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