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1.0 INTRODUCTION1.0 INTRODUCTION

Irrigation could affect surface water flow in West County streams and Tolay Creek, but not other
irrigation area streams (Baseline Hydrology and Irrigation Drainage Evaluation for West and South
County Reclamation Alternatives Technical Report, Questa 1996). Storage reservoirs in West County and
Tolay could also affect surface water flow (Hydrogeology of Storage/Reuse Areas and Evaluation of
Potential Impacts to Groundwater Technical Report, Parsons ES-1996). A watershed flow and water
quality model was developed to estimate the potential changes in stream flow and water quality potentially
resulting from storage and irrigation in West County and Tolay. In addition, the effect of West County
irrigation and storage on the Esteros was evaluated using watershed model output. A water quality model
was used to evaluate Estero impacts.

The purpose of this report is to document model methodology. Model output is used in other reports
(Water Quality Impacts Analysis and Aquatic Habitat Impacts Analysis Technical Reports, MSC 1996) to
describe and evaluate potential project impacts.
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2.0 WATERSHED FLOW AND WATER QUALITY2.0 WATERSHED FLOW AND WATER QUALITY
MODELMODEL

The flow and water quality model is designed to predict stream flow and water quality (i.e., TDS and total
inorganic nitrogen) on a monthly basis for the combinations of storage and irrigation that have been
proposed in Stemple, Americano and Tolay Creeks. Surface water impacts are not expected in other
watersheds (Baseline Hydrology and Irrigation Drainage Evaluation for West and South County
Reclamation Alternatives Technical Report, Questa 1996). The model computes the flow and water
quality by mass balance from the aggregate watershed land use tributary to any stream location. Land uses
considered include the following:

• Storage reservoir options (locations are described in Section 2 of the EIR/S).

• Dam seepage (described in Hydrogeology of Storage/Reuse Areas and Evaluation of Potential
Impacts to Groundwater Technical Memorandum Parsons Engineering Science 1996).

• Irrigation acreage (estimated by Sycamore Associates using GIS and the Irrigation Management
Guidelines in Section 2.2 of the EIR/S).

• Hydrologic year types (as defined in the Baseline Hydrology and Irrigation Drainage Evaluation for
West and South County Reclamation Alternatives Technical Report, Questa 1996).

• Irrigation technology (as defined in Estimation of Nitrogen, Salts and Herbicide / Pesticide
Concentrations in Surface Water and Mass Loading Analysis from Irrigation with Reclaimed Water,
West County and South County Alternatives Technical Report, Questa 1996).

Changes in water quality associated with passage through the stream system are ignored.
The assumptions and modeling approach are summarized.

2.1 RESERVOIR EFFECTS

Project effects on flow and water quality were evaluated for each storage alternative in each watershed, as
described in Table 1.
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Table 1.

Summary of Storage Alternatives Evaluated in Each Watershed

Americano Stemple Tolay Adobe Road Site Lakeville

No Storage
Valley Ford
Carroll Road
Bloomfield

No Storage
Huntley

Two Rock

No Storage
Tolay A
Tolay C

Sears Point

No Storage
Adobe Road

No Storage
Lakeville Hillside

With the exception of Tolay A, Tolay C, Sears Point, and Adobe Road,  all runoff tributary to each dam
site is assumed to flow into the impoundment with no direct downstream flow or water quality
ramifications. For the Tolay and Adobe watersheds, the drainage from watershed above the Sears Point
and Tolay “C” dam sites is assumed intercepted and pumped around the reservoir.

The average seepage rate through each dam has been estimated in Hydrogeology of Storage/Reuse Areas
and Evaluation of Potential Impacts to Groundwater Technical Report (Parsons ES 1996). The monthly
variations are estimated by a scaling factor which reflects the depth of water within the reservoir. The
annual average seepage rates and monthly scaling factors are listed in Tables 2 through 5.

The TDS and total inorganic nitrogen concentrations of the seepage from the storage reservoir were
assumed equal to the Delta Pond effluent concentrations used in the Russian River water quality study
(Russian River Water Quality Model Technical Report RMA 1996 ). The monthly concentrations are
shown in Table 2 through 5.
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Table 2.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Tolay Creek Watershed

Statistics Total Area = 6171 Acres Potential Irrigated Area = 1540 acres

Reservoir Options Upstream Area in Acres Upstream Irrigated Area in Acres Dam Seepage Rate in gpm

Sears Point 2027a 1463 1.5

Tolay (A) 3990 none 1.8

Tolay (C) 1300a 880 1.2

Watershed Flows and Water Quality Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Dam Seepage Fraction 0.63 0.78 0.93 1.03 1.11 1.18 1.23 1.18 1.03 0.88 0.73 0.58

Flows, AcreFeet/Month

Average Year Flows, No Irrigation 1.4 829 1413 2256 1401 718 322 41.0 11.7 4.3 1.6 0.0

Dry Year Flows, No Irrigation 0.3 398 749 1271 772 360 143 32.7 9.3 3.4 1.3 0.0

Wet Year Flows, No Irrigation 2.9 1294 2102 3243 2042 1212 575 64.4 22.3 4.8 1.8 0.0

Average Year, Normal Irrigation 5.8 791 1368 2205 1371 692 306 44.9 12.8 4.7 1.7 3.3

Dry Year, Normal Irrigation 5.2 374 720 1234 752 345 136 35.5 10.1 3.7 3.9 4.4

Wet Year, Normal Irrigation 7.3 1246 2047 3185 2005 1190 556 71.1 24.7 5.3 1.9 3.3

Avg. Year Cool Summer Irrigation 11.0 796 1370 2205 1372 692 306 44.9 12.8 4.7 6.7 8.9

Dry  Year, Winter Irrigation 5.3 374 737 1276 822 380 156 49.0 17.4 7.5 5.3 4.9

Water Quality, mg/L Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Non Irrigated TDS 400 300 120 100 100 100 200 300 400 500 550 600

Low Tech TDS 1200 500 160 100 100 100 300 1000 1400 1500 1600 1700

Winter Irrigation TDS 1200 500 370 400 500 650 900 1150 1400 1500 1600 1700
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Table 2.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Tolay Creek Watershed

Reclaimed Water TDS 490 470 450 450 450 460 470 480 490 500 510 510

Non Irrigated Nitrogen 2 1.5 1 0.8 0.8 0.8 1 1.5 1.8 1.9 2 2.1

Low Tech Nitrogen 3.2 1.5 0.8 0.5 0.5 0.5 1 2.8 3.5 3.6 3.7 3.8

Winter Irrigation Nitrogen 3.2 1.5 0.9 1.1 1.5 1.9 2.4 3 3.5 3.6 3.7 3.8

Reclaimed Water Nitrogen 13.6 14.2 16.5 16.5 16.5 15.3 14.1 12.1 11.3 11.1 10.9 10.6

Irrigation Technology Scaling Factors Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Medium Technology-Flow 0.94 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.94 0.94 0.94 0.94

High Technology-Flow 0.88 1.01 1.01 1.01 1.01 1.01 1.01 0.88 0.88. 0.88 .088 0.88

Medium Technology-TDS 1.12 1.01 1.01 1.01 1.01 1.01 1.01 1.12 1.12 1.12 1.12 1.12

High Technology-TDS 1.22 1.01 1.01 1.01 1.01 1.01 1.01 1.22 1.22 1.22 1.22 1.22

Medium Technology-Nitrogen 0.97 1.01 1.01 1.01 1.01 1.01 1.01 0.97 0.97 0.97 0.97 0.97

High Technology-Nitrogen 0.92 1.02 1.02 1.02 1.02 1.02 1.02 0.92 0.92 0.92 0.92 0.92
a Flow is intercepted and diverted around reservoir. Area above diversion point is not considered part of the watershed.
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Table 3.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Stemple Creek Watershed

Statistics Total Area = 6171 Acres Potential Irrigated Area = 1540 acres

Reservoir Options Upstream Area in Acres Upstream Irrigated Area in Acres Dam Seepage Rate in gpm

Huntley 388 none 9

Two Rock 727 none 5

Watershed Flows and Water Quality Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Dam Seepage Fraction 0.63 0.78 0.93 1.03 1.11 1.18 1.23 1.18 1.03 0.88 0.73 0.58

Flows, AcreFeet/Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Average Year Flows, No Irrigation 42.3 4089 5560 9945 7399 6288 1350 371 141.0 32.1 11.6 1.0

DryYearFlows, No Irrigation 2.6 999 2308 4028 3684 3348 289 200 54.5 20.4 7.5 0.0

WetYearFlows, No Irrigation 101.0 5853 9243 16066 11835 9670 2820 433 179.0 42.3 15.5 2.5

Average Year, Normal Irrigation 37.2 3707 5192 9504 7120 6108 1346 432 175.0 42.2 24.8 19.5

Dry Year, Normal Irrigation 20.0 854 2119 3777 3517 3656 554 314 115.0 31.8 20.8 18.9

Wet Year, Normal Irrigation 75.4 5382 8761 15527 11490 9436 2714 512 223.0 53.0 19.3 16.8

Avg. Year Cool Summer Irrigation 158.0 3727 5200 9507 7121 6108 1346 432 175.0 51.0 39.7 39.2

Dry Year, Winter Irrigation 20.1 854 2189 3948 3798 4007 721 404 171.0 47.4 26.6 20.9

Water Quality, mg/L Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Non Irrigated TDS 400 300 120 100 100 100 200 300 400 500 550 600

Low Tech TDS 1200 500 160 100 100 100 300 1000 1400 1500 1600 1700
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Table 3.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Stemple Creek Watershed

Winter Irrigation TDS 1200 500 370 400 500 650 900 1150 1400 1500 1600 1700

Reclaimed Water TDS 490 470 450 450 450 460 470 480 490 500 510 510

Non Irrigated Nitrogen 2 1.5 1 0.8 0.8 0.8 1 1.5 1.8 1.9 2 2.1

Low Tech Nitrogen 3.2 1.5 0.8 0.5 0.5 0.5 1 2.8 3.5 3.6 3.7 3.8

Winter Irrigation Nitrogen 3.2 1.5 0.9 1.1 1.5 1.9 2.4 3 3.5 3.6 3.7 3.8

Reclaimed Water Nitrogen 13.6 14.2 16.5 16.5 16.5 15.3 14.1 12.1 11.3 11.1 10.9 10.6

Irrigation Technology Scaling Factors

Medium Technology-Flow 1.07 1.05 1.05 1.05 1.05 1.05 1.05 1.07 1.07 1.07 1.07 1.07

High Technology-Flow 0.92 1.03 1.03 1.03 1.03 1.03 1.03 0.92 0.92 0.92 0.92 0.92

Medium Technology- TDS 1.19 0.93 0.93 0.93 0.93 0.93 0.93 1.19 1.19 1.19 1.19 1.19

High Technology- TDS 1.22 0.95 0.95 0.95 0.95 0.95 0.95 1.22 1.22 1.22 1.22 1.22

Medium Technology-Nitrogen 1.06 1.08 1.08 1.08 1.08 1.08 1.08 1.06 1.06 1.06 1.06 1.06

High Technology-Nitrogen 0.95 1.16 1.16 1.16 1.16 1.16 1.16 0.95 0.95 0.95 0.95 0.95
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Table 4.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Americano Creek Watershed

Statistics Total Area = 6171 Acres Potential Irrigated Area = 1540 acres

Reservoir Options Upstream Area in Acres Upstream Irrigated Area in Acres Dam Seepage Rate in gpm

Bloomfield 661 146 38

Carroll Road 892 61 25

Valley Ford 902 109 18

Watershed Flows and Water Quality Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Dam Seepage Fraction 0.63 0.78 0.93 1.03 1.11 1.18 1.23 1.18 1.03 0.88 0.73 0.58

Flows, AcreFeet/Month

Average Year Flows, No Irrigation 23.7 2994 3813 6073 3807 3237 729 200 74.9 16.8 6 0.8

DryYearFlows, No Irrigation 0.8 560 1100 3455 2473 2155 341 166 57.5 12.3 4.4 0

WetYearFlows, No Irrigation 20.9 5497 6235 9637 5406 5052 1366 235 96.1 22 7.9 1.2

AverageYear, Normal Irrigation 27.6 2611 3447 5668 3597 3094 726 252 103.5 25.7 17.9 17.2

DryYear, Normal Irrigation 18.3 445 954 3142 2296 2030 384 200 77 22.6 16.4 16.8

Wet Year, Normal Irrigation 36.8 5088 5778 9155 5148 4849 1294 293 130 31.3 11.2 14

Avg. Year Cool Summer Irrigation 45.8 2630 3454 5671 3598 3094 726 252 103.5 24.1 26.9 33.7

DryYear, Winter Irrigation 18.3 445 1016 3292 2544 2340 531 275 127 36.3 21.5 18.5

Water Quality, mg/L Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Non Irrigated TDS 400 300 120 100 100 100 200 300 400 500 550 600
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Table 4.

WatershedStatistics, Dam Seepage Rates, Unit Runoff Rates and Quality for Americano Creek Watershed

Low Tech TDS 1200 500 160 100 100 100 300 1000 1400 1500 1600 1700

Winter Irrigation TDS 1200 500 370 400 500 650 900 1150 1400 1500 1600 1700

Reclaimed Water TDS 490 470 450 450 450 460 470 480 490 500 510 510

Non Irrigated Nitrogen 2 1.5 1 0.8 0.8 0.8 1 1.5 1.8 1.9 2 2.1

Low Tech Nitrogen 3.2 1.5 0.8 0.5 0.5 0.5 1 2.8 3.5 3.6 3.7 3.8

Winter Irrigation Nitrogen 3.2 1.5 0.9 1.1 1.5 1.9 2.4 3 3.5 3.6 3.7 3.8

Reclaimed Water Nitrogen 13.6 14.2 16.5 16.5 16.5 15.3 14.1 12.1 11.3 11.1 10.9 10.6

Irrigation Technology Scaling Factors Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Medium Technology-Flow 0.88 1.08 1.08 1.08 1.08 1.08 1.08 0.88 0.88 0.88 0.88 0.88

High Technology-Flow 0.76 1.06 1.06 1.06 1.06 1.06 1.06 0.76 0.76 0.76 0.76 0.76

Medium Technology- TDS 1.17 0.89 0.89 0.89 0.89 0.89 0.89 1.17 1.17 1.17 1.17 1.17

High Technology- TDS 1.25 0.92 0.92 0.92 0.92 0.92 0.92 1.25 1.25 1.25 1.25 1.25

Medium Technology-Nitrogen 1.02 1.13 1.13 1.13 1.13 1.13 1.13 1.02 1.02 1.02 1.02 1.02

High Technology-Nitrogen 0.88 1.27 1.27 1.27 1.27 1.27 1.27 0.88 0.88 0.88 0.88 0.88
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Table 5.

Adobe Road and Lakeview  Dam Seepage Rates

Statistics Total Area = N/A (Watershed flows per acre and water quality assumed equal to Tolay Creek flow and water quality.

Reservoir Options Upstream Area in Acres Upstream Irrigated Area in Acres Dam Seepage Rate in gpm

Adobe Road 1050 none 4.0

Lakeville 500 none 20.0

Watershed Flows and Water Quality Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Dam Seepage Fraction 0.63 0.78 0.93 1.03 1.11 1.18 1.23 1.18 1.03 0.88 0.73 0.58
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Within the reservoir, oxygen uptake by settling phytoplankton and other oxygen consuming materials will
likely result in anoxic conditions within the hypolimnion during extended periods of thermal
stratification. Consequently, the seepage water may also be anoxic. This potential impact is also described.

The physical conditions in the tailwater area will determine the extent of the reduced oxygen water. To
minimize any negative impacts of low dissolved oxygen in the tailwater, the re-aeration potential Could be
maximized in the dam design. First, pool areas that could accumulate low dissolved oxygen waters should
not be constructed immediately downstream of the dam. Second, enhancing roughness characteristics of
natural creeks below dams would facilitate natural reaeration.

Estimates of average seepage rates through the dams of the proposed reclaimed water storage facilities
range from 1.8 gallons per minute (gpm) for Tolay (A) Dam to 38 gpm for Bloomfield Dam. Allowing for
seasonal variations, the maximum seepage flow rate for the Bloomfield Dam is estimated at 47 gpm or
approximately 0.1 cfs.

Assuming a 0.1 cfs flow rate and a one percent slope and a Mannings n of 0.03, a rectangular channel
approximately 1 foot wide by 0.1 foot deep would result in a velocity of approximately 1 foot per second.
Under these flow conditions, the following recovery of the oxygen deficit might be expected.

Distance
(feet)

Travel Time
(minutes)

Ra

(day-1)
Dissolved Oxygen @ 20o C

(mg/L)

60 1 0.72 2.6

120 2 0.51 4.5

180 3 0.36 5.9

240 4 0.26 6.8

300 5 0.19 7.5
a R = the ratio of oxygen deficit to saturation assuming a reaeration coefficient of 

480/day-1 (average of the rates determined by the Churchill et al. (1962) and 
O’Connor and Dobbins (1958) formulation)

The typical reaeration rate function is proportional to velocity and inversely proportional to depth.
i.e., K2 = K Vn1 / Dn2

where: K2 is the reaeration rate
K = a scaling constant
V = Velocity
n1 = exponent less or equal to 1.
D = water depth
n2 = exponent greater than 1
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Under normal flow conditions, the flow velocity decreases less rapidly than the normal depth (e.g., V ≅ f [
D2/3 ] per Mannings Equation) as the flow rate decreases. Therefore, the ratio of Vn1 to Dn2 increases as the
flow rate decreases resulting in more rapid reaeration and recovery of the oxygen deficit. Since the
predicted seepage rate is the highest for the Bloomfield Dam site, it represents the worst case.

2.2 HYDROLOGY AND WATER QUALITY

The effects of proposed West County and South County reclamation alternatives on local hydrology and
selected water quality parameters have been evaluated in Baseline Hydrology and Irrigation Drainage
Evaluation for West and South County Reclamation Alternatives Technical Report (Questa 1996) and
Estimation of Nitrogen, Salts and Herbicide/ Pesticide Concentrations in Surface Water and Mass
Loading Analysis from Irrigation with Reclaimed Water, West County and South County Alternatives
Technical Report (Questa 1995). The evaluations included estimates of monthly flows for the Americano,
Stemple and Tolay Creek watersheds for the combinations of hydrologic, irrigation conditions and
irrigation intensity that are described in Table 6. “Irrigation condition” refers to the presence or absence of
irrigation, and “irrigation intensity” refers to the type of crops being grown and thus the irrigation
practices. Additional information about irrigation condition and intensity is provided in Baseline
Hydrology and Irrigation Drainage Evaluation for West and South County Reclamation Alternatives
Technical Report (Questa 1996) and Estimation of Nitrogen, Salts and Herbicide / Pesticide
Concentrations in Surface Water and Mass Loading Analysis from Irrigation with Reclaimed Water, West
County and South County Alternatives Technical Report (Questa 1995).

Table 6.

Hydrologic Conditions Under Which Irrigation and

Storage Impacts Were Evaluated

Hydrologic Condition Irrigation Condition Irrigation Intensity

Average rainfall year no irrigation,
normal irrigation rate

cool summer with normal irrigation
low, medium, high tech
low, medium, high tech

Dry rainfall year no irrigation,
normal irrigation rate

winter irrigation (contingency)
low, medium, high tech
low, medium, high tech

Wet rainfall year no irrigation
normal irrigation rate low, medium, high tech

Source: Questa (1995 and 1995)
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The water quality analysis in Baseline Hydrology and Irrigation Drainage Evaluation for West and South
County Reclamation Alternatives Technical Report (Questa 1996) and Estimation of Nitrogen, Salts and
Herbicide/Pesticide Concentrations in Surface Water and Mass Loading Analysis from Irrigation with
Reclaimed Water, West County and South County Alternatives Technical Report (Questa 1995) included
estimates of the TDS and nitrogen concentrations of surface and sub-surface runoff within each
watershed. The estimates included seasonal variation (i.e., winter and summer) for existing conditions and
low, medium and high technology cropping scenarios. Monthly values were interpolated to provide
smooth transition between the summer and winter season.

The “normal irrigation” flows were assumed to correspond to the low technology irrigation scenario. For
variations due to the other cropping technologies, scaling factors were developed from Baseline
Hydrology and Irrigation Drainage Evaluation for West and South County Reclamation Alternatives
Technical Report (Questa 1996) and Estimation of Nitrogen, Salts and Herbicide / Pesticide
Concentrations in Surface Water and Mass Loading Analysis from Irrigation with Reclaimed Water, West
County and South County Alternatives Technical Report (Questa 1995) which relate the flow and water
quality of the low technology irrigation practice to the medium and high technology irrigation scenarios.

The monthly flow rates and TDS and nitrogen concentrations for the Tolay, Stemple and Americano
watersheds are shown in Tables 2, 3 and 4 respectively. All of the flow rates and water quality shown in
these tables are based on the total watershed and potential irrigated acreage assumed by Baseline
Hydrology and Irrigation Drainage Evaluation for West and South County Reclamation Alternatives
Technical Report (Questa 1996) and Estimation of Nitrogen, Salts and Herbicide / Pesticide
Concentrations in Surface Water and Mass Loading Analysis from Irrigation with Reclaimed Water, West
County and South County Alternatives Technical Report (Questa 1995). These acreages, which are listed
in Table 2 through 5, differ from the latest determination of suitable irrigation lands (Water Quality
Impacts Analysis, MSC 1996). Therefore, the actual flow and concentrations were computed from the unit
flow (i.e., cfs / acre) as determined by the Questa data and revised acreages.

The water quality effects of the winter irrigation option were not explicitly defined by Baseline Hydrology
and Irrigation Drainage Evaluation for West and South County Reclamation Alternatives Technical
Report (Questa 1996) and Estimation of Nitrogen, Salts and Herbicide / Pesticide Concentrations in
Surface Water and Mass Loading Analysis from Irrigation with Reclaimed Water, West County and South
County Alternatives Technical Report (Questa 1995). Therefore, the TDS and nitrogen concentrations
were estimated by using the ratio of precipitation to the winter irrigation application rate. These estimated
concentrations are included in Tables 2 through 4.

2.2.1 Irrigation Acreage Changes Associated With Design Discharge Rates

For each watershed, irrigation projects associated with the 1, 5 and 10 percent design discharge
components were evaluated. The total irrigated area that is necessary in West County for these irrigation
alternatives is 6,200, 4,400 and 2,900 acres, respectively (see
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Water Balance Model Technical Report, Parsons E-S 1996). Based on criteria for irrigation suitability in
the Irrigation Management Guidelines Technical Report (Questa 1996), 3055 acres and 5493 acres have
been identified as suitable for irrigation in the Americano and Stemple Watershed, respectively (see Table
6-2 in Water Quality Impacts Analysis Technical Report, MSC 1996). For alternatives where the suitable
irrigation acreage within a watershed (e.g., Stemple Creek watershed) may exceed the required acreage,
the required acreage was assumed to be uniformly distributed throughout the suitable irrigation land. As
an example, 49 percent of the available irrigable lands in the Stemple Creek watershed is required for the
10 percent project alternative (i.e., 2,700 / 5,493). Therefore, if a sub-watershed contained 1,000 acres of
irrigable land, 490 acres would be assumed irrigated under the 10 percent project option.

2.2.2 Flow and Water Computations

The following procedure was used to compute the flow and water quality at various locations within each
watershed. First, the flow rate per unit area was computed from the Questa estimates.

ie., qn = Qn / At

Where: qn = Unirrigated flow rate, cfs/acre

Qn = Unirrigated flow rate, cfs

At = Total watershed area, acres

And

qp = ( Qp - qn ( At - Ap ) ) / Ap

Where: qp = Irrigated area flow rate, cfs/acre

Qp = Irrigated area flow rate, cfs

Ap = Irrigated area, acres

For the area of interest, the total watershed area, the area suitable for irrigation and any dam within the
watershed was specified. Using the unit flow rates defined above, the total flow and water quality was
computed by mass balance.
i.e.,

Q = qn ( At - Ap - Ar) + qp Ap + Sr

Where: Q = Total flow rate, cfs

Ar = reservoir watershed area, acres

Sr = Dam seepage rate in cfs

And

C = ( Cn (qn ( At - Ap - Ar) ) + Cp qp Ap + Cr Sr ) / Q

Where: C = flow-weighted concentration, mg/L

Cn = concentration from non-irrigated lands, mg/L
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Cp = concentration from irrigated lands, mg/L

Cr = concentration of dam seepage, mg/L

Monthly flows, TDS and total nitrogen concentrations were computed in each watershed for each
combination of the following variables:

• Five hydrologic conditions (see Table 6)

• Three irrigation intensity or technology scenarios (see Table 6)

• Up to four storage alternatives (see Table 1)

• Up to three storage volume alternatives at each storage site (e.g., decreasing storage volume and
seepage for the 1, 5 and 10 percent irrigation/storage options).

A typical model generated output table for a single location and set of conditions is shown in Table 7. The
output table includes estimates of the monthly flow, origin of the water expressed as a percentage and the
TDS and nitrogen concentrations. For comparative analysis, these monthly results were averaged over the
months of December through March and June through September to represent winter and summer
conditions respectively.

The locations at which flows and water quality were simulated are shown in Figure 1 of the Water Quality
Impacts Analysis Technical Report (MSC 1996). The seasonally averaged model output occupies
approximately 250 pages and is available upon request. Estimates of potential impacts on the aquatic
biology and water quality are summarized in the Aquatic Biological Resources Impacts Analysis
Technical Report (MSC 1996) and the Water Quality Impacts Analysis Technical Report (MSC 1996)
respectively.
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Table 7.

Typical Output Table Generated by the Watershed Water Quality and Hydrologic Model for a Single Location and Set of Conditions

Location EA1 - Americano Watershed, Bloomfield Dam

Month Outflow Origin Estimated WQ

Non Irr.
cfs/100Ac

Irrig.
cfs/100Ac

Non Irr.
cfs

Irrig.
cfs

Seepage
cfs

Total
cfs

Non Irr.
percent

Irrig.
percent

Seepage
percent

TDS
mg/L

Nitrogena

mg/L

Oct 0.0001 0.0040 0.009 0.117 0.052 0.178 4.9 65.6 29.5 1145 5.96

Nov 0.0664 0.0329 6.286 0.958 0.067 7.311 86 13.1 0.9 323 1.67

Dec 0.1262 0.1073 11.949 3.122 0.077 15.148 78.9 20.6 0.5 167 1.11

Jan 0.3964 0.3688 37.531 10.729 0.086 48.346 77.6 22.2 0.2 160 0.96

Feb 0.3141 0.3578 29.742 10.407 0.102 40.252 73.9 25.9 0.3 194 1.13

Mar 0.2473 0.3204 23.41 9.32 0.098 32.828 71.3 28.4 0.3 242 1.3

Apr 0.0404 0.1047 3.828 3.047 0.106 6.98 54.8 43.6 1.5 478 2.09

May 0.0190 0.0390 1.803 1.135 0.098 3.036 59.4 37.4 3.2 729 2.27

Jun 0.0068 0.0214 0.645 0.621 0.089 1.355 47.6 45.8 6.5 1022 3.01

Jul 0.0014 0.0065 0.134 0.188 0.073 0.395 33.8 47.7 18.5 1153 4.21

Aug 0.0005 0.0042 0.048 0.123 0.061 0.232 20.6 53.2 26.2 1307 5

Sep 0.0000 0.0043 0 0.125 0.05 0.175 0 71.5 28.5 1660 5.41

Average 0.1016 0.1143 9.615 3.324 0.08 13.02 50.7 39.6 9.7 715 2.84

Ave(Q.wt) 73.9 25.5 0.6 234 1.24
a Assuming no uptake in riparian corridor
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3.0 ESTERO HYDRODYNAMIC AND WATER3.0 ESTERO HYDRODYNAMIC AND WATER
QUALITY MODELQUALITY MODEL

To estimate the impacts of changes in inflow characteristics on Estero water quality, a link-node model
evaluation of the two Esteros was performed. A model representation of the Estero Americano developed
during a previous flow and water quality study (RMA, 1989) was modified to meet project needs and a
new representation of the Estero de San Antonio was developed. In the following sections, model
assumptions, inputs and calibration and predicted impacts of watershed management are described.

3.1 MODEL REPRESENTATION

RMA's link-node hydrodynamic model (RMA 1989) represents the Esteros as variable grid networks of
"nodes" and "channels" (i.e., links). Nodes are discrete units of the water-body, characterized by surface
area, depth and volume as a function of water surface elevation. The nodes represent the wetted area
bounded by the midpoints of the connecting channels and include backwater areas which may not be
included in the channel conveyance area. Adjacent nodes are connected by channels, each having
associated length and friction factor. The width, cross-section area and hydraulic radius of each channel
also varies with water surface elevation.

The link-node model has been applied to many estuaries throughout the country and is appropriate for the
Estero Americano and Estero de San Antonio evaluation since both estuaries are one-dimensional in
nature. That is, the flow within the estuary is primarily constrained to flow in a single channel throughout
its length.

The model is designed to solve the basic equations of continuity and dynamic fluid motion for the
generalized network of nodes and channels. The program performs a numerical integration of these
equations, stepping forward in time. The results are a time history of velocities and flows in each channel
and the head, surface area, and volume at each node.

Implicit in the link node modeling approach is the assumption of uniform water quality with depth. Since
both Esteros may be density stratified during periods of fresh water inflow, the model was modified to
approximate the hydrodynamic and water quality effects of stratification.

The model assumes uniform concentrations within each of two layers at each node location. The average
presented in the plots includes the average of both layers during the tidal cycle (24 hourly results). The
maximum computed variation with depth was typically 4 PPT for salinity and occurred near the point of
maximum horizontal salinity gradient. During periods of stratification, vertical variations in observed
salinity were of the same magnitude except for a few periods of sharper stratification. Dissolved oxygen
stratification was more pronounced in the simulation results than in the observed data. Temperature
stratification was minimal in both the model results and observed data.  No
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other water column data were available. All other observations were assumed representative of the entire
water column.

The revised model separates the water column into two layers of equal volume. The concentration of each
water quality parameter is computed in both layers at each node. The upper layer computations include
reaeration and the appropriate bottom exchange based on the section geometry. The bottom layer
computations include settling from the surface layer and attenuation of light by the surface layer. Vertical
diffusion between layers is computed as a function of velocity and is intended to approximate turbulent
exchange. Density stratification occurs in the Estero when lower salinity waters “float” above waters of
higher salinity. Temperature effects on stratification are minimal within the Esteros. Density stratification
results in a net seaward flow in the surface layer relative to the subsurface layer. To approximate this
effect, inter-tidal flows are altered to create differential net seaward flow between the surface and bottom
layers. During calibration, the vertical diffusion and the differential seaward flow between layers were
adjusted to approximate observed salinity and thermal stratification.

The application of the stratification approximation is limited to the range of flow conditions evaluated
during model calibration because the stratification approximation of the model is an approximate
application of fundamental, density-driven hydrodynamic relationships.

The model representation of the Estero Americano utilizes a single line of 44 nodes and 43
interconnecting channels and extends from the Pacific Ocean upstream approximately 7.5 miles to Valley
Ford. The model representation of the Estero de San Antonio utilizes a single line of 26 nodes and 25
interconnecting channels and extends from the Pacific Ocean upstream approximately 7.5 miles to the
Highway 1 Bridge. The limits for both model representations are shown on Figure 1 (ocean to QE1 and
QS1, respectively).

The model representation of the Estero Americano was developed from channel cross-section
measurements, detailed air photos taken near low water and site reconnaissance. The model
representation of the Estero de San Antonio was developed from channel cross-sections and bed profiles
reported by Williams (1993).

3.2 HYDRODYNAMIC MODEL CALIBRATION

3.2.1 Estero Americano

Hydrodynamic model calibration for the Estero Americano was performed for the period of July 1 - 5,
1989. This period was selected because inflow conditions were similar to the conditions that were
simulated and because data were available. This period was simulated using as input the stage recorded at
15 minute intervals at the seaward boundary (Sampling Station 1), no fresh water inflow, and an
evaporation rate of 4.0 inches per month. Typical Mannings n values, ranging from 0.027 to 0.038, were
assigned based on channel characteristics. Calibration data were limited to observed stage at the Franklin
School Road Bridge and estimates of current velocity at selected locations.

Figure 1
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The observed tide elevation at the mouth of the Estero and the computed and observed stage at the
Franklin School Road Bridge is shown on Figure 2. These results show that the model reproduces the
phasing and amplitude of the tide throughout the tidal cycle within one hour and 0.5 feet, respectively.
The maximum difference occurs during the period between lower high water and higher low and is
probably the result of localized channel restrictions at shallow depths. At the end of the calibration period,
the difference diminished as the magnitude of smaller half of the tide increased. This plot shows that the
attenuation of the phasing and magnitude during the lower phase of the tide is large relative to the
magnitude of the differences between the computed and observed tide at the bridge.

The observed tide at the mouth has a minimum lower low water elevation of approximately -2 feet NGVD
(NGVD is equivalent to mean sea level in 1929). Low water outside of the Estero would approach -4 feet
NGVD. The difference is due to partial closure of the entrance to the Estero by littoral drift. The potential
for total or partial closure increases with increased ocean wave energy and decreased intertidal flow rates,
which occur during neap tides with low fresh-water inflow rates.

Velocity estimates based on drogue tracking are available at three locations. The observed inter-tidal
extremes are shown below along with corresponding computed velocities during the calibration period.

 Node Location Estimated Extremes Computed Extremes

1 -3.0 to +3.0 -1.5 to +1.4

14 -1.5 to +1.5 -0.7 to +0.6

32 -0.5 to +0.5 -0.3 to +0.5

The velocities computed by the model represent the average over the entire cross section and will always
be less than those observed at the surface at mid channel. At nodes 1 and 14, the computed maximum
velocity is approximately half that of the observed, which is typical. At node 32, the difference becomes
less since the channel is narrow and has steep sides which limits the lateral variation in velocity.

The small difference between the computed and observed stage at the upstream gage and proper
magnitude of computed current velocity indicates the model approximates the hydrodynamic responses of
the Estero under the tide and entrance conditions which prevailed during the calibration period.

3.2.2 Estero de San Antonio

Hydrodynamic model calibration for the Estero de San Antonio was performed for the period of March 9-
11, 1993. This three-day period was simulated using as input predicted tides, Stemple Creek inflow rate of
47 cfs, and an evaporation rate of 2.0 inches per month. Water surface elevations at Middle Road bridge
and Franklin School Road bridge as reported by Williams (1993) were used for calibration. The Estero
entrance conditions
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that prevailed during this period were approximated by a broad crested weir analogy. A Mannings n value
of 0.03 was assigned to all channels.

The predicted tide elevation outside the mouth of the Estero and the computed water surface elevation at
the two bridges are shown on Figure 3. Figure 3 also contains a plot extracted from the Williams (1993)
report. The computed and observed stage at the two bridges are nearly identical, indicating the model
approximates the hydrodynamic responses of the Estero under the tide and entrance conditions which
prevailed during the calibration period.

The observed tide inside the mouth of the Estero has a minimum lower low water elevation of
approximately 0 feet NGVD. The low water elevation outside of the Estero would approach -4 feet
NGVD. The difference is due to partial closure of the entrance to the Estero by littoral transport. The
surface area of the Estero de San Antonio is smaller than that of the Estero Americano. Therefore,
intertidal flow rates are smaller and the tendency for full or partial closure is greater.

3.3 ESTERO ENTRANCE CLOSURE RAMIFICATIONS

The calibration exercise assumed a single entrance condition. Any number of entrance conditions are
possible and may range from fully closed to nearly unrestricted. No attempt has been made to prioritize
the calibration events relative to the range of possible entrance conditions. The following volume and flow
rates relate specifically to the entrance conditions of the calibration periods under typical tide conditions.

Minimum
Volume

Acre-Feet

Maximum
Volume

Acre-Feet

Maximum Flow
Rate
cfs

Tidal Range

feet

Estero Americano 600 1,600 2,800 3.9

Estero de San Antonio 140 310 600 2.8

The volumes and maximum flow rates provide some insight into the tendency for partial or total closure
of the entrances. The ocean conditions affecting the Esteros are similar (e.g., tides, ocean wave energy and
availability of littoral sand required for closure). The flows to and from the Estero are the remaining factor
influencing closure. The inter-tidal flows for the Estero Americano are approximately four times those of
the Estero de San Antonio. Therefore, the Estero de San Antonio is a much more likely candidate for
entrance closure.

During all but the highest runoff periods, tributary inflow rates are many times smaller than the inter-tidal
flow rates and likely have little effect on the timing of closure. The duration of closure may be shortened
by increased water levels within the Esteros due to runoff. Higher water levels may result in over-topping
or structural failure of the closure berm or the berm may be removed by local land owners to prevent
flooding.
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Entrance closure results in larger depths, much lower velocities and minimal exchange of water quality
parameters at the mouth. To evaluate the effects of entrance closure on water quality, both Esteros were
simulated assuming a water surface elevation of 4 feet NGVD. Four feet is the maximum elevation
attained in the Estero de San Antonio during the period from March 8, 1993 to May 1, 1993 (Williams,
1993). A small elevation fluctuation was imposed at the mouth to approximate seepage through the berm
as a function of tidal elevation.

The initial quality of the water trapped in the Esteros at closure will vary with the antecedent tributary
inflow conditions. The effects of antecedent conditions are discussed in the Project Effects Section.

3.4 WATER QUALITY MODEL

Having generated inter-nodal flows by the hydrodynamic component of the link-node model, the temporal
variability of heat (which is manifested as water temperature) and other water quality parameters can be
traced through the estuary by means of the water quality component of the link-node model. The modeling
approach is based on the assumption that the dynamics of heat and each chemical and biological
component can be expressed by the law of conservation of either thermal energy or mass and the kinetic
principle. The parameters predicted by the model are:

• Temperature
• Total Dissolved Solids (TDS)
• Ammonia as Nitrogen (NH3-N)
• Nitrate as Nitrogen (NO3-N)
• Phosphate as Phosphorus (PO4-P)
• Carbonaceous biochemical oxygen demand (CBOD)
• Organic Detritus
• Dissolved Oxygen
• Phytoplankton
• Benthic Algae

With the exception of benthic algae, which is assumed affixed to the bottom, each parameter is assumed to
be passively transported with the movement of water and by turbulent diffusion. The model includes heat
exchange with the surface based on standard heat budget computations; uptake and release of plant
nutrients by algae growth and respiration; and dissolved oxygen reaeration (surface layer only),
production associated with algae growth and consumption by algae respiration and ammonia, BOD and
detritus decay. Settling of phytoplankton and detritus between stratified layers and to the bottom is
represented by a settling velocity subject to limitations based on flow velocity turbulence. The interactions
between each parameter are depicted in Figure 4.
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3.5 METEOROLOGICAL DATA

The water quality model requires various meteorological data for the heat budget and primary productivity
computations. These data requirements include dew point and dry bulb temperatures, wind speed and
cloud cover at hourly intervals.

Meteorological data provided by the Bodega Marine Laboratory (BML 1995) were processed to provide all
required data. The BML data consisted of air temperature, relative humidity, wind speed and solar
radiation at approximately 20-minute intervals for 1992, 1993 and 1994.

The dew point temperature was computed from the vapor pressure which was computed from the
saturation vapor pressure and relative humidity. The saturation vapor pressure was computed from the air
temperature using well established regression relationships. The cloud cover was computed from the solar
radiation and sun angle which was computed as a function of the time of day and day of the year. The
night time cloud cover was assumed equal to average of the sunup and sunset cloud covers. The computed
hourly meteorological data for 1992 and 1993 were averaged to provide a composite meteorological data
set since these two years represent low and moderate precipitation years. Gaps in the 1994 data set
precluded their inclusion in the average.

The monthly evaporation rate was computed from the BML data. The computed average rate was 2 inches
+/- 1 inch exclusive of precipitation for all months. Since the marine influence decreases inland, an
evaporation rate of 4 inches per month was assumed for all hydrodynamic simulations.

3.6 WATER QUALITY DATA

Water quality data are available at the upstream limits and at selected locations within both Esteros. Table
8 shows the average, minimum, and maximum of the observed data that are of modeling interest for the
Estero Americano. Note that two sets of data are provided for each location. The first set is for low
monthly runoff conditions and include sampling periods when the total estimated runoff is less than 3 cfs
and 5 cfs for the Americano and Stemple watersheds, respectively. The second set is for moderate monthly
runoff conditions and include sampling periods when the total estimated runoff ranges between 3 to 15 cfs
and 5 to 20 cfs for the Americano and Stemple watersheds, respectively.

Estimates of monthly runoff were based on a regression relationship between Walker Creek monthly flows
(Walker Creek is located a few miles south of the Stemple Creek watershed) and the Russian River
incremental flow which was developed for the Russian River water quality analysis (see Figure 5). This
relationship was then used to extrapolate the Estero inflow beyond the Walker Creek period of record.

Table 9 shows the average water quality for both Esteros. This table includes the depth of 1 percent light
penetration which was computed as a function of turbidity. The Estero de San Antonio data are reported
separately for open and closed entrance conditions. If there was no indication of entrance condition, the
entrance was assumed open. Considerably
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fewer data are available for Stemple Creek and the Estero de San Antonio. Therefore, minimum and
maximum values are not included. The average data were used to define inflow water quality
concentrations and for calibration data. The flow rates assumed for model calibration were:

Low Runoff Period
cfs

Moderate Runoff Period
cfs

Estero Americano 3 9

Estero de San Antonio 2.5 7.5

3.6.1 Inflow Locations and Inflow and Ocean Exchange Water Quality

The allocation of inflow to each Estero was based on watershed area. For the Estero Americano, three
inflow points were assigned (see Figure 1). The percentage of the flow assigned to each and the water
quality is listed below. The inflow water quality was based on data for monitoring stations E-5 and E-6
(see DWSC 1990).

The water quality of Americano Creek is degraded by the present agricultural practice. Less intensive
agricultural usage in the steeper watersheds nearer the coast would likely reduce the concentrations of
nutrients and phytoplankton. Therefore, the quality of QE2 and QE3 (and QS2 in the Estero de San
Antonio watershed) was based on water quality data collected in less intensively managed portions of the
watersheds (see Irrigation/Storage Streams Water Quality Monitoring Results Technical Report MSC
1996). Particular phytoplankton that prosper in fresh water environs are not necessarily compatible with
saline environments. Therefore, a portion of the inflowing phytoplankton (defined as 100 times the
chlorophyll a measurement) was converted to detritus.

The ocean boundary water quality (i.e., water which enters the Estero on the flood tide) for both Esteros
was based on the observation at Station E-1.

No attempt was made to base the water quality of the inflow to the Estero de San Antonio on observed
data since the available observed data were unfortunately not collected under the outflow conditions used
in the analysis. Instead, the water quality of the inflow at QS1 and QS2 was assumed equal to that of QE1
and QE3, respectively. The ocean boundary and tributary water quality used in the model are shown in
Table 10 (see DWSC 1990).
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Table 8.

Average Minimum and Maximum Water Quality within the Estero Americano During Low and Moderate Runoff Months

Station No. of
Samples

Flow
Condition

Temp
oC

Salinity
ppt

DO
mg/L

pH Turbid.
NTU

Secchi
cm

Chla
µg/L

TDS
mg/l

TSS
mg/L

NO3-N
mg/L

NH3-N
mg/L

Total P
mg/L

Diss P
mg/L

DOC
mg/L

E-1 12 Low=3 cfs 13.5 31.8 9.2 7.8 2.9 166.5 98.5 18 0.128 0.078 0.337 0.216 1.4

9.5 27 8.2 7.2 1.7 91.5 10 4.8 0.015 0.025 0.04 0.02 0.5

19 34.9 11.5 8.4 4.4 210 262.3 55 0.31 0.16 2.1 1.8 3.6

E-1 13 Mod=9 cfs 11.4 30.9 9 7.8 3.3 135.7 53.3 33.5 0.073 0.055 0.145 0.09 2.1

9 6.5 7.4 7.3 1.3 15 4.1 13 0.015 0.025 0.01 0.01 0.5

15.2 35.8 12.3 8.1 6.3 210 243.2 54 0.22 0.12 0.4 0.19 5

E-2 12 Low 13.8 32.2 8.8 7.7 4.2 129.1 68.8 17.2 0.121 0.069 0.327 0.248 1.1

10.4 28.5 7.5 7 2.2 1 11.6 9.2 0.015 0.025 0.06 0.04 1.1

18 35.4 10 8.3 5.8 185 206.8 36 0.33 0.14 2.1 2.1 1.1

E-2 13 Mod 12.5 29.3 8.7 7.6 18.2 93.9 66.8 28.8 0.14 0.101 0.197 0.126

8.8 4.8 6.8 6.8 1.9 15 9 14 0.015 0.025 0.01 0.01

18.5 33.9 10.4 8.1 78 200 197.4 53 0.43 0.39 0.56 0.44

E-3 12 Low 15.8 32.4 8.1 7.8 12.2 71.1 54.6 35.8 0.107 0.088 0.324 0.264 2

10.5 30 6.1 7.3 3.6 30 13.8 8 0.015 0.025 0.08 0.05 0.5

21 35.7 10 8.3 25 120 134.3 68 0.2 0.19 2.2 2 5.5

E-3 13 Mod 14.5 29.4 8.4 7.8 14 61.9 59.3 75.8 0.178 0.183 0.398 0.211 6.3

9.5 0.7 6.5 6 3.2 20 3.7 18 0.015 0.025 0.1 0.01 0.5

22 35 9.5 8.5 62 134 170.5 180 0.76 1.1 1.1 0.92 28
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Table 8.

Average Minimum and Maximum Water Quality within the Estero Americano During Low and Moderate Runoff Months

Station No. of
Samples

Flow
Condition

Temp
oC

Salinity
ppt

DO
mg/L

pH Turbid.
NTU

Secchi
cm

Chla
µg/L

TDS
mg/l

TSS
mg/L

NO3-N
mg/L

NH3-N
mg/L

Total P
mg/L

Diss P
mg/L

DOC
mg/L

E-4 12 Low 18.3 32.1 7.7 7.8 23.5 44.9 323.8 57 0.143 0.236 0.472 0.371 6.6

9.5 26.2 6.1 7.5 12 20 21 18 0.015 0.01 0.1 0.09 6.6

26 38.8 10.8 8.2 37 85 1279.1 110 0.42 0.73 2.1 2.1 6.6

E-4 12 Mod 14.9 22.1 6.9 7.7 31.2 39.5 299.7 192 0.505 1.312 1.022 0.733

8 10.5 4.8 6.9 8.6 10 20.2 16 0.015 0.025 0.1 0.1

23 35 11.6 8.2 92 75 1396.9 460 1.5 4.8 2.4 1.9

E-5 14 Low 17.2 29.3 8.3 7.8 30.7 39.3 813.1 30022 63.6 0.271 0.511 1.359 0.724 8

9.5 0.5 4.7 6.8 17 20 60.5 680.0 12 0.015 0.025 0.29 0.13 5.2

25 38.5 12.5 8.5 60 110 2700 47000 130 1.4 3.3 4.3 3.5 11

E-5 14 Mod 14.3 16.2 7.6 7.6 41.3 25.3 994.3 17518 274 0.556 2.355 1.719 1.114 18.9

7 5 3.3 6.9 17 5 56.3 360.0 47 0.015 0.025 0.29 0.2 6.2

23 34.3 16.8 8.7 120 65 5553 48000 730 1.4 10 3.7 2.4 42

E-6 9 Low 16.3 1.1 8.7 7.9 190.5 8245.0 1144 54.8 1.444 10.666 10.875 3.879 41.8

11.7 0.2 2.7 7 14 153.4 400.0 13 0.015 0.49 3.2 0.93 26

25.5 3.2 20 9.4 999 32731 4100.0 130 3.2 61 44 7.8 64

E-6 13 Mod 15.2 0.7 8.1 8 135 9 13625 1014 404 1.148 39.785 8.792 6.023 63.3

8.9 0.2 1.2 7.3 15 9 359.4 350.0 36 0.015 1.5 3.2 2.2 20

23.5 1.2 20 9.8 999 9 109532 2160 1200 7.8 268 19 13 150
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Table 9.

Average, Minimum and Maximum Observed Water Quality within the Estero Americano and Estero de San Antonio

 During Low and Moderate Runoff Months

Station no. of
Samples

Flow Condition Temp
oC

Salinity
ppt

DO
mg/L

pH 1%
Light

m

Chl-a
µg/L

TDS
mg/L

TSS
mg/L

NO3-N
mg/L

NH3-N
mg/L

Total P
mg/L

Diss P
mg/L

DOC
mg/L

Americano Creek / Estero Americanoa

E-1 12 Low=3cfs 13.5 31.8 9.2 7.8 3.3 98.5 0 18 0.128 0.078 0.337 0.216 1.4

E-1 13 Mod=9cfs 11.4 30.9 9 7.8 2.7 53.3 0 33.5 0.073 0.055 0.145 0.09 2.1

E-2 12 13.8 32.2 8.8 7.7 2.6 68.8 0 17.2 0.121 0.069 0.327 0.248 1.1

E-2 13 12.5 29.3 8.7 7.6 1.9 66.8 0 28.8 0.14 0.101 0.197 0.126 0

E-3 12 15.8 32.4 8.1 7.8 1.4 54.6 0 35.8 0.107 0.088 0.324 0.264 2

E-4 12 18.3 32.1 7.7 7.8 0.9 323.8 0 57 0.143 0.236 0.472 0.371 6.6

E-4 12 14.9 22.1 6.9 7.7 0.8 299.7 0 192 0.505 1.312 1.022 0.733 0

E-5 14 17.2 29.3 8.3 7.8 0.8 813.1 30021.5 63.6 0.271 0.511 1.359 0.724 8

E-5 14 14.3 16.2 7.6 7.6 0.5 994.3 17517.8 274 0.556 2.355 1.719 1.114 18.9

E-6 9 16.3 1.1 8.7 7.9 0 8245 1144.4 54.8 1.444 10.666 10.875 3.879 41.8

E-6 13 15.2 0.7 8.1 8 0.2 13625.6 1014.5 404 1.148 39.785 8.792 6.023 63.3
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Table 9. Continued

Average, Minimum and Maximum Observed Water Quality within the Estero Americano and Estero de San Antonio

 During Low and Moderate Runoff Months

Station no. of
Samples

Flow Condition Temp
oC

Salinity
ppt

DO
mg/L

pH 1%
Light

m

Chl-a
µg/L

TDS
mg/L

TSS
mg/L

NO3-N
mg/L

NH3-N
mg/L

Total P
mg/L

Diss P
mg/L

DOC
mg/L

Stemple Creek /Estero de San Antonio (Entrance Open)

S-2 3 Low=2.5 cfs 15.2 28.5 8.2 8.3 3.0 2.2 0 16.0 0.022 0.082 1.380 1.233 5.1

S-2 3 Mod=7.5 cfs 12.5 23.7 5.8 7.9 2.7 6.0 0 24.1 0.095 0.313 0.273 0.330 2.0

S-4 8 17.5 25.0 7.9 8.3 2.7 3.4 28000 41.4 0.086 1.344 2.063 1.697 26.0

S-4 8 16.8 13.0 7.2 8.0 2.3 24.5 20000 14.8 0.390 0.575 0.982 0.658 14.0

S-6 3 16.4 24.7 11.5 8.7 2.4 96.7 0 30.5 0.032 0.470 2.033 1.593 24.0

S-6 3 12.9 16.7 3.7 7.6 2.3 25.8 0 28.3 0.238 1.693 1.577 1.130 12.9

S-8 2 14.0 0.2 9.1 7.8 3.6 0.0 360 44.5 1.508 1.035 1.700 1.085 16.0

S-8 2 12.4 0.0 9.6 7.8 2.3 16.4 480 10.1 0.075 0.068 0.460 0.435 14.0

Stemple Creek/Estero de San Antonio (Entrance Closed)

S-2 2 Low=4 cfs 15.4 18.2 8.7 8.3 2.7 6.7 0 14.1 0.087 0.025 1.370 1.240 0.0

S-2 1 Mod=9 cfs 17.0 16.4 7.6 8.4 2.6 12.5 0 5.6 0.070 0.050 1.600 1.400 0.0

S-4 2 15.7 15.6 5.9 8.3 2.3 6.1 0 13.8 0.235 0.130 1.550 1.485 17.5

S-4 1 16.5 13.4 9.1 8.8 2.2 27.1 0 14.0 0.015 0.050 2.100 1.900 20.0

S-6 2 16.6 13.5 11.6 8.9 1.9 125.8 0 25.0 0.015 0.065 2.050 1.650 22.5

S-6 1 18.0 11.3 16.5 9.3 2.3 168.6 0 24.0 0.015 0.050 2.500 2.200 26.0
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Table 9. Continued

Average, Minimum and Maximum Observed Water Quality within the Estero Americano and Estero de San Antonio

 During Low and Moderate Runoff Months

Station no. of
Samples

Flow Condition Temp
oC

Salinity
ppt

DO
mg/L

pH 1%
Light

m

Chl-a
µg/L

TDS
mg/L

TSS
mg/L

NO3-N
mg/L

NH3-N
mg/L

Total P
mg/L

Diss P
mg/L

DOC
mg/L

S-8 1 17.0 0.2 9.5 8.6 3.6 0.0 390 53.0 0.015 0.170 1.000 0.570 16.0

S-8 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.00 0.000 0.000 0.000 0.0
a Reflects bar-open conditions only. No monitoring of Estero Americano has been conducted under bar-closed conditions.
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Table 10.

Ocean Exchange and Tributary Inflow Water Quality Used

in Estero Americano and Estero de San Antonio Model Calibration

Hydrology %
Areaa

TDS
mg/L

NO3-N
mg/L

PO4-P
mg/L

Detritus
mg/L

BOD
mg/L

NH3-N
mg/L

DO
mg/L

Temp
oC

Phyto
mg/L

Low Flow 32000 0.13 0.22 4 2 0.075 9 13.5 8

Moderate Flow 31000 0.05 0.06 5 3 0.025 9.5 11.5 4

Tributary Inflows Low Runoff Period

Location

QE1 57 1100 1.8 1.6 45 10 2 8 16 60

QE2 22 700 1.5 1.2 30 8 1.2 8 16 30

QE3 21 400 1.2 1 15 5 0.5 8 16 15

Total 100

QS1 80 1100 1.4 1.6 45 10 2 8 16 60

QS2 20 400 0.8 1 15 5 0.5 8 16 15

Total 100

Tributary Inflows Moderate Runoff Period

QE1 57 700 1.3 1.8 75 18 5 8 15 45

QE2 22 500 1.1 1.5 50 12 3 8 15 30

QE3 21 300 0.9 1.2 25 6 1 8 15 15

Total 100

QS1 80 700 1.3 1.8 75 18 5 8 15 45

QS2 20 330 0.9 1.2 25 6 1 8 15 15

Total 100
a QE and QS represent tributary inflows in Estero Americano and Estero San Antonio, respectively (locations shown in 

Figure 1). The fraction of each watershed drained by each tributary is shown in this column.

3.6.2 Calibration Periods

Calibration was performed for low monthly and moderate monthly runoff conditions that correspond to
the watershed impacts model simulation periods. The low runoff period was assumed typical of June
conditions. The length of the day during June maximizes the growth potential for phytoplankton and
benthic algae. Later in the summer, inflow
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diminish to the point where it has little effect on water quality. The moderate runoff period was assumed
typical of April conditions. April is the last month when moderate inflows would normally be expected.
The length of the daylight period during April maximizes the plant growth potential and related water
quality effects. Calibration and impacts simulation was not done for high winter inflow conditions because
such flows dominate the Esteros such that water quality in most of each Estero is that of the inflowing
stream.

3.6.3 Estero Americano Calibration

The average tide and entrance condition simulated during model calibration were used for all model
calibration simulations under bar-open conditions. Insufficient data are available upon which to base a
calibration under bar-closed conditions. The results of the Estero Americano model calibration exercise
are presented on Figures 6 through 12. The results are presented as profiles of observed and computed
water quality along the length of the Estero. Each figure contains the results for the low runoff (top graph)
and moderate runoff (bottom graph) hydrologic conditions. The square symbols in Figures 6 through 12
correspond to the average observed data shown on Table 9. Figures 6 through 12 show three lines and
square points. The three lines represent the computed daily maximum, average and minimum values, and
the square points represent observed data under similar inflow conditions.

The model was calibrated to reproduce the average trends of the observed water quality data. The
variations in observed water quality seen in Table 9 reflect variations in inflow quality, inter-tidal
variations, and tributary inflow. The calibration results reflect only inter-tidal effects and stratification.
Therefore, the computed and observed extremes are not directly comparable. However, the variations in
observed data provide an indication of the range in concentration that might be expected.

The ammonia nitrogen plot (Figure 8) for the moderate flow condition truncates the upper reach of the
Estero. This was done to provide detail in the lower Estero and maintain a consistent scale set. The
ammonia concentrations in the upper Estero are extremely high and reflect poor watershed agricultural
practice.

The abundance of inorganic nitrogen and phosphorus and the large variation in chlorophyll a
measurements indicate a large potential for algae blooms. At the prevailing concentrations of plant
nutrients, phytoplankton growth in the model is limited only by the availability of light and the flow
through rate (i.e., hydraulic residence time).

The model predicted large diurnal variations in dissolved oxygen in the upper reaches similar to those
observed in the data. The minimum oxygen values reflect the effects of nocturnal respiration and
stratification. The maximum stratification occurs in the area of maximum salinity gradient. Therefore, the
point of maximum stratification moves upstream as the flow decreases. However, the Esteros are
shallower at their upper reaches and the potential for stratification decreases as depth decreases. The
minimum and maximum salinity values in the appendix tables include the effects of stratification.
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The calibration results seen on Figures 6 through 12 demonstrate that the model reproduces the
magnitude and trends seen in the average of the observed data. In nearly all instances, the computed
average and daily fluctuations are within the range of values seen in the data presented in Table 9.
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3.6.4  Estero de San Antonio Calibration

The results of the Estero de San Antonio model calibration under bar-open conditions are presented on
Figures 13 through 19. The results are presented as profiles similar to those presented for the Estero
Americano.

The Estero de San Antonio bar-open calibration was less rigorous due to smaller observed data set. In the
following sections, the limitations of the calibration are addressed. Insufficient data are available upon
which to base a calibration under bar-closed conditions.

3.6.4-1 Total Dissolved Solids

The concentration trends seen in the data are generally reproduced by the model. However, the reverse
salinity gradient seen in the moderate flow case (see Figure 13) cannot be reproduced by the model unless
flows are allowed to vary during the simulation. Under uniform inflow conditions, the model will always
predict an increase in salinity towards the ocean unless evaporation creates a reversal in the net flow.

3.6.4-2 Ammonia Nitrate Nitrogen

The model will always predict a decline in ammonia and nitrate concentration from the headwater to the
ocean due to high concentrations of the inflow and low concentrations at the ocean boundary. Therefore,
no attempt was made to reproduce the high concentration

at mile 3 during the low flow period and the low concentration at the upstream end (S-8) during the
moderate flow period. The low concentrations at S-8 are inconsistent with the concentration in the lower
Estero.

3.6.4-3 Phosphate Phosphorus

The model will always predict a decline in phosphate concentration from the headwater to the ocean due
to high concentrations of the inflow and low concentrations at the ocean boundary. The observed
phosphorus concentration is well above the simulated for the low flow case and cannot be matched
without a large area source rate. Both the observed data and simulation results indicate that phosphorus is
not limiting for plant growth; therefore no attempt was made to refine the calibration results.

3.6.4-4 Phytoplankton

The model predicts much higher phytoplankton levels than suggested by the chlorophyll a data. The
abundance of plant nutrients in the water and high clarity indicate a large potential for algae blooms not
observed in the field data. To reduce the phytoplankton concentration to observed levels, much lower
water transparencies would be required. Lower water transparencies are not indicated by the secchi disk
data. Thus, the model does not calibrate well for phytoplankton in Estero de San Antonio. The
phytoplankton estimates for Estero de San Antonio represent a potential condition that may not occur.
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3.6.4-5 Dissolved Oxygen

The average dissolved oxygen concentration under the moderate flow condition cannot be achieved by the
model without a large oxygen sink rate (which includes benthic demand and sulfate reduction). The
discrepancy between the observed and the predicted dissolved oxygen data during moderate flow
conditions (see Figure 19) could be due to antecedent animal waste load that is greater than the longer
term average that was assumed and/or due to the higher estimated than observed phytoplankton density.

3.6.5 Conclusions Based on Calibration

The water quality calibration demonstrates that the Estero Americano model represents observed trends
for all parameters for low and moderate runoff periods. However, the Estero de San Antonio model
calibration suggests that model estimates for Estero de San Antonio have greater uncertainty.

There is more scatter in the Estero de San Antonio observed data, which may be due in part to the more
limited number of observed data. The scatter precluded calibration results comparable to those of the
Estero Americano. The phosphate, nitrate and phytoplankton calibration results indicate that the water
quality responses of the two estuaries are quite different. The model assumption for the two esteros are
similar, therefore the differences observed in the data cannot be replicated.

Sufficient data are unavailable to calibrate the model under the closed entrance conditions. Water quality
conditions would be influenced by the timing of the closure. Therefore, a large quantity of water quality
data and geometry data defining the bar closure would be required for calibration.

Despite the limitations implicit in the calibrations, the models provide a useful analytical tool for
evaluating the relative impacts of the different alternatives. The alternative evaluation used the model
coefficients derived primarily from the Estero Americano calibration. These coefficients result in a model
which is sensitive to nutrient concentrations. A sensitive model provides a more conservative engineering
evaluation.

The ability to model the closed entrance conditions has not been demonstrated. However, the model does
represent the fundamental hydraulic and water quality relationships which prevail in a typical estuary.
The closed entrance affects only the boundary stage and water quality. The effects of the lower inter-tidal
amplitudes and velocities on reaeration, light attenuation and inter-tidal mixing are represented by the
fundamental relationships within the model. The closed entrance conditions assumed for alternatives
analysis resulted in very low inter-tidal velocities, and therefore the model is sensitive to the potential
effects of reduced circulation. These assumptions result in a conservative engineering evaluation.
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3.7 EVALUATION OF WATERSHED MANAGEMENT SCENARIOS

3.7.1 Evaluation of Watershed Management Scenarios During Moderate and Low Flow
Conditions

Watershed management alternatives include the construction of various reclaimed water storage facilities
and various irrigation acreage and technologies. Superimposed on these management alternatives are
monthly values for five different hydrologic year types as follows:

1. Dry year, normal irrigation
2. Average year, normal irrigation
3. Average hydrologic year, cool summer, normal irrigation
4. Wet year, normal irrigation
5. Dry year, winter (contingency) irrigation

The permutations of all possible watershed options, time of year, hydrology and Estero entrance condition
result in an unmanageable number of possible analytical options. (e.g., For the Americano Creek
watershed, the number of analytical options = [dam locations] x [irrigation technology] x [irrigation
acreage] x [months] x [hydrology types] x [entrance condition] = 5,784 alternatives). All alternatives were
evaluated to determine which alternative management scenarios represented the extremes in changes to
flow and water quality tributary to the Esteros. Review of the flow and quality data from this analysis
indicates that the following conditions represent the extremes in flow and water quality impacts on the
Esteros.

Estero Americano Estero de San Antonio

Reservoir: Bloomfield Huntley

Irrigation High Tech., 4,250 Acresa High Tech., 5,500 Acres
a Includes approximately 1,350 acres of potential irrigable lands in the Ebabias 

Creek watershed west of Valley Ford

The 1 percent irrigation/storage option was used since it requires the maximum irrigation acreage and
reservoir size, and thus has the greatest potential impact on the streams and the esteros. The three
hydrologic conditions (wet, dry with winter irrigation and average with cool summer) were simulated
since they produce distinctly different flow and inflow quality and include the extremes in inflow rates.
The April and June month were simulated for the reasons expressed previously in the model “Calibration
Periods” section. For each combination of the three selected hydrologic conditions and season, water
quality impacts under bar-open and bar-closed conditions were simulated. Thus, the model results provide
an estimate of the range of potential impacts due to a 1 percent irrigation/storage project.

Water transparencies and benthic source and sink rates used during calibration were used for all
simulations. Water transparency may change with watershed management practice since suspended
sediment loads may change. However, it was assumed that the abundance of mud flats will continue to
provide a source of suspended sediments.
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A 30-day simulation period was used for all simulations to minimize the effects of antecedent water
quality conditions. The 30-day period may be inappropriate for closed entrance conditions during
moderate to high inflows since the inflow volume may preclude a 30-day closure. Under higher inflow
conditions, a more reasonable estimate of watershed management effects may be the average of the open
and closed results.

The simulation results include the hourly values of all water quality parameters at each node point. For
the purposes of alternatives evaluation and comparison, the simulation results were consolidated into a
summary table for each alternative. The summary table showing estimated water quality in the Estero
under each alternative project is presented in the Appendix. Each table is headed by a list of conditions
defining the simulation conditions and include

• Name of the Estero
• Estero entrance condition (open or closed)
• Month (April or June)
• Hydrologic Year type
• Inflow rate, TDS and total inorganic nitrogen upon which the simulation was based

The water quality simulation results follow the heading information in the appendix tables. The
simulation results are presented as the average, minimum and maximum temperature or water quality
parameter concentration at six locations in each Estero. The average, minimum and maximum values
during the 30-day simulation are given. The location is identified by miles from the mouth. For the Estero
Americano, the six mile locations correspond to sampling sites E1 through E6. For the Estero de San
Antonio, miles 1.57, 3.18, 4.70 and 7.72 correspond to sampling sites S2, S4, S6 and S8 respectively. All
units are in mg/L except for temperature and benthic algae which are degrees Celsius and grams/m2

respectively.

Estero model input for flow rate and TDS that would result from project implementation under the
specified hydrology and irrigation conditions are provided by the watershed model as output for 1 percent
project conditions. The Estero model input concentration of total inorganic nitrogen that was estimated by
the watershed model for project conditions was not used as Estero model input; instead background
nitrogen was used as input as described in the following paragraph. The concentrations of the other water
quality parameters used for project conditions analysis are listed in Table 11. These concentrations were
developed from the ocean boundary and tributary inflow data listed in Table 10. Table 10 values reflect
present watershed management practice.

Table 11.

Ocean Exchange and Tributary Inflow Water Quality Used in the Estero Americano and Estero

de San Antonio Model Evaluation of Watershed Management Alternatives

%
Areaa

TDS
mg/L

NO3-N
mg/L

PO4-P
mg/L

Detritus
mg/L

BOD
mg/L

NH3-N
mg/L

DO
mg/L

Temp
oC

Phyto
mg/L

Low Flow 32000 0.08 0.1 4 2 0.035 9 13.5 5

Moderate flow 31000 0.05 0.06 5 3 0.025 9 11.5 5

Tributary Inflowsb

Location
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Table 11.

Ocean Exchange and Tributary Inflow Water Quality Used in the Estero Americano and Estero

de San Antonio Model Evaluation of Watershed Management Alternatives

QE1 57 c 0.8 -2d 1.5 15 8 0.3 8 16e 20

QE2 22 c 0.8 -2d 1.2 10 6 0.2 8 16e 15

QE3 21 c 0.8 -2d 0.9 5 4 0.1 8 16e 10

Total 100

QS1 80 c 0.8 -2d 1.5 15 8 0.3 8 16e 20

QS2 20 c 0.8 -2d 0.9 5 4 0.1 8 16e 10

Total 100
a Percent of watershed drained by each tributary.

b Tributary inflow used for low and moderate flow conditions shown for each tributary inflow. See Figure 1
for inflow locations.

c Watershed model output used.
d Background nitrogen values from Questa (1996)
e 15o C used for moderate runoff period.

Under present conditions, inflow inorganic nitrogen concentration ranges up to 6 mg/L. The maximum
concentration predicted by the watershed model for improved watershed management conditions is less
than 3 mg/L, and background nitrogen concentrations are estimated in Baseline Hydrology and Irrigation
Drainage Evaluation for West and South County Reclamation Alternatives Technical Report (Questa
1996) to be 0.8 and 2 mg/L in the wet and dry season, respectively. The watershed model estimates of
nitrogen in surface waters in Stemple Creek and Americano Creek do not include the effect of the riparian
corridor that was included in the project description after the Baseline Hydrology and Irrigation Drainage
Evaluation for West and South County Reclamation Alternatives Technical Report (Questa 1995) was
prepared. The analysis in the Water Quality Impacts Analysis report shows that the incremental load of
nitrogen to Americano Creek and Stemple Creek from project irrigation will be removed by 33 and 93
acres of riparian corridor, respectively. Therefore, nitrogen concentrations used for Estero model input
that
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are shown in Table 11 reflect the background nitrogen values that are expected from project
implementation.

The watershed model also provides TDS and total inorganic nitrogen for the no irrigation case so that the
relative impacts of irrigation may be assessed for a consistent set of watershed runoff assumptions. Present
day watershed conditions are such that the TDS and total inorganic nitrogen predicted by the watershed
model for the no irrigation case are quite different from the Americano and Stemple Creek water quality
measured during recent years. To quantify the effects of improved watershed management practice
assumed by the watershed model, the “no irrigation” inflow rates were also simulated assuming the
present day tributary stream quality. For this analysis, the water quality data presented in Table 10 were
assumed and the results are referred to as “current inflow quality” in the appendix tables.

3.7.2 Evaluation of Watershed Management Scenarios During High Runoff Periods

High flow conditions were not extensively evaluated since both Estero become nearly fresh during high
flow periods. Therefore, the Esteros become extensions of the stream system and the water quality is
essentially that of the inflowing stream water quality. During high flow events, the hydraulic residence
time are short due to the size of the watersheds relative to the volumes of the Esteros. For a 24-hour storm,
which generates 1/2 inch of runoff from the watersheds, total volume replacement times would be 4 and
26 hours for the Estero de San Antonio and Estero Americano, respectively.

A single model simulation of the Estero Americano was performed assuming the 1/2 inch runoff rate
(approximately 500 cfs). The results indicate essentially no change in water quality within the Estero
would occur except near the ocean. During the periods when the rising tide forced flow reversals at the
mouth, the maximum excursion of the 1 ppt salinity concentration (3 percent ocean water) front extended
approximately two miles inland.
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