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Figure 17: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 18: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 19: Water Year 2014 change in soil moisture content simulated with the Napa County SWB model. 

 

I 

.,_ 
0 

lit r.uFw• 

. 
' .. 

' 
.... . .,,. 'T 

< 

~ 

•, T 

• T 
.- < 

, .. ,,.. < 
• . .. 

'. ~ 
I 

\., l7 

h L 

WY 2014 C:hange in 
Soil Moisutre (in) 

- -Sto-4 

-4 to -3 

□-310 -2 

- -2to-1 

1111 -1 too - >O 0 5 

C•I WI 

DUNNIGAN 

HILLS 

HUNGRY 

HO L LO W 

EN.BLIS H 

HtlLS 

10 
M iles 

( 
f 

N 

A 



DRAFT  October 3, 2019 

 

Page 30 of 36  

Table 5: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 24.1 16.3 3.7 4.7 -0.6

Bucksnort Creek 1.9 47.9 24.5 12.1 11.1 0.1

Butts Creek-Putah Creek 49.9 33.0 17.4 9.7 6.2 -0.7

Capell Creek 43.0 31.1 19.1 7.4 5.0 -0.6

Carneros Creek 29.7 28.0 18.6 5.2 5.5 -0.6

Chiles Creek 32.0 34.6 21.1 7.1 6.8 -0.5

Dry Creek 28.8 37.0 22.2 7.2 8.4 -0.5

Hunting Creek 12.0 33.7 19.0 9.7 5.7 -0.8

Jackson Creek-Putah Creek 54.5 29.9 13.4 12.6 3.0 -0.5

Lake Curry-Suisun Creek 16.4 30.7 18.9 6.5 5.9 -0.6

Lake Hennessey-Conn Creek 20.0 35.1 19.6 8.5 7.3 -0.4

Ledgewood Creek 6.4 21.8 16.9 3.4 3.3 -1.8

Lower Eticuera Creek 44.0 30.0 17.7 8.1 4.7 -0.7

Lower Napa River 45.0 31.7 19.9 5.6 6.7 -0.6

Lower Pope Creek 31.8 33.9 18.0 9.7 6.5 -0.6

Maxwell Creek 35.1 34.7 19.6 8.7 6.9 -0.6

Middle Napa River 60.3 39.9 22.8 8.5 9.2 -0.5

Milliken Creek 29.7 30.9 16.9 6.6 7.9 -0.6

Rector Creek-Conn Creek 22.3 32.8 18.0 7.1 8.2 -0.7

Saint Helena Creek 7.7 53.3 25.2 13.5 14.4 0.1

San Pablo Bay Estuaries 19.5 23.9 8.1 13.8 2.3 -0.3

Tulucay Creek 34.2 26.1 16.7 4.6 5.4 -0.7

Upper Eticuera Creek 25.6 31.2 17.2 8.6 6.1 -0.8

Upper Napa River 44.6 44.7 23.6 10.6 10.8 -0.4

Upper Pope Creek 21.7 44.5 22.7 10.5 11.5 -0.3

Wooden Valley & Suisun Creeks 23.3 29.0 19.0 5.1 5.5 -0.6

Wragg Canyon-Putah Creek 34.2 28.3 16.3 8.6 3.3 -0.6
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Table 6: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 24.1 67% 15% 19% -3%

Bucksnort Creek 1.9 47.9 51% 25% 23% 0%

Butts Creek-Putah Creek 49.9 33.0 53% 29% 19% -2%

Capell Creek 43.0 31.2 61% 24% 16% -2%

Carneros Creek 29.7 29.7 66% 19% 20% -2%

Chiles Creek 32.0 34.6 61% 21% 20% -1%

Dry Creek 28.8 37.8 60% 20% 23% -1%

Hunting Creek 12.0 33.7 56% 29% 17% -2%

Jackson Creek-Putah Creek 54.5 29.7 45% 42% 10% -2%

Lake Curry-Suisun Creek 16.4 30.7 61% 21% 19% -2%

Lake Hennessey-Conn Creek 20.0 36.0 56% 24% 21% -1%

Ledgewood Creek 6.4 21.8 77% 15% 15% -8%

Lower Eticuera Creek 44.0 30.0 59% 27% 16% -2%

Lower Napa River 45.0 31.7 63% 18% 21% -2%

Lower Pope Creek 31.8 33.9 53% 29% 19% -2%

Maxwell Creek 35.1 34.7 56% 25% 20% -2%

Middle Napa River 60.3 40.4 57% 21% 23% -1%

Milliken Creek 29.7 30.9 55% 21% 26% -2%

Rector Creek-Conn Creek 22.3 32.8 55% 22% 25% -2%

Saint Helena Creek 7.7 53.3 47% 25% 27% 0%

San Pablo Bay Estuaries 19.5 23.9 34% 58% 10% -1%

Tulucay Creek 34.2 26.1 64% 18% 21% -3%

Upper Eticuera Creek 25.6 31.2 55% 28% 19% -3%

Upper Napa River 44.6 44.7 53% 24% 24% -1%

Upper Pope Creek 21.7 44.5 51% 23% 26% -1%

Wooden Valley & Suisun Creeks 23.3 29.0 65% 18% 19% -2%

Wragg Canyon-Putah Creek 34.2 28.3 58% 31% 12% -2%
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Table 7: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

 

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 10.1 12.3 0.7 0.7 -3.6

Bucksnort Creek 1.9 28.8 17.6 11.5 2.6 -3.0

Butts Creek-Putah Creek 49.9 16.9 14.2 3.9 1.9 -3.2

Capell Creek 43.0 15.8 14.8 3.1 1.1 -3.1

Carneros Creek 29.7 15.0 14.7 4.6 2.0 -3.7

Chiles Creek 32.0 18.3 16.5 3.7 1.5 -3.3

Dry Creek 28.8 21.5 16.5 6.8 2.5 -3.7

Hunting Creek 12.0 16.7 15.4 3.1 1.6 -3.4

Jackson Creek-Putah Creek 54.5 14.9 10.3 6.1 0.7 -2.3

Lake Curry-Suisun Creek 16.4 18.4 16.1 3.7 1.9 -3.4

Lake Hennessey-Conn Creek 20.0 19.1 14.8 5.7 2.2 -3.2

Ledgewood Creek 6.4 12.2 13.9 1.7 0.8 -4.3

Lower Eticuera Creek 44.0 14.9 14.0 2.6 1.3 -3.1

Lower Napa River 45.0 19.4 15.9 5.0 2.2 -3.6

Lower Pope Creek 31.8 17.8 14.5 4.5 2.0 -3.2

Maxwell Creek 35.1 18.3 15.9 3.8 2.0 -3.3

Middle Napa River 60.3 21.3 16.5 6.6 2.5 -3.7

Milliken Creek 29.7 18.7 13.7 4.5 3.4 -2.9

Rector Creek-Conn Creek 22.3 16.5 13.6 4.0 2.3 -3.4

Saint Helena Creek 7.7 32.2 17.8 13.2 4.1 -3.0

San Pablo Bay Estuaries 19.5 10.4 6.0 5.6 0.5 -1.6

Tulucay Creek 34.2 14.6 13.5 2.6 1.7 -3.3

Upper Eticuera Creek 25.6 15.5 14.1 2.5 2.1 -3.2

Upper Napa River 44.6 22.9 16.2 6.9 3.3 -3.5

Upper Pope Creek 21.7 25.6 16.8 8.5 3.5 -3.2

Wooden Valley & Suisun Creeks 23.3 17.9 16.4 3.1 2.0 -3.5

Wragg Canyon-Putah Creek 34.2 14.1 12.6 3.6 0.6 -2.8
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Table 8: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

  

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 10.1 121% 7% 7% -36%

Bucksnort Creek 1.9 28.8 61% 40% 9% -10%

Butts Creek-Putah Creek 49.9 16.8 84% 23% 11% -19%

Capell Creek 43.0 15.8 94% 20% 7% -20%

Carneros Creek 29.7 17.6 98% 30% 13% -25%

Chiles Creek 32.0 18.4 90% 20% 8% -18%

Dry Creek 28.8 22.1 77% 32% 12% -17%

Hunting Creek 12.0 16.7 92% 18% 10% -20%

Jackson Creek-Putah Creek 54.5 14.7 69% 41% 5% -16%

Lake Curry-Suisun Creek 16.4 18.4 88% 20% 10% -19%

Lake Hennessey-Conn Creek 20.0 19.6 78% 30% 12% -17%

Ledgewood Creek 6.4 12.2 114% 14% 7% -35%

Lower Eticuera Creek 44.0 14.9 94% 18% 9% -21%

Lower Napa River 45.0 19.4 82% 26% 11% -19%

Lower Pope Creek 31.8 17.8 81% 25% 11% -18%

Maxwell Creek 35.1 18.3 87% 21% 11% -18%

Middle Napa River 60.3 21.8 77% 31% 12% -18%

Milliken Creek 29.7 18.7 74% 24% 18% -16%

Rector Creek-Conn Creek 22.3 16.5 83% 24% 14% -21%

Saint Helena Creek 7.7 32.2 55% 41% 13% -9%

San Pablo Bay Estuaries 19.5 10.4 58% 53% 4% -16%

Tulucay Creek 34.2 14.6 93% 18% 12% -23%

Upper Eticuera Creek 25.6 15.5 91% 16% 14% -21%

Upper Napa River 44.6 22.9 71% 30% 14% -15%

Upper Pope Creek 21.7 25.6 66% 33% 14% -12%

Wooden Valley & Suisun Creeks 23.3 17.9 91% 17% 11% -20%

Wragg Canyon-Putah Creek 34.2 14.1 90% 26% 5% -20%
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Figure 20: Major watersheds areas used to summarize water budget information in Tables 5 - 8. 
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Discussion and Conclusion 

Numerous previous modeling studies have estimated water budget components in several larger 
watershed areas in Sonoma and Napa Counties including the Santa Rosa Plain, the Green Valley 
and Dutch Bill Creek watersheds, and the Sonoma Valley (Farrar et. al., 2006; Kobor and 
O’Connor, 2016; Woolfenden and Hevesi, 2014).  Comparisons to these water budgets are useful 
for evaluating the SWB results, but one would not expect precise agreement owing to significant 
variations in climate, land cover, soil types, underlying hydrogeologic conditions, and different 
spatial scales of modeling studies.  These regional analyses estimate that average annual 
recharge varies from 7% to 19% of the annual precipitation.  The equivalent county-wide value 
from this study is slightly higher at 20%.  

Water budgets for the Napa River and selected sub-basins were also estimated in a previous 
study by Luhdorff and Scalmanini Engineers and MBK Engineers (LSCE 2013).  The LSCE study 
estimated that, as a percentage of annual precipitation, AET comprised slightly less, runoff 
significantly more, and recharge substantially less of the typical annual water budget.  LSCE 
(2013) calculated infiltration of precipitation based on the difference between total monthly 
streamflow at selected gaging stations and total monthly precipitation for the gages’ drainage 
area.  Streamflow volumes include both direct runoff (overland flow and interflow) and baseflow 
from groundwater.  Inclusion of baseflow with direct runoff in these calculations may 
inappropriately reduce the estimated volume of water infiltrated into the soil and available for 
recharge; the LSCE approach therefore tends to underestimate groundwater recharge.   
Additionally, many of the gauging stations used for the analysis are located in reaches that may 
be significantly influenced by upstream reservoir releases, surface water diversions, groundwater 
abstraction, and/or surface water groundwater exchanges, further complicating the 
interpretation of the LSCE (2013) runoff rates and the interrelated calculations of AET and 
recharge rates.  In contrast, the SWB model presented here is based on calibrated parameter 
values developed for a similar model in Sonoma County which was calibrated to gauges 
specifically selected to minimize the effects of reservoir releases, water use, or significant surface 
water/groundwater interaction, and after separating and removing the baseflow component of 
streamflow.  

The recharge estimates presented here arguably represent the best available county-wide 
estimates produced at a fine spatial resolution using a consistent and objective data-driven 
approach.  This analysis focused on two Water Years, 2010 and 2014, which represent average 
and drought conditions respectively.  Input parameters were determined based on literature 
values and values calibrated through prior modeling experience in Sonoma County. 
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