DRAFT SEPTEMBER, 2016 NAPA VALLEY GROUNDWATER SUSTAINABILITY:
A BASIN ANALYSIS REPORT FOR THE NAPA VALLEY SUBBASIN

6 SUSTAINABLE YIELD ANALYSIS (354.18)

SGMA requires that a water budget be developed for each high or medium priority basin or subbasin
(Section 354.18(a)); specifically:

Each Plan shall include a water budget for the basin that provides an accounting and assessment of
the total annual volume of groundwater and surface water entering and leaving the basin, including
historical, current and projected water budget conditions, and the change in the volume of water
stored. Water budget information shall be reported in tabular and graphical form.

In addition, SGMA requires that an agency develop “an estimate of sustainable yield for the basin”
(Section 354.18(b)(7). Sustainable yield is defined by SGMA as:

the maximum quantity of water, calculated over a base period representative of long-term
conditions in the basin and including any temporary surplus, that can be withdrawn annually from a
groundwater supply without causing an undesirable result.

This Basin Analysis Report presents the results of a base period determination and water budget
analyses leading to an estimate of sustainable yield for the Napa Valley Subbasin (Subbasin). The water
budget analyses are based on a land use based soil root zone water balance model for the Subbasin and
a watershed scale water budget to account for inflows to the Subbasin from the adjoining Napa River
Watershed and outflows from the Subbasin to the Napa-Sonoma Lowlands Subbasin.

6.1 Napa Valley Subbasin Hydrologic Base Period

A base period of time must be selected so that it is a representative period of study for groundwater
basin conditions, with minimal bias that might result from the selection of a wet or dry period or
significant changes in other conditions including land use and water demands. The study period
selected for this Report spans from water years! 1988 to 2015. This period was selected on the basis of
the following criteria: long-term mean annual water supply; inclusion of both wet and dry stress periods,
antecedent dry conditions, adequate data availability, and inclusion of current cultural conditions and
water management conditions in the basin.

6.1.1 Long-term Mean Water Supply

Long-term mean water supply is a measure of whether the basin has experienced natural groundwater
recharge of the selected time period, and the primary measured component that contributes to natural
groundwater recharge is precipitation. Daily precipitation records were obtained from the National
Oceanic and Atmospheric Administration online data center for Napa State Hospital, St Helena, Angwin,
Calistoga, Yountville, and Sonoma gages and from CIMIS for Oakville (locations and stations summaries
are shown in Figure 6-1.When daily data were not available, they were estimated based on the rainfall
at a nearby gage for which a proportional relationship had been determined. Ultimately, two plots with

1 n this report a water year refers to the period from October 1 through the following September 30, designated
by the calendar year in which it ends (e.g., November 1, 1987 and July 1, 1988 are both in the 1988 water year).
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annual precipitation, mean annual precipitation and cumulative departure from mean annual
precipitation were developed for Napa State Hospital and Calistoga gages (Figures 6-2 and 6-3).

Notable on both of these plots are the long-term relatively dry period from the 1950s through the mid-
1970s (negative, or downward slope of the cumulative departure curve), followed a wet late-
1970s/early-1980s, dry late-1980s/early-1990s, wet late-1990s/early-2000s, and recently a dry period
through 2015. A candidate base period of 1988 to 2015 was considered primarily for the relatively
balanced study period lines across the lines of cumulative departure at both the Napa State Hospital and
Calistoga gages (Figures 6-2 and 6-3). The 1988 to 2015 period includes about the same number of wet
and dry years in each precipitation dataset. Nevertheless, the slightly positive slope of the study period
line in each plot suggests that precipitation inputs to the Subbasin over the 1988 to 2015 period were
not perfectly balanced relative to the long-term average. However, the generally shallow depth to
groundwater in the Subbasin (see Chapter 4) and drought conditions that have persisted from 2012 to
2015 serve to limit the potential bias imparted by a small net accumulation of precipitation over the 28-
year base period..

Additionally, with a long-term (1950-2015) average precipitation of 25.8 in/yr at Napa State Hospital,
the selected base period from the 1988 to 2015 has essentially the same average annual precipitation of
26.0 in/yr, and similarly for Calistoga 38.7 in/yr over the selected base period as compared to the longer
average of 38.8 in/yr.

Daily average streamflow discharge records were also obtained for Napa River near St. Helena and Napa
River Near Napa (Figure 6-1). These records were reviewed as part of the base period selection process.
Ultimately, discharge records from the Napa River near Napa and Napa River near St. Helena were not
utilized for base period selection because of differences in the cumulative departure curves between the
streamflow gages and the precipitation gages.

6.1.2 Antecedent Dry Conditions

Antecedent dry conditions is intended to minimize differences in groundwater in the unsaturated zone
at the beginning and at the end of the study period. Given that the measure of water in the unsaturated
zone is nearly impossible to determine, particularly at the scale of a large groundwater basin, selection
of a base period with relatively dry conditions antecedent to the beginning and end is preferable in that
any water unaccounted for in the unsaturated zone is minimized. In this case, the selected base periods
begins in a dry year with one additional prior dry year and ends in a dry year with 2 prior dry years.

6.1.3 Data Availability

The available hydrologic and land and water use data use over the selected base period are sufficient to
calculate the various parameters used to analyze groundwater conditions as related to groundwater
budget and sustainability (e.g., precipitation, streamflow, land uses, groundwater pumping,
groundwater levels, and imported water sources). Those data are presented in other sections of this
report.
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6.1.4 Cultural Conditions

For decades, the Napa Valley Subbasin has been dominated by agriculture and wine grape production in
particular. It is understood that total acreages of vineyards, other agricultural commodities, and the
native and urban footprints in the Valley have remained relatively constant over the selected base
period. Land use surveys were conducted by the California Department of Water Resources (DWR) in
1987, 1999, and 2011 during which a comprehensive assessment of specific agricultural, urban, and
native land use classes was made in the field by DWR staff. Additionally, in 1987 and 2011, irrigation
water source and irrigation methods were identified which will be utilized in later analyses.

A summary of total acreages by major land use class is shown in Table 6-1 and depicted in Figure 6-4.
The native classes (including vegetation and water areas), have seen increased in acreage by 21% over
the base period from 8,893 to 10,670. Urban classes have also increased in acreage over the base
period from 12,937 to 14,122, an increase of 1,185 acres, or 9%.

Table 6-1. Napa Valley Subbasin Land Use Survey Summaries by Year

1987 Acres 1999 Acres 2011 Acres
Total Agriculture Classes 24,167 23,333 21,101
Total Native Classes 8,793 9,481 10,670
Total Urban/Semi-Ag Classes 12,937 13,125 14,122
Total Napa Valley* 45,897 45,939 45,893

*Slight differences in total acreage are due to gaps in datasets.

Figure 6-4. Napa Valley Subbasin Major Land Use Survey Classes by Year
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A further summary of the subtotals for agricultural classes is shown in Table 6-2 and depicted in Figure
6-5. As first seen in Table 6-1, out of 46,000 acres in the Valley [Subbasin? The “valley” is over 245,000
acres], about half of the total area has been used for agricultural purposes over the base period, ranging
between 21,000-24,000 acres. Out of that agricultural acreage, vineyard was the dominant class at
about 20,000-22,000 acres (Table 6-2). While acreages for each agricultural class declined from 1987 to
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2011, the declines were evenly distributed between vineyards (1,551 acre decline) and all other
agricultural classes (1,515 acre decline). As a result vineyard acreage increased as a percentage of all
agriculture classes (from 90% in 1987 to 95% in 2011), apparently due to conversions of existing
agricultural lands. Irrigated acreages across all agricultural classes increased over the same 1987 to 2011
period, due to an increase in irrigated vineyard acreage of 2,591 acres or 15% (Figure 6-5). Figure 6-6
shows a net decrease of 161 irrigated acres across all other agricultural classes, partially offsetting the
increase in irrigated vineyard acreage, though some increase in overall agricultural water demand may
have occurred.

Table 6-2. Napa Valley Subbasin Agricultural Land Use Survey Summaries by Year

1987 Acres 1999 Acres 2011 Acres
Non- Non- Non-
Agricultural Class Irrigated | Irrigated Irrigated | Irrigated Irrigated | Irrigated
Vineyard 4,754 16,947 1,051 | 21,266 612 19,538
Orchard 489 82 80 55 62 87
Pasture 34 213 - 6 - 61
Grain 224 - 105 15 51 16
Truck/Field - 186 - 57 19 156
Idle 1,238 - 698 - 500 -
Agricultural Sub-totals 6,739 17,428 1,935 | 21,398 1,2433 19,858

Figure 6-5. Napa Valley Subbasin Agricultural Land Use Survey Vineyard Class by Year — Irrigated
Acreage Only

25,000

20,000

15,000

Acres

B VINEYARD
10,000

5,000

1987 1999 2011

LUHDORFF & SCALMANINI 6-4



DRAFT SEPTEMBER, 2016 NAPA VALLEY GROUNDWATER SUSTAINABILITY:
A BASIN ANALYSIS REPORT FOR THE NAPA VALLEY SUBBASIN

Figure 6-6. Napa Valley Subbasin Agricultural Land Use Survey Non-Vineyard Classes by Year —
Irrigated Acreage Only

600
500
400 ® ORCHARD
9 m PASTURE
S 300
< GRAIN
200 ] TRUCK/FIELD
m IDLE
= .
1987 1999 2011

With relatively stable trends in major land uses, particularly the agricultural classes which are most
dependent on water sources within the Subbasin, the selected base period of 1988 to 2015 provides the
best period over which to assess the subbasin water budget and changes in water storage.

6.1.5 Water Management Conditions

Water supplies for agricultural and urban entities are currently sourced from groundwater pumped from
the Napa Valley Subbasin, surface water diverted and captured off of local water ways within the Napa
Valley Watershed, and imported surface water delivered from the State Water Project via the North Bay
Aqueduct. Over the selected base period, the major water source for municipal supply has been surface
water (see Chapter 5), so while the population within the Subbasin has increased from 1988 through
2015, the effect on water supplies within the Subbasin has been limited. For the agricultural sector,
water demand is mostly met by groundwater as judged from the 2011 DWR Land Use Survey and
reports of surface water diversion filed with the State Water Resources Control Board. The 1987 DWR
Land Use survey indicated that agriculture was more reliant on surface water at the beginning of the
base period, with about 60% of agricultural classes mapped as using surface water in 1987. However,
those diversions of surface water would also have been sourced from the Subbasin, as opposed to
reservoirs elsewhere, and would also be reflected in a Subbasin water budget.

Lastly, the selected base period should end near the present time, so that the study period can be used
to assess groundwater conditions as they currently exist. Given these criteria, the base period of 1988
to 2015, provides an appropriate period of time to assess groundwater conditions with minimal
introduced bias from land use changes or imbalances due to wet or dry conditions.

6.2 Summary of Water Year 2015 Hydrologic Conditions

Water year 2015 concluded with 20.72 inches of rain recorded at the Napa State Hospital reference
gage. It was the fourth consecutive year of below average precipitation. Table 6-3 summarizes recent
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annual precipitation totals for the Napa State Hospital gage. The precipitation totals shown include
estimated totals for gaps in the original record based on correlations with two other gages in the
Subbasin. See the Napa County Comprehensive Groundwater Monitoring Program 2015 Annual Report
and CASGEM Update for additional information (LSCE, 2016).

Table 6-3. Recent Napa State Hospital Annual Precipitation Totals and Napa River Watershed Water
Year Types

Annual
Water Year Precipitation (in) Water Year Type

2009 21.31 Normal (below average)

2010 28.85 Wet

2011 36.62 Wet

2012 21.75 Normal (below average)

2013 20.26 Normal (below average)

2014 19.67 Dry

2015 20.72 Normal (below average)
Napa State Hospital (NSH) Average Annual Water Year Precipitation (1920 — 2015) =
24.86 inches

Groundwater level trends in the Napa Valley Subbasin are stable in the majority of wells with long-term
groundwater level records. While many wells have shown at least some degree of response to recent
drought conditions, the water levels observed in recent years are generally higher than groundwater
levels in the same wells during the 1976 to 1977 drought.

Groundwater quality data from wells with long-term records show stable conditions through 2015
compared to the conditions reported previously with data through 2008 (LSCE, 2011). Water quality
standard exceedances in the Napa Valley Floor subareas and Napa Valley Subbasin were limited to the
naturally-occurring constituent arsenic, with 4 of 26 sites showing maximum concentrations above the
MCL of 10 pg/l. Wells with long-term water quality data in the Napa Valley Subbasin show stable TDS
and nitrate concentrations, with one exception. Well 06 N0O4W27L002M in the Napa Subarea had a peak
of 7.7 mg/L NO3-N (nitrate as nitrogen) in 2011 compared to initial concentrations of 3.4 mg/L NO3-N
and 4.0 mg/L NO3-N in 1982 and 1972, respectively.

6.3 Water Budget Framework

A quantitative approach to evaluating groundwater basin conditions is a key component of the
requirements for sustainable groundwater management. To this point SGMA specifies that Groundwater
Sustainability Plans (GSPs) “shall include a water budget for the basin that provides an accounting and
assessment of the total annual volume of groundwater and surface water entering and leaving the

basin, including historical, current and projected water budget conditions, and the change in the volume
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of water stored. Water budget information shall be reported in tabular and graphical form.” (Section
354.18).

This Basin Analysis Report provides a functionally equivalent evaluation of historical, current, and
projected future conditions in the Napa Valley Subbasin (Subbasin). The 28-year base period presented
in Section 6.1 encompasses a period of relatively balanced hydrologic conditions and stable water
supplies and land uses within the Subbasin. With a stable base period determined, comparable water
budget analysis can be performed to evaluate changes in groundwater storage within the Napa Valley
Subbasin and assess whether the Subbasin has been operated within its sustainable yield.

The water budget analysis presented here is a comprehensive accounting of hydrologic processes
affecting the Subbasin including:

e Surface water inflows to the Subbasin as streamflow from the Napa River Watershed Uplands,
e Surface water inflows to the Subbasin conveyed from municipal reservoirs located in the Napa
River Watershed Uplands,
e Surface water inflows to the Subbasin from outside the Watershed through State Water Project
facilities,
e Surface water outflows from the Subbasin as runoff and groundwater discharge to the Napa
River,
e Groundwater inflows to the Subbasin from groundwater recharge and subsurface inflows from
the bedrock of the Napa River Watershed Uplands adjacent to the Subbasin,
e Groundwater outflows from the Subbasin that enter the adjoining Napa-Sonoma Lowlands
Subbasin,
e Groundwater outflows due to evapotranspiration and groundwater pumping in the Subbasin,
and
e Changes in annual groundwater storage in the Subbasin.
Figure 6-7 shows the location of the Napa Valley Subbasin and Napa River Watershed Uplands
(Uplands). The Uplands correspond to those portions of the Napa River Watershed that drain into the
Napa Valley Subbasin. This excludes portions of the Napa River Watershed that drain into the Napa-
Sonoma Lowlands Subbasin.

The Napa Valley Subbasin is located in the southern-central Coast Range Province north of the San
Francisco Bay region. This region of the Coast Range is characterized by northwest trending low
mountainous ridges separated by intervening stream valleys. Napa Valley is a relatively narrow, flat-
floored stream valley drained by the Napa River. The valley floor descends from elevations of about 420
feet at the northwest end of the Valley to about sea level at the southern end.

Figure 6-8 depicts the components and processes represented in the water budget. Inflows to the
Subbasin include upland runoff from the surrounding Napa River Watershed, subsurface groundwater
inflows from the same upland areas, and precipitation falling on the Subbasin directly. Outflows from
the Subbasin include surface water outflow though the Napa River, subsurface groundwater outflow to
the Napa-Sonoma Lowlands Subbasin, and evapotranspiration across the surface of the Subbasin.
Inflows from upland areas adjacent to the Subbasin and outflows to the Napa-Sonoma Lowlands
Subbasin are calculated based on outputs from the California Basin Characterization Model (Flint et al,
2013), streamflow data, and groundwater level data. With the exception of subsurface groundwater
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outflows, these components are calculated on a monthly time steps. Subsurface groundwater outflows
are calculated based on semi-annual groundwater level measurements. Processes that affect the soil
root zone including precipitation, infiltration, evapotranspiration, and applied water from groundwater
pumping among other sources, are addressed on monthly time steps by a mathematical root zone
model developed for this Basin Analysis Report.

6.4 Root Zone Model

A GIS-based Root Zone Model was developed for the Subbasin to account for vertical inflows (recharge)
and outflows (pumping) to the Subbasin in response to consumptive uses of water by vegetation.
Recharge and pumping are functions of land use, soil, precipitation, and evapotranspiration (ET). Land
use is defined by cropping patterns, irrigation status, irrigation method, and irrigation water source. The
Root Zone Model calculates recharge and irrigation pumping individually for each mapped land unit.
Results are subsequently aggregated to Subbasin-wide totals in monthly time steps. Simulations were
run for the entire 1988 — 2015 base period as well a future scenario from 2016 to 2025. The future
scenario incorporates downscaled climate model projections for a “hot and low rainfall” condition from
2016 to 2025.

6.4.1 Methodology

The Root Zone Model is based on the water balance within the soil root zone:

as +i
ot p y
where S is the moisture storage in the soil root zone, p is precipitation, i is irrigation, e is

evapotranspiration, and y is yield (e.g. groundwater recharge).

The conceptual framework for the Root Zone Model is described in Table 6-5. Runoff is assumed to be
negligible within the Subbasin due to the flat topography, and yield y represents groundwater recharge.
The amount of water that a soil can store that is available for use by plants is called the available water
capacity (AWC). AWC is the water held between field capacity and the wilting point. For each monthly
time step and each individual land use unit the Root Zone Model compares the potential
evaoptranspiration (ET) to the sum of the initial soil moisture storage and the current month’s
precipitation. For irrigated land use units, the model calculates the amount of irrigation that is needed in
addition to the initial soil moisture storage and precipitation to meet the potential ET demand. For non-
irrigated land use units, calculated actual ET is limited by the sum of the initial soil moisture storage and
the current month’s precipitation. A soil moisture retention (SMR) parameter was defined in the Root
Zone Model that determines the percentage of AWC to which root zone soil moisture is maintained for
irrigated land units. Grismer and Asato state in their 2012 paper on Sonoma vineyard and native
vegetation root zone mass balances that wine grape vineyards are typically managed with deficit
irrigation, allowing soil water to be substantially depleted to between 20% and 30% capacity. The soil
moisture retention parameter was set to 40% for the results presented in this report. Changes to this
parameter affect calculated pumping and recharge rates between months with varying hydrological
inputs. Groundwater recharge is calculated as the soil moisture beyond field capacity. Recharge is
theoretically limited by the saturated hydraulic conductivity (Ksat) of the soil, but mapped Ksat values in
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the Subbasin are generally higher than average monthly precipitation by more than an order of
magnitude.

Three parameter values, grape crop coefficients, rooting depth, and soil moisture retention, were
determined to have the greatest potential to effect the Root Zone Model results. Alternative values for
these parameters were evaluated in a sensitivity analysis described in Section 6.8.

6.4.2 Land Use Model Inputs

The Root Zone Model performs the water balance calculations at the resolution of mapped land use
units. Total acreages of vineyards, other lesser agricultural commodities, and the urban footprints in the
Valley have remained relatively constant over the selected base period. The Root Zone Model was run
based on the 1987 and 2011 Land Use Data from the Department of Water Resources (DWR). DWR’s GIS
data for 1987 and 2011 land use includes information for land use class, irrigation status, irrigation
method, and irrigation water source. Figure 6-9 and Figure 6-10 show the 1987 and 2011 Land Use
distribution within the Subbasin. The Root Zone Model was run separately using 1987 and 2011 land use
data. Model results presented in this report are based on linear interpolation between these two runs,
assuming a constant rate at which land use changed between 1987 and 2011. Model results for 2011
and beyond are based on 2011 land use data.

6.4.3 Soil Model Inputs

Available Water Capacity (AWC) and Saturated Hydraulic Conductivity (Ksat) were based on Soil Survey
data by the Natural Resources Conservation Service (NRCS). Figure 6-11 shows the mapped Available
Water Capacity in the Subbasin. AWC depends on the mapped soils and land use class-dependent root
zone depth. Root Zone depths were based on the NRCS National Engineering Handbook (NRCS, 1983).
Available Water Storage is the product of AWC and root depth. Where multiple soil units have been
mapped over a single land use unit, these land use units were split to maintain the different land
use/soil type combinations. The combination of DWR land use and NRCS soil layers results in over
16,000 geographic units for which the Root Zone Model individually calculates the water balance. Table
6-6 summarizes the applied root zone depths.

LUHDORFF & SCALMANINI 6-9



01-9

ININVNTTVOS ® 4440aHN

Juawaseuew uonesiudl U1 HWoddns 03 Suipie8ads elep apinold pue SUOI}PUOD [eIIS0]0J0312W JOIUOW O} SIIINO0SIY J91B A 4O JUsWedaq ejuloije) ayl jo weiSoud e s| ‘WalsAS uolewlou| JUSWaSeuely uoliesiu| ejuiogied ‘SjAID

‘BlUJO}I|BD SSOJoe 984eydaJ J93empunold pue jjound Suipnjoul sassado.d d130joapAy a3e|nwis 03 ASAung [ea180]039 'S N ay3 Agq padojansp jo [9pow d180j0JpAy e S| ‘|9pOIA uoieziialdeldey) uiseg ‘A9

‘Jun [10s Yyoea Joj juiod Suiyjim pue Ayoeded p|aly USaMISC 32USIDIP SWN|OA Y} SB PaUISP S| JUSIUOD J21BM 3|]E[IBAR SUOZ 1004 [B}0]

‘S310N
anogp 3as ‘uoljeJidsuesjodens 0} anp 4N1SIOW [10S JO SUOIINPAI Joj SulluNodJe Jale '3U0Z 1004 |10S 3Y3 JO AJIAIIDNPUOD JlNeJPAY |BIIIIBA PUB ‘BIN3SIOW |10S ‘Spuewap | 984eyday J91eEMpPUNOID
A11deded pjaly |10S 91 9A0GE SUOZ 1004 |I0S BY] Ul JD1EM JO SWN|OA 9Y] SE pale|nd|e) J91EM PAALIBP 9SN puUe| JO UOIIdUNY B S| BUOZ 1004 |10S 3y} MO|aq Sullejodiad Jalep
(yT0Z) A3uno) *100[} A9j|e edeN ay1 uo 9|qi3118au ¢ 01 pawnssy ‘spniusew jo JapJo ue ueyl alow Aq uoneydidaid | jouny

edep Joj aseqeleq (0OYNSS)
d1ydesgoan AsSAINS |10S SOUN Yasn

Alyauow adesane ueyy Jaysiy Ajjesauagd ale jeyl sanjea AJAIONPUOD d1jNelpAy paleinies
|10s pue Aydei30do3 1e4 a3 01 anp uiseqqgns ay3 ulyum 3|qi31|8au 9q 03 pawnsse si jouny

(s10C
- TT0T) SIAID (0TOT - 886T) D4

“Jun asn pue| yoes Jo4 2dAy doud a3eludoadde Joy
1UDI21}4902 doJd 3y} uo paseq ‘elep |ed150|010919W WOJ) PAALIBP ‘uoliedidsuejodens
|eiaualod jo uolouny e se palendjed s uoljedidsuesjodens |enpy

"9U0Z 3004 3Y3 Ul S|I0S
J0 saiadoud |eaisAyd ayy pue adAy doud 4o uoizeladan ayj 031 393[gns uiseqqgns ay3 ul syun
asn pue| (Ajuo uonesodens se) ya1em uado pue pa1e1adan ||e uo sInNd20 uoliedidsuesiodeny

uoneJidsuesyodeny

SMO|j1NQ0 9uU0Z 100y

(smun asn pue| paiediuil o) adA)
J91eM 324N0S JO uoljeaulap) dejy
asn pue Ayuno) edeN TTOZ YMA

"JU91U0J J21BM 3|qE|IeAB SUOZ 1004 [B}0] JO
%0S 4O 1US1U0D 2JN3SIOW |I0S B Ulelulew 03 pue dals awil yoea Joj uonneyddald pue
aJnisiow |10s 3|ge|ieAe yum uoijelidsuesjodeas 01 anp SMOJJIN0 aduejeq 03 JapJo

Ul uoieSiiJl JO 924N0S PAIJIIUIPI UB SABY 3BY3 SHUN 3sn pue| 03 paljdde S| Jaiepn

‘Suiddew

asn pue| 01 SulpJ0d2e PaUIWIIBP SI (191eM P3|IAISI IO ‘U91BM DIBLNS U31EMPUNOIS
8'9) Mun asn pue| usaAI3 e 1o} ua1em pailjdde Jo 924nos ‘uollenddald o1 uonippe

ul J91eM 3AI929. Aew puewap Jalem Suidedspue| e yim syun asn pue| pue sdotd pajedi)|

(8-9 91qe 99s) 4o1e AN PoIddy

(vT02) Ayunod
edep Joj aseqeieq (0OYNSS)
a1ydesdoa9 AsAins [10S SOUN VYASN

‘uoileydioaud pue Ajoeded uoIIeJ|IfUl UBDMIDP 2IUDJIDHIP BY3 Se paie|ndje)

‘uoziioy [10s 3sow Jaddn ay3 Jo AlAIdONPUO dlnespAy paleinies
ay1 Ag uoizeliwi| 03 3193[gNs S|10S 01Ul S21BJY|IJUI UISeqgns 3yl uo Suljje} uolrendidaid

uonenyu|

(sT0Z - TTOT) dnoUD
d1ewl|) INSIYd (0TO0T - 886T) IND4

‘ulseqqns ay3 SsSoJde S|e10}
uoneydioald Ajyyuow Joj paanb aue syaserep uonendidald snonupuod Ajjerneds

3uUoN

uoileyididaug

SMO|Jju| U0z 100y

$224n0¢ eleq

yoeouddy

suonduwnssy

$955920.d pue
jusuodwo) 198png dauoz 100y [10S

)}40Maweld |9pOAl U0z 100y *S-9 d|qel

NISVEdNS AFTIVA VdVN THL 404 140d3d SISATTVNV NISVE V
ALITIEVYNIVLSNS 431LVMANNOYO AT TIVA VdAVN

9T0Z ‘Y39INILd3S 14vdd



DRAFT SEPTEMBER, 2016 NAPA VALLEY GROUNDWATER SUSTAINABILITY:
A BASIN ANALYSIS REPORT FOR THE NAPA VALLEY SUBBASIN

Table 6-6. Assigned Model Root Depths

Land Use Class Root Depth (feet)
BARREN AND WASTELAND 0.5
CITRUS AND SUBTROPICAL 3
COMMERCIAL 0.5
DECIDUOUS FRUITS AND NUTS 5
FIELD CROPS 3
GRAIN AND HAY CROPS 2
IDLE 2
INDUSTRIAL 0.5
NATIVE VEGETATION 5
PASTURE 2.5
RESIDENTIAL 0.5
RIPARIAN VEGETATION 10
SEMIAGRICULTURAL & INCIDENTAL TO AGRICULTURE 0.5
TRUCK, NURSERY AND BERRY CROPS 2
URBAN 0.5
URBAN LANDSCAPE 0.5
VACANT 0.5
VINEYARDS 3
WATER SURFACE 10

6.4.4 Hydrologic Model Inputs

GIS grids for historical monthly reference ET and precipitation values for 1988 to 2010 were obtained
from the California Basin Characterization Model (BCM) at 270 meter resolution. The BCM used
hydrologic projections for 2011 and beyond, and historical monthly ET values for 2011 to 2015 were
downloaded from the California Irrigation Management Information System (CIMIS) at 5,000 foot
spacing linearly interpolated to GIS grids at 270 meter resolution. GIS grids for monthly precipitation
values for 2011 to 2015 were obtained from the PRISM Climate Group at 4 kilometer resolution and
linearly interpolated to grids at 270 meter resolution. ET and precipitation values from the BCM hot and
low rainfall scenario (BayArea_ MIROC_esm_rcp85) were also used for 2016 to 2025 for the Root Zone
Model future condition evaluation. The Root Zone Model interpolates the mean monthly precipitation
and ET values for each mapped land use unit and for each time step.

6.4.5 Crop Coefficient Model Inputs

Crop coefficients were obtained from the Irrigation Training & Research Center (ITRC). ITRC provides
adjusted monthly crop coefficients for different crop types, irrigation methods, and relative precipitation
year (typical, wet, and dry). The crop coefficients provided by ITRC for water balances include a
reduction in ET of approximately 7% to reflect bare spots and reduced vigor typically observed in crops
at the landscape scale. The Root Zone Model applies a further reduction for ET of urban land units to
reflect the fraction of each land unit that is subject to landscaping (irrigation), shown in Table 6-7.
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Table 6-7. Fractions of urban land use units assumed to be landscaped (irrigated)

Land Use Classification

Fraction of land use unit
assumed to be
landscaped (irrigated)

Urban - Urban

No Subclass 25%
Urban - Commercial
No Subclass 10%
Hotels 10%
Institutions (hospitals, prisons, reformatories, asylums, etc.) 10%
Motels 10%
Municipal auditoriums, theaters, churches, etc.) 10%
Offices, retailers, etc 10%
Schools (yards to be mapped separately if large enough) 10%
Urban - Industrial
Extractive industries (oil fields, rock quarries, etc.) 10%
Fruit and vegetable canneries and general food processing 10%
No Subclass 10%
Manufacturing, assembling, and general processing 10%
Sewage treatment plant including ponds. 10%
Storage and distribution (warehouses, substations, etc.) 10%
Waste accumulation sites (public dumps, sewage sludge sites, etc.) 10%
Wind farms, solar collector farms, etc 10%
Urban - Residential
Multiple family (apartments, condos, townhouses, etc.) 25%
No Subclass 25%
Single family dwellings with a density of 1 unit/acre up to 8+ units/acre. 25%
Single family dwellings with lot sizes greater than 1 acre up to 5 acres 25%
Trailer courts 25%
Urban - Vacant
Paved areas (parking lots, tennis court areas, auto sales lots, etc.) 5%
Railroad right of way. 5%

The Root Zone Model multiplies the typical crop coefficient that corresponds to the individual land use
class and irrigation method (shown in Table 6-8) with the interpolated reference ET value to calculate

the monthly potential ET.
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Table 6-8. Applied Model Crop Coefficients, Kc

Drip/Microspray Irrigation Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Flowers, Nursery and Christmas Tree 1.03 (0.40]0.28 |0.34]0.41]|0.65|0.84 ] 093 | 0.85(0.90]|0.57 | 0.84
Grape Vines with 40% canopy 1.03 |1 0.40 | 0.38 | 0.47 | 0.51 [ 0.42 | 0.36 | 0.39 | 0.18 | 0.26 | 0.48 | 0.85
Melons, Squash, and Cucumbers 1.050.3910.2810.23]10.26 |0.19 1054 | 0.79 | 0.28 | 0.25 ] 0.51 | 0.86
Misc. Subtropical 1.03 |1 0.40 | 0.28 | 0.34 | 0.41 | 0.65 | 0.84 | 0.93 | 0.85| 0.90 | 0.57 | 0.84
Misc. Deciduous 1.03 1 0.40 | 0.28 | 0.34 | 0.41 | 0.65 | 0.84 | 0.93 | 0.85 | 0.90 | 0.57 | 0.84
Strawberries 1.05]0.39 | 0.50 | 0.42 | 0.44 | 0.92 | 0.93 | 0.49 | 0.00 | 0.25 | 0.51 | 0.86

Sprinkler Irrigation Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Alfalfa Hay and Clover 0.53 (093|097 ]1.06|1.14]1.19]|0.82| 093 | 094 |0.94|051]| 0.74
Corn and Grain Sorghum 0.52 [ 0.36 | 0.52 1 0.42 | 0.41 | 1.04 | 1.25 | 1.00 | 0.18 | 0.23 | 0.35 | 0.60
Flowers, Nursery and Christmas Tree 0.50 037|048 | 0.54 1086 |1.06 1098 | 0.88 | 093 |0.84 | 0.60] 0.59
Melons, Squash, and Cucumbers 0.521051(037|055|1.14 1171053 | 0.12 | 0.00 | 0.23 | 0.35 | 0.60
Misc Subtropical 0.51 [ 0.36 | 0.35]0.37 | 048 | 0.56 | 0.51 | 0.48 | 0.32 | 0.24 | 0.33 | 0.59
Misc. Deciduous 0.50 [ 0.37 1 0.48 | 0.54 | 0.86 | 1.06 | 0.98 | 0.88 | 0.93 | 0.84 | 0.60 | 0.59
Misc. field crops 0.52 [ 0.51]10.38]|0.46 | 091 | 1.13 | 1.04 | 0.50 | 0.00 | 0.23 | 0.35 | 0.60
Pasture and Misc. Grasses 0.52 ([0.70 ] 0.76 | 0.95 | 1.12 | 1.12 | 1.07 | 0.98 | 0.99 | 0.89 | 0.65 | 0.60
Peach, Nectarine and Apricots 0500371040048 0.82]1.11])11.01] 095 | 093 )0.85]0.38]| 0.59
Walnuts 0.5010.37]10.29]041]051]087]1.11| 1.07 | 1.10) 0.90 | 0.62 | 0.59

Surface Irrigation Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Alfalfa Hay and Clover 1.09 1 0.98 [ 0.97 | 0.88 | 0.90 | 0.88 | 0.83 | 0.85 | 0.85 | 0.66 | 0.80 | 1.08
Apples, Plums, Cherries etc w/cover crop | 1.05 | 1.02 | 0.94 | 0.87 | 0.99 | 1.05 | 1.06 | 1.07 | 1.03 | 1.01 | 0.88 | 1.10
Corn and Grain Sorghum 1.08 | 0.39 | 0.50 [ 0.42 | 0.36 | 0.86 | 1.07 | 0.96 | 0.15 | 0.25 | 0.51 | 0.86
Idle 1.09 | 0.39 | 0.28 | 0.24 | 0.17 | 0.06 | 0.02 | 0.12 | 0.00 | 0.25 | 0.53 | 0.87
Melons, Squash, and Cucumbers 1.08 [ 0.63 | 0.35 | 0.55 | 0.97 | 0.97 | 0.47 | 0.12 | 0.00 [ 0.25 | 0.51 | 0.86
Misc Subtropical 1.04 1 0.40 | 0.46 | 0.50 | 0.74 [ 0.88 | 0.84 | 0.86 | 0.86 | 0.89 | 0.88 | 0.85
Misc. Deciduous 1.04 1 0.40 | 0.46 | 0.50 | 0.74 [ 0.88 | 0.84 | 0.86 | 0.86 | 0.89 | 0.88 | 0.85
Misc. field crops 1.08 | 0.62 | 0.36 | 0.43 ] 0.79 [ 0.93 | 0.90 | 0.46 | 0.00 | 0.25 | 0.51 | 0.86
Pasture and Misc. Grasses 1.08 1 0.74 [ 0.72 | 0.89 | 0.96 [ 0.93 | 092 | 0.95 | 0.91 | 0.97 | 0.96 | 0.86
Safflower and Sunflower 1.08 | 0.50 | 0.56 | 0.91 | 1.07 | 0.97 | 0.28 | 0.12 | 0.00 | 0.25 | 0.51 | 0.86
Walnuts 1.04 1 0.40 | 0.28 | 0.39 | 0.54 [ 0.81 | 0.95 | 0.99 | 0.98 | 0.93 | 0.84 | 0.85

6.4.6 Root Zone Model Results

The results of the Root Zone Model analysis for the base period from the 1988 to 2015 show
groundwater recharge to always exceed groundwater pumping within the Subbasin on a year-to-year
basis, resulting in a net positive contribution to groundwater storage. Over the base period, average
annual groundwater recharge is calculated to be 67,300 acre-feet, while average annual groundwater
pumping to meet irrigation demands is 12,800 acre-feet, with an average annual net contribution to
groundwater storage of 54,500 acre-feet. Figure 6-12 shows total annual groundwater storage
contributions from the root zone and precipitation from 1988 to 2025.

Table 6-9 summarizes the annual change in Root Zone Model components. Table 6-10 shows the
monthly totals of Root Zone Model components (WY 2010 shown). Precipitation drives recharge during
the wet winter months, and the lack of precipitation and high ET during the summer months triggers
groundwater pumping. This pattern is evident in Table 6-10 where groundwater pumping to meet plant
needs begins only after available soil moisture, accumulated through precipitation, has been reduced
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such that continuing evapotranspiration demands and the minimum soil moisture retention parameter
require irrigation. In this way, the accumulation of soil moisture over the winter.

Figure 6-12. Root Zone Model total annual groundwater storage change and average precipitation for
Subbasin from 1988 to 2025
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Table 6-10. Monthly Change in Root Zone Model Components for Subbasin
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2009 | Oct | 3,737 |4.62| 17,663 | 21,400 | 7,710 | 2,142 0 2,142 0 0 11,547 | 7,810
2009 | Nov (11,546|0.74| 2,810 | 14,357 4,151 | 143 2 140 0 0 10,066 |-1,481
2009 | Dec (10,065 3.08 | 11,585 | 21,650 | 3,180 | 5,496 0 5,496 0 0 12,974 12,910
2010 | Jan (12,972|10.77| 40,591 | 53,563 | 4,217 |(32,319| O 32,319 0 0 17,026 | 4,055
2010 | Feb |17,028| 5.04 | 18,982 | 36,010 | 3,614 (14,903| O 14,903 0 0 17,493 | 465
2010 | Mar (17,496| 3.10 | 11,743 | 29,238 | 6,411 | 5,275 0 5,275 0 0 17,552 57
2010 | Apr |17,555|4.82 | 18,121 | 35,676 |11,714| 6,529 0 6,529 0 0 17,432 | -123
2010 | May |17,435| 1.67 | 6,316 | 23,752 (13,973| 32 -619 -587 -116 -11 10,493 |-6,943
2010 | Jun {10,494| 0.01 53 10,547 | 9,575 0 |[-2,934| -2,934 -524 -23 4,452 1-6,042
2010 Jul | 4,453 | 0.00 3 4,456 | 6,595 0 |-4,929| -4,929 -987 -52 3,830 | -624
2010 | Aug | 3,831 |0.00 0 3,831 |5,467 0 |-4,459| -4,459 -876 -46 3,746 -85

2010 | Sep | 3,747 |0.02 89 3,836 | 2,467 0 |-1,962| -1,962 -383 -34 3,748 0

6.5 Subbasin Water Budget

A combined surface water and groundwater budget for the Napa Valley Subbasin was developed
utilizing outputs from the Root Zone model as well as other data on Subbasin inflows and outflows that
are not represented by root zone processes. Table 6-11 summarizes the components of the overall
Subbasin water budget.

6.5.1 Subbasin Inflows

Groundwater Recharge — Root Zone Model Output

Recharge from overlying soils is a function of land use derived water demands, available soil moisture,
and vertical hydraulic conductivity of the soil root zone. Changes in storage in the unsaturated zone
below the root zone and above the water table are assumed to be negligible at an annual scale for this
analysis.
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Uplands Runoff

Runoff from Subbasin soils occurs when precipitation falls in excess of the infiltration capacity of the
soils. The Subbasin water budget utilizes runoff calculations from the BCM as the source for runoff from
the Uplands into the Subbasin. Years for which BCM results are not available were estimated based on
PRISIM precipitation data and the relationship between Uplands precipitation and runoff.

Uplands Subsurface Inflow

Subsurface inflow to the Subbasin from the surrounding bedrock is likely minor relative to the volume of
precipitation received in the Subbasin and runoff to the Subbasin from the Uplands. Geologic formations
surrounding the Subbasin consist of predominantly low permeability volcanic and sedimentary rocks
(see Chapter 2). Data relating to subsurface inflow to the Subbasin from surrounding bedrock is limited
to the MST. Johnson (1977) estimated that outflow from the MST into the Napa Valley was roughly
2,050 acre-feet per year (afy). Subsequently, Farrar and Metzger (2003) estimated that 600 acre-ft/yr of
groundwater was entering the Napa Valley from the MST

Applied Water - Surface Water

The Subbasin water budget implicitly and explicitly considers the fraction of applied surface waters that
have the opportunity to become recharge either as applied irrigation or releases to the Napa River from
wastewater treatment facilities. Table 6-12 details the sources of applied water accounted for in the
water budget. In some cases, land use mapping designates areas receiving surface water for irrigation.
Those land use units are assigned surface water for irrigation purposes subject to the irrigation demand
calculated by the Root Zone Model.

Other uses of surface water in the Subbasin are largely for municipal purposes and include surface
waters imported from reservoirs in the Uplands and State Water Project facilities. The Subbasin Water
Budget assumes that the conveyance of those surface waters from local reservoirs or State Water
Project facilities occurs efficiently without seepage losses. Discharges of treated wastewater from the
municipalities are implicitly considered by the streamflow gage records from the Napa River near Napa
gage, which is downstream of the wastewater treatment facilities that discharge within the Subbasin.

Applied Water — Recycled Water

Recycled water utilization within the subbasin is currently limited to parcels in and near Yountville
receiving recycled water from the Town’s wastewater treatment facility. Recycled water deliveries are
detailed, based on available data, in Chapter 5. The Root Zone Model calculates recycled water
applications based on the irrigation demands for land use units receiving recycled water.
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6.5.2 Subbasin Outflows

Applied Water - Groundwater Pumping

The water budget accounts for groundwater pumping to meet irrigation demands, reported municipal
pumping, calculated winery demands, and domestic uses in the unincorporated portion of the Subbasin.
Groundwater pumping is used to meet irrigation demands according to the evapotranspiration and soil
moisture requirement of each irrigated land use unit and soil type, as described in Section 6.3.

Municipal groundwater use is detailed in Chapter 5. Currently the City of St. Helena and Town of
Yountville have the capacity to pump groundwater from the subbasin. The City of Calistoga formerly
pumped groundwater for municipal use, though the wells are no longer in use. The City of Napa does
not own any wells that could be used to pump groundwater from the Subbasin and has not utilized
groundwater in the past.

Groundwater pumping for indoor domestic uses in unincorporated parts of the Subbasin are calculated
in the water budget based the population within those areas and a per capita annual water demand
factor of 0.19 acre-feet. The annual population totals for the unincorporated areas were determined
first for 2000 and 2010 by spatial analysis of GIS datasets provided by the U.S. Census Bureau.
Population estimates for other base period years were made by linearly interpolating based on the ratio
of the total population reported for the County by the Census Bureau for years 1990, 2000, 2010, and
2015. Pumping calculated for meeting water demands associated with outdoor uses on residential,
commercial, and industrial land uses in unincorporated parts of the Subbasin are determined by the
Root Zone Model and are in addition to the amounts calculated based on per capita demand for indoor
uses.

Groundwater pumping for winery uses in the unincorporated parts of the Subbasin were calculated
based on the County’s GIS dataset of active winery permits. Total winery water demands were
calculated to include process water for wine production as well as water used for visitation, events, and
staffing purposes as documented in the County’s GIS dataset.

Streamflow

Streamflow includes both stormwater runoff and baseflow discharges of groundwater conveyed out of
the Subbasin through the Napa River and its tributaries. The Subbasin water budget accounts for
streamflow through a combination of discharge data from the Napa River near Napa gage operated by
the U.S. Geological Survey and runoff calculated by the BCM for portions of the Subbasin below the
Napa River near Napa gage.

Groundwater Outflows

Groundwater outflow from the Subbasin is calculated based on measured hydraulic gradients near the
boundary of the Napa Valley Subbasin and Napa-Sonoma Lowlands Subbasin and estimates of hydraulic
conductivity of aquifer materials in the Quaternary alluvium and Quaternary sedimentary basin deposits
depicted in Cross Section G - G' of the Napa Valley Updated Hydrogeologic Conceptualization and
Characterization of Conditions Report (LSCE and MBK, 2013).
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6.6 Subbasin Water Budget Results

The Subbasin water budget results show variations in Net Subbasin Storage from year to year that are
largely driven by fluctuations in the Uplands Runoff and Streamflow components (Figure 6-13 and Table
6-13). The water budget accounts for surface water and groundwater inflows to and outflows from the
Subbasin. The magnitude of the surface water components, particularly uplands runoff and surface
water outflow and baseflow, demonstrate that large quantities of water move through the Subbasin in
most years as compared to the amounts of water pumped from the Subbasin or flowing out of the
Subbasin as subsurface outflow. Average annual changes in storage over the base period are positive,
demonstrating that current groundwater pumping below the sustainable yield for the Subbasin.
However, the magnitude of annual changes in storage as well as the average annual change in storage
indicate the effect of water budget component uncertainties.

Figure 6-13. Net Annual Subbasin Storage Change, 1988 - 2015
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Data on groundwater levels in the Subbasin show stable trends during the base period. The average
annual change in storage volume calculated by the water budget suggest an accrual of water within the
subbasin that is not consistent with the stable spring to spring groundwater levels observed. The most
likely explanations for this discrepancy are that inflows are overstated, outflows are understated, or
some combination of the two.

Total groundwater pumping represented in the Subbasin water budget is greater than the groundwater
pumping calculated by the Root Zone Model due to the addition of groundwater pumping demands
from residential indoor water uses in unincorporated parts of the Subbasin, groundwater uses by
wineries in unincorporated portions of the Subbasin, as well as municipal pumping (Table 6-14). The
growth over time in groundwater pumping for irrigation is primarily due to the change in water sources
for irrigated land uses between 1987 and 2011, which show a growth in acreages supplied by
groundwater.
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NAPA VALLEY GROUNDWATER SUSTAINABILITY:
A BASIN ANALYSIS REPORT FOR THE NAPA VALLEY SUBBASIN

Table 6-14. Napa Valley Subbasin Calculated Annual Groundwater Pumping, 1988 — 2015 Hydrologic

Base Period
Groundwater Pumping, All Demands
N - 8

3§ | SE. | 3% s | o

.5 = |53 | BfE | 33 . s | 8
$3) Bz|ite| ££8w f8z 3:¥| Y| :i®

=3 b3 S € Wo g g g > = g =

> 8 g E >3
“ 8

" 1988 334 654 1,966 1,222 4,326 670 9,171
?hé’ 1989 334 662 1,938 1,222 4,685 660 9,501
g 1990 334 670 1,932 1,222 4,277 599 9,035
s 1991 334 678 2,304 1,222 5,647 677 10,862
f 1992 270 686 2,410 1,222 6,269 648 11,505
'§ 1993 105 695 2,434 1,222 5,115 570 10,141
1994 292 703 2,642 1,222 6,678 628 12,165
gp 1995 205 711 2,515 1,222 5,096 552 10,301
g 1996 195 719 2,753 1,222 5,075 587 10,552
; 1997 262 727 3,184 1,222 8,419 636 | 14,450
s 1998 237 735 2,603 1,222 5,265 494 10,557
g 1999 264 744 3,060 1,222 8,149 569 14,007
é 2000 373 752 3,023 1,222 7,632 547 | 13,549
2001 467 783 3,150 1,222 10,338 574 16,535
2002 349 815 3,511 1,222 10,495 581 16,973
- 2003 476 846 3,147 1,222 8,531 542 14,764
é 2004 499 878 3,899 1,222 12,253 624 19,375
‘E 2005 382 910 3,050 1,222 7,084 442 13,089
0_ 2006 410 941 3,552 1,222 10,660 516 17,301
% 2007 521 973 4,138 1,222 12,854 575 20,283
s 2008 479 1,004 4,355 1,222 15,911 615 23,586
= 2009 508 1,036 4,011 1,222 11,932 509 19,218
2010 320 1,067 3,650 1,222 10,497 438 17,194
2011 227 1,077 3,287 1,222 5,973 345 12,130
£ o 2012 179 1,086 4,054 1,222 12,074 460 19,075
< ? 2013 334 1,095 4,428 1,222 12,827 505 20,412
-§ E 2014 334 1,105 4,470 1,222 11,868 595 19,594
2015 334 1,114 4,619 1,222 13,836 530 21,655

1 Municipal groundwater pumping reflects values reported by Calistoga, St. Helena, and Yountville and
includes pumping for all water uses and users served by those municipalities.
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2 Groundwater pumping for residential indoor uses is calculated based on the population of the
unincorporated portions of the Subbasin and an average per capita demand of 0.19 ac-ft/year.

3 Irrigation related groundwater pumping demands outside of the Subbasin municipalities is calculated by
the Root Zone Model

4 Groundwater pumping by wineries in the unincorporated is based on a dataset of permitted wineries as
of 2015 and includes estimates of water use for winemaking, wine tasting, visitation, and events. Data for
prior years were not available, so the 2015 value is applied across the base period.

6.6.1 Qualitative Consideration of the Napa-Sonoma Lowlands Subbasin

Outflows from the Napa Valley Subbasin enter the Napa-Sonoma Lowlands Subbasin through Napa River
flow (including stormflows and groundwater baseflow) and subsurface flow of groundwater. Subsurface
groundwater outflows are likely between ten thousand and twenty thousand acre-feet per year, based
on the outflow analysis conducted with groundwater level data collected from 2005 — 2013 (see Section
6.5.2). Surface water outflows vary seasonally with the largest discharges occurring during winter and
spring storm flows.

6.7 Groundwater Level Change in Storage Analysis

The water budget analysis presented in this Section 6.2 is complemented by an analysis of changes in
groundwater storage computed separately through observed changes in groundwater levels over the
base period. Results from the groundwater level change in storage analysis provide a means to check
the results of the water budget analysis by comparison with the average annual changes in storage
computed by the water budget.

6.7.1 Groundwater Contours and Potentiometric Surfaces for Key Base Period Years

Available groundwater level data from wells completed in the alluvium were extracted from the Napa
DMS and plotted spatially on a map to assess coverage. To achieve satisfactory coverage, it was
necessary to interpolate over the extent of the alluvial basin by creating auxiliary points just beyond the
extent of the basin. Additionally, some wells near the basin boundary did not have water level data
present for each year of the base period. Therefore, an estimated measurement of depth to water was
developed using regression analysis. The groundwater level data used for this analysis are summarized
in Table 6-15. The locations of the data points are shown in Figure 6-14.

A depth to the base of the aquifer grid was developed (Figure 6-15) from mapped alluvium isopach
contours and geologic cross sections (LSCE and MBK, 2013), and a depth to water grid was developed for
each year of the base period (2015 shown in Figure 6-16). By raster algebra within GIS, a difference grid
between the base of the alluvium and the top of the water table was calculated for each year to
determine a volumetric change in saturated aquifer volume for each year. Groundwater storage was
calculated by multiplying the saturated aquifer volume with an estimated specific yield of 6% (Kunkel
and Upson, 1960).

The resulting annual changes in storage are shown along with annual total precipitation in Figure 6-17.
The calculated net change in storage over the base period of 1988 to 2015 is +3,398 acre-feet. The
largest decrease in storage of -18,919 acre-feet was calculated for 1991. The largest increase in storage
of +25,509 acre-feet was calculated for 1992. Large year-to-year changes in calculated groundwater
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storage are likely in part related to the sparsity of available groundwater level data and the uncertainty
of the interpolated depth to water grids. However, groundwater level storage change calculated with
this method appears to follow trends in precipitation records for the base period.

Figure 6-17. Groundwater Level Change in Storage
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6.8 Sensitivity Analysis

Root Zone Model

The Root Zone Model estimates recharge and pumping as functions of input data including land use, soil,
precipitation, and evapotranspiration (ET), as well as model parameters for crop coefficients, effective
root zone depth, and soil moisture retention for irrigated land use units. The uncertainties in each of these
input data and parameters translate into uncertainties in model results. The Root Zone Model results
presented in this report are based on typical (relative precipitation year) ITRC crop coefficients listed
above in Table 6-8, root zone depths listed in Table 6-6, and soil moisture retention (SMR) of 40%. Root
Zone Model results are sensitive to changes to each of each parameter. Model parameters can be
calibrated to improve model results (e.g., to minimize the difference between estimates of groundwater
pumping and measured pumping data when they are available). Table 6-16, Table 6-17, and Table 66-18
show the model sensitivity for estimated average annual vineyard irrigation (sum of groundwater, surface
water, and reclaimed water) in the Subbasin from 2005 to 2014 to changes to crop coefficients, effective
root depths, and minimum maintained soil moisture.

Table 6-16. Crop Coefficient Sensitivity Analysis Results (with 3 ft grape root depth, and 40% SMR)

Kc
Average Annual
. Vineyard Irrigation @ 515
> o | .
Crop Coefficients WY 2005-2014 5 § - o QE, 3 _g 'E
(ac-ft/ac) g;gg;gzégg%§
sl&ls|l<|=|3|3|<|&]|]o]|lz]a
ITRC, Dry Year, Grape Vines 0.60 0.76 |1.060.90}0.51[0.39]0.38/0.34}0.27}0.19]0.10}0.76 l0.71
with 40% canopy
ITRC, Typical Year, Grape 0.70 1.03 |0.40}0.38}0.47|0.51]0.42}0.36|0.39/0.18}0.260.48|0.85
Vines with 40% canopy
ITRC, Wet Y Vi
RC, Wet Year, Grape Vines 0.90 0.981.00]0.80}0.80/0.7510.440.35}0.27|0.20]0.17[0.84|0.89
with 40% canopy
Williams VSP (Oakville 2000) 0.73 1.030.40|0.38]0.14]0.21}0.33]0.450.510.55]0.26|0.48]0.85
Williams Wye (Oakville 2000) 1.55 1.03 [0.40]0.38|0.200.47]0.69]0.79]0.83/0.83]0.260.48]0.85

Table 6-17. Grape Root Depth Sensitivity Analysis Results (with ITRC Typical Year Crop Coefficients,
and 40% SMR)

Average Annual Vineyard Irrigation

Grape Root Depth (ft) WY 2005-2014 (ac-ft/ac)

0.91
0.79
0.70
0.61
0.53

Vi jwiN|fF-
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Table 6-18. Soil Moisture Retention Sensitivity Analysis Results (with ITRC Typical Year Crop
Coefficients, and 3 ft grape root depth)

Ml\/;iil:‘itn;il:]r:d Average Annual Total Vineyard Irrigation
Soil Moisture WY 2005-2014 (ac-ft/ac)

60% 0.79

50% 0.74

40% 0.70

30% 0.66

20% 0.61

Groundwater Level Change in Storage Analysis

The groundwater level change in storage analysis estimates fluctuations in groundwater storage based on
changes in measured groundwater levels. The relationship of uncertainties in groundwater levels and
uncertainties in groundwater storage estimates is:

+Groundwater Level X Subbasin Area X Specific Yield = +Groundwater Storage
For example, an uncertainty in groundwater levels of 1 foot across the Subbasin would result in:
+1 foot X 45,900 acres X 6% = +2,754 acre-feet

The uncertainty in applied groundwater levels are due to errors in recorded values at monitoring
locations, and to a larger degree due to uncertainty in interpolated levels for areas in between monitoring
locations. Available groundwater levels from 30 monitoring locations were interpolated over the extent
of the alluvial basin. An increase in the number of monitoring locations would improve accuracy of future
groundwater level change in storage analysis estimates.

The uncertainty in the applied value for specific yield across the Subbasin affects groundwater storage
change estimates as follows:

+Specific Yield X Groundwater Level Change X Subbasin Area = +Groundwater Storage Change

For example, an uncertainty of +1% in the applied value for specific yield at a change in groundwater levels
of 1 foot across the Subbasin would result in an uncertainty in storage change estimates of +459 acre-
feet:

+1% X% 1foot X 45,900 acres = +459 acre-feet

6.9 Napa Valley Subbasin Sustainable Yield

Long-term conditions in the Napa Valley Subbasin, during the 1988 to 2015 base period, have been
marked by stable land uses and stable supplies of imported surface water. Groundwater utilization has
increased over time. Results from the Root Zone Model and water budget analyses as well as the
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groundwater level change in storage analysis show positive average annual changes in storage over this
period. The stability of groundwater levels observed during recent drought conditions, from 2012
through 2015, indicate that rates of groundwater pumping over that period have not exceeded the
sustainable yield of the Subbasin as it is currently managed. As a result, the sustainable yield has been
approximately 20,000 acre-feet per year. The sustainable yield is not considered to be constant value
(DWR, 2003). It could change with variations in water budget components or as a result of management
decisions. Those changes could lead to increased or decreased sustainable yields in the future. Updated
evaluations of Subbasin conditions will continue to account for the sustainability goal and sustainability
indicators.
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7 NAPA VALLEY SUBBASIN SUSTAINABILITY GOALS (SECTION
354.24)

As part of Napa County’s General Plan update in 2008, and within the Plan’s Conservation Element, six
goals are set forth relating to the county’s water resources, including to “Conserve, enhance and
manage water resources on a sustainable basis to attempt to ensure that sufficient amounts of water
will be available for the uses allowed by this General Plan, for the natural environment, and for future
generations” (Goal CON-10; LSCE, 2016).

Additionally, based on the Groundwater Resources Advisory Council (GRAC’s)! charge from the Napa
County Board of Supervisors in 2011 and a review of many definitions in published literature, the GRAC
(2014) defined “groundwater sustainability?” as:

Groundwater sustainability depends on the development and use of groundwater in a manner
that can be maintained indefinitely without causing unacceptable economic, environmental, or
social consequences, while protecting economic, environmental, and social benefits.

The GRAC concluded that groundwater sustainability is both a goal and a process; most importantly, it is
a shared responsibility. Everyone living and working in the county has a stake in protecting groundwater
resources, including groundwater supplies, quality, and associated watersheds (GRAC, 2014). The GRAC
further found that healthy communities, healthy agriculture and healthy environments exist together
and not in isolation. Without sustainable groundwater resources, the character of the county would be
significantly different in terms of its economy, communities, rural character, ecology, housing, and
lifestyles.

The sustainability goal and groundwater sustainability objectives® developed by the GRAC included
(GRAC, 2014; Appendix ):

GRAC Sustainability Goal: To protect and enhance groundwater quantity and quality for
all the people who live and work in Napa County, regardless of the source of their water

supply.

GRAC Sustainability Objectives:
1. Initiate and carry out outreach and education efforts.

a. Develop public outreach programs and materials to make everyone who lives and
works in the County aware that the protection of water supplies is a shared
responsibility and everyone needs to participate.

b. Through education, enable people to take action.

1 GRAC formation and charge are described in Chapter 1.

2 The definition for Groundwater Sustainability developed by the GRAC is separate from the definition of
Sustainable Groundwater Management applied in the 2014 Sustainable Groundwater Management Act.

3 These are overarching groundwater sustainability objectives; “measurable objectives”, per SGMA requirements,
are discussed in Section 7.5.
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2. Optimize existing water supplies and systems.
a. Support landowners in implementing best sustainable practices.

b. Enhance the water supply system and infrastructure — including but not limited to
system efficiencies, reservoir dredging, recycled water, groundwater storage and
recharge, conjunctive use — to improve water supply reliability.

3. Continue long-term monitoring and evaluation.

a. Collect groundwater and surface water data and maintain a usable database that
can provide information about the status of the county’s groundwater and surface
water resources and help forecast future supplies.

b. Evaluate data using best analytical methods in order to better understand
characteristics of the county’s groundwater and water resources systems.

c. Share data and results of related analytical efforts while following appropriate
confidentiality standards.

4. Improve our scientific understanding of groundwater recharge and groundwater-surface
water interactions.

5. Improve preparedness to address groundwater issues that might emerge.

a. Improve preparedness for responding to long-term trends and evolving issues, such
as adverse groundwater trends (including levels and quality), changes in
precipitation and temperature patterns, and saltwater intrusion.

b. Improve preparedness for responding to acute crises, such as water supply
disruptions and multi-year drought conditions.

The GRAC’s sustainability goal and groundwater sustainability objectives were presented to and
accepted by the Napa County Board of Supervisors on April 8, 2014. The Board of Supervisors and public
commended the GRAC for their multi-year commitment and work in assisting the County and its
consulting team with the development of groundwater sustainability objectives, completion of a
groundwater monitoring plan, expansion of the County’s groundwater monitoring network, assessment
of technical and procedural updates to the County’s Water Availability Analysis (WAA) Policy and
groundwater ordinances, and development of community education and outreach materials. Upon
receiving the GRAC's conclusions and recommendations, the Napa County Board of Supervisors directed
County staff to propose updates and amendments to the WAA for the Board’s consideration and to
continue implementation and expansion of the County’s groundwater monitoring program to better
assess and monitor the sustainability of the County’s groundwater resources.

7.1 SGMA Requirement to Develop a Sustainability Goal (Section 354.24)

SGMA requires that each agency shall establish a sustainability goal (Section 354.24); specifically:

Each Agency shall establish in its Plan a sustainability goal for the basin that culminates in the
absence of undesirable results within 20 years of the applicable statutory deadline. The Plan
shall include a description of the sustainability goal, including information from the basin setting
used to establish the sustainability goal, a discussion of the measures that will be implemented
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to ensure that the basin will be operated within its sustainable yield, and an explanation of how
the sustainability goal is likely to be achieved within 20 years of Plan implementation and is likely
to be maintained through the planning and implementation horizon.

This Basin Analysis Report* provides a functionally equivalent definition of a sustainability goal. This
Report is based on an understanding of hydrogeologic conditions and management measures that
demonstrate the basin has already been operated within the sustainable yield for at least 10 years.
Chapter 6 summarizes the water budget details that show the Napa Valley Subbasin, on a subbasin
scale, has been operated within the sustainable yield. The Napa County Board of Supervisors
establishment of the GRAC, acceptance of the GRAC's sustainability goal and objectives for all of Napa
County, and implementation of key GRAC recommendations demonstrates the County’s intent to
maintain sustainable conditions indefinitely. The corresponding groundwater sustainability objectives
recognized by the Board of Supervisors serve as the “measures that will be implemented to ensure that
the basin will be operated within its sustainable yield” and are memorialized in this Report adopted by
the Napa County Board of Supervisors (Appendix ___).

The GRAC also provided supplemental recommendations:

1. Support the WICC® and RCD® in implementing the objectives.
2. If a County or sub-regional groundwater stewardship and sustainability plan is
developed in the future, these should be the foundational objectives.

These supplemental recommendations, developed by the GRAC in February 2014 well before
SGMA was adopted, emphasize the County’s intent to integrate groundwater stewardship
and sustainability planning in future planning and resource management.

In conformance with SGMA and the intent of the GRAC (February 2014) and the County
Board of Supervisors (April 2014), the GRAC sustainability goal is expanded to:

Napa Valley Subbasin SGMA Sustainability Goal: To protect and enhance groundwater quantity
and quality for all the people who live and work in Napa County, regardless of the source of their
water supply. The County and everyone living and working in the county will integrate
stewardship principles and measures in groundwater development, use, and management to
protect economic, environmental, and social benefits and maintain groundwater sustainability
indefinitely without causing undesirable results, including unacceptable economic,
environmental, or social consequences.

7.2 Sustainability Indicators and Undesirable Results (Section 354.26)

SGMA establishes undesirable results for applicable sustainability indicators, including a description
of the process and criteria used to define undesirable results for the Napa Valley Subbasin. A
“sustainability indicator” (SGMA Article 2) refers to any of the effects caused by groundwater

4 SGMA Section 10733.6 (b)(3), Alternative Submittal
5 Watershed Information Conservation Council
6 Napa County Resource Conservation District
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conditions occurring throughout the basin that, when significant and unreasonable, cause
undesirable results, as described in Water Code Section 10721(x). Undesirable results occur when
significant and unreasonable effects for any of the sustainability indicators are “caused by
groundwater conditions occurring throughout the basin” (Section 354.26; emphasis added).
Undesirable results include one or more of the following (SGMA Definitions’):

1. Chronic lowering of groundwater levels indicating a significant and unreasonable depletion of
supply if continued over the planning and implementation horizon. Overdraft during a period of
drought is not sufficient to establish a chronic lowering of groundwater levels if extractions and
recharge are managed as necessary to ensure that reductions in groundwater levels or storage
during a period of drought are offset by increases in groundwater levels or storage during other
periods.

2. Significant and unreasonable reduction of groundwater storage.
3. Significant and unreasonable seawater intrusion.

4. Significant and unreasonable degraded water quality, including the migration of contaminant
plumes that impair water supplies.

5. Significant and unreasonable land subsidence that substantially interferes with surface land
uses.

6. Depletions of interconnected surface water that have significant and unreasonable adverse
impacts on beneficial uses of the surface water.

California has a long-history of groundwater development, which in many basins in the state has
resulted in evidence of undesirable results.® The Napa Valley Subbasin, an elongated alluvial river valley,
has benefited from high precipitation and the corresponding potential for a substantial amount of
recharge, as discussed in Chapter 6. Overall, the groundwater table in the alluvial aquifer of the Napa
Valley Subbasin is quite shallow; the depth to groundwater in the main part of the Valley Floor in the
spring is approximately 5 to 35 feet. While agricultural land use, especially vineyards, have covered
much of the Valley Floor for decades, the water requirements for this type of agricultural land use are
significantly lower than agricultural commodities grown elsewhere in California, such as the Central
Valley. As a result, due to high recharge potential in most years, low water requirements and a
hydrogeologic setting conducive to recharge, the Napa Valley Subbasin remains full overall. However,
because Napa Valley also enjoys a relatively flat valley landscape and a river system that is seasonally
and temporally connected spatially to the underlying groundwater system, there is an interplay between
factors that affect both the surface water and groundwater systems of the Subbasin. When groundwater
levels have temporarily declined during drier years or seasonal dry periods during the year, the river
system can also be more sensitive during drier years and also drier periods of the year when baseflow
(i.e., groundwater discharge to surface water) is diminished. As discussed further below, the Napa River
has experienced these effects over many decades, particularly during the summer to fall period.

7 http://water.ca.gov/groundwater/sgm/definitions.cfm
8 21 basins/subbasins have been designated by DWR to be critically overdrafted;
http://www.water.ca.gov/groundwater/sgm/cod.cfm

LUHDORFF & SCALMANINI 7-4


http://water.ca.gov/groundwater/sgm/definitions.cfm
http://www.water.ca.gov/groundwater/sgm/cod.cfm

DRAFT SEPTEMBER, 2016 NAPA VALLEY GROUNDWATER SUSTAINABILITY:
A BASIN ANALYSIS REPORT FOR THE NAPA VALLEY SUBBASIN

As described in Chapter 4, groundwater levels in the Napa Valley have been stable over the hydrologic
base period (1988-2015), and the prior historical period where data are available, with recognition that
groundwater levels in some areas have been lower during dry water year types. Stable groundwater
levels, on average, over the 28-year base period indicate that there have been no significant and
unreasonable effects occurring throughout the basin related to:

e Chronic lowering of groundwater levels
e Reduction of groundwater storage

e Seawater intrusion

e Degraded water quality

e Land subsidence

At some locations during the summer to fall period, the historical occurrence of diminished baseflow
could be considered an undesirable result. SGMA provides that a plan!!! or alternative submittal are not
required to address undesirable results that occurred before and have not been corrected by, January 1,
2015. However, the Groundwater Sustainability Agency or local agency have the discretion to set
measurable objectives and the timeframes for achieving them.!? (Section 10727.2).

The Napa Valley Subbasin has been operated in a sustainable manner for more than 10 years, where
overall groundwater conditions have been stable, and baseflow is lower and/or not present at some
locations during the summer to fall period, pending the water year type (Grossinger, 2012; Faye,

1973). Since the river system is considered the most sensitive sustainability indicator in the Napa Valley
Subbasin, the measurable objectives and minimum thresholds discussed below are recommended to
ensure groundwater sustainability or improve groundwater conditions, and provide ongoing monitoring
targets devised to address potential future effects on surface water.

7.3 Representative Monitoring Sites

SGMA defines “representative monitoring” as “a monitoring site within a broader network of sites
that typifies one or more conditions within the basin or an area of the basin” (Section 351). This
subset of monitoring sites is for the purpose of monitoring groundwater conditions that are
representative of the basin or an area of the basin (Section 354.36). For SGMA purposes for the
Napa Valley Subbasin, these sites are where sustainability indicators are monitored, and minimum
thresholds and measurable objectives are defined. Many sites are monitored for more than one
sustainability indicator.

Groundwater elevations are used at many sites for monitoring a number of sustainability
indicators. As discussed in Chapter 4, there are strong relationships between surface water flow
measured at gages along the Napa River system and groundwater level trends. Since the river
system is the most sensitive sustainability indicator in the Napa Valley Subbasin, minimum

(1 plan refers to the development of a Groundwater Sustainability Plan. The Basin Analysis Report is related in that
it is an Alternative to a GSP, but it is required to be functionally equivalent to the elements of a Plan required in
Articles 5 and 7 for GSPs (Section 358.2).

[21 An Alternative to a GSP does not require the formation of a Groundwater Sustainability Agency. The governing
body that prepares and approves the Alternative could establish measurable objectives for achieving any
objectives for undesirable results that exceed the express requirements of the Act.
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thresholds and measurable objectives that are set to be protective of the river system (i.e.,
established to prevent the occurrence of further depletion of surface water that has significant and
unreasonable adverse impacts on beneficial uses of the surface water, including avoidance of
longer durations of no flow days in summer to fall at some locations) and ensure groundwater
sustainability necessarily preclude the occurrence of undesirable results. By maintaining
groundwater elevations at the selected representative monitoring sites at levels comparable to the
hydrologic base period, this precludes the occurrence of significant and unreasonable chronic
groundwater level declines, reduction of groundwater storage, land subsidence, and seawater
intrusion.

Napa County has used the term “representative” in reference to hydrographs presented in
previous reports (LSCE, 2011; 2015; 2016). In this Basin Analysis Report, the term representative is
refined to align with SGMA. Specific representative monitoring sites are designated that typify
conditions in the basin. Eighteen selected wells are summarized in Table 7-1 and shown in Figure
7-1. Seven of the SGMA representative wells were selected because of their long historical
groundwater level record and their prior use in Napa County groundwater-related reports as
“representative” wells with hydrographs that typify groundwater conditions and trends in the
Napa Valley Subbasin. Ten relatively new wells were selected because of their construction (as part
of DWR’s Local Groundwater Assistance Grant that was awarded to Napa County) for the specific
purpose of assessing surface water and groundwater interaction. One other well was selected
because of its location in the southern part of the subbasin, moderate historical groundwater level
record, likely construction in unconfined part of the groundwater system, and purpose for tracking
groundwater trends and gradients near the adjoining subbasin.
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Table 7-1. Representative Monitoring Sites, Napa Valley Subbasin

Well ID Data Source Aquifer Subarea Well Basis for Selection
Design- Depth (ft)
ation

06N04W17A001M DWR Qa NVF_Yount 250 Long record

06N04W27L002M DWR Qa NVF_Napa 120 Long record

07NO5W09Q002M DWR NA NVF_SH 232 Long record

08N06W10Q001M DWR NA NVF_Calis 200 Long record

NapaCounty-128 Napa County Qa NVF_Calis 50 Long record

NapaCounty-133 Napa County Qa NVF_Yount 120 Long record

NapaCounty-135 Napa County Qa NVF_Yount 125 Long record

5N/4W-15E1 SWRCB Qa NVF_Napa 158 Moderate record

Geotracker

Napa County 214s-swgwl Napa County Qa NVF_Napa 53 Designated SW/GW?®
facility

Napa County 215d-swgwl Napa County Qa NVF_Napa 98 Designated SW/GW
facility

Napa County 216s-swgw?2 Napa County Qa NVF_Yount 50 Designated SW/GW
facility

Napa County 217d-swgw?2 Napa County Qa NVF_Yount 86 Designated SW/GW
facility

Napa County 218s-swgw3 Napa County Qa NVF_Napa 40 Designated SW/GW
facility

Napa County 219d-swgw3 Napa County Qa NVF_Napa 93 Designated SW/GW
facility

Napa County 220s-swgw4 Napa County Qa NVF_Yount 45 Designated SW/GW
facility

Napa County 221d-swgw4 Napa County Qa NVF_Yount 85 Designated SW/GW
facility

Napa County 222s-swgw5 Napa County Qa NVF_SH 40 Designated SW/GW
facility

Napa County 223d-swgw5 Napa County Qa NVF_SH 100 Designated SW/GW
facility

7.4 Minimum Thresholds (Section 354.28)

SGMA defines a “minimum threshold” as “a numeric value for each sustainability indicator used to

define undesirable results” (Section 351). This section discusses the preliminary minimum thresholds
established to quantify groundwater conditions for each applicable sustainability indicator at

% Desighated SW/GW facility: refers to surface water and groundwater monitoring facilities installed as part of the
DWR Local Groundwater Assistance Program grant awarded to Napa County for purposes of evaluating the
connectivity between groundwater and surface water.
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representative monitoring sites. Justification is provided for the thresholds based on best available
data, including groundwater levels, groundwater quality, and surface water flows. As noted above,
groundwater level thresholds are used as a proxy for multiple sustainability indicators. Table 7-2
shows the relationship between representative monitoring sites, the sustainability indicators
applicable to those sites, the data category for the measurable objective and minimum threshold
(e.g., groundwater level, groundwater quality or other), and which sustainability indicators use
groundwater elevations as a proxy.

7.4.1 Minimum Threshold: Streamflow Depletion and Other Sustainability Indicators

Based on the analyses of surface water and groundwater interconnections, including the relationship of
this connection to seasonal and annual groundwater elevation fluctuations (Chapter 4), minimum
thresholds are set at 16 wells in the subbasin (Table 7-3). These thresholds represent the lowest static
groundwater level elevation that has occurred historically in the fall and an elevation below which
additional streamflow depletion is likely to be occur, i.e., expand the duration of annual no flow days in
some reaches of the Napa River. These thresholds represent the lowest static groundwater elevation to
which groundwater levels may reasonably be lowered at the end of a dry season without exacerbating
streamflow depletion. These levels are not acceptable on a continuous basis as this would contribute to
a worsening of existing conditions. These groundwater elevation thresholds also serve as proxies for
many other sustainability indicators, as shown in Table 7-2.
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Table 7-2. Representative Monitoring Sites and Sustainability Indicators

Well ID Sustainability Indicators®
Chronic | Reduced | Seawater | Degrade Land Streamflow
Lowering GW Intrusion d GW Subsidence | Depletion
of GWLs | Storage Quality
06N04W17A001M GWE GWE GWQ? GWE GWE!?
06N04W27L002M GWE GWE GWQ GWE GWE
07NO5W09Q002M GWE GWE GWQ GWE GWE
08N06W10Q001M GWE GWE GWQ GWE GWE
NapaCounty-128 GWE GWE GWQ GWE GWE
NapaCounty-133 GWE GWE GWQ GWE GWE
NapaCounty-135 GWE GWE GWQ GWE
5N/4W-15E1 GWQ GWQ
Napa County 214s-swgw1l GWE GWE GWE
Napa County 215d-swgw1 GWE GWE GWE
Napa County 216s-swgw2 GWE GWE GWE
Napa County 217d-swgw?2 GWE GWE GWE
Napa County 218s-swgw3 GWE GWE GWE
Napa County 219d-swgw3 GWE GWE GWE
Napa County 220s-swgw4 GWE GWE GWE
Napa County 221d-swgw4 GWE GWE GWE
Napa County 222s-swgw5 GWE GWE GWE
Napa County 223d-swgw5 GWE GWE GWE

1. GWE (blue): Groundwater Elevation; data category for establishing minimum thresholds and measurable
objectives for avoiding the undesirable result of depletions of interconnected surface water that have
significant and unreasonable adverse impacts on beneficial uses of the surface water (e.g., streamflow
depletion). Since the river system in the Napa Valley Subbasin is considered sensitive to climate and
groundwater condition variability, GWE’s set for the streamflow depletion sustainability indicator serve as a
proxy for many other sustainability indicators.

2. GWQ (green): Groundwater Quality

3. Where neither GWE nor GWQ is indicated, this does not mean that groundwater elevations and/or quality are
not being measured, rather it means that groundwater elevations and/or groundwater quality are not being
assessed for purposes of evaluating one or more sustainability indicators at this representative monitoring

site.
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Table 7-3. Minimum Thresholds to Avoid Streamflow Depletion

Well ID Minimum Threshold: Minimum Fall
Groundwater Elevation (Feet AMSL)
NapaCounty-128 320
08N06W10Q001M 269
07NO5W09Q002M 127
NapaCounty-133 72
06N04W17A001M 37
06N04W27L002M -2
NapaCounty-214s-swgw1l 2!
NapaCounty-215d-swgw1l 2
Napa County 216s-swgw2 61
Napa County 217d-swgw?2 61
NapaCounty-218s-swgw3 29
NapaCounty-219d-swgw3 29
NapaCounty-220s-swgw4 75
NapaCounty-221d-swgw4 75
NapaCounty-222s-swgw5 185
NapaCounty-223d-swgw5 164
1. The Napa County surface water/groundwater monitoring facilities are relatively new
with limited data; minimum thresholds will be re-evaluated with additional data.

7.4.2 Minimum Threshold: Avoid Degraded Groundwater Quality

The minimum threshold for avoidance of degraded groundwater quality is based on groundwater quality
concentrations remaining above water quality objectives. The focus for SGMA purposes is on
constituents contributed due to activities at the land surface rather than on the presence of naturally
occurring constituents. An example is shown in Table 7-4 for nitrate as nitrogen.

Table 7-4. Minimum Threshold to Avoid Degraded Groundwater Quality

Well ID Minimum Threshold: GW Quality
Objective (example Nitrate-N

mg/L")
06N04W17A001M 10 mg/L
06N04W27L002M 10 mg/L
07NO5W09Q002M 10 mg/L
08N06W10Q001M 10 mg/L
NapaCounty-128 10 mg/L
NapaCounty-133 10 mg/L
NapaCounty-135 10 mg/L

1. The Maximum Contaminant Level (MCL) for Nitrate as Nitrogen is 10 mg/L.
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7.4.3 Minimum Threshold: Seawater Intrusion

The minimum threshold for avoidance of seawater intrusion is based on groundwater quality
concentrations remaining stable in the representative well designated for this sustainability indicator
(Table 7-5). Well 5N/4W-15E1 is located in the southern part of the Napa Valley Subbasin and has a long
historical record.

Table 7-5. Minimum Threshold to Avoid Seawater Intrusion

Well ID Minimum Threshold: Maintain
TDS At or Below Historically
Observed TDS Concentration?

(mg/L)
5N/4W-15E1 450

1. Secondary Recommended Maximum Contaminant Level for TDS is 500 mg/L.

7.4.4 Minimum Threshold: Chronic Lowering of Groundwater Levels, Land
Subsidence and Reduced Groundwater Storage

The minimum thresholds for avoidance of chronic groundwater level decline, land subsidence, and a
reduction in groundwater storage are based on groundwater levels set at minimum fall level observed
over the historical period. Most representative wells use the groundwater elevations for avoidance of
streamflow depletion as the proxy (Table 7-3). One other representative well, Napa County 135 located
away from the Napa River, is also used for these sustainability indicators (Table 7-6). The minimum
threshold is the lowest fall level observed over the entire historical period.

Table 7-6. Minimum Threshold to Avoid Chronic Lowering of Groundwater Levels and Reduced
Groundwater Storage

Well ID Minimum Threshold: Avoid Minimum Threshold: Avoid
Groundwater Level Decline Reduced Groundwater Storage
over Successive Years and (Avoidance of Chronic GWE
Land Subsidence (Fall GWE, | Decline is Proxy; Fall GWE, Feet
Feet AMSL) AMSL)
NapaCounty-135 20 20

7.5 Measurable Objectives (Section 354.30)

SGMA defines “measurable objectives” as “specific, quantifiable goals for the maintenance or
improvement of specified groundwater conditions” (Section 351). This section establishes measurable
objectives for each sustainability indicator, based on quantitative values using the same metrics and
monitoring sites that are used to define the minimum thresholds. These objectives provide a reasonable
margin of operational flexibility under adverse conditions where applicable and utilizes components such
as historical water budgets, seasonal and long-term trends, and periods of drought. Similar to the
minimum thresholds discussed in Section 7.4, groundwater elevations serve as the proxy for multiple
sustainability indicators where reasonable.
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7.5.1 Measurable Objective: Streamflow Depletion and Other Sustainability Indicators

Based on the analyses of surface water and groundwater interconnections, including the relationship of
this connection to seasonal and annual groundwater elevation fluctuations (Chapter 4), measurable
objectives for streamflow depletion are set at 16 wells in the subbasin (Table 7-7). These objectives
represent the mean fall groundwater level elevations that occurred historically. These objectives
represent the fall groundwater elevations within which groundwater elevations are reasonably likely to
fluctuate during fall without exacerbating streamflow depletion. These measureable groundwater
elevation objectives also serve as proxies for many other sustainability indicators, as shown in Table 7-2.
(Measurable objectives and minimum thresholds are shown together in Table 7-11.)

Table 7-7. Measurable Objectives for Streamflow

Well ID Measurable Objective for Streamflow:
Fall Groundwater Elevation (Feet
AMSL)
NapaCounty-128 331
08N06W10Q001M 281
07NO5W09Q002M 135
NapaCounty-133 76
06N04W17A001M 50
06N04W27L002M 12
NapaCounty-214s-swgwl 4
NapaCounty-215d-swgwl 4
Napa County 216s-swgw?2 76
Napa County 217d-swgw?2 76
NapaCounty-218s-swgw3 32
NapaCounty-219d-swgw3 32
NapaCounty-220s-swgw4 77
NapaCounty-221d-swgw4 77
NapaCounty-222s-swgw5 190
NapaCounty-223d-swgw5 175

7.5.2 Measurable Objective: Maintain or Improve Groundwater Quality

The measurable objective for maintaining or improving groundwater quality is based on groundwater
sample concentrations remaining above water quality objectives and groundwater quality at
concentrations similar to and/or improved compared to historical observations in the groundwater
basin. One representative well (06NO4W27L002M, also referred to as 6N/4W-27L2) has a historical
groundwater quality record. Other wells in Table 7-8 that have long groundwater level monitoring
records are proposed to be added to track groundwater quality trends at locations representative of
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basin conditions. Beginning in spring 2017, groundwater quality sampling on an annual basis will
incorporate these wells in the ongoing monitoring program. Measurable objectives for the newly
designated representative wells will be re-evaluated after baseline water quality conditions are
established (approximately three years of sampling and analysis of conditions). An example of
measurable objectives for nitrate-nitrogen is shown in Table 7-8.

Table 7-8. Measurable Objective: Groundwater Quality

Well ID Measurable Objective: GW
Quality Objective (example
Nitrate-N mg/L)*

06N04W17A001M 8 mg/L
06N04W27L002M 8 mg/L
07NO5W09Q002M 8 mg/L
08N06W10Q001M 8 mg/L
NapaCounty-128 8 mg/L
NapaCounty-133 8 mg/L
NapaCounty-135 8 mg/L

1.The Maximum Contaminant Level for Nitrate as Nitrogen is 10 mg/L.

7.5.3 Measurable Objective: Avoid Seawater Intrusion

The measurable objective for avoidance of seawater intrusion is based on groundwater quality
concentrations remaining stable in the representative well designated for this sustainability indicator
(Table 7-9). Well 5N/4W-15E1 is located in the southern part of the Napa Valley Subbasin and has a long
historical record.

Table 7-9. Measurable Objective to Avoid Seawater Intrusion

Well ID Measurable Objective: Maintain
TDS At or Below Historically
Observed TDS Concentration

(mg/L)
5N/4W-15E1 300
1. Secondary Recommended Maximum Contaminant Level for TDS is

500 mg/L.

7.5.4 Measurable Objective: Avoid Chronic Lowering of Groundwater Levels, Reduced
Groundwater Storage, and Land Subsidence

This measurable objective for avoidance of chronic groundwater level decline, land subsidence, and a
reduction in groundwater storage is based on fall groundwater levels at representative wells that use
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the fall groundwater elevations for avoidance of streamflow depletion as the proxy (Table 7-3). Napa
County 135, located away from the Napa River, is one other representative well used for these
sustainability indicators (Table 7-10). The measurable objective is the fall level observed prior to the
recent drought period. As described above, for the selected representative sites for this indicator, the
minimum threshold is the fall groundwater elevation above which groundwater elevations are to be
maintained in order to avoid undesirable results. Similarly, for these sites, the measurable objective is
the fall groundwater elevation, at or above which, to maintain groundwater sustainability or improve

groundwater conditions.

Table 7-10. Measurable Objective to Avoid Chronic Lowering of Groundwater Levels and Reduced

Groundwater Storage

Well ID

Measurable Objective: Avoid
GWL Decline over Successive
Years and Land Subsidence
(Fall GWE, Feet AMSL)

Measurable Objective: Avoid
Reduced Groundwater Storage
(Avoidance of Chronic GWE
Decline is Proxy; Fall GWE, Feet
AMSL)

NapaCounty-135

60

60

Tables 7-11 summarizes the minimum thresholds and measurable objectives ((respectively) for all
representative sites and sustainability indicators.
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7.6 Management Area

SGMA defines a “management area” as an area within a basin for which the Plan (in this case, the
Basin Analysis Report) may identify different minimum thresholds, measurable objectives,
monitoring, or projects and management actions based on differences in water use sector, water
source type, geology, aquifer characteristics, or other factors (Section 351). Within the Napa Valley
Subbasin, there is an area that is in the Subbasin where groundwater level trends are different than
those that are typical of groundwater level trends for the overall groundwater basin. This area,
referred to below as the Study Area, is not considered to be representative of the overall Napa
Valley Subbasin. At this time, there are no Management Areas that have been defined in the Napa
Valley Subbasin. However, the investigation described below will determine whether a Management
Area is warranted.

As described in Chapter 4, groundwater level trends in the Napa Valley Subbasin of the Napa-Sonoma
Valley Groundwater Basin are stable in the majority of wells with long-term groundwater level records.
While many wells have shown at least some degree of response to recent drought conditions, the water
levels observed in recent years are generally higher than groundwater levels in the same wells during
the 1976 to 1977 drought. Elsewhere in the County long-term groundwater level records are limited,
with the exception of the Milliken-Sarco-Tulucay (MST) Subarea.

Although designated as a groundwater subarea for local planning purposes, the majority of the MST is
not part of a groundwater basin as mapped by DWR. Groundwater level declines observed in the MST
Subarea as early as the 1960s and 1970s have stabilized since about 2008. Groundwater level responses
differ within the MST Subarea and even within the north, central, and southern sections of this subarea,
indicating that localized conditions, whether geologic or anthropogenic in nature, might be the primary
influence on groundwater conditions in the MST Subarea.

While the majority of wells with long-term groundwater level records exhibit stable trends, periods of
year-to-year declines in groundwater levels have been observed in some wells. These wells are located
near the Napa Valley margin, east of the Napa River, in an area where the East Napa Fault follows the
Napa River and the Soda Creek Fault follows the eastern basin margin. This area (Figure 7-2) is
characterized in part by relatively thin alluvial deposits, which may contribute to more groundwater
being withdrawn from underlying semi-consolidated deposits.

Water levels in northeastern Napa Subarea wells monitored by the County (NapaCounty-75 and Napa
County-76) east of the Napa River have stabilized since 2009, though declines were observed over
approximately the prior decade. To ensure continuation of the current stable groundwater levels,
further study in this area was recommended in the Napa County Groundwater Monitoring Program
2015 Annual Report and CASGEM Update (LSCE, 2016). The study was recommended given the potential
for a hydraulic connection between the aquifer units in the vicinity of these wells and those of the MST
Subarea and an apparent increase in new well permits over the past 10 years. The Napa County Board of
Supervisors discussed the recommended Study Area and provided direction to staff at their April 5, 2016
meeting, with approved of the contract for the study on July 19, 2016. The study is designed to examine

10 hitp://www.water.ca.gov/groundwater/bulletin118/gwbasins.cfm
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existing and future water use in the area, sources of groundwater recharge, and the geologic setting to
address questions regarding the potential for long-term effects. The study will also investigate the
potential influence of previously documented groundwater cones of depression in the MST subarea on
the Study Area both east and west of the Napa River.

The study, planned to begin in fall 2016, involves the following tasks:

1. Obtain and review existing information pertaining to Study Area data, including Petra Drive well
locations, drillers’ reports, water use information (if known), etc.;

2. Evaluate the geologic and hydrogeologic setting and historical groundwater conditions and
trends for the Study Area, including previously mapped faults, the thickness of the alluvium in
the Study Area, especially near the Napa River and Soda Creek;

3. Tabulate and evaluate existing well performance data (to the extent available) including yield,
specific capacity, and pump test data (if any);

4. Estimate potential recharge to the Study Area;

5. Conduct well interference analysis, including an analysis of potential effects from the wells
located in the Petra Drive area and also within the overall Study Area. A simplified numerical
model will be used to assess mutual well interference and also to assess potential streamflow
effects from current use and known proposed projects;

6. Estimate water demands for the overall Study Area along with sources of supply used to meet
Study Area water demands. Water demands and supplies will be tabulated for the overall Study
Area for variable water year types; and

7. Estimate groundwater supply sufficiency to meet the current and potential future groundwater
demands for the overall Study Area and other potential considerations with respect to proposed
future groundwater use.

The County will evaluate the study results to determine if potential groundwater management measures
or controls (similar to those that have been successfully implemented in the MST) or a Management
Area designation are warranted.

The County’s current monitoring network includes several wells in the Study Area. Napa County-76 will
continue to be monitored and will be used to establish minimum thresholds and measurable objectives
related to the chronic groundwater level declines sustainability indicator until the investigation is
completed in winter/spring 2017 (Table 7-12).

Table 7-12. Study Area Minimum Threshold and Measurable Objective

Well ID Minimum Threshold: Avoid Measurable Objective:
Chronic GWL Decline (Feet Stabilize GWLs (Feet AMSL)
AMSL)
NapaCounty-76 -30 20
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GROUNDWATER SUSTAINABILITY OBJECTIVES

GROUNDWATER SUSTAINABILITY OBJECTIVES AD-HOC COMMITTEE

Napa County Groundwater Resources Advisory Committee (GRAC)
February 27, 2014, GRAC Meeting

Goal of Developing Groundwater Sustainability Objectives

The use of groundwater is essential to protecting the quality of life in Napa County. Therefore
the overarching goal of developing sustainability objectives is to protect the groundwater
resources of Napa County for all the people who live and work here, regardless of the source of
their water supply. This builds on the County’s General Plan and associated actions.

Definition of Groundwater Sustainability

Based on the GRAC’s charge from the Board of Supervisors and a review of definitions in
published literature, we define “groundwater sustainability” as follows:

Groundwater sustainability depends on the development and use of groundwater
in @ manner that can be maintained indefinitely without causing unacceptable
economic, environmental, or social consequences, while protecting economic,
environmental, and social benefits.

As such, groundwater sustainability is both a goal and a process.

Examples of unacceptable consequences included: insufficient water supplies for agriculture,
wine production, and business operations; loss of groundwater wells; loss of real estate value;
environmental damages; and increased governmental intervention.

Examples of benefits included: protection of quality of life, small town rural setting, agricultural
communities, the county’s economy, and groundwater in the valley; healthy streams; and
proactively avoiding state and County intervention.

Shared Responsibility for Groundwater Sustainability

Groundwater sustainability involves cities, private well owners, residents, and workers, as well
as the County and unincorporated areas. Everyone who lives and works in the County shares
responsibility and has a stake in protecting groundwater resources, including groundwater
supplies, quality, and associated watersheds. Without this resource the character of the
County would be significantly different in terms of its economy, communities, rural character,
ecology, housing, and lifestyles. In this context, healthy agriculture cannot be separated from
healthy communities and healthy environments; none of these exist in isolation. The County
would not be the same if any of these components were adversely affected.



4. Monitoring as a Means to Achieving Groundwater Sustainability
Groundwater

Monitoring is not a goal in itself, rather it is an activity that supports the larger goal of
sustainability. Ensuring groundwater sustainability is an adaptive process that, among other
things, maintains the ability of future generations to make choices about how they use
groundwater resources. Monitoring is only one step in the larger adaptive cycle, albeit an
important one, along with evaluating progress toward meeting objectives, learning from
activities (adaptive learning), revising objectives and activities and best management practices
(BMPs), and voluntarily implementing these. The following diagram summarizes the process.

5. Principles underlying the Objectives

e The objectives are to be “achieved through voluntary means and incentives”, per the
charge from the Board of Supervisors.

e The objectives build directly off the County’s General Plan Conservation Element, the
GRAC’s associated Monitoring Plan, and existing County climate change policies.

e The objectives acknowledge that groundwater management policies already exist in
some areas. Stewardship of groundwater use currently occurs and can be strengthened
through enhanced private responsibility, as well as existing regulations, programs, and
mandates. Further regulation is not an objective.

e The objectives acknowledge that many private individuals are already taking care of
their groundwater resources. Their participation in the monitoring program will help
ensure that their ongoing stewardship activities are meeting the goal of groundwater
sustainability.



6. Groundwater Sustainability Objectives

Goal: To protect and enhance groundwater quantity and quality for all the people who live and
work in Napa County, regardless of the source of their water supply.

Objectives:
1. Initiate and carry out outreach and education efforts.

a. Develop public outreach programs and materials to make everyone who lives and
works in the County aware that the protection of our water supplies is a shared
responsibility, and everyone needs to participate.

b. Through education, enable people to take action.

2. Optimize existing water supplies and systems.

a. Support landowners in implementing best sustainable practices

b. Enhance the water supply system and infrastructure — including but not limited to
system efficiencies, reservoir dredging, recycled water, groundwater storage and
recharge, conjunctive use — to improve water supply reliability.

3. Continue long-term monitoring and evaluation.

a. Collect groundwater and surface water data and maintain a usable database that
can provide information about the status of the county’s groundwater and surface
water resources and help forecast future supplies.

b. Evaluate data using best analytical methods in order to better understand
characteristics of the county’s groundwater and water resources systems, including
but not limited to a county-level groundwater inflow/outflow estimation.

c. Share data and results of related analytical efforts while following appropriate
confidentiality standards.

4. Improve our scientific understanding of groundwater recharge and groundwater-surface
water interactions.
5. Improve preparedness to address groundwater issues that might emerge.

a. Improve preparedness for responding to long-term trends and evolving issues, such
as adverse groundwater trends (including level and quality), changes in precipitation
and temperature patterns, and saltwater intrusion.

b. Improve preparedness for responding to acute crises, such as water supply
disruptions and multiyear drought conditions.

Supplemental recommendations:
1. Support the WICC and RCD in implementing the objectives.
2. If a County or sub-regional groundwater stewardship and sustainability plan is
developed in the future, these should be the foundational objectives.



SJ9Y10 pue 32JaWWo) Jo Jaquiey) ‘Asjax4ag Jn ‘sired N ‘AAN ‘94N ‘OAN ‘DY :suolieziueSio AJUNWWOD PUE [BUOIIBINPA/|BUOISSD40.d ¥

saJualpne
91endosdde yym
9JeysS pue uollewJoul

(saunseaw 3121]0S 03 BNUIIU0)
awos — wJ93-3uo| 3ul08-up suolneoldde
Juawa|dwi ‘uoijewJojul aJeys |erJawwod/|eanyjnatide
0} 3|qejiene 01 10443 YdeaJ1no J3Y30 pue ‘salauIm
apew #SUOIBZIUBSIO | 11e)S ‘SSBUDNIIIDYD JO} payoeal ‘spJeAsulA ul 3sn Jajem
s Suipuny |[EUOIIBONPS | UBJ PUB UOIIBWIOLUI suoneziuedio 0} pJedaJs yum saoj3oeuad s32130e4d 3|qeuleISNS saj|ddnsg
1) @1esapow /leuoissajoud s9o|10e.d 159 | pue s|enplAlpul 159 aJeys Ajppim pue 1599 Sunnuaws|dwi J91eM\ Bunsix3
0} MO ysnouyz Ayuno) 3121|0S - WJ3}-HOoYyS JO "ON ‘Uo uoI3eWIOUI }ID1|0S | Ul Sidumopue| oddns e aziwndo
(seanseaw
awos
Juswa|dwil xsuoneziuedio
0] 9|qe|lene Anunwwoo asn
apew pue |euolleanpa J91eM dNpal
sl Suipuny /leuoissajoud 0} uoioe 3upjel uoloe
}1) 91es9pow ysnoayi wJa3-3uo| s|enpiAlpul uolyoe 3upje} o} 3upjey Jo4 sauniyioddo
01 MO7 | sao pue Ajuno) | 3ul03-uQ ‘wJll-30YysS Jo'ON | Aemyied 10841p e3pInold | Inoge djdoad a3ednp3 °q
91edpiued
papaau 03 Spaau duoAIana
xSUOIIBZIUBBIO | seuojjewJoyul a1epdn pue ‘Ajjigisuodsau
Alunwwod ‘10443 Yyoeasino paJeys e s| sajiddns
pue |eUOIIBONPS | 3NUIIUOD — WJIS3-8U0| payoeau J91eM Jno }JO uoi3da3o4d
/|euoissajoud 8u108-uQ ‘sjelsalew suoljeziued.o 3yl ieyl aieme s|elda1ew pue sweidoud uolleanp3
ysnouys 21nQquIsIp pue | puesjenpiAlpul | Aluno) ay3 ul syJom pue | yoeasino algnd a1nquasip pue yoeatinQ
Mmo7 | sai pue Aluno) | dojansp — wial-1oys JO"ON | S9AI| oym auOoAIaA3 NEIN Ajopim pue dojanag ‘e oNpuo) |
é1udwadwiy
a8uey 1s0) II'AM OYM awesypwI] RIFRETT] A8ajens/siseg 9ANI3[qO diy109ds aAddI[qO |esauan

¥T0Z-Aenigad-£2
J3LLININOD DOH-AV SIAILDIrG0 ALINIGYNIVLSNS YILYMANNOYD

SAAILI3rd0 ALITIGVNIVLSNS




Auno) eden 4o AoUeAISSUOD PUE JJUID UOITBUWLION| PAYSIAIBM : DDIM 4 4

J0IM

(s42y10 ‘3051)
sjueljnsuod

J2IM Y8nouys
sajepdn 8uj08-up

wJa3-3u0|

Auno) ayy
ulylim auinol
Sawo023q elep
3unsixa jo asn

SuoISI29p Ja113(q
2yew 03 sjenplalpul
pue suoijeziuegio smoj|e

‘spJepuels A)jjeiauspijuod
91endoudde

Suimo||o} 3j1ym s110443
|[edniAjeue paiejad jo

mo7 | apisino g Ayuno) | 8ujo8-uQ ‘wisr-1oys 9jedouddy | uonewsojul pood SuineH | Ss)nsaJ pue elep aJeys o
"uolleWIS3
a|ge|ieAe MO[J3no/Mmo|jul
aJe eyep Ja1empunoud
1UBIDIHNS UBYM [9A9]-Alunod e 0}
JDIM | DDIM :93epdn [enuuy uoljewnsa paMwWi| 30U Ing Sulpn|aul
MO}JIn0/Mo|ul ‘SW3SAS $924n0S3J J91EM
uollen|ead Suipnpoul pue Ja1empunoud s ,Ajunod
JO 1U9IX3 Uo ‘sieal € Auana 93 4O sd13s14910eIRYD
uipuadap (s4ay30 ‘32517) 1se3| 1e spuaJl pueisispun Ja11aq
‘1e49pow sjuejnsuod wnwiuiw sieah Ja1empunoud 0} Spoy3iaw |edi3Ajeue 31s9q
01 MO7 | 9pIsIno 3 Ayuno) € Auan3 :8uio8-upQ Ssasseay 8uisn ejep @3enjeny 'q
aseqgejep oju| 'sa1jddns auniny 3seda.o4
wxJIM pa4a1ud elep d|ay pue sa24n0sad J91eM
||e {suoneao| 92BJINS pue J91empunoud
paJoyuow suolleziuedio Sulionuow s,AJunod ayj jo snieis
SIEL |euolssajoud J91eM 9y31 1noge uoljewJolul
JOJaqWinu Uo | pue ‘siIaumopue| 92e4Ins Jo aplnoid ued 1eyy aseqelep
3uipuadap a11qnd 1 d1eAld W} JOAO | "Ou ‘pasojyuow ‘'SpuaJ} 9|gesn e ujejulew pue uoljen|eaj pue
‘91eJ9pPOIN Jo yoddns weJsdoud Sujoyuow s||lom Ayjjenb pueisiapun 0} [e1oNJD elep J91eMm ddens pue | SUIOHUO|A WJId]
01 MOT yum Auno) auyyad4 :3ul03-up y3iy jo ‘oN s1 3uloliuow 3u108-uQ J9lempunotgd 19jjo) ‘e -8uoq anunuo) ‘|||
s19loud
anjeA-y3iy yuawajdwii 9sh 9AIRUN[UOD ‘984eYyda.
pue 3uipuny pue a3eJ01s J191empunoJd
399S —WJ33}-3U0q | Suollde snoleA | ‘49rem pajPAdaL ‘uiSpalp ‘AMjiqela4 Ajddns Ja3em
saijunuoddo Aq paiesauasd JIOAJDSD ‘S3IDUBIDID | aAoJdwi 03 34n3dNJlSedjul
ysiy Jued pue s3uines walsAs 03 pajiwiy| pue waisAs Aiddns
01 91BJ3POIA | S31310 pue Ajuno) | 33en|eAd —wWJ3l-1oYS | J31em |ellualod 10U S| Inq ‘apnpoul Ae|p Jalem ayy adueyui °q
é1udwadwiy
a8uey 1s0) II'AM OYM awesypwI] RIFRETT] A8ajens/siseg CYRRE] (e oYl TRETe[S aAI3I[qO |esauan




SuolpuUOd
1y3noup JesAnnw

BLeJIE] (s49y30 “30517) pue suondnusip Ajlddns
Suiuueld sjuejnsuod J91eM Se Yans ‘sasiud
e Ajewrad 9pISINO YUM 91noe 03 3uipuodsal 404
{mo7 | Sa130 pue AJuno) wJa31-8uo ssaupaJedasd anosdw| °q
uoISNJluUl J91eM]|ES pue
‘susanied ainjesadwal
pue uoijeudpdaud 93s9wa ydiw
ul sadueyd ‘(Aujenb 1ey3 sanss|
SLeJIE] (s43y10 ‘3057) pue |9A3] Suipnjdut) sanss| Ja1empunoJd
3uiuue|d sjue}nsuod SpuaJ} Jajempunoud BUIAjOAS pue SpudJ} WU} ssaJppe
e Ajewrad 9PISINO YUM 9SJaApe ssauppe -3uo| 03 Buipuodsal 4oy | 03 ssaupasedaud
‘mo7 | sand pue Ajuno) wJ93-3uoT 01 Ajljige aseasou| | ssaupasedasd anoudw| e anosdwy| A
'SuoIdeIUI
‘poo3sJapun J91eMm 3deyns
s1 AJuno) ay3 ‘poo1sJapun -191empunoJg
Blep 91EeNn|eAd Jo seaue Ay [|]oM 10U S| Aluno) pue a8Jeydal
(s43y10 ‘3057) pue 123]|02 — WJ3} Ul uoioeJalul 9Y3 Ul SUOIIBI0| SNOIIBA Ja1empunous jo
sjuelnsuod | -8uoj 01 d1eIpaWILUI 9Jeyns Ul J91eM 32BJNS pUE Suipueisiapun
apIsino {spaau eiep -131empunoJd J91eMpuUNoJg uaamiaq J1413U3125S
91EJIPOIN pue Aluno) Ajlue[d — wia3l-10oys JLBUEIVE! A1IA1108UU0D |B1IUR10d Jnoanosdwy A
é1udwadwiy
a8uey 1s0) II'AM OYM awesypwI] RIFRETT] A8ajens/siseg CYRRE] (e oYl TRETe[S aAI3I[qO |esauan




	Figure 6-1 Sfc Hydro Station Location Map
	Figure 6-2 NSH Precip and Cumulative Depature (wBase Period)
	Figure 6-3 Calistoga Precip and Cumulative Depature (wBase Period)
	Figure 6-7 Napa Valley Subbasin and Watershed
	Figure 6-8 3D_WaterBudgetConceptualDiagram_wSWcomponents
	Figure 6-9 1987 Land Use
	Figure 6-10 2011 Land Use
	Figure 6-11 NRCS Soils - Available Water Capacity
	Figure 6-14 Change in Storage Monitoring Locations
	Figure 6-15 Depth to Base of Alluvium
	Figure 6-16 Spring 2015 Depth to Groundwater
	Section 7 Napa Valley Subbasin Sustainability Goal SEPT122016_DRAFTFORPOSTING
	Blank Page

