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1

Executive Summary

The primary goal of this Long Term Needs and Water Supply Study (Study) is to provide information that
can be utilized for the report required by Assembly Bill (AB) 142 to be prepared by the California Natural
Resources Agency (CNRA) in evaluating the suitability or non-suitability of the Mokelumne River or
portions thereof for Wild and Scenic River status. The portion of the Mokelumne River under consideration
for designation is shown in Figure 1. This Study also provides a planning document for the Amador Water
Agency (Agency) that considers long-term water demand growth to projected buildout under the impacts
of climate change and evaluates potential additional water supplies needed to meet the projected future
demands. Thus, the secondary goal of the Study is to provide a long-term, system-wide water planning
document for the Agency to plan projects appropriately to ensure the water needs of its current and future
customers are met.
Figure 1: Proposed Wild and Scenic Designation on the Mokelumne River

The Agency is the main water purveyor for residential and commercial use in Amador County. The Agency
serves water in four general service areas, the largest of which are the Amador Water System (AWS) and
the Central Amador Water Project (CAWP) System. Both systems rely on surface water from the
Mokelumne River. The AWS utilizes a pre-1914 appropriative water right of 15,000 AFY, which is firmed
up by water stored in four small reservoirs at high elevations in the Mokelumne River watershed (Upper
Blue, Lower Blue, Twin, and Meadow Lakes) as well as the water stored in Upper Bear Reservoir. The
CAWP surface water diversion is limited to 1,150 AFY and the Agency is currently working to obtain
additional surface water rights for the CAWP system which would expand the surface water diversions up
to 2,200 AFY. Water to firm-up the CAWP supply is stored in Lower Bear River Reservoir. This supply
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has historically been sufficient to meet the demands of the Agency’s current customers due to its magnitude
and water right seniority, but it will not be adequate to meet projected future demands.
As Amador County continues to develop per its General Plan, demand is expected to exceed the current
supply given existing rights. The areas that the Agency currently serves and the areas that it is expected to
serve at buildout are shown in Figure 2. At County buildout and with current levels of per-capita demand,
the Agency expects to serve a total demand of up to 34,000 AFY. When demand management and
conservation efforts are considered, the anticipated total future demand served at buildout is 29,000 AFY.
The analysis completed to estimate these demands is detailed in Appendix A.
Figure 2: Amador Water Agency’s Current Service Area and Future Areas Anticipated to be Served
at Buildout

In addition to increased population and development leading to increased demand, increased temperatures
and shifts in precipitation due to climate change are expected to further increase demand and constrain
supply. A range of climate change scenarios has been selected from DWR recommended models for use in
this Study that represents climate conditions in the future that are “warm and dry,” “hot and wet,” and “hot
and dry,”. Under these climate change scenarios, demand at buildout is expected to increase to between
30,000 AFY and 33,000 AFY. This anticipated future demand exceeds the Agency’s current rights by
13,850 AFY to 16,850 AFY.
Changes to temperature and precipitation due to climate change are also expected to impact water supply
availability. The Watershed Analysis Risk Management Framework (WARMF model) was used to analyze
how climate change may impact the hydrology of the Mokelumne River watershed. The results of this
analysis indicate that: 1) peak streamflow will shift to an earlier period in the year under all climate
scenarios (as seen in Figure 3); 2) total streamflow may decrease under some climate scenarios; and 3) the
length and frequency of dry periods may increase under dry climate scenarios (as seen in Figure 4). A
climate model used in this study that forecasts a drier future indicates that longer droughts of up to nine
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years can be expected. The Agency should evaluate the adequacy of water storage facilities for the
anticipated extended drought periods.
Figure 3: Seasonal Shift of Inflow into Salt Springs Reservoir Due to Climate Change

Figure 4: Frequency of Consecutive Dry Years under Warm-Dry Climate Change

Given the magnitude of these anticipated deficits and the potential for hydrologic shifts due to climate
change on magnitude and timing of streamflows, the Agency will have to consider new projects to expand
its supply and reliable storage over the long term. A list of projects proposed through the Mokelumne
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Watershed Interregional Sustainability Evaluation (MokeWISE) and the Mokelumne-Amador-Calaveras
Integrated Regional Water Management Plan (MAC IRWMP) are included in this Study as possible
solutions that the Agency may pursue to address future deficits. Most notably, indoor and outdoor
residential water conservation is anticipated to address approximately 5,000 AFY of the projected demand,
and is embedded in the demand projections. As shown in Figure 5, recycled water projects may address a
small portion of the expected future deficit, and may be implementable in the near term, but most deficits
will likely be addressed over the long term through expanded storage projects such as expanding carryover
capacity at Blue and Twin Lakes or expanding Lower Bear Reservoir. Because these projects take many
years to develop, it is prudent to begin planning and environmental study work in the near term.
Figure 5: Types of Potential Projects to Address Deficits

Any potential supply project that involves using Mokelumne River water may be impacted by a Wild and
Scenic Designation on the river as it may “affect the free-flowing condition and natural character of the
river,” as determined by the California Secretary of Natural Resources. Thus, the proposed designation of
the Mokelumne River as a Wild and Scenic River would likely impede the Agency’s ability to pursue any
of the storage expansion projects proposed in MokeWISE or the MAC IRWMP that may be needed to address
future deficits unless the designation explicitly allows for such projects.

2

Introduction

2.1

Agency Background and Purpose of Study

The Agency was formed in 1959 for the purpose of providing water and wastewater services to the
residents of Amador County. The Agency is the main water purveyor for residential and commercial use
in Amador County and has the legal authority to serve water throughout Amador County. The Agency has
four general service areas: the Amador Water System (AWS), the Central Amador Water Project
(CAWP) System, La Mel Heights, and Lake Camanche Village. The Agency’s primary source of water is
the Mokelumne River watershed which supplies 100% of the water for the AWS and CAWP, the
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principal water systems. Groundwater is currently the main source for Lake Camanche Village and La
Mel Heights. Approximately 96% of the total water supplied by the Agency is derived from the
Mokelumne River watershed. The Agency retails potable and raw water to approximately 14,000 people
for municipal, industrial, and irrigation uses, in addition to wholesaling water to other agencies (First
Mace Meadow Water Association, Pine Grove Community Services District (CSD), City of Jackson, City
of Plymouth, and Drytown County Water District). Figure 6 shows the Agency’s current areas of service.
As mentioned, the Agency relies exclusively on the Mokelumne River to provide a water supply to its
two major water systems (AWS and CAWP) because there are no other reliable or feasible water sources
to serve those systems. There are small creeks in the region, but they generally cease to flow by summer
and have no storage opportunities. The only other major watercourse in the region is the Cosumnes River
on the northern boundary of Amador County. Due to distance and geography, it is not a feasible supply
source for AWS or CAWP. It also is a relatively low elevation river with little to no snow falling in its
watershed. As such, river flows are greatly reduced, or at times, non-existent in the summer. There have
been numerous studies of the Cosumnes River over the years concerning possible storage reservoirs, but
none were ever pursued due to economics and the river’s hydrology.
Groundwater also is not a possible alternative supply source for either AWS or CAWP. Groundwater
wells in the region vary greatly with quantity and quality as a significant portion of the groundwater lying
beneath the majority of Amador County is in fractured rock and not recognized by the State of California
as a groundwater basin. During the 1976-77 drought, public wells failed and forced public agencies to
extend surface water from the Mokelumne River to the central portion of the county (CAWP). In the far
western portion of the County, which is on the eastern edge of the Cosumnes Groundwater Subbasin, the
Agency has experienced capacity and quality issues with the groundwater wells serving the Camanche
Village area. The Agency is considering providing surface water from the Mokelumne River to this area
to provide a safe, reliable water supply. The Agency recently completed an environmental review of this
proposed project and plans to proceed with it.
Thus, the Agency will need to look to the Mokelumne River to principally meet the future water needs in
the AWS and CAWP systems.

..
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Figure 6. Amador Water Agency Service Area

The primary goal of this Long Term Needs and Water Supply Study (Study) is to provide information that
can be utilized for the report required by Assembly Bill (AB) 142 to be prepared by the CNRA in
evaluating the suitability or non-suitability of the Mokelumne River or portions thereof for Wild and
Scenic River status (See following Section 2.2). The evaluation is to consider the effects of any such
designation on the ability of water purveyors in the watershed to meet current and projected future water
requirements through the development of new and more reliable supplies from the River. This Study also
provides a planning document for the Agency that considers long-term water demand growth to buildout
under the impacts of climate change and evaluates potential additional water supplies needed to meet
projected future demands. Thus, the secondary goal of the Study is to provide a long-term, water systemwide planning document for the Agency to plan projects appropriately to ensure that the water needs of its
current and future customers are met.
Three key features of this Study are:
•
•
•
•

Consideration of long-term supply needs (with a planning horizon beyond that required for
typical master planning, or the Agency’s Urban Water Management Plan (UWMP))
Consideration of potential impacts of a Wild and Scenic designation for the Mokelumne River on
the Agency’s ability to meet those long-term water supply needs and the associated projects and
categories of projects that would develop the needed supply from the River
Consideration and approximate quantification of impacts of climate change on supplies, demands
and River flows
Consideration of other possible supply projects and programs to meet the identified long-term
water supply needs
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This Study was prepared in conjunction with the Agency’s 2015 UWMP and is informed by the recently
updated Amador County General Plan, as well as the Mokelumne Watershed Interregional Sustainability
Evaluation (MokeWISE).

2.2

Wild and Scenic River Designation

The California Wild and Scenic Rivers Act (Act) was enacted in 1972, following the 1968 enactment of
the federal Wild and Scenic Rivers Act. The Act is found at California Public Resources Code sections
5093.50 and following. Section 5093.50 states in part that “…certain rivers which possess extraordinary
scenic, recreational, fishery, or wildlife values shall be preserved in their free-flowing state, together with
their immediate environments, for the benefit and enjoyment of the people of the state.” Section 5093.55
prohibits construction of “…any dam, reservoir, diversion, or other water impoundment facility …” on
any designated river and segment thereof. Section 5093.55 also states “… nor may a water diversion
facility be constructed on the river and segment unless and until the secretary determines that the facility
is needed to supply domestic water to the residents of the county or counties through which the river and
segment flows, and unless and until the secretary determines that the facility will not adversely affect the
free-flowing condition and natural character of the river and segment.” Any new project in the upper
watershed of the Mokelumne River (above Pardee Reservoir) involving the direct diversion and/or
storage of upper watershed water most likely will affect the free-flowing condition and natural character
of the upper watershed downstream of the project. Another significant concern of the Agency is that the
quoted provision does not address what occurs if the facility is also needed to meet agricultural,
commercial, industrial, or institutional water requirements.
In 2014, CA Senate Bill (SB) 1199 was introduced, which would have resulted in a State Wild and Scenic
designation for segments within a 37-mile stretch of the Mokelumne River along the North Fork and
Main Stem if passed. However, the bill failed. Nearly a year later, in January 2015, AB 142 was
introduced which would require analysis of the suitability or non-suitability of a California Wild and
Scenic River designation on portions of the Mokelumne River located from one-half mile downstream of
Salt Springs Dam to the Pardee Reservoir flood surcharge elevation. The area of proposed designation is
shown in Figure 7. AB 142 was passed by the Legislature and signed by the Governor on October 9,
2015. The analysis required by AB 142, as stated in Public Resources Code section 5093.548, must
consider, among other factors, the potential effects of the proposed designation on the ability of public
agencies and utilities to meet current and projected future water supplies, and the effects of climate
change on River values and current and future projected water supplies.
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Figure 7: Proposed Wild & Scenic Designation on the Mokelumne River

The analysis in this Study, consistent with AB142, will consider the potential effects of the proposed
designation on the ability of the Agency to meet its current and projected future water requirements
through the development of new and more reliable water supplies from the Mokelumne River. Climate
change effects are also considered in this Study as expected future conditions may result in exacerbation
of existing storage capacity issues and an increased water demand for landscape plants and agricultural
crops.

2.3

Climate Change

Documented General Trends from Previous Studies
Climate change is expected to impact both water supply and demand throughout California and in
Amador County. Climate change could cause more frequent and/or severe droughts, thus increasing the
seasonal and annual variability of water demand. Water use in the Agency’s service areas varies by more
than 50 percent seasonally, making the region vulnerable to increases in seasonal water use. Seasonal
water uses, such as landscape and agricultural irrigation demands, are expected to increase due to climate
change. Shifts in daily heat patterns could result in additional water demand for crops in Amador County,
particularly for climate-sensitive wine grapes that make up nearly half of the agricultural industry in the
County. Climate change may also lead to difficulty with balancing water demands, as changes in
snowmelt, drought frequency, and seasonal use patterns may exacerbate ecosystem vulnerabilities.

July 2017

8

Long-Term Needs and Water Supply Study
Amador Water Agency
Climate change is expected to lead to a shift in precipitation patterns so that more winter precipitation
falls as rain rather than snow, thus increasing the winter streamflow and decreasing the spring and
summer streamflow of the Mokelumne River (RMC 2013). Overall Sierra Nevada snowpack is also
expected to decline by 48 to 65 percent (DWR 2015b), threatening the Agency’s heavily surface water
dependent supply. Additionally, precipitation is expected to fall in fewer, more intense storms with more
frequent long droughts between events than historical precipitation patterns. This decline in snowpack,
earlier springtime runoff, reduced spring and summer stream flows, and fewer, more intense storms will
affect the Agency’s surface water supplies and could result in the need to develop expanded surface water
storage capacity or alternatives supplies. Because the Agency’s existing water supply sources consist of
primarily surface water (96 percent), its supply portfolio is not diverse, resulting in significant
vulnerabilities to climate change, even as the Agency increases water use efficiency efforts into the
future. If surface water supplies with existing facilities are reduced due to climate change, it may be
necessary to increase storage capacity to better manage variability of available stream flows.
Climate Change Analysis for the Agency’s Relevant Geography
These generally accepted potential impacts from climate change have been documented in previous
studies (DWR 2015b, RMC 2013, USBR 2016). To further quantify potential impacts of climate change
specific to the Agency’s water supply and demand in its service areas, additional analyses were conducted
as part of this Study using several General Circulation Models (GCMs).
GCMs are developed by a variety of scientific and educational institutions around the world to attempt to
model how climate may change with varying emission scenarios through 2100. These GCMs are then
downscaled to a grid with 37 km2 cells so that climate impacts in a specific region can be observed. The
California Department of Water Resources (DWR) has recommended 10 different GCMs for water
agencies in California to use in long-term supply and demand planning (DWR 2015). Representative
Concentration Pathways (RCPs) are four greenhouse gas concentration trajectories and are used for
climate modeling and research. In addition to recommending specific GCMs, DWR has recommended the
use of forecasts modeled under two different RCPs, referred to as RCP 4.5 (lower emissions with
corresponding reduced warming effects) and RCP 8.5 (higher emissions with more warming expected).
RCP 4.5 is an emission scenario that assumes that current emission trends are curbed and peak around
2040, declining after that. RCP 8.5 is an emission scenario under which emissions are assumed to
continue to increase throughout the 21st century.
Figure 8 shows the anticipated change in temperature and precipitation in the region east of Sacramento,
California by 2100 as predicted by each of the DWR-recommended GCMs modeled under the two
emission scenarios, RCP 4.5 and RCP 8.5. Each of the 20 GCM and emission scenario combinations
predict an increase in temperature between 3 and 12 degrees F (x-axis in Figure 8). Changes to
precipitation show less agreement among GCMs, as total precipitation is forecasted to increase by up to
12 inches per year in some models or decrease by as much as 6 inches per year in the driest forecasts (yaxis in Figure 8). As described above, precipitation patterns are expected to shift to more intense storms
with longer periods of drought, so water supply may be negatively impacted even if total precipitation
increases.
GCMs were selected for this Study from the list of DWR recommended models. Additionally, other
planning documents used in the area were consulted for planning consistency. The three scenarios circled
in green in Figure 8, CNRM-CM5 (RCP 4.5), MIROC5 (RCP 4.5) and MIROC 5 (RCP 8.5), were
selected for demand and hydrologic impact analyses in this Study. These models were recommended by
DWR and used in the Bay Area Integrated Regional Water Management Plan (IRWMP), an important
planning document for the East Bay Municipal Utility District (EBMUD). Selection of these similar
climate change models used by EBMUD provides some constancies for supply and demand planning
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since both the Agency and EBMUD rely primarily on the Mokelumne River for supply. Finally, selecting
these three models shows a reasonable range of potential futures:
•
•
•

CNRM-CM5 (RCP 4.5) model predicts a warm and wet future
MIROC5 (RCP 4.5) model predicts a warm and dry future
MIROC5 (RCP 8.5) predicts a hot and dry future

Overall, the models used provide a diverse range of futures under which the Agency will evaluate its
ability to meet demand with available supply.
Figure 8: DWR Recommended GCMs and Selected GCMs
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3

Demand Projections

3.1

Service Area

In order to evaluate the Agency’s ability to meet current and projected future demands under the longlasting impacts of climate change and a potential Wild and Scenic designation on the Mokelumne River,
the Agency’s assumed ultimate demand at Amador County’s build-out must be quantified. For the
purposes of this Study, “build-out” is assumed to occur at 2100, although this date is a rough estimate
given typical growth rates. The true build-out occurs when available land is fully utilized. Several
different methodologies were considered to quantify future demand using historical demand data, and a
method using land use planning as the basis, with multiple additional factors considered, was chosen for
use in this analysis. Future levels of conservation and impacts from climate change were then applied to
these demand projections to determine an ultimate anticipated demand.

The Agency is statutorily authorized to provide water service to all territory in Amador County (West’s
Ann. Water Code App., Secs. 95-1 and 95-4). The Agency’s statutory authorization to provide public
water service also imposes a “duty to serve” upon the Agency (Maddow, The Role of Water Agencies in
Land Use Planning (March 1992) California Water Law and Policy Reporter, at p.105).
The duty to serve requires public utilities, such as the Agency, “to provide adequate and reasonably
efficient service in an impartial manner, without unjust discrimination, to those within the agency’s
service area who comply with its rules and regulations and pay its rates and charges.” (Id.)
Accordingly, the Agency “must hold itself out as ready to serve” and must provide water service to its
service area without discrimination or preferences, unless differences in the services provided are justified
by differences in cost of service (Butte County Water Users’ Association v. Railroad Commission (1921)
185 Cal. 218, 224-225). Furthermore, the Agency has an obligation to “exert every reasonable effort” to
augment and expand its supplies and facilities to meet increasing demands for service within the County
(Swanson v. Marin Municipal Water District (1976) 56 Cal. App. 3d 512, 524).
The demand projection methodologies described in Section 3.2 vary from method to method, and is only
specifically defined in the land use demand projection method.

3.2

Methodologies

There are several common methods used to project water demand in the future. Most rely on using
historical demand data specific to the region being considered and then increasing or decreasing that
historical demand based on expected population growth and/or land use changes. Three different methods
were considered for use in this Study: one based on population projections, one based on the historical
growth rate of water connections, and one based on planned future land use.

3.2.1 Population Growth Projections

The first method considered to project future demands was conducted by multiplying anticipated future
population by a per capita water use factor. Two approaches were considered within this method, the first
being an extension of the demand projection approach used in the Agency’s 2015 UWMP. This demand
projection method used the water use per connection for the period from 2008 through 2012 and increased
this demand by the projected growth rate of the population served. Different water use types, including
single-family residential, multi-family residential, commercial/institutional, industrial, and agricultural
irrigation were considered, along with wholesale customer demands and water loss. This method does not
account for changes in water use over time. Population projections were derived from the Department of
Finance (DOF) through 2060 and extrapolated linearly through 2100. For the purposes of this projection,
it was assumed that the Agency would serve 95% of the new population growth in the County. This
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projection method resulted in a demand at 2100 of 15,200 acre-feet per year (AFY); however, it does not
reflect the needed water supply at buildout since buildout may not actually occur at this time period.
Another method of using population projections and per capita water use is done simply by multiplying
predicted future population by the GPCD (gallons per capita per day) water use calculated for SBX7-7
calculations.1 However, this demand projection method does not account for different types of water use
or changes in water use over time. Additionally, the SBX7-7 methodology of determining water use may
not be the most appropriate for the Agency. The period used to establish the baseline water use for the
Agency was marked by very high water loss, which has since been drastically reduced through actions
including lining portions of earthen canals and constructing a gravity pipeline used to convey water and
reduce use of canals. Thus, the goal of reducing baseline water use by 20 percent yields a high water use
of 495 GPCD. If this is further reduced by 10 percent, the goal is 445 GPCD. While the figure used for
per capita water use may not be entirely accurate, the future population figure is uncertain. A population
of 35,000 (derived from extrapolating DOF data) could be used, or populations of 77,000 or 96,000
(derived from land use analysis) could be used. Overall, the range of future demand determined from
these ranges of per capita water use and future population is 12,300 AFY to 53,433 AFY.
This method can be useful in short-term planning, when population growth is more accurately projected
and recent demand trends are relevant to the near future. However, this method is less useful when
considering water demand in a longer planning horizon. Given that the goal of this Study is to determine
ultimate water demand when Amador County is fully built out, this method is inappropriate due to its
inadequacy in long-term projections and because it relies on a timeline of population projections that is
unrelated to County build-out.

3.2.2 Historical Growth in Water Connections

Rather than using County-wide population projections to estimate future residential demand, projecting
future demand based on historical water connection trends may be more accurate and specific to the
Agency. Residential water connection data from 1995 through 2015 was used to project future connection
growth through 2100.The number of connections was then multiplied by the number of residents per
connection (2.3 persons per connection, on average across the county) and a residential GPCD factor (RGCPD) of 107 (20 percent less than residential demand in the County during the baseline period from
1995 through 2004) to determine future residential demand. This method is useful due to its specificity to
the Agency’s service area, but it is only useful when considering residential demand. Since other types of
water uses are served by the Agency, but not consistent enough to establish a growth trend, another
method of determining non-residential demands must be used. Thus, residential demands determined
using this method were combined with non-residential demands based on land use (described in Section
3.2.3) to arrive at a projected future demand of 23,200 AFY.
Much like the population projection method of estimating future demands, this method, based on
historical connection growth, is useful for short-term planning but not long-term demand estimates. It
does not consider how growth rates may change over time and most importantly, it is only useful for
determining residential demand. Since the Agency serves many non-residential customers, this method is
not appropriate for use in this Study.

Senate Bill SX7-7 requires agencies to reduce per capita demand by 20 percent by the year 2020 using a baseline
of past water use. The SBX7-7 calculations are included in the Agency’s Urban Water Management Plan.
1
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3.2.3 Land Use

In order to project potential water demand into the future when Amador County is built out, city and
County planning documents were used to determine the future land uses and allowable densities.
Historical water demand corresponding to those land uses is then used to determine total demand,
factoring in changes in water conservation and potential changes in the climate. This Study only considers
water demands of those parcels which reasonably may be served by the Agency at build-out.
This section serves as a summary of the methods used to calculate future water demands based on land
use. A technical memorandum describing the land use methodology in full detail can be found in
Appendix A. Information about future land use in Amador County was collected from multiple planning
documents:
•

Amador County General Plan (2016)

•

City of Ione General Plan (2009)

•

City of Jackson General Plan (2008 Land Use Element)

•

City of Plymouth General Plan (2009)

•

City of Sutter Creek General Plan (1994)

While the U-Plan is an important short term planning document for growth in the County, it was not used
in this Study since the scope of the document only extends through 2035. Given that the goal of this
analysis is to estimate demand at build-out, the U-Plan does not use the appropriate planning horizon to
be included in this Study.
Service Area
Although the Agency currently only serves portions of the County, the land use of the entire County was
analyzed since the Agency can serve the needs of the entire County and has historically served new areas
as they develop within the County. At the same time, since the Agency is unlikely to serve every parcel in
the County, even at ultimate build-out, different regions in the County were analyzed separately. This
Study only considers parcels that the Agency reasonably may serve for its projections at build-out. Thus,
three regions of the County were considered in separate analysis, delineated as shown in Figure 9 and
described below:
1. The Agency’s current areas of service, including both retail and wholesale customers. This was
constructed by mapping the geographic extent of parcels currently served with active Agency
accounts. All future land use types within the Agency’s current areas of service are anticipated to
be served by the Agency at build-out.
2. Extent of the Central Amador Water Project (CAWP) service area boundary (also known as the
place of use).
a. All land use types, except Agriculture, are anticipated to be served by the Agency within
the CAWP service area boundary at build-out.
b. The Agricultural Transition land use type, a primarily rural residential land use type, is
anticipated to be served by the Agency within the CAWP service area boundary.
3. Remaining County area not contained by current areas served and the CAWP service area
boundary.
a. Agricultural and Agricultural Transition land use types outside of the areas currently
served and the CAWP service area boundary are not anticipated to be served by the
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Agency at build-out. Only 50 percent of Rural Residential land use type is expected to be
served by the Agency.
b. Small acreages of water-consumptive land uses (residential, mixed use, commercial, etc.)
along the farthest eastern edge of the County were not included in the analysis because
the Agency does not expect to ever provide water service to this area due to its high
elevation and distance.
Figure 9: Boundaries of the Three Regions Considered in the Land Use Analysis

Within each region, land use types were grouped into three general categories of water users consistent
with historical water use records: Residential, Agricultural, and Commercial, Industrial and Institutional
(CII); and total water demand was calculated for each category. The land use types in each category and
the method for determining demand associated with those land use types are described below. Figure 10
shows the location of each of these land use types. Figure 11 shows the areas currently served by the
Agency and the parcels anticipated to be served by the Agency at build-out as described in this Study.
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Figure 10: Amador County Land Use Type at Build-Out
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Figure 11: Areas the Agency May Serve at Build-Out

Residential Land Use
Future water demands were calculated by multiplying the number of expected residents based on land use
type by per capita water consumption, using the following formula:
(Area of Land Use Type) * (Dwelling units per acre density) * (People per dwelling unit) * (R-GPCD)
where R-GPCD represents the residential component of GPCD .
The density of dwelling units per acre corresponds with the land use type as stated in the relevant city and
County general plans. Where a range of densities was allowed, the highest density was chosen to
determine the potential high end of the demand range. People per dwelling unit came from 2010 U.S.
Census Data at the block group level. A R-GPCD value was calculated for each of the Agency’s four
water service areas by dividing the total residential consumption for each area by the population of that
area. Average 2008-2013 water consumption was chosen as a representative baseline of water
consumption as this is the most recent period before the start of mandatory water restrictions due to
drought. Population for each water service area was determined using the California DWR Population
Tool that was made available for 2015 UWMPs.
CII Land Use
CII land uses include commercial, industrial, institutional, or non-agricultural irrigation land uses. For
these land use types, an area-based water demand factor was calculated based on historical Agency data.
Average annual water consumption by Agency customer account for 2008-2013 was matched to the area
of the account’s particular parcel by Assessor’s Parcel Number (APN) in a County parcel layer. A single
area-based water demand factor (acre-feet (AF) of consumption per acre of land) was calculated for each
land use category (commercial, industrial, institutional, or irrigation) and then applied to an appropriate
future land use type. For certain land uses, a weighting factor was used to adjust the projected
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consumption (e.g. for mixed commercial/residential). Future water demands for this category were
computed using this general formula:
(Area of Land Use Type) * (CII Duty Factor)
where CII Duty Factor represents the volume per unit area (AF/acre) computed for this land use as
described above.
Agricultural Land Use
Since the exact distribution of crop types in the future is not known, the 2014 County crop cover
categorization was applied to the area of future agricultural lands. Water demand factors were assigned to
each crop type based on California DWR calculations of applied water for irrigated cropland across all of
California in 2010.
A significant portion of the County is designated as “Agricultural Transition,” a primarily rural residential
land use type in the County General Plan that is permitted to have small-scale agriculture. For the landuse based projection, it was assumed that 10 percent of the area of this primarily residential land use type
would use water for agricultural purposes, using the same breakdown of water use factors described
above. Agricultural Transition also includes a residential component tabulated separately.
Areas outside of the current Agency service areas and the CAWP service area boundary that are
considered Agriculture or Agricultural Transition are not included in the future water demand for the
Agency. This excludes much of the land in the County from anticipated service from the Agency. Jackson
Valley Irrigation District’s (JVID) projected future water needs have been provided in Section 3.6 as a
separate and independent potential water supply need from the Mokelumne River Watershed. JVID
currently has rights up to 3,850 AFY from the Mokelumne River which will be reduced to 2,800 AFY as
the Agency’s CAWP water right increases to 2,200 AFY. JVID may seek additional water supplies from
the Mokelumne River Watershed for its future water needs in addition to making up the shortfall created
by the reversion to the Agency.
Water Losses
Water losses were incorporated as a percent of demand based on the American Water Works Association
(AWWA) Water Loss Audit completed for each of the Agency’s four water systems for the 2015 UWMP.
The same percentage of water loss was used to calculate future water losses for each respective water
system through build-out. Water loss in the AWS system was calculated separately because several
system improvements are expected within the next 30 years which will reduce losses significantly.
Results and Interpolation from Buildout
Water demand based on land use corresponding to buildout conditions is assumed to occur at
approximately 2100. While ultimate demand will occur at buildout regardless of the date, assigning an
estimated date to the demand projection is necessary to apply the impacts of climate change to that
demand. Within the Agency’s current areas served, the compounded annual growth rate for water
demands from 2016-2100 is 1.12 percent, which is within a typical expected annual growth range of 1 to
2 percent for similar types of long-term studies.
While population is a key driver in water demand, factors such as weather, drought, income and
employment, and active and passive conservation measures have played a role in water use. Additionally,
major Agency water system improvements in 2002 and 2007 significantly reduced system losses. Thus, it
is difficult to compare the future 1.12 percent annual growth rate to historical growth in water demands in
the Agency’s areas of service. However, the 1.12 percent projected compounded annual water demand
growth rate based on 2100 build-out does match closely with the historical 1.11 percent compounded
annual growth rate for the Agency population served from 1995-2015.
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Water consumption was interpolated linearly from 2016 to 2100 to determine interim water demands,
using 2008-2013 average demands as a baseline for 2016. Total projected water demands are graphed in
Figure 12 with a projected 34,300 AFY of demand expected under build-out conditions. Total demand at
buildout is broken down into water use types in Figure 13.
A technical memorandum describing the land use methodology in full detail can be found in Appendix A.
Figure 12: Projected Water Demand through 2100 Based on Land Use Methodology
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Figure 13: Projected Demands by Use Type
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3.3

Demand Management and Conservation

Water use efficiency standards in California are expected to increase in the future as population growth
and climate change impacts threaten water availability and reliability throughout the State. Long-term
water conservation measures are currently being developed by the State in response to Governor Brown’s
Executive Order B-37-16 issued in May 2016. As these standards are currently being developed, this
Study uses current efficiency standards to anticipate at least the minimum level of water conservation at
build-out.
Per the 2013 California Water Plan (California NRA & DWR 2013), developed soon after the SBX7-7
legislation passed, indoor residential water use is expected to decrease by approximately 15 GPCD due to
continuous improvements in water fixtures, including toilets and washing machines. Outdoor water use is
expected to decrease by at least 20 percent as more efficient irrigation practices are developed and more
water efficient landscaping is implemented. The baseline period described in the SBX7-7 legislation
could be any consecutive 10-year period between 1995 and 2010. The baseline period chosen by the
Agency for use in setting its SBX7-7 targets was 1995 through 2004.2 While the Agency has met and
exceeded its overall SBX7-7 target due to system improvements that drastically improved water loss, the
reduction in residential use projected in the California Water Plan has been applied in this Study to
anticipate further water conservation in the future.
The Agency’s average residential water use during its baseline period was 135 GPCD. Assuming that half
of this water is used indoors and half is used outdoors, the savings anticipated in the Water Plan can be
applied to this baseline figure. Reducing indoor water use by 15 GPCD and outdoor water use by 20

Full documentation of baseline and targets under SBX7-7 is included in the Agency’s 2015 Urban Water
Management Plan, Chapter 5 and Appendix E.
2
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percent yields a residential GPCD of 107. Conservation factors were not applied to non-residential
demands as future conservation in these areas is unknown and not currently prescribed at the State level.
Assuming that conservation reaches its target as a minimum level of water use efficiency under build-out
conditions, this would decrease the residential demand by approximately 5,000 AFY such that total
projected demand within the Agency’s existing and expected areas of service at build-out would be
approximately 29,000 AFY.

3.4

Climate Change Impacts

To determine the impact of climate change on water demand, the relationship between demand and
climate factors, such as temperature and precipitation, must be analyzed. For this Study, GCM forecasts
of temperature and precipitation were used in combination with a regression model of historical demand
to estimate impacts, following the general approach described in Figure 12.
Figure 14. General Approach to Determining Impact of Climate Change on Demand

Development of Demand Statistical Model
Historical monthly demand data and climate data from 2000 through 2015 were used in this analysis. The
demand data used was per capita deliveries so that the demand data was normalized against fluctuations
in population.
The per capita demand used includes all uses: residential, CII, and agricultural. Several regressions
between per capita deliveries and temperature measurements were completed to determine which
indicator of temperature most closely correlates with demand: monthly average temperature, average
daily maximum temperature, maximum temperature, average daily minimum temperature, and minimum
temperature. The average daily maximum temperature was chosen for this analysis as it correlates most
closely with monthly demand and is a readily available output from GCMs.
A multiple-regression was used to determine the dependency of monthly per capita deliveries (ccf/cap) on
total rainfall (in) and average daily maximum temperature (degrees F).
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Figure 15 shows the predicted deliveries calculated from this regression compared to the historical
deliveries for 2000 through 2013. 2014 and 2015 were removed from this analysis as they had suppressed
deliveries due to mandatory water use restrictions triggered by drought. The correlation between historical
and predicted deliveries shows that the regression can be used with confidence for a long-range analysis
to estimate future demand impacts from climate change conditions.
Figure 15: Historical vs Predicted Annual Deliveries per Capita
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Climate Change Forecasts
GCM data was extracted from the Downscaled CMIP3 and CMIP5 Climate and Hydrology Projections
archive published by Lawrence Livermore National Laboratory (LLNL) for the three selected models,
warm and wet CNRM-CM5 (RCP 4.5), warm and dry MIROC5 (RCP 4.5) and hot and dry MIROC5
(RCP 8.5), for the spatial extent covering the Agency’s service areas, as seen in Figure 16 (World
Climate Research Programme). The spatial extent was chosen to cover the most populated regions in
Amador County served by the Agency as precisely as possible given the 1/8-degree (~55 mi2) resolution
of the GCM model output. Three different downscaling methods (bc5, bcsd5, and rgrd5) were used to
convert data from the GCM output to data specific to the selected region in Amador County. Monthly
climate data, including average daily max temperature and precipitation, were obtained for each of these
downscaling methods and then combined in an average to predict precipitation and temperature
conditions at the end of the 21st century under the three selected climate scenarios.
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Figure 16: Amador County and the Spatial Extent of GCM Data

Annualized temperature and precipitation outputs for the selected spatial extent from the three GCMs are
shown in Figure 17 and
Figure 18 and the results are summarized in
Table 1. To quantify the change in temperature and precipitation throughout the century, the period from
2000 through 2015 was compared to the period from 2085 through 2099. Note that the GCM output from
2000 through 2015 is modeled data representative of the climate during that period rather than recorded
historical data. All models predict an increase in daily maximum temperature, ranging from 3.1 degrees F
to 8.0 degrees F. The predicted change in future precipitation is less certain, as one of the selected models
predicts an increase in precipitation while two predict a decrease in precipitation.
Table 1: Projected Change in Average Climate Values between 2000-2015 and 2085-2099

Warm-Wet

Warm-Dry

Hot-Dry

Climate Model

CNRM-CM5 (RCP 4.5)

MIROC5 (RCP 4.5)

MIROC5 (RCP 8.5)

Change in Temperature (°F)

3.1

4.5

8.0

Change in Precipitation (in)

6.7

-6.6

-5.2
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Figure 17: Projected Average Daily Maximum Temperature (2000-2099)
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Figure 18: Projected Annual Precipitation (2000-2099)
90.00
80.00

Precipitation (in)

70.00
60.00
50.00
40.00
30.00
20.00
10.00
2000
2003
2006
2009
2012
2015
2018
2021
2024
2027
2030
2033
2036
2039
2042
2045
2048
2051
2054
2057
2060
2063
2066
2069
2072
2075
2078
2081
2084
2087
2090
2093
2096
2099

0.00

2000-2099 Annual

CNRM-CM5 (4.5)

MIROC5 (4.5)

MIROC5 (8.5)

2000-2005 Average

CNRM-CM5 (4.5)

MIROC5 (4.5)

MIROC5 (8.5)

2085-2099 Average

CNRM-CM5 (4.5)

MIROC5 (4.5)

MIROC5 (8.5)

July 2017

23

Long-Term Needs and Water Supply Study
Amador Water Agency
Estimate of Impacts of Climate Change on Demands
The relationship between precipitation, temperature, and demand determined through the statistical
analysis described above was used to apply the climate model output to generate predicted demands from
1995 through 2099.The average demand generated for the period from the historical period 2000 through
2015 was compared with the average demand generated for the end of the century, 2085 through 2099.
Demand was found to increase based on the output of every model, ranging from a 3 percent increase in
demand predicted by the warm-wet CNRM-CM5 (RCP 4.5) model to a 16 percent increase predicted by
the hot-dry MIROC5 (RCP 8.5) model. The warm-dry MIROC5 (RCP 4.5) model predicts an increase in
demand of 10 percent.
Figure 19 summarizes the estimated impacts. This indicates that although changes in precipitation
volume under climate change conditions may be uncertain, the expected increase in temperature will
likely lead to an increase in water demand.

Demand (Ccf per capita per year)

Figure 19. Impacts of Climate Change on Demand
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Total Projected Demand

Total projected demand at build-out within the Agency’s existing and expected areas of service based on
recent water use trends without consideration of future water conservation or climate change impacts is
approximately 34,000 AFY. With application of future water conservation, such that residential water use
would meet current reduction goals of 20 percent, total projected demand decreases to 29,000 AFY. Once
the impact of climate change is considered, the total projected demand at build-out conditions ranges from
30,000 AFY to 33,000 AFY. If the future climate in Amador County is hot and dry, demand may be as
high as 33,000 AFY. If the future climate in the County is warm and wet and additional conservation
occurs, ultimate demand may be around 30,000 AFY or lower. The results of this analysis are presented
in Table 2.
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Table 2: Demand Projections at Buildout

Level of
Conservation

3.6

Climate Scenario

Projected
Demand

None

Baseline (No Climate Change)

34,000
AFY

20% (CA Water Plan)

Baseline (No Climate Change)

29,000
AFY

20% (CA Water Plan)

Warm-Wet (CNRM-CM5 [RCP 4.5])

30,000
AFY

20% (CA Water Plan)

Warm-Dry (MIROC5 [RCP 4.5])

32,000
AFY

20% (CA Water Plan)

Hot-Dry (MIROC5 [RCP 8.5])

33,000
AFY

Future Demands in Amador County Not Served by the Agency

JVID and Shenandoah Valley are two existing agricultural regions in Amador County that do not
currently receive water from the Agency, but are experiencing growth in water demands that could exert
potentially large demands on the Mokelumne River water supply in the future. Willow Springs Irrigation
District is a small inactive irrigation district that may have demands in the future.
JVID is the primary purveyor of agricultural irrigation water in Amador County and its service area is
located in the southwestern portion of the County, as shown by the orange outline in Figure 20. JVID
obtains the majority of its water supply from the Jackson Creek watershed and a smaller component from
the Mokelumne River watershed through a diversion from Pardee Reservoir. The Mokelumne River
watershed will be the likely source for expanded water supplies to meet future agricultural water needs for
JVID. According to a study by JVID, its 2015 demand was approximately 10,000 AFY and is expected to
increase by 9,900 AFY to a total potential future demand of 19,900 AFY The 2015 demand of was likely
reduced due to water use restrictions put in place during the recent drought. In 2013, JVID’s demand was
17,500 AFY and in 2016 it was 12,900 AFY. Records of JVID’s historical demand and the study showing
projected demand can be found in Appendix B.
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Figure 20: JVID Service Area and its Relation to AWA Service Areas within Amador County

Currently, Shenandoah Valley is served by groundwater, local streams, and some local stormwater
capture. Some growers, especially larger ones, are having water supply issues with wells. Agricultural
use is also growing in the Valley and many vineyards are converting from dry farming to irrigated grapes.
An ongoing study by Toma and Associates estimates that current vineyard and walnut grove demands in
Shenandoah Valley are 3,200 AFY and are expected to grow by 1,500 AFY to a total 4,700 AFY (see
Appendix B).
The same North County water demands study by Toma and Associates also shows that Willow Springs
Irrigation District, which is currently inactive, may have demands of approximately 1,500 AFY in the
future due to expected cultivation of 500 acres of irrigated pasture.
Together, the increase in demands expected from JVID, Shenandoah Valley, and Willow Springs
Irrigation District is approximately 12,900 AFY. The future sources of supply to meet these demands are
unknown and Agency does not expect to supply them, but the description of these possibly significant
future demands have been included here to provide context for other potential demands in the County on
the Mokelumne River. While the North County Water Study identifies the preferred alternative water
supply source for the Shenandoah Valley and Willow Springs areas as the Cosumnes River and its
tributaries, the Mokelumne River is more likely to be a feasible source of supply for JVID.
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4

Supply Projections

4.1

Current System Supplies

4.1.1 Groundwater

Groundwater accounts for approximately four percent of the Agency’s total treated water supply and is
used in the communities of La Mel Heights and Lake Camanche Village. The Agency operates two wells
in La Mel Heights and has pumped less than 20 AFY of groundwater for this area over the past five years.
This supply is sufficient for this small service area because La Mel Heights is limited on growth such that
build-out will be achieved in the next ten years. The Agency operates four wells in Lake Camanche
Village, all of which have experienced reliability issues, water quality problems, or reduced capacity over
the past decades. Because of growth in the area and concerns with groundwater quality and quantity, the
Lake Camanche Village area desires to add surface water supplies and reduce reliance on groundwater.
Thus, the Camanche Area Regional Water Supply Project (CARWSP) is currently underway to serve
treated surface water to the area.

4.1.2 Surface Water

Surface water accounts for approximately 96 percent of the Agency’s total water supply. Surface water is
the sole supply source for both the AWS and the CAWP systems and is obtained from the Mokelumne
River watershed. The Mokelumne River watershed is located on the Agency’s southern boundary with the
headwaters in parts of Amador, Alpine, El Dorado and Calaveras counties. The majority of flow is
derived from snowmelt. The watershed ranges from peak elevations of approximately 10,000 feet above
Mean Sea Level (MSL) at the Pacific Crest, down to 580 feet above MSL at Pardee Reservoir. The
Mokelumne watershed upstream from Pardee Reservoir is approximately 578 square miles in extent.
The watershed above Pardee Reservoir is mostly protected and undeveloped, with a large portion located
in the Mokelumne Wilderness. Many tributaries flow into the Mokelumne River before it reaches Pardee
Reservoir. Four small reservoirs, Upper Blue Lake, Lower Blue Lake, Twin Lake, and Meadow Lake, lie
at high elevation in Alpine County. These reservoirs are owned and operated by Pacific Gas and Electric
Company (PG&E). Other reservoirs in the higher portions of the watershed include Upper Bear River,
Lower Bear River and Salt Springs, also owned by PG&E. Upstream hydropower facilities owned and
operated by PG&E include diversion tunnels and regulating reservoirs, with most of the diverted flow
released back into the river system. Pardee Reservoir and its downstream companion, Lake Camanche,
are owned and operated by EBMUD. Pardee Reservoir is operated for water supply and instream
requirements and Lake Camanche is operated for water supply, flood control, and instream requirements.
Amador Water System
In 1985, the Agency acquired the AWS from PG&E and the contractual right of up to 15,000 AFY
diverted at a rate not to exceed 30 cubic feet per second (cfs). PG&E had been the major owner and
operator for the purveyance of water in western Amador County since 1908. PG&E has been able to
provide the full annual water demands of the AWS due to the priority of its pre-1914 appropriative water
rights associated with the AWS, which include the storage of water in Upper Blue Lake, Lower Blue
Lake, Twin Lake, Meadow Lake, and Upper Bear Reservoir. These reservoirs are owned and operated by
PG&E. PG&E is also responsible for conducting releases to meet instream flow requirements. The four
high-elevation lakes (Upper Blue, Lower Blue, Twin, and Meadow), located in Alpine County, have a
combined storage capacity of 19,200 AF. As a prudent and conservative operation practice, due to
potential seismic issues at the Upper Blue Lake dam, its capacity has recently been reduced such that the
total effective storage of the high-elevation lakes is 14,900 AF. Additionally, lake levels are reduced
annually to leave outlet valves open during the winter to avoid structural damage that could be caused by
July 2017

27

Long-Term Needs and Water Supply Study
Amador Water Agency
freezing. Because of this, relatively little water can be carried over from year-to-year in these reservoirs.
Upper Bear River Reservoir has a usable capacity of 7,100 AF, bringing the total AWS storage capacity
to 22,000 AF.
AWS receives water from the Mokelumne River via Lake Tabeaud (the PG&E forebay for the Electra
Hydro-generation plant) and provides water service on a retail basis to the communities of Sutter Creek,
Amador City, Martell, Ione and vicinities. The Agency provides wholesale water through the AWS to the
communities of Jackson, Plymouth, and Drytown. In addition, the system supplies raw water via the
Amador Canal and Ione pipeline for agricultural, industrial, commercial and domestic irrigation needs to
both public facilities and individual raw water customers.
Central Amador Water Project
In 1978, the Agency entered into an agreement with PG&E for the use of PG&E facilities to store and
divert water under water rights acquired by the Agency for the CAWP water system (Permit 17579,
Application 5647B). Initially, there were ten entities, public and private, that were served water on a
wholesale basis from the CAWP system. Over the years, the Agency has accepted and merged eight of
those entities into the Agency’s retail customer base. The Agency’s present wholesale customers in this
region include First Mace Meadow Water Association and Pine Grove CSD. CAWP has historically
pumped water from the Mokelumne River at PG&E’s Tiger Creek Afterbay. In 2015, the Agency began
operation of the Gravity Supply Line (GSL) to replace the raw water pump system. The GSL diverts
water at PG&E’s Tiger Creek Regulator Reservoir and delivers water to the Agency’s Buckhorn Water
Treatment Plant by gravity. The CAWP surface water consumptive diversion right is limited to 1,150
AFY at a diversion rate not to exceed 3 cfs. The Agency is currently working to obtain additional surface
water rights for the CAWP system which would expand the surface water diversions up to 2,200 AFY
with a diversion rate not to exceed 5 cfs. To firm-up its CAWP supply, the Agency has an agreement with
PG&E to store water in PG&E’s Lower Bear River Reservoir. Under the current water right permit
(Permit 17579), 1,600 AF can be stored in Lower Bear River Reservoir on an annual basis. The storage
would be expanded to 3,000 AFY with the proposed water right permit.

4.2

Climate Change Impacts on Hydrology

Results derived from the WARMF model were analyzed to determine potential hydrologic impacts, such
as changes in streamflow (both temporal and volumetric), in the watershed under climate change scenarios.
While hydrologic impacts do not necessarily result in equivalent supply impacts (depending on storage and
operations), they do provide valuable information about the overall change in the water budget in the
watershed. The following sections describe the hydrologic analysis methods and results.

4.2.1 Hydrologic Impacts: Methodology

WARMF was used to quantify impacts of climate change on the Mokelumne River, the Agency’s main
source of supply. WARMF is a decision support system for watershed management which has been
applied to over 20 watersheds in the United States and internationally. WARMF uses a watershed
simulation model to calculate stream flow within a watershed. The watershed is divided into subcatchments with stream reaches and reservoirs. Land use and soil type data are applied to the land surface.
In a WARMF simulation, daily precipitation and other climate factors are applied to the land surface, and
stream and reservoir conditions are modeled based on these climate factors and their interaction with the
land surface layers. WARMF can also model the concentration of various water quality constituents in
soil, river segments, and reservoir layers.
WARMF contributed to the assessment of baseline streamflow conditions of the Upper Mokelumne River
watershed and was used to model surface flows in the watershed under climate change scenarios. The
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heat budget and mass balance calculations modules of WARMF were not utilized in this analysis.
Complete technical documentation and user’s guide for WARMF are included with the WARMF
application.
Model Setup
The initial development of the WARMF model for the Upper Mokelumne River Watershed was
performed in 2006 for an assessment of water quality (RMC 2007). Basins were delineated using the
USEPA’s BASINS 3.1 tool, which uses a digital elevation model and stream network to divide the
watershed into sub-basins (or sub-catchments). In total, the watershed was delineated into 207 sub-basins
and 202 river segments. The watershed also contains seven reservoirs/lakes. A technical memorandum
detailing the development and calibration of the model used in this study in included in Appendix C.
Baseline Period
The baseline simulation period is from water year 1991 through 2005. Data limitations dictate the use of
this period. While this period is relatively short for hydrologic modeling, it captures a wide range of
climatic conditions, including wet, dry and average water years.
Figure 21 shows historical precipitation from 1907 to 2016 at the Electra Powerhouse station, where the
baseline period’s mean is similar to the long term historical mean and to the mean of the recent drought,
and a wide range of precipitation is observed in the baseline period. In terms of climate change, it should
be noted that the baseline period presents relatively higher volatility compared to the longer historical
record, a condition expected to be exacerbated by climate change.
Figure 21. Long-Term Precipitation (1907-2016) at Electra Powerhouse
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Baseline Scenario Input Data
To determine baseline hydrology, a WARMF simulation was run with the inputs that had been compiled
and verified during the original model setup in 2006. The model inputs for this scenario are described
below.
Land Use
Land use data were obtained from a variety of sources, including the California Department of Forestry,
Department of Water Resources, Alpine, Amador and Calaveras County parcel maps, aerial photography,
and input from stakeholders and community members. This input included information on vegetation,
grazing, rural residential areas, human impact areas, and roads. A full description of land use data sources
can be found in a technical memo on WARMF development and calibration (RMC 2006).
Meteorology and Climate
Meteorology and climate data are central to WARMF operation. Daily data are required for the entire
period of model simulation. The input parameters are daily minimum and maximum temperatures,
precipitation, cloud cover, dew point temperature, air pressure, and wind speed. Most historical
meteorological data were obtained from the California Data Exchange Center (CDEC). Seven CDEC
monitoring stations within the watershed were incorporated into WARMF (Beaver, Blue Lakes, Mt. Zion,
Mud Lake, Tiger Creek Powerhouse, Salt Springs Powerhouse, and Stanislaus Meadow). Three other
stations were also included: Blue Lakes and Ebbetts Pass (SNOTEL stations) and West Point (National
Climatic Data Center). Nearby California Irrigation Management Information System (CIMIS) stations
(Shenandoah Valley and Camino) provided data to fill gaps for certain parameters (wind speed, dew point
temperature, and air pressure).
Stream Gaging
In WARMF, stream gaging data are used for comparison with simulated stream flow during model
calibration, but the simulation does not depend on this input. For the 1990 to 2005 timeframe, gaging data
from approximately 22 active United States Geological Survey (USGS) stations were compiled and used
to evaluate simulation results.
Reservoir Elevation
Reservoir elevations were calculated using daily storage data for Salt Springs Reservoir, Lower Bear
River Reservoir, and Upper Bear River Reservoir. These data were obtained from PG&E and other
agencies. Reservoir elevations were converted to daily elevation values using reservoir bathymetry.
Water Quality and Air Quality
The water and air quality modules were both set up during the original application of WARMF to the
watershed in 2006. The quality components can be individually deactivated when they are unneeded; this
simplifies the simulation. For this analysis, the baseline simulation was conducted with the quality
components turned off. The original WARMF inputs remained the same, but the quality modules were
not run because the primary concern is streamflow.
Model Assumptions
As with any modeling effort, model assumptions are required to help characterize watershed processes in
situations where detailed, local data are not available. The following section describes the assumptions
inherent in the baseline scenario, as established in the original setup of WARMF. Assumptions related to
water and air quality are omitted, as only the flow module of WARMF was used.
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Reservoir Bathymetry
Bathymetry data were only available for Salt Springs Reservoir. For other reservoirs, bathymetry was
estimated based on reservoir capacity, surface area, and water surface elevation. Reservoir outflow data
were available only for Upper Blue Lake and Meadow Lake. For other reservoirs, stream gaging data
from immediately below the reservoir were assumed to be equal to the outflow.
Diversions
Diversions occur at several points within the Upper Mokelumne River watershed at PG&E facilities.
Water is diverted from Lower Bear River Reservoir, Salt Spring Reservoir, Cole Creek, Bear River,
Beaver Creek, and East and West Panther Creek to Tiger Creek Forebay for power generation. Water
from Tiger Creek Afterbay and the main stem of the Mokelumne River is also diverted to power houses.
Diversions from Lower Bear River Reservoir to Salt Springs Powerhouse, Salt Springs Reservoir to Tiger
Creek Powerhouse, Tiger Creek Afterbay to West Point Powerhouse, and North Fork Mokelumne River
to Electra Powerhouse were calculated using USGS streamflow gage data. Detailed assumptions and
calculation methods for these diversions may be found in the technical memorandum on WARMF
development and calibration (Appendix C).
Model Calibration
After importing data, calibration of WARMF is performed by adjusting model parameters and reaction
rates until simulated flow and concentrations are as close as possible to the observed data. Calibration of
WARMF was performed during its initial setup for the watershed in 2006, using observed data from 2000
to 2005 (the years with most complete records). Model verification was performed for 1990 to 2000.
Further details on model calibration are available in the technical memorandum on WARMF development
and calibration (RMC 2006). Recalibration for climate change scenarios was out of the project scope, and
therefore the baseline calibration of WARMF was used for all scenarios.
Climate Change Scenario Input Data
WARMF Inputs
For the climate change scenarios, only the meteorology and diversion (managed flow) input data were
modified. Land use and soil parameters remained constant through all model scenarios. Observed
hydrology data (stream gage data) were naturally unavailable for future scenarios. Water and air quality
modules were not run with the simulation. Methods used to compile meteorology and diversion data for
climate change scenarios are outlined below.
Meteorology data for climate change scenarios were obtained from LLNL’s Downscaled CMIP3 and
CMIP5 Climate and Hydrology Projections archive for the CNRM-CM5 (RCP 4.5), MIROC5 (RCP 4.5),
and MIROC5 (RCP 8.5) climate models. Daily data for precipitation, minimum temperature, and
maximum temperature is available from the archive downscaled to 1/16 degree (~13.5 mi2) spatial
resolution, and these data were retrieved for each of the 10 monitoring stations used as input locations for
the WARMF model.
A delta method with quantile mapping was used to modify the baseline data to reflect climate change
conditions. For each climate change scenario, precipitation, minimum temperature, and maximum
temperature from the baseline dataset were modified, according to the following steps.
1. Daily data were condensed into monthly data. For precipitation, monthly sum was used. For
minimum temperature, the lowest temperature of the month was used. For maximum temperature,
the highest temperature of the month was used.
2. Data were grouped into sets by month (January, February, etc.).
3. Percentile groupings were computed for each month.
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4. The percentile grouping cutoff values for each month were compared between the baseline
scenario and climate change scenarios. For precipitation, this comparison occurred on a
percentage basis. For temperature, the comparison was in degrees, based directly on differences
in temperatures.
5. Baseline data were modified according to the month (and percentile value of the month) using the
values calculated in Step 4. For precipitation, baseline daily precipitation values were modified
by the percentage identified in Step 4. Daily temperatures were raised or lowered by a set number
of degrees according to the values calculated in Step 4.
Baseline data for wind speed, dew point temperature, cloud cover, and air pressure were not modified.
Wind speed data are available from GCMs, but dew point, temperature, cloud cover, and air pressure are
not available as GCM output. These variables remained identical between the baseline and climate change
scenarios.
Diversions and Reservoir Releases
For climate change scenario model runs, diversion and reservoir release flows were the same as the
baseline scenario. This minimized the number of variables that were changed between the baseline and
climate change scenarios. This necessary assumption (due to the impracticality of predicting different and
future operation conditions due to climate change) meant that the entire watershed could not be modeled
at once; rather, reaches between reservoirs were modeled independently of one another. Because reservoir
releases were the same under baseline and climate change scenarios, the climate change results reflect
purely hydrological changes, and do not incorporate changes in reservoir operation or water supply
management that might occur due to changes in demand.

4.2.2 Hydrologic Impacts Results: Streamflow Magnitude

Impacts of climate change on streamflow magnitude were quantified at several points in the watershed.
Generally, the points examined were just upstream of reservoirs. This allowed the analysis to extend to a
larger portion of the watershed (i.e., all inflows occurring between two reservoirs). Because simulated
reservoir releases were unchanged between baseline and climate change scenarios as explained in the
previous section, actual effects of climate change may be more pronounced if reservoir releases changed
from historical levels.
The results of the WARMF analysis illustrate the impacts of the three climate change scenarios on the
magnitude of streamflow at three critical locations in the Mokelumne River watershed - upstream of Salt
Springs Reservoir, upstream of Tiger Creek Afterbay and upstream of Pardee Reservoir. Exceedance
probability plots of streamflow at these locations demonstrate the likelihood of various daily flow levels
under each climate scenario (Figure 22, Figure 23, and Figure 24). Subsequent box plots (Figure 25,
Figure 26, and Figure 27) summarize the same sets of model outputs, showing the same three locations
and four climate conditions. The warm and wet CNRM scenario flows are consistently greater than the
baseline at two locations; however, above Salt Springs Reservoir the baseline scenario had the greatest
flows. Flows under the hot and dry scenario, MIROC5 (RCP 8.5), are generally the lowest of the
scenarios, as would be expected. However, above Tiger Creek Afterbay, the warm and dry scenario
MIROC5 (RCP 4.5) appears drier than MIROC5 (RCP 8.5) in some cases. Above Pardee Reservoir,
flows behave as the general trends seen in the climate models would suggest (Figure 24). Since the South
and Middle Forks of the Mokelumne River join the North Fork above Pardee, flows from a large portion
of the watershed are represented above Pardee. The model outputs above Pardee Reservoir likely show
the least impacts of model uncertainty. Overall, the predicted trends of the climate models are borne out
in the results of the hydrologic impact analysis. Drier scenarios generally result in lower streamflow,
while wetter scenarios cause a rise in streamflow. Some of the similarity between scenarios may be
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explained by the relatively short timeframe, and the fact that reservoir releases and diversions were held
constant between all scenarios because they are dictated by a variety of regulatory and power generation
operations.
Figure 22. Streamflow Exceedance Probability Curve above Salt Springs Reservoir
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Figure 23. Streamflow Exceedance Probability Curve above Tiger Creek Afterbay
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Figure 24. Streamflow Exceedance Probability Curve above Pardee Reservoir
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Figure 25. Summary Statistics: Streamflow above Salt Springs Reservoir
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Figure 26. Summary Statistics: Streamflow above Tiger Creek Afterbay
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Figure 27. Summary Statistics: Streamflow above Pardee Reservoir
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4.2.3 Hydrologic Impacts Results: Seasonality

Not only is the magnitude of streamflow expected to change under climate change scenarios, but the timing
also is generally expected to shift. Earlier spring warming will result in correspondingly earlier snowmelt
and peak streamflows. Figure 28 shows the difference in March and June streamflow into the Tiger Creek
Afterbay between the warm/wet CNRM scenario and the historical condition. A positive number indicates
that the CNRM streamflow was greater than the historical streamflow. In each of the fifteen years, the
March streamflow (blue) increased. However, the June streamflow decreased in all but four years. Overall
mean June streamflow decreased 19% from historical conditions to year 2100 CNRM conditions. March
flows, in contrast, increased 42%. While overall, California under the CNRM scenario would experience
18% more precipitation by 2070 (California Water Commission, 2016), this does not correspond to greater
streamflows in all seasons. Even in a wetter climate scenario, the timing of streamflow is expected to shift
earlier in the year.
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Figure 28. Seasonal Change in Mean Streamflow (cfs) at Tiger Creek Afterbay under Warm-Wet
(CNRM) Climate Scenario

NOTE: Positive values indicate that streamflow under the wet CNRM climate condition is greater than the historical streamflow
(as typically seen in March). Negative values indicate lower streamflow than historical values (as typically seen in June).

The shift of peak inflow timing from the summer to the spring into Salt Springs Reservoir can be seen in
Figure 29. Salt Springs Reservoir was selected to illustrate the change in streamflow timing because Salt
Springs offers the balance between having a significant portion of the watershed reflected and not being
too impacted by upstream regulation. Salt Springs is the furthest upstream large reservoir in the Mokelumne
River watershed, so its inflow patterns generated from WARMF are more indicative of natural watershed
seasonal patterns and less influenced by the operations of upstream reservoirs. Figure 29 shows the inflow,
over the simulated period, into Salt Springs Reservoir averaged by month for each of the three climate
change models at the end of the century and for the baseline period. Under historical conditions, peak inflow
occurs in June, while the warm and dry climate scenario (MIROC5 4.5) indicates higher flows in May and
both the warm and wet (CNRM) and hot and dry (MIROC5 8.5) scenarios forecast peak flows in March.
While winter and early spring (December through March) flows may increase by up to 58%, summer (April
through September) streamflow into Salt Springs Reservoir is anticipated to decrease by 51% to 73%. This
shift in peak flow timing toward the early spring is likely to reduce the amount of water during the hot and
dry summer months, when demand is the highest. This shift in timing may limit the ability of existing
reservoirs to capture enough water to use it when it is needed most, as existing reservoirs were designed to
capture inflow following historical seasonal patterns. The high springtime flows can trigger storage needs
to mitigate the lower summer flows expected under the predicted climate scenarios. Further discussion of
how seasonal impacts due to climate change may impact storage is included in Section 5.2.
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Figure 29: Average Monthly Inflow into Salt Springs Reservoir

4.2.4 Hydrologic Impacts Results: Inter-Annual Variability

In addition to precipitation shifts that may lead to lower streamflow volumes and earlier peak flows, interannual variability in precipitation is expected to increase. Higher variability means that wet years may be
more wet, dry years may be more dry, and the distribution of wet and dry years is likely to change. The
results of an analysis of precipitation data from the three climate models over the entire 21st century shown
in Table 3 indicate the predicted frequency of various lengths of dry periods compared to 50 years of
observed data. For this analysis, a dry year is defined as any year with total precipitation lower than the
historical median precipitation of 36 inches.
Table 3: Frequency of Consecutive Years Below Historical Median
Consecutive
Dry Years

Observed

WarmWet
(CNRM)

Warm-Dry
(MIROC5
4.5)

Hot-Dry
(MIROC5
8.5)

1 Year
2 Years
3 Years
4 Years
5 Years
6 Years
7 Years
8 Years
9 Years

50%
24%
10%
6%
4%
2%
0%
0%
0%

31%
8%
1%
0%
0%
0%
0%
0%
0%

62%
44%
28%
18%
11%
9%
6%
4%
2%

59%
34%
16%
8%
2%
0%
0%
0%
0%

The warm and wet scenario is expected to have fewer and shorter dry periods, the hot and dry scenario is
expected to have more short dry periods, and the warm and dry scenario is expected to have more long dry
periods. Figure 30 indicates that Amador County may experience longer dry periods under the warm and
dry scenario, with dry periods potentially lasting up to nine years. Figure 31 highlights the six-year 1987
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to 1992 drought as the longest observed dry period in the last 50 years and shows that future precipitation
under the warm and dry scenario may have multiple droughts (two of them highlighted in Figure 31) of up
to nine years.
Figure 30: Projected Frequency of Consecutive Years Below Historical Median Precipitation for
Warm-Dry Climate Scenario
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Figure 31: Historical and Warm-Dry Climate Scenario Projected Precipitation in Amador County

5

Water Supply Reliability

5.1

Historical Reliability

As described in Section 4.1, the reservoirs that firm-up the AWS water supply are located at elevations at
or above 8,000 feet with PG&E managing and operating them and conducting releases in order to meet
instream flow requirements. Even during the extreme drought of 1976 through 1977 and the prolonged
drought of 1988 to 1994, spring runoff each year filled the PG&E’s reservoirs supporting the AWS water
supply to near capacity. During the recent drought from 2013 to 2015, the reservoirs still captured water
in excess of the AWS’s current demand, which was reduced from historical average demand due to
mandatory conservation. The AWS has never had to rely on storage in the past, as direct diversions from
the Mokelumne have been sufficient to meet demand. However, if a drought as severe as the critically dry
years of 1976 and 1977 were to occur again with current levels of demand, the use of storage may be
necessary to meet AWS demand. During critically dry years, the CAWP system water demands have
historically been met by storage facilities. The timing of the runoff has been about the same for wet or dry
years, with the only difference being the magnitude of the runoff and the amount of reservoir spill.
PG&E has been able to provide the full annual water demands of the AWS due to the priority of its pre1914 appropriative water rights associated with the AWS, including rights to store water on behalf of the
Agency. The water rights for the CAWP system have been more vulnerable to shortages, as the water
right is less senior than others in the region. Thus, it is possible that the Agency could receive cutbacks to
its full allocation for its 1927 priority CAWP water right in severely dry years. Pursuant to an agreement
with PG&E, the Agency has the right to annually store 1,600 AF in Lower Bear River Reservoir with an
option (which has been exercised) to increase the storage to 3,000 AF. During the recent drought 20132015, the CAWP water right permit was curtailed and storage in Lower Bear River Reservoir was utilized
to meet demands. The Agency’s ability to meet current water demands is unlikely to be affected during
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multiple dry years given the pre-1914 appropriative water rights for the AWS system and storage
associated with the CAWP system.

5.2

Projected Reliability

The Agency will not be able to meet future demands under build-out and climate change conditions with
current supply sources. The Agency currently holds rights for up to 16,150 AFY, which is far less than
the anticipated future demand at buildout of 30,000 AFY to 33,000 AFY. The difference between
currently available supply and future demand ranges from 13,850 AFY and 16,850 AFY, as shown in
Figure 32. While the Agency has recently applied for an additional CAWP water right of 1,050 AFY, this
additional right will only address a small portion of future deficits.
Figure 32: Demand and Deficit for Baseline and Climate Change Scenarios

Additionally, future deficits may be exacerbated by decreased supply availability due to climate change.
As discussed in Chapter 4, climate change may decrease streamflow on the Mokelumne River and lead to
longer dry periods. Even under wet climate scenarios, peak streamflow is anticipated to shift earlier in the
year due to decreasing snowpack from increasing temperatures. Expanded storage capacity may be
necessary to capture earlier spring runoff so that the surface water will be available for use when demand
increases in June through September. If future climate conditions become drier than historical conditions
as forecasted by some climate models, the Agency may not only have to weather more frequent short dry
periods, but dry periods that last longer than anything experienced since the Agency was founded. Given
that the longest drought in the past 50 years lasted for six years, and droughts of up to nine years are
predicted in the Warm-Dry climate scenario, the Agency’s need for expanded capacity to carry over
storage from wet years may increase. Thus, additional supply projects must be considered to address these
hydrologic changes from historical conditions so that the Agency can meet customer demand as it
increases.
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5.3

Potential Supply Projects

The following supply projects, listed in Table 4, draw from MokeWISE and the Mokelumne-AmadorCalaveras (MAC) IRWMP documents. The proposed projects and studies developed through MokeWISE
received broad stakeholder support from participants in the study, including water agencies, cities,
counties, and environmental groups. These are projects that have been discussed by the Agency as
potential future projects, although the list is by no means exhaustive as other projects may be developed
for consideration in the future. Several of these projects have been discussed in MokeWISE and the MAC
IRWMP as a study only, and the yield provided is an estimate if the study were to progress to a
constructed project. Four of the projects, PG&E Reservoir Storage Recovery, Re-Operation of Existing
Storage, Reliability and Replacement Assessment for Dams at Blue and Twin Lakes, and Raise Lower
Bear, are specifically cited in AB 142 as projects that must be considered in the California Secretary of
Natural Resource’s Report.
Table 4: List of Potential Supply Projects

Potential Yield
(AFY or AF of
Added Storage)

Uses
Mokelumne
River Water

Project

Description

Shenandoah
Valley Water
Supply
Analysis+

Study to analyze current
and future water needs
of Shenandoah Valley
and options to insure
adequate water supplies.

Unknown

Potentially

MAC
IRWMP

Surface Storage
Feasibility
Study+

Study to assess the
feasibility of constructing
additional surface
storage in Amador and
Calaveras Counties.

Unknown

Potentially

MAC
IRWMP

Amador and
Calaveras
Counties
Hydrologic
Assessment+

Study to answer
questions regarding
groundwater recharge in
Amador and Calaveras
Counties so that
sustainable groundwater
evaluations can be
determined to guide land
use decisions and
provide direction to
water agencies.

PG&E Reservoir
Storage
Recovery*+

July 2017

Project to remove
sediment from PG&E
reservoirs on the
Mokelumne River to
increase available
storage.

Unknown

No

Source

MAC
IRWMP
MokeWISE

Regain up to
9,000 AF of
Storage

Yes

MAC
IRWMP
MokeWISE
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Re-operation of
Existing
Storage*+

Re-operate existing
storage to store water for
consumptive use in
addition to hydropower
generation.

Unknown

Reliability and
Replacement
Assessment for
Dams at Blue
and Twin
Lakes*+

Evaluate potential
replacement of old dams
to achieve increased
stability during an
earthquake and to
improve local water
supply reliability by
providing carry over
storage water through
winter.

13,000 AF of
Storage
Carryover1

Yes

Amador County
Regional Reuse
Project+

Regional approach to
increasing the amount of
reclaimed water used for
irrigation in Amador
County.

227 AFY

No

MokeWISE

Groundwater
Banking within
Eastern San
Joaquin
Groundwater
Basin+

Regional effort to divert
surface water from the
Mokelumne River and
bank it in groundwater
basins for later use.

Unknown

Yes

MokeWISE

Lake Camanche
Village
Recycled Water
Project+

Collaboration with
EBMUD to build a
regional reclamation
system in the Camanche
area. Reclaimed water to
be used for irrigation.

314 AFY

No

MokeWISE

Raise Lower
Bear*+

Raise Lower Bear River
Reservoir 32 ft. to
increase storage by
18,300 AF. Update
intake structure and
spillway, as well as
relocate adjacent roads
and operational facilities

2,600 AFY –
18,300 AFY2

Yes

MokeWISE

July 2017

Yes

MAC
IRWMP
MokeWISE

MAC
IRWMP
MokeWISE

43

Long-Term Needs and Water Supply Study
Amador Water Agency

Regional Urban
Water
Conservation
Program

Increase conservation
through plumbing
retrofits and turf
replacement programs to
meet conservation
standards.

5,600 AFY3

No

MokeWISE

*Project Specified in AB 142
+
Project Currently Proposed as Study
1. This is storage that could not be carried over from year to year. Additional storage in excess of 13,000 AF is
possible if the dams were to be enlarged.
2. The Agency may partner with other water providers, such as Calaveras County Water District (CCWD) or
EBMUD, to sponsor the project.
3. This amount is derived from the conservation calculations used to determine the amount of conservation at buildout needed to meet current goals. This value has been incorporated into ultimate demand projections.

Since the Agency likely will face deficits up to 16,850 AFY under build-out conditions, new supply projects
will have to be considered to address these deficits. The projects listed in Table 4 can be sorted into two
categories: reuse and expanded storage. The only planned reuse projects would yield an additional 540
AFY. Thus, the Agency will have to consider at least one, if not more, storage projects to address the total
potential deficits of 13,850 AFY to 16,850 AFY. As shown in Figure 33, these storage projects could be
necessary to address up to 97% of the total deficits under the hot and dry climate scenario. The locations of
the AWS and CAWP systems dictate that any new or expanded storage projects would utilize Mokelumne
River water.
Figure 33: Types of Projects to Address Deficits

July 2017

44

Long-Term Needs and Water Supply Study
Amador Water Agency
While the exact projects needed to address future deficits have not been determined at this time, several of
the projects proposed in Table 4 could be pursued to make up the deficits. Figure 34 shows how reuse
projects and storage expansion projects may be combined to address deficits, using expanded Blue and
Twin Lakes, as well as expanded Lower Bear to address the maximum deficit of 16,850 AFY under hot
and dry climate change. While these projects may not be needed in the near term, they most likely will
become necessary toward the end of the century as climate change occurs and as Amador County develops
toward build-out. Although the climate and build-out conditions anticipated in this Study are not expected
to happen for many years, the Agency must begin planning to identify which of the proposed projects are
feasible.
Figure 34: Example Projects to Address Deficits

5.4

Potential Impacts of Wild and Scenic Designation on Supply
Projects

The California Wild and Scenic River Act states in Public Resources Code section §5093.55:

“Other than temporary flood storage facilities permitted pursuant to Section §5093.57, no dam,
reservoir, diversion, or other water impoundment facility may be constructed on any river and
segment thereof designated in Section §5093.54; nor may a water diversion facility be constructed
on the river and segment unless and until the secretary determines that the facility is needed to
supply domestic water to the residents of the county or counties through which the river and
segment flows, and unless and until the secretary determines that the facility will not adversely
affect the free-flowing condition and natural character of the river and segment.”
Thus, any potential supply projects that involve using Mokelumne River water may be impacted by a
Wild and Scenic Designation on the river as they may “affect the free-flowing condition and natural
character of the river,” as determined by the California Secretary of Natural Resources.
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6

Conclusions

While the Agency has historically met customer demand with its existing water supplies, anticipated
demand increases and impacts due to climate change threaten the Agency’s ability to serve customers under
build-out conditions. In addition to the Agency’s water demands, JVID is expected to need an additional
9,900 AFY for agricultural needs in Amador County which is prior to considering climate change and
conservation. Demand within the Agency’s two major water systems (AWS and CAWP) is projected to
increase to 30,000 to 33,000 AFY (excluding JVID’s additional demands) at build-out, surpassing the
Agency’s current surface water rights and available supply. Increasing temperatures and shifts in
precipitation and snowmelt due to climate change are expected to strain the Agency’s current surface water
supplies such that maximum annual deficits may be even higher than the 16,850 AFY (future demand minus
current supply) at the end of the century. Additionally, dry climate futures predicted by some climate models
show that the Agency may face up to nine consecutive dry years, a longer drought period than any seen
over the past 50 years. Given the magnitude of anticipated deficits, small regional recycled water projects
and conservation will be helpful in bolstering the water supply in the short-term, but would not be sufficient
to fully meet demand. Storage expansion projects will become necessary over the long-term. Because of
where the Agency’s CAWP and AWS systems are situated, these projects would be located within the
Mokelumne River watershed.
Most of the projects proposed in MokeWISE and the MAC IRWMP, listed in Table 4,that would be large
enough to address these potential future deficits rely on expanding surface storage on the Mokelumne River.
The ability to construct these projects may be impeded by a Wild and Scenic River designation on the
Mokelumne River, as these projects would likely “affect the free-flowing condition and natural character
of the river.”
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June 2, 2017

Introduction

This memorandum details the methodology for developing Amador Water Agency (AWA) demand
projections using a land-use based approach. Future land use in Amador County was collected from
multiple planning documents:
•

Amador County Draft General Plan (2014)

•

City of Ione General Plan (2009)

•

City of Jackson General Plan (2008 Land Use Element)

•

City of Plymouth General Plan (2009)

•

City of Sutter Creek General Plan (1994)

A GIS shapefile containing land use for each of the above planning regions was obtained from
Amador County Transportation Commission (ACTC) which combined the future land use projection
files for each of the above cities and combined them with the county’s general plan land use layer.
These future land use projections are expected to be developed at “build-out” which has no defined
year. Further discussion of the assumptions used for build-out can be found in Section 2.5 Interpolating from Build-Out.
Amador County has many planned developments in near-term and longer-term planning stages. It
was assumed that near-term developments would be reflected accurately in the land use layers
provided by each respective city and Amador County. While specific information about these
developments was not used to inform this analysis, a review showed that all near-term
developments within the county matched their respective underlying land use types (e.g.
residential developments were located in residential land uses, mixed residential/commercial
developments were located in mixed use regions, etc.).
A slightly different analysis was conducted for three separate regions of the county, as shown in
Figure 1:
1) AWA’s current area of service, including both retail and wholesale. This was constructed by
mapping the geographic extent of parcels currently served by active AWA accounts.
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•

All future land use types within this area were considered.

2) Extent of the Central Amador Water Project (CAWP) service area boundary, not including
land contained within the current CAWP area served.
•

All land use types were considered, except for Agriculture.

•

Agricultural Transition, a primarily rural residential land use type, was included.

3) Remaining county area not contained by current area served and the CAWP service area
boundary.
•

Agricultural and Agricultural Transition land use types were not included. Only 50%
of rural residential land use area was included.

•

A very small total acreage of water-consumptive land uses (residential, mixed use,
commercial, etc.) were not included in the analysis because they are located along
the farthest eastern edge of Amador County and AWA does not expect to ever
provide water service to this area due to high elevations and distance.

Figure 2 shows a map of the land use types across the entire county, along with the boundaries
described in Figure 1.
First, the methodology for determining demands from land within the current water area served is
described in detail below. Second, any differences in methodology for calculating demands from
lands outside of the current area of water service are described in a following section.
Note that the projections for this demand analysis do not explicitly reflect climate change
assumptions as they relate to a changing future demand profile.
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Figure 1 – Breakdown of Three Regions of Land Use Analysis
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Figure 2 – Land Use Type Map
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2

Land within the Current Area of Water Service

The county-wide future land use layer was clipped by the limits of AWA’s current areas of water
service: Central Amador Water Project (CAWP) Retail, CAWP Wholesale, Amador Water System
(AWS) Retail, AWS Wholesale, Lake Camanche Village, and La Mel Heights. The area of each unique
land use type within each system was calculated and exported into Microsoft Excel for further
analysis. See Figure 3 for a breakdown of these future land use categories, aggregated into nine
categories.
Figure 3 – Future Land Use Breakdown within Current Area Served

A three-part approach was used for calculating total water demand based on projected land use
areas:
1) Residential land use – water demands were calculated by multiplying the number of
expected residents based on land use type by per capita water consumption.
2) Non-residential, non-agricultural land use - water demands were calculated using an areabased water demand factor calculated using historical AWA data.
3) Agricultural land use - water demands were calculated by assigning the same breakdown of
2014 crops to full build-out agriculture lands and then applying a California DWR areabased water demand factor to each crop type.
The methodology for each land use category is described further in the sections below.
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2.1

Methodology: Residential Land Uses

Total Residential water demands were calculated using the following formula:
(Area of Land Use Type) * (Dwelling units per acre density) * (People per dwelling unit) * (R-GPCD)
where R-GPCD represents the residential component of GPCD, or gallons per capita per day.
Table 1 shows a breakdown of the unique residential land use types in each planning area as well
as the allowable dwelling unit density according to each respective planning document.
For the unique planning areas where specific numbers of future dwelling units were known
(Regional Service Center, Town Center, Castle Oaks, Preston Reuse, and Ringer Ranch), a dwelling
unit density was created manually by dividing total number of expected dwelling units by the
respective land use area.
Table 1 – Residential Land Use Allowable Density

June 2017

Planning Area

Land Use Type

Amador City

Special Planning

Maximum
Dwelling
Units/Acre
6.2

Amador City

Residential Single Family

6.2

County

Special Planning Area

2A

County

Residential-Low Density

7

County

Residential-Medium Density

25

County

Residential-Rural

1

County

Agricultural Transition

0.2

County

Regional Service Center

4.3

County

Town Center

2.3

Ione

Rural Residential

2

Ione

High Density Residential

25

Ione

Downtown Transition

11.25B

Ione

Medium Density Residential

15

Ione

Low Density Residential

7

Ione

Castle Oaks

4.0

Ione

Preston Reuse

1.5

Ione

Ringer Ranch

4.8
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Planning Area

Land Use Type

Jackson

Residential Low Density

Maximum
Dwelling
Units/Acre
2

Jackson

Residential Duplex

10.9

Jackson

Residential Medium Density

14.5

Jackson

Residential High Density

21.8

Jackson

Residential Suburban

1

Jackson

Residential Single Family

5.4

Jackson Rancheria

Agricultural Transition

0.2C

Plymouth

Urban Residential

16

Plymouth

Auto Urban Residential

4.8

Sutter Creek

Residential and Professional Office

8

Sutter Creek

Residential High Density

22.5D

Sutter Creek

Residential Medium Density

15

Sutter Creek

Residential Suburban

6.2F

Sutter Creek

Residential Low Density

2

Sutter Creek

Residential Single Family

6.2

Sutter Creek-Gold Rush

Mixed Use Commercial, Office, Residential

3.1E

Sutter Creek-Gold Rush

Attached Residential

6.2F

Sutter Creek-Gold Rush

Single Family Residential

6.2F

Sutter Creek-Gold Rush

Mixed Use Commercial/Recreation

3.1E

Table 1 Notes:
A.

B.
C.
D.
E.
F.

The maximum is 18 DUs/ac, but this is not likely for all future Special Planning Areas. Camanche Village
Special Planning Area covers a large portion of all Special Planning Area and it has a density of 2 DU/ac.
Various calculations of average density across residential land use types in General Plans or in nearterm developments came to around 2 DUs/ac as well.
Downtown Transition assumes mix of multi-family and commercial-transition zoning. Assumed to be
75% of the maximum Ione multiple-family residential DUs/ac.
Assumed to be the same as Agricultural Transition in the County General Plan.
Average of the maximum dwelling unit density range of 16-29 DUs/ac.
Assumed to be 50% of single-family residential in Sutter Creek General Plan.
Assumed to be same as single-family residential in Sutter Creek General Plan.

People per dwelling unit came from 2010 U.S. Census Data at the block group level. The 29 block
groups in Amador County were matched with the master land use layer using the “Spatial Join” tool
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in ArcGIS. This ensured that each unique land parcel would have a spatially-relevant matched
attribute of people per household based on the underlying census block group.
A residential gallons per capita-day (R-GPCD) value was calculated for each water service area by
dividing the total residential consumption for each water service area by population. 2008-2013
was chosen as a representative baseline of water consumption before the reduced consumption in
2014-2015 due to the drought. Population for each water service area was determined using the
California DWR Population Tool that was made available for 2015 Urban Water Management Plans
(UWMPs). The tool calculates an area-weighted total population for a given water service
boundary shapefile using census block data in 2000 and 2010. Using a user-input number of
residential service connections in 2000 and 2010, the tool interpolates population from 2001 to
2009 and will also provide a population value for 2015. Population for 2008 – 2010 was obtained
directly from the DWR Population Tool, while 2011 – 2013 population was interpolated manually
between the population provided by the tool for 2010 and 2015.
The DWR Population Tool provided an average population in La Mel Heights of 2-3 people total, an
unrealistically low value which is a function of how the tool operates by calculating population from
portions of census blocks. Since the actual total population in La Mel Heights is known to be
significantly higher, a more precise value for population was calculated by multiplying the average
number of residential connections each year from 2008-2013 by the persons per household
according to the 2010 U.S. Census block group data (2.17 persons per household in La Mel Heights).
An average R-GPCD for each water service area based on a 2008 – 2013 baseline is shown in Table
2. Since residential consumption was only known for retail (not wholesale) regions, the R-GPCD for
AWS and CAWP retail were applied to the respective wholesale regions as well.
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Table 2 – Calculation of R-GPCD

AWS

CAWP

LCV

LMHA

Population
2008

9,129

3,774

901

128

2009

9,087

3,638

921

124

2010

9,028

3,519

957

124

2011

9,182

3,344

988

124

2012

9,336

3,169

1,019

124

2013

9,491

2,994

1,050

124

239,131

103,342

8,917

Residential Water Use (CCF)
2008
813,073
2009

690,713

225,963

92,513

7,353

2010

653,810

196,123

83,663

7,086

2011

712,669

194,266

82,622

6,595

2012

732,469

205,561

85,843

7,867

2013

744,700

246,757

93,883

7,449

R-GPCD (AF/capita/yr)
2008

0.204

0.145

0.263

0.160

2009

0.174

0.143

0.231

0.136

2010

0.166

0.128

0.201

0.132

2011

0.178

0.133

0.192

0.122

2012

0.180

0.149

0.193

0.146

2013

0.180

0.189

0.205

0.138

0.181

0.148

0.214

0.139

161

132

191

124

Average
(AF/capita/yr)
Average
(gal/capita/day)
Table 2 Notes:
A.

Population for La Mel Heights was calculated by multiplying number of residential connections
each year by the persons per household according to the 2010 U.S. Census block group data
(2.17 persons per household).

Total residential land use demands at build-out are summarized in Table 3. Further discussion of
the assumptions used for build-out can be found in Section 2.5 - Interpolating from Build-Out.
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Table 3 – Summary of Residential Water Demands at Build-Out

2.2

Water Service Area

Residential
Water Demand
(AF)

AWS Retail

4,029

AWS Wholesale

3,177

CAWP Retail

1,317

CAWP Wholesale

694

La Mel Heights

12

Lake Camanche Village

464

TOTAL

9,694

Methodology: Non-Residential, Non-Agricultural Land Uses

For non-residential, non-agricultural land uses, an area-based water demand factor was calculated
based on actual AWA data. Average annual water consumption by account for 2008-2013 was
matched to the area of the account’s particular parcel by Assessor’s Parcel Number (APN) in a
county parcel layer. The 16 non-residential AWA account types were reclassified into three
categories as shown in Table 4: Commercial, Industrial, or Institutional. Several account types were
screened out in the process of calculating area-based water demand factors because they were
either residential, wholesale, or not pertaining to a particular land use type.
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Table 4 – Account Type Reclassification for Calculation of Area-Based Demand Factors

Account
Code
C1

Definition

Reclassification

CAWP Residential

(screened out)A

C2

CAWP Commercial

Commercial

C3

CAWP Commercial

Commercial

C4

CAWP Commercial

Commercial

CS

AWS Commercial

Commercial

CW

CAWP Wholesale

(screened out)

DI

Untreated Ditch (Canal)

(screened out)

DO

Domestic Treated

(screened out)

IN

Industrial

Industrial

LC

Lk Camanche Commercial

Commercial

LI

Light Industrial (prison)

(screened out)B

LM

La Mel Residential

(screened out)

LR

Lk Camanche Residential

(screened out)

MC

Martell Commercial (served from
Tanner)

Commercial

MU

Multi Unit

(screened out)

PA

Public Agency (Schools, hospitals, etc)

Institutional

Table 4 Notes
A.

B.

Residential, wholesale, and a few other account types were screened out in the process of calculating area-based
water demand factors. This only pertains to calculation of non-residential demand factors and does not mean these
land use types were excluded from future water use projections.
The prison was screened out of the industrial water demand factor analysis because it does not represent typical
industrial water use expected in future industrial land use types.

Total consumption by category for the selected accounts was divided by total area to calculate a
water demand factor, as shown in Table 5. To calculate an average yearly consumption from 2008
– 2013 historical data, several steps of filtering were required:
•

“0” or negative consumption recorded in a single year was ignored for that year only.

•

Each account was only included if there was positive (non-zero, non-negative) consumption
for a minimum of three out of six years.
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•

113 accounts were screened out because either AWA did not have an APN to match up with
an area in the County parcel map OR the available APN was unable to match with any parcel
in the County’s parcel map.

•

One Commercial account was removed from the analysis because it was found to have a
parcel area four times larger than the next largest parcel. This caused it to have an
extremely low water consumption per acre and was skewing down the aggregate
Commercial value. Three additional Commercial parcels were removed from the analysis
because they were found to have two of the lowest water consumption to area ratios that
were suspected to be skewing down an accurate representation of the whole.
Table 5 – Area-Based Water Demand Factor Calculation

Account Type
Reclassification

Number of
Accounts

Total
Consumption
(AF)

Total
Area
(Acres)

Water
Demand
Factor
(AF/ac)

Commercial

360

287

921

0.312

IndustrialA

1

255

190

1.344

Institutional

55

136

289

0.471

Table 5 Notes
A.

Since there was only 1 available industrial account, this value was not used. See text below for explanation of
actual industrial water demand factor used.

Since only 1 industrial account was available for calculations in Table 5, a separate value had to be
calculated. The Northern California Water Association published a “Land Use/Water Supply
Analysis Guidebook” for the Sacramento Valley as an addendum to an Integrated Regional Water
Management Plan in November 2007. Typical water demand factors for light industrial and heavy
industrial land use types were reported, broken down by indoor, hardscape, and landscape uses.
These values were averaged to 1.575 AF/ac. This water demand factor was used for future Amador
County industrial land use types.
Several future land use types found in the General Plans pertain to recreation and parks which are
expected to have an irrigation demand. Since AWA does not have a classification for irrigationspecific accounts, an irrigation area-based water demand factor could not be calculated. Instead, an
irrigation value calculated for a similar land-use water demands study for Calaveras County Water
District’s 2015 UWMP was used (1.065 AF/ac).
Each projected non-residential, non-agricultural land use type was sorted into one of the four
categories (Commercial, Industrial, Institutional, or Irrigation). For land uses that are mixed use, a
weighting factor was used to reduce the expected water demand for that particular land use (e.g. a
mixed residential/commercial land use might be 50% residential and 50% commercial, thus its
commercial water demand factor is cut in half). Land use types with a reclassification of “IGNORE”
were assumed to not have any water demands. See Table 6 for the land use type assignments and
adjusted water demand factors.
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Table 6 – Adjusted Area-Based Water Demand Factors for Non-Residential Land Uses

Land Use Type

Reclassification

Water
Demand
Factor
(AF/ac)

Auto Urban Commercial

Commercial

0.31

100%

Adjusted
Water
Demand
Factor
(AF/ac)
0.31

Casino

Commercial

0.31

100%

0.31

Castle OaksA

Commercial

0.31

5%

0.02

Central Business District

Commercial

0.31

100%

0.31

Commercial

Commercial

0.31

100%

0.31

Commercial Retail

Commercial

0.31

100%

0.31

Conservation and Open Space Preserve

IGNORE

0.00

0%

0.00

Downtown Commercial

Commercial

0.31

100%

0.31

Downtown TransitionB

Commercial

0.31

25%

0.08

General Commercial

Commercial

0.31

100%

0.31

General Forest

IGNORE

0.00

0%

0.00

Historic Commercial

Commercial

0.31

100%

0.31

Industrial

Industrial

1.58

100%

1.58

Industrial H and L

Industrial

1.58

100%

1.58

Light Industrial

Industrial

1.58

100%

1.58

Light/Medium Manufacturing

Industrial

1.58

100%

1.58

Limited Commercial

Commercial

0.31

100%

0.31

Mineral Resource ZoneC

Industrial

1.58

10%

0.16

Mixed Use Commercial, Office,
ResidentialD

Commercial

0.31

50%

0.16

Mixed Use Commercial/RecreationD

Commercial

0.31

50%

0.16

NONE

IGNORE

0.00

0%

0.00

Office Commercial

Commercial

0.31

100%

0.31

Office/Research and Development

Commercial

0.31

100%

0.31

Open Forest

IGNORE

0.00

0%

0.00

Open Recreation

IGNORE

0.00

0%

0.00

June 2017

Weighting
Factor

13

AWA Land Use Based Water Demand Projections

Land Use Type

Reclassification

Water
Demand
Factor
(AF/ac)

Open Space

IGNORE

0.00

0%

Adjusted
Water
Demand
Factor
(AF/ac)
0.00

Parks and Rec

Irrigation

1.07

100%

1.07

Preston ReuseE

Commercial

0.31

70%

0.22

Professional Office

Commercial

0.31

100%

0.31

Public

Institutional

0.47

100%

0.47

Public and Quasi-Pubic

Institutional

0.47

100%

0.47

Public Institutional

Institutional

0.47

100%

0.47

Public ServiceF

Institutional

0.47

50%

0.24

Public Service - RecreationG

Irrigation

1.07

10%

0.11

Public ServicesH

Institutional

0.47

50%

0.24

Public Utility Easement

IGNORE

0.00

100%

0.00

Recreation ZoneI

Irrigation

1.07

30%

0.32

RecreationalJ

Irrigation

1.07

0%

0.00

Regional Service CenterK

71.5%
Commercial &
28.5%
Industrial

0.61

75%

0.45

Residential and Professional OfficeD

Commercial

0.31

50%

0.16

Right of Way

IGNORE

0.00

0%

0.00

Special PlanningL

Commercial

0.31

25%

0.08

Special Planning AreaL

Commercial

0.31

25%

0.08

Suburban Commercial

Commercial

0.31

100%

0.31

Urban Commercial

Commercial

0.31

100%

0.31

Water

IGNORE

0.00

0%

0.00

Town CenterD

Commercial

0.31

50%

0.16

Open Wilderness

IGNORE

0.00

0%

0.00

Ringer RanchM

Commercial

0.31

10%

0.03
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Table 6 Notes
A.

Castle Oaks is expected to have 70,000 sf of commercial/office space. At average floor-to-area ratio of 0.625 (Ione
Zoning), this is 2.57 ac which is ~5% of total Castle Oaks area of 52 ac.
B. Downtown Transition is zoned for multi-family residential and commercial. Assumed to be 75% residential, 25%
commercial.
C. Mineral Resource Zone covers 11,868 acres in the entire county. Only about four facilities currently receive or are
expected to receive AWA water in the future with any others expected to find their own source of water. In absence of
expected mining production amounts from these known facilities, 10% of the total Mineral Resource Zone was
assumed to be supplied with water using the Industrial water demand factor.
D. Assumed to be 50% commercial and 50% other (either residential or commercial).
E. Preston Reuse is expected to have 760,000 sf of office capacity. At average floor-to-area ratio of 0.925 (Ione Zoning),
this is 18.86 ac which is larger than 17 ac total property size. Since 25 residential units are expected, it was assumed
for simplicity that 70% of area would be Office and 30% residential.
F. “Public Service” is a designation in Ione. A large portion of future “Public Service” area is currently Open Space,
Mining, or Agricultural Transition. In absence of more specific property information, this was assumed to not use full
institutional water usage in the future and was weighted by 50%.
G. “Public Service – Recreation” is a designation in Sutter Creek which is a school facility which is estimated to have 10%
irrigation.
H. “Public Services” is a designation for the county. It includes typical institutional uses, but also large acreages in
highway rights-of-way. For this reason, it was weighted to 50%.
I. “Recreation Zone” is a designation in Sutter Creek. Current Google Earth imagery shows this to be 2 irrigated fields
and one large non-irrigated parcel. A 30% irrigation was estimated for this land use type.
J. “Recreational” is a designation in Jackson for primarily one large parcel which does not appear to be irrigated
according to recent Google Earth imagery.
K. The only “Regional Service Center” refers to the community of Martell which has a maximum of 2.5 million sf of
commercial and 1 million sf of industrial space at an average intensity of 5,100 sf per acre (0.12 FAR). This comes to
~670 ac which is almost 99% of the total property size of 679 ac, meaning the average FAR is not a perfect number for
calculating total plotted area of non-residential development. Since desired land use is mixed with residential but an
emphasis on commercial and industrial, it was assumed to be 75% non-residential. Within the 75%, 71.5% is
commercial and 28.5% industrial.
L. Special Planning/Special Planning Areas are purposely vague in General Plans. It was assumed that most Special
Planning Areas with be primarily residential, with a 25% component included for potential Commercial mixed-use land
types.
M. Ringer Ranch is primarily designated for residential land uses, with 50,000 sf of Commercial development capacity
which was assumed to be 10%.
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A summary of total non-residential, non-agricultural water demands at build-out are included in
Table 7. Further discussion of the assumptions used for build-out can be found in Section 2.5 Interpolating from Build-Out.
Table 7 - Summary of Non-Residential, Non-Agricultural Water Demands at Build Out

2.3

Water Service Area

Non-Residential Water
Demand (AF)

AWS Retail

1,308

AWS Wholesale

377

CAWP Retail

138

CAWP Wholesale

11

La Mel Heights

0

Lake Camanche Village

10

TOTAL

1,844

Methodology: Agricultural Land Uses

28% (6,724 acres) of the current AWA area served is expected to have an agricultural land use.
Since the exact distribution of crop types in the future is not known, the 2014 county crop cover
breakdown was applied to the area of future agricultural lands. Water demand factors were
assigned to each crop type based on California DWR calculations of applied water for irrigated
cropland across all of California in 2010.
Note that 95% of all Amador County agricultural lands in 2014 were non-irrigated pasture. It was
assumed that all parcels of agricultural land within the current water area served will be irrigated
since the extent of the current area served is largely based on specific parcels that are known water
customers.
The water demands were multiplied by 33% to account for the fact that not all parts of agricultural
plots of land are irrigated. This value was calculated based on 2016 Amador County data collected
by the Sacramento Amador Water Quality Alliance. The data compares area of irrigated acres to
total acres, broken down by individual parcel. These values were self-reported by farmers as a
result of the Regional Water Quality Control Board’s Irrigated Lands Program. Parcels that
reported 0% of land area under irrigation were excluded from the calculation. See Table 8 for the
distribution of crop types and matched water demand factors.
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Table 8 – Agricultural Breakdown and Crop-Specific Water Demand Factor

2014 Amador Crop Type
Wine Grapes
Walnuts

2014
Harvested
Acres
(Countywide)
3,899
239

% of
total
area
46.3%
2.8%

DWR Water
Demand
Factor (AF/ac)
1.86
3.30

33%
Adjusted
Water
Demand
Factor
(AF/ac)
0.61

DWR Crop
Category
Vine

1.08

Other Deciduous
(includes walnuts)

101

1.2%

3.12

1.02

Subtropical
(includes olives
and kiwis)

Hay, Alfalfa

451

5.4%

5.05

1.66

Alfalfa

Hay, Grain (Wheat
For/Fod, Oats For/Fod)

903

10.7%

1.39

0.46

Grain (includes
wheat and oats)

Misc (Olive Oil, Kiwis)

Hay, Other (Dry Land
Hay, Ryegrass For/Fod)
Pasture Irrigated

458

5.4%

1.39

0.33

25% of Pasture
which includes
Ryegrass

2,050

24.4%

4.05

1.33

Pasture

0.89

50% Corn, 50%
Other Field crops
which includes
sudan grass

Misc Crops (Sudan
Grass, Corn For/Fod)
Total

316

3.8%

8,417

100.0%

2.72

An additional 3,478 acres are expected to be “Agricultural Transition”, a primarily rural residential
land use type in the County General Plan that is permitted to have small-scale agriculture (e.g.
limited animal husbandry, family garden, orchard, or vineyard). Amador’s Planning department
indicated that agricultural uses have been somewhat limited in current developments under this
land use type, but some have developed with vineyards. For the land-use based projection, it was
assumed that 10% of the area of this primarily residential land use type would use water for
agricultural purposes, using the same breakdown of water use factors described above. Note that
the residential component of water use for Agricultural Transition land use types is tabulated
separately in the earlier residential land uses section. A summary of total agricultural water
demands at build-out are included in Table 9. Further discussion of the assumptions used for buildout can be found in Section 2.5 - Interpolating from Build-Out.
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Table 9 - Summary of Agricultural Water Demands at Build Out

2.4

Water Service Area

Agricultural Water Demand
(AF)

AWS Retail

4,546

AWS Wholesale

1,056

CAWP Retail

272

CAWP Wholesale

48

La Mel Heights

5

Lake Camanche Village

9

TOTAL

5,936

Water Losses

Water losses were incorporated as a percent of demand. Table 10 shows the water losses in 2015
as a percent of 2015 demands for CAWP, Lake Camanche Village, and La Mel Heights. These values
were calculated by AWA for each system as part of the AWWA Water Loss Audit required for the
2015 Urban Water Management Plan. The same percentage of water loss was used to calculate
future water losses for each respective water system through build-out.
Table 10 – Water Loss Percentage Used for Projections (all systems except AWS)

2015 DemandsA
(AF)

2015 Water LossesB
(AF)

Water Loss %C

CAWP

396

84

17.57%

La Mel Heights

12

<1

0.31%

Lake Camanche Village

152

40

20.83%

Table 10 Notes
A. Excludes wholesale demands and agricultural raw water demands (does include non-agricultural
raw water demands).
B. AWA Water Loss calculations included retail and non-agricultural raw water demands
(excluding wholesale and any agricultural raw water demands)
C. Water loss percent is calculated as a percent of total demands: (Volume Losses)/(Volume of
Losses + Volume of Demands)

Water loss in the AWS system had to be calculated separately because several system
improvements are expected in the near-term and closer to 2040 which will reduce losses
significantly. Additionally, since 2015 was an abnormal consumption year due to the drought, the
calculated 2015 water losses for AWS do not line up well with the volume of expected savings from
the system improvements during a normal water year.
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To calculate AWS losses, total consumption was subtracted from total production to estimate
unaccounted-for water in 2010-2012 in Table 11.
Table 12 lists projects expected to reduce losses in AWS by 2020. One additional but significant
project is the installation of a small diameter pipeline from Amador Canal to New York Ranch. The
completion date of the pipeline is unknown, but it is expected to be installed by 2040. To build in
the uncertainty about the pipeline installation, its expected water loss reduction of 1,800 AF was
added incrementally from 2021-2040 at 5% per year. Finally, Table 13 calculates the adjusted
water loss percent used in projections from 2020-2035 and 2040 to buildout. Note that for
simplicity, water losses are shown in 5-year increments for 2020-2040 but were calculated and
applied annually in the land use model.
Table 11 – Calculation of Percent Unaccounted-For Water in AWS 2010-2012

Year
2010

2011

2012

Average

ProductionA

7,160

7,325

8,130

7,538

ConsumptionB

4,393

4,170

4,501

4,355

Unaccounted-For Water (Production - Consumption)

2,768

3,155

3,629

3,184

Table 11 Notes
A. All diversions from river, including raw water and what was sent to Tanner and Ione Water
Treatment Plants
B. Includes all wholesale and raw water demands

Table 12 – Projected Water Loss Reduction from Projects to Reduce Losses in AWS

Project

Projected volume of loss
reduction in normal
water year (AF)

Unimin Pipeline Replacement

73

Lower Amador Canal Project

500

Ione Canal Replacement (with Piping)

190

Sum of Improvements by 2020

763

Small Diameter Pipeline from
Amador Canal to New York Ranch
(1,800 AF of savings per year added
incrementally at 5% per year from
2021-2040)

2021 (5%)

90

2025 (25%)

450

2030 (50%)

900

2035 (75%)

1,350

2040 (100%)

1,800

Sum of Improvements by 2040

June 2017

2,563

19

AWA Land Use Based Water Demand Projections
Table 13 – AWS Water Loss Percentages Used for Projections

2.5

Year

2010-2012
Average
Total
Demands
(AF)

2010-2012
Average
UnaccountedFor Water
(AF)

Projected
volume of
loss
reduction
(AF)

Projected
Volume of
Water Loss
(AF)

Projected
Water Loss %

2020

4,355

3,184

763

2,421

35.73%

2021

4,355

3,184

853

2,331

34.86%

2025

4,355

3,184

1,213

1,971

31.16%

2030

4,355

3,184

1,663

1,521

25.88%

2035

4,355

3,184

2,113

1,071

19.74%

2040 and beyond

4,355

3,184

2,563

621

12.48%

Interpolating from Build-Out

It was assumed that the water demands based on land use correspond to a build out at 2100.
Within the AWA current area served, the compounded annual growth rate for water demands from
2016-2100 is 1.12% which is within a typical expected growth range of 1-2% for similar types of
long-term studies. While population is a key driver in water demand, in the past decade the
evolution of demand in AWA current area served has not only been dependent on population.
Weather, drought, income and employment, active and passive conservation measures have played
a role in water use, including major system improvements in 2002 and 2007 which reduced system
losses. Thus, it is difficult to compare the future 1.12% annual growth rate to historical growth in
water demands in AWA’s area of service. However, the 1.12% projected growth rate based on 2100
build-out does match closely with the historical 1.11% compounded annual growth rate for AWA
population served from 1995-2015.
Water consumption was interpolated linearly from 2016 to 2100 to determine interim projected
water demands. While 2016 was used as the “current” year for interpolation purposes, note that
2008-2013 average demands were used as a baseline demand in 2016.
See Table 14 for a summary of the land use demand projections for AWA.
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Table 14 – Total Projected Land Use Based Water Demands for AWA Current Area Served (AF)

Consumptive Demands

Water Losses

Total Demands

YearA

AWS Retail

AWS
Wholesale

CAWP Retail

CAWP
Wholesale

La Mel
Heights

Lake
Camanche
Village

2016B

3,321

1,168

596

235

17

210

1,846

127

0

55

6,335

958

17

266

7,576

2020

3,634

1,332

649

260

17

223

2,020

138

0

59

6,985

1,048

17

282

8,333

2025

4,024

1,537

717

291

17

239

1,821

153

0

63

7,382

1,160

17

302

8,862

2030

4,415

1,742

784

322

17

256

1,542

167

0

67

7,698

1,273

17

323

9,311

2035

4,805

1,946

851

352

17

272

1,182

181

0

72

7,933

1,385

17

343

9,680

2040

5,196

2,151

919

383

17

288

741

196

0

76

8,088

1,498

18

364

9,967

2045

5,587

2,356

986

414

17

304

796

210

0

80

8,739

1,610

18

384

10,752

2050

5,977

2,561

1,053

445

18

321

852

225

0

84

9,390

1,723

18

405

11,536

2055

6,368

2,766

1,121

476

18

337

908

239

0

89

10,042

1,835

18

425

12,320

2060

6,758

2,971

1,188

507

18

353

963

253

0

93

10,693

1,948

18

446

13,104

2065

7,149

3,176

1,255

538

18

369

1,019

268

0

97

11,344

2,060

18

466

13,888

2070

7,540

3,380

1,323

568

18

386

1,075

282

0

101

11,995

2,173

18

487

14,673

2075

7,930

3,585

1,390

599

18

402

1,131

296

0

106

12,646

2,285

18

507

15,457

2080

8,321

3,790

1,457

630

18

418

1,186

311

0

110

13,297

2,398

18

528

16,241

2085

8,712

3,995

1,524

661

18

434

1,242

325

0

114

13,948

2,510

18

548

17,025

2090

9,102

4,200

1,592

692

18

450

1,298

339

0

119

14,600

2,623

18

569

17,809

2095

9,493

4,405

1,659

723

18

467

1,353

354

0

123

15,251

2,735

18

589

18,594

2100

9,883

4,610

1,726

754

18

483

1,409

368

0

127

15,902

2,848

18

610

19,378

AWS

CAWP

La Mel
Heights

Lake
Camanche
Village

AWS

CAWP

La Mel
Heights

Lake
Camanche
Village

Total AWA

Table 14 Notes:
A.
B.

Assumes a 2100 build out
“2016” values were really an average 2008-2013 baseline used for interpolation.
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3

Land Outside of the Current Water Area Served

The master future land use layer was clipped to remove land contained by AWA’s current area
served. Next, the remaining area was split between the CAWP service area boundary and the
remaining county area (see Figure 1). Some slightly different assumptions and analyses were used
when compared with the methodology for the demands from the current area served, which are
described in each section.
See Figure 4 for a breakdown of future land use within the CAWP extent. See Figure 5 for a
breakdown of future land use within the remaining county area.
Figure 4 – Breakdown of Land Use within Extent of CAWP service area boundaryA

Figure 4 Notes:
A.

Note that this does not include land area within the current AWA area served
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Figure 5 – Breakdown of Land Use within County Outside of Current Area Served and CAWP
Service Area

A similar three-part approach was used for calculating total water demand based on projected land
use areas: Residential, Non-Residential/Non-Agricultural, and Agricultural. The methodology for
each land use category is described further in the sections below.

3.1

Methodology: Residential Land Uses Outside of Current Area
Served

Total Residential water demands were calculated in the same way as within the current area served
using the following formula:
(Area of Land Use Type) * (Dwelling units per acre density) * (People per dwelling unit) * (R-GPCD)
where R-GPCD represents the residential component of GPCD, or gallons per capita per day.
The same allowable dwelling unit densities per residential land use type were used from Table 1.
People per household was pulled directly from the 2010 census block group layer.
For the CAWP potential service area boundary, the R-GPCD value of 0.148 AF/capita/year for
CAWP was used from Table 2.
For the remaining county area, an average R-GPCD value was calculated for the entire county area
by summing the total residential 2008-2013 baseline for each of the AWA water service areas and
dividing by the total residential population in each respective year.
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Table 15 – Calculation of Overall R-GPCD

Total
PopulationA

Total
Residential
R-GPCD
R-GPCD
Consumption (AF/capita/yr) (gal/capita/yr)
(AF)
2,673
0.192
171

2008

13,932

2009

13,770

2,334

0.169

151

2010

13,628

2,160

0.158

141

2011

13,638

2,287

0.168

150

2012

13,648

2,369

0.174

155

2013

13,658

2,509

0.184

164

0.174

155

Average
Table 2 Notes:
A.

Population for La Mel Heights was calculated by multiplying number of residential connections
each year by the persons per household according to the 2010 U.S. Census block group data
(2.17 persons per household).

Within the CAWP service area boundary, the total residential land use demands at build-out are
1,385 AF.
Within the remaining county area, the total residential land use demands at build-out are 5,440 AF.
Note that residential demands from Agricultural Transition land use types (minimum parcel size of
5 acres according to zoning) were ignored in the remaining county area. Parcels of 5 acres or larger
are not expected to be served by AWA. Additionally, the minimum parcel size for “Residential
Rural” parcels is 5-acres with no public water supply or 1-acre with available public water supply.
Residential Rural land use area was weighted by 50% to account for this difference, assuming that
about half of rural residential homes will receive AWA public water service in the future.

3.2

Methodology: Non-Residential, Non-Agricultural Land Uses
Outside of Current Area Served

Non-Residential, Non-Agricultural demands were calculated using the same methodology as the
current area served.
Within the CAWP service area boundary, the total non-residential, non-agricultural water demands
at build-out are 435 AF.
Within the remaining county area, the total non-residential, non-agricultural water demands at
build-out are 4,799 AF.
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3.3

Methodology: Agricultural Land Uses Outside of Current Area
Served

Within the CAWP service area boundary, only agricultural demands from the Agricultural
Transition land use type were included. It was assumed that 10% of the area of this primarily
residential land use type would use water for agricultural purposes. This totaled 721 AF at buildout.
Within the remaining county area, agricultural demands expected to be met by AWA from both
Agriculture and Agricultural Transition land use types are estimated to be 0 AF, with the exception
of known agricultural areas which are considered water supply projects.

3.4

Additional Demands from Jackson Valley Irrigation District,
Shenandoah Valley, and Willow Springs Irrigation District

Jackson Valley Irrigation District (JVID) and Shenandoah Valley are two existing agricultural
regions in Amador County that do not currently receive water from AWA, but are experiencing
growth in water demands that could exert potentially large demands on the Mokelumne River
water supply in the future. Willow Springs Irrigation District is a small inactive irrigation district
that may have demands in the future. See AWA’s Long Term Needs and Water Supply Study
Appendix B for more detail on the following demand projections.
Currently, JVID’s water supply comes from a right to divert Jackson Creek at 110 CFS for storage of
36,000 AF in Lake Amador. JVID also can divert 3,850 AFY from the Mokelumne River at 50 CFS,
but with no storage rights. It is expected that this will decrease to 2,800 AFY as AWA increases its
diversion of the Mokelumne River upstream in the CAWP area. According to an ongoing study,
JVID’s current demand is approximately 10,040 AFY and is expected to increase by 9,907 AFY to a
total potential future demand of close to 20,000 AFY.
Currently, Shenandoah Valley is served by groundwater and some local stormwater capture. Some
growers, especially larger ones, are having water supply issues with wells. Agricultural use is also
growing in the Valley and many vineyards are converting from dry farming to irrigated grapes. An
ongoing study by Toma and Associates estimates that current vineyard and walnut grove demands
in Shenandoah Valley are 3,167 AFY and are expected to grow by 1,548 AFY to a total 4,715 AFY.
The same North County water demands study by Toma and Associates also shows that Willow
Springs Irrigation District, which is currently inactive, may have demands of approximately 1,500
AFY in the future due to an expected 500 acres of irrigated pasture.
Together, the increase in demands expected from JVID, Shenandoah Valley, and Willow Springs
Irrigation District is approximately 12,700 AFY. The future sources of supply to meet these
demands are somewhat unknown and AWA does not expect to supply them, but it is important to
be aware these potential demands on the Mokelumne River as a potential regional supply.

3.5

Water Losses Outside of Current Area Served

For the CAWP service area boundary, the percent water loss value of 17.57% for existing CAWP
retail area was used from Table 10.
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For the remaining county area, a single average water loss value was calculated by weighting the
percent water loss for each system by total 2015 demands per system. Due to the changing percent
water loss in the AWS system (as described in Table 13), this weighted calculation was done
separately for 2016-2020 (constant), 2021-2039 (changes every year due to expected AWS
improvements), and 2040-2100 (constant). Table 16 shows an example of how this was calculated
for the 2016-2020 period while Table 17 reports the weighted water loss percentages used 20162100. Note that for simplicity, water losses are shown in 5-year increments for 2020-2040 but
were calculated and applied annually in the land use model.
Table 16 – Example Calculation of County-Wide Water Loss – 2016-2020

Water Service
Area

2015
demands,
including all
raw and
wholesale
(AF)

2015
demands as
percent of
total

% Water
Loss Used in
AWA
current area
served

AWS

2,988

80%

35.73%

CAWP

587

16%

17.57%

LMH

12

0%

0.31%

LCV

152

4%

20.83%

Weighted average % water loss

32.16%

Table 17 – Projected County-Wide Water Loss Percentages

3.6

Year(s)

Projected
Weighted Average
Percent Water Loss

2016-2020

32.16%

2021

31.47%

2025

28.50%

2030

24.29%

2035

19.38%

2040 and beyond

13.58%

Interpolating from Build-Out

The same assumption of build out at 2100 was used for areas outside of the current area served
(see Section 2.5). Water consumption was interpolated linearly from 2016 to 2100 to determine
projected water demands. 2016 demands are zero, since the area is not currently served.

June 2017

26

AWA Land Use Based Water Demand Projections
See Table 18 for a summary of the land use demand projections for the CAWP service area
boundary and Table 19 for the remaining county area.
Table 20 shows a summary of total land use demands projections for all three study areas, shown
graphically in Figure 6.
Table 18 – Projected Land Use Based Water Demands for CAWP Service Area Boundary (AF)

June 2017

Year

Demands

Water Losses

Total Demands

2016

0

0

0

2020

121

26

147

2025

272

58

330

2030

423

90

514

2035

575

122

697

2040

726

155

881

2045

877

187

1,064

2050

1,028

219

1,248

2055

1,180

251

1,431

2060

1,331

284

1,614

2065

1,482

316

1,798

2070

1,633

348

1,981

2075

1,784

380

2,165

2080

1,936

413

2,348

2085

2,087

445

2,532

2090

2,238

477

2,715

2095

2,389

509

2,899

2100

2,541

542

3,082
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Table 19 – Projected Land Use Based Water Demands for County Area Outside of Current Area
Served and CAWP Service Area (AF)

June 2017

Year

Demands

Water Losses

Total Demands

2016

0

0

0

2020

488

231

719

2025

1,097

437

1,534

2030

1,706

548

2,254

2035

2,316

557

2,873

2040

2,925

460

3,385

2045

3,535

555

4,090

2050

4,144

651

4,795

2055

4,754

747

5,501

2060

5,363

843

6,206

2065

5,973

938

6,911

2070

6,582

1,034

7,616

2075

7,192

1,130

8,322

2080

7,801

1,226

9,027

2085

8,411

1,321

9,732

2090

9,020

1,417

10,437

2095

9,629

1,513

11,142

2100

10,239

1,609

11,848
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Table 20 – Summary of Projected Land Use Based Water Demands

Year

AWA Current Area
Served

CAWP Service Area
Boundary

Remaining
County Area

Total

2016

7,576

0

0

7,576

2020

8,333

147

719

9,199

2025

8,862

330

1,534

10,726

2030

9,311

514

2,254

12,079

2035

9,680

697

2,873

13,250

2040

9,967

881

3,385

14,233

2045

10,752

1,064

4,090

15,906

2050

11,536

1,248

4,795

17,579

2055

12,320

1,431

5,501

19,252

2060

13,104

1,614

6,206

20,924

2065

13,888

1,798

6,911

22,597

2070

14,673

1,981

7,616

24,270

2075

15,457

2,165

8,322

25,944

2080

16,241

2,348

9,027

27,616

2085

17,025

2,532

9,732

29,289

2090

17,809

2,715

10,437

30,961

2095

18,594

2,899

11,142

32,635

2100

19,378

3,082

11,848

34,308

June 2017
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Figure 6 – Total Projected Land Use Based Water Demands

June 2017
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4

Demands Including Conservation

4.1

Total Demands With and Without Conservation

The demand projections described in Chapters 2 and 3 of this memorandum utilize historical water use
information to project water use in the future. Given that residential conservation is likely to increase in the
future, a R-GPCD of 107 was used to reflect an anticipated decrease in indoor residential water use of 15
GPCD and in outdoor residential water use of 20%. Using a R-GPCD of 107 leads to an overall reduction
in residential water demand across the parcels anticipated to be served by the Agency of about 20%. No
other assumptions or changes were made to the model, and the model was re-run with this decreased RGPCD determine demand with that level of residential conservation.

Table 21 shows a summary of total land use demand projections for all three study areas including
conservation. For reference, total demands using the without conservation are listed in the final column.
Table 21 – Summary of Projected Land Use Based Water Demands

Year

AWA Current Area
Served

CAWP Service Area
Boundary

Remaining
County Area

Total with
Conservation

Total
without
Conservation

2016

7,576

0

0

7,576

7,576

2020

8,000

123

461

8,584

9,199

2025

8,530

277

1,038

9,845

10,726

2030

9,060

431

1,615

11,105

12,079

2035

9,590

584

2,192

12,366

13,250

2040

10,120

738

2,768

13,626

14,233

2045

10,650

892

3,345

14,887

15,906

2050

11,180

1,046

3,922

16,147

17,579

2055

11,710

1,199

4,498

17,408

19,252

2060

12,240

1,353

5,075

18,668

20,924

2065

12,770

1,507

5,652

19,929

22,597

2070

13,300

1,661

6,229

21,190

24,270

2075

13,830

1,814

6,805

22,450

25,944

2080

14,360

1,968

7,382

23,711

27,616

2085

14,890

2,122

7,959

24,971

29,289

2090

15,420

2,276

8,535

26,232

30,961

2095

15,950

2,429

9,112

27,492

32,635

2100

16,480

2,583

9,689

28,753

34,308

June 2017
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5

Demands Included in CAWP Water Right Application

In 2017, AWA applied for an additional water right for the CAWP system to meet anticipated growing
demand. Future demands within the CAWP Service Area Boundary, including the current CAWP system,
were used to provide a buildout demand estimate for the Environmental Impact Report (EIR) associated
with this water right application. The demand estimate, including conservation, for the CAWP Service Area
Boundary was combined with demand projected for the parcels within the AWA Current Area Served that
are part of the existing CAWP system. The area analyzed is shown in Figure 7.
Figure 7: Current Parcels Served and Anticipated Parcels Served at Buildout in CAWP System

The results of this analysis are presented in Table 22. Note that these demands do not include projected
water losses. An increase of 16% was applied to the demand projections to account for the anticipated
potential impact of climate change.

June 2017
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Table 22: Projected CAWP Demands at Buildout as Included in the CAWP Water Right EIR

Land Use Category

Current CAWP
(AF)

CAWP Service
Area Boundary
(AF)1

Total (AF)

Residential

1,609

1108

2,717

NonResidential,
NonAgricultural

149

435

584

Agriculture

320

721

1,041

Total

2,078

2,264

4,342

Total Including
Climate Change (AF)

5,036

1. Does not include current CAWP customers

June 2017
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Appendix B - Future Demands in Amador County Not Served
by the Agency

Irrigation Requirements for Jackson
Valley Irriagation District

Almond Walnut Pistachio
January
February
March
April
May
June
July
August
September
October
November
December

2.57
3.85
6.13
7.98
9.03
8.14
5.34
0.11

Grapes

Stone
Fruits

2.27
3.76
5.95
7.82
9.03
8.14
5.95
1.76

Irrigated
Pasture
1.53
2.12
3.50
4.78
6.42
7.35
8.17
7.37
5.46
3.87
2.08
1.49

Alfalfa
1.53
2.12
3.50
4.78
6.42
7.35
8.17
7.37
5.46
3.87
2.08
1.49

Sugar
Beets

0.44
1.49
4.96
8.65
9.89
8.87
5.92

Corn

Beans

3.00
4.82
6.56

Carrots
(early
Potatoes season) Safflower
0.81
1.97
3.47
2.30
4.75
1.23
5.98
2.63
5.55
8.43
8.12
9.19
6.28
3.23

3.11
5.07
6.82
8.67
8.09
5.93
3.77
1.03

1.41
5.81
8.99
9.58
8.22
4.78
2.03
0.37

2.76
5.02
6.21
6.88
6.16
4.21
2.00
0.03

43.17

42.49

41.19

33.28

44.69

54.13

54.13

40.22

27.12

14.38

29.13

13.63

3.60

3.54

3.43

2.77

3.72

4.51

4.51

3.35

2.26

1.20

2.43

1.14

1.35
4.28
8.86
8.07
4.55

Sudan
1.60
2.20
3.64
4.43
3.36

0.66
1.45

Olives
0.92
1.22
2.14
3.41
4.60
5.51
6.36
5.47
4.07
2.69
1.19
0.75

Kiwi

21.19

17.34

38.33

39.16

17.40

40.71

1.77

1.45

3.19

3.26

1.45

3.39

3.98
7.91
9.03
8.14
5.97
4.13

Wheat
1.62
2.41
4.01
4.73
2.84

Melon

4.02
5.45
6.69
8.01
7.37
5.46
3.71

0.72
1.07

Total Crop Water Use
(inches/acre)

Total Crop Water Use
(feet/acre)

An accurate step in estimating irrigation requirements for a commodity is to use evapotranspiration rates. Evapotranspiration is the combination of water loss from evaporation (water loss from soil) and
transpiration (water loss from the plant). Evapotranspiration rates for each commodity is developed by measuring the water use of a reference crop (well-watered pasture grass), and then converting the data
for the reference crop to estimates for each commodity.
No irrigation system is 100% efficient so additional water will need to be applied. The irrigation amount, accounting for inefficiencies, is the Gross Irrigation Amount.
The average water requirements above at full ETc can be met by a combination of rainfall and irrigation.
Typical irrigation Efficiencies for sprinkler and surface irrigation systems are listed below:
Basin flood 70-80%
Border strip 70-80%
Furrow 65-75%
Sprinkler 75-85%
For more information visit the UC Drought Management website http://ucmanagedrought.ucdavis.edu
Compiled by Scott Oneto
Updated: October 2013
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JVID MEMBERS
AP-003-420-XXX-XX
AP-012-070-XXX-XX
AP-003-430-XXX-XX
AP-003-430-XXX-XX
AP-012-100-XXX-XX
AP-012-170-XXX-XX
AP-005-170-XXX-XX
AP-005-230-XXX-XX
AP-005-240-XXX-XX
AP-003-830-XXX-XX
AP-012-080-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-003-830-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-005-230-XXX-XX
AP-005-230-XXX-XX
AP-005-250-XXX-XX
AP-005-240-XXX-XX
AP-005-240-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-040-XXX-XX
AP-012-260-XXX-XX
AP-012-270-XXX-XX
AP-012-260-XXX-XX
AP-012-270-XXX-XX
AP-012-270-XXX-XX
AP-012-070-XXX-XX
AP-003-430-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-260-XXX-XX
AP-012-080-XXX-XX
AP-003-420-XXX-XX
AP-012-100-XXX-XX
AP-012-110-XXX-XX
AP-012-110-XXX-XX
AP-012-110-XXX-XX
AP-012-280-XXX-XX
AP-012-080-XXX-XX
AP-005-310-XXX-XX
AP-005-250-XXX-XX
AP-003-420-XXX-XX
AP-005-170-XXX-XX
AP-005-170-XXX-XX
AP-005-170-XXX-XX
AP-003-420-XXX-XX

WATER NEEDS STUDY FOR JACKSON VALLEY - 2016
CURRENT
POTENTIAL FUTURE
DEMAND AF
DEMAND AF
TOT ACRES
POTENTIAL CROP
40.66
7
45
Irrigated Pasture / Grapes
0.67
1
0
N/A
10.03
7
7
Irrigated Pasture
41.89
4
50 Irrigated Pasture / Grapes / Stone Fruit
40.2
0
30
Irrigated Pasture / Grapes
47.26
1
30
Irrigated Pasture
109.27
390
450 Irrigated Pasture / Grapes / Nut Trees
144.4
522
580 Irrigated Pasture / Grapes / Nut Trees
1.77
1
1
Landscaping
9.45
1
1
Landscaping
40
1
10 Irrigated Pasture/ Grape / Olive Trees
3.92
1
1
Landscaping
42.41
7
70
Irrigated Pasture / Grapes
10.03
1
12
Irrigated Pasture
9.65
1
15
Irrigated Pasture
9
4.5
9
Irrigated Pasture
187
70
70
Alfalfa / Grapes / Corn
14.63
21
21
Alfalfa / Grapes / Corn
117.87
32
32
Alfalfa / Grapes / Corn
29.98
50
60
Irrigated Pasture
40.24
60
80
Irrigated Pasture
18.18
1
5
Irrigated Pasture
23
1
5
Irrigated Pasture
123
0
210
Irrigated Pasture / Grapes
4.32
0
10
Irrigated Pasture / Grapes
5.42
0
10
Irrigated Pasture / Grapes
2.04
0
1
Landscaping
2.19
0
1
Landscaping
53.34
0
157
Irrigated Pasture / Grapes
59.83
0
210
Irrigated Pasture / Grapes
10.07
1
5
Irrigated Pasture
7.77
0
12
Irrigated Pasture
10.33
14
14
Irrigated Pasture
10.32
14
14
Irrigated Pasture
4.95
1
9
Irrigated Pasture / Grapes
40
0
15
Grapes
13
1
10
Irrigated Pasture
40.1
18
20
Irrigated Pasture
26.13
26
30
Irrigated Pasture
7.28
0
0
N/A
7.32
0
0
N/A
48.98
1
18
Grapes
40.93
0
5
Grapes
5
3.5
3.5
Irrigated Pasture
29.72
8
60
Irrigated Pasture
9.93
0
2
Irrigated Pasture
257.742
822
830
Irrigated Pasture
0.172
0
0
N/A
12.275
38
45
Irrigated Pasture
5.36
0
15
Irrigated Pasture / Grapes

JVID MEMBERS
AP-003-420-XXX-XX
AP-012-070-XXX-XX
AP-012-080-XXX-XX
AP-012-100-XXX-XX
AP-012-080-XXX-XX
AP-012-070-XXX-XX
AP 003-420-XXX-XX
AP-012-280-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-430-XXX-XX
AP-012-080-XXX-XX
AP-005-230-XXX-XX
AP-012-080-XXX-XX
AP-012-110-XXX-XX
AP-012-070-XXX-XX
AP 012-070-XXX-XX
AP 003-420-XXX-XX
AP-005-310-XXX-XX
AP-005-310-XXX-XX
AP-003-430-XXX-XX
AP-012-280-XXX-XX
AP-003-830-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-070-XXX-XX
AP-012-100-XXX-XX
AP-012-260-XXX-XX
AP-012-080-XXX-XX
AP-005-220-XXX-XX
AP-005-230-XXX-XX
AP-005-230-XXX-XX
AP-005-220-XXX-XX
AP-005-220-XXX-XX
AP-005-220-XXX-XX
AP-005-230-XXX-XX
AP-012-260-XXX-XX
AP-012-110-XXX-XX
AP-005-310-XXX-XX
AP-005-190-XXX-XX
AP-005-230-XXX-XX
AP-003-420-XXX-XX
AP-005-250-XXX-XX
AP-012-280-XXX-XX
AP-012-070-XXX-XX
AP-012-080-XXX-XX
AP-005-190-XXX-XX
AP-005-200-XXX-XX
AP-005-200-XXX-XX
AP-003-830-XXX-XX

TOT ACRES
5
54.93
57.02
41.15
2.98
2.29
11.81
15.16
10.37
10.05
10.03
160
21
42.27
7.28
26.18
0.61
10.31
14.89
7.27
40.42
40.35
5
9.93
10.04
10.3
40.1
5.82
40.02
344.44
158.37
46.00
450.00
513.00
205.00
149.39
6.15
88.5
5.61
6.25
51.95
5.2
10.74
17.42
13.36
40
53.79
1
2.04
5

CURRENT
DEMAND AF
0
0
3
1
0
0
1
1
30
1
0
0
30
1
1
37
0
1
1
1
1
1
0
1
7
0
1
1
0
0
114
68
0
0
0
230
0
25
1
1
118
3
15
1
15
0
1
0
1
1

POTENTIAL FUTURE
DEMAND AF
15
100
60
60
0
0
3
1
30
2
1
0
30
5
1
45
0
3
3
3
5
5
1
6
7
1
3
9
15
200
175
80
350
950
410
250
5
30
1
1
120
3
15
2
32
15
100
0
1
1

POTENTIAL CROP
Irrigated Pasture / Grapes
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
N/A
N/A
Irrigated Pasture
Landscaping
Irrigated Pasture
Landscaping
Landscaping
N/A
Irrigated Pasture
Olive Trees / Grapes / Landscaping
Landscaping
Irrigated Pasture
N/A
Landscaping
Landscaping
Landscaping
Irrigated pasture
Irrigated Pasture
Landscaping
Irrigated Pasture / Olive Trees
Irrigated Pasture / Olive Trees
Landscaping
Olive Trees
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Irrigated Pasture / Grapes
Irrigated Pasture
Irrigated Pasture
Landscaping
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture / Grapes
N/A
Landscaping
Landscaping

JVID MEMBERS
AP-003-830-XXX-XX
AP-003-830-XXX-XX
AP-012-280-XXX-XX
AP-005-230-XXX-XX
AP-003-440-XXX-XX
AP-005-310-XXX-XX
AP-012-270-XXX-XX
AP-012-270-XXX-XX
AP-005-310-XXX-XX
AP-012-280-XXX-XX
AP-005-250-XXX-XX
AP-012-170-XXX-XX
AP-003-830-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-070-XXX-XX
AP 012-110-XXX-XX
AP-005-240-XXX-XX
AP-005-250-XXX-XX
AP-005-190-XXX-XX
AP-012-080-XXX-XX
AP-012-270-XXX-XX
AP-012-270-XXX-XX
AP-003-830-XXX-XX
AP-003-830-XXX-XX
AP-012-260-XXX-XX
AP-003-440-XXX-XX
AP-003-440-XXX-XX
AP-012-170-XXX-XX
AP-012-070-XXX-XX
AP-003-830-XXX-XX
AP-012-070-XXX-XX
AP-012-100-XXX-XX
AP-003-420-XXX-XX
AP-012-280-XXX-XX
AP-012-040-XXX-XX
AP-005-250-XXX-XX
AP-005-250-XXX-XX
AP-005-310-XXX-XX
AP-003-420-XXX-XX
AP-005-160-XXX-XX
AP-005-160-XXX-XX
AP-005-190-XXX-XX
AP-005-190-XXX-XX
AP-005-190-XXX-XX
AP-005-190-XXX-XX
AP005-190-XXX-XX
AP-005-200-XXX-XX
AP-012-170-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX

TOT ACRES
10.06
5.02
40
24.8
5.72
4.95
1
1.33
4.95
42.58
7
40
5.2
40.21
13.37
1.62
110.54
161
313.21
215.51
40.02
1
0.864
10.05
9.55
6.85
8.42
10.72
28.88
37.5
10.04
106.9
120
120
44.31
6.57
6
15
4.95
10
9
11.88
16.04
103.85
10.3
19.462
10.16
23.2
95.06
40.07
10.28

CURRENT
DEMAND AF
8
1
1
1
3
1
1
1
1
1
0
0
0
7
0
1
30
264
570
360
0
1
0
1
1
16
1
1
1
1
1
180
0
0
30
0
15
18
1
1
0
0
0
0
0
0
0
0
1
1
1

POTENTIAL FUTURE
DEMAND AF
10
5
5
50
3
3
1
1
3
2
5
1
3
50
20
1
105
360
940
500
5
1
0
3
3
16
3
3
3
2
3
300
30
30
30
15
15
18
2
3
0
0
0
0
0
0
0
0
1
3
3

POTENTIAL CROP
Irrigated Pasture
Irrigated Pasture
Grapes
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Landscaping
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Landscaping
N/A
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Alfalfa / Grapes / Corn
Alfalfa / Grapes / Corn
Alfalfa / Grapes / Corn
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Landscaping
Irrigated Pasture / Grapes
Irrigated Pasture / Grapes

JVID MEMBERS
AP-012-040-XXX-XX
AP-005-250-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-003-830-XXX-XX
AP-005-240-XXX-XX
AP-005-210-XXX-XX
AP-005-210-XXX-XX
AP-005-210-XXX-XX
AP-005-210-XXX-XX
AP-012-080-XXX-XX
AP-003-420-XXX-XX
AP-005-240-XXX-XX
AP-005-220-XXX-XX
AP-003-420-XXX-XX
AP-012-280-XXX-XX
AP-012-280-XXX-XX
AP-012-080-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-830-XXX-XX
AP-005-170-XXX-XX
AP-005-170-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-830-XXX-XX
AP-012-040-XXX-XX
AP-012-070-XXX-XX
AP-005-190-XXX-XX
AP-005-250-XXX-XX
AP-005-250-XXX-XX
AP-005-250-XXX-XX
AP-012-070-XXX-XX
AP-012-100-XXX-XX
AP-012-100-XXX-XX
AP-012-100-XXX-XX
AP-003-830-XXX-XX
AP-003-830-XXX-XX
AP-003-420-XXX-XX
AP-012-100-XXX-XX
AP-012-100-XXX-XX
AP-012-050-XXX-XX
AP-003-420-XXX-XX
AP-012-110-XXX-XX
AP-012-280-XXX-XX
AP-012-280-XXX-XX
AP-003-420-XXX-XX
AP-012-050-XXX-XX
AP-003-420-XXX-XX

TOT ACRES
43.29
9
40.63
18
11.02
50.02
166
462.00
405.00
305.00
40.55
20
45
28.64
1.25
20.73
22.51
40.34
4.9
10.05
5
26.72
40.78
5.04
41.63
10.4
5.2
5
105.21
39.32
6.61
91.97
12.26
10
66.05
20
129.59
40.1
5.196
9.585
40.5
211.98
40.1
40.21
10.17
36.9
18.66
40.54
25.04
38
23.23

CURRENT
DEMAND AF
0
1
0
1
1
144
320
500
760
0
0
1
0
0
0
0
0
0
1
1
1
72
144
0
1
1
1
1
200
1
1
200
19
14
100
0
0
0
0
6
0
0
0
0
1
0
0
0
1
0
1

POTENTIAL FUTURE
DEMAND AF
45
2
60
5
3
144
400
875
970
300
3
5
15
10
1
1
1
3
1
2
1
72
144
0
3
3
1
1
200
1
1
215
20
15
100
18
40
3
3
6
5
0
0
3
5
0
0
2
5
0
3

POTENTIAL CROP
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Landscaping
Irrigated Pasture
Landscaping
Irrigated Pasture
Landscaping
Irrigated Pasture / Walnuts
Irrigated Pasture / Walnuts
N/A
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Industrial
Landscaping
Landscaping
Alfalfa / Grapes / Corn / Nut Trees
Alfalfa / Grapes / Corn / Nut Trees
Alfalfa / Grapes / Corn / Nut Trees
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
N/A
N/A
Irrigated Pasture
Irrigated Pasture
N/A
N/A
Irrigated Pasture
Irrigated Pasture
N/A
Irrigated Pasture

JVID MEMBERS
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-110-XXX-XX
AP-012-260-XXX-XX
AP-005-230-XXX-XX
AP-005-230-XXX-XX
AP-012-070-XXX-XX
AP-005-190-XXX-XX
AP-005-230-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-003-830-XXX-XX
AP-005-180-XXX-XX
AP-012-280-XXX-XX
AP-012-110-XXX-XX
AP-003-430-XXX-XX
AP-012-260-XXX-XX
AP-012-170-XXX-XX
AP-012-110-XXX-XX
AP-005-310-XXX-XX
AP-005-200-XXX-XX
AP-005-200-XXX-XX
AP-012-260-XXX-XX
AP-003-830-XXX-XX
AP-012-100-XXX-XX
AP-012-100-XXX-XX
AP-012-070-XXX-XX
AP-012-270-XXX-XX
AP-003-830-XXX-XX
AP-003-830-XXX-XX
AP-005-310-XXX-XX
AP-005-250-XXX-XX
AP-012-270-XXX-XX
AP-003-420-XXX-XX
AP-005-230-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-012-270-XXX-XX
AP-012-070-XXX-XX
AP-012-070-XXX-XX
AP-003-440-XXX-XX
AP-005-220-XXX-XX
AP-005-230-XXX-XX

TOT ACRES
7.77
5
10.18
1.24
1.24
53.73
6.51
85.73
73.67
40.17
51.95
12
4.9
4.9
10.06
1.99
40.17
73.73
10.05
5.41
40.05
46.84
9.89
0.78
1.3
3.1
9.95
43.8
48.4
10.4
1.52
6.275
8.762
4.17
43.27
4.6
1.25
49.9
0.81
0.52
0.26
7.88
0.17
0.17
107.57
13.17
0.32
0.37
5.83
100
40

CURRENT
DEMAND AF
1
1
1
1
0
1
1
3
0
15
22
5
1
1
1
1
20
0
1
1
1
18
1
0
1
3
1
25
25
23
1
1
1
1
5
1
1
30
0
0
0
1
0
0
255
47
0
0
1
0
87

POTENTIAL FUTURE
DEMAND AF
12
1
3
1
0
1
1
3
0
15
22
5
1
1
3
1
20
15
3
5
15
30
3
0
1
3
3
25
25
23
1
3
3
1
65
2
1
122
0
0
0
15
0
0
255
47
0
0
1
100
90

POTENTIAL CROP
Row Crops
Landscaping
Irrigated Pasture
Landscaping
N/A
Landscaping
Landscaping
Industrial
N/A
Irrigated Pasture
Grapes
Grapes
Landscaping
Landscaping
Irrigated Pasture
Landscaping
Walnuts
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
N/A
Landscaping
Irrigated Pasture
Irrigated Pasture
Grapes
Grapes
Irrigated Pasture
Landscaping
Irrigated Pasture
Irrigated Pasture
Landscaping
Grapes
Irrigated Pasture
Landscaping
Irrigated Pasture
N/A
N/A
N/A
Irrigated Pasture
N/A
N/A
Irrigated Pasture
Irrigated Pasture
N/A
N/A
Landscaping
Grapes
Alfalfa / Corn

JVID MEMBERS
AP-012-040-XXX-XX
AP-012-170-XXX-XX
AP-005-160-XXX-XX
AP-005-310-XXX-XX
AP-012-070-XXX-XX
AP-012-110-XXX-XX
AP-012-110-XXX-XX
AP-012-170-XXX-XX
AP-012-140-XXX-XX
AP-012-140-XXX-XX
AP-005-200-XXX-XX
AP-005-200-XXX-XX
AP-005-310-XXX-XX
AP-012-070-XXX-XX
AP-012-270-XXX-XX
AP-005-190-XXX-XX
AP-005-240-XXX-XX
AP-012-070-XXX-XX
AP-012-100-XXX-XX
AP-003-830-XXX-XX
AP-003-420-XXX-XX
AP-003-420-XXX-XX
AP-012-070-XXX-XX
AP-003-420-XXX-XX
AP-012-270-XXX-XX
AP-012-280-XXX-XX
AP-012-110-XXX-XX
AP-012-070-XXX-XX
AP-012-100-XXX-XX
AP-012-050-XXX-XX
AP-012-110-XXX-XX
AP-005-200-XXX-XX
AP-005-310-XXX-XX
AP-012-080-XXX-XX

TOT ACRES
8.36
5.19
9
4.92
40.05
40
63.3
90
300
136.4
2
4
16.39
0.35
0.5
111.35
130
157.39
40.1
10.03
20.55
10.18
9.84
5.2
2.09
15.07
17.5
40.14
40.1
189.33
3.81
5.04
5.08
40
12,345

CURRENT
DEMAND AF
0
1
0
1
1
0
0
0
0
0
1
1
1
0
0
0
0
457
11
1
1
1
1
1
1
0
1
0
1
10
1
1
2
0
7,969

POTENTIAL FUTURE
DEMAND AF
0
1
0
1
3
0
30
0
20
45
1
1
3
0
0
50
100
460
30
1
3
2
2
2
1
1
3
10
10
50
1
1
2
3
14,507

POTENTIAL CROP
N/A
Landscaping
N/A
Landscaping
Irrigated Pasture
N/A
Irrigated Pasture
N/A
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Irrigated Pasture
N/A
N/A
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture / Grapes
Landscaping
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Landscaping
Landscaping
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture

JVID "Other" Customers

TOT ACRES

JVID Out of Dist. Ag. Customers
AP-005-250-XXX-XX
AP-005-250-XXX-XX
AP-012-070-XXX-XX
AP-005-240-XXX-XX
AP-012-070-XXX-XX
AP-005-250-XXX-XX
AP-005-250-XXX-XX
AP-005-240-XXX-XX
JVID "Other" Customers
BV Biomass - Industrial
Fish Farm #1 - Aquaculture
Fish Farm #2 - Aquaculture
OAKS Community
Lake Amador Resort
Mem+OD+Other=

CURRENT
DEMAND AF

POTENTIAL FUTURE
DEMAND AF

83.73
71.06
34.41
114.91
76.834
229.19
56.22
107.18
773.534

68
57
86
65
67
200
120
56
719

70
60
90
90
200
260
120
90
980

N/A
N/A
N/A
N/A
N/A
13,118.53

327
950
0
50
25
1,352
10,040

500
1845
2000
50
25
4,420
19,907

POTENTIAL CROP

Grapes
Grapes
Irrigated Pasture
Irrigated Pasture
Irrigated Pasture / Alfalfa
Alfalfa / Corn
Alfalfa / Corn
Irrigated Pasture

Industrial
Aquaculture
Aquaculture
Domestic
Domestic

Total Current Demand on the JVID System = +- 10,000 AF
Total Potential Future Demand on the JVID System = +- 20,000AF
*Potential Crop is defined as an activity currently occurring, owner expressed interest or a staff assumption of potential use
of land. On undeveloped parcels, JVID staff made a "reasonable" assumption of an area of land on a parcel that is currently
not developed but may be used in the future to evaluate future demand.
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1. Introduction
1.1 Purpose of Report
The purpose of this report is to review surface water supply alternatives that
are potentially available to the North County/Shenandoah Valley area. Many
alternatives have been reviewed in the past, however, the driving force
behind this study is primarily the agriculture of the north Amador County
area, and these needs are quite different from those analyzed in the past,
which focused primarily on the domestic water needs of Plymouth.
This report ultimately needs to conclude what the best apparent alternative
is for meeting the long term water needs of the North County/Shenandoah
Valley area.
1.2 Summary of Issues
The North County water supply project arose initially with grape growers in
the Shenandoah Valley that had concerns with the long term viability of
groundwater as the sole water source for vineyard supply. Several within
this group have experienced declining well production and water levels and
have had wells simply become non-productive. There could be at least 2
reasons for these emerging problems. One would be that the increasing
demands due to the increasing number of growers/water users in the area.
Second would be that we are at the end of an extensive dry cycle and some
wells definitely have been impacted. On top of the growing “quantity” issue
– groundwater quality in the area can be unpredictable, many times with
mineral issues such as iron and manganese which need to be treated for.
Finally – pumping costs for groundwater increase as well levels drop, and
PG&E’s cost of energy increases. Currently it is estimated to cost over $200
per AF to pump from a typical well in this area.
The group realizes that securing a firm source of surface water is a long term
venture, and that starting now is imperative, as costs continue to rise and
projects of this nature become more complex and difficult to bring to
fruition.
1.3 Report Requirements
The report needs to include adequately detailed project descriptions,
evaluations, quantities, costs and preliminary mapping for enough
alternatives to ensure decision makers that the report conclusions and
recommendations are thorough, sound and make sense. Furthermore, the
1

report must be a strong enough foundation to confidently continue to the
next level of study.
1.4 Past Reports
1.4.1 Plymouth Water Supple Report by Willer – 1990
This report evaluated many different water supply alternatives
with respect to Plymouth’s future needs.
1.4.2 Plymouth Middle Fork Pumping Project Report by Willer –
1998
Report evaluated costs of pumping from the Middle Fork of
the Cosumnes into the Arroyo Ditch as a potential source of
water for the City of Plymouth.
1.4.3 Plymouth Preliminary Engineering Report by KASL – 2005
This report compared 3 water supply alternatives for the City
of Plymouth; The Arroyo Ditch, a dam and reservoir on Big
Indian Creek, and a treated supply from the AWA Mokelumne
River system.

2

2. Project Planning Area
2.1 Shenandoah Valley
The Shenandoah Valley portion of the project planning area (see Figure 1) is
roughly bounded by the South Fork of the Cosumnes on the north, Ostrum
Road on the east, highway 49 on the west, and the North Fork of Dry Creek
on the south. There are roughly 15,000 acres within these boundaries, much
of it within vineyards, and by far the greatest source of water demand for
this project. There have never been formal boundaries set up in the past for
anything in the Shenandoah Valley- water supply or otherwise - so as much
area as possible was encompassed initially.
2.2 Willow Springs
The Willow Springs Water District (WSWD) is an existing entity of about
2,850 acres to the west of Plymouth. Figure 2 shows the parcels of the
WSWD, which are non-contiguous, but pretty much all can receive Arroyo
Ditch water if it is available. Although there is currently no operating District,
it is logical to include the potential demand from this area, for if a firm yield
supply of water became available, these lands are potentially irrigable and
productive.
2.3 City of Plymouth
The City of Plymouth currently receives its entire domestic supply from the
AWA’s Amador Water System which originates from the Mokelumne River.
The system is designed for a future peak demand of 1.3 mgd, and should be
able to accommodate future growth in Plymouth for 20 years or longer.
Consequently, there really is no future demand from the City that would
require inclusion with the other demands of the North County area in this
report. Should the City ever require additional water at some point in the
future-it is more than likely they would get from the AWA as they are
currently. They are noted here for study purposes, as they are geographically
and politically the focal point of the North County area, and should be kept in
the loop of any water supply study for this area.
2.4 Other Users
There are several other potential users in the North County area, namely
Fiddletown and River Pines. Both communities currently have adequate
supplies from existing groundwater sources and would not be likely

3

candidates to include in this project due to this and their being
geographically somewhat isolated from the main Shenandoah Valley area.
Additionally, there may be other properties to the west of Plymouth – not
currently in the WSWD – that may want to participate should a firm source of
water become available.

4

3. Existing and Projected Water Use
3.1 Existing Demands
Accurately estimating existing water supply demands is the foundation of
this report. Not only the extent of the areas considered (project boundaries),
but the agricultural unit demands within these areas. These demands will
determine the adequacy of any supply project considered. The demands
encompass the geographical consideration of where the demands exist, the
volume of the demands, and the timing necessary to meet the demands.
3.1.1 Vineyards
Per the Amador County Farm Advisor, there are currently
approximately 2,782 acres of vineyard in the Shenandoah
Valley area, (see Figure 1). Although there are almost 15,000
acres within the project boundaries noted on Figure 1, not all
of it would be suitable to develop as vineyard property.
Estimates of unit levels (AF/acre) of water use were arrived at
in several different ways. Local growers were consulted, data
from the County Agricultural advisor was reviewed, and state
level studies of vineyard water use were considered. Units of
use estimates varied from a low end of .25 AF/acre to a high
of 1.3 AF/acre. Appendix A contains summaries of the sources
considered for this estimate, including a monthly agronomic
mass balance, which calculated the vineyard requirement to
be 1.3 AF/acre. Time was spent trying to reconcile the wide
range of estimates arrived at, and it was concluded that there
will always be ranges with this type of estimating for the
following reasons. Different micro-climates, different soil
water handling capabilities and antecedent moisture
conditions, different grape varieties, imprecise
measuring/estimating of water usage, and finally – differing
existing water supplies characteristics could have influenced
how much water is applied in different locations. In other
words, if a supply is relatively plentiful and cheap, it would be
likely one vineyard may use at a higher rate as opposed to one
with a tighter supply that was more expensive (pumping).

5

It was concluded a reasonable unit of use for vineyard
irrigation was .70 AF/acre, which is approximately the value
arrived at by the UC Davis studies. It is understood that this
value will vary higher and lower than .70, however, it is a
reasonable value to utilize for this level of study. It would not
make sense at this point in the planning process to use the
low end or the high end, as these numbers could result in
flawed conclusions.
Although much lower in acreage than grapes, there are also
110 acres of walnuts within the project boundaries. This
acreage will also be included in the water demand
calculations, but at a higher rate than the grapes. UCD studies
have estimated walnut water use at 3.5 AF/acre.
If a demand of .70 AF/acre is assumed over the existing 2,782
acres of wine grapes, this would equate to an existing
vineyard demand of 1,947 AF/year. See Table 1 for a
summary of demands.

3.1.2 Domestic
Historically, the City of Plymouth’s water supply was provided
by the Arroyo Ditch, which diverts water from the Middle and
South Forks of the Cosumnes River, as well as smaller
diversions en-route. During the 1975-77 drought, this supply
went dry, and the State DWR declared this source of supply as
non-firm. As a result, the City drilled several wells to
supplement the Arroyo Ditch supply. In 2010, the City/AWA
completed the 12” pipeline from the AWA’s Tanner WTP,
which then became the City’s primary source of domestic
water. The 12” diameter Plymouth Pipeline can deliver 925
gallons per minute (gpms), or 1.3 million gallons per day (mgd)
to the City’s existing water storage tank by gravity. The
existing City maximum day demand is 292 gpms (.42 mgd).
Thus, the AWA source of supply is expected to supply the City
of Plymouth’s domestic needs well into the future.
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Although the City supply is covered well into the future, their
usage is noted for study purposes, as they are geographically
and politically the focal point of the North County area, and
should be kept in the loop of any water supply study for this
area.
3.1.3 Other
Within the WSWD, there currently is some irrigated pasture.
Given the unreliable (at best) supply from the Arroyo Ditch,
nothing of greater agricultural value has apparently ever been
planted. There are indications however that this could easily
change. Although not in the WSWD, the old Greilich Ranch
(now known as Rancho Victoria Vineyards, or RVV) on Greilich
Road has recently secured a firm yield supply of treated
wastewater from the City of Plymouth. This supply, in
addition to the storage they have on site, and their ability to
receive Arroyo Ditch water, has enabled the owners to plant
over 200 acres in wine grapes. It is highly likely that should a
firm source of surface water become available to the WSWD
area – it is likely that others would do the same, more
valuable crops would be planted, and a demand would
materialize – as it has at RVV. Therefore, it will be assumed
for this report that a demand does exist from the WSWD.

3.2 Future Demands
Future demands would simply be some level of growth of what exists today.
Clearly, the demand for wine grapes will fluctuate in the future, but it would
have to be assumed that over the long term, more acreage within the project
boundaries would be planted in grapes. It would be reasonable to assume
for this level of study that a long term growth rate of 1 or 2 percent per year
will exist. A growth rate of 1.5% per year for 40 years will result in an
increase from 2,782 acres of vineyard to just over 5,000 acres of vineyard.
Table 1 summarizes all existing and projected future results.
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4. Hydrology/Water Supply
4.1 Existing Groundwater Supply
Almost all water use/consumption in the Shenandoah Valley area is from
groundwater sources. Some growers supplement groundwater sources with
small surface water reservoirs and reclaimed/treated winery waste sources,
but by far the predominate source is groundwater. As noted earlier in this
report, these groundwater sources have struggled to some degree. Two
sources of information were reviewed to try and piece together a general
picture of groundwater in the Shenandoah Valley area. First there is general
information from about 20 wells in the Shenandoah Valley area, and second
is much more detailed data from (USGS and DWR) groundwater monitoring
wells immediately to the west in the eastern Sacramento County.
General information on 20 wells was received from 3 growers in the
Shenandoah Valley area. Of the 20 wells noted, 6 had experienced problems
ranging from going completely dry (2), to dropping levels and production.
There has been some anecdotal evidence of similar problems from other
growers. It is likely that this may be more prevalent than it would appear, as
the natural tendency of a landowner would be to not share data that
reflected poorly on their property – as it could affect property values. Many
wells were reported to have not changed significantly in levels or production,
but there were no reports of groundwater levels or production increasing.
The State DWR has compiled data on many wells in the Central Valley, over
many years. For the monitoring wells closest to Amador County, virtually all
of them were in some state of decline over the last 10 years. One USGS
monitored in eastern Sacramento County has declined 30’ in the last 27
years. Although this interesting data, it is unknown if there would be any
cause/effect with respect to groundwater levels to the east.
Finally, the DWR hydrogeologist familiar with Amador County was contacted
and he said he knew of no groundwater monitoring efforts or studies for this
area.
To summarize, although there is no groundwater study or report for the
North County area, the evidence which does exist seems to point to generally
declining groundwater levels in some areas of the Shenandoah Valley – to a
degree that it has raised enough concern to generate this study.
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4.2 Cosumnes River
Both the Middle and the South Fork of the Cosumnes have the potential to
serve the Shenandoah Valley area. Other major streams which could come
into play are Pigeon Creek, Big Indian Creek, and Dry Creek.

4.2.1 South Fork
Several alternatives considered diversions from the South Fork
near River Pines. This diversion point is slightly downstream
of the Aukum dam site, and drains about 60 square miles.
There is stream flow data available from the USGS that can be
used in reservoir yield studies. An average year flows about
33,100 AF, but the 76-77 worst year on record flowed only
1490 AF, with 3 months of no flow.
4.2.2 Middle Fork
Although the Middle Fork flows over 3 times the volume of
water that the South does, it is only considered for direct
diversion into the Arroyo Ditch – not on stream storage. It has
the advantage of much better year round flows than the South
Fork, and therefore is considered as a part of Alternatives 1
and 5.
4.3 Dry Creek and Big Indian Creek
4.3.2 Dry Creek
Dry Creek at the proposed dam site drains about 19.5 square Miles,
about 1/3 of the South Fork. During an average year, this basin
yields about 9,680 AF, but only 440 AF during 76-77, with 4-5
months with no flow.
4.3.3 Big Indian Creek
Big Indian Creek drains about 10.8 square miles near Plymouth.
During an average year, this basin yields about 4,840 AF, but only
220 AF during 76-77, with 5-6 months with no flow.
Clearly both of these potential sources of water would need
considerable storage to make any sort of firm yield available.
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4.4 Mokelumne River
The Mokelumne River has a water right of 15,000 AF/yr to Amador County,
at a maximum diversion rate of 30 cfs. Currently, the AWA’s Amador Water
system uses about 6,000 AF/year at a rate of 10-11 cfs. A big advantage to
the Mokelumne River as a possible source is the existing storage that the
Mokelumne offers – which is not available with any other alternatives. Also
– water from this system could be delivered by gravity to most of the North
County area.
4.5 Firm Yield Supply
Typically, “firm yield” is defined as the ability of a water source to deliver
water through the worst period of drought on record. In California, this is
normally considered to be the years of 1975-77, however the recent drought
may eclipse that in severity. For this report, the 75-77 drought will be the
basis to analyze firm yield from the various alternatives considered. Firm
yield is significant, as the less “firm” a supply is – the less valuable it is to a
potential customer. If a potential source supply cannot deliver water through
this critical period, it would have little market value without some type of
storage to enhance the supply.
For example – the South Fork of the Cosumnes at River Pines has no firm
yield to it, as it was dry during significant portions of the 75-77 drought.
However, if flows from the South Fork could be diverted to storage, then a
firm yield can be easily developed. If flows from a water source are plotted
versus time on a graph, and overlain with a demand curve (called a mass
diagram) a required amount of storage can be computed for that source to
meet the demand required. This was done for several possible sources.
Intuitively what this means is that as demand increases, and water source
flows during a drought decrease – the greater the storage must be to meet
the demand. Several mass diagrams were plotted for different sources to
analyze their potential firm yield, and the results were as follows:

Water Source
South Fork Cosumnes
Big Indian Creek
Dry Creek

Net Yield
(AF/Year)
5,000
1,400
5,000

Storage
Required(AF)
7,300
3,100
12,500
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There are several other permutations that were considered here. One being
diverting the City of Plymouth’s South Fork diversion right of 29 cfs to
storage on Big Indian Creek near the 1700’ elevation. During the 75-77
drought, there were many months when the South Fork was dry, or too low
to divert - in consideration that there would likely be downstream
requirements to be met. The combined inflow from the South Fork and Big
Indian Creek reduces the storage requirement somewhat over just Big Indian
Creek alone. This alternative resulted in a storage requirement of 9500 AF to
meet a firm yield of 5000 AF/yr.
4.6 Pumping Costs
It was assumed for this report that since the majority of the project demand
was in the Shenandoah Valley area, that every alternative considered would
need to deliver water to the +-1600’ elevation. This means if a potential
source is below 1600’, that alternative would need to include not only the
capital cost of pumping facilities, but the annual cost of pumping also. These
costs could be considerable considering PG&E’s current power costs are 23.6
cents per kwh. As a frame of reference, it would cost $44/AF to pump water
100’ vertically. It would cost $177/AF to pump water 400 feet vertically, or
$17,700/year to pump 100 AF of water. Over the economic life of the project
- say 30 years – this would be a present worth cost of about $570,000!
Appendix B has a summary of estimated pumping costs for different pumping
heads and demands.

4.7 Water Rights
The City of Plymouth currently has 8 points of direct diversion listed as
“active” with the State’s Division of Water Rights for the Middle and South
Forks and several other smaller streams that feed the South and Middle
Forks, (see Appendix C for the complete list and locations). The primary
diversion rights are 31 cfs off of the Middle Fork, and 29 cfs off the South
Fork. The other 6 points of diversion add up to about another 15.6 cfs.
Also in Appendix C is a memo from ___________ which summarizes their
opinion with respect to the City’s existing water rights. Generally the memo
says ---------------
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5. Water Supply Alternatives Considered
5.1 All Alternatives Considered
Seven alternatives were considered as possible sources for a North County
surface water supply, (in addition, “No Project” was also considered). These
alternatives were:
1) Middle Fork of the Cosumnes Pumping
2) Mokelumne River Pipeline
3) Dry Creek Dam and Pumping
4) Big Indian Creek Dam and Pumping
5) Upgrade Arroyo Ditch from the Middle Fork Cosumnes
6) Aukum Dam and Pipeline
7) South Fork Cosumnes Diversion, Pipeline and Big Indian Ck Reservoir
8) No project
All alternatives must meet the same basic project objectives with respect to
annual firm yield (+-5,000 AF/year) and elevation (+-1600 feet) the water needs
to be delivered to. Since some of the demand (+-700 AF) will be to the Willow
Springs WD area, it is assumed only +- 4,300 AF/year would need to be
developed to the 1600’ elevation. Exactly where the water is delivered to could
vary somewhat, as long as it met the above basic requirements. If a project
could not do so – it would not be considered as to having met the projects basic
needs, and will be discounted as such.
The initial alternative evaluation reviewed major factors such as ability to serve
the project area, pumping costs, or any potential “project killers”. Any project
which had pumping costs as high or higher than they are currently experiencing
with wells could be considered environmentally unsound, and not make sense.
A “project killer” could be a dam located in an area that may be highly sensitive
environmentally, or in a location that would be unacceptable due to levels of
development in the area. The following briefly describes those alternatives (5)
which were eliminated through the course of initial evaluation.
Alternative 1 - Middle Fork of the Cosumnes Pumping
Pumping costs would be enormous – from about elevation 830’ to 1600’. Energy
costs alone would be about $340/AF, and rise annually. Once capital costs are
included, the cost per AF would be well over $400. This does not include
operation, maintenance or replacement on any of the pumping facilities –
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energy costs only. And this alternative would still require some storage to meet
firm yield requirements.
Alternative 4 – Big Indian Creek Dam and Pumping
Pumping costs very high here also – about $180/AF. More significantly, this site
cannot meet the firm yield requirements of the project, as the site has a size
limitation of about 3,100 AF, which translates to a firm yield of about 1400
AF/YR. Additionally-this reservoir site is close to Plymouth and the location
could be sensitive environmentally, and likely be more costly and controversial.
Alternative 5 – Upgrade Arroyo Ditch from Middle Fork
Although combined flows from Middle and South Fork are considerable, there
would still need to be some storage (Big Indian Creek) to meet firm yield
requirement, and as with Alternative 4, pumping costs from about 1150’ to
1600’ would be very high. Storage would be as with Alternative 4 – on Big
Indian Creek, which as noted above could be controversial. Finally, between
pumping and capital cost, initial cost of water estimates were over $300/AF.
Alternative 6 – Aukum Dam and Pipeline
This alternative was originally part of the United States Bureau of Reclamations’s
Central Valley Project, and could meet the firm yield requirements of the project
without pumping, which are 2 big advantages. However, there would likely be
enormous controversy for several reasons. First - it would place a dam on of the
few un-dammed major rivers in California. This fact alone could doom this
alternative. Additionally, there has been significant development (homes) in this
area over the last 30-40 years. At least 6 were noted in the reservoir area on
Google Earth. This would not only stir up huge dissent among locals, but even if
that were ignored, the land acquisition costs are enormous with this alternative.
Alternative 8 – No Project
“No Project” is not considered a viable solution. Current pumping costs are
probably over $200/AF for most agricultural users in this area, and as noted
earlier in the report, the subsurface supply is not responding well to the existing
demand-let alone the inevitable increase in future demands. This not only
impacts the grape growing industry – it potentially affects anybody living in the
North County area that uses a well for a potable source of water, which would
generally be all homes and wineries in the area. In addition – both Fiddletown
and River Pines exist on wells – which could be negatively affected in the future.
So with the elimination of Alternatives 1,4,5,6 and 8, Alternatives 2, 3 and 7
remain for more detailed evaluation.
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5.2 Alternative 2 - Mokelumne River Pipeline
5.2.1 Description
As noted earlier, the Mokelumne River has a water right of
15,000 AF/yr to Amador County, at a maximum diversion rate
of 30 cfs. Currently, the AWA’s Amador Water system uses
about 6,000 AF/year at a rate of 10-11 cfs. Preliminary
discussions with AWA staff indicate that this alternative could
be feasible with respect to the amount of water that is
available in their system.
What is of critical importance with this alternative would its
ability to meet peak demands of the North County area, and
how costly would be the purchase of water from the AWA.
The approximate peak summer demand to the North County
area was estimated to be 12.5 cfs, which is likely too high for
the existing pipeline from Tabeaud to Tanner, but an average
flow of up to 7 cfs is probably doable. This would in turn
require some type of terminal storage in the North County
area. Initially it was assumed that this could be done on a
vineyard by vineyard basis instead of one big reservoir.
The hydraulic grade line from Tanner Reservoir (+-1712’)
would be able to deliver water to most of the North County
area, and would require around a 20” pipeline to meet head
and average flow requirements. Figure 3 depicts the
approximate alignment of a potential pipeline from the Sutter
Hill area to Plymouth.
5.2.2 Preliminary Quantities and Costs
Preliminary quantities and costs for this alternative are
contained in Appendix D. By far the biggest capital cost under
this alternative is about 69,000 feet of pipeline to get water to
the Shenandoah Valley area. Some of this will be in urban
areas and be expensive – most however will be “cross
country”. There will also be 4 significant creek crossings and
numerous existing utilities to deal with.
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Besides capital costs, the cost of buying water under the
existing AWA rate structure may be a “deal breaker” for this
alternative. Currently, AWA’s cost of raw water to an ag type
customer is $.61/100CF, which would amount to $256/AF just
to pay for water! This, in addition to a buy-in cost to the AWA
push the overall cost of water under this alternative to about
$420/AF.
It should be noted that the AWA currently has no true “ag
rate” for its customers – it’s just a raw water rate consistent to
anyone receiving their raw water regardless of use. El Dorado
Irrigation District (EID) has an ag rate of $.118/100CF, or about
20% of AWA’s raw water rate. If the AWA had the same ag
rate – the overall cost of water drops to $206/AF, which would
be much more competitive when compared to other
alternatives.
5.2.3 Advantages and Disadvantages
Clearly the biggest advantage of this alternative is the storage
that is already in place on the AWA Mokelumne River system.
It can also deliver all the necessary water to the proposed
service area with no pumping costs.
There are however several big disadvantages. First-this
alternative cannot meet peak flow requirements of the
project – it would have to rely on some type of terminal
storage in the Shenandoah Valley area. Second – there is
currently a very steep raw water cost to the AWA system.
These 2 negatives may be too much to make this alternative
competitive.
5.3 Alternative 3 – Dry Creek Dam and Pumping
5.3.1 Description
This project was originally configured by Willer in his 1990
report. The reservoir size proposed by Willer was 1500 AF,
and had an estimated firm yield of 700 AF. This would not be
near enough to meet the demands of the project. Even if the
dam was raised to 20’ to around 1200’, the firm yield would
still only be about 1100 AF – still way below what the project
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would require. Given the yield problem and the fact all this
water would have to be pumped +- 400 feet vertically, it was
not considered further.
5.3.2 Preliminary Quantities and Costs
Preliminary quantities and costs for this alternative are
contained in Appendix D. The single biggest cost here is
obviously the proposed dam, but the pipeline (38,000 ft of
18”) and pumping to the Shenandoah Valley are also
significant. Also, there would be considerable costs for land
acquisition and the pumping station.
Pumping would be from about 1200’ to 1600’, and under
current PG&E rates would cost about $177/AF for pumping
only. The overall cost of water for this alternative is currently
estimated to be $383/AF.
5.3.3 Advantages and Disadvantages
This project has advantages of the ability to meet project firm
yield requirements and peak flow requirements. However,
there are significant disadvantages. First-the cost of pumping
this water is huge. Not only is this bad economically, it would
likely be considered bad environmentally (excess energy
needed as compared to other non-pumping alternatives).
Additionally – building a dam on Dry Creek could be very
tough in today’s CEQA environment. Finally – there currently
no water rights on Dry Creek for a project of this size, such as
exist on the Cosumnes.
5.4 Alternative 7 – South Fork Diversion, Pipeline and Big Indian Creek Reservoir
5.4.1 Description
This alternative was considered in part by Willer in 1990 –
however storage on Big Indian Creek was not included at that
time. Storage is needed with this project to meet the firm
yield requirements.
The South Fork diversion would be right in River Pines at
approximately the 1920’ elevation. From there a large
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diameter pipe (+-30”) would be required to capture higher
flows of the wet weather period. The pipeline would head
west (+-2600’) through a saddle of about 1910’, then west and
south towards Big Indian Creek (see Figure 2). The tentative
dam site on Big Indian Creek would have a full elevation of
about 1725’.
This alternative could meet the firm yield requirements of the
project with no pumping, and has the added advantage of
being able to just build the diversion and pipeline initially
(without the dam) which could get water from the South Fork
into Pigeon Creek, Big Indian Creek and 3 other significant
drainage ways that drain through the Shenandoah Valley.
From there – it is likely the majority of growers the
Shenandoah Valley would have access to these flows, and
could use directly, or divert to their own storage facilities.
Additionally, flows into any of these drainages head westerly,
and could end up back in the Arroyo Ditch, Plymouth and
further west to the Willow Springs area.
The tentative Big Indian Creek dam site would have a volume
of 9500 AF and a full elevation of approximately 1725’.
Obviously smaller reservoirs could be considered, but as the
size is reduced, the firm yield would also be reduced.
5.4.2 Preliminary Quantities and Costs
Preliminary quantities and costs for this alternative are
contained in Appendix D. The biggest single cost for this
alternative would be the dam and reservoir on upper Big
Indian Creek. In addition, there is 21,000 feet of 30” pipeline,
and significant land acquisition costs. Based on the preliminary
estimates, the estimated cost of water for Alternative 7 is
$142/AF.
5.4.3 Advantages and Disadvantages
This alternative can meet firm yield and peak flow
requirements of the proposed service area. It also has the
advantage of no pumping costs. Furthermore, the project
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could be built in phases, with the first phase being the South
Fork Diversion and pipeline, and the second phase being
storage on Big Indian Creek.
Doing only a first phase would be relatively economical, and
could get water to most of the Shenandoah Valley by being
able to discharge water to Pigeon Creek, Big Indian Creek, and
at least 2 or 3 drainages in between. One final advantage to
this alternative is that although flows are diverted away from
the South Fork and towards the Shenandoah Valley – the
diversions could easily end up back in the Arroyo Ditch system
near Plymouth, as any drainage this alternative might
discharge to ends up back crossing the Arroyo Ditch.
One possible disadvantage would be a potential cost of water
to the City of Plymouth – since it is their water right they
would be using. It would be unlikely the cost would be much
without storage, and there still is a value to the City that this
project would help to more securely develop their water rights
on the South Fork. The disadvantage to doing only the initial
phase (diversion and pipeline) is that it could not meet peak
summertime flows – however growers could pick up wet
weather flows and put them in their own storage if they have
it available.
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6. Alternative Analysis
6.2 Comparison of Alternatives
Initially, eight alternatives were considered. Five of these were rejected
preliminarily due to high initial capital cost estimates, extremely high
pumping costs, not meeting firm yield requirements, or general
siting/environmental concerns.
The capital and annual costs for the 3 remaining alternatives are noted below
in Table 2. Typically comparing capital and annual costs are the single most
important factor for decision makers. Although the costs noted below and in
Appendix D may be debatable in an absolute sense, they are pretty much
“apples and apples”, so comparing one project to another on a cost basis is
valid.
Table 2
Summary of Costs
Alt. 2 (AWA)
Total Capital Cost $15,313,350
Annualized CC
$773,700
Cost of Water ($/yr) $1,328,580
Cost of Energy ($/yr)
$0
Total Annual Cost
$2,102,300
Cost per AF
$420

Alt. 3 (Dry Ck)

Alt. 7 (SF Div)

$20,385,000
$1,029,900
$0
$885,249
$1,915,170
$383

$14,035,500
$709,122
$0
$0
$709,122
$142

The conclusion here would be that Alternative 7 appears to be significantly
more economical than either 2 or 3. Alternative 2’s cost per AF would come
down close to $200/AF if the AWA cost of water was closer to $.20/CCF
instead of the current $.61/CCF.
It must be remembered however that although the above costs would in
most cases get water close to where it is needed, there would likely be
additional costs to build a distribution system to get water to everyone in
within the project area. It would be difficult to make a guess at this cost
now, but it would likely add around $40-$50 per AF to the above costs. This
would make Alternative 7’s total cost for water then around $190/AF.
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Finally – the above per AF costs assumes the full freight of estimated project
costs are paid for by end users. That in fact may or may not be true. Should
any portion of the project have grant funding available – costs would
obviously be lower. The main purpose of the cost comparing done is to
highlight what the best alternative may be, and secondarily highlight what
the actual cost of water may be.
6.3 Matrix Analysis
A final matrix comparison of the selected 3 alternatives which will factor in
several additional considerations beyond just cost. Cost is typically the
primary factor in decision making with a project like this, but there are other
factors that can swing opinions in different directions. The factors included in
this matrix analysis and their “weight” relative to the cost factor being
weighted the heaviest are:
1) Cost – Normally most important factor. Weight = 5
2) Environmental/Site Issues – Weight = 2.5
3) Ability to Service Project – Weight = 4
4) Buildability – Weight=2
These factors are then scored on a scale of 0-5, and weighted as noted above.
Then all weighted scores are added for an overall project score. This allows a
relatively objective way to include factors beyond just cost in the overall
selection of an alternative. For example – there may be the most economical
alternative – but it may be so environmentally sensitive or controversial that
it may never get built! Table 3 is the matrix comparison of the 3 alternatives
considered in detail:
Table 3
Matrix Comparison of Alternatives

Factor Considered
1) Cost
2) Environmental/Site Concerns

Factor
“Weight”(1-5)*
5

Alternative Rating
Alt 2
Alt 3
1.5
2

Alt 7
4

2.5

4

1

3

3) Ability to Service Project

4

2.5

3.5

4

4) Buildability

2

3

2

3.5

30.5

50.5

Alternative Total Score =

33.5
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*”Weight” compares relative importance of factors (0=worst, 5=best)
** “Rating” compares how an alternative rates within any one category (0=worst, 3=avg, 5=best)

Clearly, Alternative 7 would be the preferred alternative, based on cost and also on the overall
matrix analysis. Alternative 2’s overall score would improve to about 46 if the AWA’s cost of
water was $.20/CCF (as it is with EID) and make it much more competitive, but still less
attractive than Alternative 7.
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7. Recommended Alternative
Based on the comparative costs and the more inclusive full matrix analysis,
Alternative 7 appears to be the best alternative available to meet the needs of the
project. It can meet the project firm yield supply requirements at a cost per AF that
would be competitive with what most are probably paying to currently pump
groundwater. It would need to utilize the City of Plymouth’s existing South Fork
Diversion right of 29 cfs, and it would likely take considerable time and cost to build
storage on Big Indian Creek.
This alternative has a big plus in that with only building the South Fork diversion and
main transmission line – it could get water to most areas of the Shenandoah Valley.
If only this portion of the project was ever completed, it would likely cost 1/3 of what
the full project would. In other words-still a huge benefit, but with a much lower
cost, and probably built on a must faster timeline.
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8. Next Steps to Take
Should decision makers feel that based on the information provided here that this is a
worthwhile project to pursue further, the following would be a minimum laundry list of
items to follow up on:
 Canvas/survey potential users for following information:
o Would you be interested in a firm yield water supply at a cost of
$150-$200/AF
o How many acres do you irrigate now?
o How many acres would you like to irrigate in the future?
o List how many wells you use now for the above acreage, and the
following:
 Depth of well , and date drilled
 Water level and gpms when first drilled
 Water level now
 GPMs now
 Do next level of hydrological analysis for Alternative 7
 Confirm dam site, and do preliminary geotechnical work as necessary to
confirm as a viable site
 Do preliminary environmental work to turn over any stones that need
turning
 Preliminary appraisal of property needed
 Next level of cost estimating
 Confirm viability of water rights necessary
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Appendix C - Upper Mokelumne Watershed Assessment and
Planning Project Assessment Tool Development
and Calibration Technical Memorandum

Technical Memorandum No. 6
To:

Rob Alcott, Upper Mokelumne River Watershed Authority
Eileen White, EBMUD

From:

Karen Johnson, Project Manger
Persephene St. Charles, Deputy Project Manager
Laura Weintraub and Limin Chen, Systech Engineering, Inc.

Date:

October 3, 2006

Subject:

Upper Mokelumne Watershed Assessment and Planning Project
Assessment Tool Development and Calibration

Introduction
In Part 1 of the Upper Mokelumne River Watershed Assessment and Planning Project (project), the
Project Advisory Committee (PAC) participated in a thorough process to select the most
appropriate watershed assessment tool for the project. Technical Memorandum 1 (TM No. 1)
describes the comparison of potential assessment tools. TM No. 1 states the project goals and lists
screening criteria for tool selection with respect to both tool capabilities and user needs. Potential
models were compared, keeping the evaluation criteria in mind. The result of this process was the
selection of WARMF - Watershed Analysis Risk Management Framework - as the watershed
assessment tool for the Upper Mokelumne watershed.
This technical memorandum provides a description of the development and calibration of the
watershed assessment tool, WARMF, utilized for the Upper Mokelumne River watershed. In
developing and calibrating the WARMF model, the following key steps were undertaken and are
described in this memorandum.
♦ Model adaptation
♦ Model calibration
♦ Model verification
♦ Simulation of Power Fire impacts
Assessment Tool Background
WARMF is a decision support system for watershed management. WARMF uses physically-based
algorithms in a dynamic watershed simulation model to calculate stream flow and water quality
conditions within a watershed. In WARMF, a watershed is divided into a network of land
catchments (often called subbasins), river segments, and reservoir layers. Land catchments are

further divided into land surface and soil layers. The land surface is characterized by its land uses
and cover, which may include forested areas, agriculture lands, or urbanized areas. Daily
precipitation, which includes rain and snow, is deposited on the land catchments. WARMF
performs daily simulations of snow and soil hydrology to calculate surface runoff and groundwater
accretion to river segments. The water is then routed from one river segment to the next
downstream river segment until it reaches the terminus of the watershed. The associated point and
nonpoint loads are also routed through the system. Heat budget and mass balance calculations are
performed to calculate the temperature and concentrations of various water quality constituents in
each soil layer, river segment, and lake/reservoir layer.
WARMF contributed to the assessment of baseline hydrological and water quality conditions of this
watershed and was used to graphically display exceedences of benchmarks for water quality
parameters of concern. The decision support tools of WARMF can also be used in future efforts to
generate alternative scenarios and graphically display cumulative water quality impacts of future land
uses and activities. WARMF is a stand alone GIS-based tool that has been applied to over 20
watersheds in the United States and internationally. Additional background information on
WARMF is provided in TM No. 1. The WARMF Technical Documentation and User’s Guide are
included with the WARMF application CD as pdf files.
Model Adaptation
Adapting the WARMF assessment tool to the Upper Mokelumne River watershed involved several
steps.
• Setup model to define the topography and geography in the watershed
• Gather and input necessary model data
• Define model assumptions required to characterize watershed processes and anthropogenic
influences
Model Setup
The first step in applying WARMF to a watershed is setting up a basin map which defines land
catchment, river segment, and lake/reservoir boundaries. Basin map delineation for the Upper
Mokelumne River watershed was performed using the public domain tool BASINS 3.1 developed by
USEPA. The digital elevation model used in the delineation was provided by the project consultant
team in 30m resolution. The stream network used in the delineation is the National Hydrography
Dataset downloaded automatically through BASINS. The 550-square mile watershed was delineated
into 207 subcatchments or subbasins, 202 river segments, and seven reservoirs/lakes (Figure 1).
Given the potential for greater urban development in the South and Middle Fork watersheds in
future years, the lower part of the watershed was given a finer resolution in subcatchment definition
than the upper regions. The delineated subwatershed boundaries agreed relatively well with the
CALFED defined boundaries for the Upper Mokelumne River Watershed.
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Figure 1. Upper Mokelumne River Watershed and Subbasin Delineation Map
Input Data
A variety of input data are required to simulate watershed conditions in WARMF. Technical
Memorandum No. 3 (TM No. 3) discusses the data development plan for the project. TM No. 3
lists the data needs for WARMF which include GIS data (e.g. land use / land cover) and non-GIS
data (e.g., climate, air quality, measured streamflow). Technical Memorandum No. 4 (TM No. 4)
builds upon TM No. 3 and discusses the data collection and monitoring plan. TM No. 4 identifies
sources of existing data for various regions of the watershed. Most of the data required by WARMF
was available from national and local databases and PAC members. TM No. 4 also discusses
relevant data gaps in the data collection and monitoring plan. In support of the WARMF
application, anthropological data were collected via PAC input, field visits, and additional research.
Additional metals and nutrient monitoring data were also collected on the South and Middle Forks
of the Mokelumne River. The following sections provide additional details about the data input to
WARMF.
Land Use
A detailed land use map, which is a product of incorporating multiple GIS layers of vegetation and
anthropological activities, was developed by the project team. The land use layer was created using
vegetation, roads, and residential development data collected from a variety of sources, as described
in Technical Memorandum No. 4. Based on the needs of the land use layer as an input to WARMF,
21 distinct land uses were identified to classify watershed activities. Table 1. lists the land uses.
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Table 1. Land use categories
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Land Use
Coniferous (0-29% canopy cover)
Coniferous (30-59% canopy cover) Grazed
Coniferous (30-59% canopy cover) Not Grazed
Coniferous (60-100% canopy cover)
Hardwood (0-29% canopy cover)
Hardwood (30-59% canopy cover) Grazed
Hardwood (30-59% canopy cover) Not Grazed
Hardwood (60-100% canopy cover)
Mixed Forest (0-29% canopy cover)
Mixed Forest (30-59% canopy cover) Grazed
Mixed Forest (30-59% canopy cover) Not Grazed
Mixed Forest (60-100% canopy cover)
Shrub
Water
Herbaceous Grazed
Herbaceous Not Grazed
Barren
Road (Paved)
Road (Unpaved)
Rural Residential
Human Impact Areas

The land use categories were identified which best reflect different land use characteristics
throughout the watershed. This was based on land use and land cover characteristics that affect
water quality and could be adjusted during WARMF model calibration.
Since no individual source document contained detailed information on each of the 21 land use
categories for the Upper Mokelumne River watershed, different information sources and GIS layers
were used to obtain information for each land use category.
Each of the land use categories is described in detail below.
Vegetation Data Sources:
• California Department of Forestry (CDF) Vegetation
Since most of the watershed is covered by vegetation, the land use layer is strongly based on the
CDF vegetation GIS file. The vegetation GIS file contains attributes that assign vegetation coverage
types and tree canopy densities. Vegetation types included coniferous forest, hardwood forest,
mixed forest, shrub, water, herbaceous, barren, and urban. The combination of vegetation type and
canopy density formed the vegetation categories used in the land use layer.
Grazing Data Sources:
•

CDF vegetation

•

Input from local cattle grazers

•

Input from PAC members
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Based on conversations with local cattlemen as well as PAC members, it was determined that cattle
were most likely to graze in herbaceous areas and forested areas with medium canopy density
coverage (30-59% canopy cover). Grazing boundaries were provided by cattlemen with grazing
operations in the watershed. These boundaries were digitized, and any areas classified as potential
grazing vegetation types that fell within the identified grazing boundary were reclassified with grazed
land use. Any areas with the assumed potential grazing vegetation type that fell outside the
identified grazing boundary were reclassified with a “non-grazed” land use.
Rural Residential Data Sources:
•

CDF vegetation

•

DWR land use

•

Alpine, Amador, and Calaveras County parcel maps

•

Septic tank locations

• DOQQ aerial photography
Rural residential areas were characterized by examining a combination of data sources including the
CDF vegetation files, county parcel files, county general plan files, and septic tank locations. Areas
that contained high concentrations of parcels and septic tanks were compared to areas identified by
the CDF and the counties as “urban” to derive the rural residential classification. Since counties
used different methods and assumptions to establish their own urban classifications, this data was
not used to directly determine rural residential areas. Instead, all of the source data was considered
and analyzed in conjunction to establish the rural residential characterization.
Human Impact Area Data Sources:
•

Alpine County recreation sites

•

El Dorado National Forest developed recreation sites

•

Input from PAC members

• Input from community members
To identify human impact areas, data was collected from the counties, PAC input and public
interaction. The areas characterized by this category replaced any vegetation characterization that
already existed for the specific location. For areas identified with human impact occurring at a
specific point such as swimming areas, illegal dumping sites, and boat put-ins, the area of influence
for the activity was assumed to be 10 feet in every direction. For areas identified with human impact
occurring along a line such as dumping along rivers and roads, the area of influence for the activity
was assumed to be 50 feet on each side of the line. For larger human impact areas, such as large
dump sites, recreation areas and campgrounds, polygons were used to characterize the area of
influence.
Road Data Sources:
•

Road files - California Spatial Information Library (CaSIL) and Counties

•

El Dorado National Forest roads and trails
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•

PAC input

GIS files downloaded from CaSIL and El Dorado National Forest provided the spatial location of
roads within the watershed. El Dorado National Forest’s GIS files provided paving details that were
used to categories whether each road is paved or unpaved. In other areas of the watershed, the PAC
provided first-hand information on roads that was used to categorize them as paved and unpaved.
Once each layer was developed, the data layers were combined to assign a single, specific land use to
every part of the watershed based on priority. To establish priority, the layers were combined in the
following order:
Vegetation Æ Grazing Æ Rural Residential Æ Human Impact Area Æ Roads
At locations where certain activities with higher importance occurred, the high importance activity
was assumed to take precedence, or override, over other activities. For instance, if a location was
described as being grazed, the grazed category would override the vegetation category. If that same
location was categorized as rural residential, human impact area, or roads, that category would
override the grazing category. The final product was a single, seamless land use layer incorporating
information from all identified sources.
The resulting land use shape file was imported into WARMF and overlayed with the WARMF
catchment boundaries to define the percent of each land use type within each land catchment.
WARMF model parameters were set up to account for the various land use categories. For example,
different leaf area index values were used to reflect different densities of vegetation. Different
impervious surface values were used along with cropping factors for different land use types. Table
2 presents a summary of the values used for key land use associated parameters in the model.
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Table 2. Land Use Parameters in WARMF
Land Use
Coniferous0-29
Coniferous30-59G
Coniferous30-59NG
Coniferous60-100
Hardwood0-29
Hardwood30-59G
Hardwood30-59NG
Hardwood60-100
MixedForest0-29
MixedForest30-59G
MixedForest30-59NG
MixedForest60-100
Shrub
Water
HerbaceousG
HerbaceousNG
Barren
RoadPaved
RoadUnpaved
RuralResidential
Recreation

Open
in
winter
0.7
0.4
0.4
0
1
0.9
0.9
0.8
0.85
0.65
0.65
0.5
1
1
1
1
1
1
1
0.8
1

Rainfall
Detach.
Factor
0.03
0.01
0.01
0
0.03
0.01
0.01
0
0.03
0.01
0.01
0
0.01
0
0.01
0.01
0.108
0.01
0.108
0.03
0.03

Fraction
Impervious

Interception
Storage

Productivity
(kg/m2/yr)

Cropping
Factor

Leaf Area
Index-Jan

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0.5
0.3
0.2

0.1
0.2
0.2
0.3
0.05
0.1
0.1
0.15
0.07
0.15
0.15
0.22
0.05
0
0.02
0.02
0
0
0
0.05
0.05

0.4
0.6
0.6
0.9
0.5
1
1
1.6
0.45
0.8
0.8
1.2
0.3
0
0.1
0.1
0
0
0
0.1
0.3

0.005
0.004
0.004
0.003
0.002
0.0015
0.0015
0.001
0.0035
0.0025
0.0025
0.002
0.003
0
0.003
0.003
0.1
0.1
0.7
0.2
0.3

3.6
7.2
7.2
12
0
0
0
0
1.8
3.6
3.6
6
1
0
1
1
0
0
0
0
0

Meteorology
Required meteorology data include daily minimum and maximum temperatures, precipitation, cloud
cover, dew point temperature, air pressure, and wind speed. The majority of the meteorological data
were obtained from the California Data Exchange Center (CDEC). The CDEC monitoring stations
located in or nearby the watershed include: Beaver, Blue Lakes, Mt. Zion, Mud Lake, Tiger Creek
Powerhouse, Salt Springs powerhouse (PH), and Stanislaus Meadow. Besides CDEC, there were a
few meteorological stations in or near the watershed including two SNOTEL stations (Blue Lakes,
Ebbetts Pass) and one National Climatic Data Center (NCDC) co-op station (West Point). Data
from these stations were used to supplement the CDEC data. Two nearby California Irrigation
Management Information System (CIMIS) stations (Shenandoah Valley, Camino) provided wind
speed, dew point temperature and air pressure data to fill data gaps. Table 3 shows a list of all
meteorological stations used in WARMF.
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Site Name
Beaver
Blue Lakes
Mt. Zion
Mud Lake
Tiger Creek
Powerhouse
Electra PH
Salt Springs PH
(observer)
Tiger Creek PH
Stanislaus Meadow
Blue Lakes
Ebbetts Pass
West Point
Shenandoah Valley
Camino

Table 3. Meteorological Data Stations

Abbreviation

Latitude

Longitude

Source

BE
BLK
MTZ
MDL
TCP

Elevation
(m)
1524
2438
905
2408
719

38.483
38.613
38.394
38.615
38.45

-120.317
-119.931
-120.65
-120.14
-120.483

CDEC
CDEC
CDEC
CDEC
CDEC

EPH
STS

223
1128

38.333
38.5

-120.667
-120.217

CDEC
CDEC

TGR
SLM

719
7750
8000
8700
845.8
472
847

38.45
38.5
38.6078
38.5495
38.3833
38.52
38.75

-120.483
-119.937
-119.924
-119.805
-120.55
-120.804
-120.73

CDEC
CDEC
SNOTEL
SNOTEL
NCDC
CIMIS
CIMIS

CIMIS_81
CIMIS_13

Stream Gaging Data
In WARMF, stream gaging data are used to compare with simulated stream flow during model
calibration. Gaging data from approximately 22 active USGS stations were compiled and input into
the WARMF database. Figure 2 shows the stream gaging station locations as white dots on an
Upper Mokelumme River watershed map.

Figure 2. USGS Stream Gaging Stations
Reservoir Elevation Data
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Daily storage data for Salt Springs Reservoir, Lower Bear Reservoir, and Upper Bear reservoir were
obtained from PG&E and the PAC. These data were converted to daily elevation values using
reservoir bathymetry to be used in WARMF during reservoir hydrology calibration.
Water Quality Data
Measured water quality data are used to compare with simulated water quality for the WARMF
water quality calibration. There are approximately 31 water quality stations in the watershed. Among
these stations, several operated by EBMUD have the longest records for total suspended solids
(TSS) and fecal coliform. These stations are primarily located in the lower part of the watershed in
South Fork (MRHW26, MRLF), Middle Fork (MRWP, MRPW), North Fork (MRTC), and Main
Stem (MRPH, MRHW49) of the Mokelumne River and have monthly measurements of TSS, fecal
and total coliform from 1990 or 1995 through roughly 2004. Other stations in the watershed contain
data of various parameters (e.g., temperature, cations, pH, nitrate, total dissolved solids (TDS),
metals) at monthly or biweekly intervals at various locations for a shorter period of 2002 to 2005.
The station at Highway 49 (MRHW49) contains the most extensive records for 1999 through 2005.
These data generally provide a good spatial and temporal representation of the water quality
parameters for model calibration. TM No. 4 provides a thorough discussion of the compilation of
existing water quality data and additional monitoring that was performed for the project. Figure 3
shows the water quality locations as white dots on an Upper Mokelumme River watershed map.

Figure 3. Water Quality Stations

Air Quality
WARMF requires wet and dry deposition data of various parameters to simulate the loading and
accumulation of pollutants on the tree canopy and ground surface. Precipitation concentration data
(wet deposition) were obtained from the nearby National Atmospheric Deposition Program station
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(CA99 Yosemite). Dry air concentration and deposition velocity data were obtained from the nearby
CASNET station (YOS404).
Model Assumptions
As with any modeling effort, model assumptions are required to help characterize watershed
processes in situations where detailed, local data are not available. The following sections describe
several key model assumptions that were made during the application of WARMF to the Upper
Mokelumne River watershed.
Diversions
Within the Upper Mokelumne River watershed, water is diverted from Lower Bear Reservoir, Salt
Spring Reservoir, Cole Creek, Bear River, Beaver Creek, and East and West Panther Creek to Tiger
Creek Forebay for power generation. Water from Tiger Creek Afterbay and the Main Stem of the
Mokelumne River is also diverted to power houses. These facilities are operated by PG&E. The
following assumptions and calculations were made to incorporate four major PG&E flows and or
diversions into the model.
1. Diversion from Lower Bear Reservoir to Salt Springs Powerhouse
= USGS11313510 (flow at Salt Springs PH) – diversion from Cole Creek to Salt Springs
PH
Diversion from Cole Creek to Salt Springs PH = USGS11313500 (flow at Cole Creek
above diversion dam) – 0.1 cubic meter per second (cms) (Assume all flow diverted with
0.1 cms minimum flow left in the river, diversion capped at 22.65cms due to tunnel
capacity)
2. Diversion from Salt Springs Reservoir to Tiger Creek Powerhouse
= USGS11314000 (flow in Tiger Creek PH conduct below Salt Springs Dam) –
USGS11313510 (flow at Salt Springs PH)
3. Diversion from Tiger Creek Afterbay to West Point Powerhouse
= USGS11316600 (inflow from North Fork Mokelumne River) + USGS11316610
(inflow from Tiger Creek PH) – USGS11316670 (Release from Tiger Creek Reservoir)
Note: For missing USGS data, data at Highway 49 (USGS 11319500) were used in
conjunction with flow ratios to back-calculate records for USGS11316600 and
USGS11316670. Flow ratios were derived based on the available record. Flow ratios
were approximately 11.79cms/27.74cms for inflow from North Fork Mokelumne
River/flow at Highway 49 and 9.56cms/27.74cms for release from Tiger Creek
Reservoir/flow at Highway 49.
4. Diversion from North Fork Mokelumne River to Electra Powerhouse
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= USGS11316670 (Release from Tiger Creek Reservoir) - USGS11316700 (flow at
North Fork Mokelumne River below Electra Diversion dam)
Note: Again, Highway 49 records were used in conjunction with flow ratios to backcalculate flow where USGS data was missing. The flow ratio assumed for
USGS11316700/flow at Highway 49 was approximately 7.692cms/ 27.74cms.
Reservoir Bathymetry and Outflow
Reservoir bathymetry data were only available for Salt Springs Reservoir from PG&E. For other
reservoirs, bathymetry data were estimated based on reservoir minimum and maximum elevation,
reservoir capacity, and surface area. Reservoir outflow data were available from PG&E for Upper
Blue Lake and Meadow Lake. For other reservoirs, flow gaging data just below the reservoir were
assumed to be equal to reservoir outflow data.
Livestock Grazing
Low density animal grazing occurs in several regions of the watershed. During winter months,
grazing occurs mostly around the Main Stem of the Mokelumne River with a density of 1 animal /
10 acre. During summer months, grazing occurs at higher elevations along the Middle Fork and
North Fork at a lower density (200 animals/25,000 to 26,000 acres). A detailed map of the grazing
schedule is shown in Figure 4. Using livestock density and literature values for livestock loading (120
pounds per day of manure per animal) and manure composition, applied surface loadings of
nutrients and coliform for these grazed areas were calculated and input into WARMF (see Table 4).

Figure 4. Map Showing Seasonal Grazing Patterns in Watershed
Table 3. Surface Loading for Grazed Lands
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Time period
Winter
months
Summer
months

NH4-N
(kg/ha/m
onth)
0.82

K
(kg/ha/
month)
1.744

PO4-P
(kg/ha/
month)
0.4

Organic C
(kg/ha/mo
nth)
5.689

Fecal Coliform
(#/ha/month)

0.082

0.1744

0.04

0.569

3200

6200

Septic Systems
A map showing locations of homes and businesses serviced by septic systems was developed. The
resulting GIS layer was imported into WARMF and overlayed with land catchment boundaries to
establish the number of septic systems within each land catchment. WARMF also requires input
data for the number of people per household (per septic system), per capita flow, the average
concentration of septic effluent, and the depth (soil layer) for septic tank effluent discharge. The
following default values (based on literature) were applied for the Upper Mokelumne River
watershed.
•
•
•
•
•
•

2.5 people/household
septic tank effluent flow = 162 L/capita/day
average septic tank effluent NH4-N concentration = 58 mg/L
average septic tank effluent phosphorous concentration of 9.8 mg/L
average septic tank effluent fecal coliform concentration of 5000000 #/100mL
septic tank effluent applied to layer 2 or 3 (> 1 m below surface)

Copper Source at Bear River Reservoir
There is a known, unquantified source of copper near the dam/tailwater section of Lower Bear
Reservoir. Elevated copper concentrations as high as 19 micrograms per liter (ug/L) have been
measured within the reservoir and in the tailwater section downstream. To account for this
unquantified copper source in WARMF, the approximate loading of copper was back-calculated and
input as a point source to the stream below the reservoir. The back-calculated load was assumed to
be constant over time. Further discussion on the calibration results of copper below the Lower Bear
Reservoir is presented in the calibration discussion below.
Model Calibration
Calibration Process and Years Selected
After populating WARMF with available input data to characterize the watershed, the next step was
to run simulations and compare output with measured streamflow and water quality. Model
calibration is performed by adjusting model parameters and reaction rates until simulated flow and
concentrations are as close as possible to the observed data, while maintaining calibration
parameters within a reasonable range. Calibration begins with independent parameters and
progresses to dependent parameters. For example, a typical progression would be as follows.
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flow Æ temperature Æ sediment Æ conservative substances Æ pH Æ nutrients Æ algae Æ DO
Flow is the only independent parameter and must be calibrated first. In order to model the transport
of a constituent well, the transport of the water must be modeled well first. Temperature, sediment
and conservative substances (e.g. cations, anions, TDS) can then be calibrated next. These are
typically non-reactive constituents (though sediment can settle and re-scour). Next, dependent
constituents can be calibrated in a hierarchical order. For example, pH depends on the balance of
cations and anions, and phosphorus adsorbs to sediment therefore must be calibrated after
sediment. Dissolved oxygen depends on several other parameters such as temperature, nutrients
(e.g. nitrification consumes oxygen), and algae growth and decay. Therefore, dissolved oxygen
usually calibrated last.
During hydrology calibration, predicted streamflow and reservoir elevations are compared with
observed data. The goal is to improve all aspects of the water budget including the global water
balance for the entire time period, the seasonal water balance, as well as matching specific events.
Key hydrology calibration parameters include the following:
• Precipitation Weighting Factors. Precipitation weighting factors account for the
difference in precipitation at weather stations and the specified catchment (due to elevation
or lateral difference).
• Evaporation Coefficients. (Scaling factor and degree of variation of evaporation between
the seasons)
• Snow Melt Coefficients. (Temperature at which snow forms and melts, melting rates open
or forested land uses).
• Soil Field Capacity. (volume fraction of water in each soil layer which does not flow out of
the soil)
• Saturation Moisture Content. (maximum volume fraction of water in each soil layer)
• Hydraulic Conductivity. (the ease with which water can move through pore spaces or
fractures of the soil)
Snowmelt coefficients and soil parameters control the timing of the rising limb and the shape of the
hydrograph, respectively. For water quality calibration, the parameters for adjustment vary
depending on constituent and are discussed individually in the sections below.
There is no single objective to measure calibration. Possible ways to measure calibration include
calculating error statistics (simulated vs. observed) and visual inspection of trends, timing of peaks,
and match during important time periods. Typically with WARMF, the goal is to have a relative
error less than 10 percent and r-square value of 0.7 or greater for hydrology calibration. For water
quality calibration, seasonal trends and range of values are important to match and a relative error
less than 20 percent is desirable.
The Upper Mokelumne River watershed data set includes records from 1990 through 2005. The
years 2000 to 2005 have the most extensive water quality records and were therefore chosen as
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calibration years. Model verification was performed for 1990 to 2000 (see subsequent section on
Model Verification).
Hydrology Calibration
In the following sections, the simulated and observed stream flows are compared for five watershed
locations (Figure 5). The selected locations have the most comprehensive gaging data for
comparison and include major tributaries (South Fork, Middle Fork and North Fork), a small
upstream tributary (Cole Creek) and the watershed outlet point (Mokelumne River at Highway 49).

Figure 5. Hydrology Calibration Stations
Mokelumne River at Highway 49
Figure 6 compares the model simulated flow of Mokelumne River at Highway 49 (USGS gage
USGS 11319500) with observed values and shows good agreement. The model captures the peaks
during high flow and simulates the base flow very well. The correlation between simulated and
observed values is high, suggesting good agreement between the two (Figure 7). The relative error is
1.093 cms with relative percent error of 4.41 percent. Model simulated frequency of flow
distribution agreed very well with observed data (Figure 8). Comparison of cumulative hydrographs
also suggested the model performed well in simulating the cumulative water budget over the
simulation period (Figure 9).
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Figure 6. Simulated and Observed Stream Flow of Mokelumne River at Highway 49, 2000 to 2005

Figure 7. Correlation Statistics of Simulated and Observed Flows of Mokelumne River at Highway 49,
2000 to 2005
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Figure 8. Frequency Distribution of Simulated and Observed Flow of Mokelumne River at Highway 49,
2000 to 2005

Figure 9. Cumulative Hydrograph for Simulated and Observed Flows of Mokelumne River at Highway 49,
2000 to 2005
South Fork Mokelumne River
Hydrology calibration for the South Fork Mokelumne River (USGS gage 11318500) shows a similar
pattern to the Highway 49 calibration (Figure 10). WARMF simulations capture both the high and
low flows relatively well. Though WARMF under-predicted the maximum peaks in drier years (2001,
2002, 2003, 2004), the maximum peaks in wetter years (2000 and 2005) showed a good match and
WARMF predicted the recession of the hydrograph well for all year types. The correlation between
the simulated and observed flow suggested relatively good agreement with a relative error of 2.54
percent (Figure 11). The frequency distribution and cumulative hydrographs suggest the model
performs well in reproducing frequency of high and low flow and simulating the cumulative water
budget over the simulation period of six years (Figures 12 and 13)
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Figure 10. Simulated and Observed Stream Flow of South Fork Mokelumne River at USGS
gage 11318500, 2000 to 2005

Figure 11. Correlation Statistics of Simulated and Observed Flows of South Fork Mokelumne River at
USGS gage 11318500, 2000 to 2005
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Figure 12. Frequency Distribution of Simulated and Observed Flow of South Fork Mokelumne River at
USGS gage 11318500, 2000 to 2005

Figure 13. Cumulative Hydrograph for Simulated and Observed Flows of South Fork Mokelumne River at
USGS gage 11318500, 2000 to 2005
Middle Fork Mokelumne River
A timeseries plot showing simulated and observed hydrology calibration for the Middle Fork
Mokelumne River (USGS gage 11317000) is shown in Figure 14. As with the South Fork, WARMF
predicts the maximum peaks during the wetter years better than during the drier years. For all years,
the prediction of hydrograph recession is good. Correlation between the simulated and observed
flow suggests good agreement with a relative error of -3.87 percent (Figure 15). The frequency
distribution (Figure 16) and cumulative hydrographs (Figure 17) show a good match with respect to
simulating the frequency of high and low flows and calculating the cumulative water budget.
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Figure 14. Simulated and Observed Stream Flow of Middle Fork Mokelumne River at USGS gage
11317000, 2000 to 2005

Figure 15. Correlation statistics of Simulated and Observed Flows of Middle Fork Mokelumne River at
USGS gage 11317000, 2000 to 2005
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Figure 16. Frequency Distribution of Simulated and Observed Flow of Middle Fork Mokelumne River at
USGS gage 11317000, 2000 to 2005

Figure 17. Cumulative Hydrograph for Simulated and Observed Flows of Middle Fork Mokelumne River at
USGS gage 11317000, 2000 to 2005
North Fork Mokelumne River
The North Fork Mokelumne River accounts for approximately 85 percent of the total Mokelumne
River flow measured at Highway 49. Also, the North Fork flows are influenced by reservoir releases
(Salt Springs and Upper Bear) and diversions for power generation, making the calibration of this
watershed region more complicated (see discussion of Model Assumptions above). Approximately
two years of USGS gaging data were available for comparison at North Fork Mokelumne River just
above Tiger Creek Afterbay (USGS gage 11316600). A timeseries plot showing simulated and
observed hydrology calibration at this location is shown in Figure 18. WARMF predicts the
maximum peaks and hydrograph recessions well. Correlation between the simulated and observed
flow suggests good agreement with a relative error of 7.34 percent (Figure 19). The frequency
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distribution (Figure 20) shows a good match and the cumulative hydrograph (Figure 21) shows a
slight over prediction in the overall water balance.

Figure 18 Simulated and Observed Stream Flow of North Fork Mokelumne River at USGS gage 11316600,
2000 to 2005
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Figure 19. Correlation statistics of Simulated and Observed Flows of North Fork Mokelumne River at USGS
gage 11316600, 2000 to 2005

Figure 20. Frequency Distribution of Simulated and Observed Flow of North Fork Mokelumne River at
USGS gage 11316600, 2000 to 2005
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Figure 21. Cumulative Hydrograph for Simulated and Observed Flows of North Fork Mokelumne River at
USGS gage 11316600, 2000 to 2005
Cole Creek
Cole Creek is a small tributary which drains to the North Fork just downstream of Salt Springs
Reservoir. Figure 22 shows simulated versus observed stream flow for Cole Creek at USGS gage
11315000, which is just upstream of the Cole Creek diversion. As with the other locations,
WARMF predicts the seasonal pattern of streamflow well. Figure 23 shows the good correlation
between simulated and observed flow with a calculated relative error of -0.0822 cms (-4.94 percent).
A good comparison of the prediction of high and low flows is presented in the frequency
distribution plot (Figure 24). The cumulative water balance for Cole creek was also predicted well,
as is shown in the cumulative flow plot (Figure 25).

Figure 22. Simulated and Observed Stream Flow of Cole Creek at USGS gage 11315000, 2000 to 2005
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Figure 23. Correlation statistics of Simulated and Observed Flow of Cole Creek at USGS gage 11315000,
2000 to 2005

Figure 24. Frequency Distribution of Simulated and Observed Flow of Cole Creek at USGS gage
11315000, 2000 to 2005
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Figure 25. Cumulative Hydrograph for Simulated and Observed Flows of Cole Creek at USGS gage
11315000, 2000 to 2005
Water Quality Calibration
WARMF simulates concentrations of over 30 water quality constituents in all river and reservoir
locations in the watershed. The complete output can be viewed through the WARMF software.
For calibration, comparison is made between simulated and observed values where observed data
are available. The following sections show this comparison for several parameters of interest to the
PAC (temperature, fecal coliform, total suspended sediment, nutrients, metals, and total dissolved
solids). In this report, model output is shown for a select group of locations where observed data
were available (Figure 26).

Figure 26. Water Quality Calibration and Verification Stations
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Temperature
The simulation of stream temperature is driven by minimum and maximum air temperature which is
input into WARMF. As snow melt runs into streams, heat is exchanged between the air and surface
water. Obvious seasonal patterns are seen with warmer temperatures in the summer months and
colder temperatures in the winter months. During temperature calibration, several WARMF
parameters can be adjusted. A temperature lapse factor is assigned to each land catchment to
account for the distance between the catchment and the closest meteorological station which can
influence the prediction of surface water temperature. However, the main coefficient adjusted
during temperature calibration is the convective heat factor, which is a coefficient proportional to
the influence of the air temperature upon the water temperature. For streams downstream of a
reservoir, stream temperature is directly influenced by the temperature in the reservoir releases.
Therefore, calibration of tailwater stream temperatures involves calibrating the temperature profile
in the upstream reservoir.
Figure 27 shows the model simulated stream temperature in an upper tributary of the watershed,
Blue Creek just downstream of Lower Blue Lake (BC2), compared to the observed values. As
shown, the model is able to capture the seasonal pattern of temperature in Blue Creek quite well.
Similarly, as shown in Figure 28 , the model provides good simulation of surface temperature in the
Lower Bear Reservoir (LBRR1). For Lower Bear Reservoir, monthly temperature profile data were
available for year 2002 for calibration. Figures 29a-c show model simulated reservoir temperature
profiles compared to the observed profiles for May, July, and September. As shown in these figures,
the model simulates the stratification in the Lower Bear Reservoir in the summer months.

Figure 27. Simulated and Observed Temperature at Blue Creek (BC2)
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Figure 28. Simulated and Observed Temperature in Lower Bear Reservoir (LBRR1)

Figure 29a. Simulated and Observed Temperature Profile in Lower Bear Reservoir for May 16, 2002
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Figure 29b. Simulated and Observed Temperature Profile in Lower Bear Reservoir for July 17, 2002

Figure 29c. Simulated and Observed Temperature Profile in Lower Bear Reservoir for September 25, 2002
Figures 30 through 33 show the simulated temperature for Bear River (BR1), North Fork
Mokelumne River above Tiger Creek (NFMR3), Mokelumne River above Electra Powerhouse
(MR1), and Mokelumne River at Highway 49 (MRHW49), respectively. Generally, the model
captured temperature variations shown in the observed data well. The model overpredicted
temperature for Bear River during fall months. This could be due to the uncertainty in reservoir
bathymetry data, elevation of reservoir release and diversion, and/or the diversion to Salt Spring
Powerhouse.
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Figure 30. Simulated and Observed Temperature in Bear River Downstream of Bear River Reservoir (BR1)

Figure 31. Simulated and Observed Temperature in North Fork Mokelumne River Above Tiger Creek
Afterbay (NFMR3)
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Figure 32. Simulated and Observed Temperature in Mokelumne River Above Electra Powerhouse (MR1)

Figure 33. Simulated and Observed Temperature in Mokelumne River at Highway 49 (MRHW49)
Fecal Coliform
Calibration for fecal coliform involved specifying both loadings of fecal coliform from different
sources and the coliform decay rate. Possible sources of fecal coliform in the watershed include
septic inputs and surface loadings from rural residential areas, cattle waste loading to grazing land
uses, and to a lesser extent, input from recreational areas and wildlife. Also, grazing cattle are known
to have access to tributary waters. When an animal deposits its waste directly in the stream,
assimilation does not occur as readily as if it was deposited on the land surface. As described in
previous sections, septic system loading rates and surface loading rates from human-impacted land
uses and cattle grazing lands were estimated based on available data and input to the model. An
assumption was made that 5 percent of the cattle loading in grazed catchments was deposited
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directly to the stream. Calibration results for fecal coliform at various locations in the watershed
suggest the model is able to predict the spatial variability of fecal coliform across the watershed. All
plots are shown with a log scale. Detection limits for fecal coliform are 1 colony / 100 mL.
Therefore, when observed data show a level of 1/100mL, a model prediction of less than 1/100 mL
is acceptable.
The upper sections of the North Fork watershed show relatively low simulated and observed fecal
coliform concentrations of roughly 1 to 10/100 mL (Figure 34 and Figure 35). A very low
concentration of fecal coliform is typical just downstream of a sizable reservoir since the residence
time of a large water body will provide sufficient time for organisms to decay.

Figure 34. Simulated and Observed Fecal Coliform in North Fork Mokelumne River Below Salt Springs
Reservoir (NFMR2)
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Figure 35. Simulated and Observed Fecal Coliform in North Fork Mokelumne River Above Tiger Creek
Afterbay (NFMR3)
Further downstream on the North Fork, simulated concentrations are higher, ranging from
approximately 1 to 100/100 mL, consistent with observed data. Locations for comparison include
the North Fork Mokelumne River below Tiger Creek Afterbay (Figure 36), Mokelumne River near
West Point Powerhouse (Figure 337, and Mokelumne River at Highway 49 (Figure 38).

Figure 36. Simulated and Observed Fecal Coliform in North Fork Mokelumne River Below Tiger Creek
Afterbay (MRTC)

Figure 37. Simulated and Observed Fecal Coliform in the Mokelumne River Near West Point Powerhouse
(MRPH)
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Figure 38. Simulated and Observed Fecal Coliform in Mokelumne River at Highway 49
WARMF simulated results reflect the higher concentrations of fecal coliform observed in the Middle
and South Forks. For these locations, concentrations range from 1 to above 1000#/100 mL (Figure
39 and Figure 40).

Figure 39. Simulated and Observed Fecal Coliform in Middle Fork Mokelumne River (MRWP)
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Figure 40. Simulated and Observed Fecal Coliform in South Fork Mokelumne River (MRHW26)
Suspended Sediment
During flow events, sediment can detach from the land surface and be transported into the closest
stream. There are two mechanisms for sediment detachment: rainfall detachment which occurs
when raindrops hit and dislodge exposed soil, and flow detachment during which overland flow
removes available sediment particles. Rainfall detachment does not occur when canopy cover or
snow cover is present. Once in the stream, suspended sediment can settle and/or scour and
resuspend depending on stream velocities. During suspended sediment calibration, several
parameters are adjusted. The particle content and soil erosivity of individual catchments contribute
to the amount of sediment that is detached. Also, rainfall detachment and cropping factors for each
land uses (Table 2) may be adjusted. These factors all impact the peak levels of sediment that are
predicted during high flow periods.
Stream parameters for detachment velocity and initial sediment depth in the stream can influence
the level of suspended sediment during low to moderate flow periods. Typically, suspended
sediment monitoring data is collected during a regular interval (e.g. monthly or bi-weekly) and often
does not capture all storm events. Since WARMF simulates every day including all high
precipitation events, WARMF often predicts peaks in suspended sediment that are not always
captured in the monitoring data. Also, when WARMF is run with a daily timestep, it predicts the
average suspended sediment concentration over a 24 hr period. This predicted concentration may
actually be less than a single, high flow event that was recorded, especially if the sample was taken at
the highest flow during the 24 period. Therefore, during suspended sediment calibration, it
important to try and match as many measured TSS points as possible, without putting too much
emphasis on extreme, high measurements. Note that for two dates during the calibration period
(January 24, 2000 and December 16, 2002), very high TSS measurements were recorded on the
South and Middle Forks. In order to obtain a balanced calibration for all time periods, emphasis
was not placed on trying to match these two high peaks.
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A comparison of simulated versus observed suspended sediment is shown for several watershed
locations (Figures 41 to 46). For all locations, WARMF successfully predicts TSS within the
measured range. Peak TSS predictions do not always match observed points exactly with respect to
timing and magnitude but all are within a reasonable range, given the available observed data.

Figure 41. Simulated and Observed Total Suspended Sediment in Bear River (BR1)

Figure 42. Simulated and Observed Total Suspended Sediment in Mokelumne River Below Tiger Creek
Afterbay (MRTC)
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Figure 43. Simulated and Observed Total Suspended Sediment in Middle Fork Mokelumne River (MRWP)
excluding observed data points for January 24, 2000 and December 16, 2002

Figure 44. Simulated and Observed Total Suspended Sediment in South Fork Mokelumne River
(MRHW26) excluding observed data points for January 24, 2000 and December 16, 2002

36

Figure 45 Simulated and Observed Total Suspended Sediment in Mokelumne River near West Point
Powerhouse (MRPH)

Figure 46 Simulated and Observed Total Suspended Sediment in Mokelumne River at highway 49
(MRHW49)
Nutrients
Simulated nutrients include dissolved and total (includes adsorbed form) nitrogen and phosphorus
species. Total phosphorus includes the fraction which is adsorbed to suspended sediment and can
be transported downstream. Maintaining a minimum level of nutrients in a waterbody is necessary
to sustain growth of plants and benthic species. However, when nutrient levels are too high, a water
body becomes enriched which can lead to an overproduction of algae and consumption of dissolved
oxygen during algae die-off. Calibration of nutrients involves adjusting the initial soil nitrogen and
phosphorus concentrations as well as nutrient loading inputs such as surface application rates for
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residential and grazed land uses. Both nitrogen (in ammonia form) and phosphorus can adsorb to
sediment, and adsorption isotherms must be set during calibration.
The nitrification rate (the rate of transformation of ammonia into nitrate) is an important parameter
that can be adjusted for nitrogen in soil and water during calibration. Because nitrification is a
temperature-dependent reaction, ammonia is lower in the warmer months when nitrification occurs
at a faster rate and is higher during the colder months when nitrification slows down. Also,
additional ammonia is most likely entering the watershed during the colder, wetter months when
runoff is higher.
For the calibration period, nitrate concentrations were collected in several watershed locations.
Model simulation and observed data for selected locations are shown in Figures 47 to 48. For all
locations, WARMF clearly predicts a seasonal pattern of higher nitrate during spring run-off periods
and lower nitrate during the dry summer months. This pattern is most distinct in the observed data
at Highway 49 (Figure 49). For all locations, WARMF predicts a reasonable pattern and range of
nitrate as compared to observed data.

Figure 47. Simulated and Observed Nitrate in Blue Creek (BC2)
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Figure 48. Simulated and Observed Nitrate Concentration in Bear River (BR1)

Figure 49. Simulated and Observed Nitrate Concentration in Mokelumne River at Highway 49 (MRHW49)
Figure 50 shows simulated versus observed ammonia for the Mokelumne River at Highway 49.
WARMF simulations are consistent with the observed seasonal pattern of ammonia. Model
predictions for ammonia are within range of the observed values.
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Figure 50. Simulated and Observed Ammonia Concentration in Mokelumne River at Highway 49
(MRHW49)
Figures 51 and 52 show simulated and observed phosphate and total phosphorus for Mokelumne
River at Highway 49. Simulated phosphate is shown to be near or below the measured detection
limit of 0.01 mg/L, and matches well with observed data. Though not all total phosphorus peaks
were matched exactly, WARMF predicted values within a reasonable range.

Figure 51. Simulated and Observed Phosphate Concentration in Mokelumne River at Highway
49 (MRHW49)
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Figure 52. Simulated and Observed Total Phosphorus Concentration in Mokelumne River at
Highway 49 (MRHW49)
Metals
For the Upper Mokelumne River watershed, six metals (i.e. Aluminum, Manganese, Cadmium, Lead,
Copper, and Iron) were modeled. Mokelumne River at Highway 49 has the most complete data set
for metals. Therefore, this station was used as the main station for calibration. The model simulated
both the dissolved and adsorbed forms of metals. Calibration for metals was mostly conducted
through adjusting initial soil metal concentrations and the partitioning coefficients between dissolved
and adsorbed forms. For areas with mining activities (locations along the South Fork and Middle
Forks) a small amount of surface loading was specified for metals.
Simulated dissolved forms of metals compared well with the observed values (Figures 53 through
58). The model under-predicts peaks in dissolved copper during water years 2000 and 2005. The
elevated copper concentrations observed during water year 2005 likely resulted from the October
2004 Power Fire, which is not included in the calibration shown here (calibration for Power Fire
effects is described later in this memorandum). However, the cause of the observed copper peaks
during water year 2000 is unclear.
For several metals, much of the observed data were below detection. In these cases, observed
values are plotted at the detection limit. For example, the detection limit for cadmium is 0.035.
Because much of the observed data were below detection, the observed data appear as a line of
points with concentrations equal to the detection limit (see Figure 55). These points do not depict
the actual concentration of the parameter in the sample, since the parameter was not detected and
the actual concentration is unknown. Rather, these points show the maximum possible value, with
the actual concentration equal to some value between zero and the detection limit. WARMF
simulates the actual concentration of each parameter, and is not limited by analytical measurement
capabilities as with observed data. As such, WARMF frequently simulates concentrations below the
detection limits. This is why, in Figures 53 through 58, it is common to see model simulations at
lower concentrations than “observed” data.
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Figure 53. Simulated and Observed Aluminum Concentration in Mokelumne River at Highway 49

Figure 54. Simulated and Observed Manganese Concentration in Mokelumne River at Highway 49
(MRHW49)
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Figure 55. Simulated and Observed Cadmium Concentration in Mokelumne River at Highway 49
(MRHW49)

Figure 56. Simulated and Observed Lead Concentration in Mokelumne River at Highway 49 (MRHW49)
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Figure 57. Simulated and Observed Copper Concentration in Mokelumne River at Highway 49 (MRHW49)

Figure 58. Simulated and Observed Total Dissolved Iron Concentration in Mokelumne River at Highway 49
(MRHW49)
As shown in Figure 59 through 64, the model-simulated total metal concentrations (dissolved plus
adsorbed) matched very well with the observed data for most of the metals simulated, particularly
manganese, cadmium, lead and copper. Simulated dynamics during normal flow conditions and high
peaks in total concentrations during high flow events agreed well with observed data for these
metals. The model seems to under-predict some high flow peaks in total concentration of aluminum
and iron. However, the model simulates the concentrations of these metals during normal flow
conditions very well.
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Figure 59. Simulated and Observed Total Aluminum Concentration in Mokelumne River at Highway 49
(MRHW49)

Figure 60. Simulated and Observed Total Manganese Concentration in Mokelumne River at Highway 49
(MRHW49)
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Figure 61. Simulated and Observed Total Cadmium Concentration in Mokelumne River at Highway 49
(MRHW49)

Figure 62 Simulated and Observed Total Lead Concentration in Mokelumne River at Highway 49
(MRHW49)

46

Figure 63. Simulated and Observed Total Copper Concentration in Mokelumne River at Highway 49
(MRHW49)

Figure 64. Simulated and Observed Total Iron Concentration in Mokelumne River at Highway 49
(MRHW49)
Figure 65 shows simulated and observed copper for Lower Bear River Reservoir near the dam.
WARMF simulates the average concentration of the small cluster of observed data points.
Downstream of the dam, WARMF predicts a much higher concentration of copper due to an
unknown source of copper near the dam (Figure 66). A point source was back-calculated and input
to WARMF to approximate this copper load.
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Figure 65 Simulated and Observed Copper in Lower Bear River Reservoir (LBRR1)

Figure 66. Simulated and Observed Copper in Bear River below Bear River Reservoir (BR1)
Total Dissolved Solids
TDS is the sum of cations and anions in a water sample. Simulated TDS was compared with
observed data at several locations (Figures 67 to 70). At all locations, the data and model output
show a similar pattern of higher TDS during the wetter months and lower TDS during the drier
months. Both simulated and observed TDS concentrations appear to increase moving from
upstream to downstream locations in the watershed.
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Figure 67. Simulated and Observed Total Dissolved Solids in Blue Creek (BC2)

Figure 68. Simulated and Observed Total Dissolved Solids in North Fork Mokelumne Below Salt Springs
Reservoir (NFMR2)
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Figure 69. Simulated and Observed Total Dissolved Solids in North Fork Mokelumne River Above Tiger
Creek Afterbay (NFMR3)

Figure 70. Simulated and Observed Total Dissolved Solids in North Fork Mokelumne River below Electra
Diversion Dam (NFMR5)
Model Verification
Verification Process and Years Selected
Model verification is a process that is performed following calibration to verify that the calibrated
model is valid for simulating conditions during time periods outside the calibration timeframe. In
model verification, the calibrated model is run for a different time period than was used for the
calibration, and simulated results are compared to observed data. During verification, all model
coefficients are held constant except the initial conditions for soil moisture, initial concentrations,
and initial reservoir elevations.

50

The verification results are presented in the following sections for both hydrology and water quality.
Hydrology Verification
The verification period selected was 1990 to 1999 which includes both very wet (1995, 1996, 1997)
and very dry years (1991, 1994).
Mokelumne River at Highway 49
The model simulation of flow for Mokelumne River at Highway 49 agreed well with the observed
values (Figure 71). Some of the extreme peaks are slightly under-predicted (1996 and 1995), but
hydrograph recession is predicted well and statistical output shows a good correlation between
simulated and observed values (Figure 72). The relative error is 0.723 cms with relative percent error
of 2.19 percent. Model simulated frequency of flow distribution also agreed very well with observed
data (Figure 73). Comparison of cumulative hydrographs also suggested the model accurately
simulated the cumulative water budget over the 10 year simulation period (Figure 74).

Figure 71. Simulated and Observed Stream Flow of Mokelumne River at Highway 49, 1990 to 1999
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Figure 72. Correlation Statistics of Simulated and Observed Flows of Mokelumne River at Highway 49

Figure 73. Frequency Distribution of Simulated and Observed Flow of Mokelumne River at Highway 49,
1990 to 1999
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Figure 74. Cumulative Hydrograph for Simulated and Observed Flows of Mokelumne River at Highway 49,
1990 to 1999
South Fork Mokelumne River
Figures 75 to 78 compare simulated and observed flow for South Fork Mokelumne River for 1990
to 1999. Though maximum peaks are slightly over-predicted in some years (1996) and slightly
under-predicted in others (1995, 1999), WARMF does an excellent job at predicting peaks in two of
the wetter years (1997, 1998). The calculated relative percent error for this location is 1.2 percent
and the plots of frequency distribution of flow and cumulative flow show a very good match of
simulated with observed.

Figure 75. Simulated and Observed Stream Flow of South Fork of Mokelumne River at USGS gage
11318500, 1990 to 1999
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Figure 76. Correlation Statistics of Simulated and Observed Flows of South Fork Mokelumne River at
USGS gage 11318500, 1990 to 1999

Figure 77. Frequency Distribution of Simulated and Observed Flow of South Fork Mokelumne River at
USGS gage 11318500, 1990 to 1999
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Figure 78. Cumulative Hydrograph for Simulated and Observed Flows of South Fork Mokelumne River at
USGS gage 11318500, 1990 to 1999
Middle Fork Mokelumne River
The simulated and observed stream flow for Middle Fork Mokelumne River during the verification
period is shown in Figure 79. Similar to predictions for the South Fork, simulations at this location
show a good match with observed data. The wettest year (1996) is matched well in magnitude and
recession curve, whereas other years slightly over- or under-predict . The calculated relative percent
error for this location is 5.25 percent (Figure 80) and the frequency distribution plot shows a good
match of high and low flows (Figure 81). The cumulative flow plot shows an over-prediction of
streamflow (Figure 82).

Figure 79. Simulated and Observed Stream Flow of Middle Fork of Mokelumne River at USGS gage
11317000, 1990 to 2000
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Figure 80. Correlation Statistics of Simulated and Observed Flows of Middle Fork Mokelumne River at
USGS gage 11317000, 1990 to 2000

Figure 81. Frequency Distribution of Simulated and Observed Flow of Middle Fork Mokelumne River at
USGS gage 11317000, 1990 to 2000

56

Figure 82. Cumulative Hydrograph for Simulated and Observed Flows of Middle Fork Mokelumne River at
USGS gage 11317000, 1990 to 2000
North Fork Mokelumne River
Figures 83 shows the simulated streamflow of North Fork Mokelumne River above Tiger Creek
Afterbay compared with observed flow (USGS gage 11316600) for the verification period. The
hydrograph is predicted well, though WARMF does under predict two high peaks during summer
and winter of 1996. Part of the discrepancy between the predicted and observed flows could be
attributed to data limitations for reservoir releases and diversion records upstream of this station.
With the exception of the few missed peaks, correlation between the simulated and observed flow
suggests good agreement with a relative error of 1.26 percent (Figure 84). The frequency distribution
(Figure 85) shows a good match and the cumulative hydrograph (Figure 86) shows a good prediction
in the overall water balance.
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Figure 83. Simulated and Observed Stream Flow of North Fork Mokelumne River at USGS gage
11316600, 1990 to 2000

Figure 84. Correlation statistics of Simulated and Observed Flows of North Fork Mokelumne River at USGS
gage 11316600, 1990 to 2000
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Figure 85. Frequency Distribution of Simulated and Observed Flow of North Fork Mokelumne River at
USGS gage 11316600, 1990 to 2000

Figure 86. Cumulative Hydrograph for Simulated and Observed Flows of North Fork Mokelumne River at
USGS gage 11316600, 1990 to 2000
Cole Creek
Figures 87 to 79 show the hydrology verification results for Cole Creek upstream of the Cole Creek
diversion. WARMF simulates flow well for most years with some under prediction of maximum
peaks. The recession curve of the hydrograph is also captured well. A relative percent error of 4.44
percent was calculated, and results show a good simulation of frequency distribution of high and low
flows and cumulative water balance.
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Figure 87. Simulated and Observed Stream Flow of Cole Creek

Figure 88. Correlation Statistics of Simulated and Observed Flow at Cole Creek
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Figure 89. Frequency Distribution of Simulated and Observed Flow at Cole Creek

Figure 90. Cumulative Hydrograph for Simulated and Observed Flows of Cole Creek
Water Quality Verification
As performed for hydrology, water quality verification was performed by running WARMF for a
new time period (1990 to 1999) using model parameters set during calibration. Simulated results
were compared with observed data, where available. During this time period, observed data
consisted of fecal coliform and total suspended sediment for several locations as well as some sparse
nutrient data.
Fecal Coliform
Figures 91 to 95 present simulated versus observed fecal coliform predictions for several watershed
locations during the verification time period (1990 to 1999). For all locations and time periods,
WARMF predicts the general pattern and range of fecal coliform well. As was seen with the
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calibration period, higher fecal coliform concentrations are seen in Middle and South Forks than is
seen in the North Fork and Main Stem Mokelumne River.

Figure 91. Verification of Simulated and Observed Fecal Coliform, 1990 to 1999, for Middle Fork
Mokelumne River (MRWP)

Figure 92. Verification of Simulated and Observed Fecal Coliform During 1990 to 1999 for South Fork
Mokelumne River (MRHW26)
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Figure 93. Verification of Simulated and Observed Fecal Coliform During 1990 to 1999 for North Fork
Mokelumne River below Tiger Creek Afterbay (MRTC)

Figure 94. Verification of Simulated and Observed Fecal Coliform During 1990 to1999 for Mokelumne
River Below Electra Powerhouse (MRPH)
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Figure 95. Verification of Simulated and Observed Fecal Coliform During 1990 to 1999 for Mokelumne
River at Highway 49 (MRHW49)
Suspended Sediment
Suspended sediment data was also available for several locations during the calibration period.
Figures 96 to 100 indicate that WARMF is predicting the low flow concentration of suspended
sediment well. For several years, WARMF predicts higher concentrations of suspended sediment
than observed. The predicted TSS levels are considered reasonable because while they are slightly
higher than observed values, they exhibit similar behavior The verification period included wetter
years than those recorded during the calibration period; therefore, a higher TSS prediction would be
expected.

Figure 96. Verification of Simulated and Observed Total Suspended Sediment During 1990 to 1999 for
Middle Fork Mokelumne River (MRWP)
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Figure 97. Verification of Simulated and Observed Total Suspended Sediment During 1990 to 1999 for
South Fork Mokelumne River (MRHW26)

Figure 98. Verification of Simulated and Observed Total Suspended Sediment During 1990 to 1999 for
North Fork Mokelumne River Below Tiger Creek Afterbay (MRTC)
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Figure 99. Verification of Simulated and Observed Total Suspended Sediment During 1990 to 1999 for
Mokelumne River Below Electra Powerhouse (MRPH)

Figure 100. Verification of Simulated and Observed Total Suspended Sediment during 1990 to 1999 for
Mokelumne River at Highway 49 (MRHW49)
Nutrients
A sparse set of observed nutrient concentration data were available for the verification time period.
A comparison of simulated versus observed nitrate, phosphate, and total phosphorus is shown in
Figures 101 to 103 for Mill Creek, a small tributary of North Fork Mokelumne River near Tiger
Creek Afterbay. For all three parameters, WARMF predicted nutrient concentrations near observed
levels.
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Figure 101. Verification of Simulated and Observed Nitrate During 1990 to 1999 for Mill Creek (MRMC)

Figure 102. Verification of Simulated and Observed Phosphate During 1990 to 1999 for Mill Creek (MRMC)
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Figure 103. Verification of Simulated and Observed Total Phosphorus During 1990 to 1999 for Mill Creek
(MRMC)
Discussion
Results presented in the Model Verification section show that WARMF was able to predict flow and
concentrations during the verification time period using model parameters that were set during the
calibration process for the calibration time period. This indicates that adjustments to model
parameters made during calibration were reasonable, and that given appropriate input data for
meteorology, air quality, etc., the calibrated WARMF model could be used to simulate flow and
water quality during other time periods as well.
Simulation of Power Fire Impact
Background on Power Fire
In mid-October of 2004, a forest fire occurred at the north side of the North Fork Mokelumne
River in an area between Salt Springs Reservoir and Tiger Creek Powerhouse. The fire burned an
area of 17,000 acres of mixed forest (Ongerth, 2005). Water quality monitoring after the fire revealed
elevated concentrations of many parameters at sampling stations below the burned area.
Model setup
In order to accurately calibrate the time period after the fire occurred, it was necessary to revise the
land use map within WARMF and make adjustments to model coefficients to reflect newly burned
land cover.
Land Use Change
Figure 104a shows the area between Salt Springs Reservoir and Tiger Creek powerhouse before the
fire. The land cover is mostly forested. Figure 104b shows the area after the Power Fire,
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highlighting the burned areas with different degrees of burn severity. To evaluate the impact of the
Power Fire, three new land use categories were added (burned low, burned medium, and burned
high) for the Power Fire simulation (Power Fire scenario). The new land use layer (Figure 104b) was
imported into WARMF.

Figure 104a Land Use Before the Power Fire

Figure 104b Land Use After the Power Fire (pink/red area shows area burned; darker color indicate more
severe burn)
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The burned area was generally thought to have higher sediment erosion potential and more fire
residues available to be washed off. Therefore, cropping factors and percent impervious parameters
were increased for the three burned land uses (as compared to forest land uses). Also, nutrient,
sediment and metal surface loadings were increased for these burned areas. Initial metal
concentrations and adsorption isotherms were increased for the top soil layer in burned catchments
to account for metals being more available for transport after a fire. In addition, for the top soil
layer of affected land areas, the vertical permeability was reduced to 7.5 cm/day to represent postfire soil repellency, and the root distribution was reduced from 75% to 30% to correspond with the
loss of deep rooted plants. After these model input coefficient changes were made, simulations
were performed and modeled results were compared to observed data.
Calibration Data
Monthly water quality monitoring data were available from October 2004 for a couple of locations
within the watershed (North Fork below Salt Springs Reservoir, North Fork at Tiger Creek
Powerhouse, North Fork Mokelumne above Tiger Creek Afterbay, and Mokelumne River at
Highway 49; Ongerth, 2005). Post-fire model calibration focused on comparing with data at the
station right below the Power Fire area, above Tiger Creek Powerhouse (NFMR3)).
Model Output
Figures 105 to 109 show the model-simulated impact of the Power Fire for the North Fork
Mokelumne River above Tiger Creek Powerhouse for several parameters (TSS, total phosphorus,
lead, iron, and copper). The simulation in blue is the “no fire” scenario where a WARMF simulation
was performed through 2005 with the pre-fire land use layer. The simulation shown in green is for
the “fire” scenario which starts in October 2004 and reflects the change in land use and model
parameters due to the fire. Both of these simulations can be compared to observed data (black
circles). As indicated in the figures, adjusting the land use inputs to capture the effects of the Power
Fire enabled WARMF to better simulate the elevated levels of TSS, total phosphorus, and metals
that were measured after the Power Fire during high flow events of spring 2005.

Figure 105 Simulated and Observed TSS Including the Power Fire Scenario (green) Compared with the No
Fire Simulation (blue) for North Fork Mokelumne River above Tiger Creek Powerhouse (NFMR3)
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Figure 106. Simulated and Observed Total Phosphorus Including the Power Fire Scenario (green)
Compared with the No Fire Simulation (blue) for North Fork Mokelumne River above Tiger Creek
Powerhouse (NFMR3)

Figure 107. Simulated and Observed Total Lead Including the Power Fire Scenario (green) Compared with
the No Fire Simulation (blue) for North Fork Mokelumne River above Tiger Creek Powerhouse (NFMR3)
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Figure 108. Simulated and Observed Total Iron Including the Power Fire Scenario (green) Compared with
the No Fire Simulation (blue) for North Fork Mokelumne River above Tiger Creek Powerhouse (NFMR3)

Figure 109. Simulated and Observed Total Copper Including the Power Fire Scenario (green) Compared
with the No Fire Simulation (blue) for North Fork Mokelumne River above Tiger Creek Powerhouse
(NFMR3)
Discussion
In order to accurately calibrate water quality from October 2004 through 2005, it was necessary to
incorporate the land use change due to the Power Fire into WARMF. With the adjusted land use
layer in place, WARMF accurately predicted the measured increase in parameter concentrations
during the first wet season after the fire. This exercise demonstrates WARMF is capable of
predicting the potential impact of fire on water quality.
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Conclusions
Summary
WARMF was adapted to the Upper Mokelumne River watershed using available input data. The
model was calibrated for the years 1999 through 2005 and validated for 1990 through 1999. The
calibration and verification processes indicated that the model represents the watershed observed
stream flow and water quality data very well.
As an additional calibration step, modifications were made to the land use inputs to account for the
Power Fire which occurred in fall of 2004. These results were compared with post-fire monitoring
data. These modifications enabled WARMF to successfully predict the increase in parameter
concentrations observed during the first wet season following the fire event.
As stated in TM No. 1, models are only theoretical tools used to represent a watershed as closely as
possible to real conditions. The model must be used with the understanding that it is simply an
attempt to replicate actual conditions; it does not represent actual conditions.
Recommendations for Future Work
The calibrated WARMF model can serve as a useful tool for watershed decision making in the
Upper Mokelumne River watershed. For the project, WARMF was used to contribute to the
watershed assessment through the use of water quality benchmarks and in providing a greater
understanding of natural watershed processes that contribute constituents within subbasins or land
catchment areas, which may not otherwise be obvious. For example, where there are no loading
data available for septic systems, WARMF provides loading calculations. WARMF will also be used
to evaluate potential fire impact scenarios generated by separate fire risk models (FARSITE and
FLAMMAP) as a part of this project.
With additional funding support, future WARMF development may be desirable. Future WARMF
activities could include the following.
• Continued support of the WARMF database so that later years (post 2005) can be simulated.
This activity would involve maintaining and updating input data (e.g. meteorology, air
quality) and calibration data (e.g. streamflow, water quality).
• Scenario analyses for land management alternatives. This could include incorporating
variations of potential land management activities for timber harvest, grazing activities, or
land development to identify activities.
• Scenario analyses which incorporate information from the Amador and/or Calaveras County
General Plan Updates.
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• Further refinement of the model in areas of special ecological significance. The model
developed for this project was intended to provide a tool for long-term water quality
management in the watershed. With additional data, the model could be refined to better
simulate land use and water quality conditions in areas of special biological significance.
• Total maximum Daily Load (TMDL) support. WARMF is a public domain watershed
model included in USEPA’s TMDL modeling toolbox. Bear River below Lower Bear
Reservoir is currently classified as impaired for copper. The WARMF model could be used
to support development of a copper TMDL for Bear River.
• Assessment of aquatic habitat in terms of temperature, dissolved oxygen, suspended
sediments, and toxics (metals, pesticides, etc.)
• Evaluation of the impact of stream restoration. Improvements related to bank erosion and
water depth/velocity could impact suspended sediment concentration, temperature, and
dissolved oxygen which could improve the habitat for fish and terrestrial species.
• Evaluation of the benefit of enforcing buffer zones during new development along streams.
Without buffers higher suspended sediment and nutrient concentrations could result.
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