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JOINT FUNDING AGREEMENT
FOR AN INVESTIGATION OF WATER RESOURCES
IN ARIZONA
BETWEEN THE U.S. GEOLOGICAL SURVEY
AND THE CITY OF PRESCOTT
Amendment No. 2
January 9, 2017

The Joint Funding Agreement 14WSAZ03400 between the U.S. Geological
Survey and the City of Prescott ending September 30, 2017 is hereby amended
as foliows:

1. Paragraph 2. (a) of the Joint Funding Agreement is hereby
increased from $221,554 to $296,554. This Amendment reflects
an increase of $75,000 from USGS Cooperative Matching
Funds in support of the program to collect data and to conduct
hydrogeologic investigations in the Big Chino Sub-basin as
described in the attached revised workplan. The period of
performance is extended to September 30, 2018.

2. Paragraph 2. (b) of the Joint Funding Agreement is hereby
increased from $537,146 to $571,446. This Amendment reflects
an increase of $34,300 from the City of Prescott in support of
the program to collect data and to conduct hydrogeologic
investigations in the Big Chino Sub-basin as described in the
attached revised workplan. The period of performance is
extended to September 30, 2018.

3. The total of the agreement is now $868,000.

4. All other provisions of the agreement remain unchanged.
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Modification of Workplan to Collect Geophysical Data for an Improved
Hydrogeologic Conceptual Model of the Big Chino Sub-basin, Central Arizona

Prepared by: Jamie Macy, Jeff Kennedy, Chris Magirl, and Jim Leenhouts
Date: January 9, 2017

Problem

Water users and managers who rely on the Verde River system and its aquifers for water supplies have
an intrinsic interest in developing the best possible tools for assessing the effects of groundwater
withdrawals. A group of these managers and their technical staff (hence termed the “Cooperators™)
have requested this workplan from the USGS to aid in the understanding and effective management of
water resources in the Big Chino sub-basin (fig. 1; use of “sub-basin” consistent with Arizona
Department of Water Resources nomenclature). Specifically, better knowledge is needed regarding
how past, present, and future groundwater withdrawals from the Big Chino sub-basin will affect
groundwater levels in the study area and future discharge at the headwaters of the Verde River,
specifically at the Upper Verde Springs (UVS), which is believed to be a major discharge zone of
groundwater from the sub-basin. The relation of increased withdrawals to reduced base flow is largely
a function of connections between hydrogeologic (aquifer) units, aquifer storage properties and
transmissivity, and proximity of withdrawal locations to discharge areas. The theoretical ultimate
impact on base flow will be a reduction equivalent to the increase in groundwater withdrawal rate
minus any reduction in evapotranspiration assuming no variations in inflow (recharge).

Communities upstream of the Verde River headwaters, including Prescott and Prescott Valley, are
currently considering augmenting their water supplies by using groundwater withdrawals from the Big
Chino sub-basin. Downstream users of Verde River flows, including greater Phoenix water provider
Salt River Project, are concerned that Big Chino sub-basin groundwater withdrawals will eventually
reduce the flow in the Verde River and their water availability. Given the current understanding of
aquifer properties, the period of time to affect the Verde River flows could be on the order of years to
a century or more. In addition, variable recharge rates result from infiltration of periodic flows in
major ephemeral stream channels in the region. Decreases in recharge rates could exacerbate the
effects of groundwater withdrawals on Verde River flow, while increases in recharge rates could help
counter the effects of the withdrawals. Further data collection and monitoring of the hydrologic system
in the Big Chino sub-basin are proposed here for the purpose of improving definition of the important
aquifer properties and understanding variations and locations of ephemeral channel recharge.
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Figure 1. Approximate location of Big Chino study area and areas of interest for geophysical surveys.

Objectives

The objective of this project is to develop information for the Big Chino sub-basin that will improve
understanding of the hydrogeologic system and how features of the hydrologic system affect the
timing of variations in groundwater discharge to the Verde River including the response of the
hydrologic system to variable groundwater withdrawals and recharge. Information will be developed
through field data collection including monitoring of aquifer storage and water levels in wells and
geophysical surveys Groundwater monitoring will include aquifer-storage monitoring to estimate
storage change and aquifer-storage properties at several locations. Most of the storage monitoring
stations will be co-located at wells where co-incident water-level data will be collected. Some of the
storage monitoring will help assess recharge in major ephemeral channels. Geophysical surveys will
target improving definition of aquifer structure, i.e. lateral extent and depth, and distributions of major
aquitards (silt and clay layers and basalt flows) relative to major sand and gravel intervals, and
underlying extents of limestone aquifers and non-aquifer crystalline rock. In addition, recharge in
major ephemeral channels distributions will be monitored in a parallel investigation coordinated by
area stakeholders. All of this information will be used to inform site selection for several new deep
wells that are planned for installation by the Cooperators outside this project.




Relevance and Benefits

The results of this study will provide improved knowledge of the hydrogeologic system of the Big
Chino sub-basin. Stakeholders will have a better understanding of hydrologic data needs through
estimates of aquifer-storage properties and recharge in major ephemeral channels, and improved
resolution of aquifer dimensions and lithology from geophysical surveys. Accordingly, the water-
resource planning capabilities of federal, state, and local governmental agencies and offices with a
stake in the upper and middle Verde area will benefit. The content of the work is consistent with and
supports USGS Bureau Science Strategy 4 Water Census of the United States: Quantifying,
Forecasting, and Securing Freshwater for America’s Future in USGS Circular 1309: Facing
Tomorrow’s Challenges—U.S. Geological Survey Science in the Decade 2007-2017.

Approach

Improved understanding of the response of the Big Chino aquifer system to groundwater withdrawals
and variations in ephemeral channel recharge will be accomplished by: hydrologic monitoring and
geophysical surveys. Ongoing water-level monitoring in wells (maintained by ADWR and USGS) will
be augmented with aquifer-storage monitoring to quantify changes in groundwater storage, estimate
aquifer-storage properties, and estimate recharge in reaches of major ephemeral channels. Alluvial
aquifer thickness and extent and the distribution of major alluvial lithologies will be mapped using
surface geophysical methods in key areas

The approach beginning in October 2014 will also include hydrologic monitoring tasks in the Big
Chino area that were previously funded in cooperation with the Yavapai County Water Advisory
Council (WAC). These items include aquifer storage monitoring at 6 well sites, continuous water-
level monitoring at 2 well sites, streamflow monitoring at the gage on Williamson Valley Wash near
Paulden, geochemical sampling of groundwater, and monitoring of stable isotopes in stream base flow
at the streamflow gaging station on the Verde River near Paulden. The aquifer-storage and water-level
monitoring will complement the new monitoring of the same type established by this workplan.
Continued monitoring of streamflow including stream base flow at the existing Williamson Valley
Wash streamflow gaging station will document variations in groundwater discharge and runoff from
the Williamson Valley area and compliment other streamflow monitoring recently initiated by the
Parties. The geochemical sampling will help define sources of water to the groundwater system,
interconnectivity of multiple aquifers, and variations in source contributions to base flow that may be
caused by variations in recharge or groundwater withdrawals.

Task 1. Monitor aquifer-storage change and estimate aquifer-storage properties

Gravity methods will be used to monitor aquifer-storage change for two purposes. The method will be
used to estimate aquifer-storage properties at several well sites. Aquifer-storage properties are a poorly
constrained, but highly important variable that have a direct effect on the predicted timing of changes
in stream base flow due to groundwater pumping. The method will also be used to estimate streamflow
infiltration along reaches of Big Chino Wash, Walnut Creek, and Williamson Valley Wash.

Repeated measurements of changes in gravity at wells and corresponding measurement of water levels
provide a means to calculate aquifer-storage properties. There are currently 9 wells within the study




area that have been monitored by USGS for seasonal groundwater storage and water-levels as part of
Yavapai WAC monitoring activities prior to Federal Fiscal year 2015. Continuous monitoring of
water levels at 5 of the wells has been included in the well monitoring is These pre-existing aquifer-
storage monitoring sites and continuous water-level monitoring sites will be included in the program
for Federal Fiscal Years 15 through 17. The existing network will be augmented with as many as 30
additional storage-monitoring stations (Table 1, Fig. 2). Most of the new stations will be co-located
with observation wells, some of which are monitored for water levels by ADWR at annual to hourly
rates. Tape downs of depth to water will also be made with each gravity observation at available wells.
Other stations will be located in areas where storage-change information would be helpful but no
observation wells are available. Potential new stations shown on Table 1 and in Fig. 2 are generalized
locations for planning purposes and may be modified after reconnaissance of the sites. USGS and City
of Prescott will contact land owners and acquire written permission for installation of aquifer-storage

stations and measuring water levels in co-located wells.
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A Existing streamflow gage
e Existing Aquifer-Storage Monitoring Station and Local Well Name

Proposed Aquifer-Storage Monitoring Stations
© Co-located with existing well

© No co-located well
Figure 2. Locations of proposed aquifer-storage monitoring sites, existing aquifer-storage monitoring
sites, and existing stream gages.







