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Science Plan td&Support Title I of the Northern Arizona Land
Exchange and Verde River Basin Partnership Act of 2005

BACKGROUND
Title 1l of Public Law 109110,the Northern Arizona Land Exchange and Verde

River Basin Partnership Act of 2005.161) authorizeghe United States Geological
Survey (USGS) tassis$ in a collaborative and scientased wateresource planning
and management partnership for the Verde River B&aation 204 of Title 1l calls for
the Partnership to prepare ampfar conducting wateresouce studies in the Verde River
Basin(fig. 1). This document is a draft of the plan and will serve as a guide for future
waterresource studies in support of TitleThe wate-resource studies done in support
of Title 1l will benefit from several ongoingr completed studies relevant to water
resource planning and management. A ligiuddlications produceffom some othese

studies is provided in the list of selected references

INTRODUCTION

This documentreferred to herein as the plalescribes thenvestigationsieeded
in support of Title Iithat will fulfill water-resource planning and management needs and
identify longterm watersupply management optiswithin theVerde River Basin. The
planoutlines the tasks required to meet the deliveratfidstle 1. As stated in the
legislation, these deliverables include: §Waterbudget analysis of thididdle Verde
River Basinandarepat of a preliminaryanalysis of potential lorterm consequences of
various watewuse scenariowithin 14 monthsfter the date of enactment of the A¢R)

a preliminary reporsubmitted by the Partnershtipat sets forth findings and
recommendations of the Partnership regarding thetiamg availability of water supply
within the Verde Valley within @ months afer the enetment of the Act and; (3)a final
reportfour years after enactment of the Act that summaresslts of wateresource

assessments conducted untige 11, that identifies (1) areas determined to have

!Although Title Il was enacted in 2005, work on deliverables has not been initiated owing to limited
resources. This revision of the Title Il Science Plan includes new time lines for completion of work.
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groundwater deficits; (Apng-term watersupply management options; and (3) analyses

and monitoring needed to support implementation of management options.

APPROACH

The approeh usedto meet the needs of Titlewill include a variety of work
elements designed to take advantage ejaing studiespreviouslypublished findings,
documentedjroundwateflow models, and other existing datdhe NorthernArizona
RegionalGroundwaterFlow Model (NARGFM) currently Septembe2009) near
publication represents a valuable tool for watesource management in the study area
that can help estimate effects on Verde River flow resulting fnauandwater
withdrawals The development dhe modehelped identifyseveral types of information
in various areas of thmiddle andupper Verde Watersheds that, if collected and
included, would improveonceptualization of thgroundwateflow system andhe
model. This revised Title 1l Scien€dan targets collection of the particular data that: (1)
address the named deliverables in Title 1l, andM)result in modeling tools targeted to
best address wateesources in the study are@he workelementsnclude an evaluation
and refinementfathe water budgednd the reporting of potential lostigrm consequences
of various watewuse scenariosinformation gained frondevelopment of the NARGFM
andreview ofrecent and ogoingstudies and documents will be used to identify data
deficiencies.This information will be used to plan and carry natv studiesnddevelop
a monitoring networklesigned to improve our understanding of the hydrologic setting
that will assist in evaluatinigng-termhydrologicresponseto climate and resource

developnent

WORK ELEMENT: Water-Budget Analysis
Title 1l stipulates delivery of a watdrudget report to the Partnership within 14

months of enactment subject to appropriations. A groundwater budget consists of values
derived by analysis or assumption fordn¥s, outflows, and change in aquifer storage.
The greatethedegree to which a budget relies on values derived by analysis rather than
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assumption the better the certainty of the budget. A variety of data compilation and data
collection activities candundertaken to generate better information to construct a water
budget, some requiring only the time to compile existing information and some requiring
collection of new data in the field over a period of time. Work Element 1 includes those
tasks that aabe accomplisheand reportedvithin thespecified 14 months. Tasks that

are also essential for improving watardget calculations, such as monitoring of aquifer
storage changes, but that can not be completed in 14 months, are included in Work
Elements %and 6.

Improvedwaterbudgetestimates will made by evaluating recently collected
hydrogedogic data combined with watérudgetestimates reported in historic studies.
Improved estimates oécharge will made bgvaluating water budgets at smatiene
scales thadonepreviously and by improving previous estimates of recharge derived
from intermittent and ephemeral streammensideration of shorter time scales is
important because in semiarid climates, potential evapotranspiration often exceeds actual
precipitation on an annual basis but the reverse can be true at short time Aoales
updatednventory ofgroundwatexvithdrawals for municipalities, irrigation, and
resicential use alswill bedone The specific taskeelated to this work element are

required to construct a rigorous waterdget analysis These tasks adescribed below.

Task 1 Review of existingstudies related to water budget analyses of the
region andidentification of data gaps
There is considerable information in existing repoelated to water

budget components of the Verde River watersBedlectively, however, these
studies demonstrate a needifoprovedestimates of rechargstreamflow
diversions, water useiparian water useand storage changebluch of this
informaion has been compilddr and synthesized into théSGS Northern
Arizona RegionalGroundwateFlow Model(NARGFM) thus simplifying the
task for the Science Plalimong the reports considered aBehwalen (1967),
which describedgroundwatein the artesin area of Little Chino Valley and
presented data for 1940 to 1965; Matlock and others (1@h8hupdated the
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work of Schwalen to include data from 1966 to 1972; Levings (1980) described
groundwatemvailability and water chemistry in the Sedona a@ajenJoyce

and Bell (1983) presented findings of a watsource assessment in the Verde
Valley near Camp Verde, Clarkdale, and Sedona; and Qoygre 1984

presented findings of a wategsource assessmentlire Sedona area.

The St at e GGréundvater damagemierst Act of 1980 resulted in
the declaration dfive Active Management Areg&MA s), oneof whichis the
Prescott Active Management Area (PRAMAJonsequentlynumerous studies
were conducted ithe PRAMA that resulted in a map gfoundvaterconditions
(Remick, 1983); groundwateflow model that simulates both steaskate
conditions (1940) and transient conditions (19480); (Corkhill and Mason,

1995); and an updad groundwateflow model thatextended simulation periods
for examinirg forecasted predictions to 20@%elson, 20@). Timmons and
Springer (2006) updated the Nelson model by adding new hydrologic data,
expanding the model from about 220 square miles to 250 square miles, and
calibrating the model using watkvels and spng discharge from 1939 through
2004. Schwab 1995 constructed a synoptic watkvel map for thaBig Chino
Subbasin. The Bureau of ReclamatiqiEwing and others, 1994, aQiktenaa

and others, 1993) conducted a geohyatyiol investigation of Big Chino ¥lley to
identify potential sources of water for the city of Prescott. Knauth and Greenbie
(1997) and Wirt and Hjalmarson (2000) used chemistry data to estimate
groundwateflow paths and source areas to the Verde River headwaters area.
TheArizona Depamment of Water Resource8DWR) (2000) compiled a
summary of available wateesource data in the upper and middle Verde River
watersheds. Langenheim and others (2005) calculated the depth of Tertiary
alluvial sediments and volcanic deposits in the Bign€hLittle Chino,

Williamson, and Verde Valleys, and identified several new faults by using
aeromagnetic and gravity surveygirt and others (208) describe in a detailed
study the geology, hydrogeology, and geochemistry of the headwaters region of
the Verde River.Most recently, Blasch and others (2006) presented a regional
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evaluation of the hydrogeologic setting of the upper and middle Verde River

watersheds.

Task 2.Improved spatial and temporal distribution and rates of recharge
estimates.
A. Rechargenvestigations in the southwestern United Statesvy thatecharge

in arid basins does not occur in all years or at all locations (Flint and others,
2004). In the desesbuthwestpotential evapotranspiration exceeds
precipitation on a yearly basis. Hove, on shorter time scales and in certain
areas of a basin, precipitation and (or) snowmelt exceed the infiltration
capacity of the soil and become runoff storage capacity of the sasl
exceeded water maercolate below the root zone in deeperssdib evaluate
the spatial and temporal variability of net infiltration Flint and others (2004)
developed a deterministic watealance model with use of GIS coverages
including a digital elevation model and maps of geology, soils, vegetahdn,
time-varying climatic conditions of air temperature and precipitatitime
deterministic modeltermed a@8asin Characterization Model (BCM)

identifies the areas and climatic conditions that allow for excess water,
guantifies the amount of water available eitherunoff or inplace recharge,
and allowsntra-basin comparison of recharge mechanisms (i.e. mountain
front, mountain block, ephemeral stream) and potential recharge for current,
wetter, and drier climates.

A generalized version of the BCM provided vdleainformation during
NARGFM development with respect to distribution and magnitude of regional
in-place recharge. However, that version of the BCM did not estimate
recharge that occurs through infiltration of runoff in ephemeral channels, a
process thatas been shown to be important for estimating recharge
distributions in alluvial basins. Specifically, occasional ephemeral channel
recharge is likely important in the Verde River Basin and other alluvial basins

and has been included in groundwater flowdeis (Corkhill and Mason,
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1995; Nelson, 2002). BCM estimates of runoff can be used as a basis to
distribute ephemeral channel recharge in the NARGFM. In 2009, methods of
simulating recharge from runoff estimated by the BCM were successfully
developed by USS as part of the ADWR Rural Watersheds Initiative, but at
the decadal time scale of the groundwater model. The importance of smaller
time scales on runoff and recharge have not been investigated. It may be that
that simulation of runoff on daily time seal may be necessary to simulate the
variations in ephemeral channel recharge rates; or monthly or annual time
scales may be sufficient. The USGS will determine the best time scales for
applying BCM runoff estimates in the study area. The BCM will be usiéd w
transient historic climatic inputs and applied to the NARGFM. A report
summarizing the results of this analysis will be produced in the secondfyear

the project.
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Figure 2. Annual runoff and r echarge estimates from a Basin Characteristic Model for the middle
and upper Verde Valley based on monthly time steps.
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B. NARGFM development underscored the importance of better characterizing
recharge to the regional aquifer from stream systems for rolsirstlyfating
groundwateflow. Rechargdrom perennialjntermittent and ephemeral
streamsccurs episodically angeasonally, andften is related to high
magnitude flood flows when available water exceeds potential
evapotranspiratiofor sustained pericdof time To better estimate
streamflows that couldrovide water for potential recharghetUSGS will
conduct a analysis of the magnitude and frequency of streamflatsn the
watershed To do this, methods for estimating streamflow statisticsheill
developed, updated, and improved by using new data, information, and
technology thahavebecome available since the last methods were developed
(Thomas and others, 1997; Pope and others, 19883% proposed study will
(1) update streamflow statistias gaged sites, and (2) develop regional
methods for estimating streamflow statistics at ungaged watersheds. This
study will use the regionakgression approach for estimating streamflow
statistican ungaged watersheds. In the regression approaeangtow
statistics at gaged sites are transferred to ungaged sites using multiple
regression equations. GIS techniques, new information on basin and climatic
characteristics, and new automated techniques will be used to improve and
expand the capabilitiesf regional streamflow methods. The analyses will be
done for both annual and seasonal flowthough this information will not
providespecific recharge values, it will provide relative distributions of
rechargdrom infiltration of streamflowthroughout the areaA report
summarizing the results of this analysis will be produced in the second year of

the project.

C. Although water may be available for recharge, certain geomorpholagidal
vegetatiorconditions are required for recharge to occur. Taluate the
potential for recharge alorephemeral and intermittemiashes in and
downstream of the areas$likely rechargeas determined from Tasks 2A and

11
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2B above, the USGS will usbe method developed by Callegary and others
(2007. This method class#srecharge potential (RCP) in ephemesibam
channelgsincorporatingnformationaboutchannel geometry, vegetation
characteristics, and agpopledsedintentel ectri ca
Seven data typesill be collected along each wash, afitwo depthintervak,
channel incisiomepthand width, diameteat-breastheight(DBH) of the

largest tree, density of woody plajasiddensity ofgrassesApparent

electrical conductivitys measured in the channel thalweg during the month of
June, the heest, driest montbf the yearAt this time, led-sediment water
content wouldbe expected tbe at an annual minimum, maximizing the
contrast between high and low clay contd@scausel, is proportional to clay
content and clay is the primary factor affecting permeability during saturated
flow in unconsolidated medid, values are inversely proportional to
permeability Apparent electrical conductiviig measuretly using a low
inducion-number frequenegomain eletromagnetianductioninstrumentat

two intervals bracketing-8@ m and 86 m deptls. Vegetation characteristics

will be measured in 10 by 10 meter plots on each baslOBH, woody plant
density and grass density increas@potranspiration also increases. Increases
in any of these three factors should, therefore, decrease RCP. Incision depth
and widthwill also bemeasured in reference to the break in slope between the
channel and floodplain or first major terrace. An @age in channel width
provides greater area for infiltration, and greater incision depth allows for
increased flow depth. Increases in these two factors increase RCP- A two
tieredsystemls used to classify a trammsectos R
categorized by the permeability of neanface sediments based on

measu e ment s of Q@ Eachoof te permedbdliy tategoriss

further dividedin the second tiento three classes indicating lpmedium or

high RCP by applying the same ranking approacth®remaining six data

types. Local trends and variatmim RCPwill be used to better estimate
variations in the distribution of rechargn example of electromagnetic

12



Hydrology Science Plan to Support Title 1l of the Northern Arizona Land Exchange and Verde
River Basin Partnership Act of 2005
September 30, 2009

measurements used in ephemeral reaches in southern Arizona is shown in
figure 3. A report summarizing the results of this analysis will bedpced in

the second year of the project.

Figure 3. Electrical conductivity measurements in ephemeral streams in southern Arizona made
with an electromagnetic induction instrument. The values are caidered in the first tier of the
classification of the recharge potential.

Task 3.Inventory of surfacewater diversions and returns.
Within the Vede Valley there are approximately 50 diversions of surface

water for the irrigation of nearly 5,000 acrebhe diversions range froriver
pumps angmall ditches that divert 0.5'f to large ditches that divert up to 60
ft’/s. The diversions move water from the main stem of the VRider and its
tributariesto agricultural fieldsand residential yarda the vicinity of, but varying
distances from the river. Some of thigertedwater is consumptively transpired,
some is returned to the river as surface floms)e some is recharged back into

the aquifer.For the purpose of improving NARGFM, undarstling he fate of
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