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Summary

This report describes the results of an investigatitmtime degree to which human stresses have
affected and might in the future affect the hydrolog&tem of the Verde Valley, using water
budgets as the central analytical tool. For the purpdsdssaeport, the Verde Valley is the

1,500 sg-mi area of the Verde Valley subbasin located batW8&S streamflow-gaging

stations Verde River near Clarkdale, Arizona (the Clagkdabe) and Verde River near Camp
Verde (the Camp Verde gage). Residents in the Verde Masleya combination of groundwater
and surface water to meet their water demands.

The Northern Arizona Regional Groundwater Flow MotARGFM) was used in this study,
including the 1910-2005 human and natural stresses provided witlotie. hhree profiles of
hypothetical future human stresses for the period 2005-2110 wezmeted by the NARGFM—
increased, decreased, and unchanged human stresses. ThEMARG run as needed for the
full 1910-2110 period, including a special version of the modeltbatded no human stresses
whatsoever. The resulting water budgets were then étr&fom model-output files. Finally,
water budgets were added and subtracted to isolate onlylatieerehanges in their values that
were attributable to human stresses.The model demosstinatehuman stresses between 1910
and 2005 have affected the hydrologic system of the Verdewalhd likely will continue to
affect the hydrologic system between 2005 and 2110 through groterdmthdrawals by
pumping and through incidental and artificial recharge.Nbhtacharge as of 2005 was about
44,000 acre-ft/yr (61%s) in the Verde Valley. Incidental and artificial rachpe together were
about 1,600 acre-ft/yr (2:f), although this could be an underestimate. A netaiitad, 900
acre-ft/yr (7 ft/s) of groundwater entered the study area from adjoine@sgunderflow) as of
2005. Simulations indicated that net underflow changed wdeyetween 1910 and 2005, but
underflow could increase between 2005 and 2110. Groundwater witldria 2005 were about
19,000 acre-ft/yr (27 #s). Riparian evapotranspiration (ET) was about 9,208-fayr (13 ft/s)

in 2005; riparian ET was shown to be capable of being desiday human stresses by as much
as 500 acre-ft/yr between 2005 and 2110, which is consisténtheittconcept of capture.

Groundwater storage in aquifers within the Verde Valleg decreasing at about 29,000 acre-
ft/yr as of 2005, although only 12,000 acre-ft/yr of this wasbatable to human stresses. As
time proceeded in the simulated 2005-2110 period, the rate of gratanestorage decrease
slowed down, which is consistent with the concepttifatsource of water to a well changes
over time—from depletion of groundwater storage towaedctpture of natural discharge.



At the upstream Clarkdale gage, base flow was about 40,08@6cr(55 ft/s) in 2005, which

is less than other published values of base flow at this gage flow at the Clarkdale gage, as
of 2005, was estimated to have decreased by about 4,900/gc(@-ftt/s) as a result of human
stresses between 1910 and 2005. During the 2005-2110 period, the mowel 8tad base flow
at the Clarkdale gage may decrease an additional 2,700 toa®@0@/yr (4 to 5 f{'s) because of
human stresses. Net groundwater discharge (equivalent sanfeece-water inflow from
groundwater) throughout the Verde Valley was about 51,006fgré70 ft¢/s), and as of 2005
had decreased by about 5,400 acre-ft/yr:() fbecause of human stresses. At the downstream
Camp Verde gage, base flow was about 80,000 acre-ft/yr ¢(1s)1ag of 2005, and had
decreased by about 10,000 acre-ft/yr (¥8)fbetween 1910 and 2005 because of human
stresses.

This 10,000 acre-ft/yr decrease represents the combinedseadfetiase flow at the Camp Verde
gage of all human activities upstream and upgradient ofj#lge that occurred between 1910
and 2005. Model simulations indicated that base flow aCdrap Verde gage could continue to
decrease during the 2005-2110 period by 5,400 to 8,600 acre-ft/yr (7 #s)1Reftause of
human stresses.

Withdrawing groundwater from a well intrinsically

alters the hydrologic system: “All water discharged bjlsvie balanced by a loss of water
somewhere” (Theis, 1940, p. 280). Water withdrawn from &iseerived from one or

more of these sources: (1) decrease in groundwater st@2ageduction in natural discharge;
and (3) increase in natural recharge. The sum of compoBAentd 3 is known as capture.

The results presented in this report indicate that hustrasses to the groundwater system have
affected base flow in the Verde River through the prooéstreamflow capture and can
continue to do so into the future.

Base flow in the Verde Valley is not constant oweret as sometimes is (incorrectly) assumed.
Many factors contribute to the variability of base flatwarying time scales. Ditch diversions
that are prevalent in the Verde Valley reduce base diogctly by diverting water and change it
in more complex ways by redistributing water acrosdltduplain. Groundwater withdrawals
capture streamflow and decrease base flow. Variationatural recharge driven by climate and
climate change also can change base flow. In sumranyan stresses were found to have
decreased base flow in the Verde River between 1910 and 2@Dénder hypothetical forward-
looking scenarios, human stresses were capable ohgarmntinued and additional decreases in
base flow. These findings are consistent with (axtmept of capture, (b) previous studies that
have found surface-water and groundwater systems ingtrage\River groundwater basin to

be connected, and (c) the characterization of groundwatesurface water as a single resource.



