CHAPTER FIVE

SUMMARY AND CONCLUSIONS

Geological Characterization Summary

The geology of the MWWV S was characterized through mapping, creation of cross
sections, and fracture characterization. The results of this study were combined with results
from previous studies to provide a summary of the known geology of the area. Rocksthat are
exposed in the area range from Proterozoic granite, gneiss and schist; Paeozoic limestone;
Tertiary basdt, andesite and conglomerate; and Quaternary aluvium.

Proterozoic granite is exposed in severd regions within the sudy area (Plate 1). Granite
Mountain represents a 1.72 Ga granite pluton that was emplaced during the Proterozoic
(Dewitt 1999). The location of the gpex of the granite pluton is a the crest of Granite Mountain
(Figure 10) asindicated by the fracture orientation and the relief of the granite complex
(Larsson 1976). The absolute ages provided by the granite pre-date the Y avapa Series
metamorphic complex, which has been dated at 1.61 Ga +/- 85 m.y. usng Rb-Sr dating

(Lanphere 1968).
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The Tertiary was dso atime of tectonic activity for the Mint Wash and Williamson
Valey area Extensond tectonics occurred throughout the southwestern United States during
middle Tertiary time. The Mint Wash and Williamson Valey areais located within the
Trangtion Zone, an area that accomodated the trangition from the highly extended Basin and
Range physiographic province to the un-extended, Colorado Plateau physiographic province.
The extensond tectonics within the area are represented by the inferred normal faults indicated
throughout the study area (Plate 1). Most of the contacts at these faults are Tertiary depositsin
contact with Proterozoic or Paeozoic rocks.

Depositiond environments include a marine depositiona environment represented by
the Devonian Martin Formation and the Missssippian Redwal Limestone in the northeast
portion of the study area (Plate 1). There are no Paleozoic deposits throughout the rest of the
study area.

Sedimentary and igneous deposition occurred during the Tertiary within the study area.
The Paulden Formation and the Perkinsville unit are Tertiary fluvia conglomerates which cover
mogt of the study area (Plate 1) (Buren 1992). Tertiary igneous rocks include latite and basalt
concentrated along the eastern and southern boundaries of the study area (Plate 1).

In summary, the geologic history of the areaincludes the emplacement of agranite
pluton with subsequent metamorphism to the north and west of the granite pluton cregting the
Yavapa Series metamorphic complex during the Proterozoic Eon. The Paeozoic Erawas
characterized with a marine environment during the Devonian and Mississppian Periodsin the

northeast corner of the study area. The Mesozoic Erais not represented in the Mint Wash and
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Williamson Vdley area, and therefore was ether a non-depositiona environment, the section is
buried under Cenozoic deposits, or subsequent erosion has removed the Mesozoic section.
The Tertiary was atime of deposition and tectonic activity. A fluvid environment was
present throughout most of the field area. Extensiond tectonics were respongble for the
creation of normd faults throughout the study area (Plate 1), and is assumed to be the
mechanism responsible for localized volcanic deposits of latite and basdt. The Quaternary
Period has had limited deposition, with deposits dong ephemerd and perennid washes, with no

evidence of continued tectonic activity.

Hydrogeological Characterization Summary

The ground-water system of the Mint Wash and Williamson Valley areawas ddlineated
into three digtinct aquifers. The potentiometric surface map (Figure 19) shows radid flow from
Granite Mountain into at least three aguifers.

The aquifer to the southeast of Granite Mountain isthe Granite Basn Aquifer (Figure
36), and flows from Granite Mountain towards the southeast where it is assumed to discharge
into the upper Little Chino Sub-basin. The hydrodratigraphy includes the Mint Valey Basalt
overlaying Prescott Granite in the southern part of the aguifer and Paulden Conglomerate in the
northern end of the aquifer. The Mint Valey unit is unconfined. The Prescott Granite and the
Paulden Conglomerate may be confined due to the overlaying basdlt, which has alower
average hydraulic conductivity. The bottom of the granite aguifer is assumed to be 450 feet due

to the overburden weight of the rock sedling the fractures to fluid flow, and 900 feet in the
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lower hdf where Tertiary conglomerate is present (Figure 10). Aquifer properties of the Granite
Basn Aquifer were estimated at a hydraulic conductivity of 88 meterslyear and a storage
coefficient of 0.0004 (Table 3) usng average specific capacity vaues of wells drilled into the
aquifer (Wdlendorf 2000). The aguifer is assumed to be low yield relative to the other aquifers
in the MWWV S due to the aquifer property vaues, and the small watershed area represented
by the southeastern dope of Granite Mountain.

The aquifer that isto the east of the granite complex is the Mint Wash Aquifer (Figure
36), in which ground water flows from Granite Mountain toward the east and northeast, where
it isassumed to discharge into the mid Little Chino Sub-basin. The hydrostratigraphy includes
Prescott Granite at the upper end of the aquifer, with Paulden Conglomerate overlaying
Prescott Granite at the lower end. The bottom confining layer is assumed to be 450 feet at the
upper haf based on the same assumptions that were established for the Granite Basin Aquifer,
and 900 feet at the lower haf where the conglomerate is present (Plate 1). The aquifer
properties were estimated using aguifer tests. Hydraulic conductivity was estimated to be 460
meterslyear. There were no vaid pumping tests to estimate a value for a storage coefficient.
The aguifer is assumed to produce a higher yield than the Hobbs Aquifer due to the larger
surface area of the aquifer, alarger saturated thickness due to the shalow water table, and the

larger watershed represented by the concave east Sde of Granite Mountain.
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The aguifer that comprises most of the study arealis the Las Vegas Aquifer, to the west
and north of Granite Mountain (Figure 36). Ground water in the Las Vegas Aquifer flows from
Granite Mountain and the Santa Maria Mountains towards the north to the confluence of
Williamson Valey with Big Chino Valley. Ground-water flow then proceeds towards the esst,
to the downstream end of the Little Chino Sub-basin. The hydrogtratigraphy of the Las Vegas
Aquifer includes Paulden Conglomerate overlaying an assumed basement of Prescott Granite.
The Paulden Conglomerate is assumed to be 900 feet thick based on preliminary interpretation
of aero-magnetic data (Woodhouse 2000). The underlying Prescott Granite is assumed to be
the basement due to the weight of the overriding rock seding any ground-water conduits.
Aquifer parameters were estimated usng an aquifer well test within the Las Vegas Aquifer.
Hydraulic conductivity was estimated to be 990 meters'year. There was insufficient data to
estimate a vaue for the storage coefficient. The Las Vegas agquifer produces the highest yield of
the three aguifers within the MWWV S. The Las Vegas Aquifer is volumetricdly the largest
aquifer within the MWWV S. The Las Vegas Aquifer has the largest watershed area of the

MWWVS.
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Ground-Water Flow Modding Summary

The ground-water flow modeding study produced some predictive results that provide
ingght into the trangent nature of the MWWV S. The steady-state model was cdibrated to less
than half ( RMSE compared to head change across model area of 2.3%) of the RMSE
required for the “good modd” (Anderson and Woessner 1992) criteria (RMSE compared to
head change across model area of 5%) with respect to measured versus caculated hydraulic
head. The results of the steady-state caibration aso produced a mass ba ance discrepancy that
was over an order of magnitude less than the alowable discrepancy under the definition of a
“good modd”. The cdibrated steady-state modd results showed that recharge appears dightly
more sengtive than hydraulic conductivity, and that model sengtivity is more zone-dependent
than parameter-dependent. The sengtivity andyses were quantified by setting alimit of change
of 5% of the tota head change across the modd that a parameter vaue could have on the
RMSE of the modd.

The steady-dtate cdibration was vaidated with a transgent cdibration. The trangent
cdibration smulated a one year period during which field data was collected for the Ste.
Hydrographs were created for wells in each of the mgor hydrogratigraphic units. The
hydrographs were used as a basis for the transgent modd calibration. Both the steady-state
model and the trangent model remained within the cdlibration criteria set forth by Anderson and
Woessner (1992) for a“good modd”.

Safeyidd is aconcept defined by ADWR (2000) as discharge through pumping not
exceeding naturd recharge. Thiswas one of the scenarios Smulated using the transgent modd.
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The results indicate that safe yield would exceed sustainable yidd by lowering the water table
below land surface in areas that currently contain perennid or ephemerd springs, or lowering
the water table below the root zone a areas that contain riparian vegetation, which is
dependent on maintaining roots in the water table.

The trangent modd was run severd times attempting to quantify a sustainaole yied
threshold. Thisyield would lower the water table to the limit of the sustainable yidld criteria, but
would not exceed a specified threshold. The results indicate that the sustainable yield threshold
dlowsfor goproximately 15% more yied from the ground-water system then the current yield.

The calibrated transent model was extended to Smulate the current condition 100
yearsinto the future. The extenson of the current condition for 100 years did not exceed the
sugtainable-yield threshold at any point during the extended smulation. This result implies that

the current water use in the MWWV Siis hydrologically and ecologicaly sustainable.

Water demand vaues for the American Ranch development were estimated in a sudy
conducted by Clear Creek Associates (Glotfelty 2001). The water demand values presented in
the Clear Creek study were added to the current water used scenario to smulate conditions
including water use through the American Ranch development. Two of the five observation
points within the Las Vegas Aquifer exceeded the 0.3 meter drawdown criteria established as
an indicator of sustainable yield exceedance. The modd indicates that the water usein the

American Ranch Build Out scenario exceeds sustainable yidd, but not safe yield.
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Model Limitations

The model islimited by severa aspects. The conceptuad modd was built on severd
vaues from literature as well asinitid collection and andyss of datafirst obtained in this study.
The cdibration of the modd to both the steady-state and trangent conditions lends some
confidence that the parameter values and grid setup for the moddl are adequate, but the lack of
parameter and stress data was a limitation of the model. Data that can improve confidence in
the modd vaidation includes more aquifer tests, caculations of septic tank recharge, and a
better definition of the bottom confining layer.

The predictive scenarios are limited by the lack of long-term hydrologic monitoring
data. There are not enough data available to represent the climatic fluctuations of the area, nor
are there exact data on the amount of water use. The predictive scenarios are more properly
titled extended interpretive scenarios. Scenarios that Smulate potentia water use assuming that
al of the remaining variables including climate are congant. Additiond cdibration is necessary
to use thismode for predictive purposes because of the influence of constant-head and

general-head boundaries on the solution.

Implications

The predictive smulaions imply that the MWWV Sis within the sustainable yield
criteriaat present, and can alow for more water consumption. The scenarios aso imply that the
ADWR defined “safe yidd” does not account for hydrologica and ecologicd susainability.

The model developed through this study should be used as aframework for future
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modeling efforts. This modd was constructed from scratch, and needs to be revisited and
updated in the future. The most powerful step in the use of amodd of anatura systemisa
post-audit to quantify the accuracy of the modd, and make improvements as more data

becomes available.

FutureWork

Severd boundaries of the MWWV S need to be further devel oped. The bottom
confining surface for al three aquifers needs to be better defined. Find interpretation of the
aeromagnetic data should provide insght on the bottom confining surface of the Las Vegas
Aquifer. Geophysics can possbly hep determine the bottom confining surface for the Mint
Wash and Granite Basin Aquifers. The boundary across the Sullivan Buttes needs to be better
defined. The degp water table underneeth the crest of the Sullivan Buttes has made it difficult to
andyze ground-water flow across this boundary.

More aquifer tests would benefit the aquifer parameter estimation. The aquifer tests
should be conducted with an observation well alowing for the estimation of storage coefficients.
Severd aquifer tests within each aguifer will dlow for Satidticd vdidation of the aquifer
parameter values used in the ground-water flow modd. Variograms could be crested usng the
results from severa aguifer teststo set error limits to parameter values. The error limits would
provide ingght into the “goodness’ of the cdibrated parameter values.

Water level data, pumping averages, and precipitation data should be collected

continualy through severd yearsto develop the predictive capabilities of a ground-water flow
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model. Data should be collected through at least one El Nino cycle to account for multi-annual
climatic fluctuations. The mode will need a post-audit of the transent condition to improve
predictive modding.

Individuad modes for each aguifer identified through this sudy should be produced. The
moddswill be able to address smdler scae questions regarding ground-water flow and supply.
Individuad models for each aquifer should provide sengtivity andyses and sustainable yield

estimates for each aquifer, which may vary between the aguifers.
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