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1: Executive Summary

The purpose of this study is to consider how grewatdr management policy impacts
optimal sustainable population size (OSPS) in AlagenCounty and The City of
Charlottesville, within an ecosystem services frao. The specific research question
explored in this paper is:

Does groundwater availability impact the determioatof an optimal sustainable
population size in Albemarle County and the Citbérlottesville and if so, what is that
impact?

The study embraces a holistic approach to expldmk@ges between human population,
land use, surface water and groundwater resources.

A number of terms not previously in the lexiconafal groundwater discourse are
introduced and defined, includimxtractive groundwater services, non-extractive
groundwater servicegndsustainable groundwater managemeAtchronology of
recent groundwater studies and reports is outlined.

A broad technical review is presented to providergader with basic current knowledge
of groundwater occurrence and flow in the Charkuilée — Albemarle region. A
theoretical water budget is developed that modetsadl average daily groundwater
recharge in the study area at about 1079 gallonagre.

Geophysical surveys representative of diverse lggbimgic settings in the study area
are presented to illustrate the heterogeneity @figgwater occurrence. These surveys
show that groundwater recharge, flow and availgbitir extractive purposes are highly
variable, and that potential impacts of groundwatéraction on non-extractive
groundwater services are similarly variable.

A conceptual model for sustainable groundwateraexitre and non-extractive services is
created and applied to the theoretical water budge¢loped earlier. Degradation of
aguatic ecosystems by increasing percentage ofruigois land cover in the recharge
area is used as a proxy for degradation of noraetie groundwater services. The
threshold for degradation of non-extractive serwiiseestimated to be reached when
impervious land cover in the recharge area reaghest 5 to 20%. It follows that under
sustainable groundwater management, about 80 todd%$ftural recharge is required to
support non-extractive groundwater services, withremaining 5 to 20% theoretically
available to support extractive services in a préstvatershed with 0% impervious land
cover. Sustainable groundwater management byitiefirgives priority to supplying
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non-extractive services over supplying extractewiees. Therefore, the maximum
sustainable extraction rate is about 20% of nateciarge.

The 2003 Albemarle County Hydrogeologic Assessr{EENSAT Corporation and
others, 2003) is evaluated in consideration ofit@system services model. A new
model is presented for groundwater sustainabdgityng with a map showing zones of
relative potential for sustainable groundwateraotion. Two high potential zones are
identified, the Eastern Blue Ridge Flank (EBRF) Mualintain Run Fault Zone (MRFZ2),
with potential for significantly greater extractittman at present. A low potential zone is
identified as having limited extraction potentidlluch of the area is assigned to a zone
of mixed potential, where site-specific studies lddue necessary to make realistic
assessments of individual land parcels.

The conceptual model of sustainable managemepbpiged to the EBRF high potential
groundwater zone where theoretical maximum sudtérextraction potential is
estimated to be approximately 3.9 to 7.8 milliofiayes per day (MGD) if groundwater
resources were fully developed within that portiddthe County.

Findings and recommendations are presented in sugpiacorporating principles of
sustainable groundwater management into local pyloliicy.

Findings

1. New language has emerged in recent years toildbesesponsible
stewardship of groundwater resources.

This report introduces and defines the terms:
» Sustainable groundwater management
» Extractive groundwater services
* Non-extractive groundwater services
e Sustainable groundwater extraction.

2. Geophysical images reveal that groundwatertisinibormly distributed
throughout the study area. In addition, the imapeifically reveal the
following:

» Bedrock fractures are not uniformly distributedeewithin the same rock-type
on a small parcel of land, and are not always catenected in a horizontal sense.
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» Thickness and water storage and transmission dgpd@aprolite (the near-
surface sponge composed of weather bedrock) vany iace to place, even
within the same rock type. In some geologic sg#titthe only water available for
water supply wells exists in the soils and saprphbove bedrock.

* Recharge to water-bearing zones in the saproldef@bedrock may be very
local in settings where both hydraulic gradient aridrconnectivity among
fractures are low. This means that in some sitnatirecharge may be affected
much more by land cover changes in the immediaiaity, than by activities
that take place farther away.

3. The conceptual foundation of sustainable growtdivmanagement is that
demand for non-extractive groundwater servicesiveseriority over
fulfilling demands for extractive groundwater semns.

The maximum amount of groundwater that can be susily pumped from the ground is
the volume left over after non-extractive groundevateeds have been satisfied.

4. The County’s previous groundwater studies aodmpiwater policy have
been focused on extractive groundwater services.

The 2003 availability report (ENSAT Corporation asttiers, 2003) focused on absolute
amounts of groundwater that occur in different paftthe county, capable of being
“captured” for human use by drilling a well. Italid be noted, however, that language
in support of non-extractive groundwater servicas loe found in non-groundwater
specific County policy, such as the Introductiorthie Natural Resources Chapter of the
Comprehensive Plan (Albemarle County, 1999).

5. Stream ecosystem health can be used as a pnorgri-extractive
groundwater services, and an indicator for sustdéngroundwater
management.

The percentage of impervious land cover that ls@shold for onset of degradation of
stream ecosystem health can be used to quantifyetfeentage of recharge required to
supply non-extractive groundwater services. Locdllg degradation threshold appears
to be in the range of 5 to 20% impervious land cove terms of groundwater recharge,
the threshold of degradation to stream ecosystaithhean be estimated at diminution of
recharge by 5 to 20%. It follows that 80 to 95%afural recharge is required to fulfill
non-extractive groundwater services. This meaas8 to 95% of recharge must be left
in the ground, and thatmaaximum of 5-20% of groundwater recharge in Cheekuille
and Albemarle County can be used for extractiveligdavater services.
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6. The amount of groundwater available on a giveneel to provide for
both extractive and non-extractive services vaaga function of
hydrogeology, topography and land cover.

There are settings within the study area wherergivater recharge and flow across a
given parcel are very large relative to the voluwhgroundwater needed for non-
extractive services. In these settings, it is teégcally possible to sustainably pump
significant quantities of water from the grounddapply this water to a consumptive use
where water is transported away from the local ve&ted. In other areas, groundwater
flow and recharge are limited by hydrogeology atieofactors. In these areas, the
volume of water available for sustainable extractiay be relatively small.

Albemarle County contains two recognizable zondsigth potential for significant
sustainable groundwater extraction, and one rezabte zone of low potential (Figure 5,
above). The remainder of the County and the e@lieare within a zone characterized
as having mixed potential. Within this area, sipecific study will be required to
identify zones of high or low potential, to the ext that such may exist.

7. The use of groundwater for residential needberrural area of
Albemarle is non-consumptive, in the sense that mthe water is
returned to the ground after use via a sanitarinfiedd.

Therefore in most cases, under current 2-acre moimrot size zoning, domestic
groundwater use in the rural areas of the coungg chmt degrade non-extractive services,
and is generally sustainable, regardless of hydiloge setting.

8. Sustainable groundwater management has implicsafor sustainable
population size.

Under sustainable groundwater management, 80-95$roahdwater recharge is left in
the ground to provide for non-extractive groundwatzvices. Simply stated, this means
that under sustainable management, over the lomgHna great majority of groundwater
is unavailable for extractive consumption by humdarmss would seem to imply that the
size of the community’s “sustainable” populationynbe less than—as presumed in
previous assessments of water availability—if aflilable groundwater were to be
extracted to supply human needs.

On the other hand, the impact of sustainable maneage(or lack thereof) could be
particularly significant should Albemarle’s EBRFBMRFZ be utilized for groundwater
supply. For example, rather than the 3.9 to 7.8 M&&imated to be available for
extractive services from the EBRF under a sustiéngtoundwater management regime,
approximately 39 to 78 MGD could theoretically hanped, in the short-term, to
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facilitate commensurate population growth abovelzgybnd what is sustainable relative
to protection of non-extractive groundwater sersicehe results of unsustainable
groundwater mining such as this could be widespleadring of the water table,
causing elimination of base flow in many streand landscape-scale desertification.
This has the potential to drastically alter quadityife, and disrupt the local food supply,
among other implications for the resident humanupeton.

9. Sustainably managed groundwater could provisigraficant proportion
of future water needs for the City of Charlottelsvdnd urban areas of the
County.

Sustainable groundwater extraction from the MoumRun Fault Zone (MRFZ) and
Eastern Blue Ridge Flank (EBRF) could have a siggift impact on maximum
sustainable population size for the area. If tbar@@y and City were to decide to use
groundwater for municipal water supply, a significportion of the estimated future
demand could be supplied via municipal well withdaés from these two areas.

It should be noted, however, that the County’s stagding water supply policy is
surface-water based. According to Mike Lynn, ACSperations Manager, as of
August, 2009, the only municipal groundwater systemse by the Authority today is for
a small cluster of homes on Red Hill Road.

The following exercise indicates that the EBRF rhaycapable of supplying from 25 to
49% of the future municipal water demand at build-o

To estimate the population size at build-out witthiea County Growth Areas and City
combined, we refer to estimates presented in enteeporEstimating Impacts of
Population Growth on Ecosystem Services for the @onity of Albemarle County and
Charlottesville, VAJantz and Manual, 2009):

2000 population Build-out population
Charlottesville area 72,297 111,882
Crozet 7,101 25,106
Rivanna 3,960 14,205
Route 29 12,458 60,310
TOTAL 95,816 211,503

(difference between 2000 population and estimateld4out population = 115,687
persons)

Page 9



According to the ACSA, the average water use fosiable family residential customers
(persons) is 4100 gallons per month or 137 galttms/assuming a 30 day month (Mike
Lynn, personal communication, 2009). Applying thigire to the future build-out
population of 115,687 persons, an additional 1538 mill be needed.

We estimate the approximate availability of grouatkv from the EBRF to be 3.9to 7.8
MGD. This is equivalent to 25 to 49% of the tdtalre demand needed at build-out of
the Growth Areas and City, according to the JantzManual projections. Additional
groundwater capacity of a similar order of magrétnahy be available on a sustainable
basis from the Mountain Run Fault Zone, and perlfl@ps other areas yet to be
identified within the mixed zone.

10. This study provides a conceptual framework wikiich to link
residential density, stormwater management, impassland cover, and
non-extractive groundwater services in developiraywh management
strategies (see Recommendation 1 below).

Recommendations

1. Consider new policies linking groundwater, impeus land cover,
stormwater management, and residential developdeaTdity.

The County and City should consider new policied timit watershed percentage
impervious land cover, while maximizing stormwatdiltration, in order to maximize
allowable groundwater extraction. Such policies éwample, see #5 below) would be
designed to ensure that recharge necessary foextomctive groundwater services is not
reduced below a sustainable threshold. That thiésbonceptually pegged at a range of
80-95% of recharge in this study, will need to biestifically determined in a separate
investigation conducted by a team of hydrogeolsgmstologists, soils scientists,
environmental planners, and others. The implicatioinsuch a threshold could have a
significant impact on County and City stormwateliggoand on County groundwater
policy, particularly in areas with impervious lacdver greater than 5-20%.

2. Further study potential recharge areas in thie Bidge Mountains and
Southwestern Mountains in order to better quamtifiximum sustainable
extraction volumes for the ERBF and MRFZ.

3. Study land use policy and groundwater further enzbne of mixed
potential for significant sustainable extractianprder to identify areas of
high and low potential for significant sustainaeraction.
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4. Consider using sustainably managed groundwatsaation to augment
municipal water supplies for the City and Growtleas of the County.

5. Due to the cumulative impact of impervious l@oder on groundwater
recharge, residential development densities gréaderapproximately one
house per two acres should be served through cormynwater supply
systems rather than individual wells to protectugidwater needed for non-
extractive groundwater services.

6. Recognize that a community’s sustainable pojulatize is determined,
in part, by the availability of sustainably managedundwater—not simply
by accessible groundwater.

7. Albemarle County and the City of Charlottesyvildorking with the
Rivanna Water and Sewer Authority and the Albem@denty Service
Authority, need to begin to address groundwateishoally. As a starting
point, we suggest convening a broad-based comnaitiaeyed with a
mission to consider the role of groundwater frogustainability and
ecosystem services perspective, by addressinglibg/iing questions:

* |If the majority of groundwater should remain in tireund to be
used for non-extractive services, how does thaachpuman
society in the region beyond those impacts discussthis study?

* What is the extent of the upland recharge aredsthpply the
EBRF and MRFZ?

* How much water is likely to be available from th&kFZ in
addition to the EBRF?

* How might the availability of groundwater from tleegones
impact water supply planning?

* How does groundwater viewed from the perspectiwtined in
this paper impact stormwater policies and Countgwdn Area,
Rural Area, and City of Charlottesville developmpalicies?
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* What new opportunities might be created for rumadiowners
interested in new sources of revenue for workimgl$a(lands
managed for agriculture and forestry), throughgutinhg
groundwater ecosystem services within the conteatloader
ecosystem services marketplace?
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4: Introduction

The impetus for this study has been a need to atalmplications of groundwater
availability as local population grows. The spexiesearch question explored in this
paper is:

Does groundwater availability impact the determioatof an optimal sustainable
population size in Albemarle County and the Citgbéarlottesville and if so, what is that
impact?

Previous studies of groundwater in central Virgwview groundwater simply as a
resource to be used to supply water for human usege household water, irrigation
water, water for manufacturing, or any number dieotuses. An outline of earlier
studies and publications that comprise the histbdontext of the present study is
presented in Appendix B.

The 2002 and 2003 Albemarle County hydrogeologidiss (ENSAT Corporation and
others, 2002; 2003) were designed to identify aoédélse county where greater and lesser
amounts of groundwater are thought to be avail@slauman consumption:

The purpose of these proposed studies was to deaize groundwater
availability and vulnerability in different parts ¢he county, in support of a
proposed hydrogeologic testing ordinance, and &sohto enable informed
decision-making on land use planning and developissuoes.

(ENSAT Corporation and others, 2002)

Also relevant is a small section of the 2002 repatttled_Project Perspectiypage 1):

There is a particular hydrogeologic perspectivettheovides the basis for the
scope of work developed for this project by ther@pand the Project Team. This
perspective can be characterized by the Countysge&l¢o conserve the
functionality of the hydrology of the rural areafstbe County over the long-term
time horizon. This concept has been articulatetheyCounty as a groundwater
goal in the Comprehensive Plan: “Protect the avhildy and quality of
groundwater resources”. A related goal was devetbpg the Albemarle County
Groundwater Committee: “Promote the sustainable afsgroundwater as a

water supply for the Rural Areas”. [Emphasis added]

This language is indicative of local governmentsundwater management viewpoint in
2002: groundwater is a resource that is neededdter supply.
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From the studies of 2002 and 2003, Albemarle Codetseloped a tiered regulatory
approach that requires development applicantsaaige information with which to
evaluate adequacy of supply for the proposed ushgats to groundwater quality from
the proposed development, and potential threaggisting users of groundwater on
nearby properties. Again, the aims of this progeaibuilt on the viewpoint that
services provided by groundwater are exclusivelpiwithe framework of supplying
water to fulfill human needs. The program is agyplat the time of each permit
application, without a long-term framework that smers cumulative impact of
incremental development.

The present report proposes an evolution in theegmal model of groundwater --- in
which services provided to natural ecosystems kigmlaft in the ground, termetbn-
extractive groundwater servicese considered along with services provided thinoug
extraction of water, now termektractive groundwater servicesA sustainable
groundwater managemeparadigm is not linked exclusively to the amouintvater that

is pumped from the ground to perform extractivevisess. Rather, sustainability is linked
to the non-extractive services provided by watkritethe ground. A glossary of these
and other terms is provided in Appendix A of thepart.

It should be noted that the proposed conceptuakinetb consider both extractive and
non-extractive groundwater services--is essentaliypropocentric. The non-extractive
services that groundwater provides are all thotgbenefit human society. This
includes, for example, water that is needed foratiginabitat. While it is certainly
arguable that groundwater is needed by aquatio/et=ss in their own right, human
society, for its own survival, also needs thoseatigiecosystems to be fully functional.
Thus the use of the word “services” to define biés@on-extractive groundwater
provides. The conceptual model for sustainablempio/ater management presented in
this report is consistent with the conceptual madecosystem services used to describe
impacts of population growth in the accompanyingpreEstimating Impacts of
Population Growth on Ecosystem Services for the @onity of Albemarle County and
Charlottesville, VAJantz and Manuel, 2009).

Page 14



5: Technical Overview

Groundwater: Part of the Hydrologic Cycle

When precipitation falls from the sky, a portiomswoff along the surface and flows into
creeks, rivers, lakes and the ocean. Anothergogets soaked up by trees and plants,
and is returned to the atmosphere by processesmtmm and photosynthesis (termed
evapotranspiration, or ET). The remainder soakstime ground and becomes
groundwater recharge. Groundwater is defined dsntiaat occurs beneath the surface
of the ground, within a zone that is saturated witter.

Groundwater, surface water and atmospheric waist within a dynamic continuum
called the hydrologic cycle (Figure 1). The hydgt cycle can be significantly affected
by actions of man.

Figure 1: The Hydrologic Cycle
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In the natural (undisturbed) hydrologic cycle, umfid climates, groundwater flows
underground along hydraulic gradients and disclsirge rivers, streams, lakes and the
oceans. During periods of low flow, when there basn no precipitation for a few days
or longer, most of the water in the rivers andastie is supplied by groundwater
discharge. Groundwater also provides moistureils,<rucial to sustaining plants and
trees during times of drought.
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When groundwater is pumped from a well and notrnetd to the ground through a
drainfield or injection well, the activity is termi@ consumptive use of groundwater. If
future growth in Charlottesville and Albemarle ccampanied by significant
consumptive use of groundwater beyond the capatityailable recharge, negative
impacts are likely. These impacts potentiallyeffthe amount of groundwater available
for human use in water wells, but also potentiaffect services provided by
groundwater for ecological needs.

The proportion of precipitation that actually soak® the ground and ends up recharging
groundwater is determined by type of land covendisturbed forest land, while

returning significant rainfall to the atmospheretigh evapotranspiration, also allows a
high percentage of rainfall to soak into the graufrdcontrast an asphalt parking lot
does not permit any rainfall to soak into the ghulf future growth is accompanied by
widespread conversion of rural land cover from redtwooded vegetation to less
permeable cover, significant impacts to groundweageharge are inevitable.

A Theoretical Water Budget for Charlottesville/Atharle

In order to better understand the relationship ajpecipitation, groundwater recharge
and surface water runoff, it is instructive to miake present-day hydrologic cycle in
central Virginia using best available numbers hydrologic equation. A theoretical
water budget can be expressed by the equation:

Total precipitation = (surface water runoff) + (grmlwater recharge) + (water lost to
evapotranspiration (ET)).

Or,

Groundwater recharge = (total precipitation) —f@ce water runoff) —
(evapotranspiration (ET)).

Accurate numbers exist for annual precipitatiothien Charlottesville area thanks to many
decades of historic climatic records. Surface wateoff can be estimated quantitatively
by examining available discharge data from streagirg stations operated by the US
Geological Survey. Absolute values for groundwageharge and ET are not as readily
available. “Groundwater recharge” for purposethaf discussion represents simply the
volume of precipitation that enters the groundteA&ntering the ground, groundwater
moves through a complex dynamic system where gopognters the vadose zone; a
portion contributes to groundwater storage withie aquifer media, and a portion is
ultimately discharged into rivers and streams.

Simplistically, a quantitative evaluation of theaquity (groundwater recharge + ET) is
possible for the entire James River basin abovee@aille, which includes the City of
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Charlottesville Albemarle County, because of awlity of precipitation data, and
surface water runoff data from a USGS gaging statiothe James at Cartersville.

For the period October 2005 through September 20@Gyrecipitation total for the
James River basin above Cartersville is estimatdd.&6 inches. Total discharge for the
James River measured at Cartersville during thmedame period was the equivalent of
15.39 inches of rain over the entire basin upstredhms means that within this basin, on
an annual basis, about 34.5%, or roughly one tifitdtal precipitation, runs off into
surface streams and rivers.

The remaining 65.5%, or about two thirds of totagipitation, goes to a combination of
ET and groundwater recharge annually. There ig Nttle empirical data with which to
evaluate the relative proportions of recharge ahdnEhe equation. ET varies
seasonally, as plants and trees go through theuramcycle of growth and dormancy.
Groundwater recharge is affected by snow coverflarzein soils in the winter, and by
rates of precipitation during other times of tharyeFor example, a very intense
thunderstorm may produce several inches of raitdedllly, but runoff may be so rapid
that only a small proportion of the storm precipia has an opportunity to soak into the
ground. For purposes of this report, groundwateharge and ET in central Virginia are
considered roughly equal over the course of amesgpéiar, implying that overall,
groundwater recharge comprises about 33 percdntalfprecipitation.

Under conditions of 33% precipitation going to gndwater recharge, a theoretical water
budget for Charlottesville — Albemarle is:

Annual precipitation: 44 inches

Annual groundwater recharge: 14.52 inches

Daily groundwater recharge: .04 inches (.003 feet)

Daily recharge per acre: 144.32 cubic feet = 10gal®ons

Daily recharge of the entire county (726 squares)il501,578,880 gallons.

The roughly 500 million gallons per day of groundevaecharge dictated by the water
budget equation is, in a sense, the daily deposhid bank account for ecosystem
services provided by groundwater to human and ab&émosystem clients. In order for
the equation to be in balance, the three termsu(ghoater recharge), (surface water
runoff) and (ET) must always add up to (total ppéetion available). If one term, such
as runoff, increases, the other two terms mustedeaer.

If, for example, future growth in CharlottesvillacaAlbemarle results in a significant
increase in impervious land cover, surface wateofficould increase from 34.5% to
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50%. Under these conditions, only 25% of precimtawould end up as groundwater
recharge. The water budget equation would be ks

Annual precipitation: 44 inches

Annual groundwater recharge: 11 inches

Daily groundwater recharge: .03 inches (.0025 feet)
Daily recharge per acre: 109 cubic feet = 818 gallo
Daily recharge for the entire county: 380,075,5a0ams.

Under these conditions, the daily deposit intogfeindwater “bank account” would be
about 121 million gallons less than under presendiions.

Would a decrease of this magnitude in groundwaeharge result in measurable
diminution of groundwater services? If the changese to occur incrementally over a
50 year time period, as residential developmerdgally extended into what are
currently fields and forests, would they be notide@ Answers to these questions
require a holistic approach to assessing groundvaatglability that considers the
services groundwater provides both when it is ek#hand left in the ground.

Groundwater Occurrence in Charlottesville / AlbeleaFractured Rock Aquifer

In the Blue Ridge and Piedmont of central Virgiraa,area which includes Albematrle
county and the City of Charlottesville, groundwadecurs within aquifer systems
controlled in part by fractured bedrock. The pipat components of these aquifer
systems are shown in Figure 2 bel&®ainwater that enters the ground to recharge
groundwater moves by force of gravity slowly dowmneyahrough soils and saprolite into
the underlying fractured bedrock. The soils argt@ée serves as a sponge that soaks up
rainwater on the surface, and feeds water to frastin the rock underneath.
Groundwater flows down hydrologic gradients throbgith the soil / saprolite layer, and
within interconnected bedrock fractures, ultimatgigcharging into rivers, streams and
other surface water bodies. In stream and rivelobw, alluvial material may be a
significant conduit for groundwater.

The water table, blue line near the top of bediadkigure 2, is an invisible surface
below which the soils, saprolite, alluvium and lmexdkrare saturated with groundwater.
Above the water table, both air and water dropbetsipy the spaces between soil and
mineral grains, and fractures in the bedrock. @doater within bedrock fractures has
been cleansed as it passed downward through swilsagprolite. In terms of water
quality, bedrock water is the most desirable fanan consumption. Water in bedrock
fractures is the target of most water supply wedided today in central Virginia.

Page 18



Figure 2: Fractured Rock Aquifer System

Geophysical Imaging: A Virtual Tour of UndergrouAtbemarle

Although Figure 2 presents an adequate conceptodéhfior groundwater flow in
Albemarle and Charlottesville, there is considezatariability in physical characteristics
of soils, saprolite and bedrock within the area aXesult there is a lot of variability in
both the quantity and quality of groundwater thasts from place to place. Recent
advances in geophysical technology enable us tgergeoundwater in the subsurface,
and gain a far more precise understanding of tlysipal occurrence of groundwater
relative to geological features (soils, saprolited &edrock) than was previously possible.

The geophysical technology involves mapping th&ibigtion of electrical resistivity in
the subsurface, down to depths of 300 feet or mdtere is a strong correlation between
low electrical resistivity values and presencerolugdwater.

» The geophysical surveys can be between 800 andf@20h length, depending
on design requirements and site layout. The prureed to drive a series of 56,
24-inch stakes into the ground, then string cableselectrode switches between
the stakes. The equipment sequentially applieaxamum of 400 volts across
pairs of electrodes, and measures voltages thaeammed through other pairs of
electrodes. It takes a couple of hours for thel\lware to go through all
permutations of pairs of electrodes and collectddua.
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* Following the field survey, the data are downloaded processed on a computer
in the office. The end result is a visual imaga ttontours values of electrical
resistivity along the line of profile to depthsasbund 300 feet. Dry rock returns
electrical resistivity values that are many ordgrmagnitude greater than rock
that contains water. The images produced fronfi¢he survey data highlight
water-bearing zones that occur in otherwise dri.rdhis technology has proven
to be a very reliable tool for locating successyater wells.

* A minimum of two surveys are required in order &dble to model the
subsurface in 3 dimensions. Several surveys magdered on a large or
geologically complex property in order to identdgtimal drilling targets.

» Detailed descriptions of the technology and sup@gedures are available on
line atwww.agiusa.conandwww.viginiagroundwater.com

The images below result from electrical resistiggophysical surveys conducted by
Virginia Groundwater LLC during the years 2002 tigh 2009 in central Virginia.
These images have been selected to illustrateathability in groundwater occurrence
and availability in Albemarle County and Charlotti#le, although not all are strictly
from within the boundaries of the City and Countgnages are presented in order of
relative abundance of groundwater. For illustapurposes, all images are projected
relative to a horizontal surface.

The horizontal scale along the top of each image fiset; each black dot represents the
location of one of 56 survey electrodes. The waltscale on the left side of each image
represents depth in feet; the legend on the rgyhtiertical scale representing resistivity
in Ohm-meters. Note that high resistivity valuesy/(rock) are represented by reds,
oranges and yellows. Low resistivity values arelwater likely present).
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Image 1:Diabase Bedrock, Fauquier County

In Image 1, the interface (dashed line) betweerstils — saprolite layer and the top of
bedrock is readily visible at about 30 feet. Somager is present in the upper 15 feet of
the soils and saprolite layer, but the bedrocKfitsntains no visible water-bearing
fractures. This illustrates that bedrock is natarmly fractured throughout the Virginia
Piedmont. The image also illustrates a settingrevkige soils and saprolite layer is very
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thin. The minimal thickness of this layer mearet iks capacity to soak up and store
water that percolates downward from the surfaeeimmal, limiting recharge potential
to any bedrock fractures that exist. There isiable drilling target visible in this image.

Depth (ft)
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Image 2: Phyllite and Schist Bedrock, Eastern AlédenCounty

In the geology illustrated by Image 2, the phylated schist bedrock is very soft, and the
saprolite zone extends to depths of more than &&0ith places, below the bottom of the
image. The saprolite generally has high moistorgent, and relatively low resistivity
values, but in this image, free water is likelygmet in only one zone, in the center—right
portion of the image. It is notable that the grdwater appears to occur in a pocket that
is not connected to any other pockets of watdeaat in the plane of this image.
Additional images that were run in different or@ndns confirmed that this is an isolated
pocket. If a well were drilled to intersect thisgiet, the most efficient recharge would
likely come from the immediately overlying weathgtreck material surrounding the
well, due to the limited ability of this type offgalite to transmit groundwater. This is
an illustration of a situation where recharge toedl is very local, likely occurring
primarily from within a few hundred feet radiustbe well head at the surface.

Image 2 illustrates one of the most challengindagio settings in Albemarle in terms of
groundwater availability. Groundwater occurs irafimpockets with limited recharge
capability, typically within 100 feet of the surfac Wells that capture water from these
pockets typically yield less than one gallon penute. In some cases, because the rock
is so soft, it is necessary to extend the wellngabelow the level where the water occurs,
which results in a dry hole. Due to the local natof recharge in this type of geology,
local changes in land cover that prevent rain wiaten entering the ground have
potentially significant impacts on recharge to logalls.
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Image 3: Biotite Gneiss Bedrock, Orange County

Image 3 is from a geologic belt of metamorphosetinsentary rocks that extends
through western Orange County, central Albemarler®g and the City of
Charlottesville. The image shows a thick bandapirslite containing pockets of water,
above bedrock that does not appear to contain vea@ming fractures. Several of the
water pockets in the saprolite are visibly conngetéh water bearing soils near or at the
surface (the right portion of the image is wetlandhe surface). This illustrates the
localized flow of groundwater recharge from thefsce, and the “sponge” nature of the
saprolite layer.

The percolation of groundwater through relativeigrs distances of soil and saprolite is
commonly sufficient to cleanse the water of impasitthat are present at the surface.
Many wells in Albemarle County tap water that tsigted above the interface of saprolite
with unweathered bedrock. It is possible, depeamndmlength of casing required, that
successful wells could be constructed to captumeesof the saprolite water shown in this
image.
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Image 4: Granite Gneiss Bedrock, Albemarle County
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Image 4 illustrates granite gneiss bedrock withel-developed fracture network. At the
depth of the image, unweathered bedrock is presgntas isolated pods surrounded by
saprolite. The saprolite originated within fraesirand spread outward into the
surrounding rock with passage of time. Pocketsaikr are interconnected with each
other within the plane of this image. Groundwagsharge flow may have a significant
horizontal component in these rocks, dependingyaindhogic gradient, in addition to a
more local vertical component. This is favoral@elggy for construction of water
supply wells.
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Image 5: Greenstone Overlain by Colluvium, Loud@aninty

Image 5 illustrates a very productive groundwaggnime that exists on the eastern flank
of the Blue Ridge from northern Virginia southweatd; through Albemarle County and
beyond. The greenstone bedrock contains well-deeel fracture zones. In addition to
saprolite, unweathered bedrock is overlain by ageeaf colluvium. This sedimentary
material is very porous and serves as a very efftatonduit to groundwater recharge.
Recharge can be very rapid and of substantial velinsettings where large acreage of
hardwood forest exist up hydraulic gradient frosita. Wells with yields in excess of
100 gallons per minute have been constructed $nstiting.

Summary: What do the Geophysical Images Show?

1. Groundwater is not uniformly distributed below theface of the ground.

2. Bedrock fractures are not uniformly distributedeewvithin the same rock-type on a
small parcel of land, and are not always intercotetkin a horizontal sense.

3. Thickness and water storage and transmission dgd@aprolite vary from place to
place, even within the same rock type. In soméoggosettings, the only water
available for water supply wells exists in the saihd saprolite, above bedrock.

4. Recharge to water-bearing zones in the saproldel@bedrock may be very local in
settings where both hydraulic gradient and inteneativity among fractures are low.
This means that in some situations, recharge maffeeted much more by land
cover changes in the immediate vicinity, than biyvages that take place farther
away.
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6: Groundwater Availability: 2003 Assessment

The most recent published groundwater availalslitydy for Aloemarle, completed for
the County by ENSAT Corporation and others in 2@E3ined nine distinct
hydrogeologic units on the basis of unique geolagyls and topographic characteristics
(Figure 3, below; ENSAT Corporation and others,300These hydrogeologic units
formed the framework for a county-wide “potentialative groundwater availability”

assessment based on evaluation of the interrelaréables

Thickness of overburden (soils plus saprolite),
Saprolite permeability,

Background fracturing as indicated by reporteddgedf randomly sited domestic

Hydrogeologic Unit [D Numbers:

IE - Blue Ridge East
TW - Blue Ridge West
11 - Colluvial Fans

111 - Piedmont Foothills
IV - Lynchbuerg

VIII - Piedmont Proper

Figure 1
Albemarie County Hydrogeologic Map

e e ey
R 2

Anemarie Cownty DepsTimes: of e rieg nne e Wace LTI ST L T R

Figure 3: 2003 Groundwater Availability Map
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A quantitative availability model was constructeabed on data from the existing
Albemarle County water well database, and from dateerated by in situ permeability
testing. The 2003 availability map delineatesehgmundwater availability zones (low,
medium and high) within Charlottesville and Albeteathe study’s findings were
“generated at a broad scale...meant only for Countfg\wlanning considerations and as
a way to provide focus for site-level groundwatesessments” (ENSAT Corporation and
others, 2003, p 1). The County and City are farenfeterogeneous in terms of
hydrogeologic characteristics than the map implié® goal of developing a manageable
and defensible prototype planning tool requiredpsiiication and generalization of what
is in reality a very complex hydrogeologic picture.

The 2003 availability model focused on absolute ami® of groundwater that occur in
different parts of the county, capable of beingotaaed” for human use by drilling a
well. Groundwateavailability in this sense is purely a functionpbfysical factors such
as thickness and permeability of the soil and daprdayer, and density and openness of
bedrock fractures. Groundwater availability wadmed largely on the basis of historical
data on reported well yields and casing lengthsfweells constructed in the past. That
study did not attempt to evaluate availability with context of continuously changing
variables related to population growth and shiflengd use. For example, the 2003
model does not take into consideration implicatiohshanges over time in:

» net groundwater withdrawal for human consumption;
* land cover that potentially compromises local regaaand
* regional climate.

The 2003 study did not attempt to evaluate nonaetitre groundwater services.
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7: Proposal for the Sustainable Management of Giwater using
an Ecosystem Services Model

Introduction

The previous chapters of this report provide aroghiction to some of the technical and
conceptual issues in understanding groundwateuirtcommunity, and a summary of
assessments over the past 20 years of groundwatiéalality. Building on this
background, Chapters 7 and 8 of this report consiaeavailability and use of
groundwater from an ecological perspective whitesanto account the needs of flora
and fauna as well as long-term human consumptiba.slstainability of human society
within any ecosystem is ultimately based on undeding of the needs of other
organisms society depends upon. The ecosystentesmiodel, in which groundwater is
one component in a complex ecological system, haipgide a foundation for
sustainable groundwater management.

Ecosystem Services: An Overview

Ecosystem services are the conditions and procdssegh which natural ecosytems,
and the species that make them up, sustain arnilll fiwiman life (Daily, 1997). These
services maintain biodiversity and the productibeasystem goodsuch as seafood,
forage, timber, biomass fuels, natural fiber, mphgrmaceuticals, and industrial
products. The harvest and trade of these goodsgept an important part of the human
economy. In addition to the production of thesedg@cosystem services provide life-
support functions, as well as intangible aesthaatat cultural benefits.

Groundwater services, a subset of ecosystem sepweaudeextractiveservices where
groundwater pumped from the ground is utilizeddmariety of human needs.
Groundwater services also includen-extractiveservices, such as providing moisture to
soils and water for base flow in streams. Ultimhathese indirect non-extractive
groundwater services are also vital to human sgsiquality of life, and ultimately to

our very ability to inhabit Charlottesville and Alimarle County.

Groundwater Services and Sustainable Groundwatealygament

The ecosystem services model recognizes that nattovéles free services to the human
economy; if we lose them, we have to create aidifystems to COmMpENSAT
Corporatone for their loss. The County’s curremugidwater management program,
while sophisticated, may be predicated only ongmidn and enhancement of extractive
groundwater services, a policy embodied in the @dsiComprehensive Plan:
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Objective: Protect the availability and quality gfoundwater resources (page
51, Albemarle County Comprehensive Plan, Water ltese)

The County’s Comprehensive Plan does however eralalaments of ecosystem
services. The Introduction to the “Natural Resestchapter states:

The ecological functions provided the County’s emunental resources are
critical to our economy, health, welfare, safetydauality of life. These
functions include:

» purification of air and water
» mitigation of floods and droughts
» Detoxification of floods and droughts
» detoxification and decomposition of wastes
» generation and renewal of soil fertility
» pollination of crops
* control of pests
* maintenance of biodiversity for human needs
* moderation of climate, including temperature extespwind, etc.
» aesthetic beauty and intellectual stimulation
* recreation
(Albemarle County, 1999, Page 1).

Sustainable groundwater management is defineddiréport as a withdrawal rate of
groundwater for extractive groundwater services do@s not degrade non-extractive
groundwater services. “Extractive groundwater @i involve water pumped from the
ground and used by human society for water sufjigse services include water for
drinking, cooking, washing, and other householdsus® manufacturing, thermoelectric
power generation, and other industrial uses; fagation of crops, parks, golf courses,
etc., and for aquaculture. “Non-extractive grouatew services” involve water left in the
ground to provide soil moisture to the vadose aoaeapillary action; base flow for
streams to sustain aquatic ecosystems in streakes and rivers; and water for
recreational swimming and boating opportunitiesst&inable groundwater management
therefore involves evaluating the volume of grouatiw needed for extractive and non-
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extractive services, considered in the contexte@hydrogeology of the supply wells
and recharge areas, and of changing climatic donditand land uses.

Stream Ecosystem Health as a Proxy for Non-exta€iroundwater Services

If sustainable groundwater management hinges orertractive groundwater services,
how are such services to be quantified? The eogpidiata necessary to precisely
guantify these services, such as groundwater ftovage and recharge rates; river and
stream base flow; and rates of evapotranspiraiaunavailable for the Charlottesville
region. Until such data become available, it israppate to consider the use of a proxy
for non-extractive groundwater ecosystem servidéshave chosen stream ecosystem
healthas such a proxy through the following sequencegitl

1. There is a direct relationship between rainfall grmlindwater recharge.

2. Assuming no net change in groundwater storageyahene of water used for
non-extractive groundwater servigassthe volume of water used for extractive
groundwater servicemquals or is less thavolume of total recharge.

3. Assuming no extractive groundwater services (a itimmdthat exists in the
remote undeveloped watersheds of Albemarle Couwsfer volume used for
non-extractive groundwater services is less thagogls recharge.

4. Increasing impervious land cover in a given watedstesults in a proportional
decrease in groundwater recharge.

5. Increasing impervious land cover in a given watedsis correlated with
degradation of stream ecosystem health (documenthélow).

6. Degradation of stream ecosystem health in a giveershed may be correlated
with decrease in groundwater available to provide-extractive services.

Relationship between Recharge and Impervious LangiC

As impervious land cover increases, recharge deese@ccording to Paul and Meyer
(2001), the following relationships exist betweeamotranspiration (ET), runoff,
shallow infiltration, deep infiltration, and landwer (note that shallow infiltration
combined with deep infiltration comprises recharge)

Forested land covelET 40%, runoff 10%, shallow infiltration 25%, deigfiltration
25%

10-20% Impervious land coveET 38%, runoff 20%, shallow infiltration 21%, deep
infiltration 21%
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35-50% Impervious land coveET 35%, runoff 30%, shallow infiltration 20%, deep
infiltration 15%

75-100% Impervious land covdET 30%, runoff 55%, shallow infiltration 10%, deep
infiltration 5%

Figure 4 below graphs these percentages, showatgrtiiorested land cover, the
percentage of evapotranspiration and shallow aeg ddiltration are highest, yet runoff
is lowest. In areas that are 75-100% impervidus dpposite is found.
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Figure 4: Relationship of Percent Impervious Larmav€r to Infiltration Rate

Natural recharge to groundwater is controlled loyiber of factors, primarily land cover,
slope and soil permeability. However, for purposethe present study, the most
significant implication of the Paul and Meyer arsay is that as impervious land cover
increases, natural recharge decreases proporgiomaik is not surprising: as more and
more of the land’s surface is rendered impervithusrefore not allowing rainfall to soak
into the ground, recharge logically decreases.lfemstrative purposes, we estimate that
the percentage of reduction in recharge is nedgtogrelated with percent increase in
impervious land cover. Thus, a 75% increase in mipas land cover results in a 75%
reduction in recharge.
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Quantitative Link between Watershed Impervious L&oder and Aquatic Ecosystem
Health

According to a review published in 2009 in the Jaliof Hydrologic Engineering, since
2003, nearly 250 research studies have confirmegdstream health can be predicted on
the basis of impervious land cover (Schueler ahédrst 2009). Most habitat metrics are
initially sensitive to impervious cover in the 520% range. Other studies that confirm
this range of values include research by the Dala®&partment of Natural Resources,
showing that biological habitat drops sharply imtidal, Piedmont streams at
percentages of watershed impervious land covelingrigpm 8-15% (Maxted and
Shaver, 1994). The Center for Watershed Protecites research conducted in many
areas of the U.S. that shows stream degradatiammig at levels of impervious land
cover, ranging from 10-20% (Schueler, 1995). Reseaompleted in Maryland shows
that macroinvertebrate density declines above I@peivious land cover (Schueler and
Galli, 1992 as cited in Schuler, 1995). In Marylatig health of brown trout was shown
to decline at 10-15% impervious land cover (Ga93).

To date, no local studies similar to those citedvabhave been completed. Streamwatch,
an Albemarle County-based organization, is curyeecdhducting research that will
provide information with which to correlate landveo with macroinvertebrate health.
Another study in the ASAP Optimal Sustainable Papoh Size Project—"“Impacts of
Population Density and Forest Cover on Stream Héalthe Rivanna River Basin”,
undertaken by Rob Kurtz (to be completed in Felyr@@i 0)—also examines the effects
of land use on stream health.

Relationship between Stream Health and Non-exta€&iroundwater Services

The primary role of nonextractivce groundwater B@w in promoting stream health is in
providing base flow that keeps the streams runhetween precipitation events and in
times of drought. While base flow is only one neeéimong many that determine a
stream’s health, base flow is arguably the mostiiggint during times of the year when
there is little or no contribution to streams byface water runoff. The studies above
suggest that impervious land cover on the ordé& 20% leads to degradation of stream
health. By extension, this is equivalent to a dimion of recharge by 5-20%, which is
equivalent to diminution of non-extractive grounderaservices by 5-20% in a watershed
where no water is being extracted for human watpply. This implies that in an
undisturbed watershed, 80-95% of groundwater rgeharneeded for non-extractive
groundwater services.

The above assessment has profound implicatiorgréamdwater use as a water supply
for humans. The volume of groundwater needed farexdractive services is
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significantly greater than the volume availabledastainable extraction. In practical
terms this means that maximum sustainable extracétes, when considered through a
sustainable groundwater management paradigm, maylsantially reduced from what
drillers and consulting geologists report as awddaields.

Sustainable Groundwater Management in Charlotles&lbemarle

Sustainable management of groundwater requiregthahdwater extraction not
negatively impact non-extractive groundwater s&asicUnder normal climatic
conditions (non-drought conditions), the volumenvatter pumped to provide extractive
services is restricted to the 5-20% of availabtdhaege not needed for non-extractive
services. Sustainable groundwater managementresghiat groundwater extraction
must not cut into the 80-95% of available rechadbhge is needed to provide for non-
extractive services.

Under drought conditions, there could be hydroggioleettings where the total volume
of available recharge is less than needed to pedadnon-extractive services. Under
these conditions, even small amounts of groundveadigaction are unsustainable. These
conditions occurred as recently as 2002 in the IGttasville area, when severe drought
caused base flow in many small local streams t@pgsar entirely.

The amount of groundwater available on a givengddocprovide for both extractive and
non-extractive services varies as a function ofrbgdology, topography and land cover.
There are settings within the study area wherergivater recharge and flow across a
given parcel are very large relative to the voluwhgroundwater needed for non-
extractive services. In these settings, it is teégcally possible to sustainably pump
significant quantities of water from the grounddapply it to a consumptive use such as
commercially bottled water, where it is transporé@dhy from the local watershed. In
other areas, groundwater flow and recharge areéddry hydrogeology and other
factors. In theses areas, the volume of watelaMaifor extraction may be relatively
small. Sustainable management of groundwater megjaccurate knowledge of the
hydrogeologic setting of a well. A change in hygkologic conditions, land cover or
climate might change a groundwater use from susbé#to unsustainable.

In most situations, the use of groundwater fordessiial needs in the rural area of
Albemarle is non-consumptive, in the sense that miohe water is returned to the
ground after use via a sanitary drainfield. Thaerein most cases, domestic groundwater
use in the rural areas of the county does not degnan-extractive services, and is
generally sustainable, regardless of hydrogeolseiting.

However, each time a house is constructed on pushji@gricultural or forested land,
land cover is altered, and the local water buddpet &llocation of water between
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precipitation, recharge, surface runoff, and inege storage) is incrementally changed,
due to reduction in infiltration caused by an irage in impervious land cover.

The cumulative impact of widespread land conversiod residential development may,
over time, render existing uses unsustainable @eernpromised recharge capacity
leading to a local lowering of the water table.
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8: Groundwater Availability in Charlottesville & Beémarle: 2009
Assessment

Introduction

The 2003 groundwater availability model for Albefedocused on extractive
groundwater services dedicated to supplying hunegads (ENSAT Corporation and
others, 2003). However, as discussed above, greated also provides non-extractive
services to clients other than human beings. Hbearal ecosystems dependent on
groundwater not only enhance quality of life fonan beings, but are also crucial for
our survival. In that sense, non-extractive s@wigrovided to non-human clients in the
natural world ultimately serve human interests.

In developing a groundwater availability model B02, it is appropriate to adopt the
concept astainablegroundwater extractionSustainableextraction of groundwater is a
rate of groundwater withdrawal that does not, diree, result in a negative impact on
non-extractive groundwater services. This rateitidrawal must always be evaluated
within the context of specific hydrogeologic segrand specific points in time. The
theoretical maximum sustainable extraction voluoreafgiven site can be expressed as:

(volume of groundwater recharge available to siajus (volume of groundwater
required to support existing non-extractive grouathw services).

The groundwater recharge component of the equatiarbe evaluated, at least
qualitatively, by examining factors including aagealand cover and topographic
position relative to the “receiving” parcel, in diiloh to hydrogeologic factors such as
bedrock geology and transmissivity of soils andsltp. These factors were also
considered in the 2003 ENSAT Corporation and othegsrt. The volume of
groundwater required to support non-extractive gdwater services relative to the site
is difficult to quantify, although a theoreticaldis using percentage of impervious land
cover as a proxy for diminution of non-extractivegndwater services has been
developed above. This is based on data that sutigeslamage to natural ecosystems
becomes significant when the percentage of impasviand cover in a given watershed
surpasses 5-20%, which by proxy is roughly equivatie a diminution of available
recharge by the same percentage.

The present study has reexamined the area’s hyalaggein light of more recent data
obtained from geophysical and geological invesitogest conducted by Virginia
Groundwater LLC, in addition to recent drilling aaquifer testing. Individual
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hydrogeologic settings within the study area hasenbevaluated with respect to recharge
availability, and relative volume of groundwateeded to support non-extractive
groundwater services. These estimates of reclard@on-extractive volumetric
requirements provided the basis for assessing paitéor sustainableextraction of
groundwater within the City and County.

Residential development on 2-acre lots alloweduyyant County zoning, with

individual wells and drainfields, appears sustai@ab most areas, to the extent that
groundwater use is non-consumptive, with most wae@ng returned to the ground
through the drainfields. The increase in impersitand cover associated with residential
development, even at 2-acre density, does havecaenmental impact on the amount of
overall groundwater recharge. In areas of widespiriild-out, the cumulative impact of
impervious land cover associated with buildingad®and driveways has the potential to
diminish overall groundwater recharge, effectivielyering the local water table.

Is it possible to identify areas where groundwagspurces exist substantially in excess
of what is needed to supply both residential usagkenon-extractive needs, to the extent
that excess groundwater could sustainable be ¢atréar municipal, agricultural or
industrial purposes? Conversely, is it possiblielémtify areas where groundwater
resources are barely adequate to supply resideisi@e and non-extractive needs, or
perhaps insufficient? The answers to these questiave implications for future
population growth in this area, and are the fodub® 2009 availability assessment.

In reviewing the hydrogeologic units defined in @03 study (ENSAT Corporation and
others, 2003), it became apparent that severa,.oamprising all of the City and
significant land area in the County, are too hejen@ous to categorize in terms of
sustainable groundwater extraction potentiathout further site-specific study. Other
hydrogeologic units identified by ENSAT Corporatiand others (2003) are sufficiently
homogeneous and unambiguous as to be readily ¢earad in relative terms as having
eitherhigh or low potential for sustainable extraction. In addifione hydrogeologic
unit not recognized in the 2003 report—underlyingagea adjacent to the Southwest
Mountains in eastern Albemarle County--was defiaed characterized in the present
study. The result of this exercise is a 2009 gdwater availability map for the City and
County (Figure 5, below).

The 2009 availability map illustrates the potenttabchievesignificantsustainable
groundwater extractions across the study aggnificantsustainable extractions are
defined in this report as groundwater volumes tloald be extracted sustainably, that are
substantially larger than groundwater volumes resngso support current extractive
usage (or extractive usage theoretically enablel@uourrent zoning densities). Areas of
high potentiaffor significant sustainable groundwater extractoa areas where potential
exists for pumping substantially more groundwatantcurrent usage (or allowable
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under current zoning) without negative impactsdo-extractive groundwater services.
Areas oflow potentialfor significant sustainable extraction are thosaa where
achievable maximum sustainable extractions aréyl&eor below levels of current usage
(or allowable under current zoning). Areasroked potentiglwhich comprise the City
and large portions of the County, are areas tlehaterogeneous in terms of
hydrogeology, topography and other factors thacfbotential for sustainable
extraction. Evaluating maximum sustainable exioadn this area requires site-specific
study of individual land parcels.

Key

groundwater recharge area,
Eastern Blue Ridge Flank

l:l zone of HIGH potential for
significant sustainable

Albemarle County extraction

|:| zone of MIXED potential for
significant sustainable
extraction

city of Il
Charlottesville D zone of LOW potential for
significant sustainable

extraction

O 1000 acres of land (for scale)

EBRF Eastern Blue Ridge
Flank

TN

miles

MRFZ  Mountain Run
Fault Zone

Figure 5: Zones of Low, Mixed, and High Potentl $ignificant Sustainable
Groundwater Extraction in Albemarle County and @igy of Charlottesville.

Zones of High Potential for Significant SustainaBl®undwater Extraction

Two hydrogeologically distinct zones of high potehtor significant sustainable
extraction are identified in Figure 5. These zomage unique hydrogeologic
characteristics favorable to groundwater rechangkflaw.
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1)

2)

Eastern Blue Ridge Flank (EBRHA)his zone includes hydrogeologic units I
(“colluvial fans”) and 1W (“Blue Ridge West”) frottne 2003 study. The
hydrogeologic setting combines amply fractured bekirhighly transmissive
colluvial deposits, and vast acreages of up-gradiedisturbed forest recharge
area, creating the possibility of multiple wellgpadle of sustaining yields on the
order of several tens of gallons per minute. TFoise is presently host to several
very productive wells with yields on the order ef/eral tens of gallons per
minute or more.

Mountain Run fault Zone (MRFZJhis hydrogeologic zone straddles the
boundary between units VI (Candler) and VIl (PienhihProper) of the 2003
study, but was not defined as a separate unitatithe. Nor did the 2002
assessment identify the MRFZ as a zone of highnpiatdor significant
sustainable extraction. Geologically, the MRFZ igult zone that extends from
Orange County through eastern Albemarle and bey@ebgraphically, the zone
roughly corresponds to the drainage valleys of Me&hLimestone, and Buck
Island Creeks, to the northeast and southwestoRtthianna River in eastern
Albemarle County. The hydrogeologic setting is oh&actured, faulted bedrock
that includes lenses of limestone with solutionittes. The soils and saprolite
layer is thick and highly transmissive, providinge storage and recharge
potential to bedrock water-bearing zones.

The MRFZ receives recharge from acreage adjaceahttoreek drainages
themselves, plus likely receives recharge via megtt-trending fracture systems
intersecting the Southwestern Mountains to the \Wédss zone is presently host
to several highly productive community, agricullyend domestic wells with
yields on the order of several tens of gallonsrpiguute. Pumping tests on
community wells within this zone imply that the #gusystem is not being
stressed by existing users. This is “implied” duéhte fact that pumping the
community wells at full capacity over a period afyd did not produce significant
drawdown in nearby observation wells. These wistsot however monitor
implications of heavy continuous pumping on norra&tive services, such as in-
stream flow. Further testing that includes evahgahon-extractive services
impacts would be necessary to fully assess sustaieatraction potential of the
MRFZ.

Note: The 2003 report (ENSAT Corporation and oth2@93) also included
hydrologic unit IV (Lynchburg) within that reporttighest availability zone.
While unit IV indeed exhibits higher than averagalds on the basis of available
water well data, the hydrogeologic setting is digantly different from both the
EBRF and MRFZ, in terms of areal extent, topogragkiting, and hydrologic
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character of likely recharge areas. Possibilfiiesnultiple wells with significant
sustainable extraction potential do not appeaetwitlespread within the
Lynchburg zone, although detailed site-specifid&s could reveal such if
undertaken in the future.

Quantitative Analysis: Sustainable Extraction Pb&nEastern Blue Ridge Flank

(EBRF)

A quantitative estimate of sustainable groundwetgraction potential in the EBRF is
possible using the water budget data discussetapt€r 5 of this report, and data from a
recent groundwater development project on a roufyp0p-acre parcel located within the
zone. This parcel is a private piece of land; tbéhlocation and actuydrogeologic

data are proprietary. Data have been made avaifabpurposes of this discussion.

The geographic area supplying groundwater rechartjee EBRF, including the zone
itself, comprising colluvial fans near the basé¢hef Blue Ridge, and forested uplands on
the mountain flank, is about 138 square miles,88830 acres. While it is likely that
considerable hydraulic communication (and potemdiaroundwater recharge) exists
between the forested mountainside above the 10@0paccel, and the colluvial and
bedrock aquifers on the parcel itself, this rechargntribution from off-site cannot be
guantified using existing data. For purposes & émalysis it is assumed that recharge
available to the property is at minimum the oveaakrage determined for the County in
the water budget analysis (Chapter 5, above), @ Hallons per day per acre. Thus the
parcel under consideration theoretically receivesua 1,079,000 GPD of recharge.

The 1000-acre parcel underwent an extensive progfageological and geophysical
investigations, after which a series of wells wewastructed at the most favorable

drilling sites. Pumps were installed, and the svelere pumped simultaneously over a
period of multiple days while water levels in neavells were monitored. Pumping
levels were adjusted to what appeared to be “dafgj-term extraction rates, that is,

rates that did not cause excessive drawdown gbuhging wells, or of nearby

monitoring wells. At the end of the tests, thesdtant interpreted the data as indicating
the well field was capable of producing about 206,GPD (.216 MGD) of water

without compromising the production wells or neaexysting wells.

The consultant’s analysis of groundwater capadcityttis site did not attempt to consider
impacts to non-extractive groundwater servicesrgutine pumping tests. The
recommended maximum pumping capacity may or magpptoximate maximum
sustainable extraction for the site. The repoaiggregate yield (.216 MGD) represents
about 20% of theoretical recharge to the parc@B(MGD). This figure is at the high
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end of the theoretical maximum sustainable exwadb to 20% of available recharge, or
.108 to .216 MGD).

The geographic area of the EBRF zone itself (Uni€olluvial Fans unit of the 2003
map) is about 56.6 square miles, or 36,224 acfeshe extent that it would be
theoretically possible to fully develop groundwatetential over the entire zone, and
sustainably extract between .108 and .216 MGD ofigdwater per 1000 acres
throughout, the overall availability within the Zowould be on the order of 3,900,000 to
7,800,000 GPD (3.9 to 7.8 MGD).

While this is a coarse approximation of absolutebers for maximum sustainable
extraction in the EBREF, it does suggest that sulbisiagroundwater resources do exist in
that part of the county that could be utilized aursdbly in the future to serve agricultural,
industrial, and municipal supply needs. In ordesustainably develop these resources
on a large scale, research would need to be casdlircbrder to better quantify the
recharge contribution to particular well sites afefsted uplands up hydraulic gradient on
the flank of the Blue Ridge.

Sustainable Extraction Potential, Mountain Run Fdahe (MRFZ)

Potential for sustainable groundwater extractiothexMountain Run Fault zone (MRFZ,
Figure 5) also substantially exceeds what is ctiydreing extracted for municipal and
agricultural use. Multi-day pumping tests of weltKeswick Hall and elsewhere within
the zone have established that abundant groundessts. However, the existing data
do not enable quantitative assessment of overalirgiwater availability within the zone
on a GPD per-acre basis. Similar to the EBRF gtieelikelihood that the MRFZ
receives recharge via northwest-trending bedraatdires from forested up-gradient
lands on the eastern flank of the Southwest Monstain order to further develop the
MRFZ sustainably, it will be necessary to bettedenstand and quantify recharge to the
zone. Additional pumping tests will need to bedweted in which non-extractive
groundwater services indicators, such as streamflm@s, are monitored.

It should be noted that a change in hydrogeology (atastrophic debris flow or
landslide), climatic conditions (e.g. severe drdygbr land cover (e.g. forest fire or clear
cut in recharge area) could change an existingmagile groundwater extraction to
unsustainable. Diminution of recharge by whatemeans results in diminution of
maximum sustainable extraction volume.
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Zone of Low Potential for Significant Sustainabberfaction

The lowest potential for significant sustainablewgrdwater extractiowithin the study
area existsvithin the belt of phyllite and schist in the eastpart of the County. This is
an area where groundwater resources may, localingufficient to sustainably supply
residential development at current zoning densitigss low availability area was
recognized in the ENSAT Corporation and othersys{@003), and includes
Hydrogeologic Zones VI and VIII. Ironically, oné the zones of high potential, the
MRFZ, is situated in the center of this lowest &lality zone.

The hydrogeologic setting of the low potential zaalustrated by geophysical Image 2
(above), and related discussion. Groundwater-bgdiractures tend to be shallow,
isolated, and locally recharged. Well yields aw,land in this setting are particularly
vulnerable to fluctuations in annual precipitatiofwvailability of groundwater within this
zone is generally adequate to sustainably fuli#l heeds of individual residences on 2-
acre lots, although a successful well may be diffito site on some parcels. The fact
that recharge in this particular hydrogeologicisgtis local, rather than from far away,
implies that over-pumping a well in this zone (eedti@g sustainable extraction) will
likely have primarily local affects in terms of lewng of the water table, potentially
compromising groundwater services locally as opgdseegionally.

Zone of Mixed Potential for Significant SustainaBberaction

Within the zone of mixed potential (Figure 5)—cawgrCharlottesville and roughly

60% of Albemarle County--the hydrogeologic settiags too heterogeneous to assign
sustainable extraction potential without more infation. In general, availability
appears to be at least adequate to sustainablyysexipting residential development on
minimum 2-acre lots, as permitted under currenirmpm the rural area of the County. It
is possible that discrete hydrogeologic settings Wwigh potential exist within the zone
of mixed potential. However site-specific studyiradividual land parcels would be
necessary in order to identify such zones.
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9: Conclusions

Findings

1. New language has emerged in recent years toildbesesponsible
stewardship of groundwater resources.

This report introduces and defines the terms:
» Sustainable groundwater management
» Extractive groundwater services
* Non-extractive groundwater services
» Sustainable groundwater extraction.

2. Geophysical images reveal that groundwatertisindbormly distributed
throughout the study area. In addition, the imapeifically reveal the
following:

» Bedrock fractures are not uniformly distributedeewithin the same rock-type
on a small parcel of land, and are not always cotemected in a horizontal sense.

» Thickness and water storage and transmission dgpd@aprolite (the near-
surface sponge composed of weather bedrock) vany iace to place, even
within the same rock type. In some geologic sgftithe only water available for
water supply wells exists in the soils and saprphbove bedrock.

* Recharge to water-bearing zones in the saproldel@bedrock may be very
local in settings where both hydraulic gradient aridrconnectivity among
fractures are low. This means that in some sitnatirecharge may be affected
much more by land cover changes in the immediaiaity, than by activities
that take place farther away.

3. The conceptual foundation of sustainable growtdivmanagement is that
demand for non-extractive groundwater servicesivesepriority over
fulfilling demands for extractive groundwater semns.

The maximum amount of groundwater that can be maily pumped from the ground is
the volume left over after non-extractive groundevateeds have been satisfied.

4. The County’s previous groundwater studies aodmpiwater policy have
been focused on extractive groundwater services.
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The 2003 availability report (ENSAT Corporation asttiers, 2003) focused on absolute
amounts of groundwater that occur in different paftthe county, capable of being
“captured” for human use by drilling a well. Italid be noted, however, that language
in support of non-extractive groundwater servicas loe found in non-groundwater
specific County policy, such as the Introductioriite Natural Resources Chapter of the
Comprehensive Plan (Albemarle County, 1999).

5. Stream ecosystem health can be used as a orgri-extractive
groundwater services, and an indicator for sustééngroundwater
management.

The percentage of impervious land cover that le@stold for onset of degradation of
stream ecosystem health can be used to quantifyetfeentage of recharge required to
supply non-extractive groundwater services. Locdllg degradation threshold appears
to be in the range of 5 to 20% impervious land cove terms of groundwater recharge,
the threshold of degradation to stream ecosysteaithhean be estimated at diminution of
recharge by 5 to 20%. It follows that 80 to 95%afural recharge is required to fulfill
non-extractive groundwater services. This meaats8@ to 95% of recharge must be left
in the ground, and thatraaximum of 5-20% of groundwater recharge in Chaekuille

and Albemarle County can be used for extractiveligevater services.

6. The amount of groundwater available on a giveneel to provide for
both extractive and non-extractive services vagea function of
hydrogeology, topography and land cover.

There are settings within the study area wherergivater recharge and flow across a
given parcel are very large relative to the voluwhgroundwater needed for non-
extractive services. In these settings, it is teégcally possible to sustainably pump
significant quantities of water from the grounddapply this water to a consumptive use
where water is transported away from the local véaed. In other areas, groundwater
flow and recharge are limited by hydrogeology atigeofactors. In these areas, the
volume of water available for sustainable extractivay be relatively small.

Albemarle County contains two recognizable zondsigth potential for significant
sustainable groundwater extraction, and one rezagte zone of low potential (Figure 5,
above). The remainder of the County and the e@lieare within a zone characterized
as having mixed potential. Within this area, sipecific study will be required to
identify zones of high or low potential, to the ext that such may exist.
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7. The use of groundwater for residential needierrural area of
Albemarle is non-consumptive, in the sense that mhe water is
returned to the ground after use via a sanitarinfiedd.

Therefore in most cases, under current 2-acre noimriot size zoning, domestic
groundwater use in the rural areas of the coungg chmt degrade non-extractive services,
and is generally sustainable, regardless of hydiloge setting.

8. Sustainable groundwater management has implicafor sustainable
population size.

Under sustainable groundwater management, 80-95$roahdwater recharge is left in
the ground to provide for non-extractive groundwatzvices. Simply stated, this means
that under sustainable management, over the lomgne great majority of groundwater
is unavailable for extractive consumption by humdrss would seem to imply that the
size of the community’s “sustainable” populationynbe less than—as presumed in
previous assessments of water availability—if gdiable groundwater were to be
extracted to supply human needs.

On the other hand, the impact of sustainable manage(or lack thereof) could be
particularly significant should Albemarle’s EBRFEBNIRFZ be utilized for groundwater
supply. For example, rather than the 3.9 to 7.8 M&&Simated to be available for
extractive services from the EBRF under a susté&ngitoundwater management regime,
approximately 39 to 78 MGD could theoretically hanped, in the short-term, to
facilitate commensurate population growth abovelazgybnd what is sustainable relative
to protection of non-extractive groundwater sersicCehe results of unsustainable
groundwater mining such as this could be widespleadring of the water table,
causing elimination of base flow in many streand landscape-scale desertification.
This has the potential to drastically alter quadityife, and disrupt the local food supply,
among other implications for the resident humanubeton.

9. Sustainably managed groundwater could provisigraficant proportion
of future water needs for the City of Charlottelsvdnd urban areas of the
County.

Sustainable groundwater extraction from the MoumRun Fault Zone (MRFZ) and
Eastern Blue Ridge Flank (EBRF) could have a sicgmft impact on maximum
sustainable population size for the area. If tbar@@y and City were to decide to use
groundwater for municipal water supply, a significportion of the estimated future
demand could be supplied via municipal well witlvdaés from these two areas.
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It should be noted, however, that the County’s stagding water supply policy is
surface-water based. According to Mike Lynn, ACSperations Manager, as of
August, 2009, the only municipal groundwater systemse by the Authority today is for
a small cluster of homes on Red Hill Road.

The following exercise indicates that the EBRF rhaycapable of supplying from 25 to
49% of the future municipal water demand at build-o

To estimate the population size at build-out witthiea County Growth Areas and City
combined, we refer to estimates presented in enteeporeEstimating Impacts of
Population Growth on Ecosystem Services for the@onity of Albemarle County and
Charlottesville, VAJantz and Manual, 2009):

2000 population Build-out population
Charlottesville area 72,297 111,882
Crozet 7,101 25,106
Rivanna 3,960 14,205
Route 29 12,458 60,310
TOTAL 95,816 211,503

(difference between 2000 population and estimatgld{out population = 115,687
persons)

According to the ACSA, the average water use fosiagle family residential customers
(persons) is 4100 gallons per month or 137 galttms/assuming a 30 day month (Mike
Lynn, personal communication, 2009). Applying thigire to the future build-out
population of 115,687 persons, an additional 1538 mill be needed.

We estimate the approximate availability of grouatkv from the EBRF to be 3.9t0 7.8
MGD. This is equivalent to 25 to 49% of the tdtalre demand needed at build-out of
the Growth Areas and City, according to the JantzManual projections. Additional
groundwater capacity of a similar order of magrétnaay be available on a sustainable
basis from the Mountain Run Fault Zone, and perlfil@ps other areas yet to be
identified within the mixed zone.

10. This study provides a conceptual framework wikiich to link
residential density, stormwater management, impas/land cover, and
non-extractive groundwater services in developiraywh management
strategies (see Recommendation 1 below).
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Recommendations

1. Consider new policies linking groundwater, impeus land cover,
stormwater management, and residential developdeity.

The County and City should consider new policied timit watershed percentage
impervious land cover, while maximizing stormwatdiltration, in order to maximize
allowable groundwater extraction. Such policies éwample, see #5 below) would be
designed to ensure that recharge necessary foextoaetive groundwater services is not
reduced below a sustainable threshold. That thiésbonceptually pegged at a range of
80-95% of recharge in this study, will need to biestifically determined in a separate
investigation conducted by a team of hydrogeolsgistologists, soils scientists,
environmental planners, and others. The implicati@insuch a threshold could have a
significant impact on County and City stormwateliggoand on County groundwater
policy, particularly in areas with impervious laocover greater than 5-20%.

2. Further study potential recharge areas in tlie Bidge Mountains and
Southwestern Mountains in order to better quamifximum sustainable
extraction volumes for the ERBF and MRFZ.

3. Study land use policy and groundwater further enzbne of mixed
potential for significant sustainable extractianprder to identify areas of
high and low potential for significant sustainablgraction.

4. Consider using sustainably managed groundwatexation to augment
municipal water supplies for the City and Growtleas of the County.

5. Due to the cumulative impact of impervious laoger on groundwater
recharge, residential development densities gréaderapproximately one
house per two acres should be served through comynwater supply
systems rather than individual wells to protectugidwater needed for non-
extractive groundwater services.

6. Recognize that a community’s sustainable pojulatze is determined,
in part, by the availability of sustainably managgedundwater—not simply
by accessible groundwater.

7. Albemarle County and the City of Charlottesyvildorking with the
Rivanna Water and Sewer Authority and the Albem@denty Service
Authority, need to begin to address groundwateishoally. As a starting
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point, we suggest convening a broad-based comnaitiaeyed with a
mission to consider the role of groundwater frogustainability and
ecosystem services perspective, by addressinglibg/iing questions:

» |If the majority of groundwater should remain in tireund to be
used for non-extractive services, how does thaaghpuman
society in the region beyond those impacts discussthis study?

* What is the extent of the upland recharge aredstipply the
EBRF and MRFZ?

* How much water is likely to be available from th&kNZ in
addition to the EBRF?

* How might the availability of groundwater from tleegones
impact water supply planning?

* How does groundwater viewed from the perspectivtined in
this paper impact stormwater policies and Countywin Area,
Rural Area, and City of Charlottesville developmpalicies?

* What new opportunities might be created for rumadiowners
interested in new sources of revenue for workimgl$a(lands
managed for agriculture and forestry), throughgutihg
groundwater ecosystem services within the conteatloader
ecosystem services marketplace?
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Appendix A: Glossary of Terms

Alluvium: General term for unconsolidated detrit@terial (clay, sand, gravel) deposited
in relatively recent geologic time, by a streanotirer body of running water, in
the bed of the stream or on its flood plain.

Bedrock: Un-weathered rock that underlies soils\weadthered rock (saprolite); may
contain fractures (cracks) through which groundwatay flow.

Ecosystem services: the conditions and processasgih which natural ecosystems and
the species that make them up, sustain and fatfithan life (Daily, 1997).

Evapotranspiration (ET): transfer of water to thra@sphere by processes of evaporation
and photosynthesis.

Extractive groundwater services are used for waipply. These includes (Daily, 1997):
» Drinking, cooking, washing, and other householdsuse
» Manufacturing, thermoelectric power generation, atieér industrial uses
» lIrrigation of crops, parks, golf courses, etc.
* Aquaculture.

Fractured rock aquifer: a conduit for groundwatedmup of fractures and fissures in
bedrock otherwise impermeable to groundwater flow.

Geophysics: The study of the Earth by quantitgbingsical methods.

Groundwater: water that occurs beneath the sudhttee ground within the zone of
saturation.

Groundwater availability: the amount of groundwadersent in the ground at a given
time and location that could be extracted for humse

Groundwater extraction: the withdrawal of groundsvdtom the ground to supply
human needs.

Groundwater services: the conditions & processesitih which groundwater provides
benefits to human society.

Groundwater mining: groundwater extraction thatuhssn degradation of extractive
and/or non-extractive groundwater services.
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Groundwater recharge: natural replenishment ofrgauater storage from surface
waters, primarily rainfall, but under some circuamstes including water from
rivers, streams, lakes and ponds.

Groundwater storage: the quantity of water witthi@ zone of saturation.

Hydrogeology: the study of the distribution and mment of groundwater relative to
subsurface geology.

Maximum sustainable extraction: the largest quamiitgroundwater that can be
sustainably extracted over time on a given site.

Non-extractive groundwater services are used to:

» Contribute soil moisture to the vadose zone vialleayp action to sustain
plants and trees

» Provide base flow to rivers, streams, ponds, akekl#o sustain aquatic
ecosystems

» Provide water for recreational swimming and boating
Overburden: soils and weathered rock material (di&py above bedrock.
Permeability: the capacity of a soil, sediment @rps rock to transmit a fluid (water).

Phyllite: A metamorphic rock intermediate betweesiade and a schist, composed
primarily of the micaceous minerals sericite antbite.

Saprolite: weathered rock material that exists Wwelear-surface soil horizons, and above
bedrock.

Schist: A metamorphic rock that can be readilytspto flakes or slabs due to the well-
developed parallelism of more than 50% of the nalsgpresent.

Sustainable groundwater extraction: groundwateaetion that does not result in
degradation of non-extractive groundwater services.

Sustainable groundwater management: groundwateageament that does not degrade
non-extractive groundwater services.

Transmissivity: the rate at which groundwater cariransmitted through aquifer media
(soils, saprolite or bedrock).
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Vadose zone (zone of aeration): a subsurface Zomeeahe water table, where
interstices in soils, saprolite and rock contaimpdus water droplets.

Water table: the surface between the zone of aaratid the zone of saturation.

Water budget (theoretical): the relationship betweeecipitation, evapotranspiration,
runoff and groundwater recharge & storage exprelgedhydrologic equation.

Zone of Saturation: A subsurface zone below themtable where interstices in soils,
saprolite and rock are filled with water.
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Appendix B: Historical Context

This report is preceded by, and builds upon, dsioans events and previous works
generated over the past 20 years. Key elemenkedime line are summarized below:

Groundwater Protection Study (1990; Albemarle Cgutdgcument archives):
Compendium put together by the County Water RessuManager, of
recommendations for the study of groundwater aridymitiatives (Albemarle
County document).

Water Resources Committee Update of the Groundwatgection Study (1993;
Albemarle County document archiveB)ioritized recommendations in the
original study; high priority assigned to condugtin pilot groundwater study.
Pilot Groundwater Study for the Hardware River Wslkeed (1994; Albemarle
County document archivedjilot study provided a watershed-scale snapshot of
water quantity and quality. Lists several recomdations for County
groundwater program based on results of the study.

Virginia Division of Mineral Resources and Thoma#fdrson Planning District
Commission (1995 — 2001): Cooperative effort toedep pilot hydrogeologic
databases for Albemarle and neighboring countiesirporating water well data
and geologic mapping in a GIS environment. Inteas to provide basic
hydrogeologic data and groundwater availabilitypimndation to localities in need
of such.

Evaluation of Household Water Quality in AlbemaCleunty, Virginia (Virginia
Cooperative Extension Servid996): Program tested five hundred private wells
in the County and provided educational materialsuiedreds of households.
Chapter Two of the Albemarle County Comprehensiae:Matural Resources &
Cultural Assets (1999)Jpdate of the Plan has an expanded list of stregeqgi
related to groundwater, including formation of agrdwater committee.
Groundwater: our unprotected resource (CharlottdsihAlbemarle League of
Women Voters, 1999Brochure advocates for public policy based on sound
hydrogeologic data to protect groundwater.

Verifying Adequate Groundwater Supplies for Rurad@visions (2000;
Albemarle County document archiveByoduced by County staff in response to
request from the Planning Commission, report surizadmwvhat other Virginia
localities were doing at the time with regard talfogeologic testing. Report
provided framework for formation of the Groundwaammittee.

Underground Albemarle: A Report from the Groundw&emmittee (2001):
Committee report summarizes the committee’s fingliagd recommendations in
a number of areas related to groundwater poli@uding a proposed
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hydrogeologic testing ordinance. This led to fungdof the first of five
recommended watershed-scale hydrogeologic studibgthe county.

Albemarle County Hydrogeologic Assessment Phagie¢chums River and Ivy
Creek Basins (2002; Albemarle County Departmei@ahmunity Development
archives):The first of five proposed regional studies intethdo characterize
groundwater availability and vulnerability withirydirologically distinct areas of
the County, in support of proposed hydrogeologstig ordinance.

Albemarle County Hydrogeologic Assessment Phasgrdundwater availability
and sensitivity assessment with proposed groundwaatessment standards
(2003; Albemarle County Department of CommunityeBgemnt archives):
Groundwater availability and groundwater qualitgessments are developed on a
County-wide scale. The combined results of thesessments are used in
preparation of a County Groundwater Assessment&tda Manual, modeled on
the tiered assessment approach originally outlimethe Groundwater
Committee.

February 8, 2005: Groundwater Ordinance based®tbhundwater Assessment
Standards Manual goes into effect. County createills a Groundwater
Manager position to administer program.

April, 2009: Groundwater Manager resigns; positimnemain vacant indefinitely
under current County hiring freeze.
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