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Executive Summary

The Report on Virginia's Water Resources Management Activities (Annual Report) is submitted in October

of each year to the Governor and the Virginia General Assembly in accordance withx 62.1-44.40 of the
Code of Virginia. The Annual Report focuses on water quantity and supply, summarizing reported water
withdrawals for the 2018 calendar year, identifying water withdrawal trends, and providing an update on the
Commonwealth's water resources management activities. The Annual Report also serves as a status report
on activities associated with the State Water Resources Plan between ve year updates. The next State
Water Resources Plan will be published in 2020.

Water quality issues are addressed in the most recent biennial Water Quality Assessment Integrated Repqrt
published by the Virginia Department of Environmental Quality (DEQ).

State Water Resources Plan

The State Water Resources Plan(State Plan), nalized and released to the public in October 2015, identi es
potential areas of water availability concern within the state as well as challenges for future water resources
management and recommendations for action. The 2020 State Water Resources Plan Update is currently
under development.

Data analysis conducted for the 2015 State Plan predicts a net increase of approximately 32% in mean daily
water demand over the planning period, indicating that an estimated 450 million gallons per day (MGD) of
additional water supply will be needed to meet projected 2040 water demands. State Plan related activities
conducted by DEQ during 2018 focused on facilitating the ve-year review of the local and regional water
supply plans, as required by the Local and Regional Water Supply Planning Regulation (9VAC25-780).
Localities across the state used the VA Hydro database's Water Supply Planning module to meet their ve-
year plan review requirements and deadlines. Localities use VA Hydro to edit, analyze, and submit their
water supply plan data in near real time. As of January 2019, all 323 localities (38 cities, 95 counties, and
190 towns) in Virginia successfully completed the required ve-year review and submitted all data required
under the Local and Regional Water Supply Planning Regulation.

The 2015 State Plan also identi es gaps in water withdrawal reporting as a challenge for water resources
management. In 2018, three farms, one data center, and one public water system were newly registered to
report their water withdrawals. Additional information is obtained through the private water well registration
program, which enables DEQ and the Virginia Department of Health (VDH) to receive water well completion
reports as wells are constructed inside of the Groundwater Management Areas. As of July 2019, over 6,374
water well completion reports have been submitted online to VA Hydro, including an additional 1,520 wells
added in 2018.

Coastal Plain Aquifer Systems

Population growth and development throughout the Coastal Plain and the Eastern Shore add new demands
on the aquifer systems annually. In particular, individual private self-supplied groundwater withdrawals
continue to grow and represent an incremental loss in the progress made in reducing the largest permitted
withdrawal. DEQ is working to address unpermitted groundwater withdrawals through a variety of means.

DEQ continues to evaluate opportunities to implement the Eastern Virginia Groundwater Management
Advisory Committee's recommendations to address resources and unpermitted withdrawals. One of those
recommendations supports the ongoing work to develop procedures to address new requirements pursuant to
X 62.1-259.1 of the Code of Virginia (2018 Va. Acts Ch. 427), which requires developers of subdivisions with
30 or more plots with individual wells to complete a technical evaluation prior to plat approval. Developers
must adhere to the well construction and source recommendations made by DEQ or they must record a
mitigation plan in the subdivision plat. DEQ expects to publish guidance outlining the procedures for the
technical evaluation process by the end of 2019. That e ort will require outreach to localities within the
groundwater management areas. There were no requests for technical evaluations in 2018.
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DEQ continued its ongoing e orts to identify, permit, or register unpermitted groundwater withdrawals in
2018. Sta reviewed permit applications for a number of unpermitted groundwater users originally identi ed
through the 2017 Compliance Assistance Framework outreach initiative. This includes a group of 56 poultry
facilities in Accomack County. In 2018, the State Water Control Board (SWCB) approved Consent Special
Orders (CSQO's) for these 56 poultry farms. The CSO's provide temporary authorization to withdraw while
requiring the submission of a groundwater withdrawal permit application, metering, and reporting of water
use. Throughout 2019, DEQ worked with these facilities to complete the permitting process and 44 of the
original 56 are moving forward with draft permits. The draft permits will be reviewed by the State Water
Control Board by the end of 2019.

DEQ continues to work with permitted groundwater withdrawal facilities to decrease net withdrawals, in-
crease e ciency, identify alternate sources of water, and to investigate other innovative ways to increase
supplies in order to maintain groundwater productivity and availability over the next 50 years and beyond.
Groundwater availability in some areas of the Coastal Plain, particularly around large industrial or municipal
withdrawals, leaves no excess supply, which limits the ability for DEQ to issue permits. New or expanding
withdrawals from the Potomac Aquifer must also be limited; recent permit reductions were made by DEQ
to improve long-term groundwater availability. In all cases, permit applicants seeking a groundwater with-
drawal from con ned coastal plain aquifers must justify their need for high-quality groundwater over other
available alternative sources such as surface water, reuse, or lower-quality groundwater from other aquifers,
including the sur cial aquifer.

Groundwater withdrawal reductions are not the only method to address the resource issue. The Hampton
Roads Sanitation District's (HRSD) Sustainable Water Initiative for Tomorrow (SWIFT) continues working

to reverse groundwater declines through direct injection of highly treated water into the Potomac Aquifer. As
of May 2019, SWIFT has successfully injected 100 million gallons of treated water into the Potomac Aquifer,
at its pilot facility in Nansemond. Going forward HRSD aims to develop additional facilities through 2030 to
increase the recharge capacity to 100 MGD. However, as the project is still in the pilot phase, the ultimate
bene ts of large-scale injection may not be known for a decade or more.

Water Withdrawals

In calendar year 2018, 1,605 facilities reported water withdrawals. Compared to the recent ve-year (2014-
2018) average, the total volume of reported withdrawals from all water use categories (including fossil-fuel
and nuclear power generation) was approximately 5.9 billion gallons, an approximately 8% decrease compared
to the ve-year average. When excluding withdrawals for power generation, the total volume of reported
withdrawals was approximately 1.24 billion gallons, an increase of approximately 1% when compared to the
ve-year average.

Surface water withdrawals accounted for approximately 89% of total withdrawal volumes in 2018 (excluding
withdrawals for power generation), which is similar to the previous ve years. Public water supply was the

largest use type for surface water withdrawals at 719.5 MGD. Mining facilities reported the largest increase
(18%) in surface water withdrawal reporting when compared to the ve-year average. Analysis of the spatial
distribution of 2018 surface water withdrawals show that the largest surface water withdrawals by volume
occurred within the Richmond, Hampton Roads, and Washington D.C. metro areas, and within Giles County.

Total reported surface water withdrawals remained consistent with the ve-year average, increasing by less
than .1%.

Groundwater withdrawals accounted for approximately 11% of total withdrawal volumes in 2018 at 142
MGD. Manufacturing continued to be the largest use type of groundwater in 2018 at 59.46 MGD, around a
5% increase compared to the ve-year average. Additionally in 2018, groundwater withdrawals for mining
operations reported the highest withdrawals in ve years at 18.04 MGD, a 16% increase compared to the
ve-year average. Analysis of the spatial distribution of 2018 groundwater withdrawals show the largest
groundwater withdrawals by volume occurred in the Coastal Plain and along the Valley and Ridge, in
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particular the Shenandoah Valley and Giles County. Total reported groundwater withdrawals increased by
approximately 7% compared to the ve year average of 132.3 MGD. Increased permitting and identi cation
of unreported groundwater withdrawals across Virginia show increased demands placed on groundwater
availability, especially in the Groundwater Management Areas.
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Introduction

The citizens of the Commonwealth are able to enjoy more than 100,000 miles of non-tidal streams and
rivers, 248 publicly-owned lakes, about 236,000 acres of tidal and coastal wetlands, about 808,000 acres of
freshwater wetlands, 120 miles of Atlantic Ocean coastline, and more than 2,800 square miles of estuaries. In
addition to the publicly-owned lakes, there are hundreds of small, privately-owned lakes and ponds distributed
throughout the state. Statewide, rainfall averages are close to 43 inches per year, and the total combined
ow of all freshwater streams is estimated at about 22.5 billion gallons per day (BGD).

DEQ coordinates the management of water quantity and supply across the Commonwealth of Virginia
through four programs: Water Supply Planning and Analysis, Water Withdrawal Permitting and Compli-
ance, Groundwater Characterization, and Drought Assessment and Response. DEQ's Surface Water Investi-
gations Program also supports water resources management because the collection and evaluation of surface
water discharge data is critical to the operation of all DEQ water supply programs. Details regarding each
program area are provided in Chapter 1. The DEQ Water Supply and Water Quantity webpage provides
additional information.

The Report on Virginia's Water Resources Management Activities (Annual Report) is submitted in October

of each year to the Governor and the Virginia General Assembly in accordance witlx 62.1-44.40 of the Code
of Virginia. The Annual Report focuses on water quantity and supply, summarizing reported (including per-
mitted) water withdrawals for the 2018 calendar year, discussing water withdrawal trends, and providing an
update on the Commonwealth's water resources management activities. The 2018 annual water withdrawals
were reported to DEQ in January 2019, then processed, analyzed, and formatted for presentation in the
current Annual Report. The Annual Report also includes summaries of current climatologic conditions and
available hydrologic information for the Commonwealth as a whole for the 2019 water yedr The Annual
Report also serves as a status report concerning the State Water Resources Plan between ve year planning
reviews.

Water quality issues are addressed in the most recent biennial Water Quality Assessment Integrated Repaqrt
published by DEQ and available on the DEQ website.

1The USGS uses the term "water year" in reports that deal with surface-water supply, de ning it as the 12-month period
of October 1, for any given year through September 30, of the following year. The water year is designated by the calendar
year in which it ends and which includes 9 of the 12 months. Thus, the year ending September 30, 2019 is called the "2019
water year."
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1 2018 Water Resources Management Updates

The growth of the Commonwealth's economy and population continues to present a challenge for maintaining
both the quality and quantity of water resources for the duration of water supply planning periods. The
state's water resources are used for a variety of in-stream and o -stream bene cial uses. Increased demand,
resource availability, and competition for water have established a greater sense of urgency in Virginia's
approach to resource management. This means placing a greater emphasis on collaboration with planning
partners and permittees to nd cost-e ective solutions that conserve the Commonwealth's water resources
and ensure their ability to support all bene cial uses into the future.

DEQ's mission is \to protect and enhance Virginia's environment, and promote the health and well-being of
the citizens of the Commonwealth." To that end, DEQ works to identify, quantify, and manage current and
future risks to the productivity and availability of Virginia's water resources.

The DEQ Director issued a nal report to the Governor in response to the Eastern Virginia Groundwater
Management Advisory Committee's recommendations on November 1, 2017 pursuant tg 62.1-256.1(C) of
the Code of Virginia. The report, found on the Eastern Virginia Groundwater Management Advisory Committee
website, provides additional information on committee actions and recommendations.

On Tuesday, November 13, 2018, DEQ held its second groundwater stakeholder forum in Chesapeake, Vir-
ginia. At this meeting, DEQ invited and met with industry stakeholders and the public to provide updates
and to discuss the state of groundwater resources in the Eastern Virginia Groundwater Management Area
(GWMA) and the Eastern Shore GWMA. Updates were provided on trends of groundwater availability,
legislative actions, permitting, and water supply planning e orts within both management areas. DEQ con-
tinues to pursue implementation of the Advisory Committee's recommendations through e orts such as the
development of procedures to address the new requirements pursuant 2062.1-259.1 of the Code of Virginia
(2018 Va. Acts Ch. 427), which requires developers of subdivisions with 30 or more plots with individual
wells to complete a technical evaluation prior to plat approval.

The following sections brie y discuss the various DEQ programs involved in water resources planning and
management (Water Supply Planning and Analysis, Water Withdrawal Permitting and Compliance, Ground-
water Characterization, Drought Assessment and Response, and Surface Water Investigations) as well as
updates for 2018. The DEQ Water Supply and Quantity webpage provides additional information.

1.1 Water Supply Planning and Analysis

The Local and Regional Water Supply Planning Regulatiorf requires development of local, regional, and
state water supply plans describing, among other things, environmental resources, existing and anticipated
water sources, and existing and projected water use and demand. Local and regional planning partners
submitted their plans to DEQ no later than November 2011, depending upon statutory requirements. Fol-
lowing submission, sta reviewed all 48 plans (Figure 1) for consistency with the regulations, completing the
compliance evaluation process with the issuance of nal compliance packages to all planning partners in late
2013.

The water supply plans formed the basis of the 2015 State Water Resources Plgistate Plan), which sta
began developing concurrent with the plan review process. Published in October 2015, the State Plan was the
rst of its kind in Virginia and is the primary planning mechanism for achieving sustainable water supplies for
the future. It includes the results of a cumulative impact analysis conducted using data from the plans and
water withdrawal data submitted by individual users under the Water Withdrawal Reporting Regulation 3.
The State Plan also describes major water supply challenges facing the Commonwealth through 2040 and
makes recommendations for addressing those challenges.

The State Plan will be updated every ve years following reviews or resubmittals of the local and regional
water supply plans. In 2018, all localities in Virginia: 38 cities, 95 counties, and 190 towns (323 in total),

29VAC 25-780-10 et seq.
39VAC 25-200-10 et seq.
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Figure 1: Water Supply Planning Regions according to 2011 submittals, with major river basins delineated

reviewed their water supply plans and addressed compliance conditions by the required ve year review
deadline. The information submitted by localities in 2018 is being used to prepare a 2020 update to the
State Plan.

The State Plan is accessible through DEQ's website and is subject to incremental revision as DEQ, localities,
and other stakeholders provide input through ongoing water supply planning e orts. Information provided
by localities via VA Hydro, a web-based, interactive platform, provides the basis for more e cient data
collection and analysis, which in turn, will continue to improve DEQ's understanding of the Commonwealth's
water resources and any associated management risks. VA Hydro is designed to ultimately link modules
pertaining to water withdrawal permitting, water supply planning, water withdrawal reporting, groundwater
well registration, and drought monitoring/modeling of both surface water and groundwater (Figure 2).
Development of VA Hydro by DEQ has allowed localities and regional stakeholders the ability to use up
to date water supply planning data to inform decision making in every day local and regional management
e orts.

DEQ sta have continued working in cooperation with the United States Geological Survey (USGS) and
the Virginia Tech Department of Biological Systems Engineering on several cooperative science projects.
The primary focus of the past two years has centered on developing an instream ow framework for widely
available hydrologic and ecological monitoring data. DEQ has taken an approach that combines state
planning and reporting databases, multiple river and habitat models, and biometric assessment of sh and
benthic monitoring data to develop a more geo-spatially speci ¢c understanding of the relative risk to aquatic
life resulting from surface water withdrawals in Virginia. Two professional manuscripts outlining project
methods, results and potential management implications are currently in the nal stages of development and
are expected to be published by the end of 2019.

A second project has focused on consumptive use data transfer and analysis, funded by a grant from the
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USGS Water Use Data and Research (WUDR) Program and DEQ's ongoing collaboration with Virginia
Tech. Primary objectives include the development of a suite of tools to transfer data on water withdrawal,
discharge, and consumptive use between the National Pollutant Discharge Elimination System (NPDES),
VA Hydro, and USGS National Water Information System (NWIS) databases. DEQ plans to leverage this
data to analyze trends in consumptive use over time and across di erent user categories, and to develop
predictive models of consumptive use for missing time periods and users. This information is critical to
create an accurate surface water budget and to determine water availability in di erent locations across the
Commonwealth.

Figure 2: VA Hydro Diagram

The DEQ partnership with Virginia Tech developed an automated "hydrologic analysis toolkit" to perform
model error analysis (MEA), and complete cumulative impacts analysis (CIA) for use in permitting and
water supply planning throughout Virginia. In 2018-2019 DEQ performed a model error analysis of the raw
output from Chesapeake Bay model segments that owed outside of the Chesapeake Bay (aka the "Southern
Rivers"). No prior review of model accuracy had been performed in the southern rivers, the review provided
crucial validation of the models capabilities in the Big Sandy, Chowan, Clinch-Powell, Holston, New River,
Roanoke and Yadkin basins. The analysis was conducted for all segments that had long term USGS gauges,
and found that over 80% of model segments had a simulated mean annual ow within +/-5% of observed
ow. This result was consistent with prior review of the Chesapeake Bay Program Phase 5.3.2 model for
those segments owing into the Chesapeake Bay.

The model also had very good t with drought year mean ow, and 90 day low ow during the drought of
record. Periods less than 30 days had higher error rates, and future e orts will be focused on improving
simulations of extreme low ows. A preliminary analysis of the enhanced VA Hydro model simulation showed
that the reservoir operations models improved model t, particularly during low ows, and that inaccuracy

in withdrawal estimates in the Bay Model input decks was responsible for errors in a small number of areas
in the southern rivers. As a result, DEQ, Virginia Tech, USGS, and the Chesapeake Bay Program modeling
team will collaborate on updating surface water withdrawal input decks, and operation rules simulation for
all Virginia rivers in 2019-2020.

The rst of three climate change model scenarios were received from the Chesapeake Bay Program modeling
team and the two remaining scenarios will be received in the fall of 2019. These three scenarios will be
chosen to represent an upper and lower range of likely changes to the water budget based on the best
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available down-scaled global climate models. A review of climate change model scenarios using the model
accuracy toolkit is currently underway, with results to be presented in the 2020 State Plan Update.

1.2 Water Withdrawal Reporting

The Water Withdrawal Reporting Regulation requires the annual reporting of monthly water withdrawals
(surface water and groundwater) of volumes greater than an average of 10,000 gallons per day (GPD) during
the month, or one million gallons per month for crop irrigation. The regulation allows the submission of
metered and estimated water withdrawal information. DEQ o ers electronic reporting using the VA Hydro
data system that allows reporters to enter withdrawal data on a monthly basis, mail in reporting is also
accepted. VA Hydro stores withdrawal data as far back as 1982 and categorizes water withdrawals by water
use types: agriculture, commercial, irrigation, manufacturing, mining, fossil fuel power, hydropower, nuclear
power, and public water supply. The database also categorizes withdrawals by water source (groundwater,
surface water, or transfer) and source subtype (reservoir, spring, stream, or well). Analyses of the reported
2018 data are provided in Appendices Il and IV.

Annual water withdrawal reporting is one of the most important data sources for DEQ. Reporting of water
withdrawals allows for informed modeling and planning decisions related to the Commonwealth's future
water demands and availability. Reported water withdrawals are linked through VA Hydro to the water
supply modeling system, which enables sta to prepare up-to-date and accurate water budgets and conduct
cumulative impact analyses in support of permit decision making and water supply planning e orts. The

e ectiveness of the Commonwealth's water resource management depends on the comprehensiveness and
accuracy of this self-reported withdrawal information.

E orts to improve water withdrawal reporting within agricultural communities continued in 2018. Livestock
producers with permits for animal waste management are being contacted and registered for reporting if
their water withdrawals are estimated to meet or exceed the reporting threshold. In 2018, three farms
were registered to report non-irrigation water withdrawals for a total of 30 farms registered through DEQ's
outreach e orts. Outreach to users in other water use categories, including but not limited to data centers,
public and private educational institutions, and vineyards will be conducted over the next couple of years
as resources allow. These outreach e orts continue to increase DEQ's understanding of water withdrawals
across Virginia, and improve modeling and water supply planning initiatives.

1.3 Water Withdrawal Permitting and Compliance

This program administers the permitting and related compliance and reporting activities required by statutes
aimed at the management and protection of groundwater and surface water resources. Under the Ground
Water Management Act of 1992, Virginia manages groundwater through a permit program regulating
the withdrawal of groundwater in certain areas designated as Groundwater Management Areas (GWMA).
Currently, there are two GWMAs in the state (Figure 3). The Eastern Virginia GWMA comprises all areas
east of Interstate 95 and west of the Chesapeake Bay and Atlantic coast. The Eastern Shore GWMA includes
Accomack and Northampton counties. Any person or entity located within a declared GWMA must obtain

a groundwater withdrawal permit to withdraw 300,000 gallons or more of groundwater in any one month.

4Va. Code x 62.1-254 et seq.
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Projects involving surface water withdrawals from state waters and related permanent structures are per-
mitted under the Virginia Water Protection (VWP) Permit Program Regulation as provided by Article 2.2

of the State Water Control Law®. DEQ issues VWP Individual permits for such impacts through use of the
Joint Permit Application (JPA) process.

1.4 Groundwater Withdrawal Permitting

Between 2009-2013, growing concerns over increased water use by new or expanding withdrawals, overlapping
cones of depressidh and declining water levels in the Coastal Plain aquifer system led the SWCB to
expand’ the Eastern Virginia GWMA to include all of the Coastal Plain east of Interstate 95 in order to
ensure comprehensive management of the aquifer system. Modi cations to the Groundwater Withdrawal
Regulations® provided for the issuance of groundwater withdrawal permits to existing users in the additional
areas accompanied the expansion, e ective January 1, 2014. Permit applications were received from 122
existing users during 2014 as a result of the Eastern Virginia GWMA expansion. Through evaluation of
the applications, it was determined that 11 of the existing user applicants did not require permits since
the facilities' withdrawals remained under the 300,000 gallon per month level. Existing agency resources
allowed for the issuance of 33 existing user permits in 2015, 23 existing user permits in 2016, 22 existing user
permits in 2017,and 22 existing user permits during 2018. Four additional existing user permits were issued
during the rst quarter of 2019, resulting in a total of 104 permits issued. Four existing user applications
remain pending. It was also determined that three applicants needed new/expanded permits since the level
of use for each exceeds the historic use amounts documented in the application. The total maximum annual
groundwater withdrawal volume authorized for the 104 issued existing user permits is approximately 2.5
billion gallons per year (BGY), which equates to an annualized average daily withdrawal rate of 6.83 MGD.

Groundwater withdrawal permit applications for new or expanded withdrawals in a GWMA are evaluated to
determine impacts of the proposed permit on the groundwater resource. The evaluation determines the area
of impact, the potential for a proposed withdrawal to cause salt water intrusion, and assesses the impact
of the combined drawdown from all existing lawful withdrawals. Existing lawful withdrawals include those
permits issued under historic use conditions and current new or expanded use permits, as well as users that
withdraw less than 300,000 gallons per month.

DEQ, as of August 31, 2019, administers a total of 333 groundwater withdrawal permits, including those
issued to existing users. These permits are authorized to withdraw a combined total of approximately 46.5
BGY, which equates to an annual average withdrawal rate of 127.4 MGD. Since the beginning of 2018, a total
of 39 permits have been issued (Figure 3). Of these, 10 were reissuances of previously permitted facilities
within the boundaries of the original Eastern Virginia GWMA.

The Virginia Coastal Plain Groundwater Initiative was developed in response to an ongoing and long -term
decline of groundwater levels, and growing concerns about land subsidence and salt water intrusion in the
con ned Coastal Plain aquifer system. In order to achieve the goal of protecting the aquifer system and
providing for current and future water needs for the Commonwealth, DEQ identi ed and negotiated potential
reductions in water withdrawals with the largest 14 groundwater users in the Eastern Virginia GWMA, which,

if implemented could begin stabilizing the groundwater level declines in the con ned aquifers. Combined,
these users represented approximately 80% of all permitted groundwater withdrawals within the Eastern
Virginia GWMA. New permits were issued to all 14 users that, over their 10-year permit term, reduce their
combined, non-drought maximum annual permitted withdrawal volumes by approximately 52%.

In 2018, a Consent Special Order (CSO) was executed for 56 poultry facilities. After DEQ review, two
facilities demonstrated that they did not withdrawal more than 300,000 gallons per month, and did not

5Va. Code xx 62.1-44.15:20 through 62.1-44.15:23.1.

6\Cone of depression" means a localized reduction, or depression, of groundwater levels in an aquifer typically associated
with increased rates of pumping. Groundwater levels are lowest at the point of withdrawal, creating a concentric cone around
the pumping center. The reduction may sometimes lead to issues of land subsidence due to compaction of sediments as a result
of reduced groundwater in pore spaces.

79VAC 25-600-20.

89VAC 25-610-10 et seq.
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Figure 3: 2018 Groundwater Withdrawal Permitting Activities

require a groundwater withdrawal permit. The remaining 54 poultry facilities were required by the CSO to
install well meters and report monthly groundwater withdrawals while applying for groundwater withdrawal
permits. On April 30th, 2019, 54 poultry facilities received draft groundwater permits, but only 48 chose to
continue with the application process. Four of the facilities received Notice of Violations (NOV) for failing to
comply with the requirements of the CSO. The facilities were noti ed that the Department has withdrawn
the tentative decision to issue a groundwater withdrawal permit, and is considering denial of the applications.
Final action on the remaining 44 permits will be reviewed by the State Water Control Board by the end of
2019.

1.5 Surface Water Withdrawal Permitting

Application for a surface water withdrawal permit is made through the submittal of a JPA to DEQ, the
Virginia Marine Resources Commission (VMRC), and the U.S. Army Corps of Engineers (USACE). DEQ's
evaluation of surface water withdrawal permit applications includes an in-depth analysis of the applicant's
water demand and a cumulative impact analysis of the project to determine potential impacts on existing
in-stream and o -stream bene cial uses. To conduct these analyses, DEQ uses an operational hydrologic
model, to determine the cumulative impacts to aquatic life, water quality, recreation, and down stream water
availability for existing intakes.

Each new or re-issuance permit application is modeled to evaluate any potential impact to bene cial uses
downstream of the withdrawal site. Sta uses the output of this analysis to inform the permit determination
and to develop appropriate limits on withdrawal volumes and minimum in-stream ow conditions if a permit

is issued. Figure 4 illustrates 2018 VWP surface water withdrawal permitting activities, including permits
issued since January 2018. Currently, DEQ administers 104 VWP permits for surface water withdrawals.
These permits are authorized to withdraw a combined total of approximately 172 BGY (471 MGD annual
average).
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Figure 4: 2018 Surface Water Withdrawal Permitting Activities

1.6 Groundwater Characterization

The Ambient Groundwater Quality Program was established to characterize the quality of groundwater
throughout the Commonwealth of Virginia. In 2013, the Groundwater Characterization Program (GWCP)
added a minimal capacity to collect groundwater quality data which has improved the ability of the Program

to execute its mission. DEQ resources allow for the collection and analysis of no more than 40 groundwater
samples state-wide each year. As described in the Ambient Groundwater Quality Monitoring Strategy the
program establishes a groundwater quality baseline across the state, identi es areas of potential groundwater
quality concern, and monitors the changes in groundwater quality over time as resources allow. In 2018, the
Ambient Groundwater Quality Program continued to focus on the collection of groundwater samples from
wells in the trend well network. Trend wells were selected for sampling on a quarterly basis to monitor both
for saltwater \upconing," the transient upwelling of salty groundwater that can occur in response to the
local removal of non-saline groundwater by supply wells, and the more regional phenomena known as salt
water intrusion in the Coastal Plain Aquifer System.

Additional groundwater sampling was conducted in 2018 at multiple sites to characterize the pre-injection
groundwater chemistry in the Potomac Aquifer near the Hampton Roads Service District (HRSD) Williams-
burg Waste Water Treatment Plant (WWTP). The Williamsburg WWTP is the location of one of four
test sites the HRSD is establishing to study the feasibility of using treated wastewater to increase hydro-
static pressures in the Potomac Aquifer in order to counteract pressure reductions associated with long
term groundwater withdrawals. Knowledge of pre-injection groundwater chemistry is important for assess-
ing potential changes in groundwater geochemical conditions associated with the injection and dispersion
of chemically engineered water into a con ned groundwater system. Additional groundwater samples were
taken from several state observation wells to collect data on trace metals and major ionic concentrations in
data de cient portions of the Coastal Plain Aquifer system. Emphasis was placed on collecting geochemical
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data from the Piney Point Aquifer { a signi cant source of potable groundwater in portions of the Virginia
Coastal Plain that can in places serve to reduce withdrawal demands on the heavily utilized Potomac Aquifer.

Groundwater resource investigations were conducted in the fractured rock aquifer portion of the state to
better understand the complexities associated with the ow and storage of groundwater in fractured rock
settings. During the 2018 calendar year, particular emphasis was placed on collection and analysis of hydro-
geologic data from the granitic and meta-sedimentary rocks in northern Fauquier County as part of a larger,
ongoing study being conducted by the USGS to characterize the groundwater resources in the County. The
northern portion of Fauquier County is under signi cant development pressure owing to its proximity to
Interstate 66 and the Washington D.C. metro area, and is currently striving to meet current water demands.
A better understanding of groundwater storage and availability in this complex geologic setting is needed to
sustainably manage the resource and to help ensure water availability for a growing population. A county
wide synoptic water level inventory was also planned and conducted with the USGS in 2018 to better un-
derstand the distribution of groundwater levels near the larger pumping centers within the Fauquier County
Service Districts.

In the Valley and Ridge portion of Virginia, considerable time was devoted in 2018 to the review of the
route and construction for both the Mountain Valley Pipeline and Atlantic Coast Pipeline. Due to the high
permeability of limestone (karst) in many portions of the Valley and Ridge, much of the review process was
focused on the provision and interpretation of hydrogeologic data to e ectively communicate the need for
avoidance of sensitive areas and municipal water systems during pipeline construction, and to help develop
proper mitigation plans in the event of contamination. Sta advised on the selection of injection and
sampling sites for dye trace testing that helped to document subsurface groundwater ow paths throughout
several karst areas crossed by pipeline routes, assisted with erosion and sediment control training for pipeline
inspectors, and provided technical guidance to other DEQ sta regarding karst groundwater issues. Also in
the Valley and Ridge portion of Virginia, a hydrogeologic study was conducted to characterize the seasonality
of groundwater storage and movement within the Staunton-Pulaski Thrust Sheet { a regionally signi cant
geologic structure in the Great Valley. Findings of the study were published and presented in April 2018 at
the Third Appalachian Karst Symposium held in Shepherdstown, West Virginia.®

A two year cooperative e ort with the USGS to characterize the hydrogeology of Virginia's Eastern Shore

is ongoing. An improved understanding of the hydrogeology of the Eastern Shore is currently required
to re ne groundwater management strategies associated with sustainable groundwater withdrawal rates
as well as regional contaminant fate and transport predictions (including saltwater intrusion). A large
component of the research associated with describing the hydrogeology of the Eastern shore is associated
with the delineation and hydrologic description of ancient paleochannels (remnants of ancient river beds)
that transect the subsurface of the Eastern Shore. These paleochannels are important because they are
thought to signi cantly in uence storage and movement within the regional groundwater system. Well
cuttings description and interpretation and geophysical borehole log interpretation in the study area helped
to delineate the regional hydrostratigraphy. The nal published report of this work will also serve as the
basis for revising the hydrostratigraphy in the Eastern Shore groundwater ow model. The Eastern Shore
report is currently in peer review and is expected to be published by the end of 2019.

DEQ sta provided technical support to multiple groundwater withdrawal permit applicants in the Eastern
Virginia and Eastern Shore Groundwater Management Areas through borehole geophysical log interpretation
and well cuttings description and logging. Insight gained through borehole and cuttings analysis helps to
ensure well screen placement in accordance with groundwater withdrawal permit conditions and optimizes
screen placement within the permitted section of the aquifer. A process and review of groundwater sample
data and geochemical trends was also conducted for the City of Chesapeake to provide guidance on placement
of monitoring wells associated with aquifer storage and salt water intrusion monitoring for the Western
Branch Well Field.

9Maynard, Joel P. and White, Brad A. 2018, 'Packer Testing and Borehole Geophysical Characterization of Observation
Wells in a Vertically Integrated Karst Aquifer in Augusta County, Virginia', paper presented to the Third Annual Appalachian
Karst Symposium, Shepherdstown, West Virginia, April 2018.
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Assistance for the SWIFT pilot underground injection well project is ongoing. On-site cuttings collection
and description at the Williamsburg and Newport News WWTP injection wells was conducted to identify
formations, contacts, and aquifers to assist with injection well design.

In 2018, DEQ sta provided technical support to Newport News in the construction and instrumentation of
the Lee Hall chloride well monitoring station. The station was required under the groundwater withdrawal
permit conditions for the facility. Due to the increased potential for chloride movement at the site, ground-
water level and quarterly geochemical sample data will be used to monitor long-term chloride concentration
trends in the Newport News area. Geochemical data from this station will also be used to monitor for po-
tential changes in groundwater chemistry associated with wastewater injection at the HRSD Williamsburg
WWTP.

A monitoring well assessment and maintenance initiative has been started by DEQ to evaluate the integrity
of existing groundwater monitoring wells to ensure that measured groundwater levels are representative of
hydraulic conditions in the aquifer. This is a critical need as more than 50% of the 256 monitoring wells in
the network exceed 30 years of age and are in need of repair, maintenance, or replacement/abandonment.
Over time, observation wells can lose connection to the aquifer through siltation, development of mineral
encrustation, or growth of bacterial mats. A prioritized quarterly implementation schedule has been devel-
oped to help guide well evaluation e orts as resources allow. In 2018, multiple groundwater monitoring wells
were evaluated in the City of Su olk and the Middle and Virginia Peninsulas.

1.7 Surface Water Investigations

DEQ's Surface Water Investigations Program (SWIP) and the USGS National Stream ow Information Program
are the primary entities responsible for collecting surface hydrologic data in Virginia (Figure 5). Their collab-
oration provides a comprehensive picture of real-time and historical hydrologic conditions in the Common-
wealth. The SWIP mission is the systematic collection of reliable hydrologic data concerning the quantity
of surface water in the Commonwealth, using the same standards and procedures as the USGS. Virginia
is currently the only state partnering with the USGS on the collection of real-time stream ow data where
state-collected data are incorporated directly into the USGS database. Data accuracy, attained through use
of state-of-the-art equipment and personnel training in USGS methods, is the key to maintaining this unique
partnership.
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Figure 5: Groundwater and Surface Water Monitoring Stations

SWIP eld personnel collect and process data from a network of 68 surface water discharge monitoring
stations on a six to eight week schedule, or more frequently in times of drought or ood. Monitoring often
occurs in extreme conditions such as low and high water, and involves the servicing of sensitive equip-
ment, maintaining permanent gauging stations, and measuring stream ow (\discharge"). The data obtained
from each surface water discharge monitoring station is continually measured and uploaded into the USGS
National Water Information System (NWIS) database where it is accessible by citizens, localities, and state
and federal agencies for water supply planning, emergency management response planning, water withdrawal
permitting, and natural resource management purposes. Development of and access to this data is essential
for the successful planning and management of the Commonwealth's water resources.
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1.8 Drought Assessment and Response

Since the adoption of the Virginia Drought Assessment and Response Plan in 2003, drought watch declara-
tions have been issued for various regions nearly every year, but drought warning declarations have occurred
less frequently. A Drought Emergency declaration has not been issued since the 2002 drought.

During a drier than normal 2017-2018 winter season, a drought watch was in e ect across much of north-
ern, central, and parts of south-central Virginia. However, the watch was lifted in the Shenandoah and
Upper James regions (Figure 6) during the early spring after normal rainfall returned to those areas. Wet
conditions occurred throughout the rest of the Commonwealth during May 2018, and in June 2018 the
watch was lifted for all remaining drought evaluation regions. Subsequently, precipitation fell at near or
even above record levels all across Virginia throughout the remainder of 2018. The spring of 2019 brought
a return to normal rainfall levels, but relatively dry conditions prevailed during the summer months. As

of September 1, 2019, however, most drought indicators were in the normal range and no drought watches
were in e ect. DEQ provides an drought indicator map that is updated daily and can be viewed online at
Current Drought Conditions in Virginia .

Figure 6: Drought Evaluation Regions
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2 Summary of 2018 Water Withdrawals

A total of 1,605 facilities reported water withdrawals for the calendar year 2018. Reported withdrawals were

approximately 5.9 BGD for all groundwater and surface water use categories, including the cooling water
withdrawals at nuclear and fossil fuel power generation facilities. Excluding power generation, reported

2018 withdrawals totaled over 1.24 BGD!° Compared to the ve-year reported average (2014-2018), total

reported 2018 withdrawals from all water use categories increased by approximately 1% when excluding
power generation withdrawals.

VA Hydro characterizes four water withdrawal source types: streams (including rivers), reservoirs, springs,
and wells. Withdrawals from the rst three of these sources are considered \surface water withdrawals."
Springs discharge groundwater to surface water bodies and would naturally form the headwaters of water-
courses as de ned by the State Water Control Law and are therefore categorized as surface water, rather
than as groundwater. Groundwater withdrawals are typically derived from wells; however, there are a small
number of withdrawals from dug farm ponds and quarries that intersect the groundwater table, and which
are otherwise unconnected to a watercourse, that are also categorized as groundwater in VA Hydro.

Water withdrawn in the Commonwealth may be used by the withdrawing entity or locality, or it may be
\transferred" to another entity or locality. Ideally, the total amount of water reported as released from the
transferring facility should equal the total reported as deliveries by the receiving facility. However, in reality,
the amounts of reported deliveries are generally signi cantly less than the amount reported as released. This
discrepancy is most likely due to incomplete reporting of deliveries from facilities that purchase water. In
order to avoid double counting, this report will generally refer to \water use" as synonymous with \water
withdrawn," and any reporting or illustration of water transfers will be clearly marked as \water transferred"

or \water purchased." A more detailed explanation of how water transfers are stored in VA Hydro is provided
in Appendix 2. General descriptions of 2018 water withdrawals by source type, distribution across the state,
and water use category occurs on subsequent pages with additional detail provided in the appendices as
follows:

Appendix 3 provides a list of the top 20 non-power generating water withdrawals ranked by the amount of
their actual 2018 reported withdrawals.

Appendix 4 provides detailed withdrawal information by major water use category, including fossil fuel and
nuclear power generation water withdrawals, and excluding hydropower.

2.1 Water Withdrawals by Source Type

In 2018 the water withdrawals for non-power generation totaled approximately 1244 MGD with surface
water sources (streams, reservoirs, and springs) as the predominant source type. The total reported non-
power generation withdrawals increased by approximately 1% when compared to the ve-year average of
1234 MGD. Surface water withdrawals accounted for approximately 89% of total withdrawals in 2018 at
1102 MGD, when excluding power generation. Pumping of groundwater wells accounted for the remaining
11%, at 142 MGD. Reported groundwater withdrawals increased by approximately 7% compared to the ve
year average, whereas reported surface water withdrawals increased by less than 1%, when compared to the
ve-year average.

10withdrawal volumes reported to VA Hydro are \gross," rather than \net," and as such do not re ect the amount of water
that was ultimately returned to the source water body. Water diverted for hydropower generation is primarily non-consumptive
use-see pg. 49, Power Generation Water Withdrawals. These ows are exempted from the reporting requirement and are
generally not reported to VA Hydro. A signicant portion of water diverted for uses in Virginia related to fossil fuel and
nuclear power generation is also non-consumptive. For these reasons, the summary of total statewide water withdrawals does
not include water withdrawn for power generation.
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2.2 Water Withdrawals by Location

Of the 127 counties and cities reporting groundwater withdrawals, the largest reported groundwater with-
drawals were in Giles, Isle of Wight, King William, and Rockingham counties. In Giles County, Celanse
Acetate a major manufacturing facility and the Kimballton mine operations were the primary groundwater
withdrawals in the county. Additional withdrawals for public water supply by the Giles County Public Ser-
vice Authority also contributed to countywide totals. In total, a total combined withdrawal of 21.6 MGD
came from within Giles County in 2018. This represents the largest total reported groundwater withdrawals
of any locality (county or city) in the Commonwealth. Groundwater withdrawals by locality are shown in
Figure 7)

Figure 7: 2018 Total Groundwater Withdrawals By Locality

Isle of Wight County reported 17.29 MGD of groundwater withdrawals in 2018. Groundwater withdrawals
reported by the International Paper Company were the second largest withdrawals reported by manufacturing
facilities in 2018, at approximately 14.3 MGD. Smith eld farms and small public water suppliers in the county
also reported groundwater withdrawals contributing to the countywide total. All facilities remained within
their withdrawal limits as set by their Groundwater Withdrawal Permits.

King William reported a countywide groundwater withdrawal amount of approximately 16.8 MGD in 2018.
WestRock's West Point manufacturing facility withdrew 97% of the countywide groundwater reported in
2018, approximately 16.5 MGD. The WestRock West Point system is currently permitted by DEQ and
remained within permitted withdrawal limits as set by its Groundwater Withdrawal Permit.

Reported groundwater withdrawals from Rockingham County, within the Shenandoah Valley, totaled approx-
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