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Definitions

Agriculture/Aquaculture (Water Use): a grouping of SIC codes (273,921,2048,9210,112510) related to

the agriculture or aquaculture industries.

Chemical (Water Use) a grouping of SIC codes (2812,2821,2860,2869) related to the Chemical industry.
Discharge: Any release of water.

Discharge Gage: a stream gage that measures water flow.

Frac Water (Water Use): a grouping of SIC codes (1382,1389) related to the gas industry practicing

Hydro-fracturing techniques for gas exploration.

Groundwater: water located beneath the earth's surface in caves, mined areas, soil pore spaces and in

the fractures of rock formations.

HUC: A watershed address consists of a name and a number (for example, Little Kanawha watershed,
05030203). The 8-digit number is a Hydrologic Unit Code or HUC. The Hydrologic Unit system is a
standardized watershed classification system developed by USGS in the mid-1970s. Hydrologic units are

watershed boundaries organized in a nested hierarchy by size.
Hydroelectric (Water Use) : a grouping of SIC codes (4911) related to the hydroelectric industry.

Industrial (Water Use) : a grouping of SIC codes (2631,3069,3312,3313,3356,3695) related to companies

classified as industrial.
Intake: Any conveyance utilized to withdrawal water at the source.

LQU: Large quantity user means any person who withdraws over seven hundred fifty thousand gallons
of water in a calendar month from the state's waters and any person who bottles water for resale

regardless of quantity withdrawn.

Mining (Water Use): a grouping of SIC codes (1211,1220,1221,1222,1241,1422,1446,1499,1611,4921)

related to the mining industry.

Petroleum (Water Use): a grouping of SIC codes (2865,2911) related to the oil industry.
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Public Water Supply (Water Use): a grouping of SIC codes (1623,4941,4951,4952,9223,9631) related to

the supply of public drinking water.
PWSID: Public Water Supply Identification number.

Recreation (Water Use): a grouping of SIC codes (4971,7011,7033,7900,7990,7992,7997)related to the

recreation industry.
Secretary: Cabinet Secretary of the West Virginia Department of Environmental Protection

SIC Code: Standard Industrial Classification Code is a United States government system for classifying

industries by a four-digit code that was established in 1937.

Staff gage: a continuously functioning measuring device in the field designed to record the height of

water in a stream or river.

Stream gaging station: an active, continuously functioning measuring device in the field for which a
mean daily stream flow is computed or estimated and quality assured for at least 355 days of a water
year or a complete set of unit values are computed or estimated and quality assured for at least 355

days of a water year.

Surface Water: "water" standing, diffused or flowing on the land surface including, artificial lakes, rivers,

streams, creeks, branches, brooks, ponds, impounding reservoirs, watercourses and wetlands.

Thermoelectric (Water Use): a grouping of SIC codes (4911) related to the coal or gas burning power

plants.
Timber (Water Use): a grouping of SIC codes (2421,2611,2861) related to the timber industry.

Watershed: "Watershed" means a hydrologic unit utilized by the United States Department of Interior's
Geological Survey, adopted in one thousand nine hundred seventy-four, as a framework for

detailed water and related land-resources planning.

Water Resources: "water" or "waters" means any and all water on or beneath the surface of the ground,
whether percolating, standing, diffused or flowing, wholly or partially within this state, or bordering this
state and within its jurisdiction and includes, without limiting the generality of the foregoing, natural or

artificial lakes, rivers, streams, creeks, branches, brooks, ponds, impounding reservoirs, springs, wells,
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watercourses and wetlands: Provided, that farm ponds, industrial settling basins and ponds and waste

treatment facilities are excluded from the waters of the state.

Wetland: a land area that is saturated with water, either permanently or seasonally, such that it takes
on the characteristics of a distinct ecosystem. Primarily, the factor that distinguishes wetlands from
other land forms or water bodies is the characteristic aquatic vegetation that is adapted to its unique

soil conditions.

Withdrawal: means the removal or capture of water from water resources of the state regardless of
whether it is consumptive or nonconsumptive: Provided, That water encountered during coal, oil, gas,
water well drilling and initial testing of water wells, or other mineral extraction and diverted, but not
used for any purpose and not a factor in low-flow conditions for any surface water or groundwater, is

not deemed a withdrawal.
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Executive Summary

The Water Resources Protection Act (“Act” or “WRPA”), W.Va. Code §22-26-1 et seq., was enacted March 13,
2004, and established the Joint Legislative Oversight Commission on State Water Resources. The Act was the
first step in understanding the quantity and use of one of our most important natural resources, our surface
and ground water. The Act created a foundation for developing a comprehensive water management
program, requiring all large quantity users to register with the Department of Environmental Protection
(“DEP”). In an effort to fill the state’s data deficiencies, the Commission authorized the funding of a
workgroup within DEP, called the Water Use Program, along with funding enhancing the state’s groundwater

monitoring and improving surface water gaging.

In 2008, the WRPA was amended and renamed the Water Resources Protection and Management Act (“Act”
or “WRPMA”). In addition to claiming ownership of the waters of the state for the use and benefit of its
citizens, the Act required the development of a State Water Resources Management Plan (“Plan”).
Accordingly, DEP developed this Plan and companion tools, including a report entitled “West Virginia
Watershed Descriptions,” a West Virginia Watershed Atlas and a GIS based web-tool that can be found at
http://dep.wv.gov/WVWaterPlan/.

Based on data DEP has collected in developing this Plan and its companion tools, there are 388 registered
Large Quantity Users in West Virginia, whose average annual water demands are approximately 1.2 trillion
gallons (excluding use by hydroelectric facilities). West Virginia is blessed with an abundance of water and
receives approximately 19 trillion gallons of precipitation annually (an average of 44 inches per year). West
Virginia has approximately 54,961 stream miles; 6,017 mine pools that could contain another possible 1.5
trillion gallons; and 399 fresh water lakes containing approximately 389 billion gallons of normal storage. A
water budget estimated that the state’s river systems can supply an additional average of 42 billion gallons of

water per day. On average, the state’s consumptive use is six percent of the total annual water withdrawn.

This Plan details past flooding and drought in the state, examines water infrastructure needs, describes the
need for continued stream gaging and includes projections of future water use. The Plan also suggests
continued improvements to the state’s data collection and reporting procedures, which would lead to
increased understanding of the state’s water resources. Water is essential both to life and to West Virginia’s
economy and will forever increase in value. Because of the WRPMA, West Virginia now has a set of tools to

protect this valuable resource.
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Summary

The West Virginia Legislature required the Department of Environmental Protection (DEP) to develop a
Statewide Water Resources Management Plan (the PLAN) by enacting the Water Resources Protection
and Management Act, W Va. Code §22-26 (the Act). The Plan is intended to protect and define the
state’s valuable water resources while promoting its availability for the public, tourism and industry.
The Plan also considers the statewide economic development potential for industries dependent on a

constant fresh water supply.

In order to satisfy the requirements identified in the Act, it was necessary for the DEP to collect large
volumes of data, research procedures necessary to implement the Act and formulate scientific protocol
and methods to define the state’s water resources. This was set in motion by creating the Water Use
Section in 2008. By 2011, the Water Use Section was fully staffed, including a program manager, an

environmental resources analyst, a computer technician and two environmental scientists.

The Act claims ownership of the waters of the state to be held by the state for the use and benefit of its
citizens. A significant requirement of the Act was to quantify and inventory the state’s surface water
and to determine its “safe yield” (the maximum sustainable withdrawal that can be made continuously
from a water source). Determining the amount of water in the state is a daunting task in that this
quantity is always changing depending on the amount of rainfall we receive at any given time in any
number of isolated areas. Take for instance the average annual rainfall for our state over the past 29

years shown in Figure A-1.
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Figure A-1 Average annual precipitation across West Virginia, 1981-2010.

The precipitation amounts in Figure A-1 depict the average conditions in our state. Especially notable is

the above-average rainfall along the western side of the

Appalachian Mountain Range. The mountains
metaphorically squeeze the rain from the clouds as they
pass over the mountains and create a rain shadow, or
lack of rain, on the opposite side shown in Figure A-2.
Our state receives an average of 44 inches of
precipitation annually. One can calculate an amount of

available water based on these average numbers and

muoist EIL..___.-r

Figure A-2 Rain Shadow effect

rain shadow

estimate an annual total of 19.3 trillion gallons of water, but it would be necessary to assume the future

precipitation will be consistent and evenly distributed on a daily basis, which will likely not be the case.

Our best, and many times, our only source of reference to determine the amount of water in our

streams are the USGS stream gages in a network that includes 85 individual stations as of 2013. There

were 115 in 1977, and once again funding for these gages is being threatened by budget cuts. The gages
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are funded by 17 different entities, with the majority funded by the DEP, United State Army Corps of
Engineers (USACE), West Virginia Conservation Agency (WVCA), West Virginia Department of Highways
(DOH) and the United States Environmental Protection Agency (EPA). The existence of these gages is
imperative to the ability to manage our state’s water resources. Therefore, every effort should be made

to protect the funding and strive to increase the number of gages in the future.

The Act requires identification of the quantity of water being withdrawn and the nature of those
withdrawals, both consumptive and non-consumptive. The DEP developed a Large Quantity User
Registration survey, requiring anyone withdrawing more than 750,000 gallons per month to report their
water use. There are currently 388 large quantity users withdrawing approximately 1.2 trillion gallons
of water annually. Our statewide consumptive use was estimated utilizing the highest potential
projections for the year 2020 to be 125.3 billion gallons each year. This consumptive use estimate
includes the predicted quantity of water that will be consumed for hydro-fracturing of the Marcellus
Shale. It should be noted that the total amount of water used for hydro-fracturing of the Marcellus
Shale is less than 1% of the state’s total annual water use. Based on the 2020 projected consumptive
water use quantities and the results of the water budget as discussed below, it is not likely that the

states demand for water will outgrow its water resource availability.

The USGS has been collecting stream flow data since the 1930’s. Caution must be exercised when using
stream flow data from the average of the past thirty years data, since we have been experiencing above-
normal stream flows for that period of time. It is possible that we will continue to benefit from these
higher-than-normal stream flows in the future, but we could also experience much drier conditions in
the future, reminiscent of the conditions experienced in the 1930’s during the Dust Bowl. Figure A-3
shows the departure of minimum stream flows as compared to the average stream flow over the past
72 years for selected stream gages. The red shows drier than average conditions and the blue indicates

wetter than average conditions, based on the amount of water flowing in the streams.
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Figure A-3 Average standardized departures of the minimum flows from the record-period average for 1930-2002 for
selected stations in West Virginia

If the climatic conditions reverted to what we experienced in the 1930’s through the 1960’s, our state
would have significantly less available water than we currently have. Climate changes could also result
in an increase in average annual rainfall and we could have significantly more available water. Some
experts suggest that we will experience the same amount of annual precipitation produced by fewer,
but more intense rain events. We need to be prepared for any of these possibilities. Currently, we are

considered a water-rich state, but still can have near drought conditions in the mid-summer months.

To estimate the amount of water available for use, we have developed a water budget for each of the
32 Eight Digit Hydrologic Unit Code (HUC-8) watersheds in the state, as shown in Figure A-4 grouped in
regions. The primary water source for the majority of our watersheds is precipitation. The water
budget method has been adopted because it can be applied almost anywhere precipitation data is

available.
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Figure A-4 HUC-8 Watersheds and Regional Grouping

A drawback of the water budget method is that the available water is estimated as the residual term in
an equation where the other budget terms are estimated with some degree of error. The amount of
water that flows into a watershed, as well as the water that must be allowed to flow out of the
watershed to guarantee water quality downstream, must also be estimated (see Chapter 3 for individual
watershed numbers). Of course, these quantities are at the outlet end of the watersheds, so if you are

in the middle of the watershed there would be approximately half that amount of water available.

A computerized water budget model is under development which will estimate our state’s available
water resources based on past record and possibly on real time and predicted future conditions. The
amount of water that is available for use is dependent on many variables, some controlled by man and
some controlled by nature, all continually changing. This computer model is expected to allow us to

take that snapshot in time of the available water in any localized region of the state at any time the
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information is needed. We can then project future availability based on both best and worst case

scenarios, regardless of where you are in a watershed.

Groundwater in West Virginia is substantially more difficult to evaluate. Our state’s structural geology is
so complex that our groundwater resources can only be accurately determined for individual localized
regions and performing hundreds of small localized groundwater studies falls well beyond the scope of
this survey. The DEP contracted with the WV Geological and Economic Survey (WVGES) to compile a
mine pool atlas to identify the known pooled water in mined out coal seams across West Virginia. There
is a portal on the Water Resource Management Plan website for anyone to report the location of their
private wells and their depth to groundwater. The DEP funded and assisted in the geophysical well
logging of the applicable groundwater monitoring wells in the state, the results of which are included in
Chapter 1. A number of WVU Master’s theses and studies involving groundwater have been gathered
for review and a USGS/DEP groundwater quality report has been published (USGS SIR 2012-5186).
Along with this data, previously conducted USGS studies, a new USGS groundwater study to be
conducted over the next four years and continuation of the DEP’s cave and sunken stream studies, the

DEP will continue to advance groundwater knowledge in the state.

To help visualize all the elements required for successful water resource management, we have utilized
the computer software created by Environmental Systems Research Institute (ESRI) called ArcMap
version 10.1 to create an online Web tool. This software links large quantities of information from
multiple sources together, and then allows the user to locate the information by selecting icons on a
map. All of the state’s watersheds, streams, permitted lakes, impoundments and other water related
data sets have been mapped and are fully searchable via the website. The website was created to work
symbiotically with this report. This website will be a continually updated tool for water management in

the state. The tool can be found at the following internet address:

http://tagis.dep.wv.gov/WVWaterPlan/

The website has proven to be very useful for depicting spatial coverage’s like state parks, wildlife

management areas, scenic rivers and protected lands.

A flood occurs when a rain event is too intense or lasts too long, producing a larger quantity of runoff
water than the surface drainage system can handle. In West Virginia, floods are caused by three general
storm types: scattered thunderstorms typically during late afternoon and evening in summer, larger

frontal systems, and tropical cyclones, which include hurricanes and tropical storms, in late summer or
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early fall (Doll and others, 1963). In addition, rainfall combined with snowmelt may cause floods in early
spring. Extreme flooding generally can be expected on small streams during the summer and on larger
streams during late fall or winter. Intense thunderstorms are probably the most dangerous because
they generally produce flash floods with little or no warning. Because the terrain of West Virginia
consists of many small basins, much of the state is subject to this type of flood. The most devastating
floods are caused by hurricanes or tropical storms. These storms generally are most intense on the

eastern slopes of the Potomac River Basin and the upper parts of the New River Basin.

The flood of November 4-5, 1985, replaced the 1977 flood as the most devastating in the State. Forty-
seven lives were lost, thousands were left homeless, and about 500 bridges were destroyed. Rainfall
estimates for the two-day storm were as much as 20 inches along the Eastern Divide between the Ohio

River and Potomac River drainages in eastern West Virginia and western Virginia.

The opposing weather phenomenon of a flood is drought. Droughts are characterized by unusual
northward expansion of the thermodynamically stable, warm, subtropical high-pressure systems that
are in the mid-atmosphere during the summer (Davies and others, 1972). The presence of high-pressure
systems greatly decreases afternoon thunderstorms. In addition, flow patterns associated with this type
of system tend to keep frontal systems and the attendant precipitation to the north and west of the
state. Generally, droughts are less of a problem than floods in West Virginia. However, even short-term

droughts can be detrimental to local agricultural communities and can limit surface-water supply.

The drought of 1929-32 was the most severe in West Virginia's recorded history. Some streams that
have drainage areas greater than 900 square miles had periods of zero flow during the summer and fall
of 1930. At some precipitation stations, annual precipitation was about one-half of normal. The WV
Conservation Agency (WVCA), The WV Department of Agriculture (WVDA) and the WV Department of
Homeland Security and Emergency Management (DHSEM) are the lead agencies for Flood and Drought.
The WVCA published the West Virginia Statewide Flood Protection Plan in 2005 and DHSEM published a
statewide Drought Response Plan, Annex U of the West Virginia Emergency Operations Plan in 2008. It
is not the intent of this Plan to replace or supersede any findings or recommendations made in either of

the aforementioned documents.
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When dealing with water management issues, a key component is conservation. We have identified

three main categories currently being utilized in our state and surrounding states:

e Improving water use efficiency through implementation of use reduction methods or
equipment

e Reusing or recycling water onsite
e Reducing water loss due to leaks and unaccounted water

Various methods that fall under these categories are defined and described in Chapter 5 of the Plan.
The DEP will also be establishing a Water Conservation Award and will present it at the DEP’s Annual

Awards Ceremony.

Water and sewer service in the state continues to be a top issue in water resource management. Not
only the ability to continue to provide service to existing customers but also to build the infrastructure
necessary to serve our rural citizens who are doing without municipal water and sewer service. There is
an obvious environmental issue with the lack of sewer service much of the poorly treated water ends up
in our streams. However, the Infrastructure and Jobs Development Council (IJDC) has gone a long way
to fulfilling the requirement of pushing the sewer and water system upgrades and projects along, and
have mapped the extent of water and sewer coverage in the state (see 1IDC Website

http://gis.wvinfrastructure.com/). Some current and near future water supply issues in the state have

been identified by the DHHR Infrastructure and Capacity Development Office as described in Chapter 5

of the Plan. These areas would be considered for review as a critical planning area (CPA).

The Act stipulates that the Secretary may designate an area as a CPA. A process has been established to
allow such areas to be nominated, evaluated, and ultimately designated as a CPA, including a set of
minimum requirements and specified timetables for nomination and plan development. This four-stage
process is fully defined in Chapter 6 of the Plan. The section of the Act that stipulates that a CPA process
be identified can be interpreted in more than one way. Pocahontas County’s plan was developed
pursuant to W.Va. Code §22-26-9 (f) & (g), which states that a county may enter into an agreement with
the DEP to develop a local plan that will be filed as part of the Plan. It is the belief of the Pocahontas
County Water Resources Task Force that the community will be best served by creating its own WRMP—
one tailored to and created by the people of Pocahontas County. The Pocahontas Plan has been

included as Appendix AA.
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During activation of the Large Quantity Users registration and review of the Office of Oil and Gas Water
Management Plans, the Water Use Section found itself continually asking what our legal powers and
restraints were. The Act also required a review of statutes, rules and policies. We employed the DEP
Office of Legal Services to compile all water law in the state including ownership of the bordering rivers.
The Water Law Review has been included in the Appendices and is posted as a link on the Water Use

Section page of the DEP website (http://www.dep.wv.gov/WWE/wateruse).

Lastly, completion of this Plan was an important water management step taken by the Legislature and it
marks a major milestone in water resource protection and management in the state. Not only can West
Virginians benefit from its data, but those outside the state’s borders are encouraged to make use of the
Plan, as well as the expertise developed by the agency staff in its compilation. Water is essential to both
life and West Virginia’s economy. It will forever increase in value. That’s why wise management of the

state’s water resources is so important.
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Introduction

The Water Resources Protection Act, W.Va. Code §22-26-1 et seq. enacted March 2004, authorized the
establishment of a Joint Legislative Oversight Commission on State Water Resources. As the
implementing agency for the Act, the DEP was required to submit a yearly progress report to the
Commission and a final report to the Joint Committee on Government and Finance. A final report titled
“Water Resources Protection Act - Water Use Survey” was submitted in December of 2006. That report

suggested the following:

e Develop a statewide water management program

e Address data deficiencies

e Add five groundwater monitoring wells in high-growth areas

e Identify groundwater monitoring wells through electronic logging
e Add three stream gages in western West Virginia

e Continue the Large Quantity Users Registration program

e Develop a standardized definition of drought

The Water Resources Protection Act was amended in 2008 and renamed the Water Resources
Protection and Management Act (the Act). Again, the DEP was named the implementing agency for the
Act, and was required to submit yearly progress reports and a final report to the Joint Legislative
Oversight Commission on State Water Resources by November 30, 2013. This report, along with a West
Virginia Watershed Atlas and a GIS based web-tool have been prepared in order to meet the

requirements set forth in the Act. A copy of the Act may be found in Appendix A.

In order to initiate the development of a statewide water resource management program, an
assessment of programs conducted in border states was undertaken. Several of the border states chose
to organize their water planning process by local and regional government jurisdictions Table B-1. For
example, Kentucky assigned water resource planning to 15 area development districts (ADD), each
encompassing multiple counties, while Maryland and Virginia more loosely assigned responsibility to
local jurisdictions such as single counties and other municipalities. By using this division, responsibility is

split between state environmental and planning/infrastructure agencies. Ohio and Pennsylvania have
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designated local governments and sub-regional watersheds within larger area watersheds as the
responsible parties for developing water resource plans to contribute to the overall state plan, thereby
leaving the entire process in the hands of the respective environmental agencies. Within each overall
management plan some additional resources are made available to the responsible parties to aid in their
planning process. All of the border states, except Virginia, have developed an interactive online tool
with varying degrees of information and capability. More detail regarding the type of web-tool the DEP
has created and information available may be reviewed in (Appendix B). Kentucky, Pennsylvania, and
Virginia assigned coordinators, committees and councils, respectively, to provide consultations and

information. Maryland developed a models and guidelines document.
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Table B-1 Current progress of border states and available resources regarding a comprehensive statewide water
management plan

BORDER ADDITIONAL PLANNING RELATED DATABASE
—STATE DELEGATION OF RESPONSIBILITY STRUCTURE RESOURCES MANAGEMENT
Kentucky Infrastructure Authority
KIA 15
(KIA) . area ADD Water Management KIA Water Resource
http://kia.ky.gov/default.htm development . . A
- - . L Coordinators — provide Information System (WRIS) —
KY Environmental Protection Cabinet districts (ADD) by . e .
L consultations and GIS, facilities, lines, sources,
Division of Water groups of county information facilities, and projects
http://water.ky.gov/Pages/default.a | governments ! proj
spx
Maryland Department of Planning
(MDP) _ . .
Models and Guidelines MDP interactive maps —
http://www.mdp.state.md.us/Our N . o .
Local jurisdictions — | document — Planning for Priority funding, land cover,
Work/WaterResources.shtml . .
MD counties and Water Supply and ag., census 2010 (demographic
Maryland Department of . .
. municipalities Wastewater and Stormwater | / economic outlook), schools,
Environment (MDE) Management olitical districts
http://www.mde.state.md.us/progr 8 P
ams/water/water _supply/
Ohio Department of Natural 5 Major watershed ODNR Water Inventory ODNR Action Plan Map, links
Resources (ODNR) regions and Program — precipitation, local plans with a state
OH Division of Soil and Water communities and groundwater levels, endorsement status regarding
Resources sub-regional reservoir storage, and supply, quality, flooding, and
http://www.dnr.state.oh.us/water/ | hydrologic units stream flow data land mgmt.
Pen.nsylvania Departm_ent of State_Water PIan.Cf)mmittee State Plan/ Digital Water Atlas
Environmental Protection (DEP) . meetings and training, .
. 6 Regional . an Interactive web GIS tool -
Office of Water Management withdrawal data, WAVE and
PA watersheds and Plan areas, resources,
http://www.portal.state.pa.us/port eMap PA tools for resource .
- local governments . storm/flooding maps, geology,
al/server.pt/community/watershed and environmental data,
land cover, supply and WWT
management/10593 and stream stats
?E/:\rvgiirr:::f\ersz::arltr(;SgltitOf(DEQ) All counties. cities State Supply Plan Advisory Status of Virginia’s Water
VA http:// deq.vi Y /p p ! ! Committee, Proposed State Resources: A Report on VA
ttp://www.deq.virginia.gov/Progra | and towns Work Plan Water Resources Management
ms/Water.aspx Program Activities, 2011
Susquehanna River Basin 4 Commissioners Biannual Water Resources SRBC Maps & Data Atlas
issi P d to impl t
Commission (Federal, PA, MD, rog”ranT usedto Imr,),e.men includes maps, downloadable
SRBC the “actions needed” listed

http://www.srbc.net/about/index.h
tm

and NY) for entire
Susquehanna basin

in the Comprehensive Plan
(updated every 5 years)

GIS data, and a current
projects map gallery
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In accordance with the objectives to be considered in the State Water Resources Management Plan (the
Plan) outlined in §22-26-8(d), stakeholders listed in §22-26-9(c) and others were engaged through local
meetings that were organized by USGS 8-Digit Hydrologic Unit Code (HUC-8) watersheds. The meetings
were held in central locations within each watershed at various locations ranging from the DEP training
rooms, local fire departments and conference centers to hotel meeting spaces. Beverages, snacks and
lunches were provided in consideration of the various distances stakeholders may have had to travel to
attend meetings. Invitations were sent to stakeholders in each watershed (including, but not limited to,
state agency representatives, county commissioners, mayors and other elected officials, watershed
association members, economic development council members, city planners and engineers, flood plain

managers and large quantity users).

Stakeholders in attendance (see Figure B-1) were provided with a thorough presentation to educate and
inform them about the purpose and progress regarding the Plan and the information currently collected
relating to their respective watershed. In the second half of the daylong meetings, the attendees were
provided with group discussion questions aimed at obtaining local information that should be
considered in the Plan. Issues addressed during discussions were future industrial development,
population shifts, groundwater concerns, reservoir construction, drought response, stormwater runoff
and other topics related to water resource management relevant to the given watershed meeting being
conducted. Specific questions were developed to guide the discussions and address the following
topics; development, population trends, drought/flood issues, groundwater and wells, local water

agreements, precipitation data, recreational uses, resource areas and competition for resources.
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Figure B-1 Average invited vs. in attendance to each watershed meeting by group

Meeting organizers recorded attendance and made note of the agencies represented. The discussion
questions were in the form of short answer, and the final questionnaire was yes/no format with an
opportunity for additional comments and suggestions at the end. Additionally, attendees were given
the opportunity to volunteer to serve as a contact for the DEP as a support group member. For further

explanation of the information obtained and limitations see Appendix C.

For organizational purposes, and the fact that water does not obey political boundaries, the state’s
water resources were analyzed based on HUC-8 watershed boundaries. There are 32 HUC-8 watersheds
in the state, 14 fully within its borders and 18 crossing into the border states. These HUC-8 watersheds

were grouped into five regions to simplify a future regional approach to water resource management.

XXXVii



HUC S Vialers

he

wrieow
H

ds

M8 Shenandoah

frasrssam

Jefferson

Map Key
Region 1 frosssn
T ¢y Shenandoah CS g
Law Hardy C3 Region 2
('g]l @0 Region 3
o] Big H/ﬁﬂj O3 Region 4 Lo
Sand)’-?\:_\' & o Region 5
v je Q
Wl
W Zh
WELE™
] FAN R '
AV
A
%,
e’

ora0mm

0 125 26 50 Miles
I e e e

Figure B-2 HUC-8 watersheds

In order to address all of the requirements set forth in the Act, an inclusive approach was taken to
review all of the elements in a comprehensive manner. The following describes the organization of the

Plan and highlights requirements and considerations:

Chapter 1 serves as an inventory of the state’s surface and groundwater resources. Key details include
the quantity of rivers, streams, lakes, and reservoirs. Essential to this discussion is an explanation of the
tools used to measure or monitor these resources, specifically the USGS Stream Gaging Network with an
updated list of all the gages in the network. A plan for identification of the groundwater aquifers across
the state is discussed in this chapter. Also included are the details of the geophysical well logging of the
state’s groundwater monitoring network, the addition of five groundwater monitoring wells, and a
description of the creation of an atlas of our state’s mine pools. Ways to improve data collection related
to the resource are also discussed, including the fact that the USGS is doing a regional aquifer study that

will improve our ability to identify the groundwater resources in our state.
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Chapter 2 can be viewed as quantification of existing demands on surface and groundwater resources,
or simply “water use.” The continuation of the Large Quantity Users Registration program and the
efforts made to improve its accuracy are described. The chapter provides detailed descriptions of water
use by watershed and industry type regarding water withdrawal data collected since 2005. An
explanation of the methodology used to collect, analyze, and improve the data is provided. The
information gathered about water use provides the DEP with valuable insight into the state’s use of its
water resources. The continued collection of this data will enable future water management

professionals to make better water resource decisions.

Chapter 3 addresses the concept of safe yield by calculating a water budget. The budget estimates the
quantity of available water in each of the watersheds. The ultimate goal of a water budget is to
estimate the quantity of water available for use in a system after all other natural and anthropogenic
factors are considered. As explained in the chapter, calculations of water budgets rely on assumptions
with inherent error. In order to reduce the associated error, the DEP has collaborated with CEGAS to

complete phase | of an additional study that may serve as a prelude to an improved water budget.

Chapter 4 projects the future water needs of the state. Projections of high and low consumptive-use
scenarios regarding Large Quantity Users are presented, along with justifications and rationale. Non-
consumptive uses in unique natural, scenic, environmental, and recreational areas are identified.

Potential studies to determine the amount of required water in these areas of concern are discussed.

Chapter 5 presents a review of other factors that affect water availability. Included is a brief history of
the major flood and drought occurrences, as well as how these events are defined and managed during
emergencies. The availability of public water supply and sewer services in the state is discussed. Also
included is an evaluation of the ability of public water suppliers to meet their demand, using data from
multiple state agencies. Anthropogenic factors such as changes in land cover and land use has also been
included in this chapter, along with potential water conservation methods and conflicts. Suggestions are

outlined for the continued improvement of data collection and interagency collaborations.

Chapter 6 describes the process necessary to declare an area a “Critical Planning Area,” (CPA) which
refers to an area without the resources necessary to accommodate projected needs. To that end, a
process has been established to allow such areas to be nominated, evaluated, and ultimately designated
as a CPA. To the extent resources and authority allow, the Secretary will facilitate project

implementation. Additionally, regional plan addendums to the Plan are described.
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Chapter 7 includes summary, future pursuits that will be undertaken by the Water Use Section in order
to further West Virginia’s water resource knowledge and recommendations for meeting programmatic

water resource needs of the state.

Additionally, included in Appendices A and D are the Act and a synopsis of West Virginia’s Water Laws,
Regulations, and Rights. The West Virginia Watershed Descriptions companion report provides details
on each of the 32 HUC-8 watersheds. Water resources and demands specific to each watershed are

presented, as well as a brief summary of sources and reported interbasin transfers.

x|
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Chapter - 1 Water Resources
1.1 Water Resources and Population Overview

Water Resource issues are a concern worldwide. Overpopulation, inadequate water treatment
infrastructure and the lack of proper water resource management practices which have led to water
shortages and all of the associated famine and disease that come with it. There are some who say the

next major war on this planet will be over water.

The amount of fresh water on a planetary scale brings things into perspective. As shown in the table
below, fresh water on our planet makes up a mere 2.5% of the total. Of that 2.5%, the majority is locked

up in ice caps and glaciers. The remaining 0.62% is available for the planet’s needs including the plants,

animals and humans.

Oceans, Seas, & Bays 321,000,000 1,338,000,000 -- 96.54
:f::;'::;':;f;iv& 5,773,000 24,064,000 68.6 1.74
Groundwater 5,614,000 23,400,000 -- 1.69
Fresh 2,526,000 10,530,000 30.1 0.76
Saline 3,088,000 12,870,000 -- 0.93
Soil Moisture 3,959 16,500 0.05 0.001
Ground Ice & Permafrost 71,970 300,000 0.86 0.022
Lakes 42,320 176,400 -- 0.013
Fresh 21,830 91,000 0.26 0.007
Saline 20,490 85,400 -- 0.007
Atmosphere 3,095 12,900 0.04 0.001
Swamp Water 2,752 11,470 0.03 0.0008
Rivers 509 2,120 0.006 0.0002
Biological Water 269 1,120 0.003 0.0001
Source: “Water in Crisis: A Guide to the World’s Fresh Water Resources” (Peter H. Gleick, editor) — chapter 2,
“Worlds fresh water resources” by Igor A Shiklomanov.




Since the colonization of North America, the understanding and management of drinking water have
dictated the location and growth of settlement. Not surprising, some of our largest cities are located
near plentiful water sources. Chicago resides on the banks of Lake Michigan, the only one of the five
North American Great Lakes that is entirely located within the United States, the second largest of the
Great Lakes and the seventh largest freshwater lake in the world. Chicago has a seemingly limitless
water supply. However, increases in population have forced some U.S. cities to construct extensive
aqueducts to gather water from distant sources to meet their water needs. New York has constructed
three significant aqueducts, the New Croton, Delaware and Catskill, transporting water distances of 22,
85 and 163 miles, respectively, in order to keep up with growth of the city. The Metropolitan Water
District of Southern California built a canal 242 miles from the Colorado River to Los Angeles and San
Diego to meet those cities drinking water needs. Houston Texas gathers 70% of its water supply from
the Trinity River but must augment the surface water by pumping the other 30% from the Evangeline
and Chicot groundwater aquifers. These aquifers have a limited ability to recharge and could eventually
run dry. Texas is second only to California in the quantity of groundwater it consumes. Both of these

states endured some of the most intense legal battles over water rights in the nation.

A key driver of increased worldwide

Year Total Population Change Percent Change
water resource needs is population,

1950 2,005,053 - --
and West Virginia is no different.

1960 1,860,421 -144,632 -7.77%
The state’s population experienced a

1970 1,744,237 -116,184 -6.25%
fairly steady increase from 959,000 in 1980 1,049,644 205,407 11.78%

U . . .

the 1900’s, reaching its peak in 1950 ;44 1,793,477 156,167 -8.01%
with over two million people. Since 2000 1,808,344 14,867 0.83%
then, the population of West Virginia 2010 1,852,944 44,600 2.41%

has mimicked the state’s fluctuating *source: United States Census Bureau

economy. From 1950 to 1970, the state saw a loss in population of over 260,000 residents. A variety of
factors contributed to this decline, but most notable were increasing mechanization in the coal mines as

well as increased economic opportunities beyond the state’s borders.

The state’s population trend from the 1900’s to present day is depicted in Figure 1-1. Due in part to an
energy crisis in the 1970’s that revitalized coal mining, the state saw its population climb back up near
the 1950 level. A global recession during the 1980’s, coupled with the economic restructuring in the

state’s major manufacturing and coal mining sectors resulted in a population decrease to 1.79 million by



1990. The state’s population has increased modestly during the past two decades, highlighted by a by
2.41% growth from 2000 to 2010. However, that slight increase is still well below the 24.1% national

average.

West Virginia

2.006 M

July 1950 1.855 M

July 2012
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700.000

600,000

500.000

400000 959 K

300.000
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Figure 1-1 Population trend for the state of West Virginia from July 1900 to July 2012. Data Source: U.S. Census Bureau,
4/9/2013



Historically, West Virginia has had plenty of water, at times too much, but that does not allow us to

ignore the need for sound management of the state’s water resources politically, commercially and

West Virginia Water Facts

19.32 trillion gallons of precipitation - based on 44 inches/year
1.07 trillion gallons - maximum storage of dams/lakes
388.7 billion gallons - normal storage of dams/lakes

1.48 trillion gallons —potential mine pool storage

O O O O o

1.20 trillion gallons - withdrawn by Large Quantity Users
annually

e ~6% or 72 billion gallons/year consumptive use

0 54,961 - total stream miles statewide

0 24 billion gallons per day - minimal additional available surface

water (see Chapter 3)

environmentally for our citizens and future generations. In order to quantify and monitor our surface
water resources, there are two main networks in place: the precipitation gage network, operated by the
National Oceanic and Atmospheric Administration (NOAA) and WV Department of Homeland Security
and Emergency Management (DHSEM), and the stream gage network operated by the United States

Geological Survey (USGS). Above is a list of West Virginia water facts derived from these gages.



1.1.1 Rain Gages

Nationally recognized average annual precipitation for West Virginia is 44 inches per year, which

translates to 19.32 trillion gallons of water. Recently, many tools have been used to determine not only

the annual precipitation but also the average seasonal precipitation rates across the state. Monthly

precipitation rates have been provided by NOAA
that was derived from "PRISM" climate data
developed at Oregon State University. The 30-
year monthly precipitation values were derived
using data from 1981-2010. NOAA claims they
"are considered the most detailed, highest-
quality spatial climate datasets currently

available." This data was downloaded by the

Cheat Watershed receives the most
rainfall annually with an average
of 51 in/yr. South Branch Potomac
receives the lowest annual rainfall

at 38 in/yr.

DEP as ESRI ASCIl grids, overlain by the USGS Hydrologic Unit Code Eight Digit (HUC-8) watershed

boundaries and the data grids within the HUC-8 were extracted for each month. Analysis conducted by

the DEP confirms that West Virginia receives an average of 44.21 inches of precipitation per year.

Monthly precipitation maps for each HUC-8 watershed can be assessed on the Plan’s website. A map of

average annual precipitation, derived from the PRISM dataset, can be seen in Figure 1-2.
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Figure 1-2 Average annual precipitation for West Virginia - 1981 to 2010




It is important to note that there are several areas within the state that receive up to 67 inches of

rainfall annually, while other areas receive an average

of 31 inches annually.

watershed that receives the highest
annual precipitation is Cheat. With over
203 PRISM grid points in the watershed,
the Cheat receives an average of 51

inches of precipitation annually.

Precipitation, providing groundwater and
runoff, is the primary source of stream
flow in the state, which is exemplified by
the formation of several HUC-8 rivers in
an area where over 61 inches of
precipitation falls annually. This area is
highlight by the darkest blue portions in
Figure 1-2. Table 1-1 shows both the
number of prism grid points within each

HUC-8 watershed as well as the average

precipitation values.

For current daily precipitation data the
Federal Integrated Flood Observing and
Warning System (IFLOWS) maintains 228

precipitation gages (www.rainfall.net),

while the Data Collection Platform (DCP)

maintains 143  precipitation  gages

(www.nws.noaa.gov/oh/hads/states/WV

dcps.htm) in West Virginia. The
locations of these gages can be seen in

Figure 1-3.

The HUC-8 Table 1-1 HUC-8 watershed average precipitation

LS B Pr:cvi:taagt?on Gfi: Iltltfil\r:lts R:':ch":si“
Big Sandy 41.86 10 20
Cacapon 37.84 125 30
Cheat 51.00 203 1
Coal 45.68 137 6
Dunkard 43.88 17 13
Elk 48.84 229 5
Gauley 50.62 215 3
Greenbrier 42.81 249 18
James 42.19 12 19
Little Kanawha 44.64 345 11
Lower Guyandotte 43.28 113 16
Lower Kanawha 41.62 137 21
Lower New 43.41 109 14
Lower Ohio 40.43 35 24
Middle Ohio North 44.91 140 9
Middle Ohio South 41.35 105 23
Monongahela 44.80 66 10
North Branch Potomac 39.54 91 25
Potomac Direct Drains 37.69 83 31
Shenandoah Hardy 38.71 1 26
Shenandoah Jefferson 38.10 17 28
South Branch Potomac 37.65 203 32
Tug Fork 43.07 141 17
Twelvepole 43.34 70 15
Tygart Valley 49.80 206 4
Upper Guyandotte 45.65 144 7
Upper Kanawha 44.16 77 12
Upper New 38.04 124 29
Upper Ohio North 38.34 17 27
Upper Ohio South 41.49 84 22
West Fork 45.60 133 8
Youghiogheny 50.99 10 2
Total 44.21 3,648

*Rank — 1 being the most precipitation and 32 being the least
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Figure 1-3 Locations of IFLOW and DCP precipitation gages in West Virginia




1.2 Surface Water

West Virginia is blessed with an
abundance of rivers and streams. These
rivers and streams have been designated
by the state for a variety of uses,
including fish and wildlife propagation,
recreation, transportation, public water
supply, agriculture, and industry. West

Virginia has a comprehensive strategy for

department T -4ecnan

monitoring the flowing waters of the [EesERElc e B . Y

state, by far the most prevalent surface water body type in th state. The DEP’s Watershed Assessment
Branch utilizes a tiered approach, collecting data from long-term monitoring stations; targeted sites
within watersheds on a rotating basin schedule; randomly selected sites; and sites chosen to further
define impaired stream segments in support of TMDL development. Each of these approaches is fully
described in the Integrated Water Quality Monitoring and Assessment Reports which can be

downloaded from the DEP Webpage at the following link:

http://www.dep.wv.gov/WWE/watershed/IR/Pages/303d 305b.aspx

Most of West Virginia’s streams begin at the crest of a mountain and form ravines or gullies. With
distance, numerous gullies merge in a dendritic pattern, are fortified by springs and groundwater seeps
and eventually become tributaries of larger rivers. These springs, groundwater seeps, streams and
rivers that all drain to the same point are collectively referred to as a watershed. A watershed is the
area of land where all of the water that is under it or drains off of it goes into the same place, normally

the mouth of a river.

The United States is sub-divided into successively smaller hydrologic units which are classified into six
levels: regions, sub-regions, accounting units, cataloging units, watersheds and sub-watersheds. The
hydrologic units are nested within each other. The largest geographic areas are referred to as regions

and the smallest are referred to as sub-watersheds.
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Each hydrologic unit is identified by a unique hydrologic unit code (HUC) consisting of two to 12 digits

based on the six levels of classification in the hydrologic unit system.

e 2-digit HUC first-level (region)

e 4-digit HUC second-level (sub-region)

e 6-digit HUC third-level (accounting unit)
e  8-digit HUC fourth-level (cataloging unit)
e 10-digit HUC fifth-level (watershed)

e 12-digit HUC sixth-level (sub-watershed)

The first level of classification divides the nation into 21 major 2-digit HUC watersheds referred to as
regions. These geographic areas contain either the drainage area of a major river or the combined
drainage areas of a series of rivers. The second level of classification divides the 21 regions into 221 sub-
regions. A sub-region includes the area drained by a river system, the reach of a river and its tributaries,
a defined basin or a group of streams forming a coastal drainage area. The third level of classification
subdivides many of the sub-regions into accounting units. These 378 hydrologic accounting units are

nested within, or can be equivalent to the sub-regions.

The fourth level of classification is the 8-digit HUC (Cataloging Unit). A cataloging unit is a geographic
area representing part of a surface drainage basin, a combination of drainage basins, or a distinct
hydrologic feature. For example the Elk River is an 8-digit HUC. There are 2,264 cataloging units in the
nation. These units can be further divided into smaller areas at the 10-digit and 12-digit level referred to
as watersheds and sub-watersheds. The newest list of the national HUC Codes, Values and Names are in

the USGS Watershed Boundary Dataset that can be viewed at the following website link:

http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/water/watersheds/dataset/

In order to meet the requirements of the Act, and to divide the state into manageable pieces, we have

separated the state into five regions all consisting of several HUC-8 watersheds as shown in Figure 1-4.
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Figure 1-4 HUC-8 watersheds classified into five regions

There are 32 HUC-8 watersheds in the state, the majority of which eventually flow into the Ohio River,
with the exception of Region 3 which flows to the Chesapeake Bay via the Potomac River. Figure 1-5
defines the interconnectivity of the HUC-8 watersheds. Notice that some of the watersheds, like the
Little Kanawha and the Cheat, do not have another watershed upstream therefore water resource issues
of the other watersheds do not influence or affect their water resources. However, there are some
watersheds, like the Lower New and the Upper Kanawha, that receive water from one watershed and
pour into another. It is imperative that water managers understand these relationships and work

together to properly manage the water resources.
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West Virginia HUC — 8 Watershed Connections
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The sole intention of this flow chart is to show the connectivity of the HUC 8 watersheds in the state of West Virginia. There is no scale.

Figure 1-5 The connectivity of the HUC-8 watersheds in West Virginia
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1.2.1 Inventory of Streams

According to the USGS National Hydrography Dataset (NHD) there are 54,961 total stream miles in the

state. The Little Kanawha
The Little Kanawha Watershed, with a total area of

Watershed encompasses an area of ) )
2,308 square miles has the most stream miles

(5,425). The Shenandoah Hardy with a total area of

2,308 square miles and contains a
total of 5,425 stream miles, more
than any other HUC-8 watershed in only 17 sqmi, has the least stream miles (47).
the state. Table 1-2 lists the HUC-8

watersheds and the number of total stream miles they contain.

Table 1-2 Total HUC-8 stream miles in West Virginia

Rank in HUC-8
Watershed Name TOta'\Illislter: am (1 = most stream miles)
Little Kanawha 5,425 1
Greenbrier 3,509 2
South Branch Potomac 3,476 3
Tygart 3,226 4
Elk 3,213 5
Gauley 3,063 6
Cheat 2,538 7
Middle Ohio North 2,283 8
Tug Fork 2,249 9
Coal 2,232 10
Upper Guyandotte 2,200 11
Upper New 2,000 12
Cacapon 1,971 13
Lower Kanawha 1,965 14
West Fork 1,888 15
Middle Ohio South 1,803 16
Lower Guyandotte 1,796 17
Lower New 1,612 18
Upper Kanawha 1,244 19
Upper Ohio South 1,234 20
North Branch Potomac 1,173 21
Twelvepole Creek 1,139 22
Potomac Direct Drains 1,085 23
Monongahela 867 24
Lower Ohio 546 25
Dunkard Creek 246 26
Upper Ohio North 246 27
James 217 28
Big Sandy 201 29
Shenandoah Jefferson 140 30
Youghiogheny 127 31
Shenandoah Hardy 47 32
Total 54,961
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Many of the larger rivers in our state are regulated, mainly for navigation, water quality and flood
control, by the U.S. Army Corps of Engineers (USACE) dams which are disgussed later in this chapter. For

a breakdown of stream miles by HUC-10 and HUC-12 watershed please refer to Appendix E.

1.2.2 Stream Gaging Network

The United States Geological Survey (USGS)

maintains a system of approximately 144 stream Stream gages are the beSt

gages within and around West Virginia. This system and most important water

should be maintained and added to as necessary, as

the stage and flows of the various West Virginia resource data source.
streams and rivers are critical to calculating the
hydrologic characteristics of the streams and rivers. Stream gages are the best and most important

water resource data source.

The water-data network is operated by the USGS in West Virginia. The USGS continuously monitors
stream flow, stage, reservoir level, groundwater level, precipitation and certain water-quality
constituents in West Virginia. Data from these networks are transmitted to the World-Wide Web in

near-real time at URL http://waterdata.usgs.gov/wv/nwis/rt and may be viewed either as a table or on a

map. The networks are funded partly by federal appropriations to the USGS and partly by other state,
federal and local agencies and other interested parties. The number of sites in the networks changes
frequently in response to cooperator needs and available funding, but the current numbers of

continuous-record stations are shown at URL:

http://waterdata.usgs.gov/wv/nwis/current?submitted form=introduction.

Table 1-3 lists the numbers of active continuous sites in the network as of March 2013 and Appendix F
lists their locations, types of continuous data collected at them and their status with respect to

regulation.
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Table 1-3 Numbers of U.S. Geological Survey continuous-record stations operated in West Virginia as of March 20, 2013

Water-Level or Flow Parameters Number of Sites
Depth to groundwater, feet below land surface 16
Stage gage, relative height of stream 137
Lake or reservoir water-surface elevation 3
Stream velocity 1
Streamflow 85

Water-Quality Parameters

Dissolved oxygen 8
pH 10
Specific conductance 12
Water temperature 19
Total partial pressure of dissolved gases 1
Turbidity 2

Meteorological Parameters

Total precipitation 36

The goal of the USGS stream gaging program is to provide hydrologic information needed to help define,
use and manage the nation's water resources (Wahl, Thomas, Jr., & Hirsch, 1995). The program provides
a continuous, well-documented, well-archived, unbiased and broad-based source of reliable and
consistent water data. Uses of streamflow information include flood warnings; current and short-term
(days to months) operational decision making in withdrawals, hydropower production and navigation;
assessing and mitigating flood risks and determining floodplains; planning and designing water
infrastructure; managing and improving water quality and assessing stream habitat; monitoring legal
agreements on the allocation of water resources; recreational uses; and improving the scientific
understanding of the environment and how it is changing over time (Bailes, et al., 2004). Streams that
are important for water supply, flood warning, or other critical operational needs are directly gaged;

these include most major rivers.

For many smaller streams, streamflow information is provided in the form of regional equations for
selected flow characteristics. For West Virginia, regional equations have been developed for flood
frequency discharges (Wiley & Atkins, Jr., 2010), annual and seasonal low-flow statistics (Wiley, 2006;
Wiley, 2008; Wiley and Atkins, 2010) and bank-full channel characteristics (Wiley et al., 2002; Keaton et
al., 2005; Messinger, 2009). To provide the information needed to develop, maintain and refine these
equations, stream gages are operated on small streams draining basins that represent larger areas.

Understanding regional hydrology requires information on the variability of streamflow regionally, as
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well as through time. Because of the infrequency of critical streamflow events, such as major droughts
and floods, streams must be continuously gaged for long periods to reliably measure trends. The
numbers of stream gages have fluctuated. Currently, streamflow is measured continuously at 85
stations. The maximum number of stations was 115 in both 1969 and 1977. Historic data, including that
for discontinued stations, is critically important for developing regional equations and stream gages with
extended periods of record are among the most valuable because they provide baseline information for

detecting future changes (National Hydrologic Warning Council, 2006).

Many stream gages are used and

funded for multiple purposes by In order to manage our state’s water

multiple parties. The partners in

, resources we must first know how
the stream gaging network

organized the West Virginia Water | much water there is. The only way to

Gaging Council

, determine the total quantity of water in
(http://wvwgc.wvca.us/) in 2004,

to simplify communication among the state is through calculations based
z:zm S:VF::IUCUIZ; Con::r::n\::: on the data provided by the stream
communication of water data gagmg network.

needs between agencies beyond

leadership or emphasis changes of partner agencies. In 2013, stream gages and other continuous-record
stations in West Virginia were funded by 17 entities, counting different divisions or programs within an
agency separately (Table 1-4). Costs of continuous-record data-collection stations vary depending on the
parameter(s) to be measured (Table 1-5). Entities that fund five or more gages, or contribute lump sums
to the program equal to the cost of five or more stream gages, include the USGS Cooperative Water
Program, USGS National Streamflow Information Program, USACE Huntington District, USACE Pittsburgh
District, U.S. Environmental Protection Agency (EPA) Chesapeake Bay Program, West Virginia
Conservation Agency (WVCA), WVDEP Division of Waste and Water Management (DWWM), WVDEP
Division of Mining and Reclamation (DMR) and the West Virginia Department of Transportation
(WVDOQT), Division of Highways (WVDOH). The DEP recommends that the funding for the stream gaging

network be continued by the involved agencies. In addition, should a partner agency become unable to

maintain its contribution level, it should notify the USGS and the Commission so alternative funding
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sources can be identified. The Commission should consider codifying this notification as a requirement

of the Act.

The USGS Cooperative Water Program provides matching funds to state and local government
organizations that enter cooperative agreements with USGS for data collection and interpretation

(http://water.usgs.gov/coop/). The USGS National Stream Information Program (NSIP) has designed and

maintained a federally funded network to ensure that federal streamflow needs are met at a minimal

number of stations (Bailes, et al., 2004); http://water.usgs.gov/nsip/).

Both in West Virginia and nationally, the USACE is among the principal funders and users of the stream
gaging network. The USACE uses flow and water level information for design and operation of locks,
dams and other structures used to control flooding, enable water transportation and otherwise manage
streams and rivers. The EPA Chesapeake Bay Program uses streamflow information to determine loads
of water-quality constituents to the Chesapeake Bay, as part of ongoing restoration efforts. The WVCA,
like the Corps, designs and operates dams and other structures used to manage streams and

floodplains.

The DEP’s Division of Water and Waste Management uses streamflow data, regional equations and
other products derived from them for a variety of purposes, including managing and accessing
watersheds; interpreting water-quality data; reviewing, managing and enforcing discharge permits; and
providing guidance on water withdrawn for hydraulic fracturing. The DEP’s Division of Mining and
Reclamation uses streamflow information in developing, managing and enforcing discharge permits and
in Cumulative Hydrologic Impact Assessment. The WVDOH uses peak-flow information for designing

bridges, culverts and drainage structures.

Other agencies, companies and municipalities that have an interest in water resources in West Virginia,
or need for information on a specific stream, also help fund the water-data networks. These groups
include, in alphabetical order, Allegheny Power, Berkeley County, Brookefield Renewable Power, the
City of Hurricane, West Virginia, Maryland Department of Natural Resources, National Park Service, the
USGS National Water-Quality Assessment (NAWQA) program and the West Virginia Department of
Natural Resources (DNR). Three natural gas companies, CNX Gas Company LLC, BRC Operating Company
and CONSOL Energy, have contracted with the DEP to install three new stream gages and maintain them
for a minimum target of five years. In combination, the current cost of the streamflow gaging network is

approximately $1.36 million dollars annually.
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Stream gages are also used extensively by paddlers, anglers, and other river users to plan outdoor
activities. While difficult to place a monetary value on this aspect, the information is priceless to

thousands of recreationalists using West Virginia’s waters.

Table 1-4 Agencies, counties, municipalities, and companies that fund continuous-record water-data collection stations
operated by the U.S. Geological Survey in West Virginia as of March 20, 2013

Cooperating Agency Office or Program
U.S. Geological Survey National Streamflow Information Program

Data collection of basic records (Office of Groundwater)
National Water-Quality Assessment Program

U.S. Army Corps of Engineers Huntington District
Pittsburgh District
U.S. Environmental Protection Agency Chesapeake Bay Program
West Virginia Department of Agriculture West Virginia Conservation Agency
West Virginia Department of Environmental Division of Water and Waste Management, Division of Mining
Protection and Reclamation
West Virginia Department of Commerce Division of Natural Resources

West Virginia Department of Transportation  Division of Highways

*additional cooperating entities: Allegheny Power, Berkeley County, WV, Brookefield Renewable Power, City
of Hurricane, WV, Maryland Department of Natural Resources, and National Park Service

Table 1-5 Costs for continuous-record stations operated by the U.S. Geological Survey in West Virginia in 2013 (operation,
maintenance, data-processing and publication costs are included)

Station Type 2013 Cost
Operation and maintenance of a cableway 1,540.00
Annual peak flow at a crest-stage gage 1,900.00
Streamflow, from a stage-discharge rating 14,400.00
Streamflow, from an index-velocity-discharge rating 17,000.00
Rainfall at a stand-alone station 4,800.00
Rainfall, as an add-on to another continuous site 2,660.00
Suspended sediment samples and daily load computation 25,000.00
Air temperature and relative humidity, as an add-on to another continuous site 2,660.00
Water temperature, as an add-on to another continuous site 2,660.00
Water temperature and specific conductance, as a stand-alone site 7,400.00
Water temperature and specific conductance, as an add-on to another continuous site 5,200.00
Water temperature, specific conductance, dissolved oxygen and pH, as a stand-alone site 17,000.00
Water temperature, specific conductance, dissolved oxygen and pH, as an add-on to another

continuous site 15,000.00
Water temperature, specific conductance and pH, as an add-on to another continuous site 13,000.00
Turbidity, as an add-on to another continuous site 5,000.00
Water level, periodic, cost per site visit (max 6x per year) 325.00
Water level, continuous, as an add-on to another water-level site (as in nested wells) 2,660.00
Water level, continuous, as an add-on auxiliary water-level to an existing site (as in a stage

backup) 2,660.00
Water level with satellite transmission 4,800.00
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In addition to continuously recorded data, the USGS also assesses many of these and other parameters
as individual measurements in other networks. Annual peak flows are determined in a network of crest-
stage gages operated in cooperation with the West Virginia Department of Transportation, Division of
Highways. The peak-flow data is used to develop, maintain and refine flood-frequency equations that
are needed for designing bridges, culverts and other structures. Crest-stage gage locations are selected
to help define boundaries of regions where flood-frequency equations apply, or to reduce error terms in
areas with large amounts of variability. A network of partial-record low -flow sites in the New River
Gorge has been operated in cooperation with the National Park Service to provide flow information
needed to interpret water-quality data collected in the course of park resource management. In many
states, partial-record low-flow sites are used to refine regional low-flow frequency equations, although

such a network is not presently operated in West Virginia.

The USGS operates two perennial networks in which the quality of water samples is assessed. The
Chesapeake Bay Program’s Non-Tidal Monitoring Network is designed to assess the concentrations,
trends and loads of nutrients, total suspended solids and sediment in streams draining to the
Chesapeake Bay. Within West Virginia, stations are operated in cooperation with the DEP, the EPA and
Maryland Department of Natural Resources. Samples are collected monthly, and additional samples are
collected at high flows. The Ambient Groundwater Sentinel-Well Network is operated by USGS in
cooperation with the DEP to monitor the quality of West Virginia’s aquifers. This network of 27 wells
and springs distributed throughout West Virginia is operated to detect and assess long-term trends in

shallow groundwater quality.

The USGS also operates a network of continuous water-quality monitors in cooperation with the DEP,
USACE and West Virginia Division of Natural Resources. The network consists of 19 stations: 11 are
multi-parameter (where two to five parameters are measured) and then there are eight that measure
water-temperature. At these stations, water-quality measurements are made at hourly or more
frequent intervals. These monitors are operated for a variety of purposes, including, but not limited to,

long-term trend detection, dam operation and basic understanding of water-quality patterns.
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According to USGS Scientific Investigations
Report (SIR 2013 — 5013), our ability to
estimate important flow statistics for West
Virginia such as annual mean and flood-
frequency equations is well above the
national average. Two major reasons for
this is the nature of our hydrology, in that
some basic statistical assumptions break
down in the arid west for fundamental
things like the frequency distribution that
the annual peak series fits, and there is no
reason to develop estimating equations for
the 7Q10 in a state where it's zero for most
streams. Our low-flow equations are
mostly competitive with neighboring states,
have room for

but they some

improvement. Overall, West Virginia has
been commended for maintaining a good
stream gaging network for a reasonably

long period of time.

1.2.3 Dams

In order to be included in the National
Inventory of Dams (NID) dataset, a dam
must meet at least one of the following
conditions: High hazard classification (loss of
one human life is likely if the dam fails);
Significant hazard classification (possible loss
of human life and likely significant property
or environmental

destruction); Equal or

= USGS

science for a changing world

Prepared in cooperation with the U.S. Fish and Wildlife Service

A National Streamflow Network Gap Analysis

Scientific Investigations Report 2013-5013

U.S. Department of the Interior
U.S. Geological Survey

Summersville Dam, also known as

Summersville Lake, located in Nicholas
County and the Gauley Watershed, is the
largest in the NID Database by comparison of
normal storage. Summersville Dam has a

normal storage of 62.4 billion gallons of water.

exceed 25 feet in height and exceed 15 acre-feet in storage; or Equal or exceed 50 acre-feet storage and

exceed 6 feet in height.
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NID dams are/can be used for the following purposes: irrigation, hydroelectric, flood control,
stormwater management, navigation, water supply, recreation, fire protection, stock, or small farm
pond, fish and wildlife pond, debris control, tailings, grade stabilization and other. In the dataset the
order is listed indicating the relative decreasing importance of the purpose. Codes are concatenated if

the dam has multiple purposes.
Selected Conversion Factors

Among the information contained in the NID
1 acre = 43,560 square feet
dataset is the dam’s name, allocated use,

normal storage, regulatory authority and the 1 acre foot = 43,560 cubic feet
minimum release (where established). The 1 cubic foot = 7.48052 gallons of water
dataset contains over 610 dams for the 1 cubic foot of water = 62.428 pounds

state. The 399 dams (Figure 1-6) reported
1 acre foot = 325,851.45 gallons
here are the larger freshwater dams in the

state, not including 200 coal slurry dams and | 1 acre foot of water = 2.719 million pounds
11 locks and dams on the Ohio and Kanawha 1 inch of rain equals 27,200 gallons per acre
Rivers. It should also be noted that small 1 cubic foot per second = 7.48 gallons per second

private dams and farm ponds are not listed.

] 1 cubic foot per second = 448.8 gallons per minute
The reported total normal storage for this

dataset is 1,192,940 acre/feet or 388.7 1 cubic foot per second = 646,272 gallons per day
billion gallons. One acre foot (ac/ft) of water

is a volume equal to one acre covered by one

foot of water. There are 43,560 square feet in one acre. If an acre sized square box was one foot tall, it
would have a volume of 43,560 cubic feet. Every cubic foot can hold 7.48052 gallons of water.
Therefore, one acre foot contains 43,560 cubic feet of water multiplied by 7.48052 gallons of water per

cubic foot which equals 325,851.45 gallons of water.
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HUC-8 Watershed No. Dams Total Normal Total Maximum
in HUC-8 NID Storage (ac/ft) NID Storage (ac/ft)

Cacapon 9 2,416 15,338

Cheat 19 2,698 4,794

Coal 1 6,566 8,990

Elk 6 120,284 531,223

Gauley 12 384,943 835,253

Greenbrier 13 5,819 13,474

Little Kanawha 22 35,859 188,486

Lower Guyandotte 8 4,785 25,915

Lower Kanawha 19 12,695 31,379

Lower New 15 8,170 12,982

Lower Ohio 1 -- --

Middle Ohio North 3 590 20,956

Middle Ohio South 21 7,506 63,636

Monongahela 25 2,260 12,501

North Branch Potomac 45 55,318 103,992

Potomac Direct Drains 20 4,299 8,000

Shenandoah Jefferson 2 1,012 1,372

South Branch Potomac 31 3,411 43,574

Tug Fork 4 821 1,541

Twelvepole 5 52,756 240,110

Tygart Valley 14 203,262 715,413

Upper Guyandotte 3 68,744 407,677

Upper Kanawha 3 3,196 6,786

Upper New 25 81,727 1,278,451

Upper Ohio North 9 468 2,715

Upper Ohio South 22 1,666 35,688

West Fork 40 121,525 326,302

Youghiogheny 2 144 188

Grand Total 399 1,192,940 4,936,734

*There are a total of 610 dams in the NID dataset. However 200 of the dams were coal

slurry/flyash/refuse dams and 11 locks and dams on the Ohio and Kanawha, and are therefore not

included in this list of freshwater dams. There are 16 federal regulated dams that are counted in

these numbers. For a complete list of all information included in the NID dataset, please visit the

WYV Water Resource Management Plan Website.

The Summersville Dam, also known as Summersville Lake, located in Nicholas County within the Gauley
Watershed, is the largest in the NID Database by comparison of normal storage. Summersville Dam has
a normal storage of 62.4 billion gallons of water. The Locks and Dams along the Ohio River reported
larger normal storage quantities than the Summersville Dam; however, they are reporting the waters of
the navigation pools of the Ohio River. The North Branch Potomac Watershed has the greatest number
of dams, totaling 45; however, the Gauley Watershed has the largest combined normal storage capacity

of 384,943 acre feet.
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The dams are fairly well distributed across the state as can be seen in Figure 1-6.
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Figure 1-6 Locations of NID Dams within the state

Most of the larger USACE operated dams have a minimum release strategy based on years of
observation and the minimum flows needed for barge traffic and water quality. This means that at least
this much water will be released at all times from these dams, but more often there is much more water
being released. The USACE monitors flows at target gage locations downstream from the locks and
dams, increasing or decreasing the flow as is required to maintain the appropriate downstream
conditions. Some important minimum releases from selected locks and dams and target stream flows

are listed in the following tables.
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Ohio River Estimated 7Q10 Flow Values

River Reach Min. 7-day, 10 yr. Low Flow in cfs

Pittsburgh To Montgomery Dam (MP 32.4) 4,800

Montgomery  To Willow Island Dam (MP 161.8) 5,800

Willow Island  To Gallipolis Dam (MP 279.2) 6,800

Gallipolis To Greenup Dam (MP 341.0) 8,500

Greenup To Meldahl Dam (MP 436.2) 9,800

Meldahl To McAlpine Dam (MP605.8) 11,000

McAlphine To Uniontown Dam (MP 846.0) 13,000

Uniontown To Smithland Dam (MP 918.5) 18,800

Smithland To Cairo Point (MP 981.0) 46,300

*Minimum 7-day, 10 year low flow (in cubic feet per second) based on calculations by the U.S. Army Corps
of Engineers

Stream Minimum Flow
CFS
Kanawha River - Upper 1890
Kanawha River - Lower 1980
Monongahela River @ Opekiska Lock and Dam Lowsville,
WV 420
Tygart River @ Colfax, WV 303
West Fork River @ Enterprise, WV 117
Source: US Army Corps of Engineers — Pittsburgh, PA

Stream Dam Minimum Release in
CFS
Little Kanawha River Burnsville Dam 20
Elk River Sutton Dam 75
Bluestone River Bluestone Dam 610
Gauley River Summersville Dam 100
Guyandotte River R.D. Bailey Dam 45
Twelvepole Creek East Lynn Dam 10
Beech Fork Beech Lake Dam 5
Tygart Valley River Tygart Valley Dam 100
Monongahela River Hilderbrand Lock and Dam 340
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1.3 Groundwater

West Virginia is comprised of several different geomorphic provinces and geological regimes throughout
32 HUC-8 watersheds. The state experiences variable precipitation rates, vegetative cover, seasons,
land uses and quantities of groundwater use. Each of these variables can be complex and can have an
impact on the quality, quantity and recharge rate of our state’s groundwater. For example, the
groundwater throughout the Appalachians moves within faulted, fractured and folded geological
landscapes, some heavily affected by karst topography. However, the groundwater in the Ohio River
Valley can be expected to flow within the thick alluvial aquifers. Conversely, much of the groundwater
within the lower Greenbrier Valley flows in large conduits to base-level karst springs. Similarly, the
groundwater in such places as East River and Back Allegheny Mountains moves within springs
throughout the mountainside to the deeper tributary valleys. The aquifers in the Ridge and Valley of the
Potomac Highlands may also follow the trend of the mountains, or may be in small flows that descend
the mountains. Additionally, the groundwater aquifers in the Central Appalachian Plateau can be small,
local, disconnected and seemingly flow in many different directions. The result is that there is no simple
explanation of the groundwater characteristics in West Virginia, as the state’s aquifers are individual and
localized. The best way to identify aquifers is with a long-term, sustained and localized investigative

program.

The 2003-2005 Water Use Survey provided little information on aquifers. Of the respondents who
identified groundwater as a source, some were able to provide a lithology type, but few provided an
actual formation name. There are typically numerous formations within each geologic system. To fully
identify and quantify the groundwater resources of the state, the aquifers must be identified, mapped
and tested. Data on the aerial distribution, thickness, fractures, yield rates and lithology of the aquifers
will be required. Only further work aimed at delineating the state’s aquifers will permit successful

management of the groundwater resources.

Although the actual location of the groundwater resources cannot be mapped, the information obtained
from the water use survey does indicate where large quantity users of groundwater are located. A
current map showing the locations of the state’s large quantity groundwater users can be seen in Figure
1-7. Obviously, many factors other than water availability determine where a facility is located and the
absence of a large quantity user does not necessarily mean there is an absence of significant ground

water reserves.
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Figure 1-7 Mapped locations of Large Quantity Users who withdraw groundwater

Using data from the initial 2003-2005 Water Use Survey, it was determined that there are two general
areas where the groundwater resources are both abundant and most commonly used - along the Ohio
River and in the Eastern Panhandle. Along the Ohio River, groundwater usage accounted for 64.5% of
the total surveyed. Various chemical manufactures accounted for the majority of the users in the area.
In the Eastern Panhandle, groundwater usage accounted for 19.5% of the state’s total. The major use in
this area was for cement manufacturing. The remaining parts of the state accounted for 16% of the

state’s total, with coal mining being the major use.
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1.3.1 Aquifer Characteristics

In order to provide a data set from which recharge rates and transmissivity can be estimated, the USGS
(SIR 2001-4036) compiled specific-yield, storage- coefficient and specific-capacity for data wells in the
state. Using this data, more accurate groundwater modeling can be developed for specific localized
study areas. For instance, according to the USGS (USGS, SIR 2001-4036), analysis of available storage-
coefficient and/or specific-yield data indicates the Ohio River alluvial aquifer has a median specific yield
of 0.20. This is characteristic of an unconfined aquifer. The specific yield is the quantity of water which
a unit volume of aquifer, after being saturated, will yield by gravity; it is expressed either as a ratio or as
a percentage of the volume of the aquifer. Characteristic of a semi-confined aquifer, the median specific
yield of the Kanawha River aquifer was 0.003. Fractured-bedrock aquifers, which had a median storage

of 0.007 is characteristic of a confined aquifer. (USGS, SIR 2001-4036)

Recharge is the process whereby groundwater is replenished by water draining into the groundwater
system. Recharge does not include water held in the soil in the unsaturated zone that may be
evaporated, taken up by plants, or discharged at topographic lows. Groundwater can be recharged from
rainfall, irrigation infiltration or leakage from surface water bodies (e.g. stream, channel, lake).
Recharge to unconfined aquifers occurs over a wide area directly above the aquifer. Recharge to
confined aquifers occurs where the aquifer is exposed at the surface, or from leakage through confining
layers. Recharge to confined aquifers can occur directly where it outcrops (i.e. typically at a higher
elevation many kilometers away where it is unconfined) or via slow downward seepage through an

overlying leaky aquifer.

The Kanawha River Watershed
(eastern portion), with a mean The eastern portion of the Kanawha River

annual ground-water recharge rate | Watershed has a mean annual recharge rate

of 24.6 in/yr, is the highest in the . . .
4 & of 24.6 in/yr - highest in the state.

state (Table 1-6). With high reliefs

and peak elevations greater than 4,000 feet, this area frequently receives over 50 inches of precipitation

annually. The Monongahela River Watershed has a mean annual recharge of over 21 in/yr and extends

northward toward Pennsylvania. (USGS, SIR 2001-4036)

Unlike the eastern portion, the western portion of the Kanawha River Watershed has relatively low

relief, resulting in a much lower mean annual precipitation. This portion of the watershed has a mean
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recharge of only 11.9 in/yr.

The southern part of the state, consisting of wells in the Tug Fork,

Twelvepole Creek and Guyandotte River watersheds has a mean annual recharge rate of 12.6 in/yr.

Interesting to note is that the area with the lowest mean annual recharge rate in the state is the Little

Kanawha River Watershed and Ohio Tributaries at 8.4 in/yr. The Little Kanawha River Watershed and

tributary streams in the region ultimately discharge into the Ohio River, the state’s largest river. (USGS,

SIR 2001-4036)

Characterized by long linear northeast to southwest

moist air__pe i
dry air
L g
wind rain i
i |

T "'-"‘;g//j rain shadow

evapopation &=

less precipitation than the rest of the state.

tributaries. (USGS, SIR 2001-4036)

Figure 1-8 Rain shadow

trending ridges and valleys is the state’s Eastern
\ Panhandle. Due to a rain shadow (Figure 1-8) created

by the Appalachian Mountain Range, this area receives

With a

mean annual groundwater recharge rate of 9.4 in/yr,

this region is drained by the Potomac River and its

Table 1-6 Mean annual recharge rates for the river basins of West Virginia. (Reproduced from USGS Water Resources

Investigations Report 2001-4036)

. Drainage Area Recharge
Station Name County (sq mi) (in/yr)
Potomac River Watershed
Back Creek near Jones Springs Berkeley 235 8.5
South Fork South Branch Potomac River at Pendleton 103 9.0
Brandywine
North Fork South Branch Potomac River at Cabins Grant 335 11.0
Cacapon River near Great Cacapon Morgan 675 8.7
South Fork South Branch Potomac River near Hardy 277 7.3
Moorefield
Opequon Creek near Martinsburg Berkeley 273 9.8
South Branch Potomac River near Petersburg Grant 676 11.6
Tuscarora Creek above Martinsburg Berkeley 11.3 11.4
Patterson Creek near Headsville Mineral 211 7.3
Mean 9.4
Little Kanawha River Watershed and Ohio Tributaries
Hughes River at Cisco Ritchie 453 7.1
Wheeling Creek at ElIm Grove Ohio 281 9.6
Little Kanawha River at Glenville Gilmer 387 9.3
Little Kanawha River at Grantsville Calhoun 913 8.8
Middle Island Creek at Little Tyler 458 8.0
Reedy Creek near Reedy Wirt 79.4 6.7
West Fork Little Kanawha River at Rocksdale Calhoun 205 8.7
Steer Creek near Grantsville Calhoun 162 9.2
Mean 8.4
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. Drainage Area Recharge
Station Name County (sq mi) (in/yr)
Monongahela River Watershed
Big Sandy Creek at Rockville Preston 200 21.2
Blackwater River at Davis Tucker 85.9 22.5
Cheat River near Parsons Tucker 722 19.9
Middle Fork River at Audra Barbour 148 24.5
Shavers Fork at Parsons Tucker 213 24.8
Tygart Valley River at Belington Barbour 406 15.4
Mean 21.4
Kanawha River Watershed (Western Portion)
Big Coal River at Ashford Boone 391 11.9
Little Coal River at Danville Boone 269 11.9
Piney Creek at Raleigh Raleigh 52.7 11.9
Mean 11.9
. Drainage Area Recharge
Station Name County (sq mi) (in/yr)
Kanawha River Watershed (Eastern Portion)
Cherry River at Fenwick Nicholas 150 27.8
Cranberry River near Richwood Nicholas 80.4 31.6
Elk River Below Webster Springs Webster 266 23.9
Gauley River at Camden on Gauley Webster 236 25.2
Greenbrier River at Durbin Pocahontas 133 21.1
Meadow River near Mount Lookout Nicholas 365 20.6
Little Kanawha River near Wildcat 1 Braxton 112 19.8
Williams River at Dyer Webster 128 26.4
Mean 24.6
Tug, Twelvepole Creek and Guyandotte River

Guyandotte River at Baileysville Wyoming 306 14.5
Clear Fork at Clear Fork Wyoming 126 14.8
East Fork Twelvepole Creek near Dunlow Wayne 38.5 12.4
Tug Fork at Litwar McDowell 504 11.3
Panther Creek near Panther McDowell 31.0 11.1
Tug Fork at Williamson Mingo 936 12.5
Tug Fork at Kermit Mingo 1,280 11.2
Mean 12.6

1
Although the Little Kanawha River near Wildcat is located in the Little Kanawha River Basin, it has precipitation
and recharge rates characteristic of the eastern portion of the Kanawha River Basin.

USGS Scientific Investigations Report 2001-4036, also determined transmissivity rates for several

aquifers within the state. What they found was that the highest median transmissivity of an aquifer in

the state occurs in Ohio River alluvium at 4,800 ft°/d (Table 1-7). Transmissivity is measured as the rate

(ft%d ) at which groundwater can flow through an aquifer’s entire saturated section of unit width under a

unit hydraulic gradient which can be determined by pump testing of a groundwater well using time-

drawdown data.
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Table 1-7 Transmissivity measurements of certain aquifers within the state as identified in USGS SIR 2001-4036

Aquifer Transmissivity Rate (ft%/d) ‘
Ohio River Alluvium 4,800
Kanawha River Alluvium 1,600
Conococheague Formation 92
Mahantango Formations 92
Oriskany Sandstone 82
Hampshire Formation 74
Brallier-Harrell Formations 72
Waynesboro-Tomstown-Harpers-Weverton-Loudon 67
McKenzie-Rose Hill-Tuscarora 23
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Figure 1-9 Sample locations in examining aquifer characteristics of West Virginia. (The DEP produced map using data

provided in USGS, Water-Resources Investigations Report 2001-4036)
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1.3.2 West Virginia Mine Pool Atlas

One currently underutilized and frequently overlooked source of stored groundwater is abandoned coal
mines. Recently, mine pools have been considered as a source for large quantity water use to facilitate
various processes, such as aquaculture, public supply, coal-to-liquid hydrocarbons, hydraulic fracturing
for gas wells and power plant cooling. In response, the WVGES and the DEP have collaborated to
produce a Mine Pool Atlas to estimate the potential groundwater reserves within these abandoned coal
mines across the state. Although the state receives an average of 44 inches of precipitation per year and
is considered to have an abundant supply of water, much of the precipitation runs off and leaves the
state via the Ohio and Potomac rivers. The remainder infiltrates the ground surface and recharges the

groundwater aquifers. In this state, abandoned coal mines could be considered an aquifer.
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Figure 1-10 Footprints of all documented underground mines in West Virginia and coal seam delineated areas of potential
mine pools

This study was designed to facilitate prospecting for large volumes of water by using available Coal Bed

Mapping Program (CBMP) products to identify underground coal mines that have the potential to store
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large quantities of groundwater, especially those mines that are located below or near drainage. This
study provides an initial effort to locate all of the large mine pools in the state, both stratigraphically and
geographically. The potential mine void volumes were based on the WVGES CBMP GIS data which
provide an up-to-date picture of the state’s coal resource. This dataset includes many mine maps that

have been collected by the CBMP.

Significant underground mining has taken place in 69 of 73 of West Virginia’s mineable coal beds. Mine
polygons, coal crop-lines, structure contours and scanned mine maps of 69 coal beds were visually
examined. This helped to establish which areas had adequate data to determine the position of each
mine relative to major drainage and to develop a tool to predict which mines could be partially or totally

filled with groundwater.

Nineteen coal beds containing underground mines located near or below drainage that were 500 acres

or larger and located near or below drainage were considered major coal beds in this study.

The results of this study are summarized in the report including maps and statistics related to potential
mine pools of major coal units identified by the CBMP. As the individual CBMP data layers are dynamic
rather than static, all results presented in the report are preliminary and are undergoing constant
updating. However, a preliminary hard copy report has been completed and can be downloaded from

the following website:

http://www.dep.wv.gov/WWE/wateruse/Documents/MinePoolAtlas.pdf

Table 1-8 Brief overview of the information contained within the Mine Pool Atlas

¢ General descriptions of major coal beds within each formation

e Stratigraphic columns showing the position of all coal beds within each formation

¢ Tables showing the distribution of potential totally and partially flooded mines in each seam by mine
footprint area and position with respect to drainage

¢ Tables showing the distribution of potential partially flooded areas of above and near drainage
underground mines by coal bed

e Maps of coal beds in which potential partial and/or total flooding was present in mines that had areas of
500 acres or greater

e Structural contours of the coal beds

e Isopach maps (total bed thickness)

e Seam overview

e Extent of potential total flooding

e Extent of potential partial flooding

e Overview tables for seams in which potential partial and/or total flooding were present in mines less than
500 acres in area
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Much of the underground mining in the state has occurred above drainage. Examination of 9,539 mine
polygons in 69 coal units determined that 8,907 mines are above drainage; 325 near drainage, 178 are
below drainage and 129 are currently undetermined. Study results showed that 99 mines, which exceed

500 acres in area, are generally located below drainage and are potentially totally flooded.

Five hundred thirty-two mines exceeding 500 acres in area are potentially partially flooded, 147 of these
mines are located near drainage and 385 mines are above drainage. These mines are in 19 major coal
beds. Fourteen of these coal beds have mines that are potentially totally flooded as listed below in Table

1-9.

Table 1-9 Potentially totally flooded mines are located within these 14 major coal beds

e  Pittsburgh coal in Ohio, Marshall, Monongalia, Marion and Harrison counties
e Upper Freeport coal in Preston County

¢ Middle Kittanning coal in Preston and Barbour counties

e Coalburg coal in Wayne and Lincoln counties

e Peerless coal in Kanawha, Nicholas and Mingo counties

¢ Number 2 Gas coal in Logan, Mingo, Boone and Kanawha counties

e Powellton coal in Boone, Logan and Mingo counties

e Lower Powellton coal in Mingo County

e Eagle coal in Nicholas, Fayette, Kanawha, Boone, Logan and Mingo counties
e Sewell coal in Nicholas, Fayette, Raleigh and Wyoming counties

e Beckley coal in Fayette, Raleigh and Wyoming counties

¢ Pocahontas No. 6 coal in Raleigh County

e Pocahontas No. 4 coal in McDowell County

e Pocahontas No. 3 coal in Wyoming, McDowell and Raleigh counties

Additionally there are five major coal beds that have potentially partially flooded mines (Table 1-10).

Table 1-10 Coal beds that have potentially partially flooded mines

¢ Sewickley coal in Monongalia and Marion counties

e Bakerstown coal in Preston, Grant and Tucker counties

e Number 5 Block coal in Braxton, Nicholas, Clay, Kanawha, Boone, Lincoln, Mingo and Wayne
counties

e Stockton coal in Braxton, Nicholas, Kanawha, Boone, Logan, Lincoln and Mingo counties.

¢ Pocahontas No. 2 coal in Raleigh County.
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Although efforts are made to use
the best available data and locate With a total of 1.475 trillion gallons of

mines as accurately as possible, potential storage, the average mine pool
mine  locations  should  be holds close to 245 million gallons of water.
considered  approximate. The

actual extent of mining may be

unknown because final mine maps at the time of mine closure are not always available and not all
underground mining has been documented by mine maps. The quality of mine maps is highly variable in
the amount of detail and information presented. Some of the newer mine maps are available in digital
form; however, many older mine maps have been photographically reduced from dimensionally
unstable paper copies. Photographic reduction also introduced distortion due to lens geometry. Also,

coal correlations may change with additional information. Active mines are not differentiated from

recently closed mines in the CBMP database.

The extent of potential mine flooding is dependent on several factors, including mine orientation, mine
entry location, proximity to other underground mines and direction of groundwater flow. Groundwater
pumping to enable underground mining can affect water levels in adjacent underground mines. The
groundwater flooding potential for underground mines in one coal bed also may be affected by
underground mining in stratigraphically lower coals. In general, once pumping ceases, the mines begin
to flood. The results of this study should be considered a “snapshot” rather than a finished product. New
mines continually open in West Virginia and in adjoining states near the state’s borders. In addition,
newly obtained geospatial mining coverage’s are being constantly updated in the CBMP GIS as new
information becomes available. All of these factors reinforce the need for detailed site-specific studies
to determine the presence of adequate water resources. Figure 1-11 and Table 1-11 are examples of

the maps and data included in the Mine Pool Atlas.

Now that we have a better understanding of the location of these mine pools, it would be advantageous
to begin gathering existing water quality data and sampling, where necessary, to give public water

suppliers, industry and others a clearer idea of the potential uses for this vast water source.
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Figure 1-11 Example map and associated statistics for coal seams in the in the mine pool atlas. Shown is the Pittsburgh Mine
Pools Seam Overview with pool statistics
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Table 1-11 Total quantity of potential water contained in partially and fully flooded mine seams as reported by the Mine
Pool Atlas (this table was created by the DEP with data acquired from the mine pool atlas)

All Mine Pools in

Average Seam

Total Potential

Average Potential

Sl Coal Seam Thickness Storage Storage (Gallons)
(Gallons)
Bakerstown 84 190,289.02 5,362,694,730.74 63,841,603.94
Beckley 271 512,123.01 46,562,234,336.75 171,816,362.87
Coalburg 301 688,039.12 69,481,552,108.26 230,835,721.29
Eagle 494 657,912.24 109,039,800,012.10 220,728,340.11
Lower Powellton 119 252,847.75 10,094,764,525.04 84,829,953.99
Middle Kittanning 43 1,270,021.07 18,321,862,524.86 426,089,826.16
Number 2 Gas 566 874,568.58 166,073,555,902.78 293,416,176.51
Number 5 Block 426 134,799.71 19,265,850,085.57 45,225,000.20
Peerless 284 572,645.65 54,562,524,724.28 192,121,565.93
Pittsburgh 806 1,599,979.05 432,652,914,379.32 536,790,216.35
Pocahontas 2 15 191,408.72 963,259,171.30 64,217,278.09
Pocahontas 3 299 1771,566.09 177,712,803,595.72 594,357,202.66
Pocahontas 4 58 2609,149.44 50,771,206,000.88 875,365,620.70
Pocahontas 6 262 270,540.70 23,780,666,168.39 90,765,901.41
Pocahontas 6 US1 65 40,722.41 888,040,044.31 13,662,154.53
Powellton 321 346,959.75 37,365,788,172.33 116,404,324.52
Redstone 199 191,288.85 12,771,219,690.76 64,176,983.37
Sewell 600 446,188.76 89,817,273,030.60 149,695,455.05
Sewickley 76 936,117.85 23,869,000,345.11 314,065,794.01
Stockton 160 574,426.84 30,835,052,890.38 192,719,080.56
Upper Freeport 285 530,953.26 50,768,138,431.70 178,133,819.06
Winifrede 283 463,933.74 44,048,623,298.22 155,648,845.58
Grand Total 6,017 730,675.33 1,475,008,824,169.40 245,140,240.01
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1.3.3 Water-well Inventory

The West Virginia Department of Health and Human Resources (DHHR) currently requires that well
drillers provide a water-well completion report for any public drinking water supply well. When a driller
installs a privately owned drinking water well, they are required to obtain a permit from their county
health department. The permit requires the driller to report the name of the landowner, the county in
which the well is located, a driller’s log, casing and grouting information and the well driller’s name and
registration numbers, and amount of water the well produced. West Virginia Code does not currently
require the driller to report the latitude, longitude or the depth to water surface, which is preferred by
the DEP for mapping purposes. A groundwater database with precise well locations and aquifer
characteristics would be required to create a statewide groundwater model. Latitude and longitude is

the preferred coordinate system, in decimal degrees.

The drillers often provide the postal address of the well owner in lieu of the latitude and longitude of
the well’s actual location. There are several problems with providing a postal address for the location of
the well. An off-site address or P.O. Box may be used, the property may have been sold, the postal
residence destroyed, or the landowner may have moved. Thus, vague imprecise postal locations do not
allow accurate mapping of the well locations. The DHHR has years of water well data, but the aquifers
have not been characterized, the wells have not been mapped, nor have the potential maximum
withdrawal rates been established for the state’s groundwater aquifers. The DHHR sanitary surveys are
another potential source of data. However, they are predominately aimed at protecting human health

and do not include detailed aquifer data.

Once precise locations for each well are acquired, an elevation for that well can be obtained using a
digital elevation model. By including the depth to water and quantity of water the well-produced on the

well completion report, additional aquifer characteristics can be determined.

The “depth to water” can be used, together with the wellhead elevation, to determine an elevation for
the top of the groundwater surface and a map of these surfaces can then be produced. This map is the
first step in creating a statewide groundwater model. This information would be useful to public and
private water managers, oil and natural gas well drillers and water well drillers. It must be emphasized
that a groundwater model cannot be created without knowing where the groundwater is located in the
subsurface. To fully identify the groundwater location within the subsurface, the latitude, longitude and

elevation of the wellhead, as well as the depth to groundwater and aquifer thickness, must be known.
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The elevation of the groundwater from numerous wells in the same localized area can be used to
determine the flow direction of the local groundwater system. Once the basemap for the groundwater
model has been produced, variables such as, but not limited to, groundwater quality, yield and recharge

can be added.

The DEP plans to provide a portal on its new web page to allow private water well owners to provide the
location and depth to groundwater in their wells, which will aid in future mapping of the state’s

groundwater resource.

1.3.4 Groundwater Monitoring Network

State and regulatory agencies in the past have had few options available for predicting or assessing
groundwater conditions in West Virginia, especially during a drought. Historically, streamflow data was
used to assess and predict water resource conditions and evaluate the affects of drought. This approach
did not adequately assess changes in groundwater storage. However, real-time groundwater level data
provides a much more effective way of assessing regional changes in groundwater storage for evaluating
and predicting groundwater conditions and assessing water availability. The USGS in cooperation with
the DEP collects continuous water-level data within a network of 16 wells (Figure 1-12). These 16 wells
that comprise the current statewide water-level monitoring network are equipped with satellite
telemetry to provide real-time data for groundwater-level monitoring and analysis. Real-time data is
especially useful for assessing water-level conditions during periods of drought, when daily or weekly

management decisions are needed with respect to water conservation measures.

The overall purpose of the groundwater-level monitoring network is to collect real-time fluctuations of
groundwater elevations within the state. The network now has at least two wells in each of the state’s
six major climatological regions (Figure 1-12) to assess the impact of changes in groundwater storage,
especially with respect to drought. These 16 wells provide federal, state and local water management
agencies with critical data for assessing and evaluating groundwater conditions and assessing the impact
of drought throughout the state. Certain areas of the state that are highly dependent on groundwater,
especially the agricultural areas of the Cambro-Ordovician karst aquifers in the Eastern Panhandle, have

a higher density of wells due to importance of the resource in that region.

All real-time data collected at each of the 16 wells is posted on the Internet so that federal, state and
local agencies, as well as water plant operators, industry, agricultural organizations, farmers and

individuals, may obtain current water-level information quickly and easily. All 16 wells are currently
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displayed on both the USGS climate response network (CRN) and real-time groundwater-level websites

(http://groundwaterwatch.usgs.gov/). The CRN and real-time websites have the capability to update

water-level statistics and display the results of historical and current water-level trends graphically over

the Internet, which makes it easy for users to assess current groundwater-level trends.
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Figure 1-12 Climatological zones and monitoring wells for the statewide water-level monitoring network in West Virginia
(source NOAA-NWS and USGS)

Continued maintenance of this network will result in a groundwater-monitoring program for the state
which can be used to assess changes in groundwater storage and to assess the areal distribution and
extent of droughts. Public water suppliers, federal, state and local agencies will have real-time access to
groundwater-level information and statistical data on current and historical groundwater levels. The
information can be used in the decision-making processes on whether or not water conservation
measures should be initiated and where those measures may be needed. The data can also be used by
federal and state agencies for issuing drought warnings and making declarations of drought

emergencies.
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The groundwater monitoring network continues and is operating as originally envisioned. All wells are
being maintained and instrumentation has been upgraded on the wells to current standards for data
storage, transmission and telemetry. Real-time data can be accessed at the following USGS website:

http://waterdata.usgs.gov/wv/nwis/current/?type=gw&group key=county cd

One well, in Monongalia County, provides accurate data for low-flow periods, but water levels fluctuate
between two distinct bedding planes which make it difficult to assess trends in groundwater storage
above a certain threshold level. The USGS has plans to replace the Monongalia County well with a more
suitable well as soon as possible. The USGS is in consultation with West Virginia University to potentially
drill a well on university property in the Morgantown area. If this alternative proves difficult to
implement, then a suitable well location elsewhere may be necessary, perhaps in Preston County. At
this time, the water level monitoring wells are too sparsely distributed to be of use in developing a

statewide understanding of its groundwater resources (Figure 1-12).
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Figure 1-13 Water-level data for the USGS/WVDEP long-term monitoring well in Pocahontas County. (Note that the majority
of the red measured data points are in the higher percentile classes representing higher levels than average for the year
shown)

Future plans are to maintain the network and continue to move sites from the USGS real-time well
network to the CRN after a sufficient period of record is available for statistical analysis of long-term

groundwater-level trends.
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1.3.5 Geophysical Well Log Archiving Project

The DEP has been mandated by the Act to develop a plan to characterize the groundwater aquifers
within the state. Unfortunately, there is sparse data on which this aquifer characterization may be
based. This is especially true for borehole well-log data from fractured bedrock aquifers within the state.
A characterization of aquifers within the state requires a better understanding of the bedding planes,

joints, faults and other fractures through which a majority of groundwater flows or is stored.

Numerous geologic and hydrologic investigations have been conducted by the USGS and the DEP
throughout the state. Unfortunately, well-log data useful for characterizing fractured rock aquifers
within the state is sparse. Older records lack some of the more relevant logs, such as acoustic televiewer
and electromagnetic (EM) flow logs, which have recently become standard for characterizing fracture
distribution within wells and assessing individual fractures with respect to their capacity to store and or
transmit water to wells. To address the issue, the USGS and the DEP have partnered to develop a
statewide borehole log archive. The current borehole log archive is comprised primarily of well logs from
USGS studies. The archive is maintained by the USGS and is updated as additional logs become available.
Detailed results of the geophysical well logging of the state’s 16 groundwater monitoring wells are

included in Appendix G.

At present, the well log archive is comprised of the following: well logs collected from 11 wells for
hydrologic investigations recently completed in the Cambro-Ordovician carbonate bedrock aquifers in
the Shenandoah Valley; well logs for seven wells drilled for a recently completed hydrologic
investigation of abandoned underground coal mines used as a source of water for public supply in
McDowell County; and well logs for 11 wells scattered across West Virginia as part of the joint
USGS/WVDEP Groundwater Level Monitoring Network. The current statewide network of 29 wells with
logs is at present insufficient for characterization of fracture distribution in the state’s major hydrologic
settings. However, plans are to add wells to the network as part of on-going USGS/WVDEP cooperative

hydrologic investigations.

Data for two complex hydrologic studies has been analyzed and is available. These projects include the
Leetown and Elkhorn hydrologic studies. The Leetown hydrologic report, with associated borehole

geophysical analysis, is currently available online at the following internet web address:

http://pubs.er.usgs.gov/publication/ofr20071358.
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The Elkhorn hydrologic report, with associated borehole geophysical analysis is currently available online

at the following internet web address:

http://www.wvgs.wvnet.edu/wvges2/publications/PubCat MainSearch.aspx,

To access the report, connect to the WVGES website above and search for the report by publication

number, which is West Virginia Geological Survey Bulletin B-46.

All well logs collected as part of the project have been archived in the USGS Water Science Center
borehole geophysical logs archive. A USGS report was planned for online publication to summarize the
well log data, but the project was postponed. Additional funding would have to be allocated to restart
the project, collect additional well logs (to warrant a statewide assessment of the borehole log archive)

and write a summary report.

Borehole geophysical logs provide information on well construction, location and orientation of
fractures, water-producing and water-receiving zones, intervals of vertical borehole flow and
stratigraphic sequence that can be used for lithologic correlation. The subsurface information that can
be determined by the use of borehole geophysics and the geophysical methods employed are

summarized in the following table:

Table 1-12 Summary of geophysical logs. (A, acoustic televiewer; C, caliper; N, natural-gamma; R, single-point resistance; T,
fluid-temperature; F, fluid-resistivity; V, heatpulse flowmeter)

Borehole geophysical log Subsurface information
A C Location and orientation of fractures and water-producing zones
R, T, F Location of water-producing and water-receiving zones
T,FV Intervals of vertical borehole flow
\Y Quantification of borehole flow
N, R Lithologic correlation
C, N Casing length
C Borehole diameter

The acoustic televiewer is a sonic imaging tool that scans the borehole wall with an acoustic beam. The
reflected acoustic waves are recorded digitally on a portable computer and images of transit time and
amplitude of the waves are produced. The logs are corrected for magnetic orientation, magnetic
declination (true north) and borehole deviation from vertical by the logging software. Fractures are
detected by longer transit times and decreased signal amplitudes. Because the returned data is oriented
to true north and corrected for borehole deviation from vertical, strike and dip for each fracture or

bedding plane can be determined. The acoustic televiewer can be used underwater in 6 to 8 in.
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diameter boreholes. Because of magnetic interference, the acoustic televiewer cannot determine

fracture orientation within about 6 feet of the bottom of steel casing.

Borehole deviation logs, also called dip-meter logs, record the deviation of a borehole from true vertical.
Deviation of boreholes from the vertical is common and deviation logs are used to calculate true vertical
depth of features of interest and to correct the strike and dip of fractures, fracture traces,

mineralization, or bedding obtained from acoustic televiewer logs.

Caliper logs provide a continuous record of average borehole diameter, which may be related to
fractures, lithology, or drilling methods. Caliper logs can be used to identify fractures and possible
water- producing or water-receiving zones and to correct other geophysical logs for changes in borehole
diameter. They also can be correlated with fluid-temperature logs and heatpulse flow metering to

identify additional fractures and water-producing and water-receiving zones.

The natural-gamma or gamma log measures the natural-gamma radiation (photons) emitted from all
rocks. The most common emitters of gamma radiation are uranium-238, thorium-232, their daughter
elements and potassium-40. These radioactive elements are concentrated in clays by adsorption,
precipitation and ion exchange. Fine-grained sediments such as shale or siltstone usually emit more
gamma radiation than sandstone, limestone, or dolomite. The gamma log can be collected in or out of
water or casing. However, casing does reduce the gamma response. The gamma log is used to identify

the stratigraphic sequence which can aid in correlation of geologic units between muliple wells.

The single-point-resistance log records the electrical resistance of a formation between the probe in a
water-filled borehole below casing and an electrical ground at land surface. Generally, electrical
resistance increases with formation grain size and decreases with borehole diameter, water-producing
fractures and increasing concentration of dissolved solids of borehole water. The single-point-resistance
log is used to correlate geology between wells and may help identify water-producing zones (Keys,

1988).

The direction and rate of borehole-water movement is determined by the use of a heatpulse flow
meter. The heatpulse flow meter operates by heating a small sheet of water between two sensitive
thermistors (heat sensors) located the same distance from the heat source. The time it takes for the
heated water to move upward or downward past one of the thermistors is recorded. Because the
thermistors are located in a channel of fixed diameter, the flow rate can be determined from the time it

takes for the peak of the heatpulse to pass one of the thermistors. A flexible diverter is used to block the
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annular space around the tool to channel all the flow through the measurement channel. The range of

flow measurement is about 0.01-1.2 gal/min in a 2- to 10-in.-diameter borehole (Conger, 1996).

Some heatpulse-flow meter measurements may be influenced by poor seal integrity between the
borehole and heatpulse flow meter and contributions of water from storage within the borehole. If the
seal between the borehole and flow meter is not complete, some water can bypass the flow meter,
resulting in measurements of flow that are less than the actual rate. Although the heatpulse flow meter
is a calibrated probe, the data are used primarily as a relative indicator to identify water-producing

and/or water-receiving zones.

As USGS projects are completed, the well logs for the investigations will be added to the archive to
continue to build the database of well logs available for retrospective analyses. The archive at present
contains well logs for only 29 wells, so additional wells are needed and will be added as opportunities
occur. Plans are for a retrospective analysis of fracture data for water wells in West Virginia, but at least
another 20 to 30 wells and funding are needed before such a retrospective analysis would be feasible.

For a more detailed description, as well as borehole logs, refer to Appendix G.

1.3.6 Spring Inventory

The Springs of West Virginia 50th Anniversary Revised Edition, printed in 1986 by the WVGES,
documents over 1,000 springs within the state. This publication needs to be updated and expanded,
with emphasis given to the proper spring name (as used by the local communities), the spring’s location
(again using latitude and longitude), whether the spring is perennial or intermittent, the geological unit

the spring is formed in and the estimated or measured spring flow.

This work should be completed in two parts, with the first portion comprised of a literature search of
those springs not included in the 1986 publication. The second part should consist of field work using
dedicated personnel and equipment to locate additional springs. In addition, because springs are always
changing in volume, long-term stage measurements should be made of the largest and most important
springs within the state. This will involve surveying the surface across the spring’s outlet and then
installing flow-measuring equipment in the spring head. The following map shows locations of the
springs in our database. The diameter of the dot represents the approximate spring flow in gallons per
minute. For complete known spring data (as well as karst springs), please visit the DEP website:

http://tagis.dep.wv.gov/WVWaterPlan/
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Figure 1-14 Documented springs of West Virginia and their flow in gallons per minute

To enhance the spring knowledge in WV, the DEP will be creating an online tool where landowners can

self register their spring. As resources allow, the DEP will visit and document the reported springs.
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Figure 1-15 Documented karst springs of West Virginia and their flow in gallons per minute

1.3.7 Dye-Tracing Database

The DEP has recently compiled a GIS database of more than 300 documented dye traces that have been
completed within the karst areas of eastern West Virginia. The fields within this database include the
input point for the dye, the location where the dye appeared on the surface, the area and county of the
trace, who completed the trace, when the trace was done and in what publication this information is

documented. More information about the Dye-Tracing project can be accessed on the DEP website:

http://tagis.dep.wv.gov/WVWaterPlan/

This database is critical to determining the groundwater recharge areas within the state’s karst regions,
as these recharge areas often cross under the divides between the surface water basins. This database
should be updated, as required, using both literature searches, contacts within the environmental and
caving communities and field work involving volunteers and both state and federal employees. The

following map shows locations of the DEP dye tracing studies.

47


http://deparcgis1/WaterResourcesManagementPlan/

P
3 " b :
Meroer i g
T =
CS 8-Digit Watershed Boundary \,\\‘ )‘"f NP

-
=
(3 County Boundary 0 5 10_£720 Mies

{::3 State Boundary

Figure 1-16 The DEP dye tracings locations in the karst regions of West Virginia

1.3.8 Groundwater Conclusions

Data has been amassed by various agencies from numerous sources regarding the state’s groundwater
resources. Past data was collected in localized areas for very specific purposes and typically did not
collect data related to the aquifer characteristics required for estimation of the quantity of ground water
contained in the aquifers. The previously collected data is insufficient for the purpose of statewide

ground water management.

As previously noted, the state has 16 groundwater monitoring wells. States in EPA Region Ill and those
states in Region V that border West Virginia all have more extensive monitoring well networks.
Maryland has 668 wells, Pennsylvania 202, Virginia 431, Ohio 160 and Kentucky has 74. The majority of

these state programs have also conducted electronic logging of specific wells.

The Water Use Section’s website has been constructed so that web users can locate and use the

available groundwater data. This website includes links to individual well logs, spring and surface
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stream data, dye-trace study results, mine-pool data, oil-and-gas information and geological data from

various sources.

Gathering the data to evaluate the ground water resources could be accomplished by requiring public
water suppliers and commercial well drillers to submit their logs to the DEP. Obtaining the information
necessary required for estimation of the quantity of ground water contained in the aquifers will require
a long-term commitment by the state. Over time, this would build a body of knowledge about ground

water that would help in its evaluation and management.

Any program designed to identify West Virginia’s groundwater aquifers should be comprised of several
parts. First, precise program strategies should be formulated, which can be modified as environmental,
personnel and budgetary constraints demand. Second, the collection of long-term, quality groundwater
and surface water data is required. Third, this data must be processed into some type of useable form
and lastly, methods must be developed to distribute this information to those persons requiring it. Such
a program, with the data collection and the infrastructure required to support it, will involve several

strategies, many of which can be implemented simultaneously.

In order to identify and characterize aquifers in the state, the DEP will continue to collect and add all
existing groundwater well data into a “Groundwater Database.” A private water well reporting portal
has been developed for ArcGIS and will soon be adapted for the DEP website. This portal will provide an
opportunity for citizens to submit well data that the state may not currently have. Continued efforts will
be made to ensure that county health departments require and receive the depth to the groundwater
and the latitude and longitude coordinates on all wells that are drilled. The benefits of geophysical well

logging have been described above, although they are costly and time consuming.

The DEP will encourage its Groundwater Section to ensure that geographic coordinates are collected in
addition to depth to groundwater within the monitoring wells, continue to work with state and county
health department to share data and continue collaboration with the USGS in the efforts to identify and

characterize the state’s aquifers.
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1.4 Interconnections of groundwater and surface water

The DEP funded the USGS SIR 2012-5121 in order to equate base flow to seasonal stream flow statistics.

The Abstract from this study reads:

“Base flows were compared with published streamflow statistics to assess climate variability and to
determine the published statistics that can be substituted for annual and seasonal base flows of
unregulated streams in West Virginia. The comparison study was done by the U.S. Geological Survey, in
cooperation  with the West Virginia
Department of Environmental Protection,
Division of Water and Waste Management.
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Base flaw, in parcent of mean annual base flow

14.9 to 14.6 percent when compared to the

Apr: May Jne July Asg Sept Dot New. Deo. Jan Fab Mar
Manth

values for the period 1930-2002. Differences
between mean seasonal base flows and
values for the period 1930-2002 are less
Scientific Investigations Report 2012-5121
variable for winter and spring, -11.2 to

11.0 percent, than for summer and fall, -47.0 U.S. Degariment ot the Interae
U.S. Genloglcal SErvey

to 43.6 percent. Mean summer base flows

(July-September) and mean monthly base flows for July, August, September and October are
approximately equal, within 7.4 percentage points of mean annual base flow. The mean of each of
annual, spring, summer, fall and winter base flows are approximately equal to the annual 50-percent
(standard error of 10.3 percent), 45-percent (error of 14.6 percent), 75-percent (error of 11.8 percent),
55-percent (error of 11.2 percent) and 35-percent duration flows (error of 11.1 percent), respectively. The

mean seasonal base flows for spring, summer, fall and winter are approximately equal to the spring 50-
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to 55-percent (standard error of 6.8 percent), summer 45- to 50-percent (error of 6.7 percent), fall 45-

percent (error of 15.2 percent) and winter 60-percent duration flows (error of 8.5 percent), respectively.

Annual and seasonal base flows representative of the period 1930-2002 at unregulated streamflow-
gaging stations and ungaged locations in West Virginia can be estimated using previously published

values of statistics and procedures.”

This report can be downloaded from the following link: http://pubs.usgs.gov/sir/2012/5121/

West Virginia aquifers, streams, lakes and wetlands are sustained by a balancing act between
precipitation and these parts of the hydrologic system. In the absence of human intervention, ground
water and surface waters exist in a state of approximate equilibrium. A change in one part of the
system, whether due to natural climatic variation or withdrawal of surface water or ground water,
results in a balancing response in another part of the system. The rate of system response to change is
variable, specific to local conditions and much slower for ground water than for surface water (except in
karst). In some cases, the system may rebalance itself in response to change (such as additional ground-
water withdrawals) within a period of months to years. In other cases, the system may take a

significantly longer time period to adjust.

Where the groundwater level is higher than the surface water level, groundwater can discharge into a
stream referred to as a gaining stream. Where the surface water level is higher than the groundwater
level, the river can leak into the subsurface recharging the groundwater system referred to as a losing
stream. The flow of water between the surface water and the aquifer is called the seepage flux.
Seepage flux is largely controlled by the hydraulic gradient between the surface water level and the
groundwater level and the hydraulic properties of the aquifer, as well as the geological material

separating the aquifer from the surface water features.

System response to groundwater withdrawals is most obvious by lowered groundwater levels in local
monitoring wells. However, long-term effects may include depletion of wetlands, streams, springs and
lakes, as well as ecological or other changes. Use of ground-water resources has long-term impacts
beyond the point of withdrawal that future management must consider to minimize impacts on surface-
water resources. A long-term approach to groundwater resources management is required in order to
minimize impacts on both groundwater and surface water due to the interactions between the two

systems.
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DISCHARGE AREA

(http://ga.water.usgs.gov/edu/watercyclegwdischarge.html)
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Coal-fired Electric Power Generation Plant on the Kanawha River

CHAPTER TWO
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Chapter - 2 Water Use

2.1 Comparison of Demand Tracking Programs

Many states have implemented water registration and/or permitting programs to track and manage the
resource. To better develop the Plan and final recommendations to the Legislature, the DEP researched
the information available to the public about the degree of progress regarding water demand programs
in surrounding states. Where appropriate, the respective agency representatives were contacted for
more information. States bordering West Virginia are most likely to have similar demographics,
economics, and environmental conditions, therefore are the most comparable. Furthermore, by
evaluating the demands for water use in those states, valuable insight was gained regarding ways to
address conditions found in West Virginia. The average annual demand on the state’s water resources,
organized by Standard Industrial Code (SIC) is available in Table 2-1. Table 2-2 provides a summary of

Large Quantity User (LQU) programs in Table 2-1 Average Annual Demand for Water Use in West Virginia by SIC

category (excluding Hydroelectric: 15,756,375,655,427 gallons/year).

A more detailed ) !
*Frac Water was collected from the Frac Water Reporting Tool and is

border states.

discussion of the registration programs

only for withdrawals occurring in 2011

. . Water Use Category (SIC Average Withdraw
and water use analysis can be found in
group) (gallons/year)
Appendix H. The focus of research | Thermoelectric (coal) 915,256,218,694
. . . Chemical 168,342,927,475
regarding programs was for information
Public water supply 69,283,527,985
about the development and progress | |ndustrial 20,077,779,753
related to controlling or monitoring the | Mining 13,462,053,653
, Agriculture/aquaculture 5,581,517,720
state’s water supply and resources. -
Timber 1,233,943,576
General and specific data were | Frac Water* 922,783,143
collected and evaluated concerning the | Recreation 1,544,771,703
. . Petroleum 484,937,415
implementation of programs and I
Tota 1,196,190,461,116

protocols including, but not limited to,

the following: councils and planning committees; database development; mapping; plan management
and development; delegation and assistance; best management practices for assessing and responding
to stormwater and drought conditions; supply planning; withdrawal thresholds for reporting or

permitting; and recommendations for future direction.
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Currently, with the exception of water management plans for horizontal wells and a limited number of
Section 401, Clean Water Act certification conditions, individuals and businesses can withdraw water
without restriction. Several of our surrounding states, as shown in Table 2-2, have varying degrees of
water withdraw permitting programs. As West Virginia is normally a water rich state with consistent

water use over time, the need for a permitting program for all withdrawals has never materialized.
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Table 2-2 Current definitions, exemptions, and requirements for border states regarding Large Quantity Users (LQU) in each

state.
BORDER
STATE DELEGATION OF RESPONSIBILITY USERS/EXEMPTIONS REGISTRATION/REPORTING/PERMIT/FEES | SOURCES
érow(l):)f:)dra(\j/val, transfer, and diversion No fee permit limits user to current Any surface,
Environmental Protection Cabinet EXE'MPTgp requirements, may provide protection for ground, or
KY Division of Water . . others, user must maintain accurate spring including
Single household, agriculture(unless . . .
http://water.ky.gov K e . monthly records regarding daily private
impounded), electricity producing withdrawals impoundments
plants regulated by KYPSC, Ul for O&G P
All withdrawal activities regardless of . e
No fee permit must stay within limits and
planned amounts report periodically specific to permit Any of the
Maryland Department of EXEMPT p. P . v sp P ! State’s surface
. IS ) . subject to review every 3years, other
MD Environment (MDE) Extinguishing a fire, agricultural use requirements relating to testing and and/or
http://www.mde.state.md.us <10,000gpd, groundwater users q X & s underground
. . analysis as well as approvals from other
<5,000gpd that are private or outside L ) waters
entities possible
strategy area
Ohio Department of Natural . . Reqwr.ed |n|t|a.| registration and. annual
Resources (ODNR) All users with the capacity to reporting of withdrawals and discharges; All sources of
OH . . withdrawal >100,000gpd AND published as part of online withdrawal waters of the
Division of Soil and Water Resources . ) R .
http://www.dnr.state.oh.us consumptive uses >2,000,000gpd atlas .pdf file. Permit required for state
2 S " consumptive uses >2,000,000gpd.
Pennsylvania Department of Public water sur.);.)l.lers and . . . .
. . hydropower facilities regardless of Required registration and annual reporting
Environmental Protection (DEP) i . .
PA withdrawal amount, anyone as well as 5 year record retention. Public All sources
http://www.pawaterplan.dep.state. . )
a.us withdrawing >10,000gpd or supply and hydropower must meter flows
ba.us transferring >100,000gpd
Required annual online reports of monthly
withdrawals are published in Annual Water
. ) Resources Report. Permit required for
s Minor: Crop production R .
Virginia Department of minor withdrawals and encroachment. A
. X >1,000,000gpm, ALL others - . . R
Environmental Quality (DEQ) . joint permit is required for major
oo >10,000gpd, voluntary reporting of . ) .
http://www.deq.virginia.gov ; withdrawals. Permit required for ground-
lower withdrawals encouraged. water use in management areas Surface and
VA Major: >90,000,000 f if filli ’ dwat
Virginia Marine Resources ajor S gpm OT IT THINg, Applications are submitted to VMRC then gr.oun water
o flooding, or alteration of stream flow L T . withdrawals
Commission (VMRC) occurs distributed to participating agencies to
http://www.mrc.virginia.gov/hmac/ i " decide separately. Permit fees are
- Groundwater: Specified management . A
hmoverview.shtm areas determined individually by each agency
and subject to change. Permits validity
varies based on the project from 3 — 15
year max terms.
Consumptive users who use an avg.
>20,000gpd in 30 days
EXEMPT Required application for initial use,
Public Supply and Agriculture withdrawals, and diversions as well as
- X . . Surface and/or
. . (conditionally) increases in uses or withdrawals regardless .
Susquehanna River Basin X . . groundwater in
Commission Withdrawals from basin that avg. of proposed increase. No term of approval the basin
SRBC >100,000gpd in 30 days shall exceed 15 years. Fees and interest
http://www.srbc.net . before or after
EXEMPT are subject to the amount consumed, use/
Hydroelectric (conditionally) which are set to meet the requirements of withdrawal
Diversions out of the basin that avg. the Commission in order to cover its costs
>20,000gpd in 30 days of administering the regulatory program.
EXEMPT
Agriculture (conditionally)
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2.1.1 Water Demand

In order to understand how demand in West Virginia compares to the border states, a water use
analysis was completed on each state using USGS estimates. Details of the analysis are available in
Appendix H. In general, water use demand is tied to the size of the human population, the political and
cultural atmosphere, and the state of the regional economy. Of the total amount withdrawn by West
Virginia and its bordering states during 2005, West Virginia’s share of use was only about 10% of that
total (Figure 2-1). Kentucky is the most comparable to West Virginia in volume, utilizing 9% of the total
water withdrawn by the group. However, although comparable in total volume, the population in
Kentucky is in excess of twice as much as West Virginia (Figure 2-3). Ohio, Virginia, and Pennsylvania are

the highest use contributors

to this group using about

In general, water use demand is tied
to the size of the human population,
Figure 21). Lke west | the political and cultural atmosphere,
virginia, Maryland has | and the state of the regional economy.

24%, 22%, and 20% of the

group total, respectively

experienced similar
fluctuations in use over time (Figure 2-1 and Figure 2-2). However, Maryland has a population more
than three times that of West Virginia, but uses less than twice as much water (Figure 2-2 and Figure

2-3).

Kentucky 4,330
Maryland 7,490

WV and Ohio 11,500
Border

States Pennsylvania 9,470
48,200

Virginia 10,600

\ West Virginia 4,810

Figure 2-1 West Virginia and border states’ contribution to the USGS estimates of total water withdrawals in the United
States in 2005 in Mgal/day
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According to USGS estimates, the majority of water used by Ohio is used for public supply, which, when
compared to the steady rise in population, seems to support the steady increase in total withdrawals
over the available time intervals (Figure 2-2, Figure 2-3 and Appendix H). Virginia also uses a large
portion of its withdrawals for public supply and has seen increases in population. However, Virginia’s
largest jump in total withdrawals, from 2000 to 2005, may also be attributed to the addition of
withdrawals for aquaculture to the overall total in 2005, as well as better recording methods across all

categories (Figure 2-2 and Appendix H).

West Virginia

Virginia

Pennsylvania
12005

State

Ohio ® 2000

1995
Maryland

Kentucky

I
0 2,000 4,000 6,000 8,000 10,000 12,000
Total Water Withdrawals (Mgal/d)

~

Figure 2-2 USGS estimates of total water withdrawals by state for five-year Intervals in Mgal/day.
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14,000

12,000

10,000

8,000

6,000

4,000

Total Population in Thousands

2,000

. N

0
Kentucky Maryland Ohio Pennsylvania Virginia West Virginia
1995 3,860 5,042 11,151 12,072 6,618 1,828
2000 4,040 5,300 11,400 12,300 7,080 1,810
2005 4,170 5,600 11,500 12,400 7,570 1,820

Figure 2-3 USGS statewide population estimates for 1995, 2000, and 2005

Attributing water use estimates in West Virginia to the various factors estimated by USGS differs from its
border states in several ways. West Virginia saw a fluctuation in total water use most similar to the
fluctuation in Pennsylvania and Maryland which saw the highest use year in 2000 (Figure 2-2). However,
unlike Pennsylvania and Maryland, West Virginia was not estimated to have as sharp of an increase in
water use for thermoelectric power generation in 2000 (Figure 2-4). Additionally, although West
Virginia was the only state in this analysis to see a decrease in the percent change of population from
1995 to 2000 and 2005, as seen in Figure 2-3, the water use estimates for public supply still increased in
2000. Along with the small increase in thermoelectric use, public water supply is the greatest

contributor to the total withdrawal increase in the state calculated by USGS (Figure 2-4).

The starkest contrast between West Virginia and its border states is not the total amount of water used
per year, the changes in use over time, or even that it is the only state considered to have seen a
decrease in population over the intervals of investigation from the initial year. Instead, the greatest
difference between West Virginia and the bordering states is seen when comparing the proportion of
water withdrawn by the various users in the state (Figure 2-4). In every other state, the greatest single
proportion of water used is for the public supply and in some cases such as Ohio, Maryland, and
Kentucky, public use accounts for more than half of the proportion of water withdrawn (excluding

thermoelectric). In West Virginia, the proportion of public supply is second largest when compared to
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industrial and chemical uses combined as was done in the latest USGS water use survey (USGS, 2009).
The public supply amount in West Virginia is surpassed by the combined chemical and industrial

withdrawal estimates, placing it in contrast to all of the surrounding states (Figure 2-4 and Appendix H).

1995 (Mgal/day) 2000 (Mgal/day)

MINING 12 MINING 0

PUBLIC
SUPPLY 176

DOMESTIC 41
DOMESTIC 40

COMMERCIAL 46
LIVESTOCK O

IRRIGATION O IRRIGATION O

LIVESTOCK 18 AQUACULTURE 0

Themoelectric Power (Mgal/day) 2005 (Mgal/day)
/ MINING 15
4,000
DOMESTIC 34
3,000
IRRIGATION O
2,000
LIVESTOCK 5
1’000 AQUACULTURE
53
0

1995 2000 2005

Figure 2-4 USGS estimate of West Virginia’s water withdrawals (Mgal/day) by category of use and year

2.2 Large Quantity Users (LQUs)

As defined in the Act, a Large Quantity User is “any person who withdraws over seven hundred fifty
thousand gallons of water in a calendar month from the state’s waters and any person who bottles
water for resale regardless of quantity withdrawn.” With this in mind, a survey was designed to ask
users from where they withdrew their water, including: latitude and longitude; stream, river, lake, or
spring name; county; and well information. If any water was purchased by a large quantity user, the
facility was required to provide the name of the provider and the monthly withdrawal amounts. Details

were also requested regarding proposed use and discharge information, specifically whether the
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discharge was to a wastewater treatment facility, stream, underground injection well/septic system,
private reservoir, lake, or other. In each of those categories, the respondent had to give the latitude
and longitude, name or description of discharge point, and permit number (if applicable). All the
information gathered on water withdrawal data

A Large Quantity User

is housed in the DEP’s Large Quantity User (LQU)

database.  This database only contains WlthdraWS more than
information on facilities that withdraw more than 750,000 gallons of water in
750,000 gallons of water in any calendar month a month,

from either a surface water or groundwater

source defined as waters of the state. Furthermore, water bottlers are not included because they are
required to renew permits annually with the West Virginia Public Health Sanitation Division. Because
there are only seven facilities operating, none of which qualify as a large quantity user, they have been
omitted from the LQU discussion that follows. Companies that bottle water as of June 2013 made
available by the Office of Environmental Health Services, Public Health Sanitation Division permit
renewal applications, the associated brand names, and annual withdrawal amounts are available in
Appendix . Actual withdrawals by LQUs in 2003, 2004, and 2005 were required to be submitted in the
initial survey of 2005. No withdrawal information was collected for 2006 and 2007. Beginning in 2008,
LQUs were required to report withdrawal volumes if their withdrawal varied by more than 10% of the
last reported value. The most recent data was for 2011. Figure 2-5 is a map that displays the current
Large Quantity Users in the state. The information gathered provides West Virginia with valuable insight
into the use of water resources. The data will continue to inform future water management decisions.
For a description of survey development and data collection in 2003-2005 refer to the 2006 report,

which can be viewed and/or downloaded from the DEP’s main website.
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{3} State Boundary
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Figure 2-5 Large Quantity Users registered with DEP after 2011 reporting year.

2.2.1 Survey Testing and Annual Notification of Registration

Beginning in 2008, the Water Resources Protection Act, §22-26-3(b) mandated that the Secretary of the
DEP establish a statewide registration program to monitor large quantity users of water resources of
this state. Those facilities that completed the 2006 survey were considered to be registered with the
DEP. Unregistered users were required to report three years of water use data in order to be registered
with the DEP. Hydroelectric users were required to report pass by flows starting in 2009. Currently,
registered users are not required to report monthly withdrawals unless the annual amount withdrawn
varies by more than 10% from the baseline average [§22-26-3(h)]. The DEP generates a notification
letter, including a detailed report of water use, for each Large Quantity User. For instance, if the three-

year average from the 2005 report was calculated as 10 million gallons for the 2008 reporting year and
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the 2008 actual withdrawal amount was between 9 and 11 million gallons, the user was not required to
send in a report. Instead, the LQU would be allowed to certify the usage by signing a statement that
withdrawal amounts had remained relatively unchanged. A copy of the 2011 surveys for both industrial
users and water providers can be found in Appendix J. A list of all current LQU facilities, organized by
their SIC code, and including data regarding the percentages of ground and surface water withdrawn as
well as the respective county and watershed locations and percentages of total withdraw, and their
calculated three-year baseline annual average withdrawal amount can be seen in Appendix K. Any
interested party wishing to view the complete data set from the survey should contact the Water Use
Section. Due to homeland security concerns, and in consultation with the Department of Military Affairs

and Public Safety, geographic location data for public water supply intakes will not be provided.

2.2.2 Data Analysis

To evaluate trends over time, annual withdrawal amounts are used. Due to the reporting requirements,
blanks were created in the database that needs to be filled in. This was done based on the assumption
that withdrawal amounts for the current year are exactly the same as previously calculated by the
baseline average. The average of the previous three years of reported monthly data was used to fill in
blanks resulting from years where certification of the 10% use range was permitted. If only two previous
years of data was available, these were averaged. If there was no other reported withdrawal following
either a reported or averaged value, all the following years were set as equal to the last value (reported
or averaged). The annual average is the average of the most recent three years of available monthly

data. Table 2-3 provides examples of these calculations.

Table 2-3 Example of the assumptions made to fill in the data gaps in the LQU database and calculate the average annual
value from the most recent three-year average. Values in green represent reported values, purple represents averaged
values, and blue values are set equal to a previous value. Blanks indicate no withdrawal occurred.

Withdrawal (gallons)
3 Year
LQuU 2003 2004 2005 2008 Average
1 750,000 | 800,000 775,000 775,000 775,000
2 900,000 | 1,000,000 | 950,000 950,000
3 850,000 850,000
4 750,000 | 800,000 775,000 775,000 | 775,000 | 850,000 | 812,500 | 812,500
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Using these assumptions, estimates of water use for each year and an annual average for the state were
calculated. The three-year averages are shown by water use type, watershed, and county in the tables in
Appendix K. Additionally, only the three water supply brokers currently represented in the Frac Water
category are in the LQU database. The DEP collects information on water used in the hydraulic
fracturing process to extract natural gas from the Marcellus Shale in the Frac Water Reporting database.
All reporting of frac water in this section comes from the Frac Water Reporting database for the year 2011.
It was not reasonable to calculate an annual average from that database because of the time of collection.
A detailed description of the data analysis of the Frac Water Reporting database is provided in Section 2.5.
The water brokers who fall under the large quantity user database definition are excluded from the frac
water total to prevent double counting the amount of water reported by them, which is also reported

via the Frac Water Reporting Tool by the well operators who purchased the water.

It is important to note that no

estimates were made in the database The information prOVided by

for water uses that did not meet the LQUS Supplies West Vlrglma with
threshold of a LQU. Therefore, the valuable lnSIght into the use of
water withdrawal estimates reported water resources. The data WIH

do not include such uses as self-

continue to inform future water
management decisions.

supplied water for domestic or
agricultural use. These numbers had
to be estimated separately and are available in Sections 2.3 and 2.4, respectively. Additionally, those
who purchased water in any amount (excluding those covered by a water management plan during the
extraction of natural gas from the Marcellus Shale) were not required to report their water use. This
leaves gaps in the amount of water being used by any facility using over 750,000 gallons of water in a
month that purchases all of its water. The 8-digit HUC watershed and county in which each intake is
located is recorded in the database. Figure 2-6 illustrates the state’s HUC-8 watersheds. More detailed

maps of each watershed are illustrated in the West Virginia Watershed Atlas.
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Figure 2-6 West Virginia has 32 HUC-8 watersheds and are shown divided into five regions.

The Large Quantity User database has 11 water use categories defined as follows:

Mining — Coal mining, coal processing plants, quarries, any other type of mining activity
where rocks or minerals are removed from the earth.

Petroleum — Waterfloods. Does not include water used when hydrofracing a well.
Recreation — Hotels, golf courses, campgrounds, water parks, resorts, etc.

Timber — Including facilities that manufacture wood products — pulp mills, charcoal
manufacturers, dimensional lumber, etc.

Agriculture/Aquaculture — Irrigation, fish farming, hatcheries, production of feed for farm
animals, etc.

Public Water Supply — Water primarily for human consumption.

Industrial — General manufacturing other than chemical.

65




e Chemical — Manufacture of chemicals, chemical compounds, etc., regardless of feedstock
source.

e Thermoelectric (coal) — Generation of electric power where heat is the primary motive force
and water is used for steam or cooling purposes (i.e. a coal burning plant that boils water
creating steam to turn the turbines).

e Hydroelectric — Generation of electric power where water is the motive force. There is little
or no consumptive use of the water in the generation process (i.e. a power plant at a dam
that uses the water flowing out of the dam to turn the turbine).

e Frac Water — Water withdrawn for commercial resale to the oil and gas industry for purposes
of drilling or hydraulically fracturing oil and natural gas wells. Water withdrawn directly by
the oil and gas industry for use in such activities is captured in the Frac Water Reporting
Database. For the purposes of this report, frac water withdrawal data reported herein are

provided by that database.

The categories are sorted by the facilities’ reported Standard Industrial Classification (SIC), which is
defined by the US Department of Labor’s Occupational Safety & Health Administration (OSHA). There
are 388 LQUs registered with the DEP as of 2011 (Appendix K). The majority of water use in the state,

77%, is withdrawn for

thermoelectric energy There are 388 Large Quantity Users

production. - Chemical registered with the DEP who
manufacturing and public withdraw an average of 1.2 trillion
gallons of water annually.

water supply are the next
largest majority at 14% and
6%, respectively. The other
notable use types in the state are industrial and mining using 2% and 1%, respectively. The rest of the
SIC categories take up a very low percentage of total use and can be seen below in Figure 2-7. The total
statewide withdrawal averages 1,196,190,461,116 gallons annually (excluding hydroelectric). The
average totals for each SIC can be seen in Table 2-1 in Section 2.1. It is important to note that the last
three years of data may not equal the calculated three year average due to the use of actual monthly
data from each facility rather than any filled-in values, independent averaging for percent of
withdrawals of a given facility with intakes in multiple watersheds and because closed facilities were

excluded from the final three-year average.
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1,545

1,234
922
485

m Thermoelectric (coal) (77%) " Chemical (14%) M Public water supply (6%)

m Industrial (2%) H Mining (1%) Agriculture/aquaculture (< 1%)

M Recreation (< 1%) m Timber (< 1%) I Frac Water* (<1%)

M Petroleum (< 1%)

Figure 2-7 Statewide average annual water withdrawal (in millions of gallons) totals by SIC category. *Frac Water was
collected from the Frac Water Reporting Tool and is only for withdrawals occurring in 2011 (hydroelectric is excluded).

2.2.3 Distribution of Withdrawals

To provide a perspective of the distribution of water used by each SIC category across the state, a series
of percentage pie charts have been developed from the totals of each facility’s three-year average and
are shown in Figures 2-9 to 2-19. To interpret these figures, please note that the values descend from
left to right and pie slices decrease clockwise. A more detailed explanation of the LQU activity in each
watershed can be found in the West Virginia Watershed Descriptions companion report. Each chart
represents one SIC use type and presents the percentages of annual average use by each watershed

involved. A map of all the LQUs by SIC group can be seen in Figure 2-8.
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Figure 2-8 Distribution of Large Quantity Users as of 2011, identified by SIC code.

Agriculture/aquaculture and Chemical use types each have seven watersheds with active LQU facilities
(Figure 2-9 and Figure 2-10). More than 70% of the total withdrawals for agriculture/aquaculture use
occur in the South Branch Potomac and Cheat watersheds, with almost 50% more withdrawals occurring
in the South Branch Potomac than in the Cheat. The large amount of withdrawals in the South Branch
Potomac is entirely the result of flow through quantities at three hatcheries operated by the West
Virginia Division of Natural Resources (DNR). There is only one DNR hatchery in the Cheat Watershed.
The remaining watersheds constitute only 30% of the total withdrawals. Additional agricultural water
use estimates are described in Section 2.4. AlImost 90% of the chemical withdrawals occur in the Lower
Kanawha, Middle Ohio North, and Upper Kanawha watersheds. The Lower Kanawha Watershed

experiences the most withdrawals for chemical use at 38% of the total in order to operate four different
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facilities, while the Middle Ohio North, with six chemical facilities, and the Upper Kanawha (one LQU

chemical facility) watersheds come in a close second and third, respectively.

130

110

80
m South Branch Potomac (42%) = Cheat (29%) " Potomac Direct Drains (16%)
B Greenbrier (8%) B Upper New (2%) B Lower Ohio (2%)
M Little Kanawha (1%)

Figure 2-9 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Agriculture/aquaculture SIC category of use, estimated to be 5,581,517,720 gallons per
year.

716

293

69
= Lower Kanawha (38%) = Middle Ohio North (29%) W Upper Kanawha (22%)
H Middle Ohio South (11%) H Upper Ohio South (< 1%) B Lower Ohio (< 1%)
M Big Sandy (< 1%)

Figure 2-10 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Chemical SIC category of use, estimated to be 168,342,927,475 gallons per year.
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There are eight watersheds that have active LQU withdrawals occurring for the Hydroelectric and
Industrial SIC groups (Figure 2-11 and Figure 2-12). The Middle Ohio South and Middle Ohio North
watersheds contribute almost 60% of the total hydroelectric water use in the state from the flow
through occurring at two facilities, Belleville Hydroelectric Facility and New Martinsville Hannibal
Hydroelectric Plant. Every other watershed with hydroelectric water use has only one active facility,
except the Upper Kanawha Watershed which has two; London and Marmet Hydroelectric Projects.
Approximately 97% of the total industrial withdrawals occur in three watersheds. The Upper Ohio North
Watershed has four active facilities that withdraw significantly more of the total industrial use water
(71%) than the Potomac Direct Drains Watershed, which has two LQU facilities withdrawing 15% of the

total. The Upper Kanawha Watershed has one facility withdrawing 11% of the total industrial use water

in the state.
628
326
177
H Middle Ohio South (30%) Middle Ohio North (28%) B Upper Kanawha (16%)
Lower Kanawha (10%) H Lower New (9%) H Cheat (4%)
H Gauley (< 1%) m Shenandoah Jefferson (< 1%)

Figure 2-11 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in billions of gallons for the Hydroelectric SIC category of water use, estimated to be 15,756,375,655,427 gallons per
year.
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1 Upper Ohio North (71%) Potomac Direct Drains (15%) B Upper Kanawha (11%)
1 Lower Guyandotte (1%) m Upper Ohio South (1%) H Middle Ohio South (1%)

B North Branch Potomac (< 1%) Upper New (< 1%)

Figure 2-12 Average annual contributions of watersheds to statewide withdrawals and average water withdrawn annually in
millions of gallons for the Industrial SIC category of use, estimated to be 20,077,779,753 gallons per year.

Seventeen watersheds have active LQU withdrawals related to the Mining SIC category (Figure 2-13).
The majority of withdrawals for mining (34%) occur in the Coal Watershed which has 18 active LQU
facilities. Approximately 45% of the total mining withdrawals occur between four watersheds; Upper
Kanawha (19%) with 11 facilities, Upper Guyandotte (10%) with 16 facilities, Upper Ohio South (9%) with
two facilities, and Tug Fork (6%) with nine facilities. The remaining 22% of mining withdrawals are split
among 25 facilities in 12 watersheds, with shares of the total withdrawals in each remaining watershed

ranging from 4% - < 1%.
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Coal (34%) B Upper Kanawha (19%) Upper Guyandotte (10%)
B Upper Ohio South (9%) Tug Fork (6%) Dunkard (4%)
H Gauley (4%) Potomac Direct Drains (3%) M Monongahela (2%)
H Twelvepole (2%) West Fork (1%) M Lower New (1%)
M Elk (1%) Lower Guyandotte (1%) m Tygart Valley (1%)
South Branch Potomac (< 1%) B Lower Ohio (< 1%)

Figure 2-13 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Mining SIC category of use, estimated to be 13,462,053,653 gallons per year.

Petroleum has four actively withdrawing watersheds, while the Timber SIC category only has three
(Figure 2-14 and Figure 2-15). The four watersheds with withdrawals reported for petroleum use each
have only one active LQU facility, except the Upper Ohio North Watershed, which has two facilities and
accounts for 67% of the total petroleum withdrawals in the state. The withdrawals for the Timber
category occurring at a single facility in the Monongahela Watershed account for 95% of the total timber
withdrawals occurring in the state. Three other facilities located in the Shenandoah Jefferson (2) and

Cheat (1) watersheds account for the remaining 5% of timber related withdrawals in the state.
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H Upper Ohio North (67%) = Middle Ohio North (16%)
m Upper Ohio South (10%) West Fork (7%)

Figure 2-14 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Petroleum SIC category of use, estimated to be 484,937,415 gallons per year.

M Monongahela (95%) B Shenandoah Jefferson (3%) 1 Cheat (2%)

Figure 2-15 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Timber SIC category of use, estimated to be 1,233,943,576 gallons per year.

Statewide withdrawals for horizontal well drilling in 2011 occurred in 10 watersheds, but predominately
in the Middle Ohio North Watershed, totaling nearly 30% of all related withdrawals (Figure 2-16). The
data for horizontal well drilling from the Marcellus Shale is reported and recorded differently from the
other Large Quantity Users in the state. A full description of data collection and a detailed discussion of
the distribution of water use throughout the watersheds with active Marcellus withdrawals can be

found in Section 2.5.
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Figure 2-16 Percent contributions of watersheds to statewide withdrawals and the amount of water withdrawn for the Frac
Water SIC category of use from horizontal well drilling in 2011 (from Frac Water Reporting Tool), estimated to be
922,783,143 gallons.

There are nine watersheds with active LQU withdrawals in the Thermoelectric (coal) category of water

use and 14 thermoelectric power plants in West Virginia (see Table 2-4).

Table 2-4 Thermoelectric (coal) plants in West Virginia

Facility Average Annual

ID Facility Name Watershed County Withdrawal (gallons)
Allegheny Energy - Middle Ohio

2549 Pleasants Power Station North Pleasants 5,676,038,175
Allegheny Energy Supply

2521 - Harrison Power Station West Fork Harrison 13,560,292,200
Appalachian Power -

3804 Kanawha River Plant Upper Kanawha Kanawha 87,314,848,603
Appalachian Power - Middle Ohio

3805 Mountaineer Plant South Mason 5,853,907,572
Appalachian Power - Middle Ohio

3806 Philip Sporn Plant South Mason 199,232,260,160

3803 John E Amos Plant Lower Kanawha Putnam 14,411,032,933
Monongahela Powe Co -

2619 Rivesville Power Station Monongahela Marion 1,175,755,609
Monongahela Power Co -

2005 Albright Power Station Cheat Preston 843,748,700
Monongahela Power Co -
Fort Martin Power

2493 Station Monongahela Monongalia 3,671,588,650
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Facility Average Annual

ID Facility Name Watershed County Withdrawal (gallons)
Monongahela Power Co -
Willow Island Power Middle Ohio

2600 Station North Pleasants 11,854,943,333
Morgantown Energy

3422 Facility Monongahela Monongalia 26,827,340,000
Mount Storm Power North Branch

2699 Station Potomac Grant 403,202,680,000
Ohio Power Co - Kammer Upper Ohio

3807 Plant South Marshall 132,394,974,000
Ohio Power Co - Mitchell Upper Ohio

3808 Plant South Marshall 9,236,808,759

Predominately, related withdrawals occur in the North Branch Potomac Watershed (44%) at a single
facility (Figure 2-17). Another 50% of the total withdrawals occur among four watersheds. The Middle
Ohio South contributes 22% and the Upper Ohio South contributes 15%, each having two facilities. The
Upper Kanawha Watershed contributes 10% to the total from one facility while the Monongahela
contributes only 3% from three LQU facilities. The remaining four watersheds have one facility each,
except the Middle Ohio North Watershed which has two facilities that contribute 2% or less to the total

statewide withdrawals for thermoelectric use.

The Recreation SIC category has 14 watersheds contributing to the total amount of annual withdrawals
occurring statewide (Figure 2-18). The Greenbrier and Cheat watersheds withdrawal more than 70% of
the total recreational water used in the state from four facilities; two located in each. The Lower New
has three LQU facilities which account for 11% of withdrawals while the Upper Ohio North has one
facility that accounts for approximately 6% of the total. The Potomac Direct Drains and Shenandoah
Jefferson watersheds each have two facilities and contribute 3% each to the total recreational use. The
West Fork Watershed has one facility that contributes 2% to the total. The remaining seven watersheds
with recreational use withdrawals have only one facility a piece and contribute 1% or less to the total

annual statewide withdrawals.
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H North Branch Potomac (44%) H Middle Ohio South (22%) H Upper Ohio South (15%)

B Upper Kanawha (10%) = Monongahela (3%) = Middle Ohio North (2%)

West Fork (2%) 1 Cheat (< 1%)

= Lower Kanawha (2%)

Figure 2-17 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Thermoelectric (coal) SIC category of use, estimated to be 915,256,218,694 gallons per

year.
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W~y 00 00

1 Cheat (29%) M Lower New (11%)
Potomac Direct Drains (3%) B Shenandoah Jefferson (3%)
= Lower Kanawha (1%)

B Greenbrier (42%)

B Upper Ohio North (6%)
West Fork (2%) M Monongahela (1%)

South Branch Potomac (1%) mElk (1%) B Cacapon (< 1%)

H Middle Ohio South (< 1%) 1 Tug Fork (< 1%)

Figure 2-18 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for the Recreation SIC category of use, estimated to be 1,544,771,703 gallons per year.
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Every watershed in the state, except the Dunkard, James, and Shenandoah Hardy, has active LQU
withdrawals in the Public Water Supply category (Figure 2-19). There are 215 registered LQUs that are
actively withdrawing water for the public. It is especially important to remember when considering the
number and distribution of LQU public water supply facilities that any facility that is a purchase-only
facility is not required to report its water use since that water is already reported by the originating
Public Service District (PSD). Withdrawals for the Public Water Supply SIC category are generally well
distributed across the state. The largest contribution to the total annual withdrawals occurs due to the
activity in the Elk Watershed (17%) which has eight active LQU facilities. Of the eight active facilities,
three are operated by West Virginia American Water and serve not only a large residential area and sell
water to smaller PSDs but also have a commercial and industrial client base as well, due to location. The
Tygart Valley Watershed withdraws the second largest amount of water for public supply (9%) with 13
contributing facilities. The City of Fairmont withdraws the most water of the 13 facilities in the Tygart
Valley Watershed, but also serves a large variety of clients (e.g. private domestic, commercial, and
industrial) including resale to smaller PSDs. The Middle Ohio South and the Lower Ohio each contribute
7% to the total withdrawals occurring in the state. The Middle Ohio South Watershed has 11 LQU
facilities, while the Lower Ohio Watershed has three active facilities, one of which is WV American
Water — Huntington. The Lower New Watershed has six facilities while the Upper Ohio South
Watershed has 12 facilities, but each contributes 6% to the total annual withdrawals. The Monongahela
has four active LQUs while the West Fork Watershed has three active LQUs (the two largest being
Morgantown and Clarksburg, respectively,) while the Potomac Direct Drains Watershed has 16 active
facilities, but each contributes 5% of the statewide total. The Upper New Watershed has 10 LQU
facilities while the Tug Fork Watershed has 28 and each contributes 4% to the total. The remaining 18

watersheds with active LQU withdrawals contribute 3% or less to the total annual withdrawals for public

supply.
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Figure 2-19 Average annual percent contributions of watersheds to statewide withdrawals and average water withdrawn
annually in millions of gallons for Public Water Supply use estimated to be 69,283,527,985 gallons.
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2.2.4 Water withdrawal trends over time

Water use rates are directly tied to the size of the human population and the state of the economy. The
population in the state has not seen a dramatic change in size over the course of the LQU data
collection. It is important to note when reviewing Figures 2-20 to 2-25 that no data was collected in
2006 and 2007. Additionally, the last three years of data may not equal the reported three year average
due to the removal of facilities that have closed from the reported three year average. The state of the
economy has fluctuated, some due to recessions and recovery periods, but almost all of the SIC
categories in the LQU database reported using less water in the most recent reporting year (2011) than
in the initial year of data collection (2003). This trend among SIC categories is reflected in the reduction

in statewide water use over the reporting period (Figure 2-20).

1.80

1.60 # *‘ —_—
1.40 =

1.20 \s"v‘—

1.00
0.80
0.60
0.40
0.20
0.00

Trillions (gallons/year)

3 Year
Average

=g Statewide 1.65 1.63 1.59 1.53 1.25 1.18 1.12 1.20

2003 2004 2005 2006 2007 Year 2009 2010 2011

Figure 2-20 Statewide water withdraw trends over time (excluding hydroelectric).

The only SIC categories that have seen an increase in water use over time are Public Water Supply,
Mining and Frac Water. A detailed list of facilities by SIC category, name, watershed, county, and the
average amount of water used each year can be found in Appendix K. Only withdrawals for frac water
have seen a steady increase each year of record. Read Section 2.5 for a detailed discussion of the frac
water data collection and growth of the industry. The individual watershed sections in the West Virginia

Watershed Descriptions companion report contain detailed descriptions of SIC trends.

The Timber, Frac Water, Recreation and Petroleum SIC categories reported using the least amount of
water annually, ranging only in the 46-1,900 millions of gallons (Figure 2-21). Reductions in overall
water use could be a result of economic variations, the implementation of voluntary water conservation

practices, facility closures, reduction of withdrawals so that withdrawals fall below the reporting
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threshold, effectively removing open industries from the reporting data, or moving from withdrawal

operations to purchasing the water needed for operations.

The Mining and Agriculture/aquaculture SIC categories have withdrawal averages ranging from about
5.5 billion to almost 14 billion gallons of water every year (Figure 2-22). Mining uses more than twice as
much water and has seen more fluctuation over time than agriculture/aquaculture uses. However,
there are 12 operating agriculture/aquaculture users in the state and only two facilities have closed
since the beginning of the collection period. Agriculture/aquaculture is almost entirely made up of fish
hatcheries or large nurseries that are either set up as mostly flow through operations or are almost
entirely non-consumptive otherwise. There are approximately 90 currently active LQU mining facilities.
Since 2004, 18 facilities have closed with the most (9) occurring in 2009. Six more facilities closed
between 2010 and 2011. However, 13 new facilities began reporting on or after the 2008 collection
year. Other economic driving forces, such as the market price for coal, are likely to change production

levels and therefore the amount of water needed from year to year.
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ey Frac Water* 46 581 923
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Figure 2-21 Statewide LQU water withdrawal trends for the Recreation, Timber, Frac Water*, and Petroleum SIC categories,
measured in millions of gallons per year. *Frac Water data was collected in a separate database over a different time period.
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Figure 2-22 Statewide LQU water withdrawal trends for the Agriculture/aquaculture and Mining SIC categories, measured in
millions of gallons per year.

Although the public water supply sector mostly serves residential customers, individual facilities may

also have commercial and industrial

clients that purchase water. The slight Reportlng water use aHOWS
increase in this sector that has occurred Companies to become more
since the initial data collection year aware Of the amount Of water
corresponds to the U.S. Census intercensal used, and may lead to
estimates, which show a slight increase in increased water Conservation.

population each year of the reporting

period. However, the amount of water withdrawn for the public supply has only fluctuated between 68
and 74 billion gallons per year over the reporting period. Other factors contributing to variations in the
amount of water used for public supply include annual precipitation, installation of water saving
appliances, and economic factors. There are 12 currently operating industrial LQUs. From 2006 to 2009,
four of the original 16 closed. The Industrial SIC category has seen an obvious decrease in withdrawals
over the reporting period, dropping from 70 billion gallons in 2003 and 2004 down to 17 and 20 billion
gallons in 2010 and 2011, respectively. The dramatic reductions could be a result of voluntary

conservation practices or a switch to purchasing rather than withdrawing water (Figure 2-23). Reporting
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water use allows companies to become more aware of the amount of water used, and may lead to

increased water conservation.
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Figure 2-23 Statewide LQU water withdrawal trends for the Public Water Supply and Industrial SIC categories, measured in
billions of gallons per year.

Since 2003, the water reportedly withdrawn by thermoelectric facilities has dropped from
approximately 1,300 billion gallons per year to 837 billion gallons a year in 2011 (Figure 2-24). The
decline in thermoelectric (coal) production is directly related to a reduction in the amount of energy
produced. The reduction in energy production can be attributed to many factors. Economic recessions
cause a reduction in energy production. Higher costs for raw materials or less demand for a product can
reduce production amounts and therefore the need for energy and finally for water. Climatic changes
will have a direct effect on the amount of energy required to heat and cool both residential and
commercial buildings. Political factors such as the provision of funding to switch to alternative power
sources as well as energy efficient building requirements for new construction, appliances and lighting
play a role in the overall reduction. The Chemical SIC category has seen an approximate 15 billion gallon
reduction in overall water use since 2003 (Figure 2-24). There were 16 original facilities that registered
in 2003 with two closures occurring by 2008 with the 2008 closure being the largest contributor of the

two.
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Figure 2-24 Statewide LQU water withdrawal trends for the Thermoelectric and Chemical SIC categories, measured in

billio

Hydroelectric water use is flow through and considered non-consumptive. Water use data was not
originally collected from these facilities. Data collection for hydroelectric facilities began in 2009 (Figure
2-25). There are nine facilities that are currently registered under the Hydroelectric SIC group in the

LQU database. Like thermoelectric plants, the fluctuations in water used or passed-by a hydroelectric

ns of gallons per year.

facility is directly related to the amount of energy needed and the quantity of available water.
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Figure 2-25 Statewide trends in pass by flows occurring in the Hydroelectric SIC category, measured in billions of gallons per

year.
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2.2.5 Water Sources

Large Quantity Users may withdrawal water from surface sources including streams, rivers, lakes, and
springs and from natural groundwater wells or flooded mine pools. The overall average annual results
can be seen in Table 2-5 and Table 2-6. The three-year average annual gallons withdrawn was
calculated for each individual facility and then summed by SIC category, see Section 2.2.2 for a detailed
description of the data analysis. Percentages of ground and surface waters were determined by
categorizing the source and then calculating the average contribution of each intake type reported by
facilities to the overall withdrawal. The general locations of LQUs utilizing surface and groundwater
sources can be seen in Figure 2-26. Water withdrawn for domestic and agriculture use does not fall

under the reporting requirements and had to be estimated separately Sections 2.3 and 2.4, respectively.

From the tables below we can see that every LQU withdrawals more surface water than groundwater
except for withdrawals for the petroleum industry. The Petroleum SIC category withdraws, on average,
approximately 24% of its total water from surface water sources, and has the most balanced water
withdrawal approach of all the LQU industries. Mining withdraws the second highest percentage of
groundwater and has the next most balanced withdrawal approach, with an average of approximately
78% of its total water being from surface sources. The Industrial, Public Water Supply and Recreation
SIC categories all withdraw approximately 80% of their total water use from surface water sources.
However, it is important to remember when considering withdrawals for public supply that this is only
for PSDs that withdraw enough water to be considered a LQU; it is likely that smaller PSDs use a larger
percentage of groundwater than surface water to supply the public. The remaining industries all
withdraw greater than 90% of their water from surface sources. The thermoelectric industry withdraws
the greatest percentage of surface water used in the state, while hydroelectric use is 100% flow-through
and has no groundwater intakes (Figure 2-27). This distribution of annual surface water used in each

watershed by the each SIC categories can be seen in Figure 2-28.
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‘Figure 2-26 Distribution of Large Quantity User groundwater and surface water withdrawals.

Although the Public Water Supply SIC category withdraws 19% of its total water use from groundwater
sources, it uses the greatest percentage of overall groundwater withdrawn by LQUs in the state (Figure
2-29). Of the 215 currently registered and operating public water supply LQUs, approximately half
utilize groundwater intakes for their supply. The Chemical SIC category withdraws 6% of its total water
from groundwater sources and its’ share of total groundwater use in the state is 32%. A relatively small
number of chemical facilities use a large amount of the groundwater withdrawn in the state. There are
14 chemical facilities registered as LQUs that are currently operating and of those, nine utilize

groundwater intakes for their supply.
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Table 2-5 Total annual average gallons withdrawn in the state and the corresponding percentages of groundwater and
surface water, separated by SIC code. *Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool,
which all horizontal well operators who hold a water management plan as part of the Oil and Gas permit are subject to
report all related withdrawals to. Values may not sum exactly due to individual rounding.

LQuU Sum of 3 Year Annual Average % GW % SW
Agriculture/aquaculture 5,581,517,720 4,95 95.05
Chemical 168,342,927,475 6.18 93.82
Frac Water* 922,783,143 0.12 99.88
Hydroelectric 15,756,375,655,427 0.00 100.00
Industrial 20,077,779,753 17.71 82.29
Mining 13,462,053,653 22.55 77.45
Petroleum 484,937,415 76.37 23.63
Public water supply 69,283,527,985 18.75 81.25
Recreation 1,544,771,703 16.37 83.63
Thermoelectric (coal) 915,256,218,694 0.04 99.96
Timber 1,233,943,576 0.59 99.41
Total annual LQU withdrawals 16,952,566,116,543 <0.01 >99.99

Table 2-6 Total annual average gallons withdrawn in the state and the corresponding percentages of groundwater and
surface water, separated by SIC code. *Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool,
which all horizontal well operators who hold a water management plan as part of the Oil and Gas permit are subject to
report all related withdrawals to. Values may not sum exactly due to individual rounding. Hydroelectric totals are excluded.

LQuU Sum of 3 Year Annual Average % GW % SW
Agriculture/aquaculture 5,581,517,720 4,95 95.05
Chemical 168,342,927,475 6.18 93.82
Frac Water* 922,783,143 0.12 99.88
Industrial 20,077,779,753 17.71 82.29
Mining 13,462,053,653 22.55 77.45
Petroleum 484,937,415 76.37 23.63
Public water supply 69,283,527,985 18.75 81.25
Recreation 1,544,771,703 16.37 83.63
Thermoelectric (coal) 915,256,218,694 0.04 99.96
Timber 1,233,943,576 0.59 99.41
Total annual LQU withdrawals 1,196,190,461,116 2.63 97.37

The industrial and mining sectors contribute 13% and 9%, respectively, to the total amount of
groundwater withdrawn annually. Two percent of groundwater use comes from both the recreation
and petroleum industries, while the remaining industries contribute 1% or less to the annual
withdrawals. This distribution of annual groundwater used in each watershed by the each SIC categories

can be seen in Figure 2-30.
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Figure 2-27 Statewide distribution of average annual amount of water withdrawn by LQUs from surface water sources
(excluding Hydroelectric). * Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool.
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Figure 2-28 Distribution of average annual amount of water withdrawn by LQUs from surface water sources (excluding
Hydroelectric) in each watershed. Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool.
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Figure 2-29 Statewide distribution of average annual amount of water withdrawn by LQUs from groundwater sources
(excluding Hydroelectric). * Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool.
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Figure 2-30 Distribution of average annual amount of water withdrawn by LQUs from groundwater sources (excluding
Hydroelectric) in each watershed. Frac Water includes only the 2011 data collected from the Frac Water Reporting Tool.

2.2.6 Interbasin Transfers

As defined in the Act, 22-264, interbasin transfers result from the permanent movement of water from
one hydrological unit to another. These transfers are considered a consumptive use from the originating
watershed. Based on data availability, the following discussion is limited to the consideration of the

movement of water between HUC-8 watersheds occurring due to the activity of Large Quantity Users in

the state.

multiple HUC-8 watersheds. However, this is not completely indicative of the amount of water actually
transferred because some of the water withdrawn may be discharged back to the originating watershed.

Table 2-7 provides the facilities that withdraw from multiple watersheds and the total average water

withdrawn from each originating watershed.

89

Approximately 8 billion gallons of water are withdrawn by facilities that utilize intakes in




Table 2-7 Large Quantity Users with activities resulting in withdrawals from multiple watersheds.

The annual average

withdrawal amount from each watershed is provided. *The facility has reported withdrawal locations but has not reported

any withdrawals.

Facility ID Facility Name Watershed Average Annual Withdrawal
Middle Ohio South 303,221,446
1945 Point Pleasant Water Works Lolwereohklao ou 151:383:421
2075 Kanawha River Terminals — Ceredo Dock 'I;':vVZTJe;C;Z:Z ;:Si;:ggg
2904 Bayer Material Science LLC &?gjlre?;?oslzg:rh 712:122:;22
3034 ICG Eastern — Birch River Operation Slimey 1%:3;;;;;1
3077 Beckley Water Company tjopv\rjz: llflaerxawha 2,3:2:22?:3;
3414 Consol Energy — Loveridge I?Ali)nnkc?r::ahela Z;Z:Zégjgﬁi
4161 Arch Coal — Coal-Mac, Inc. -LI-JL:)ng:Zuyandotte géﬁ?giii
4454 Hobet Mining — Hobet21 Mine Ez\?vler Guyandotte 133:22;:132
4564 Cobra Natural Resources — Mountaineer Upper Guyandotte 156,677,487
Mine & Plant Tug Fork 1,870,871
4639 Snowshoe Mountain Elflleat 4571';;59055'232
1685 Catenary Coal Company — Samples Mine Coal 49,069,468
Complex Upper Kanawha 53,286,536
5082 Cheat Mountain Water Company Elr:(eat Z::ggjis
>128 Cress Creek Country Club igf;]:qr;dcoglejj f;rrasf;: 13,735,08;
10070 cty o Viens Midde Ohio South Sorern
10103 Wolf Run Mining- Sentinel Complex '\I;\\//i:trt':\éfllley 81'132:253

Interbasin transfers can result from a variety of activities.

Initially a facility must obtain water from

either a withdrawal point or as purchased water from another facility. Large Quantity Users report

water withdrawn from surface and/or groundwater sources and water purchased from other facilities.

The location of the source may or may not be located in the same watershed of the facility itself or the

watershed where the water is later discharged. Additionally, the location of a facility from which water

may be purchased for use could require piping from a long distance, and resultantly come from a

different watershed than the one where it is used and later disposed of. For example, large PSDs could

pipe water across watersheds to domestic or industrial users not attached to public sewer leaving the

water in the transferred location. Once water is obtained by a facility and used, it may be disposed of in

numerous ways that could result in additional interbasin transfers.

Discharges to surface waters,

publicly owned treatment works (POTW), underground injection control wells (UIC), private reservoirs,

public lakes, and others are also reported by Large Quantity Users.
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include but are not limited to the following
types: irrigation, snowmaking, and dust In order to gain an adequate

ion. L tit that . . .
suppression.  Large Quantity Users that are | ynderstanding of the interbasin

classified as public water suppliers do not
report any discharges because the water transfers occurring due to the

that is withdrawn for public water supply is Operation of an individual

either discharged by residential customers

to POTWs or to a local septic system. faClhtyl a site SpeCIﬁC Stlldy

Industrial and commercial customers may would be required

discharge the water from public water

suppliers to any of the potential discharge locations listed above. Any of these customer uses have the
potential to result in interbasin transfers. When a Large Quantity User has multiple intake and discharge
locations it becomes impossible to determine exactly how much water from each specific source ends
up in each final discharge location because the water generally gets combined and is not traced
separately throughout the in-house processes. Understanding the exact amounts of water transferred
is further complicated by the lack of or inability to meter discharges. In order to gain an adequate
understanding of the interbasin transfers occurring due to the operation of an individual facility, a site

specific study would be required.

Interbasin transfers resulting from the activity of Large Quantity Users (LQUs) such as the example of the
transfers out of the Elk Watershed illustrated below (Figure 2-31) are described in the respective
regional breakdowns in the West Virginia Watershed Descriptions companion report. It is important to
note the limitations listed above and that each facility transfers were considered under only three
potential transfer mechanisms; 1) surface or groundwater withdrawals to stream discharge, 2) surface
or groundwater withdrawals to public owned treatment facility (POTW) discharge, and 3) purchased
water to stream or POTW discharge. The following graphic (Figure 2-31)is meant to serve as an example
of the limitations of the data collected from LQUs and why a site specific approach needs to be
considered. To get a picture of water that is transferred as a result of withdrawals from surface and
groundwater vs. discharges to streams (Stream_DRP) or POTWs (POTW_DRP) refer to the blue circle set.
Approximately 12 billion gallons are withdrawn annually from the Elk Watershed by 13 facilities. Of that
water, approximately 18.7 million gallons are reportedly transferred out of the Elk by the operations of
two facilities. One facility reportedly discharges 190 million gallons into the Gauley Watershed via

stream discharges while the second facility discharges 8.5 million gallons into the Cheat Watershed via
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POTW discharges. The larger amount being discharged into the Gauley Watershed by one facility than
what was withdrawn by two indicates that there are more factors at play that are not clearly defined by
the reported amounts alone. This situation is further compounded when considering purchased water
transfers as is depicted by the orange circles. The complete list of detailed explanations regarding the
reported LQU withdrawal amount and source, as well as the discharge locations and amounts that result

in interbasin transfers throughout the state can be seen in Appendix L.

tream_DRP

POTW_DRP

STREAM_DRP

POTW_DRP
1

@ @

Figure 2-31 Activity in the Elk River Watershed resulting in water transfers to other watersheds (interbasin transfers). The
sizes of the balloons represent the proportions of water and serve to illustrate the difficulty in understanding the actual
occurrence and resulting impact of interbasin transfers.
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2.2.7 Consumptive Use

Estimating the amount of water consumed is an essential component of a water resources plan for West
Virginia. As per the Act, consumptive use is defined as any withdrawal of water that returns less water
to the water body than is withdrawn. Water managers need to know how much water is removed from
the water system to evaluate the potential impact on downstream users and the environment. As an
example, in 2011 approximately 6% of the total water withdrawn in West Virginia was considered to be
consumptive. A detailed explanation of the methods of calculation as well as a discussion of limitations
is available as part of the future consumptive use projections presented in Chapter - 4. High and low
scenarios of consumptive use were developed from LQU withdrawal data and use coefficients from the
2007 Shaffer and Runkle study for past withdrawals in order to make future projections. Past
consumptive use by watershed is discussed here, while consumptive use on the county level is available

in the Chapter 4 Appendices P-T.

In order to make past consumptive use estimates, as well as withdrawal and consumptive use
projections for this analysis, water use categories had to be combined. Withdrawals and consumptive
use were not projected for two of the LQU database water use categories. Both hydroelectric and
aquaculture uses are considered to be non-consumptive. The reasons for this are explained in Chapter -

4. The categories used for consumptive use are:

e Mining and Petroleum (LQU database categories - Mining and Petroleum)

e Manufacturing (LQU database categories - Industrial, Chemical, and Timber)
e Public Water Supply

* Recreation

e Thermoelectric

e Marcellus Shale/Hydraulic Fracturing

Table 2-8 is an excerpt from the Chapter - 4 explanation of water use coefficients and was also used to
calculate past consumptive use. The consumptive use estimate for each year (2003-2005, 2008-2011)
was determined by multiplying each facility’s estimated or recorded withdrawal by the corresponding

consumptive use coefficient.
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Table 2-8 Low and High scenario consumptive use rates for the recombined water use categories (Shaffer & Runkle,
Consumptive Water-Use Coefficients for the Great Lakes Basin and Climatically Similar Areas, 2007).

Consumptive Use Rate (percent)
Water Use Category Low Scenario High Scenario
Public Water Supply 15 20
Manufacturing 10 13
Thermoelectric 2 4
Recreation 55 56.5
Mining and Petroleum 14 20
Marcellus Shale/ Hydraulic Fracturing 91 100

The results from creating the Mining and Petroleum and Manufacturing categories are shown in
Chapter 4 tables and in Appendix P. The withdrawals by reorganized use types and the associated
consumptive use high and low estimates are displayed in Figure 2-32 and Figure 2-33. The figures
show that the Thermoelectric sector is the largest withdrawer of water, followed by the Manufacturing
sector. Chapter 4 Appendices P-T summarizes estimates of past consumptive use in West Virginia
using the coefficients discussed in this section and in greater detail in Chapter 4 (except for Marcellus

Shale which is described entirely in Chapter 4).

1,400.0
1,200.0
1,000.0
800.0
600.0
400.0
200.0
0.0 o b D e o, . P R
2003 2004 2005 2008 2009 2010 2011

 Thermoelectric (withdrawal) * Thermoelectric (high) = Thermoelectric (low)

Figure 2-32 Annual withdrawals from the LQU database for the (amended) Thermoelectric* group as well as the high and
low consumptive use estimates for those years (based on the Shaffer and Runkle consumptive use coefficients) in billions of
gallons. *Shown separate due to scale.
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Manufacturing (withdrawal) * Manufacturing (high) Manufacturing (low)
B Public Water Supply * PWS (high) =PWS (low)
B Mining and Petroleum * M&P (high) = M&P (low)
M Recreation Rec. (high) = Rec. (low)

Figure 2-33 Annual withdrawals from the LQU database for (amended) groups as well as the high and low consumptive use
scenario calculations (based on the Shaffer and Runkle consumptive use coefficients) in billions of gallons.

Furthermore, Figure 2-32 and Figure 2-33 indicate that the Thermoelectric and Manufacturing sectors
consumptively use the most water. Total consumptive use is driven by large withdrawals in the
Thermoelectric sector despite low consumptive use coefficients (Figure 2-32). However, it is important

to note that the effects of installing scrubbers at thermoelectric plants in West Virginia on the

consumptive use coefficient may

Approximately 6% of the total

require recalculation in the future

(see Section 4.5 for more discussion). water Withdrawn i].'l WeSt
The Manufacturing sector has a high Vlrglma in 2011 was considered
consumptive use rate that leads to to be Consumptive use.

high consumptive use totals even

with the lower withdrawal totals.

Marcellus Shale withdrawals are not shown here because data was not collected over the same time
period. For the Marcellus Shale use category, a low scenario consumptive use rate of 91 percent was
calculated from the Frac Water Database. This rate was calculated as the average difference between

the amount of water withdrawn and the amount of flowback water returned from a fractured well. For
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the high scenario, a consumptive use rate of 100 percent was used to reflect that the flowback water is
essentially wastewater and is removed from the water cycle entirely. The calculated consumptive use
coefficients, when applied to the 2011 Frac water withdrawal data, suggest that the total consumption
of water statewide was between 840 and 923 million gallons. These data are grouped by watershed in

Table 2-9.

Table 2-9 Marcellus Shale withdrawals and consumptive use estimates by HUC. Data were provided by DEP outside of the
LQU database.

Frac Water Withdrawals and estimated consumptive use

albles (2011) (Mgal)

Withdrawal HIGH Consumptive| LOW Consumptive Use
Tygart Valley 102.7 102.7 93.5
West Fork 150.9 150.9 137.3
Monongahela 60.4 60.4 55.0
Cheat 10.1 10.1 9.2
Dunkard 4.6 4.6 4.2
Upper Ohio North 28.4 28.4 25.8
Upper Ohio South 176.9 176.9 161.0
Middle Ohio North 263.5 263.5 239.8
Little Kanawha 121.3 121.3 110.4
Elk 3.8 3.8 3.5
TOTAL 922.6 922.6 839.7

2.2.8 Limitations and Improvements

While analyzing the information to prepare this chapter, several data and programmatic deficiencies
were discovered. Several of the facilities did not accurately provide all requested information in the
initial surveys. For example, some of the survey respondents provided latitude and longitude that
mapped outside of the state. Some inaccurately calculated their water withdrawals. Compounding the
problem of inaccurate water use calculations is the fact that many facilities do not meter their water
intakes or discharges. Additionally, contact information became outdated during certification years,
complicating data collection efforts. It became apparent that often the individual completing the survey
was not familiar with the details of the facility’s operation. Ensuring that qualified representatives
complete the survey would improve data integrity. Given that the DEP must manually review and enter
the reported data to assure the validity of the information prior to drawing conclusions, future surveys

may be submitted electronically. Reporting actual use would minimize data-related problems and
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improve the accuracy of the Large Quantity

Reporting actual use would
the Large Quantity User to certify “...that the minimize data_related
amount withdrawn in the previous calendar prOblemS and mprove the
year varies by no more than 10% from the accuracy of the Large
user’s baseline average.” This was initially Quantity User information.

intended to make it easier for the water

User information. The Act currently requires

users to report; however, in reality it has resulted in a potential 20% error in calculation of total
statewide water use. This wide discrepancy complicates database calculations and results in less-than-
desirable survey accuracy, which hampers the DEP’s efforts to study, develop and protect the state’s
water resources. Revising the code (See, W. Va. Code § 22-26-3(d)) to eliminate the £10% variance

would increase survey accuracy.

In addition to having estimated withdrawals instead of metered withdrawals, complicated by insufficient
discharge data, there is currently a limited understanding of the movement of water occurring post
withdrawal at most facilities. In other words, the brief description provided by each LQU regarding the
purpose and planned use for the water withdrawn does not afford an in depth understanding regarding
uses by purchasers or potential transfers that may be occurring. Having this information would improve

the understanding of consumptive use and interbasin transfers.

The DEP, with assistance from USGS, has attempted to identify all potential large water users. Going
forward, a review of all public providers registered with the Public Service Commission (PSC) and the
Department of Health and Human Services (DHHR), as well as businesses registered with the Secretary
of State’s office, to ensure all Large Quantity Users are compliant, plus tracking the percentages of water
sold to the various categories of end users, will improve our understanding of use in the state and ability
to interpret and use the data collected. Additionally, as suggested in several Legislative committee
meetings, reducing the reporting threshold from 750,000 gallons/month to 300,000 gallons/month
would increase the completeness of data related to the water being used and make West Virginia
consistent with neighboring states’ reporting thresholds. A study completed by CEGAS estimates 785
additional facilities and 2.4 billion gallons of water withdrawn annually would be captured if the
reporting threshold were lowered. Lowering the threshold would aid in the planning for water
resources management, oil and gas water management plans, better equip decision makers should

drought-driven withdrawal or conservation restrictions become necessary and allow us to capture
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groups of smaller water users that are not currently required to register. Lowering the threshold to
300,000 gallons/month was recommended by the Legislative Auditors of the Performance Evaluation
and Research Division in their report dated November, 2011 (PE-11-11-500). To accomplish this, a
change to the definition of a Large Quantity User in the Act (§22-26-2) would be necessary. The CEGAS
study is included in Appendix M. The following is a list from the CEGAS study of the facility types that

would potentially report if the threshold is lowered.

Golf Courses (Some or most may need to be reporting with current levels)
Nursing homes/Retirement facilities
Mobile home parks

Public water supplies

Farms (For Irrigation)

Campgrounds

Jails/Correction facilities

Schools

Resort hotels

Parks

Courthouses

Cemeteries

Nurseries

Lumber facilities

Chemical plants

Paper plants

Ammunition plants

Concrete plants

Pet food producers (from animal and food waste)
Meat processors

Industrial parks

Furniture makers

Highway Rest Stops

O 0000000000000 O0OD0OD0OO0O0ODO0OO0OO0OO

2.3 Estimating Domestic Use: Self-Supplied vs. Public Water Supply

There are several possible methods for estimating the amount of water withdrawn for domestic use.
Generally, it would be possible to get an estimate of self-supplied water by calculating the amount of
water withdrawn from the difference in the number of people served in the state by Large Quantity
Users and the U.S. Census estimated total population using the 2005 USGS per capita rate in West
Virginia (100.7 gal/capita/day). However, this does not account for the population that may be served
by smaller public service districts or by those PSDs that purchase water while the per capita rate

accounts for all estimated domestic use both delivered and self-supplied. Additionally, the U.S. Census
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estimates are limited to the accuracy of the most recent decennial census and current data collection
efforts, while the USGS estimates are becoming dated. Instead, the DEP chose to work in concert with
efforts underway by the West Virginia Water Development Authority (WDA) to calculate the population

currently using well water by county.

The WDA used the SAMB dataset of digital structure images to estimate the percentage of unserved
structures by overlaying the maps of known water lines. The percentage of unserved structures was
then combined with the number of households estimated by the U.S. Census to calculate an estimated
number of unserved households. The average household size was then applied to determine an
estimated amount of water used by the unserved population. The DEP then used an adjusted per capita
use rate to calculate the average water withdrawals from wells for self-supplied domestic use. The 2005
USGS per capita water use rate for West Virginia was determined to be 100.7 gallons/day, which was
calculated from total domestic use that year and population estimates. However, for the determination
of current self-supplied domestic use, a per capita rate of 90 gallons/day was chosen. This reduction is
intended to account for recent changes in water use standards for new household appliances and new
trends in voluntary reductions of water used at home since 2005. Although the use of this GIS data and
methodology used is intended to account for some of the considerations for other estimations

mentioned above, these estimates still have some caveats of their own:

e Structure data is from the SAMB dataset and includes all structures (homes, businesses, public
buildings, barns, etc.) and is not coded to remove useless data.

e Served/Unserved estimates are based on a distance of 500’ from a known existing water line.

e Not all water lines have been provided to WDA and so estimates of unserved structures may run
high.

e Does not account for business use, but businesses make up a smaller percentage of the rural
areas that remain unserved.

e Does not consider possible agricultural use of water for livestock or irrigation.
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Table 2-10 Average annual amount of water supplied by Large Quantity Users to each county and estimated annual self-
supplied amounts in gallons.

County Public Supply Self-Supply County Public Supply Self - Supply

Barbour 1,190,542,333 227,887,494 | Mineral 0 434,157,403
Berkeley 3,904,895,047 | 2,834,254,604 | Mingo 1,367,233,109 220,817,663
Boone 56,110,053 122,337,959 | Monongalia 3,618,309,333 | 2,653,449,187
Braxton 371,706,673 286,369,498 | Monroe 349,971,273 310,427,880
Brooke 1,987,124,587 192,066,451 | Morgan 172,097,671 498,117,505
Cabell 4,849,095,171 118,965,512 | Nicholas 1,007,428,307 486,081,998
Calhoun 117,677,133 192,853,515 | Ohio 2,474,253,234 | 1,363,057,615
Clay 166,710,033 183,928,616 | Pendleton 134,104,382 206,834,468
Doddridge 56,309,000 234,049,811 | Pleasants 287,180,125 219,645,737
Fayette 1,979,400,088 432,354,389 | Pocahontas 167,104,362 218,883,925
Gilmer 224,960,667 139,922,360 | Preston 636,277,528 715,070,769
Grant 373,592,104 217,871,221 | Putnam 829,426,333 278,186,841
Greenbrier 1,106,452,303 753,606,914 | Raleigh 3,394,446,353 723,996,949
Hampshire 209,725,520 638,751,292 | Randolph 1,187,713,292 503,180,670
Hancock 325,213,200 262,319,828 | Ritchie 0 246,223,222
Hardy 1,350,741,254 347,989,241 | Roane 265,644,353 295,503,246
Harrison 2,647,853,667 597,485,978 | Summers 1,012,213,653 296,266,481
Jackson 652,080,137 456,579,374 | Taylor 0 175,819,704
Jefferson 1,005,820,950 | 1,115,326,374 | Tucker 263,953,622 177,671,540
Kanawha 12,286,973,515 151,027,044 | Tyler 173,505,085 195,823,443
Lewis 431,777,333 233,916,107 | Upshur 781,452,937 252,111,780
Lincoln 127,566,000 400,063,453 | Wayne 1,186,825,438 119,896,814
Logan 1,396,126,951 287,177,976 | Webster 118,313,467 208,460,660
Marion 3,081,451,235 614,207,130 | Wetzel 665,097,895 260,473,178
Marshall 1,144,502,950 400,657,100 | Wirt 0 110,462,286
Mason 1,190,148,820 864,418,788 | Wood 4,436,548,840 501,259,959
McDowell 1,139,975,298 308,411,733 | Wyoming 556,224,115 385,864,278
Mercer 1,542,097,312 748,642,822 | TOTAL 70,001,954,044 | 25,421,187,783

Berkeley, Jefferson, Monongalia, and Ohio counties were estimated to withdrawal the greatest amount

of water for self-supplied use.

Kanawha, Cabell and Wood counties reported having the largest

withdrawals by Large Quantity Users for the public water supply. County totals for total public water

supply and for total gallons withdrawn for self-supply are available in Table 2-10. The same information

is displayed in Figure 2-34. The pie charts represent proportional breakdowns of the total amount of

surface and groundwater provided by LQUs and the total amount of water withdrawn by the unserved

population for self-supply.
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Figure 2-34 Distribution of average annual gallons of water withdrawn by LQUs in each county from groundwater and
surface water sources for public supply and the estimated amount withdrawn by the unserved population for domestic use.

2.4 Estimating Agricultural Use

The United States Geological Survey has estimated the water used in the United States every five years
since 1950, taking into consideration both the source and category of use (Kenny, et al.,, 2009). The
results of its 2005 estimates are the most recent data available. Due to restrictions in the law, data
from individual farms may not be reported. Data was aggregated by county for various types of
livestock and poultry. Water use related to livestock includes meeting the operation requirements and
the watering and feedlot needs of cows, cattle, sheep, goats, hogs, horses and poultry. Very little water
is used for irrigation by farmers in the state, so that statistic is not collected. All of the water use
reported is for livestock and poultry. Appendix N lists 2005 agricultural water consumption by

county. Figure 2-35 displays the same information on a state county map.
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Figure 2-35 USGS Estimates of 2005 agriculture withdrawals for livestock and poultry.

As provided, the agricultural data cannot be used for detailed water use assessment and
evaluation. For example, the total withdrawal estimates for 2005 is equal to about one third of the
average water reported by LQUs for agriculture/aquaculture use, which is calculated from the most
recent three years of data (see Table 2-1). Additionally, there is no location data for the withdrawals.
The water could be from one stream, several streams, or multiple wells at multiple depths. Without
this information, it is impossible to evaluate the data for competing sources, conditions that exacerbate
flooding and drought, or any other comparative statistic. To develop a water management program
that reflects the range of competing uses, everyone must work together to devise a program that will
provide the water use data needed, while maintaining the confidentiality of agricultural
information. Evaluating counties with agricultural output on a regional scale will provide the greater

detail needed to manage the resource for the benefit of all.
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2.5 Marcellus Shale water use

Prior to 2009, the term “Marcellus Shale” was virtually unknown in regard to water resources
management in West Virginia. Today, oil and gas exploration in the state has dramatically increased due
to technological advances in directional drilling and hydraulic fracturing. These approaches allow
unprecedented access to gas-rich geologic formations, specifically the Devonian-age and older shale,
which underlie the majority of the Appalachian Basin from New York to West Virginia. As shown in
Figure 2-36, the Marcellus formation, a Devonian-age shale, extends throughout West Virginia at depths
typically ranging from 3,000-9,000 feet below the surface before ultimately outcropping in the Eastern
Panhandle. The thickness of the shale varies from 0 — 250 feet. These factors contribute to the overall
economic feasibility of gas exploration across the state and have directly led to highly regionalized
growth. To date, in West Virginia, horizontal drilling and hydraulic fracturing techniques have been

primarily centered in northwestern and central counties.
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Figure 2-36 Extent, depth and thickness of Marcellus Shale in West Virginia

The combined techniques of horizontal drilling and hydraulic fracturing, generalized in Figure 2-37
below, illustrate the procedures utilized to extract oil and/or gas from formations such as the Marcellus
Shale. These techniques involve precise drilling of a gradually-angled turn to transition from a vertical to
a horizontal well bore, thus allowing for greater access to a geologic formation known to contain oil

and/or gas reserves. Once the well bore is drilled, cased and cemented, it is perforated and
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hydraulically fractured. Perforation is done by inserting a perforation “gun” into the well bore, which
detonates charges along various segments or “stages,” creating dendritic fissures into the formation.
After fracturing, a chemically-enhanced water and sand mixture is pumped into the well under high
pressure creating a greater network of fissures. Sand is used as a proppant to keep these tiny fissures
open and allow the desired gas to flow out of the well. After all stages of perforation and hydraulic
fracturing are complete, a portion of the water used, “frac water,” is returned to the surface. This waste
water is then stored until disposal or re-use. Ultimately, the gas that has been accessed by this process

flows out of the well and is sold.

fresh water

coal [ void

Marcellus

Figure 2-37 Generalized horizontal drilling

2.5.1 Environmental Impacts

With the economic benefits of a resurgent oil and gas industry come potential environmental impacts,
especially with respect to water use, if not properly managed. Based on data reported to DEP, these
methods currently require approximately five million gallons of water per well. As Marcellus Shale
exploration expanded into West Virginia, public concern over such large scale water withdrawals led to

the creation of the DEP’s Water Withdrawal Guidance Tool, published in November 2009. While not
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regulatory in nature, this tool was designed to provide withdrawal guidance to the oil and gas industry,
as well as the public, based on real-time flow information. By dividing the state into regions of similar
climatology (referred to as “polygons”) which reference the existing USGS Stream Gaging Station
network, current local flow conditions could be compared against chosen baseline stream statistics, thus
allowing a determination to be made regarding the suitability of water withdrawals. Within each
polygon, the user would receive one of three messages depending on the current conditions of the
assigned reference gage. If real-time stream flow exceeded 40% of the 10 year average annual flow, the
user would be advised that conditions anywhere in that region would likely be adequate for
withdrawals. If the current conditions were less than 10% of the 10 year average annual flow, the user
would be alerted that withdrawals were inadvisable. Between the two thresholds, the user would be

advised to only withdrawal from a select group of pre-defined streams/rivers within that polygon.

Despite the fact that the Water Withdrawal Guidance Tool was never intended to be a regulatory
device, it found widespread usage among the oil and gas industry and public. The WWT should be
known and used as suggested by the Legislative Auditors of the Performance Evaluation and Research
Division in their report dated November, 2011 (PE-11-11-500) but should not be made mandatory
without further development and legislative approval. Since the initial publication, the tool has been
revised several times. New polygons have been added. Some polygons were additionally referenced to
a secondary gage to provide better accuracy when considering regions influenced by multiple stream
classes. This tool is still in service, but has evolved to be primarily a tool for public use because the
Horizontal Well Control Act enabled DEP to create specific flow requirements, which must be monitored
using the USGS Stream Gaging network. The most recent change to the tool was to update the flow
statistic used to determine the minimum flow requirements. After the passage of the Horizontal Well
Control Act, which will be discussed later in Section 2.5.5, the tool needed a major update to bring the

flow threshold minimums in line with those used to determine pass-by flow requirements.

With expansion of Marcellus drilling a large increase in withdrawals via pumping trucks has occurred in
the last five years. To protect the resource, DEP has developed water management plans associated
with the oil and gas permit and the water withdraw guidance tool. Despite these processes, DEP has
found that communication of withdraw concerns do not always filter down to the actual truck driver
conducting the withdrawal. Further individuals withdrawing water not affiliated with drilling activities
may have limited or no knowledge of recommended minimum stream flow values, the guidance tool or

measures that may be taken to eliminate invasive species transfer. For example, drivers affiliated with
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construction companies, hydro-seeders, and hydrostatic pipeline testers withdraw waters from streams
without oversight or training. To improve protection of the resource the DEP, in cooperation with the
Division of Natural Resources and other appropriate agencies, intends to develop a guidance document
describing the appropriate procedures for protection against spread of invasive species and other best

management practices relative to water withdrawals.

2.5.2 Water Use

The nature of hydraulic fracturing requires large quantities of water, which means that in most cases, oil
and gas operators will qualify as Large Quantity Users. However, water acquisition for well work related
to horizontal drilling doesn’t lend itself to the annual certification that other industries are required to
complete. Water use for a singular well is a one-time need, which ends once the well is placed into
production. If each well were treated as a facility in the traditional sense, none would be operational
long enough to calculate baseline annual water use. As a solution to this dilemma, the DEP published its
Frac Water Reporting Tool. This web-based interface allows operators to enter water source and
disposal data on a per-well basis, without being required to file an annual certification. An operator
must enter water source and disposal data for each well no later than one year after well completion.
Required data include: withdrawal source location, total volume, and date; injection and recovery

volumes and dates; and disposal locations and dates.

Since 2009, DEP has been collecting water use data associated with horizontal drilling activities, as
summarized below. It should be noted, however, that there have been substantial barriers to the data
collection process. The greatest challenge in ensuring that reporting requirements have been met has
been identifying wells that used enough water to qualify as Large Quantity Users. Until the Horizontal
Well Control Act was passed in December 2011, newly issued horizontal well permits were not identified
as such by the Office of Oil and Gas. Moreover, each issued permit has a shelf-life of two years before
expiration. Due to the one-year window to report water use through the Frac Water Reporting Tool,
there may be up to a three-year time span from permit issuance to water use reporting. For example, a
well work permit for a horizontal well issued in 2010 could be drilled in 2012, and not be required to
report water use until 2013. Despite these challenges, DEP has collected water withdrawal and disposal
data for 306 horizontal wells hydraulically fractured between 2009 and 2011. Table 2-11 shows that in
2009, just five wells were reported to have been fractured. That number grew to 109 in 2010 and 192 in

2011. Reporting for wells fractured in 2012 is ongoing, and should be complete by December 31, 2013.
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Table 2-11 Number of reported fractured wells per year

Number of reported fractured wells by year
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The following annual data are presented for the years 2009, 2010 and 2011. As shown in Table 2-12, the
amount of water used in association with hydraulic fracturing has significantly increased since 2009.
While the total water demand has increased with the number of wells, the per-well water demand has
decreased from approximately 11.4 million gallons per well in 2009 to 5.3 million gallons per well in

2011. This decrease in per-well demand is likely a result of an increase in efficiency in operations.
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Table 2-12 Statewide annual reported water withdrawals for horizontal wells (2009, 2010 and 2011) by source type in

gallons
Source Type
Commercial | Ground- | Lake/Pond/ Recycled

Year Broker water Reservoir Frac Water Stream/River Grand Total
2009 -- - 1,680,000 10,961,457 44,347,507 56,988,964
2010 103,952,562 - 11,965,142 35,052,994 464,786,339 615,757,037
2011 241,087,495 | 1,083,744 | 78,537,376 88,003,933 602,074,528 | 1,010,787,076
Grand

Total 345,040,057 | 1,083,744 | 92,182,518 | 134,018,384 | 1,111,208,374 | 1,683,533,077

In the data years reported to the WVDEP, operators have utilized various types of water sources which

are defined below:

e Commercial broker — water purchased from a vendor explicitly for use by oil and gas operators

for activities related to horizontal wells. This water is typically sold by public utilities or

industries with the existing infrastructure necessary to withdrawal quantities of water suitable

for horizontal well development. Commercial brokers are generally already registered Large

Quantity Users who report water use through the annual certification process

e Groundwater — water supply wells used in support of horizontal well development

e lake/Pond/Reservoir — impounded water. May be publicly or privately owned.

e Stream/River — free flowing water

e Recycled frac water — water resulting from the fracturing of a previously drilled well

As shown in Figure 2-38, the primary water source utilized by the oil and gas industry is streams/rivers.

Annually, these sources account for about 65% of total water use for activities related to horizontal

drilling. The majority of the remaining water is purchased from a commercial supplier (20%).

Pre-

treated water is often the preferred choice for cementing and well-casing programs because it reduces

the potential for the introduction water-borne bacteria which may compromise the integrity of the well

casing over time. Lakes, reservoirs, and pond water represent about 5% of sourced water. Often these

sources are privately owned farm ponds not considered to be state waters. Less than 1% of the water

used from 2009-2011 for horizontal well activities has originated as groundwater. The remainder of the

reported water use, approximately 10%, is recycled frac water.
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Reported source water by use type per year
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Figure 2-38 Reported horizontal drilling source water by type per year in gallons

As detailed in Table 2-13, nearly half (49.6%) of the water used for horizontal well development and
exploration in West Virginia is withdrawn from the Middle Ohio North and Upper Ohio South
watersheds. The West Fork and Tygart Valley watersheds supply an additional 30.9% of frac-related
water. That these regions together provide approximately 80% of all reported water used for hydraulic
fracturing is not surprising, given the location of these watersheds in relation to the areas most involved
in Marcellus Shale development. Water withdrawals for hydraulic fracturing related activities are

described in Appendix O.
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Table 2-13 Water use for horizontal drilling activities by watershed in gallons

Year

Watershed 2009 2010 2011 Grand Total

Cheat 12,959,856 | 10,164,840 23,124,696
Dunkard 3,038,634 3,038,634
Dunkard (PA) 1,576,700 1,576,700
Elk 3,780,000 3,780,000
Little Kanawha 56,461,094 | 121,339,875 177,800,969
Middle Ohio North 151,609,193 | 263,549,243 | 415,158,436
Middle Ohio North (OH) 2,103,192 2,103,192
Monongahela 60,411,110 60,411,110
Tygart Valley 3,273,606 | 108,820,988 | 102,655,760 | 214,750,354
Upper Ohio North (PA) 28,419,128 28,419,128
Upper Ohio South 34,755,546 | 141,948,872 | 176,902,790 | 353,607,208
West Fork 7,998,355 | 106,800,848 | 150,945,063 265,744,266
Grand Total 46,027,507 | 580,704,043 | 922,783,143 | 1,549,514,693

Given the nomadic and relatively short-term nature of water withdrawals for the horizontal gas industry
and the lengthy reporting window after the completion of operations, the DEP believes it would be
easier for both the industry and the agency if water use associated with horizontal drilling was reported

within 90 days of well completion activities. This 90-day reporting requirement would improve and

ensure data integrity.
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2.5.3 Out-of-state transfers

One unanticipated effect of the Marcellus Shale industry is out-of-state transfer, or water withdrawn in
West Virginia for use in out-of-state drilling operations. While it is true that any person withdrawing
water surpassing the LQU reporting threshold for any reason is required to report their water use data,
identification of such users is increasingly difficult where the withdrawals are nomadic and the water is
transferred across state lines. That said, approximately 704 million gallons of water originating in West
Virginia have been reported for use in support of wells in Pennsylvania since 2010 (Table 2-14). All of
this reported water originated from the Upper Ohio South Watershed. It is difficult to estimate the

actual volume used.

Table 2-14 Transfer of water for hydraulic fracturing to neighboring states

Year
Watershed 2010 2011 Grand Total
Upper Ohio
South 562,684,474 141,315,048 | 703,999,522
Grand Total 562,684,474 141,315,048 | 703,999,522

Similarly, water originating from Ohio and Pennsylvania has been used to support West Virginia
horizontal well work operations. 2.1 million gallons of water were transferred from Ohio for use in West
Virginia wells in 2010. All of this water originated in the Middle Ohio North Watershed. In 2011,
approximately three million gallons of water from Pennsylvania areas within the Monongahela
Watershed and 54 million gallons from the Upper Ohio North Watershed were used in West Virginia
(Figure 2-14).
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Table 2-15 Transfer of water for hydraulic fracturing from neighboring states to West Virginia

Year
Watershed 2010 2011 Grand Total
Middle Ohio North (OH) 2,103,192 2,103,192
Dunkard (PA) 3,153,400 3,153,400
Upper Ohio North (PA) 54,493,446 54,493,446
Grand Total 2,103,192 57,646,846 59,750,038

With the passage of the Horizontal Well Control Act, which will be discussed later in Section 2.5.5, DEP
established an informal agreement with the Pennsylvania Department of Environmental Protection to
require operators to seek agency approval from the neighboring state if water from that state will be
transported across state lines. Going forward, DEP may find it necessary to solidify this agreement with
a formal memorandum of understanding between West Virginia and all the neighboring states. Such an
agreement would allow for a greater understanding of the impacts of horizontal drilling and hydraulic
fracturing and prevent water being transported out of state without regulatory oversight. Alternatively,
the Legislature could consider altering the Horizontal Well Act to specify any water withdrawn from
West Virginia and used in another state for hydro-fracturing must acquire and adhere to a West Virginia
Water Management Plan. Currently, only wells with a West Virginia permit are required to have an

enforceable Water Management Plan.

2.5.4 Waste Disposal

The use of recycled frac water as source water for future wells is routine among oil and gas operators in
the state. The data shows that approximately 75% of frac water is reused in future wells (Figure 2-39).
Although not currently active, two frac wastewater treatment facilities are being developed. Until these
facilities are approved for treatment and/or discharge, the most feasible options for disposal of these
wastes are reuse in future wells or disposal in an underground injection control (UIC) well. UIC well
disposal currently represents about 25% of frac water disposition. It is important to note that West

Virginia does not permit land application of waste water originating from hydraulic fracturing activities.
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Figure 2-39 Frac water disposal data.

2.5.5 Horizontal Well Control Act

In December 2011, West Virginia passed the Horizontal Well Control Act, §22-6A, which established
requirements for the creation of Water Management Plans for any well using more than 210,000 gallons
in any one month period. The water management plan must identify the type of water source, such as
surface or groundwater, the location of each source to be used, the anticipated volume and date range
for each water withdrawal. Additionally, current and existing water uses must be identified. This

includes any public water intakes within one mile downstream of the withdrawal location.

In addition to identifying all potential water sources, the operator must demonstrate that adequate in-
stream flow shall be available immediately downstream of the intake while it is in use. The DEP’s
preferred method of ensuring adequate downstream flow is adherence to the following minimum flow

criteria:

A) Minimum flow at a specified USGS Stream Gaging Station
B) Minimum flow at the withdrawal site

The latter ensures that the local environment has a minimum quantity of water necessary to support

aquatic life, while the former ensures that the watershed as a whole can adequately support life as well.

113



In order to determine withdrawal limits, DEP has adopted the “base-flow” approach. During normal-
flow conditions, stream flow can be separated into discharge from overland runoff (e.g., precipitation)
and discharge from groundwater aquifers by use of hydrographic separation modeling. The portion of
stream flow originating from the groundwater is the base-flow. When overland runoff decreases during
low-flow conditions, most or all of the flow within the stream may be considered base-flow. As aquatic
life has adapted to these low-flow conditions, typically observed in summer, water withdrawals below

the base-flow threshold would be deemed detrimental to aquatic life.

In cooperation with the DEP, the U.S. Geological Survey undertook a study to quantify the base-flow
threshold and relate it to calculated stream flow statistics (Wiley, Comparison of Base Flows to Selected
Streamflow Statistics Representative of 1930-2002 in West Virginia, 2012). By performing a
hydrographic separation analysis of historic flow data (1930-2002) from 15 USGS stream gage stations,
the USGS discovered that summer base flows most nearly approximated the annual 75" percentile flow
duration statistic. Based on this project, DEP has incorporated the 75" percentile flow duration as the
minimum withdrawal threshold on all unregulated state streams and rivers. To transfer this threshold
from the representative stream gage to proposed surface water intake points, the base-flow threshold is
scaled by the ratio of the drainage basin areas. Safety factors are incorporated if the withdrawal

location is on an ungaged stream or located far from the gage.
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Chapter - 3 Water Budget

3.1 Introduction

Managing West Virginia’s water resources is critical to ensuring the availability of dependable water
supplies now and into the future. The Act instructs the DEP to determine the quantity of available water
in each of the watersheds and provide an estimate of the safe yield of such sources for consumptive and
non-consumptive uses during periods of normal conditions and drought. There is no one accepted
definition of safe yield, and due to the dynamic nature of surface water, the term “safe yield” is more
applicable to groundwater systems that are more static. In an effort to quantify the available water in
this state, a seasonal water budget has been calculated. By calculating a water budget, incorporating
both consumptive and non-consumptive demands on the total system, we have determined the
remaining available water in each watershed. The surface water budget number can be useful for
numerous water planning exercises including infrastructure, supply and economic development. As
mentioned in Chapter 1, safe yield is relevant to groundwater. However, due to the complexity of the
stratigraphy in West Virginia, it would entail multiple localized studies for its determination. In other

words, West Virginia lacks large, regional aquifer systems similar to the Floridian or Ogallala aquifers.
3.2 West Virginia’s Water Budget

As described, it is necessary to develop a water budget for each of the 32 eight-digit Hydrologic Unit
Code Watersheds (HUC-8 WS) within West Virginia. The ultimate goal of this water budget is to
estimate the quantity of water available for use in a system beyond the amount necessary to sustain
aquatic life. Since West Virginia’s precipitation, base-flow, and evapotranspiration rates vary seasonally,

water budgets were developed to reflect these changes.

To develop a seasonal water budget, it is first necessary to determine the average seasonal precipitation
rates of the area. For this study we used monthly "normal" precipitation data provided by NOAA that
was derived from "PRISM" climate data developed at Oregon State University. The 30-year monthly
normal precipitation values were derived using data from 1981-2010. According to NOAA, the data "are
considered the most detailed, highest-quality spatial climate datasets currently available"

(http://water.weather.gov/precip/about.php). This data was downloaded as ESRI ASCII grids, overlain

by the HUC-8 watershed boundaries and the data grids within the HUC-8 watersheds were extracted for

each month. The monthly data was then averaged for the four seasons for each of the HUC-8
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watersheds. The seasons were defined in USGS SIR 2012 5121 as winter (January 1-March 31), spring

(April 1-June 30), summer (July 1-September 30) and fall (October 1-December 31).

The charts below show the average seasonal inches of precipitation across each of the 32 HUC-8

watersheds, the maximum and minimum inches of precipitation per grid point in the watershed and the

total number of grid points within each watershed. These tables are available on the web-interface tool.

Table 3-1 Winter and spring HUC-8 watershed precipitation totals per grid point

WINTER

HUC8

Big Sandy

Cacapon

Cheat

Coal

Dunkard

Elk

Gauley

Greenbrier

James

Little Kanawha

Lower Guyandotte
Lower Kanawha
Lower New

Lower Ohio

Middle Ohio North
Middle Ohio South
Monongahela

North Branch Potomac
Potomac Direct Drains
Shenandoah Hardy
Shenandoah Jefferson
South Branch Potomac
Tug Fork

Twelvepole

Tygart Valley

Upper Guyandotte
Upper Kanawha
Upper New

Upper Ohio North
Upper Ohio South
West Fork
Youghiogheny

Grand Total

Avg
(in)
9.61
8.11
11.71
10.32
9.88
11.03
11.38
10.04
9.39
10.24
9.85
9.39
9.58
9.33
10.33
9.38
10.14
8.95
8.25
7.99
8.22
8.16
9.99
10.00
11.35
10.51
9.73
8.82
7.75
9.12
10.35
11.71
10.02

Max
(in)

9.69

9.89
15.64
12.02
10.27
16.30
14.75
15.32
10.21
12.85
10.37
10.14
11.11

9.57
11.32

9.96
10.91
12.60

8.84

7.99

8.36
12.06
10.80
10.60
16.71
12.22
10.31
10.84

7.89
10.80
11.67
12.22
16.71

Min
(in)
9.55
7.11
9.12
9.32
9.43
9.46
9.27
8.03
8.59
9.20
9.24
8.70
8.45
8.98
9.39
8.54
9.07
7.53
7.85
7.99
8.10
6.46
9.41
9.46
9.58
9.78
9.33
7.62
7.55
7.73
9.57
11.27
6.46

No. in
HUC8

10
125
203
137

17
229
215
249

12
345
113
137
109

35
140
105

66

91

83

17
203
141

70
206
144

77
124

17

84
133

10

3648
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SPRING

HUC8

Big Sandy

Cacapon

Cheat

Coal

Dunkard

Elk

Gauley

Greenbrier

James

Little Kanawha

Lower Guyandotte
Lower Kanawha
Lower New

Lower Ohio

Middle Ohio North
Middle Ohio South
Monongahela

North Branch Potomac
Potomac Direct Drains
Shenandoah Hardy
Shenandoah Jefferson
South Branch Potomac
Tug Fork

Twelvepole

Tygart Valley

Upper Guyandotte
Upper Kanawha
Upper New

Upper Ohio North
Upper Ohio South
West Fork
Youghiogheny

Grand Total

Avg
(in)
12.04
10.75
14.70
13.29
12.71
13.84
14.40
11.97
12.03
12.54
12.29
11.53
12.73
11.37
12.73
11.68
12.94
11.54
10.71
10.98
10.72
10.80
12.57
12.44
14.34
13.46
12.90
11.03
11.52
12.16
13.13
14.41
12.65

Max
(in)
12.26
12.28
16.90
15.15
13.14
17.79
17.96
16.51
12.73
16.20
13.52
12.77
15.16
11.76
13.49
11.96
14.19
15.37
11.11
10.98
10.94
15.56
13.33
13.38
18.09
15.09
13.54
13.55
11.76
13.24
14.16
14.82
18.09

Min No. in
(in) HUC8

11.82

9.99
12.11
11.64
12.23
11.75
11.69
10.54
11.43
11.84
11.28
10.50
10.77
11.15
11.94
10.76
11.99
10.11
10.21
10.98
10.33

9.07
11.76
11.65
12.45
12.65
11.85
10.17
10.98
11.07
12.07
14.02

9.07

10
125
203
137

17
229
215
249

12
345
113
137
109

35
140
105

66

91

83

17
203
141

70
206
144

77
124

17

84
133

10

3648



Table 3-2 Summer and fall HUC-8 watershed precipitation totals per grid point

SUMMER

HUC8

Big Sandy

Cacapon

Cheat

Coal

Dunkard

Elk

Gauley

Greenbrier

James

Little Kanawha

Lower Guyandotte
Lower Kanawha
Lower New

Lower Ohio

Middle Ohio North
Middle Ohio South
Monongahela

North Branch Potomac
Potomac Direct Drains
Shenandoah Hardy
Shenandoah Jefferson
South Branch Potomac
Tug Fork

Twelvepole

Tygart Valley

Upper Guyandotte
Upper Kanawha
Upper New

Upper Ohio North
Upper Ohio South
West Fork
Youghiogheny

Grand Total

The initial water source for each watershed is precipitation (P).

Avg
(in)

10.79
10.61
13.44
12.21
11.49
13.32
13.98
11.30
11.44
11.84
11.51
11.44
11.98
10.73
11.64
11.03
11.70
10.46

9.94
11.36
10.28
10.63
11.26
11.34
13.17
11.94
12.15
10.18
10.58
10.86
12.02
13.54
11.84

Max
(in)
10.87
12.62
16.10
13.88
11.95
16.55
18.07
15.95
12.35
14.75
12.29
12.24
14.15
11.11
12.37
11.70
12.41
13.86
10.24
11.36
10.53
14.01
11.84
12.00
16.74
13.17
12.70
12.34
10.82
12.21
13.44
13.79
18.07

Min
(in)

10.73

9.72
10.98
11.43
11.00
11.80
11.21

9.78
10.79
10.82
10.88
10.65
10.32
10.40
10.93
10.34
10.61

9.08

9.65
11.36
10.14

8.87
10.77
10.81
11.63
10.51
11.52

9.35
10.40
10.23
11.40
13.16

8.87

No. in
HUC8

10
125
203
137

17
229
215
249

12
345
113
137
109

35
140
105

66

91

83

17
203
141

70
206
144

77
124

17

84
133

10

3648

FALL

HuUC8

Big Sandy

Cacapon

Cheat

Coal

Dunkard

Elk

Gauley

Greenbrier

James

Little Kanawha

Lower Guyandotte
Lower Kanawha
Lower New

Lower Ohio

Middle Ohio North
Middle Ohio South
Monongahela

North Branch Potomac
Potomac Direct Drains
Shenandoah Hardy
Shenandoah Jefferson
South Branch Potomac
Tug Fork

Twelvepole

Tygart Valley

Upper Guyandotte
Upper Kanawha
Upper New

Upper Ohio North
Upper Ohio South
West Fork
Youghiogheny

Grand Total

Avg
(in)
9.42
8.37
11.15
9.86
9.80
10.65
10.85
9.50
9.33
10.02
9.63
9.26
9.11
8.99
10.22
9.25
10.02
8.59
8.79
8.38
8.87
8.06
9.25
9.56
10.95
9.73
9.39
8.01
8.50
9.35
10.11
11.33
9.70

Max
(in)
9.59
9.89
13.85
11.26
10.11
15.27
13.54
13.49
10.04
12.59
9.95
9.90
10.36
9.26
11.40
9.76
10.84
11.80
9.12
8.38
9.08
11.44
9.93
9.77
15.57
11.18
9.95
9.83
8.71
10.73
11.40
11.66
15.57

Min
(in)
9.27
7.56
9.18
8.83
9.40
9.20
8.90
7.65
8.74
8.99
9.11
8.67
7.98
8.66
9.16
8.41
9.18
7.28
8.05
8.38
8.61
w
8.22
9.17
9.41
9.10
8.75
7.38
8.25
8.19
9.63
10.90
6.44

No. in
HUC8

10
125
203
137

17
229
215
249

12
345
113
137
109

35
140
105

66

91

83

17
203
141

70
206
144

77
124

17

84
133

10

3648

Nationally recognized average annual

precipitation for West Virginia is 44 inches per year, which translates to 19.32 trillion gallons of water.

Based on the previously mentioned precipitation data, average quantities of precipitation during each of

the seasons were identified and converted to gallons. We have derived surface water consumptive use

guantities from the Large Quantity User database and utilized GIS computer modeling to group them
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into HUC-8 watersheds, then queried the results to arrive at a seasonal consumptive use quantity per

watershed.

A major drawback of the water budget method is that the available water is estimated as the residual
term in an equation where the other budget terms are estimated with some degree of error. The
amount of water that flows into a watershed, as well as the water that must be allowed to flow out of
the watershed to guarantee water quality downstream, must also be estimated. This can result in large
errors in the available water estimate. In an attempt to reduce error in this study, the stream discharge
guantities (Q) that the water-budget calculation uses are based on actual stream flow measurements at
stream flow-gaging stations from which the estimates of flow were derived over greater than a 10-year
period of record (Wiley, Low-Flow Analysis and Selected Flow Statistics Representative of 1930-2002 for
Stream Flow-Gaging Stations in or

Near West Virginia, 2006). For this

- The statewide average annual
study we have set the minimum

stream flow amount at seasonal base precipitation is 44 inches per year,

flow for unregulated streams, as

which equates to 19.32 trillion

determined by the report (Comparison

of Base flows to Selected Stream flow ga]lons of water a year if even]y
Statistics Representative of 1930-2002 .

_ o applied to the total land area of the
in West Virginia, USGS SIR 2012 5121),

and used the minimum release from state.

the dams on regulated streams. Due

to flows on the Ohio River being regulated by the Army Corps of Engineers locks and dams, the water

budgets for the bordering watersheds were calculated for only the in-state portion of those watersheds.

There is ample water available for use from the Ohio year round.

Change in storage (AS) is a term used to describe the quantity of water required to return the volume of
water stored in the lakes to normal levels. If the lakes are at or above normal pool levels, the change in
storage would be negative and result in more available water. If the lakes and groundwater are below
normal, as would be typical following drought conditions, the change in storage would be positive,
resulting in a reduction in the available water due to the quantity of water required to return the system

to normal pool. As the amount of water lost and gained due to the changes in these systems is highly
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variable and inconsistent, it was not quantified for this preliminary water budget, therefore we will

assume that change in storage is static.

Once precipitation falls in an aquifer’s recharge area, a percentage is lost to evaporation, a portion
percolates into the soil and the remainder runs off into streams. The portion of water that percolates
into the soil is either used (transpired) by plants, infiltrates the soil and continues downward where it
recharges groundwater reservoirs (aquifers) or is captured by mine pools. It is this portion that is
commonly referred to as recharge (R). Recharge quantities were estimated based on mean ground
water recharge rates at selected stream gages reported in the USGS Water Resources Investigations
Report 01-4036 (Kozar & Mathes, 2001). It should be noted that once an aquifer reaches its full
capacity, the excess water is typically returned to the surface stream as seepage. There is a general
consensus among hydrologists that interconnectivity of the near surface aquifers and streams are
common in the Appalachian Plateau’s aquifers (GROUNDWATER ATLAS of the UNITED STATES Delaware,
Maryland, New Jersey, North Carolina, Pennsylvania, Virginia, West Virginia HA 730-L). The following

Figure 3-1 depicts some common interconnectivity of groundwater flow within the Appalachian region.

EXFPLAMATIONM
Colluvium and alluvium
Weathered bedmek

Sandsbone

Silkstone

Shale

Coal seam

Direztion of ground-
wale r movement
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Figure 3-1 Interconnectivity of groundwater flow
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Evapotranspiration (ET) is a term used to describe the sum of evaporation and plant transpiration from
the earth's land surface to the atmosphere. Evaporation accounts for the movement of water to the air
from sources such as the soil, canopy interception and water bodies. Transpiration accounts for the
movement of water within a plant and the subsequent loss of water as vapor through its leaves.
Evapotranspiration (ET) is an important part of the water cycle. In West Virginia ET is a prevalent
reducer of water due to the heavily forested portion of the state. An exact quantity for ET is very
difficult to determine. As a matter of fact, the Interstate Commission on the Potomac River Basin
(ICPRB) combined the terms for recharge and ET as the residual term in the equation due to difficulty in
obtaining these values. The New Jersey Raritan Basin Watershed Management Project used a value
equal to 53% of the total precipitation in the area. Johnston and Baer (1987) used a value based on 55%
of precipitation for a Maryland study and Auburn University used a value based on 60% of precipitation
for Alabama. The U.S. Department of Interior and the USGS cooperatively determined an ET value equal
to 63% of the total precipitation for the Jordan Creek Watershed, in Pennsylvania. However, when they
compared the results to actual stream flow, they determined that the ET value was off as much as seven

inches per year, which translates to an ET rate of 45% of the total precipitation in that area.

Based on the extreme variability of potential ET rates both across the state and seasonally, we have
initially removed ET from the water budget calculation. Once the seasonal available water quantities
were calculated, we applied a range of ET as a percent of precipitation to the results from 10% ET to
85% ET. The USGS Water Science Center of West Virginia has received funding for a four-year scientific
investigation to formulate water budgets. The budgets will be based on seasonal ET rates for each

watershed, along with results of the four-year study.

3.3 Calculation

The following is intended to provide a general description of the preliminary method to be used for
determination of the individual watershed water budgets. However, this will not equate to the total
amount of water in the aquifer available for pumping. A large percent must be protected to discourage
a permanent drawdown of the ground and surface water systems. With the understanding that the
quantities for ET and AS are likely to change with further evaluation, the water budget has been

calculated as follows:
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The water-budget method used in this study estimates available water as the residual term in:

A=((PxWSx%ET)+(Qin)) - (Qou: + LQ + R + AS + Ag)
where:

A is the amount of water available for use in millions of gallons per day
R is recharge including infiltration to aquifers, mine pools and soil absorption
P is seasonal precipitation
Q;, is water flowing into the watershed from an upstream watershed based on 7Q10 + 10% (least
quantity of water in the stream for seven consecutive days over the past 10 years plus 10%)
Q,.: is stream discharge from the watershed based on Seasonal Base Flow (Wiley, 2012)
LQ is total volume consumed by large quantity users (surface & groundwater)
ET is evapotranspiration (as a percentage of precipitation remaining post ET)
AS is change in storage of surface water (could be positive or negative)
Ag is the water consumed for agriculture and livestock (negligible in West Virginia)
WS area of the watershed

The equation has been simplified to:

A=((PXWs)+Qin)'(Qout+LQ+R)

As discussed, the term AS is highly variable and the quantities have yet to be determined, therefore we
will assume them to be static for this preliminary water budget and remove the term from the equation.
Accurate agricultural use quantities could not be determined and are assumed to be a negligible
guantity in West Virginia, therefore, this term was also removed from the equation. ET will be applied as

a percentage of reduction to the final amount of available water.
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3.4 Water Budget Results

Potential ET rates vary both across the state and seasonally, but will be more clearly defined by an
ongoing USGS scientific investigation. ET rates are higher in the summer and spring and lower in the
winter and fall. The ultimate goal of a water budget is to determine the amount of available water in
the system. In order to derive the amount of available water, it is necessary to identify the quantities
required to recharge the aquifers, include mine pool discharges, account for soil absorption and the
change in storage of the lakes and streams, which are all based on a variable seasonal ET rate. One
could pick any value of ET and multiply the volumes in Table 3-3 by the residual percentage once
seasonal and site specific ET rates are known. It is widely accepted that ET consumes between 25% and
10% of the winter and spring precipitation and between 85% to 65% in the summer and fall, dependent
on soil characteristics, ambient temperatures, wind velocity, land cover, altitude, impervious surfaces,

and many other variables, as depicted by the USGS Water Cycle.
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When exact values for these variables are derived, the water budget numbers will be recalculated. The
total calculated available flow of water per HUC 8 watershed, excluding the waters in excess of 7Q10
plus 10% in the Ohio River and prior to reducing for ET, are shown in Table 3-3.

Table 3-3 The average flow of available water calculated by the described method, prior to reducing for evapotranspiration,

for each of the 32 HUC-8 watersheds. The numbers are in cubic feet per second (cfs) and do not include water available from
the Ohio River in excess of 7Q10 + 10%

WATERSHED Summer CFS no ET Fall CFS no ET Winter CFS no ET Spring CFS no ET
Big Sandy 167.4 259.0 400.8 620.2
Cacapon 1,504.0 2,327.2 3,601.0 5,571.9
Cheat 1,915.5 2,963.9 4,586.1 7,096.3
Coal 1,055.1 1,632.6 2,526.2 3,908.9
Dunkard 1,114.3 1,724.2 2,667.9 4,128.1
Elk 3,159.5 4,888.8 7,564.7 11,705.1
Gauley 3,162.6 4,893.5 7,571.9 11,716.3
Greenbrier 648.1 1,002.9 1,551.8 2,401.1
James 143.0 221.3 342.5 529.9
Little Kanawha 2,750.1 4,255.3 6,584.3 10,188.1
Lower Guyandotte 895.4 1,385.5 2,143.8 3,317.2
Lower Kanawha 1,200.0 1,856.9 2,873.2 4,445.8
Lower New 1,005.0 1,555.0 2,406.1 3,723.1
Lower Ohio 532.0 823.1 1,273.6 1,970.7
Middle Ohio North 2,344.7 3,628.1 5,613.9 8,686.5
Middle Ohio South 1,189.5 1,840.6 2,848.0 4,406.8
Monongahela 476.5 737.3 1,140.8 1,765.2
North Branch Potomac 1,156.1 1,788.8 2,767.9 4,282.9
Potomac Direct Drains 1,373.3 2,124.9 3,287.9 5,087.5
Shenandoah Hardy 17.4 27.0 41.7 64.6
Shenandoah Jefferson 210.5 325.7 504.0 779.8
South Branch Potomac 2,371.0 3,668.7 5,676.7 8,783.7
Tug 803.0 1,242.5 1,922.5 2,974.8
Twelvepole 938.3 1,451.9 2,246.5 3,489.1
Tygart Valley 2,083.2 3,223.4 4,987.7 7,717.6
Upper Guyandotte 1,292.9 2,000.5 3,095.5 4,789.7
Upper Kanawha 5,452.2 8,436.3 13,053.8 20,198.6
Upper New 1,789.7 2,769.3 4,285.1 6,630.4
Upper Ohio North 993.8 1,537.7 2,379.3 3,681.6
Upper Ohio South 885.6 1,370.3 2,120.3 3,280.7
West Fork 1,600.0 2,475.7 3,830.7 5,927.4
Youghiogheny 172.7 267.2 413.5 639.9
TOTAL 44,402.1 68,705.1 106,309.7 164,509.5
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Keeping in mind the high percentage of potential error, the further upstream from the pour point one
goes, the available water will be less, and that a range of ET as a percent of precipitation was applied to
the results from 10% ET to 85% ET, one could assume an available quantity of water at the pour point of
each watershed to be as shown in tables Table 3-4 and Table 3-5. Table 3-4 represents a constant flow
of water in cubic feet per second (cfs) and Table 3-5 in millions of gallons per day (MGD). The average

value from Table 3-5 estimates 41.8 billion gallons of additional water per day.
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Table 3-4 The average seasonal gallons of available water calculated by the described method, reducing total precipitation
by the % evapotranspiration per season, for each of the 32 HUC-8 watersheds. The numbers are in cubic feet per second (cfs)
and do not include water available from the Ohio River in excess of 7Q10 + 10%

WATERSHED Summer 85% ET in cfs Fall 65% ET in cfs Winter 25% ET in cfs Spring 10% ET in cfs
Big Sandy 25.1 90.7 300.6 558.2
Cacapon 225.6 814.5 2,700.8 5,014.7
Cheat 287.3 1,037.4 3,439.6 6,386.7
Coal 158.3 571.4 1,894.7 3,518.0
Dunkard 167.1 603.5 2,000.9 3,715.3
Elk 473.9 1,711.1 5,673.5 10,534.6
Gauley 474.4 1,712.7 5,678.9 10,544.7
Greenbrier 97.2 351.0 1,163.9 2,161.0
James 215 77.5 256.9 476.9
Little Kanawha 412.5 1,489.4 4,938.2 9,169.3
Lower Guyandotte 134.3 484.9 1,607.9 2,985.5
Lower Kanawha 180.0 649.9 2,154.9 4,001.2
Lower New 150.7 544.3 1,804.6 3,350.8
Lower Ohio 79.8 288.1 955.2 1,773.6
Middle Ohio North 351.7 1,269.8 4,210.4 7,817.9
Middle Ohio South 178.4 644.2 2,136.0 3,966.1
Monongahela 715 258.1 855.6 1,588.7
North Branch Potomac 173.4 626.1 2,075.9 3,854.6
Potomac Direct Drains 206.0 743.7 2,465.9 4,578.8
Shenandoah Hardy 2.6 9.5 31.3 58.1
Shenandoah Jefferson 31.6 114.0 378.0 701.8
South Branch Potomac 355.6 1,284.0 4,257.5 7,905.3
Tug 120.4 434.9 1,441.9 2,677.3
Twelvepole 140.7 508.2 1,684.9 3,140.2
Tygart Valley 312.5 1,128.2 3,740.8 6,945.8
Upper Guyandotte 193.9 700.2 2,321.6 4,310.7
Upper Kanawha 817.8 2,952.7 9,790.4 18,178.7
Upper New 268.5 969.3 3,213.8 5,967.4
Upper Ohio North 149.1 538.2 1,784.5 3,313.4
Upper Ohio South 132.8 479.6 1,590.2 2,952.6
West Fork 240.0 866.5 2,873.0 5,334.7
Youghiogheny 25.9 93.5 310.1 575.9

TOTAL 6,660.3 24,046.8 79,732.3 148,058.6
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Table 3-5 The average seasonal gallons of available water calculated by the described method, reducing total precipitation
by a varying % for evapotranspiration per season, for each of the 32 HUC 8 watersheds. The numbers are in million gallons
per day (MGD) and do not include water available from the Ohio River in excess of 7Q10 + 10%

WATERSHED Summer 85% ET in MGD Fall 65% ET in MGD Winter 25% ET in MGD Spring 10% ET in MGD
Big Sandy 16.23 58.58 194.27 360.74
Cacapon 145.80 526.40 1,745.42 3,240.87
Cheat 185.69 670.42 2,222.90 4,127.53
Coal 102.29 369.29 1,224.46 2,273.59
Dunkard 108.02 390.01 1,293.14 2,401.09
Elk 306.29 1,105.82 3,666.64 6,808.21
Gauley 306.58 1,106.89 3,670.13 6,814.72
Greenbrier 62.83 226.85 752.16 1,396.59
James 13.87 50.06 166.01 308.21
Little Kanawha 266.59 962.53 3,191.44 5,925.86
Lower Guyandotte 86.80 313.39 1,039.11 1,929.43
Lower Kanawha 116.33 420.02 1,392.65 2,585.88
Lower New 97.42 351.73 1,166.25 2,165.52
Lower Ohio 51.57 186.18 617.32 1,146.25
Middle Ohio North 227.30 820.66 2,721.08 5,052.46
Middle Ohio South 115.31 416.33 1,380.44 2,563.19
Monongahela 46.19 166.77 552.95 1,026.72
North Branch Potomac 112.07 404.62 1,341.61 2,491.13
Potomac Direct Drains 133.12 480.64 1,593.66 2,959.12
Shenandoah Hardy 1.69 6.11 20.21 37.57
Shenandoah Jefferson 20.41 73.67 244.29 453.57
South Branch Potomac 229.84 829.84 2,751.52 5,108.99
Tug 77.84 281.05 931.84 1,730.28
Twelvepole 90.96 328.41 1,088.89 2,029.42
Tygart Valley 201.95 729.12 2,417.56 4,488.90
Upper Guyandotte 125.33 452.50 1,500.40 2,785.90
Upper Kanawha 528.54 1,908.25 6,327.23 11,748.41
Upper New 173.50 626.40 2,077.01 3,856.54
Upper Ohio North 96.34 347.82 1,153.26 2,141.38
Upper Ohio South 85.85 309.96 1,027.72 1,908.20
West Fork 155.10 559.99 1,856.76 3,447.64
Youghiogheny 16.74 60.44 200.43 372.19

TOTAL 4,304.4 15,540.8 51,528.7 95,686.1

Based on the water budget results and the estimated consumptive needs of the state, there are no

areas in danger of their water demands outgrowing their water availability.
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3.5 Greenbrier Watershed Water Budget Model*

As an alternative to the water budgets calculated previously, the DEP partnered with Marshall University
to develop another method of deriving a water budget estimate. The following is a description of this

method for the Greenbrier River Watershed.

3.5.1 Introduction

The purpose of this Data and Model Summary is to provide information related to water availability
within the Greenbrier Watershed. Understanding water availability can be aided by two complementary
methods: (1) analysis of historical data that characterizes past water-related conditions within the
watershed, and (2) preparation of models that can be used to predict future water availability based on
influencing factors (e.g., precipitation, evapotranspiration, storage, etc.). By analyzing historical data,
one can produce a statistical description of runoff, such as the probability that a certain flow rate would
be encountered in a given month. These statistical summaries of past conditions can be utilized to
characterize the range of events that are likely to occur in the future. Predictive models likewise enable
an improved understanding of future watershed conditions, and are built by correlating independent
variables that influence runoff (e.g., precipitation depth, temperatures, solar radiation, water

consumption, etc.) to the dependent variable of runoff flow.

The analyses and models described herein have been prepared on a monthly basis, with the exception
of the evapotranspiration model, which is operated on a daily basis and subsequently summarized by
month. Certain analyses, indicated below, have also been performed or summarized on a seasonal

basis, in keeping with the DEP’s requests to have water availability characterized by quarter.

3.5.2 Watershed Characteristics

The location of the Greenbrier Watershed within West Virginia is shown in Figure 3-2, and a summary of

watershed characteristics is provided in Table 3-6.

! Created by Isaac Wait, Ph.D., P.E., Associate Professor of the Division of Engineering at Marshall University and
Mr. James A. Wolfe GIS Manager of the Center for Environmental, Geotechnical and Applied Sciences at Marshall
University.
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Figure 3-2 Greenbrier Watershed

Table 3-6 Summary of Greenbrier Watershed characteristics

Parameter Value
Location Lat:38.1° N
Long:80.2° W

Basin Area (mi’) 1650
Average basin elevation (ft) 2666
Average basin overland slope (%) 18.8
Maximum flow distance (mi) 162.6

Slope along maximum flow distance (%) 0.29

Shape factor (basin length / basin width) 5.86

Sinuosity factor of stream (max. stream length / basin length) | 1.56

Runoff Curve Number 63.9
Is another HUC-8 watershed upstream? No
Is flow from this watershed regulated by a dam? No
Existing consumption from Large Quantity Water Users Low
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The data summarized in Table 3-6 can be used for comparison purposes against other watersheds. For
example, shape factor can be useful in understanding relative time of concentration durations,
maximum flow distance can help define flow routing behavior, runoff curve number can be used to

predict the ratio of precipitation to runoff, and so on.

3.5.3 Historical Runoff

USGS stream gage station 03184000 — Greenbrier River at Hilldale, WV — is the stream gage nearest the
outlet point for the Greenbrier Watershed. It is located at Lat. 37°38'24", Long. 80°48'19", and has a
drainage area of 1,619 square miles, representing 98% of the 1,650 square miles drainage area of the
Greenbrier Watershed. An analysis of daily average flow data for a period of study January 1986 to April

2013 is summarized in Table 3-7 below.

Table 3-7 Runoff depth by month for the Greenbrier Watershed. Note: Monthly runoff depth (in) for this watershed can be
converted into gallons per month by multiplying by 2.867 x 1010

Standard Deviation of
Month Minimum (in) | Average (in)
Average (in)
Jan 0.52 2.54 1.39
Feb 0.46 2.24 1.18
Mar 0.76 3.60 1.48
Apr 0.61 2.57 1.36
May 0.59 2.30 1.19
Jun 0.15 0.96 0.92
Jul 0.06 0.47 0.35
Aug 0.05 0.41 0.45
Sep 0.04 0.40 0.54
Oct 0.04 0.48 0.59
Nov 0.06 1.07 1.15
Dec 0.19 1.86 1.14
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Historical data shows that the months July — October represent the months where water availability is
the lowest and experience, on average, flows that are approximately 1/9" those encountered during the
wettest month (i.e., March). A review of the minimum runoff flows observed during the period of study
shows that the critical period of lowest runoff availability should be expanded to include June —

November.

3.5.4 Large Quantity Users

Existing reported water use within the Greenbrier Watershed was investigated relative to data stored in
the WVDEP / CEGAS database. Seven surface water intakes were identified: the Greenbrier Resort, City
of Lewisburg Water Plant, Town of Marlinton, Alderson Water Treatment Plant, Big Bend PSD, Denmar
Correctional Center and WVDNR Edray Hatchery. Continuous data was not available for the LQU’s
during all years of the study period, and so the maximum monthly water volume utilized was considered
in order to assess whether existing LQU’s have a meaningful impact on the total available water within
the watershed. Table 3-8 contains a summary of LQU’s and their respective monthly water use

maximums.

Table 3-8 Large Quantity User Water Utilization Summary

Maximum Monthly Water
User Year of Record
Volume Utilized (ft®)
The Greenbrier 2009 2,058,582
City of Lewisburg Water Plant 2011 8,072,935
Town of Marlinton 2005 1,024,888
Alderson Water Treatment Plant | 2005 1,994,506
Big Bend PSD 2010 414,740
Denmar Correctional Center 2011 188,382
WVDNR Edray Hatchery 2005 2,887,488

If all of the LQU'’s identified in Table 3-8 were to use their maximum monthly water volume during the
same month, this would represent a total monthly water volume of 16,226,784 cubic feet. Converting

this to an equivalent water depth for the watershed area of 1650 square miles (for purposes of
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comparison to runoff depths provided in Table 3-7) yields an equivalent water depth of 0.0042 inches.
This hypothetical simultaneous maximum use would represent 0.27% of the average runoff depth of the
Greenbrier River (i.e., 1.59 in.), and thus the impact of existing LQU’s is not further included in the

predictive model that is described in the “Predicted Runoff” section of this report.

3.5.5 Baseflow and 7Q10

The computation of baseflow, defined by USGS as “the portion of streamflow contributed by
groundwater discharge (USGS, 2012), was performed with the streamflow partitioning computer
program (PART). An analysis of streamflow data from the Hilldale station on the Greenbrier River was
conducted for the period 1937 — 2012, for which a complete data set of daily average daily flow records
is available. Note that as per SIR 2012-5121, baseflow estimates are only applicable to unregulated
streams. Similarly, caution is called for by SIR 2012-5121 when developing base flows for areas that
experience dewatering due to underlying underground mines, or flow additions from flooded
underground mines in a “downdip” configuration. Neither flow regulation nor significant mine
influences are believed to meaningfully affect the baseflow estimates developed herein, but in other
HUC-8 watersheds in West Virginia, both of these factors may limit the computation of reliable baseflow
values. Table 3-9 provides the average seasonal baseflow values that were computed, both in terms of
average basin depth in inches (the native output format for the PART program), and the corresponding

flow rate (i.e., cfs).

Table 3-9 Average Seasonal Baseflow for the Greenbrier Watershed

Average Seasonal Baseflow
Season
(in) (cfs)
Jan — Mar 4.05 1990
Apr —June 3.02 1470
July — Sept 0.66 320
Oct —Dec 1.56 750

Note: Conversion from baseflow depth (in) to baseflow rate (cfs) is by dividing the given depth by 12 to get depth in units of ft, multiplying by
the watershed area of 4.6x10™ ftz, and then dividing by the number of seconds per season (86,400 sec/day, with 90.25, 91, 92, and 92 days in

the winter, spring, summer, and fall, respectively).
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Calculations were also performed to determine the Greenbrier Watershed’s 7Q10, defined by USGS SIR
2008-5126 (Calculating Flow-Duration and Low-Flow Frequency Statistics at Streamflow-Gaging Stations)
as the “annual 7-day minimum flow with a 10-year recurrence interval (non-exceedance probability of
10 percent).” Analysis was performed using the USEPA program DFLOW 3.1b, and determined that the
7Q10 for Greenbrier is 50.6 cfs. Manual calculations utilizing a seven day flow averaging period and

exceedance probability estimation (i.e., n+1/rank) confirm the value reported by the DFLOW program.

3.5.6 Historical Precipitation and Evapotranspiration

Several precipitation gaging stations are in or near the Greenbrier Watershed, including: Bartow 1 S WV
US (GHCND:USC00460509); Snowshoe WV US (GHCND:USC00468308); Frost 3 NE WV US
(GHCND:USC00465672); Marlinton WV US (GHCND:USC00465672); Renick 3 WV US
(GHCND:USC00467455); Lewisburg 3 N WV US (GHCND:USC00465224); and Alderson WV US
(GHCND:USC00460102). Areal average precipitation depth for the watershed was computed using these

stations, and is summarized in Table 3-10.

Also presented in Table 3-10 are computations of the water depth for “Evapotranspiration/Other” that
is the result of subtracting runoff from precipitation (i.e., rearranging R = P — E). Since both runoff and
precipitation can be measured directly, the difference between them can be readily determined. Most
months, evapotranspiration is likely the largest contributing factor to runoff being less than

precipitation, with change in storage being the second most important factor.

The amount of water stored within the watershed, both as groundwater and surface water, will vary in
any given month. In dry months, water storage decreases, and in wet months water storage is
replenished. For the Greenbrier Watershed, surface water storage is minimal (the surface area of
impounded water is 0.5 mi® out of 1650 mi®). Groundwater storage is difficult to measure, but can play
an important role in water availability. In some (usually dry) months the amount of runoff can exceed
the precipitation amount as water stored in the ground or on the surface flowed toward the outlet. In
the long term, it is assumed that the net change in water storage will equal zero, as the water lost by

groundwater storage to provide base flow during dry months is replenished during wet months.
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Table 3-10 Precipitation and Evapotranspiration/Other depths by month for the Greenbrier Watershed

Precipitation Evapotranspiration/Other
Month Standard Deviation Standard Deviation

Average (in) Average (in)

(in) (in)

Jan 3.52 1.40 0.98 0.77
Feb 2.82 1.30 0.57 0.87
Mar 4.03 1.75 0.43 1.03
Apr 3.62 1.45 1.05 0.63
May 4.55 1.89 2.26 1.11
Jun 3.62 1.56 2.67 1.12
Jul 4.23 1.54 3.76 1.38
Aug 3.35 1.22 2.95 0.95
Sep 3.71 1.95 3.31 1.65
Oct 2.59 1.57 2.11 1.21
Nov 291 1.28 1.84 0.91
Dec 3.70 1.37 1.84 0.98
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3.5.7 Evapotranspiration Model

A model of potential evapotranspiration (PET) was prepared using the Priestly-Taylor approach, as
summarized in the equations provided below. Daily solar radiation data from January 1986 to present
was obtained from the Bluefield State College solar radiation monitoring station, via the National
Renewable Energy Laboratory (U.S. Department of Energy) website. Several model input parameters

were not directly measured and typical values were instead utilized, and are summarized in Table 3-11.

PET =a-( A J.(RH_G)

A+7 ﬂ“pw

2508.3 ( 17.3-T )
A= > €X
(T +237.3) T+237.3

c,-P

Y= 06222

A =2.501-0.002361-T,

R, =Sn—La

S, = (1—albedo) - (TotGlobRad )

4 4
L =—G(T max,K +T min,K }g"f
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Where:

PET = Potential evapotranspiration (mm/day)

o = Priestly-Taylor calibration factor (unitless)

A = Slope of the saturation vapor pressure — temperature curve (kPa/K)
y = Psychrometric constant (kPa/K)

pw = density of water (kg/m3)

T = Air temperature (K)

Ts = Air temperature (°C)

Cp = Specific heat of moist air, 0.001013 J/(kg-K)

p = Atmospheric pressure (kPa)

A = Latent heat of vaporization (MJ/kg)

R, = Net radiation (MJ/m?)

S, = Shortwave radiation (MJ/m?)

L, = Longwave radiation (MJ/m?)

G = Heat flux density to the ground (MJ/m?)

€’ = Net emissivity

f = Cloudiness factor (unitless)

albedo = Proportion of radiation that is reflected
TotGlobRad = Total incoming solar radiation (MJ/m?)

Table 3-11 Unmeasured parameters incorporated into evapotranspiration model

Parameter Value
Vapor pressure of water in the atmosphere, e, (kPa) 2.0
Net emissivity, € 0.14
Ratio of bright sunshine hours to daylight hours 0.50
Rs/ So 0.50
Rso/So 0.77
Cloudiness factor, f 0.53

The spreadsheet utilized for evapotranspiration calculations has been provided to the DEP. Predicted
evapotranspiration (ET) for a month is computed from PET using the monthly ET/PET factors that are
presented in Table 3-12. These factors take into account that actual evapotranspiration will be less than

potential evapotranspiration due to periods when the water available for evapotranspiration is less than
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the amount of water that could be evapotranspirated if an unlimited quantity were available. These

factors also account for seasonal changes in vegetation, and other factors such as snow.

As an example of how to use the ET/PET factor, if the Priestly-Taylor model yields a PET of 4.58 inches

for the month of April, then the ET for that month would be 1.20 inches (i.e., 0.263 x 4.58 inches).

Table 3-12 Ratio of predicted evapotranspiration (ET) to potential evapotranspiration (PET)

Month ET / PET Factor
Jan 0.604
Feb 0.319
Mar 0.148
Apr 0.263
May 0.463
Jun 0.588
Jul 1.000
Aug 0.975
Sep 1.000
Oct 1.000
Nov 0.993
Dec 1.000

In developing the ET/PET factors listed in Table 3-12 through best-fit analysis between the historically-
derived evapotranspiration depth and the model-predicted evapotranspiration, the ratio ET/PET was
limited to a maximum of 1.000. This limit was selected to ensure that the predicted evapotranspiration
never exceeds potential evapotranspiration. When incorporating the evapotranspiration model into the
runoff model (described below), the maximum ET for any given month was limited to a maximum of the

precipitation depth for that month.
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3.5.8 Predicted Runoff

The generalized model for predicting runoff from a watershed is:

Qout=Qin+ PR—ET —-GR-AS-LQ - AG
Where:

Q,.: = Stream discharge from watershed

Qi, = Water into the watershed from upstream
PR = Precipitation

ET = Evapotranspiration

GR = Groundwater recharge (+/-)

AS = Surface water storage recharge (+/-)

LQ = Large Quantity user water consumption
AG = Agricultural user water consumption

For the Greenbrier Watershed, since there is not another watershed upstream, Q. is neglected. Since
data for large quantity user water consumption indicates that it is less than 1% of the average monthly
flows, it is neglected. The fraction of the watershed utilized for farming suggests that agricultural user
water consumption is likewise negligible, and so the term AG is omitted from the model. In any given
month the change in surface water storage and the groundwater recharge will not be zero, but in the
long term, and over the period of study (i.e., 1986 — 2013) they were taken to be zero. Thus, over a

long-term period, the generalized watershed model can be simplified to:

Qo =(PR - ET)- FACTOR

Where FACTOR = 0.878

To predict runoff from the watershed in a given month, one can simply subtract predicted
evapotranspiration from the precipitation depth under consideration, and then multiply by 0.878, which
is an empirical calibration factor required to correct for instances where ET/PET factors have been
limited to 1.000, and to ensure that the model, over time, neither over- nor under-predicts runoff. In
cases where the predicted runoff depth would be equal to a value of zero, runoff depth was instead
assigned a value of 0.044 inches, which was the minimum depth observed during the study period.
Continuing the example from above, if a precipitation depth of 4.00 inches was anticipated for an April
month where the predicted evapotranspiration was 1.20 inches, then the predicted runoff depth would

be 2.46 inches (i.e., (4.00 — 1.20) x 0.878).
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As shown in Figure 3-3, when comparing predicted runoff depth to actual runoff depth during the study
period, an R? value of 0.74 is obtained. Variance between predicted and actual flow can be attributed to
a variety of factors, including changes in storage not addressed by the lumped Evapotranspiration/Other
model term. Other factors contributing to variance include spatial variations in rainfall, temperature,
radiation and other parameters over the watershed area, the utilization of typical, rather than
measured, values in some parts of the evapotranspiration model, the effect of slowly melting snow and

large storm events occurring on the last day of the month.
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Figure 3-3 Comparison of Model Predicted Runoff and Actual Runoff during the study period (January 1986 — April 2013)
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Where either historical data or the predictive model are utilized to predict future conditions, it is
important to recognize the limitations affecting both approaches related to the length of the study
period. A longer study period, where more years are included in the summary of past precipitation and
runoff flows, will better enable the identification of low-probability event extremes. For example, with
the 27-year study period utilized for these analyses (i.e., 1986 - 2013), the minimum August runoff flow
depth of 0.04 inches per month corresponds to a low-flow event probability of approximately 4% in any
given year. Even lower flows have almost certainly occurred in the past, prior to the period of study,

and correspond to a smaller probability of occurrence in a given year.

3.5.9 Water Availability

An expression of the water availability at the outlet of the Greenbrier Watershed is provided in Table
3-13. This characterization is based on average seasonal stream gage flow data from the period 1936 —

2013, and the seasonal baseflow and 7Q10 values described above.

Table 3-13 Ratio of predicted evapotranspiration (ET) to potential evapotranspiration (PET)

Mean Daily Discharge (cfs) 4) Average of | 5) Average of
Mean Daily | Mean Daily
1) Season
Discharge  minus | Discharge  minus
2) Average 3) St. Dev.
7Q10+10% (cfs) Seasonal Baseflow
Jan — Mar 4171 4877 4115 2181
Apr —June 2701 3375 2645 1231
July — Sept 656 1344 600 336
Oct — Dec 1642 3031 1586 892

Columns 4 and 5 of Table 3-13 can be thought of as different expressions of how much water can, on
average, be used at the outlet of the Greenbrier Watershed if a certain streamflow must be preserved.
Column 4 identifies the average seasonal flow rate that could be utilized if the flow rate of 7Q10+10%
were to be preserved. Since the 7Q10 flow rate is quite low, corresponding to a flow rate that only has a
10% chance of occurring during a continuous seven day period in any given year, Column 4 values are

greater than Column 5 values. Column 5 values identify the average seasonal flow rate that could be
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utilized while preserving a flow rate equal to the seasonal baseflow (which is greater than the 7Q10 flow

rate).

In the context of understanding how much water is truly “available” for use within the Greenbrier
Watershed, it is important to note that the flow amounts indicated in Columns 4 and 5 of Table 3-13 are
based on the average of mean daily discharge (i.e., Column 2 of Table 3-13). The implication of this is
that, on average, 50% of the time the seasonal average of mean daily discharge will be greater than the
amount indicated in Column 2, and 50% of the time it will be less than this amount. In fact, as
demonstrated by the relatively large standard deviation values included in Column 3, flow rates are
highly variable from year to year. This demonstrates the caution that should be taken when attempting

I”

to define how much water “will” be available for continuous use, and the importance of considering a

water user’s relative appetite for risk that water will not be available during certain periods.

To illustrate this, consider the hypothetical scenario of a water user who is permitted to withdraw 336
cfs from the Greenbrier Watershed outlet, under the logic that this flow rate would, on average,
preserve not only the summer baseflow (which happens to be the lowest seasonal baseflow), but all of
the other seasonal baseflows as well. The key weakness of this logic is the phrase, “on average,” since

there will be as many situations where this is not the case as where it is.

By subtracting the flow rate of 336 cfs from the actual recorded flow rates from 1936 — 2013, it is shown
that this withdrawal would, in fact, not preserve the seasonal baseflow on 59% of the days during the
period. The effect of very large storm events, which yields very large flow rates, is that the median flow
rate and mean flow rate differ by an amount that accounts for the seasonal baseflow not being

preserved half the time.

As an illustration of another means of considering water availability, Figure 3-5 demonstrates the
relationship between withdrawal flow rate and the percentage of days where the 7Q10+10% flow rate
would not be preserved in the stream. Withdrawing 92 cfs, for example, would correspond to the
situation where stream flow would be less than the 7Q10+10% flow rate of 56 cfs on 10% of the days in

the period 1936-2013.
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Figure 3-4 Withdrawal flow rate vs. percent of days where the 7Q10+10% flow
rate would not be preserved in the stream

3.5.10 Primary Data Sources Utilized

Watershed boundary — USDA NRCS Data Gateway: http://datagateway.nrcs.usda.gov/GDGOrder.aspx

Runoff flow data — USGS Water Data:

http://waterdata.usgs.gov/nwis/inventory?agency code=USGS&site no=03184000

Precipitation — PRISM Climate Group: http://prism.oregonstate.edu/

Precipitation, Temperature, and other Weather Data — NOAA National Climatic Data Center:

http://gis.ncdc.noaa.gov/map/viewer/#app=cdo

Solar Radiation — Bluefield State College site, NREL: http://www.nrel.gov/midc/bsc/

3.5.11 Comparison of Marshall University and DEP Water Budgets

The ultimate goal of a water budget is to determine the amount of available water in the system. As
stated previously in this chapter, potential ET rates vary both across the state and seasonally, and will be
clearly defined by an ongoing USGS scientific investigation. Typically, ET rates are higher in the summer
and fall and lower in the winter and spring.  The final ET rate is dependent on soil characteristics,
ambient temperatures, wind velocity, land cover, altitude, impervious surfaces and many other
variables. One could pick any value of ET and multiply the volumes in table 3.3.1 by the residual

percentage once seasonal and site specific ET rates are known. In order to derive the amount of
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available water, it is necessary to identify the quantities required to recharge the aquifers, quantify mine
pool discharges and springs, account for soil absorption and the change in storage of the lakes and

streams, and then apply the appropriate ET rate.

All of these variables result in a high potential for differing results when comparing two different water
budget methods. Therefore, it is no surprise when comparing the DEP water budget results to the
Marshall University water budget results for the Greenbrier Watershed that the numbers are quite
different. As shown in the following table, Marshall University (MU) calculated the quantity of available
water at the pour point of the Greenbrier Watershed for the summer, fall and winter to be much greater
than the DEP method. However, the DEP method resulted in a much higher amount of water available

in the spring than the MU method.

Table 3-14 Comparison of water budget results

Greenbrier Watershed | DEP Water Budget cfs MU Water Budget cfs Difference
Summer 97 336 | MU 239 cfs > DEP
Fall 351 892 | MU 541 cfs > DEP
Winter 1,164 2,181 | MU 1,017 cfs > DEP
Spring 2,161 1,231 | DEP 930 cfs > MU
TOTAL 3,773 4,640 | MU 867 cfs > DEP

In conclusion, although a water budget can give you a tangible number to do some preliminary desktop
water management planning, prior to any final project decisions, an onsite evaluation of the water
availability should be performed and the variables in these water budget methods replaced by field

verified numbers.

143




Sunset on Cheat Lake

CHAPTER FOUR

FUTURE WATER
OUTLOOK

WATER USE SECTION

3

virginia department of environmental protection



Chapter - 4 Future Water Outlook

4.1 Future consumptive demand

There are two basic ways to estimate consumptive use. The first is to calculate the difference between
how much water is withdrawn by a

specific user and how much that user Consumptive use is “a function of
returns to the environment after use.

climate, economics and culture”
For instance, the portion consumptively

used by a public water provider is the | and is thus difficult to forecast with

total amount withdrawn from a source .
much certainty

minus the amount that is discharged by

the corresponding wastewater treatment

plant. While seemingly straightforward, this method is complicated because discharge information
related to each withdrawal can be misleading. Portions of the water go unaccounted for because of

infiltration and losses. Additionally, water may be added as a result of inflow from stormwater before

the discharge is measured.

The second way to calculate consumptive use is to multiply withdrawals by a coefficient that estimates
how much water is removed from the system based on the type of water use. Again using public water
supply as an example, estimates can be made for how much water is lost due to leaky infrastructure and
through uses, such as outdoor watering, that typically lead to a loss. These estimates are made given
what is known about water supply systems and the end uses. Regardless of the method used,
consumptive use is “a function of climate, economics, and culture” (Shaffer & Runkle, 2007) and is thus
difficult to forecast with much certainty. The coefficient method is most commonly used in large-scale

studies since the level of detailed information required for the other method is rarely available.

Given the available water use data for West Virginia, the DEP selected the consumptive use coefficient
method for this study. Using this method, estimates of past consumptive use and projections for 2020,
2030 and 2040 were made. High and low scenarios of consumptive use were developed for both past
and projected withdrawals. These scenarios were completed to put boundaries around the possibilities
and account for the inherent uncertainties in long-term forecasting. In order to make the future
consumptive use estimates, withdrawal projections also had to be developed. Projections of both

consumptive use and withdrawals were done for the state by the U.S. Geological Survey (USGS) on
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eight-digit hydrologic unit codes (HUC-8) (Figure 4-1) and by county. The methods used to develop the
watershed and county projections do not allow the results to be compared because the assessments are

of different geographic areas. This chapter focuses on the watershed-level results. The methods and

results by county are available in Appendices P-T.

Map Key
23 Region 1
(73 Region 2
=3 Region 3
(=3 Region4
3 Region 5

Figure 4-1 West Virginia has 32 HUC-8 watersheds and are shown divided into five regions.
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4.2 Review of West Virginia Water Use Survey 2006 Final Report of Consumptive Use

Consumptive water use is defined by (Solley, Merk, & Pierce, 1988) as the part of water withdrawn that
is evaporated, transpired, incorporated into products or crops, consumed by humans or livestock, or
otherwise removed from the water body, surface water or groundwater source. Other sources of
consumptive use information

largely agree with this

definition. One way the DEP has sought to improve

The West Virginia water | PTevious evaluation of consumptive use,

Resources  Protection — Act to facilitate resource planning and

Water Use Survey Final Report

includes  consumptive  use management, is to consider Industry-

estimations  calculated as specific Consumptive uses

withdrawals minus discharges

(DEP 2006, Chapter 2, tables of

results by county are in

Appendices E and F). The report indicates that in some cases both withdrawal and discharge data were
provided by users and, therefore, withdrawal minus return flow calculations could be made. In many
instances; however, reliable data was not available to perform the calculation because the discharges
were not metered, were metered but mixed with stormwater discharges, or the returned water was
discharged to multiple points. One way the DEP has sought to improve previous evaluation of
consumptive use, to facilitate resource planning and management, is to consider Industry-specific

consumptive uses as presented in Section 4.3.

Chapter 7 (Section 7.3) of the 2006 report contains estimates of future water use by the industrial
sector. These were calculated by the Marshall University Center for Business and Economic Research
using industry-specific water use coefficients (referred to as “net use”) (Table 4-1). The coefficients are
based on water use per-employee and are reported in gallons per-employee per-day (GED) (DEP, 2006).
Appendix L (DEP, 2006), lists the 2005-2010 annual estimates by North American Industry Classification
System (NAICS) code for counties and industries. Seven industry sectors were considered; namely,
thermoelectric power; manufacturing; residential; a combined sector including arts, entertainment, and

recreation; a combined sector including forestry, fishing, hunting, and agriculture; a mining sector that
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includes coal mining, stone quarries, and oil production; and a sector including eight other separately

identified industries.

Marshall University used several methods to estimate net use including the Large Quantity User survey
data; fixed industry-specific estimated net use rate; and net use rates from other sources such as USGS.
An explanation of the estimation method used for each of these industries is provided in Chapter 7 (DEP,
2006). Residential net use was estimated at the county level using a total of sales to metered residential
customers and the number of residential customers, to calculate a household average. Adjustments

were made for counties where residential use data was unavailable.

Table 4-1 Estimates of consumptive use coefficients used in DEP 2006 Chapter 7, a residential coefficient was not reported.

Consumptive use
Use type coefficient (%)
Thermoelectric 1
Manufacturing 21
Residential --
Art, entertainment, and recreation 15
Livestock 80
Crops 90
Logging 2
Mining 20

A general limitation of using a per-employee rate is that it does not account for operational efficiencies
achieved by many facilities that have been able to maintain output with reduction in employment or
have increased their water use efficiency (DEP, 2006). There are general uncertainties inherent in each
of the methods of estimating consumptive use coefficients, most related to the lack of data on
withdrawals, discharges and/or the number of employees. The other area of uncertainty relates to
applying average rates of withdrawal and use to facilities in different areas of the state. Understanding
how much water is consumed in a watershed is essential to water resources planning to ensure the
availability of sufficient amounts of water. Quantifying consumptive use can be challenging, however,
because necessary empirical measurements are often not available or are fraught with uncertainties.
Estimating consumptive use as was done in the 2006 report can be problematic due to the potential for

over-generalization.
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4.3 Choosing a Consumptive Use Estimation Method

Most studies of consumptive water use are concerned with estimating consumptive losses from the
human use of water supply. However, a common source of uncertainty in the estimations of
consumptive use is the evapotranspiration losses. Evapotranspiration is not typically included in the
coefficient calculation methods. Another source of uncertainty in the methods evaluated here is
measurement uncertainties. The accuracy of any measurement and recording of flow data is entirely
dependent upon the equipment and practices at each reporting facility. There is typically no reporting
or assessment of these inaccuracies and discrepancies. Another possible source of uncertainty relates to
the reporting parameters. In a study using a county-based reporting scale, for instance, a withdrawal
made in one county with an associated discharge or transfer to another county results in 100 percent
consumptive use in the

withdrawal county regardless of

the actual consumptive use. A With a reporting requirement threshold of

final f tainty i
nal sotrce ot uncertainty n 750,000 gallons withdrawn in any month,

consumptive use estimates is

unreported  withdrawals and | th€re are many users in West Virginia that are

discharges. With a reporting not required to report their withdrawals or

requirement threshold of . .
q associated discharges.

750,000 gallons withdrawn in

any month, there are many

users in West Virginia that are

not required to report their withdrawals or associated discharges.

The Shaffer and Runkle (2007) report was used in this study for two reasons. First, it compiled
consumptive use coefficients from approximately 100 sources, analyzing the methods and uncertainties
of each. Second, the study provided statistical analyses to show the distribution of the coefficients by
water use category, thereby providing insight into the underlying uncertainties. The methods used to

develop the coefficients for each use category were also described.
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4.4 L.QU Withdrawals

The projections made by the DEP are based on water withdrawal data from the Large Quantity User
(LQU) database. A detailed explanation of the management of the database and methodology used to
deal with reporting deficiencies can be found in Chapter - 2. For this study, annual withdrawal amounts
were used. No estimates were made for users who did not meet the LQU threshold or who are exempt
from reporting, such as self-supplied water for domestic use or agricultural use. Additionally, while not
in the LQU database (except for the water supply brokers represented in the Frac Water use category),
information on water used in the hydraulic fracturing process from Marcellus Shale is collected
separately and maintained in the Frac Water Reporting database. A detailed explanation of the
projection methodology for the Marcellus data is in Section 4.8. Because the data was collected over a

different period of time, water use for this industry is considered separately.

Withdrawals and consumptive use were not projected for two of the LQU database water use
categories. Both hydroelectric and aquaculture uses are considered to be non-consumptive. The
Agriculture/aquaculture use category contained nearly all aquaculture withdrawals with only one
nursery reporting enough withdrawals for irrigation to be considered a LQU. For both hydroelectric and
aquaculture uses, water tends to run through a system instead of being used for a process or
incorporated into a product. The Marcellus Shale projection was done using data from the Frac Water

Reporting database, not included in the LQU database.

In order to make past consumptive use estimates, as well as withdrawal and consumptive use
projections for this project, water use categories had to be combined. The reasons for this are explained

in Section 4.3. The categories used for consumptive use are:

e Mining and Petroleum (LQU database categories - Mining and Petroleum)
e Manufacturing (LQU database categories - Industrial, Chemical and Timber)
e Public Water Supply

* Recreation

e Thermoelectric

e Marcellus Shale/Hydraulic Fracturing

The results from creating the Mining and Petroleum and Manufacturing categories are shown in

Appendices P and Q, respectively. The withdrawals by reorganized use types are displayed in Figure 4-2
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and Figure 4-3. Marcellus Shale withdrawals are not shown here because data was not collected over

the same time period. Refer to Section 4.8 for the Marcellus Shale data.
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Billions (gallons/year)
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2003 2004 2005 2008 2009 2010 2011
M Thermoelectric 1,309 1,284 1,260 1,230 969 899 837

Figure 4-2 Annual withdrawals from the LQU database for the (amended) Thermoelectric* group in billions of gallons.
*Shown separately due to scale.
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Figure 4-3 Annual withdrawals from the LQU database for (amended) groups in billions of gallons.

Figure 4-2 shows withdrawals by the Thermoelectric category, which is the largest withdrawer of water.
The Manufacturing category follows behind the Thermoelectric category, and is depicted in Figure 4-3
along with the other categories. According to the three-year average, the majority of withdrawals occur
in four watersheds — North Branch Potomac, Middle Ohio North, Upper Ohio South and Upper Kanawha.
The large withdrawals in each of these watersheds are driven by withdrawals for thermoelectric use.
The three-year average calculation explained in Chapter - 2 was used to generate the map of the
distribution of withdrawals among watersheds seen in Figure 4-4. The changes in withdrawals over time
for each watershed are presented in the West Virginia Watershed Descriptions companion report and

Appendices P-T.
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Figure 4-4 Average annual withdrawals occurring due to the activity of the recombined SIC groups, measured in gallons.

4.5 Consumptive Use Scenarios

As mentioned previously, this section uses the consumptive use coefficients from Shaffer and Runkle
(2007). Their study, Consumptive Water-Use Coefficients for the Great Lakes Basin and Climatically
Similar Areas, compiled consumptive use coefficients from nearly 100 sources around the world,
focusing on those that could inform the selection of consumptive use rates in the Great Lakes region and
climatically similar areas. The study indicates that West Virginia has a climate similar to the Great Lakes
region and, therefore, it is reasonable to apply rates from “climatically similar areas” to the state in this
study. These areas were determined by temperature and precipitation patterns, water resource region,

and by comparable water use and consumptive loss rates. Other climatically similar areas indicated by
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the study are lowa, Missouri, Tennessee, Kentucky, Virginia, Maryland, Delaware, New lJersey,

Connecticut, Rhode Island, Massachusetts, Vermont, New Hampshire and Maine.

Table 4-2 is a modified version of the results table that appears in Shaffer and Runkle (2007). The table
shows statistical values for consumptive use coefficients in the Great Lakes Basin, climatically similar
areas and the world. The median and 75" percentile values for Domestic and Public Supply, Industrial,
Thermoelectric Power, and Mining from the climatically similar areas were used to estimate
consumptive use for this study’s Public Water Supply, Manufacturing, Thermoelectric, and Mining and
Petroleum water use categories, respectively (see bold values in Table 4-2). The median values were
used to generate a low scenario of consumptive use and the 75" percentile values were used for a high
scenario. For the Recreation category, an average of the industrial and irrigation consumptive use
coefficients from Shaffer and Runkle was used (56.5 for the high scenario and 55 for the low scenario).
These were selected because the LQU database definition of Recreation withdrawals includes both golf
courses and businesses, like hotels and casinos. The consumptive use estimate for each year (2003-
2005, 2008-2011) was determined by multiplying each facility’s estimated or recorded withdrawal by

the corresponding consumptive use coefficient.

Table 4-2 Consumptive use factors for the Great Lakes Basin, climatically similar areas, and the world from Shaffer and
Runkle 2007.

Statistics

Water Use Category Minimum 25" Median 75" Maximum Number of

Value Percentile Value Percentile Value References

Climatically similar areas

Domestic and Public 6 10 15 20 70 68
Supply
Industrial 0 4 10 13 34 97
lgilrg;oelectrlc 0 0 ) a 75 75
Irrigation 37 90 100 100 100 75
Livestock 10 86 100 100 100 73
Commercial 3 8 10 13 33 61
Mining 0 10 14 20 86 83
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Appendices P-T summarizes estimates of past consumptive use in West Virginia using the coefficients
discussed in this section (except for Marcellus Shale which is described below). Figure 4-5 indicates that
the Thermoelectric and Manufacturing sectors consumptively use the most water. Total consumptive
use is driven by large withdrawals in the Thermoelectric sector despite low consumptive use
coefficients (Figure 4-5). Although the Shaffer and Runkle consumptive use numbers used for
thermoelectric range between 2-4%, power plants with SOx scrubbers and hyperboloid cooling towers
are known to have a much larger consumptive use, approaching 70% (Allegheny Energy Supply
prepared by URS Corporation, 2003). This difference is significant and could greatly impact
thermoelectric consumptive use numbers in West Virginia. Going forward, site specific analysis will be
pursued to improve estimates of consumptive use in West Virginia. The Manufacturing sector has a
high consumptive use rate that leads to high consumptive use totals even with the lower withdrawal
totals. The total consumptive use of the three-year average is displayed for the high scenario on map in

Figure 4-6. For the Marcellus Shale use category, Section 4.8

120.0

100.0 I I I
80.0 I I
60.0 I I

40.0
20.0
0.0
2003 2004 2005 2008 2009 2010 2011
Thermoelectric (high) Thermoelectric (low)
Manufacturing (high) Manufacturing (low)
B Public Water Supply (high) = Public Water Supply (low)
B Mining and Petroleum (high) = Mining and Petroluem (low)
M Recreation (high) = Recreation (low)

Figure 4-5 Annual high and low consumptive use scenario calculations (based on Shaffer and Runkle consumptive use
coefficients) in billions of gallons.
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Figure 4-6 Estimate of average annual consumptive use (based on a high consumptive use scenario) occurring due to the

activity of the recombined SIC groups, measured in gallons.

4.6 Future Withdrawal Projections

To project consumptive use, water withdrawal projections were completed first. This section explains

the methods used and assumptions made to project withdrawals in 2020, 2030 and 2040. The

consumptive use coefficients discussed in Section 4.5 were then applied to these projected withdrawals

to estimate consumptive use by watershed and county as explained in Section 4.6.1.
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4.6.1 Withdrawal Projection Methods

As with any forecast of water use, many assumptions were made about conditions in the future. The
required assumptions include how many people will be using water and for what purposes; how

economic markets may change and how that will affect water use and what technologies will be in place

that could affect use rates. The scope of

General Withdrawal Projection Steps:
1. Add withdrawals by watershed (or
county) for the years of data in the
LQU database.

2. Add the number of employees or
people by watershed (or county) for
the years of data in the LQU
database.

3. Divide withdrawals by
employees/people in each
watershed (or county) to get a per
employee/ person water use rate for
the years of data in the LQU
database.

this project limited the amount of research
that could be done regarding future
conditions and technologies in the water
use categories. Therefore, projections
were based on existing data that could be

applied statewide.

Withdrawals were projected at the
watershed and county levels — not for
individual withdrawal points (Figure 4-7).
While similar methods were used for the

two sets of projections, the geographic

differences between them do not allow the
results to be compared. The basis for the
projections was how much water was
withdrawn by a given sector between 2003
and 2011 and how much growth or
contraction the sector is expected to see in
the future. This allowed historic water uses

to be averaged over the total number of

4. Average the per

employee/ person use rates across
the years of data to get one use
rate.

5. Multiply the average use rate by
the future number of
employees/people in each
watershed (or county) to get a total
withdrawal estimate.

people or employees est|mated to ||Ve Figure 4-7 Withdrawal projection procedure

(population) or work (employees) in a given geographic area. Variation in past use was retained by
using these per-person and per-employee water use rates at the watershed and county scale. Per-

individual use rates were calculated for each watershed and county by water use type.

These per-individual calculations were done for the Mining and Petroleum, Recreation, Manufacturing

and Public Water Supply use categories. For these sectors, the total reported water withdrawals in
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2003, 2004, 2005, 2008, 2009, 2010 and 2011 were divided by the number of individuals using the water
in each watershed and county for the respective year. To estimate future water use, the number of
individuals were projected and then multiplied by the average water use rate for the corresponding

geographic area. Projections were done for 2020, 2030 and 2040.

West Virginia employment data was available by county through (WorkForce West Virginia, 2012). This
data was available by NAICS code for years corresponding to withdrawal data in the LQU database.
There were some instances where a withdrawal existed in the LQU database, but no employment data
was reported for that county. These cases were handled on an individual basis and the methods used

are explained in the following sections.

Employment projections used change factors that were specific to West Virginia, or represented
expected national rates of change. The West Virginia-specific rates came from the 2013 West Virginia
Economic Outlook. This is the most recent annual report from the West Virginia University Bureau of
Business and Economic Research (BBER). Among other items, these reports provide an overview of the
current and future economic situation and forecast jobs by industry for the state. The report relies on
researchers at BBER and industry experts throughout the state. Their local knowledge is combined in
the report with data from such sources as WorkForce West Virginia, IHS Global Insight, U.S. Bureau of
Economic Analysis, U.S. Bureau of Labor Statistics and the U.S. Energy Information Administration. The
national-level change rates came from the U.S. Bureau of Labor Statistics’ 2012 Industry employment
and output projections to 2020 (Bureau of Labor Statistics, 2012). This is a biennial report that projects
employment from data collected by their Employment Projections Program. Rates of change in

employment by industry reflect national economic trends.

The following sections detail how the water withdrawal projections were completed for each water use
category. Each use category has a corresponding appendix that provides a detailed description of the

methods and the results.
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4.6.1.1 Mining and Petroleum

In order to implement the withdrawal projection method described above, the relevant employment
data was collected’. To make the best use of the available employment data, the LQU water use
categories of Mining and Petroleum were combined into one category and organized by watershed

and county (Tables P-1 and P-6, respectively, in Appendix P). These uses are defined as:

e Mining — Coal mining, coal processing plants, quarries, any other type of mining activity where
rocks or minerals are removed from the earth.

e Petroleum — Waterfloods. Does not include water used when hydrofracturing a well.

A few NAICS codes were considered for use under the natural resources and mining sector. The

mining, quarrying, and oil and gas extraction sector (code 21) includes:

“establishments that extract naturally occurring mineral solids, such as coal and ores;
liquid minerals, such as crude petroleum; and gases, such as natural gas. The term
mining is used in the broad sense to include quarrying, well operations, beneficiating
(e.g., crushing, screening, washing, and flotation), and other preparation customarily

performed at the mine site, or as a part of mining activity (BLS 2013).”

A subsector of this category is the “mining (except oil and gas)” category (code 212) which is

comprised of industries that:

“primarily engage in mining, mine site development, and beneficiating (i.e., preparing)
metallic minerals and nonmetallic minerals, including coal. The term ‘mining’ is used in the
broad sense to include ore extraction, quarrying, and beneficiating (e.g., crushing, screening,

washing, sizing, concentrating, and flotation), customarily done at the mine site.”

Z Refer to Appendix P for a step-by-step explanation of the methods used and all tables related to Mining and
Petroleum calculations.
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The Petroleum water use category was not
considered independently because most of
the relevant county employment data was
not separated from gas employment. To
come up with employment figures that
would allow for per-employee water use
calculations, a series of assumptions were
made. In the counties where there were
no reported withdrawals for the hydraulic
fracturing of Marcellus Shale, code 21 was
used to capture all mining and petroleum
employment. This assumes that jobs in

addition to mining were all petroleum-

related, not gas.

In counties with reported Mining,

Petroleum, and Marcellus Shale

withdrawals in any year, code 212 was
used to avoid considering increases in
employment  likely due to the
development of natural gas extraction.
This assumption — that water used in the
Mining and Petroleum category should be
matched with the employment only in the
mining sector — is reasonable because
most job growth in the oil and gas sector
in recent years can be attributed to
Marcellus Shale development (West
Virginia University, College of Business
and Economics, 2012). The same
employment NAICS code for each county

was used over the period of record in the

Steps for apportioning county
employment data to watersheds:
1. Determine which watersheds cover each
county.
Example: Portions of Webster County
are in the Elk, Gauley, and Little
Kanawha watersheds
2. Determine the portion of the county
withdrawal that occurs in each
overlapping watershed.
Example: In 2004 there were five
withdrawals in
Webster County:
Total Webster County withdrawal:
353,884,000 gallons Elk: 247,515,000
gallons (70% of county withdrawal)
Gauley: 106,369,000 gallons (30% of
county withdrawal)
Little Kanawha: 0 gallons (0% of county
withdrawal)
*Repeat this step for each county.
3. Apply withdrawal proportions to
county employment totals (round
results to a whole number).
Example: 2004 Webster County mining
employment:
375
Elk employment: 375 employees * 70% =
263
Gauley employment: 375 employees *
30% =113
Little Kanawha employment: 375
employees * 0% =0
*Repeat this step for each county.
4. Add the employees in each watershed.

Figure 4-8 Procedure for apportioning county employment data to
watersheds
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LQU database to get consistent employee use rates regardless of when development of the Marcellus

Shale began in a certain area.

Table P-8 shows the employment numbers used for each county. These employment numbers were

used to develop per employee use rates by county (Table P-9).

To estimate employment numbers by watershed, county employment was apportioned to the
watershed-level using the method explained in Figure 4-8. The employment numbers for each
watershed are shown in Table P-3. High and low employment projections were based on 2011
employment data. The high scenario increased employment annually by 0.4 percent (Equation 1). This
annual rate came from the (Bureau of Labor Statistics, 2012), which predicts that jobs in the mining
sector will increase at this rate through 2020. This rate was also applied for the 2030 and 2040
projections to represent a steadily increasing number of employees. The low scenario used an annual
decreasing rate of 1.7 percent predicted by the 2013 West Virginia Economic Outlook (West Virginia
University, College of Business and Economics, 2012) through 2017. This rate was applied for the 2020,
2030 and 2040 scenarios.

Equation 1
Eiz = Etg X (1 £7)(12-11)
Where, E is the employees at timet, t is the year and r is the annual rate of change applied to

employment.

Using the employment projections and the average per employee water use rate calculated from the
historic data, withdrawal projections for the Mining and Petroleum sector were calculated using
Equation 2. The average per employee water use rates for the Mining and Petroleum sector by

watershed and county are in Table P-4 and Table P-9, respectively.

Equation 2
Wz = Etz X U(,l

Where, W, is the forecasted withdrawal and U, is the average use rate.

Not all of the counties had employment data available from WorkForce West Virginia. For these
counties — Brooke, Hancock, and Pendleton — the annual rates were applied directly to the 2011 water

withdrawal.
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The Mining and Petroleum watershed-level withdrawal and consumptive use projections are in Table P-5

and the county-level projections are in Table P-10.

4.6.1.2 Manufacturing

In order to project the Industrial, Chemical, and Timber use categories using employment and industry
data, the withdrawals were combined into a single Manufacturing category by watershed and county
(Tables Q-1 and Q-6, respectively, in Appendix Q)>. The description of each category explains that the

water in all categories is used for manufacturing:

e Timber — Including facilities that manufacture wood products — pulp mills,
charcoal manufacturers, dimensional lumber, etc.
e Industrial — General manufacturing other than chemical.
e Chemical — Manufacture of chemicals, chemical compounds, etc., regardless of feedstock

source.

Combining the water uses into one Manufacturing category allowed employment data from (WorkForce
West Virginia, 2012) to be used to calculate per employee use rates by watershed and county. To do this,
employment numbers for NAICS code 31-33 were pulled for the counties where a Manufacturing

withdrawal was reported in the LQU database (Table Q-8). NAICS code 31-33 covers:

“establishments engaged in the mechanical, physical, or chemical transformation of
materials, substances, or components into new products. Establishments in the
Manufacturing sector are often described as plants, factories, or mills and
characteristically use power-driven machines and materials-handling equipment.
However, establishments that transform materials or substances into new
products by hand or in the worker's home and those engaged in selling to the general
public products made on the same premises from which they are sold, such as
bakeries, candy stores, and custom tailors, may also be included in this sector.
Manufacturing establishments may process materials or may contract with other
establishments to process their materials for them. Both types of establishments are

included in manufacturing” (Bureau of Labor Statistics, 2013).

® Refer to Appendix Q for a step-by-step explanation of the methods used and all tables related to Manufacturing
calculations.
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Using the same method described in Figure 4-8 in the previous section, the county-level employment
data was transformed to the watershed level (Table Q-3). Per-employee water use rates for the
Manufacturing sector were calculated for each watershed and county (Table Q-4 and Table Q-9,

respectively).

In order to project withdrawals into the future, employment figures were projected for 2020, 2030 and
2040. A high and a low scenario were created using two rates of change for employment in the
Manufacturing sector (Equation 1). For the high scenario, employment in each county was increased by
1.5 percent annually. This is the rate that the 2013 West Virginia Economic Outlook predicts
employment will grow by between 2012 and 2017, the forecast period for the report (West Virginia
University, College of Business and Economics, 2012). While the report predicts this rate of growth only
through 2017, it was used for the three projection years to represent a high water withdrawal scenario.
For the low scenario, a decreasing rate of employment, 0.1 percent annually, was used per a Bureau of
Labor Statistics projection out to 2020 (Bureau of Labor Statistics, 2012). To represent a low water
withdrawal scenario, this rate was used for the 2030 and 2040 projections as well. The projected
number of employees and the average water use rates were used to estimate total withdrawals by
watershed and county using Equation 2. Table Q-5 and Table Q-10 show the results of the high and low

scenario projections by watershed and county, respectively.

4.6.1.3 Recreation

The Recreation water use projection used the same method as the Mining and Petroleum and
Manufacturing sectors®. For employment data, the Leisure and Hospitality NAICS category was used.
Leisure and Hospitality contains two subcategories: Arts, entertainment, and recreation (code 71) and
accommodation and food services (code 72) (Bureau of Labor Statistics, 2013). These categories cover
the water uses in the Recreation category, among others such as restaurants, bars, theaters, and
museums. To use the employment data to project Recreation water use, employment under code 71
was used in combination with select categories under code 72 that related to the Recreation water uses.
Table R-8 in Appendix R provides the estimate of employees in each county with a Recreation water use
withdrawal. Employment at the watershed level was derived using the steps detailed in Figure 4-8

(Table R-3).

* Refer to Appendix R for a step-by-step explanation of the methods used and all tables related to Recreation
calculations.
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Employment projections were based on rates from the 2013 West Virginia Economic Outlook (2012) and
the Bureau of Labor Statistics (2012). The Bureau of Labor Statistics assumes that Leisure and Hospitality
employment will increase annually by 1.0 percent through 2020. This rate was used to develop the high
scenario through 2040. Alternatively, the low scenario used a zero percent change in employment for
2020, 2030 and 2040 (West Virginia University, College of Business and Economics, 2012). The projected
numbers of employees by watershed and county are in Table R-3 and Table R-8 (Equation 1). Dividing
the water withdrawals in each watershed or county by the number of employees yielded the per
employee use rates (Table R-4 and Table R-9, respectively). The projected withdrawals were estimated
by multiplying the average per-employee water use rate for the years of data in the LQU database by the

projected number of employees by watershed (Table R-5) and by county (Table R-10) (Equation 2).

4.6.1.4 Public Water Supply

Projections for the Public Water Supply sector used a slightly different method from that used for the
sectors described above®. Only one withdrawal scenario was created for this use category as there is

more confidence in the future population projections.

The projections for this category relied on past and forecasted population data. County population data
for 2000 and 2010 was obtained from the U.S. Census. The population data was at the Census block
level making it possible to assign each block to a watershed. The process was completed for the 2010
data. For the blocks that crossed more than one watershed, satellite imagery was used to determine the
number of households, and therefore population, which should be assigned to each watershed. This
level of detail was not available for the 2000 block data. The process used to assign the population in
each block to a watershed was: if a block crossed more than one watershed, the population in that
block was proportionally distributed to the watersheds based on the overlapping land areas of the

watershed and blocks. Once this was done, the 2000 population was aggregated by watershed.

To estimate population for 2003, 2004, 2005, 2008 and 2009 figures were interpolated from the known
years of data, and 2011 was extrapolated by watershed and county (Table S-3 and Table S-8,
respectively, in Appendix S). Using these annual population estimates, a per capita use rate was
calculated for each county and watershed by dividing the withdrawal in a given year by the estimated

number of people in the watershed and county that year (Table S-4 and Table S-9, respectively).

® Refer to Appendix S for a step-by-step explanation of the methods used and all tables related to Public Water
Supply calculations.
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To project withdrawals in 2020, 2030 and 2040, the average per capita withdrawal was multiplied by the
future number of people in each watershed (Table S-5). This process used county population projections
for 2020 and 2030 from Population Projection for West Virginia Counties (Cristiadi, 2011) and accounts
for potential growth and contraction areas. Population in 2040 was extrapolated from these estimates.
The rate of change expected in each county was applied to the corresponding 2011 block populations
which allowed for a projection at the watershed level. County projections were also completed using

withdrawal and census data by county (Table S-10).

4.6.1.5 Thermoelectric

The Thermoelectric withdrawal projections used industry growth forecasts for both the high and low
scenarios and did not consider employment as a factor due to limited specific employment data®. The
2013 West Virginia Economic Outlook predicts an annual decrease of 2.3 percent in coal-fired power
capacity through 2017 (West Virginia University, College of Business and Economics, 2012). This rate was
applied to the 2020 projection in both the high and low scenario. The U.S. Energy Information
Administration’s 2013 Annual Energy Outlook predicts that nationally the “total coal-fired generating
capacity falls from 318 gigawatts in 2011 to 278 gigawatts in 2040” (U.S. Energy Information
Administration, 2012). This is an annual decrease of 0.46 percent. This rate was used for the high and
low scenario’s 2030 and 2040 projections. It is possible that there will be a decrease in thermoelectric
power production in the near term given U.S. Environmental Protection Agency emission regulations and
low natural gas prices. The decrease in thermoelectric power production may cause plant closures in the
2015 timeframe. Thus, the 2.3 percent decrease for 2020, and a slower rate — 0.46 percent — in 2030

and 2040, could reasonably be expected.

The low scenario projection removes those thermoelectric plants that are already slated to close prior
to 2020. The industry rates described above were then applied to represent a lower withdrawal
scenario. The power stations removed and the respective watersheds affected were:
e First Energy: Albright, Willow Island and Rivesville (First Energy Corp. 2012)
= Cheat Watershed
= Middle Ohio North Watershed

=  Monongahlea Watershed

® Refer to Appendix T for a step-by-step explanation of the methods used and all tables related to Thermoelectric
calculations.
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e AEP: Kammer, Kanawha River and Phillip Sporn (AEP 2013)

= Upper Ohio South Watershed

=  Upper Kanawha Watershed

=  Middle Ohio South Watershed

The high and low withdrawal projections are shown by watershed and county respectively in Table T-3

and Table T-6 in Appendix T.

4.6.2 Withdrawal Projection Results

The projected withdrawals for the
high and low scenarios in 2020,
2030 and 2040 are shown by
watershed in Table 4-3 and by

water use category in

Table 4-4. The Thermoelectric
sector continues to withdraw the
greatest amount of water in the
state. The watersheds with the
greatest withdrawals — North
Branch Potomac, Middle Ohio
South, Upper Ohio South and

The Thermoelectric sector continues to
withdraw the greatest amount of water
in the state. The watersheds with the
greatest withdrawals - North Branch
Potomac, Middle Ohio South, Upper
Ohio South and Upper Kanawha - all

have large thermoelectric withdrawals.

Upper Kanawha — all have large thermoelectric withdrawals. Both of the scenarios show a decrease in

the total amount of water withdrawn over time. Though, some sectors show an increase in withdrawals

in the high scenario and decrease in the low scenario; this is indicative of the uncertainty faced in long-

term predictions.
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Table 4-3 Current average annual withdrawals and future high and low scenario estimates by watershed, in billions of

gallons per year.

Current 3 High Scenario Withdrawals Low Scenario Withdrawals
HUC 8 Year Average (Bgal/yr) (Bgal/yr)
(Bgal/yr) 2020 2030 2040 2020 2030 2040
Big Sandy 0.95 0.94 0.89 0.83 0.94 0.89 0.82
Cacapon 0.72 0.08 0.08 0.08 0.08 0.08 0.08
Cheat 2.05 2.02 2.04 2.05 1.33 1.35 1.35
Coal 5.16 5.44 5.43 5.42 5.34 5.23 5.12
Dunkard 0.60 0.96 0.97 0.97 0.94 0.93 0.91
Elk 12.14 11.68 11.18 10.53 11.68 11.18 10.52
Gauley 1.66 1.98 1.95 1.90 1.96 1.92 1.85
Greenbrier 1.84 1.84 1.82 1.75 1.83 1.81 1.73
James* 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Little Kanawha 1.03 1.16 1.13 1.06 1.16 1.13 1.06
Lower Guyandotte 1.51 1.52 1.50 1.46 1.51 1.48 1.44
Lower Kanawha 78.42 67.78 68.50 69.21 66.95 66.82 66.67
Lower New 4.72 4.92 4.81 4.60 491 4.80 4.57
Lower Ohio 5.24 5.20 5.16 5.10 5.19 5.15 5.08
Middle Ohio North 68.86 68.27 68.72 69.14 45.50 45.34 45.14
Middle Ohio South 227.88 131.72 131.41 130.98 24.40 24.34 24.17
Monongahela 36.89 38.39 38.84 39.39 37.78 38.21 38.73
North Branch Potomac 404.01 394.68 392.87 391.04 394.68 392.86 391.04
Potomac Direct Drains 7.07 8.88 9.96 11.06 8.83 9.85 10.90
Shenandoah Hardy* 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shenandoah Jefferson 0.80 0.92 1.04 1.14 0.92 1.04 1.13
South Branch Potomac 1.98 2.10 2.11 2.03 2.10 2.11 2.03
Tug Fork 3.34 3.76 3.56 3.32 3.73 3.50 3.23
Twelvepole 0.45 0.62 0.61 0.60 0.61 0.59 0.57
Tygart Valley 6.33 6.53 6.55 6.37 6.53 6.54 6.35
Upper Guyandotte 2.68 2.93 2.84 2.72 2.90 2.77 2.62
Upper Kanawha 130.69 131.46 131.54 131.61 38.21 38.11 37.99
Upper New 2.63 2.55 2.47 2.35 2.55 2.47 2.35
Upper Ohio North 16.69 26.75 26.98 27.19 26.36 26.19 25.99
Upper Ohio South 146.98 143.39 142.53 141.63 14.00 13.70 13.35
West Fork 16.90 16.79 16.72 16.59 16.78 16.71 16.57
Youghiogheny 0.95 0.11 0.11 0.10 0.11 0.11 0.10
TOTALS 1,191.17 | 1,085.37 | 1,084.30 | 1,082.21 729.81 727.18 723.50

*No Large Quantity User withdrawals are registered in the James or the Shenandoah Hardy as of 2011.
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Table 4-4 Current average annual withdrawals and future high and low scenario estimates by water use category, in billions
of gallons per year.

Current 3 Year High Withdrawals (Bgal/yr) Low Withdrawals (Bgal/yr)
Water Use Category Average (Bgal/yr) 2020 2030 2040 2020 2030 2040
Mining and Petroleum 13.95 16.07 16.13 16.20 15.74 15.47 15.22
Manufacturing 189.65 177.28 179.94 182.64 174.48 174.31 174.13
Public Water Supply 69.28 72.34 72.29 71.17 72.34 72.29 71.17
Recreation 1.54 1.53 1.55 1.56 1.52 1.52 1.52
Thermoelectric 915.26 818.16 814.39 810.65 465.73 463.59 461.46
TOTALS 1,189.69 | 1,085.37 | 1,084.30 | 1,082.21 729.81 727.18 723.50

4.7 Consumptive Use Projections

Projecting consumptive use by watershed for 2020, 2030 and 2040 was done using the high and low
withdrawal scenarios described in the previous section and the consumptive use rates detailed in
Section 4.5 (Table 4-2). The high consumptive use rates were applied to the high withdrawal results and

the low consumptive use rates were applied to the low withdrawal results.

Table 4-5 High and low scenario consumptive use rates for each water use category.

Consumptive Use
Water Use Category Rate (percent)
HIGH Low
Mining and Petroleum 20 14
Manufacturing 13 10
Public Water Supply 20 15
Recreation 56.5 55
Thermoelectric 4 2
Marcellus Shale 100 -

Results are shown by watershed in Table 4-6 and by water use category in Table 4-7. The North Branch
Potomac Watershed has by far the highest consumptive use estimates. This is driven by the large
Thermoelectric withdrawal even though the consumptive use rate for the sector is the lowest of all
sectors in this study (2 to 4 percent). Other watersheds with comparatively high consumptive use totals
are the Upper Kanawha, Middle Ohio South, Middle Ohio North, Upper Ohio South and Lower Kanawha
watersheds. These watersheds all have large withdrawals in both the Manufacturing and Thermoelectric
sectors. The Upper Ohio North Watershed has a large consumptive use total related to Manufacturing

withdrawal.
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Table 4-6 Current annual consumptive use estimates for 2011 and future high and low scenario consumptive use estimates

by watershed, in billions of gallons per year.

High Scenario Consumptive Use (Bgal/yr)

Low Scenario Consumptive Use (Bgal/yr)

Hucs 2011 2020 2030 2040 2011 2020 2030 2040
Big Sandy 0.18 0.18 0.17 0.16 0.14 0.14 0.13 0.12
Cacapon 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Cheat 0.39 0.47 0.48 0.48 0.34 0.39 0.40 0.40
Coal 0.95 1.09 1.09 1.08 0.67 0.75 0.74 0.72
Dunkard 0.12 0.19 0.19 0.19 0.08 0.13 0.13 0.13
Elk 2.43 2.34 2.24 2.11 1.82 1.75 1.68 1.58
Gauley 0.33 0.40 0.39 0.38 0.24 0.29 0.28 0.27
Greenbrier 0.62 0.61 0.60 0.59 0.55 0.53 0.53 0.52
James* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Little Kanawha 0.24 0.23 0.23 0.21 0.18 0.17 0.17 0.16
Lower Guyandotte 0.28 0.29 0.28 0.27 0.21 0.21 0.21 0.20
Lower Kanawha 8.71 7.61 7.71 7.81 6.54 5.62 5.61 5.60
Lower New 1.02 1.05 1.03 0.99 0.78 0.80 0.78 0.75
Lower Ohio 1.03 1.02 1.01 0.99 0.77 0.76 0.76 0.74
Middle Ohio North 7.67 6.96 7.02 7.08 5.65 4.60 4.58 4.55
Middle Ohio South 8.56 7.25 7.26 7.24 5.31 2.18 2.18 2.16
Monongahela 2.20 2.77 2.88 3.01 1.34 1.76 1.84 1.94
North Branch Potomac 16.28 15.90 15.83 15.75 8.18 7.99 7.95 7.91
Potomac Direct Drains 1.17 1.59 1.80 2.02 0.89 1.19 1.35 1.50
Shenandoah Hardy* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shenandoah Jefferson 0.17 0.19 0.21 0.23 0.13 0.14 0.16 0.17
South Branch Potomac 0.40 0.42 0.42 0.41 0.30 0.32 0.32 0.31
Tug Fork 0.68 0.75 0.71 0.67 0.50 0.55 0.51 0.47
Twelvepole 0.09 0.12 0.12 0.12 0.06 0.09 0.09 0.08
Tygart Valley 1.30 1.31 1.31 1.27 0.97 0.98 0.98 0.95
Upper Guyandotte 0.55 0.59 0.57 0.54 0.40 0.42 0.40 0.38
Upper Kanawha 9.82 8.97 9.01 9.06 6.49 3.95 3.94 3.92
Upper New 0.51 0.51 0.49 0.47 0.38 0.38 0.37 0.35
Upper Ohio North 2.36 3.65 3.67 3.68 1.81 2.76 2.74 2.71
Upper Ohio South 6.71 6.60 6.53 6.45 3.61 0.96 0.92 0.88
West Fork 1.22 1.23 1.23 1.21 0.78 0.79 0.79 0.78
Youghiogheny 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02
TOTALS 52.78 74.32 74.53 74.52 34.15 40.65 40.55 40.28

*No Large Quantity User withdrawals are registered in the James or the Shenandoah Hardy as of 2011.
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Table 4-7 Current annual consumptive use estimates for 2011 and future high and low scenario consumptive use estimates

by water use category, in billions of gallons per year.

High Consumptive Use (Bgal/yr) Low Consumptive Use (Bgal/yr)
Water Use Category 2011 2020 2030 2040 2011 2020 2030 2040
Mining and Petroleum 2.83 3.21 3.23 3.24 1.98 2.20 2.17 2.13
Manufacturing 24.38 23.05 23.39 23.74 18.75 17.45 17.43 17.41
Public Water Supply 14.51 14.47 14.46 14.23 10.88 10.85 10.84 10.68
Recreation 0.82 0.86 0.87 0.88 0.79 0.83 0.83 0.83
Thermoelectric 33.50 32.73 32.58 32.43 16.75 9.31 9.27 9.23
TOTALS 76.03 74.32 74.53 74.52 49.16 40.65 40.55 40.28
4.8 Marcellus

To forecast the future withdrawals for hydraulic fracturing, an estimation of the future number of wells
was needed. A 2010 paper prepared for the American Petroleum Institute projected a low, medium and
high development scenario for West Virginia, Pennsylvania and New York (Considine, 2010). For West
Virginia, the predicted number of wells in the low scenario was 273 and 752 in the high scenario. Using
the number of predicted wells in the low and high development scenarios and 5.15 million gallons as the

average water withdrawal per well, a total water need was estimated for the state (Table 4-8).

Table 4-8 High and low scenario Marcellus Shale withdrawals for 2020 in billions gallons per year

Development Scenario | Number of Projected Wells | Projected Withdrawal (Bgal)

High 752 3.85

Low 273 1.41

To apportion the statewide withdrawal to the watershed scale it was assumed that the future water
withdrawals would occur in the same watersheds at the same proportion as they had in the past (Table
4-9). This assumes that drillers are using streams with readily available water supplies which are easy to
access and that these will continue to be the preferred sources in the future. No assumptions were
made about the changes in technologies that might affect future water use in the industry. All water
withdrawals used in association with horizontal drilling and hydraulic fracturing activities are considered

consumptive at this time.
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Table 4-9 Estimated water withdrawals and consumptive use projections for Marcellus Shale industry

Estimated 2020 Withdrawals/
Consumptive Use Projections
(Mgal/yr)
2011 Water Percent of
Withdrawals Total
Watershed (Mgal/yr) Withdrawal HIGH Scenario LOW Scenario
Tygart Valley 102.6 11.1 427.4 156.5
West Fork 150.95 16.4 631.4 231.2
Monongahela 60.41 6.5 250.3 91.7
Cheat 10.16 1.1 42.4 15.5
Dunkard 3.04 0.3 11.6 4.2
Upper Ohio North 28.42 3.1 119.4 43.7
Upper Ohio South 176.9 19.2 739.2 270.0
Middle Ohio North 263.55 28.6 1101.0 403.3
Little Kanawha 121.3 13.1 504.4 184.7
Elk 3.78 0.4 154 5.6
TOTAL 922.78 100.0 3850.0 1410.0

4.9 Non-consumptive water needs

Projected consumptive water use, by itself, is not an adequate measure of the demands on the state’s
water supply. For example, West Virginia’s whitewater rafting tourism industry depends upon water,
none of which is considered consumptive use. To better understand the extent of such non-
consumptive uses throughout the state, the Act requires the projection of existing and future non-
consumptive needs in areas with important or unique natural, scenic, environmental or recreational,
local or statewide significance. There are numerous non-consumptive uses of West Virginia waters,
several of which will be reviewed here. These uses include wildlife and associated habitats, as well as
public lands including wild and scenic rivers. These non-consumptive uses are discussed below;
however, quantified demands for these non-consumptive uses are not available at this time. Actual

projections of water needs for non-consumptive needs will require future analysis.

4.9.1 Wildlife and Associated Habitats

West Virginia is rich in biological diversity. Significant work has been done to understand the species’
ranges, habitats, and relationships to water resources. Studies such as the West Virginia Gap Analysis

have attempted to document the range of many species across the state utilizing available land cover
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data (USGS, 2002). Organizations including the West Virginia Division of Natural Resources (DNR) and

the United States Fish and Wildlife Service (USFWS) track species across the state.

As defined in the Endangered Species Act, endangered species are “any species which is in danger of
extinction throughout all or a significant portion of its range other than species of the Class Insecta as
determined by the Secretary to constitute a pest whose protection under the provisions of the Act
would present an overwhelming and overriding risk to man.” Threatened species are “any species which
is likely to become an endangered species in the foreseeable future throughout all or a significant
portion of its range.” Rare species in West Virginia have few individuals across their entire range, are
decreasing regionally, and/or require unique habitats. There are 15 federally endangered species in
West Virginia (not including those considered to be extirpated or accidental) including 11 animal and
four plant species. The diamond darter is has been recently named an endangered species and is not
included in these numbers. There are five federally threatened species in West Virginia. Two species, the
peregrine falcon and the bald eagle, were removed from the federal list in 1999 and 2007, respectively
(DNR, 2012). These and many other rare species are given state ranks by the Natural Heritage Program
and global ranks by NatureServe and are subsequently tracked by DNR for management purposes.
Availability of water resources is essential to protecting the rare, threatened, and endangered species.
The nature of the relationship to the water resources for a particular species depends on a number of
factors. For example, if the water resources in an area become insufficient, is the organism able to move
to another water source? Does the organism depend on the waterways for an occasional drink or does it
live in the water for its entire life cycle? Appendix U documents the importance of water resources for

each of the federally listed species in West Virginia.

The count of these rare, threatened, and endangered individuals by HUC-8 is provided in Table 4-10. The
Elk Watershed, followed by the Middle Ohio South Watershed, has the largest count of rare, threatened,
and endangered individuals. The Shenandoah Hardy Watershed has the fewest individuals with only two
element occurrences. Figure 4-9 and Figure 4-10 show the areas with the largest number of individuals

by HUC-12 for terrestrial and aquatic species, respectively.
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Table 4-10 Total count of rare, threatened, and endangered individuals by HUC8 watershed. Data source: DNR

Element

HUC8 Watershed Name Occurrences*
05050007 Elk 3938
05030202 Middle Ohio South 2977
05020004 Cheat 2846
05030201 Middle Ohio North 2388
05030203 Little Kanawha 2182
05050003 Greenbrier 2133
05050006 Upper Kanawha 1711
02070001 | South Branch Potomac 1535
05090101 Lower Ohio 1048
05050005 Gauley 1033
02070004 | Potomac Direct Drains 798
02070003 Cacapon 761
05050002 Upper New 632
05050008 Lower Kanawha 625
05050004 Lower New 624
05020001 Tygart Valley 567
02070002 | North Branch Potomac 514
05020002 West Fork 484
05020005 Dunkard 426
05030106 Upper Ohio South 388
05090102 Twelvepole 314
05070201 Tug Fork 276
05050009 Coal 230
02070007 | Shenandoah Jefferson 220
05070102 Lower Guyandotte 215
05020006 Youghiogheny 136
05020003 Monongahela 135
05070101 Upper Guyandotte 130
05030101 Upper Ohio North 113
02080201 James 111
05070204 Big Sandy 34
02070006 Shenandoah Hardy 2

*The element occurrences field is a count of rare, threatened, and endangered individuals.
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Figure 4-9 Count of rare, threatened, and endangered terrestrial individuals by HUC12. Data source: DNR
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Figure 4-10 Count of rare, threatened, and endangered aquatic individuals by HUC12. Data source: DNR
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4.9.2 Public Lands

Public lands are important for a number of ecological, environmental, and social reasons (Loomis, 2002).
These areas are important for maintaining wildlife because the sole habitats of many species occur on
public lands. For example, the majority of the federally threatened flat-spired three-toothed snail’s
range occurs within Cooper’s Rock State Forest (USFWS, 1983). Further, the pervious spaces on public
lands provide opportunity for infiltration, groundwater recharge and water quality protection.
Recreation often occurs on public lands. In West Virginia, approximately 71,000 hunters, 156,000
birdwatchers, hikers and nature photographers, and more than 300,000 anglers recreate on public lands
and waters each year, amounting to an economic impact of approximately $350 million per year (Brown,

2003).

There are approximately 2,500 square miles (sq. mi.) of public lands in West Virginia including national
forests, national historic parks, national recreation areas, national rivers, national scenic rivers, national
wildlife refuges, state forests, state parks, state recreation areas and wildlife management areas (Figure
4-11). The Cheat Watershed has the largest amount of public lands, with 491.1 sq. mi., followed by the
Greenbrier, Gauley and the South Branch Potomac watersheds (Table 4-11). Public lands in West
Virginia are primarily owned by the federal government followed by the state government (Table 4-12).
As management of these lands is in the public sphere, activities that are harmful to water quality and

quantity can be appropriately minimized and beneficial activities can be promoted.
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Table 4-11 Area of public lands by type for each HUC-8 (sq. mi.).

Federal,
Federal State, or
Federal State and/or State Local
Wildlife
Wildlife | Scenic Rec. Historical Rec. Management

Watershed Refuge River Area River Park Forest Area Park Area Other Sum
Cheat 39.2 432.7 12.7 6.5 491.1
Greenbrier 461.9 18 1.1 481
Gauley 17.4 281.2 0.4 21 320
South Branch
Potomac 238.8 16.3 255.1
Elk 52.6 11 64.9 128.5
Lower New 113.1 7.2 5 125.3
Cacapon 82.6 9.4 17.3 109.3
Tygart Valley 44.6 10.2 12 2.5 69.3
Twelvepole 59.2 59.2
Little Kanawha 7.2 44.6 3.3 55.1
Upper New 6.8 3.9 8.3 29.4 48.4
Potomac Direct
Drains 0.3 6.8 36 0.8 43.9
West Fork 3.7 35.2 38.9
Upper Guyandotte 5.9 31.1 37
Tug Fork 33.2 33.2
Middle Ohio North 2.6 25.5 1.3 29.4
James 27.1 1.7 28.8
Lower Kanawha 24.1 24.1
Middle Ohio South 3.1 0.8 11.9 15.8
Coal 13.7 13.7
Lower Guyandotte 4.8 4.8 0.2 9.8
Upper Ohio North 0.7 2.1 6.6 9.4
Lower Ohio 0.2 9.1 9.3
North Branch
Potomac 0.1 0.1 8.7 8.9
Upper Ohio South 1.6 5.1 6.7
Upper Kanawha 4.9 4.9
Shenandoah
Jefferson 1.4 2.3 3.7
Shenandoah Hardy 3.5 3.5
Monongahela 1.8 1.8
Dunkard 1.2 1.2
Youghiogheny 0.2 0.2
Total 47.5 6.8 17.4 113.1 1.7 1629 4.8 103.9 534.2 8.1 2466.5
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Table 4-12 Public lands by owner type for the state of West Virginia.

Type Percent of Public Lands
Federal 77.4
State 20.1
Private 1.3
State & Private 0.8
State & Federal 0.2
County 0.2

4.9.3 Wild and Scenic Rivers

The Wild and Scenic Rivers Act was signed by President Lyndon Johnson in 1968, creating the National
Wild and Scenic Rivers System. The purpose of the act is to preserve rivers with “outstanding natural,
cultural, and recreational values in a free-flowing condition for the enjoyment of present and future
generations.” The distinguishing characteristics of wild and scenic rivers are defined as follows. Wild
rivers are free of impoundments, generally inaccessible except by trail, essentially primitive in terms of
watersheds or shorelines and free of water pollution. Scenic rivers are free of impoundments, largely
primitive in terms of shorelines or watersheds, shorelines largely undeveloped, but accessible in places

by roads.

The Bluestone River is the only National Wild and Scenic River in West Virginia, originally designated in
1988. The Bluestone River is located in the Upper New Watershed. The designated segment is 12.7 miles
in length. Starting its journey on the East River Mountain in Virginia, the Bluestone River flows 77 miles
before joining the New River at Bluestone Lake. The designated portion of the river is in the Bluestone
Gorge between Pipestem and Bluestone state parks. The gorge offers a myriad of outdoor activities
including warmwater fishing, whitewater boating, hiking and hunting. The river is home to diverse
aquatic and terrestrial species including fish (e.g. smallmouth bass, bluegill and catfish), birds (e.g.
kingfishers and great blue herons), and mammals (e.g. beaver, fox, bobcat and deer). The region is

forested and includes maple, oaks, hickories, birch and sycamores.

Two other West Virginia river segments worth noting are the New River Gorge National River and the
Gauley River National Recreation Area. According to the National Park Service, the New River Gorge was
declared a National River in 1978 and includes over 50 miles of the New River from Bluestone Dam to
Hawk’s Nest Lake. The Gauley River National Recreation Area is comprised of 25 miles of the Gauley

River and six miles of the Meadow River.
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Chapter - 5 Other Conditions Affecting Water Availability

5.1 Natural Conditions Affecting Water Availability

The Act requires “A discussion of any area of concern regarding historical or current conditions that
indicate a low-flow condition or where a drought or flood has occurred or is likely to occur that
threatens the beneficial use of the surface water or groundwater in the area.” The DEP partnered with
the Interstate Commission on the Potomac River Basin (ICPRB) to study and assess the impacts of flood
and drought conditions on water availability. The results of the study, presented herein, highlight
significant floods and droughts of the past century and describe the impact of these events on the

state’s water infrastructure.

5.1.1 Flooding

The general public perception is that nature is something that can be controlled and natural disasters
can be prevented. The opposite is the case in that flooding is a natural disaster that cannot be
prevented. In some ways, human activity increases the potential for flooding by filling stream channels
and floodways, increasing the amount of impervious surface area and constructing poorly designed
stream crossings. However, if enough rain falls in the same area for an extended period of time, the

inevitable result is flooding.

In order to understand the levels of severity of a flood, it is necessary to classify or rank the flood events.
Engineers and hydrologists refer to the flood recurrence interval to define the amount of water involved
and/or the size of the flood. The most commonly referenced recurrence intervals are the 2, 5, 10, 25,
50, 100 and 500 year flood events. The 25-year flood refers to a flood with a probability of occurring
once during a 25-year period. In other words, it is a flood that has a probability of 1 in 25 of occurring in
any given year, or a 4% chance of occurring in any given year. The probability and percent chance for

flood recurrences are shown in the following table (Table 5-1).
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Table 5-1 Flood recurrence probability

Flood Recurrence Interval | Probability Of Occurring | Percent Chance Of Occurring
In Years In Any Given Year In Any Given Year

100 1in 100 1

50 1in 50 2

25 1lin 25 4

10 1lin 10 10
5 lin5 20
2 lin2 50

The intensity of rainfall required to produce a particular flood varies across the state due to the different
regions’ topography and land cover types. The regions are identified in the following figure from the

West Virginia Department of Highways (WVDOH) Drainage Manual.
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WVDOH DRAINAGE MANUAL 2007

Map 4-2
Rainfall Intensity-Frequency Regions of West Virginia

ADAPTED FROM NDAA ATLAS L4.

APPROXIMATE RAINFALL INTENSITY ZONE MAP
FOR USE WITH THE RATIONAL METHOD.

Figure 5-1 WVDOH Drainage Manual

The WVDOH has published a manual to assist in calculation of stormwater runoff for sizing of bridges
and drainage culverts. The WVDOH Drainage Manual contains values for the 1, 2, 5, 10, 25, and 100 year

flood events in inches per hour for each of the regions and can be found at the following web site:

http://www.transportation.wv.gov/highways/engineering/pages/publications.aspx

Recurrence interval peak discharges in cubic feet per second have been calculated for gaging stations in

West Virginia and surrounding states by the United States Geological Survey (USGS) and have been

183


http://www.transportation.wv.gov/highways/engineering/pages/publications.aspx

published in their Water Resources Investigation Report 00-4080 and can be downloaded from the

following site: http://pubs.usgs.gov/wri/wri004080/pdf/wri00-4080.pdf.

Floods affect water availability by damaging critical infrastructure and introducing pollutants from
stormwater runoff and combined sewer overflows. The intermingling of these contaminants with
surface and groundwater exacerbates local supply issues. Floods are caused by three storm types in
West Virginia: thunderstorms during late afternoon and evening in summer, frontal systems in winter or
early spring and tropical cyclones, including hurricanes and tropical storms, in late summer or early fall
(Doll, Meyer, & Archer, 1963). In addition, rainfall combined with snowmelt may cause floods in early
spring. Extreme flooding can be expected on small streams during the summer and on larger streams
during late fall or winter. Intense thunderstorms can be the most dangerous because they produce flash
floods with little or no warning. Because the terrain in West Virginia consists of many small basins, much

of the state is subject to this type of flood.

The most devastating floods are caused

by precipitation effects from hurricanes The record precipitation event in
or tropical storms. These storms are

West Virginia is 19.5 inches of rain
most intense on the eastern slopes of

the Potomac River Basin and the upper in two hours and 10 minutes at
parts of the New River Basin. While ROCprI't in ]llly Of 1889

prediction of extreme weather is difficult

at best, a review of notable events of the

past may help to better identify potential areas of concern. The record precipitation event in West
Virginia is 19.5 inches of rain in two hours and 10 minutes at Rockport in July of 1889. The number used

in dam design for the probable maximum precipitation event is 27.5 inches of rainfall in six hours.

West Virginia's annual frequency of severe thunderstorms and tornadoes is less than other states in the
region. The complicated mountain terrain disrupts the circulation systems necessary for the formation
of such storms, although there have been 125 documented tornadoes ranging from F-0 to F-3 (under
205 mph winds), resulting in a total of 15 fatalities over the past 60 years (TornadoHistoryProject.com).
Notable F-3 tornadoes formed at Meadow Bridge on April 3, 1974, in Monongalia and Preston counties

on June 3, 1980, and in Wayne and Lincoln counties on March 2, 2012.
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On April 4™ and 5%, 1977, there was a flood in the southern part of West Virginia that was the result of
widespread rainfall and intense convective thunderstorms. At the time, it was the most destructive
flood in the state's history, since the 100-year flood was exceeded at 29 streamflow measurement sites
(Runner & Chin, 1980). Rainfall estimates for the two-day storm exceeded 15 inches along the West
Virginia-Virginia border. In 1985, another two-day flood occurred on November 4" and 5, surpassing
the 1977 flood as the most devastating in the state. Forty-seven lives were lost, thousands were left
homeless and approximately 500 bridges were destroyed. Rainfall estimates for the two-day storm were
as much as 20 inches along the Eastern Divide, between eastern West Virginia and western Virginia in

the Ohio River and Potomac River drainage basins.

Major floods in West Virginia have occurred as a result of winter-spring storms and storms resulting
from the remnants of hurricanes. During March 9-22, 1936, four separate storms passed over the
northeastern United States resulting in record maximum peak discharges in the Potomac and lower
Monongahela River basins. At some USGS gaging stations in the Eastern Panhandle, such as the Cacapon
River near Great Cacapon, the 1936 flood crests are still the highest recorded. However, at other gaging
stations, such as the South Branch Potomac River near Springfield, the flood crests of 1936 have since

been exceeded by the record 1985 flood.

During March 4-19, 1963, three frontal systems moved through the Appalachian Mountains from
Alabama to West Virginia. Warm rain from the Gulf of Mexico initially fell on a thick snowpack and
caused minor flooding in southern West Virginia. Additional storms from March 10-12 then fully
saturated the ground, which set the stage for another large storm (March 16-19) to produce record
flooding on streams in southern West Virginia. The resulting flood in the Guyandotte and Big Sandy
River watersheds was the most severe for those watersheds since 1915. Near-record flooding occurred
in the Little Kanawha, Cheat and Greenbrier River watersheds, where 22 counties were declared disaster

areas. The estimated property damage was approximately $10 million (Barnes, Jr., 1964).

In early March 1967, a three-day rainfall of 4-5 inches in south-central and northern West Virginia
caused widespread flooding on many streams. Runoff combined with snowmelt to cause the worst
flooding since 1888 in northern West Virginia along the West Fork River, which rose eight feet above
flood stage. The storm also produced record runoff volume along streams in southern West Virginia. In
the Coal River Watershed, streams rose 30 feet and overbank flooding of 15 feet inundated many areas.

Twenty-nine counties were declared disaster areas. The estimated damage was $16 million.
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Rainfall was widespread and intense over southern West Virginia during April 2-5, 1977. Rainfall
guantities ranged from about four inches at a few locations to 15.5 inches in areas of McDowell County
within 30 hours. Flood peaks along the Tug Fork and Guyandotte Rivers exceeded all known discharges.
Communities along the Tug Fork, from Welch to Fort Gay, were inundated by 20-25 feet of water. The
small communities of Matewan, Thacker and Lobata were completely flooded. On the Tug Fork near
Litwar, the peak stage exceeded the previous highest stage by about six feet, and the discharge was
54,500 cubic feet per second (cfs). At Williamson and Kermit, the peak discharges of 94,000 and
104,000 cfs, respectively, were the largest since at least 1926. A floodwall that protects Williamson to a
stage of about 44 feet was overtopped by more than eight feet. The flood had a unit runoff of more than
100 cfs per square mile on drainage areas of about 1,000 square miles and had a recurrence interval of
greater than 100 years. This flood became a benchmark flood in southern West Virginia, with damage of

$60 million (Runner & Chin, 1980).

The flood of November 4-5, 1985 in northern and eastern West Virginia was extremely destructive.
When combined with the remnants of Hurricane Juan carrying large quantities of moisture from the Gulf
of Mexico, the result was additive flooding that devastated sections of West Virginia. Mountainous areas
along the Eastern Divide received the most rainfall. Measured quantities of rainfall ranged from 12-20
inches. Flood peaks in the Cheat, Elk, Greenbrier, Tygart Valley, Little Kanawha and South Branch
Potomac River watersheds were the greatest recorded. The Little Kanawha River at Glenville crested at
36.5 feet, two feet higher than any peak since 1915. The flood left about 9,000 homes either destroyed
or severely damaged and 47 deaths were reported. Property damage was estimated at $500 million
across the 29 counties declared disaster areas. More than 500 bridges were damaged or washed away
and sections of major highways were eroded. Agricultural losses in the South Branch Potomac River
Watershed were extensive. Thousands of farm animals were lost. Prime farmland along the flood plain
was eroded or left as acres of cobbles that could not be farmed without extensive repairs (Teets &

Young, 1985).

The West Virginia Conservation Agency (WVCA) and the U.S. Army Corps of Engineers (USACE) have
developed a partnership with numerous federal and state agencies to formulate a comprehensive,
strategic plan for reducing flood damages in the state. The WVCA published the Statewide Flood
Protection Plan in 2005. Categories of recommendations within the plan include: flood plain
management and mapping, flood warning systems, flood damage assessment, building codes permitting

and enforcement, dredging and stormwater management education. The document has many
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recommendations, some have been fulfilled, others not. One of the future pursuits of the Water Use
Section will be to host an annual water resources symposium, having a different focus each year.
Purposes of this symposium include facilitation of interagency collaborations and staying mindful of
important issues such as flood and drought planning. The contact lists for the responsible agencies

would be updated as a result of the proceedings.

In order to effectively manage floods and reduce the devastating effects, updating flood inundation
maps and continuing to improve the flood warning system is imperative. The existing flood mapping
tools are cooperatively maintained by the West Virginia Division of Homeland Security and Emergency
Management (WVDHSEM), the Federal Emergency Management Agency (FEMA) and the West Virginia

GIS Technical Center and are available at the following location: http://www.mapwv.gov/flood/. One

way to better protect the citizens of West Virginia from flooding is through technology called Light
Detection and Ranging (LIDAR). LIDAR can be used to create a digital elevation model that is far superior
to those currently available. Statewide LIDAR coverage would greatly improve the accuracy of flood
plain mapping as well as improve many other existing modeling tools. It would also assist in addressing
the challenges of stream slope measurements; well head elevations; location of valley fills, mine portals
and sunken streams; wetland delineation; and many others. Roughly 30% of the state has been flown
utilizing LIDAR technology. Based on estimates from WVU’s NRAC and the DEP’s TAGIS group, it would
cost approximately $1.2 million to obtain LIDAR coverage of the remaining 70% of the state. While the
costs and benefits of LIDAR have been discussed at interim Commission meetings, the issue of funding
was never addressed. The Commission should consider an interim study to further explore the benefits
of statewide LIDAR coverage; a funding source(s) for the same; and the appropriate recipient(s) of that

funding.

5.1.2 Drought

A drought can be described as an extended period of dry weather due to unusual northward expansion
of the thermodynamically stable, subtropical high-pressure systems that are in the mid-atmosphere
(Davies, Bailey, & Kelly, 1972). The presence of these high-pressure systems greatly decreases afternoon
thunderstorms. These flow patterns tend to keep frontal systems and the attendant precipitation to the
north and west of the state. Periods of less than average precipitation or streamflow can vary in
duration from weeks to years and affect localized or statewide areas. Droughts impact water availability
by decreasing surface water quantities, which results in depletion of storage reserves such as reservoirs

and groundwater aquifers. Additionally, low-flows in streams lead to water quality issues by
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concentrating pollutants. Severe droughts are less of a problem than floods in West Virginia; however,
even short-term droughts can be detrimental to local agricultural communities and can limit surface

water supply.

There are four different types of droughts, each of which have their own criteria and definition. A
meteorological drought is a measure of the departure of precipitation from normal, due to climatic
differences over very large areas. A meteorological drought in one location of the state may not be
considered a drought in another location of the state. An agricultural drought, which is commonly
referred to as the onset of a drought, refers to a situation in which the amount of moisture in the soil no
longer meets the needs of crops, or reaches the wilting point of a particular crop. A hydrological
drought occurs when surface and subsurface water supplies are below normal, which takes place as
much as 50% of the time. A socioeconomic drought refers to the situation that occurs when physical
water shortages in reservoirs, streams and groundwater aquifers begin to affect people’s ability to carry

on their normal daily water use activities.

A drought can be defined as a period of abnormally dry weather sufficiently prolonged by the lack of
precipitation which leads the affected area to experience serious hydrologic imbalance. Another way to
define the word drought is a period of unusually persistent dry weather that lasts long enough to cause
serious damage to agriculture and/or causes public and/or private water supply shortages. The severity
of the drought depends upon the overall amount of water loss, the period of time without precipitation

and the size of the affected area.

Extended, severe droughts occur in West Virginia about every 25 years on average (Barksdale, O'Bryan,
& Schneider, 1966). However, unlike flooding, no exact recurrence intervals have been identified for
drought due to the many ways to define a drought. A review of notable events of the past may help to

better forecast potential areas of concern.

During the years of 1929-32, the most severe drought in West Virginia's recorded history was
experienced. Some streams that have drainage areas greater than 900 square miles had periods of zero
flow during the summer and fall of 1930. At some precipitation stations, annual precipitation was
approximately 50% below normal. In many instances, municipal water supplies were critically short. For
example, during the 1930’s drought, the flow in the Elk River was not sufficient enough to fill its banks at
its mouth and confluence with the Kanawha. This resulted in the then heavily polluted waters of the

Kanawha to backflow up the Elk River channel past the city of Charleston’s main drinking water
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intake. The filtration plant was not equipped to deal with the pollutants in the Kanawha at that time,

and therefore the plant was forced to shut down until normal flows returned to the Elk.

In northern West Virginia, small water-supply reservoirs were depleted and public consumption was
decreased from 3 to 1.5 million gallons per day. Tygart Valley River at Elkins became dry; as a result, a

pipeline was laid through a railway tunnel to transport water from Shavers Fork.

The drought of 1940-42, although statewide in extent, was not as devastating as the drought of 1929-32.
In many areas of the state, however, the duration of localized moisture deficiency exceeded that in

1929-32, as well as the 25-year drought recurrence interval.

During the period 1952-54, drought conditions were most severe in the western and northern portions
of West Virginia. With respect to streamflow deficits at gaging stations in these areas, the drought had a
recurrence interval that exceeded 25 years. In the mountainous southern and eastern regions of the
state, streamflow was only slightly less than normal and the drought recurrence interval was about 10

years.

The entire northeastern United States was affected by the drought of 1963-70 which began in some
states in early 1960. When the drought finally ended, it had been the longest in the history of the region.
In West Virginia, the duration of the drought exceeded seven years, which was the longest moisture-
deficient period on record at most sites. The drought affected the entire state and had a recurrence
interval that exceeded 25 years. Streamflow was less than normal at many gaging stations, and by the
mid-1960's had reached record minimums. By the end of 1965, groundwater levels had registered new
record lows in the Eastern Panhandle. In 1966, streamflows reached record lows at several sites on the

Cacapon River and the South Fork South Branch Potomac River.

All of West Virginia felt the effects of the drought of 1987-88. As a result of record-breaking heat and
the least rainfall in decades, many agricultural and forestry crops withered and died. The entire $300-
million agriculture industry in West Virginia was adversely affected. The short duration drought was

broken by record rainfall during the spring and summer of 1989.

The West Virginia Department of Agriculture (WVDA) and WVDHSEM are the lead agencies for drought
management. WVDHSEM has published a statewide Drought Response Plan, Annex U of the West

Virginia Emergency Operations Plan in 2008. WVDHSEM uses a combination of three indices to assess
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drought stage: Palmer Drought Severity Index (PDSI), Crop Moisture Index (CMI), and Standard

Precipitation Index (SPI).

The Palmer Drought Severity Index (PDSI) attempts to measure the duration and intensity of the long-
term drought-inducing circulation patterns. Long-term drought is cumulative, so the intensity of drought
during the current month is dependent on the current weather patterns plus the cumulative patterns of
previous months. Since weather patterns can change almost literally overnight from a long-term

drought pattern to a long-term wet pattern, the PDSI can respond fairly rapidly.

The Crop Moisture Index (CMI) uses a meteorological approach to monitor week-to-week crop
conditions. It was developed by Palmer (1968) from procedures within the calculation of the PDSI.
Whereas the PDSI monitors long-term meteorological wet and dry spells, the CMI was designed to
evaluate short-term moisture conditions across major crop-producing regions. It is based on the mean
temperature and total precipitation for each week within a climate division, as well as the CMI value
from the previous week. The CMI responds rapidly to changing conditions, and it is weighted by location
and time so that maps, which commonly display the weekly CMI across the United States, can be used to

compare moisture conditions at different locations.

The Standard Precipitation Index (SPI) was designed to enhance the detection of onset and monitoring
of drought (McKee et al, 1993). The SPI is a simpler measure of drought than the PDSI and is based solely
on the probability of precipitation for a given time period. A key feature of the SPI is the flexibility to
measure drought at different time scales. Because droughts vary greatly in duration, it is important to

detect and monitor them at a variety of time scales.

5.1.3 Drought Response

The following stages of drought response are excerpted directly from Annex U of the West Virginia

Emergency Operations Plan:

A) A drought monitoring and assessment system is required to provide sufficient time for state and local
decision-makers to take appropriate action. The drought stages are intended to guide implementation
of the state’s response to a drought depending upon seasonality and meteorological events. Each stage
is determined by weighing all of the criteria used with the aid of the National Climatic Data Center of
the National Oceanic and Atmospheric Administration (NOAA) to determine the severity of the

drought which includes: precipitation, ground water, stream flow, reservoir levels, PDSI, CMI, SPI,
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Fire Weather Forecast and the Fire Danger. These nine drought criteria are reassessed each month;
therefore, the stages are adjusted only once per month. This facilitates progression through the stages
on a monthly basis and if the drought worsens, the spacing of re-assessments every 30 days also

provides for conservation measures to be effective.
B) Assessments will employ four stages of concern:

1) Normal

a) Refers to conditions that do not negatively impact water supplies, vegetation or

water quality in the state. No action needed.

2) Alert
PDSI CMI SPI
-2.00to -2.99 -1.0to-1.9 -1.00to -1.49
(yellow) (yellow) (tan)

a) When the PDSI reads -2.00 to -2.99 and streamflow, reservoir levels and ground
water levels are below normal over a several-month period and/or the Director of
WVDHSEM, in coordination with appropriate state officials, determines Stage Il
activities are required, the governor is to be requested to make a Drought Alert
Declaration.

b) The alert can be rescinded once rainfall, streamflows, reservoir levels and ground
water levels return to normal or near normal levels for that time of year. The PDSI

would be above -1.0 for normal or near normal levels.
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3) Conservation

PDSI CMI SPI
-3.00to -3.99 -2.0to-2.9 -1.50t0-1.99
(tan) (tan) (brown)

. Severely Dry
Severe Drought Excessively Dry

a) Activated when the PDSI is between -3.00 to -3.99 and/or when the director of
WVDHSEM, in coordination with appropriate state officials, determines that Stage llI
activities are required. Streamflow, reservoir levels and ground water levels continue

to decline and forecasts indicate an extended period of below normal precipitation.

b) A return to alert level happens when precipitation increases; streamflows, reservoir
levels and ground water levels stop their decline; and the PDSI begins to rise to -2.99 or
higher or when the director of WVDHSEM, in coordination with appropriate state
officials, determines that Stage Il activities are required. Extended forecasts should

indicate a return to normal conditions.

4) Emergency

PDSI CMI SPI

-4.00 and below -3.0 or less -2.00 and less
(brown) (brown) Severely (red)
Extreme Drought Dry Extremely Dry

a) Activated when the PDSI is lower than -4.00 and/or the director of WVDHSEM, in
coordination with appropriate state officials, determines that Stage IV activities are
required. The governor may issue a Drought Emergency Declaration when water

supplies are inadequate to meet projected demands and extreme measures must be
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taken. Forecasts are to indicate that precipitation levels, streamflows, reservoir levels,

and ground water levels will continue to decline.

b) The Governor’s declaration empowers state agencies to review allocation of supplies
in communities not adequately responding to their water shortage and to implement

emergency programs and actions as provided in the West Virginia Code.

Additionally, the USDA maintains the National Drought Monitor may be found at

http://droughtmonitor.unl.edu/.

5.1.4 Effect of Weather Conditions on Consumptive Use

Forecasting withdrawals and consumptive use under normal or average conditions is difficult. To the extent
that drought and climate change cause warmer and drier conditions, consumptive use will rise. Warmer
and drier conditions cause a higher rate of evaporation and transpiration by plants. People use more
water on outdoor landscaping and there is a greater demand on electricity supplies to run cooling
systems. Even under non-drought conditions, withdrawals typically rise during the summer months.
Simply stated, under warmer and drier conditions both water withdrawals and consumptive use are likely

to increase.

Consumptive use in some sectors is more likely to be affected by droughts and potentially warmer and drier
conditions. Public water supply and recreation totals would most likely increase, as more outdoor watering is
required for landscaping and golf courses. Withdrawals, and thus consumptive use totals, would likely
increase in the thermoelectric sector as there is a greater demand for electricity. Though not in the LQU
database, even small-scale agricultural withdrawals and other irrigation uses would see an increase in
withdrawals and consumptive use. Sectors less likely to experience an increase would be mining,
manufacturing, and Marcellus Shale. These sectors consume water based on requirements for specific

processes that are not related to weather conditions.

A forthcoming study from the Interstate Commission on the Potomac River Basin (Ahmed et al. forthcoming)
illustrates how without restrictions on use, withdrawals would increase and stress the water supply system
for the metropolitan Washington, D.C. area during moderate drought conditions. It also shows that if
voluntary and mandatory restrictions on use are implemented, total withdrawals decrease in the same
scenario. Therefore, the study demonstrates that the impacts of both droughts and climate change could
possibly be mitigated by management measures. Lessons from the Potomac River Basin indicate that

management measures and cooperative solutions require a high level of engagement from all the
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stakeholders. These solutions also require planning far in advance to build necessary water infrastructure to
meet demands and to build the relationships necessary to make cooperative, voluntary management options

succeed.
5.2 Impact of Anthropogenic Activities on Low Flow in West Virginia

The Act requires the DEP to identify potential in-stream or off-stream uses that could affect natural
streamflow, especially low-flow conditions, to the detriment of water resources. Many human activities
utilize water resources, from domestic use to the production of materials and energy needed by modern
society. A number of anthropogenic activities have the potential to negatively impact low-flow

conditions in streams, including land uses, dams, water withdrawals and discharges.

5.2.1 Changes in Land Use

Human populations and their use of the land have direct impacts on the hydrologic cycle. For example,
increasing impervious cover in urban areas causes the streams to become more “flashy.” In these urban
systems, precipitation does not have the opportunity to infiltrate the soil due to roads, rooftops, parking
lots and other impervious surfaces. Instead, the water quickly runs off over the land surface to nearby
waterways. As a result, less precipitation is able to recharge the groundwater aquifer, the source of
streamflow during low-flow periods. To

this end, the current and future West Results indicated that the largESt

Virginia land use characteristics may

change from 1992 to 2006 took place

influence low-flow conditions in the
state by temporarily increasing local within the planted/cultlvated land

flow. cover class

In order to gain a better understanding

of what changes have taken place in the state, the DEP partnered with the Center for Environmental,
Geotechnical and Applied Sciences (CEGAS) to identify areas of change, as well as areas with an increase
in impervious surfaces. Change Detection is the process of determining and evaluating differences in a
variety of surface phenomena over time. Change detection is useful in applications such as land cover
change (Masry, Crawley, & Hilborn, 1975), change analysis (Macleod & Congalton, 1998), assessment of
deforestation, analysis of change in vegetation phenology associated with change, damage assessment

and other environmental changes (Singh, 1989).
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CEGAS acquired three image datasets from the National Land Cover Database (NLCD) to study land
cover changes: 1992, 2001, and 2006 and two image datasets to examine impervious surfaces changes
2001 and 2006. Results indicated that the largest change from 1992 to 2006 took place within the
planted/cultivated land cover class. From 1992 to 2006 this planted/cultivated land experienced a loss
of 981 square miles (Figure 5-2). Likewise, forested area saw a decrease of 670 square miles, (Figure
5-3). Showing a significant increase was that of developed land (Figure 5-4). Over this 14-year period,
developed land increased by 1,386 square miles. In order to understand the changes from 1992 to
2006, Table 5-2 has a class by class breakdown as well as the total net area that was lost of gained for

each class.

From 1992 to 2006, it was determined by CEGAS that 14.91% of the state’s area has experienced some
sort of change. In order to get a better understanding of the changes that have taken place over that
time period, please refer to Table 5-2. For example, what we see is that of the 14.91% of the total
change within the state, 39.15% of that was in developed land, accounting for an increase of 1,386
square miles. Table 5-2 also shows a class to class change. For example, of the 39.15% change in

developed land, 25.48% of the change took place “from” forest in 1992 “to” developed in 2006.

Table 5-2 Changing land cover results as calculated by CEGAS from 1992 to 2006 covering the state of West Virginia

2006 "to" class

Water Developed Barren Forest Shrubland Herbaceous Planted/Cultivated Wetlands Row Totals Net gain/lost
(%) (%) (%) (%) (%) (%) (%) (%) (%) square miles
Unchanged (85.09%)
0.71 1.18 0.14 76.05 0.00 0.00 6.97 0.05 85.09
Changed (14.91%)
Water 0.39 0.06 0.68 0.00 0.08 0.16 0.02 1.40 9
,_Q Developed 0.06 0.06 0.74 0.00 0.06 0.22 0.00 114 1,386
Cl
=§ Barren 0.07 0.89 3.46 0.04 1.18 1.20 0.05 6.89 -120
; Forest 1.25 25.48 2.78 0.48 7.73 11.26 0.31 49.29 -670
- Shrubland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22
Herbaceous 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 381
Planted/Cultivated 0.17 12.27 0.66 25.10 0.10 1.38 0.23 39.92 -981
Wetlands 0.08 0.12 0.03 0.93 0.00 0.02 0.18 1.36 27
Column totals 1.64 39.15 3.59 30.91 0.62 10.45 13.02 0.61 100.00

Change results matrix for West Virginia. Unchanged values are a percentage of the entire state, while changed values are a percentage of only what changed.
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In addition to land use, CEGAS also examined the increase of impervious surfaces (Figure 5-5). The

change in impervious area for each watershed was

calculated as a percent of the total area of the The total increase in

watershed within the state’s boundary using data . .

Impervious surface area

acquired from the NLCD, which collected data from

2001 and 2006. The total increase in impervious area from 2001 to 2006 in West

was 34 square miles. For a more detailed HUC-8 ...
Virginia was 34 square

comparison of land cover comparison and impervious

changes, see Appendices V and W, respectively. Table miles

5-3 shows a breakdown of percent change, from 1992

to 2006 (land cover) and 2001 to 2006 (impervious surfaces) for each watershed. This breakdown of the

study shows that every watershed in the state had a loss of planted/cultivated crops, a loss of 4.1% of

the total area. Conversely, development indicated an increase in every watershed, an increase of 5.7%

of the total area.

The Middle Potomac River Watershed Assessment (MPRWA) illustrates how the state’s land use changes
may impact low-flows. A major finding of the MPRWA was the strong relationships between impervious
surface, flow alteration and significant ecological impacts (U.S. Army Corps of Engineers et al. 2012).
Impervious cover also has the potential to reduce groundwater recharge by reducing infiltration during
low-flow conditions. Streamflow flashiness and the number and magnitude of high flow events start to
increase when total impervious surface area in a watershed exceeds 0.5 - 2.0% (U.S. Army Corps of
Engineers et al. 2012). See the West Virginia Watershed Description companion report for total

impervious surface data for each watershed.
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Table 5-3 Percent change from 1992 to 2006 of forest, developed and planted/cultivated land cover as well as the change
from 2001 to 2006 of impervious cover by 8-digit Hydrologic Unit Code (HUC-8) watershed within the state boundary. The
final row of the table is the percent change for all watersheds.

1992 to 2006 2001 to 2006
South Branch Potomac 1372 -0.77 3.62 -2.41 0.05
North Branch Potomac 585 -2.94 4.77 -0.34 0.05
Cacapon 840 -1.55 3.68 -1.70 0.05
Potomac Direct Drains 586 -6.19 9.16 -3.00 0.76
Shenandoah Hardy 17 2.35 5.88 -4.12 0.00
Shenandoah Jefferson 103 -6.99 14.27 -7.57 0.99
James 74 -4.46 4.59 -4.19 0.00
Tygart Valley 1375 -0.69 6.02 -4.98 0.09
West Fork 880 0.06 7.66 -7.13 0.14
Monongahela 456 -2.98 9.30 -6.49 0.44
Cheat 1324 -0.94 4.58 -2.73 0.05
Dunkard 109 431 5.87 -10.55 0.10
Youghiogheny 72 2.22 8.75 -8.89 0.08
Upper Ohio North 126 -6.83 13.41 -8.10 1.40
Upper Ohio South 561 0.36 8.31 -10.04 0.40
Middle Ohio North 953 0.41 5.51 -6.15 0.06
Middle Ohio South 705 -0.38 8.00 -8.14 0.19
Little Kanawha 2308 -0.19 5.12 -5.04 0.06
Upper New 800 -4.54 8.09 -6.38 0.20
Greenbrier 1644 2.22 4.39 -6.23 0.03
Lower New 691 -7.83 7.77 -0.38 0.22
Gauley 1420 -1.61 3.94 -2.56 0.04
Upper Kanawha 519 -5.43 4.20 -1.06 0.17
Elk 1532 -2.87 4.32 -1.91 0.06
Lower Kanawha 924 -1.40 7.37 -3.46 0.27
Coal 892 -10.06 3.52 -0.54 0.12
Upper Guyandotte 939 -10.27 5.19 -0.60 0.11
Lower Guyandotte 740 -6.76 6.96 -4.81 0.20
Tug Fork 935 -10.21 6.03 -0.70 0.15
Big Sandy 74 -7.16 11.76 -10.27 0.53
Lower Ohio 221 -3.57 9.46 -8.60 0.17
Twelvepole 442 -8.46 6.22 -4.68 0.16
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Figure 5-2 Percent change in Planted/Cultivated Crops (NLCD land cover database 1992 — 2006) by HUC-8 watershed.
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Figure 5-3 Percent Change in Forest NLCD land cover database 1992 — 2006 by HUC-8 watershed.
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Figure 5-4 Percent Change in Development NLCD land cover database 1992 — 2006 by HUC-8 watershed.
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Figure 5-5 Percent change in Impervious NLCD land cover database 2001 - 2006 by HUC-8 watershed.

5.2.2 Dams

Dams alter the natural flow regime by reducing the high-flow peaks and artificially increasing flows
during subsequent dam releases. Dams are designed to allocate waters in order to protect the
downstream aquatic ecosystem by improving water quality, control flood events, generate power,
provide water supply and recreational opportunities and advance navigation. These releases require a
minimum flow during periods of drought or other extreme low-flow conditions. For a detailed

breakdown of dams, please refer to Chapter 1.

Constructed in 1981, the Jennings Randolph Dam is a major reservoir of water supply for the
Washington, D.C. Metropolitan Area. Jennings Randolph also provides flood control for the Upper

Potomac. Most importantly the lake helps improve the water quality of the North Branch Potomac. The

201



majority of the water that drains into the lake is from areas with vast amounts of abandoned coal mines.
As water drains through the highly sulfuric mines, acidic conditions that are harmful to fish can be
created. This acidic water tends to settle into layers upon entering the reservoir, allowing managers to
select the best water to release into the North Branch. This process allows for improved water quality
downstream and has resulted in a thriving trout fishery in a river that had virtually no aquatic life just

prior to the reservoir construction.

Flood control dams are designed to reduce downstream flooding caused by large rainfall events. Many
of these dams are maintained and operated by the WVCA. The stormwater is stored and later released
slowly during lower streamflow conditions. Generally, these dams were designed as run-of-river and do
not have minimum flow requirements. Run-of-river dams are less likely to impact low-flows as they
have much less storage behind the dam, intercept only a portion of the river’s flow and minimally
regulate natural flows. However, by releasing during natural low-flow conditions flow variability is

reduced.

Hydroelectric power is generated using the kinetic energy of falling water to turn a turbine connected to
a generator. There are two types of dams used for generating electric power, conventional dams and
run-of-river dams. Because conventional dams have a minimum release requirement, the introduction
of a hydroelectric “flow-through”’ turbine does not alter flows in and of itself. In other words, changes

in the flow are not affected by the amount of power generated.

Water supply dams provide a dependable source of potable water by capturing significant portions of
high-flow events. High-flows and low-flows can be impacted by the presence of water supply dams
(Richter & Thomas, 2007). Recreation dams capture water during high-flow periods and store it to
maintain a pool for recreational purposes. During dry periods, usually also low-flow periods, the
reservoir level is likely to be lower due to managed releases, lack of inflow and increased evaporation.
Regulatory conservation releases can be helpful to protect the aquatic ecosystems downstream of

dams.

Each dam has allocated uses, determined pre-construction by the funding entities. USACE was
approached with the question of potential reallocation to meet changing water demands. Because
USACE dams are managed by a federal agency, reallocation would require a congressional authorization.

For a description of how other dams are regulated, see Chapter 1.
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The Middle Potomac River Watershed Assessment (MPRWA) Final Report found that impoundments
may slightly increase the 7Q10, a low-flow metric defined as the lowest seven-day average flow likely to
occur once every 10 years; increase the duration of low pulses; and may affect median flows sometimes
increasing or decreasing the levels (U.S. Army Corps of Engineers et al., 2012). The study found a
moderate link between an increase in the duration of low pulses and impoundments and withdrawals;
however, it was difficult to statistically evaluate the impacts on flow alteration because there are so few

large dams in the Potomac River basin.
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Figure 5-6 Location of NID dams within the state.
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5.2.3 Surface Mining

Several studies have compared the streamflow characteristics in mined and un-mined watersheds.
Surface mining activities include removal of layers of rock, “overburden,” in order to gain access to the
minerals. Associated with some surface mining (and to a lesser degree with underground mining) are
valley fills which are usually adjacent to mining sites where the removed overburden is placed. These
valleys frequently contain ephemeral or small first-order streams. Studies have found that mean
monthly flows during “normally dry” periods, 90% duration flows and daily flows during low-flow
periods, are greater in streams below valley fills than in un-mined watersheds. They also found that
peak flows resulting from intense storms are greater below valley fills. High-flows resulting from less-
intense storms, on the other hand, are frequently (but not consistently) lower below valley fills than in
un-mined watersheds (EPA 2011; Messinger 2003; Messinger and Paybins 2003; Wiley and Brogan 2003;
Wiley et al. 2001).

Table 5-4 shows the total area within each HUC-8 watershed and the percent of the total HUC-8 area
that is within a surface mine permit area, valley fill or refuse pile area. The greatest total area of these
surface mining activities in any HUC-8 watershed, as a percentage of the watershed area, was 18% in the
Coal Watershed. Utilizing a DEP GIS permitted surface mining boundaries dataset (including quarries),
the approximate location of surface mining activities, valleys fills and refuse pile structures may be

viewed at the following DEP website: http://tagis.dep.wv.gov/mining/

Table 5-4 Total area (sgmi) of active surface mining and related activities by HUC-8 and percent of the total HUC-8 area.

Surface Mining Permitted Valley Permitted Mine Percent of HUC-8
HUC-8 Activities (sq.mi.) Fills (sg.mi.) Refuse (sg.mi.) Area
South Branch Potomac | 1.6 0 0 0.1
North Branch Potomac | 9.6 0 0 1.6
Cacapon 0.0 0 0 0.0
Potomac Direct Drains 3.3 0 0 0.6
Shenandoah Hardy 0.0 0.06 0.05 0.6
Shenandoah Jefferson 3.6 0 0 3.5
James 0.0 0.1 0.09 0.3
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Surface Mining

Permitted Valley

Permitted Mine

Percent of HUC-8

HUC-8 Activities (sq.mi.) Fills (sg.mi.) Refuse (sg.mi.) Area
Tygart Valley 15.3 0.06 0.05 1.1
West Fork 9.4 0.22 0 1.1
Monongahela 16.3 0.1 0.09 3.6
Cheat 8.2 0 0 0.6
Dunkard 23 0 0.07 2.1
Youghiogheny 0.2 0 0 0.3
Upper Ohio North 14 0 0 1.1
Upper Ohio South 5.1 0 0.04 0.9
Middle Ohio North 0.2 0 0 0.0
Middle Ohio South 1.8 0 0 0.3
Little Kanawha 0.1 0 0 0.0
Upper New 2.1 0 0.03 0.3
Greenbrier 24 0 0 0.1
Lower New 3.1 0.06 0.07 0.5
Gauley 59.3 0.49 0.08 4.2
Upper Kanawha 74.8 0.36 0.04 14.3
Elk 46.4 0.3 0.03 3.0
Lower Kanawha 1.8 0 0 0.2
Coal 156.6 0.19 0.25 17.5
Upper Guyandotte 79.1 0.31 1.29 8.5
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Surface Mining

Permitted Valley

Permitted Mine

Percent of HUC-8

HUC-8 Activities (sq.mi.) Fills (sg.mi.) Refuse (sg.mi.) Area
Lower Guyandotte 19.5 0.01 0 2.6
Tug Fork 106.4 0.62 0.59 11.5
Big Sandy 0.2 0 0 0.3
Lower Ohio 04 0 0 0.2
Twelvepole 25.1 0.04 0 5.6

5.2.4 Withdrawals and Discharges

Groundwater withdrawals can impact nearby streamflows by reducing the natural groundwater
discharge that contributes a major portion of streamflow during low-flow conditions, especially in
headwater streams. Surface water withdrawals directly affect streamflows by diverting some of the
natural flow to off-stream uses. Discharges to streams have the opposite effect, adding water to natural

flows. The result is a reduction in low-flows and an increase in high-flows. Refer to Chapter 2 for a

detailed description of water use throughout the state.

The MPRWA (U.S. Army Corps of Engineers et al. 2012) found that withdrawals reduce the annual mean,
median and August median flows; they increase the flashiness and the extreme low flow frequency, but
decrease the high flow index metric and the high flow duration metric. Additionally, they cause a slight
decrease in the 3-day maximum, 3-day minimum flows, number of reversals in flow change, high pulse

frequency and a slight increase in the duration of low flow pulses (U.S. Army Corps of Engineers et al.

2012, Table 4 Appendix G). Discharges were found by this study to:

e Increase annual mean, annual median, August median, and 3-day minimum flows

e Decrease flashiness, low pulse duration

e Slightly decrease extreme low-flow frequency

e Slightly increase high-flow duration index metric
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5.3 Aging Infrastructure and Access to Public Water Supply

5.3.1 Source Water Availability

The West Virginia Infrastructure and Capacity Development Office in the Department of Health and
Human Resources (DHHR) was contacted in an effort to uncover any existing or potential future issues
with source water availability, competition or population capacity of the source. This information could
potentially be used to develop critical planning areas and for identification of the best placement areas
for Large Quantity Users. They provided a baseline survey conducted with the water systems in 2011,
which is due to be completed again in 2014. The survey was directed only at the public water systems
that are classified as a community water system or a non-transient, non-community (NTNC) system
which the EPA defines as “a public water system that regularly supplies water to at least 25 of the same
people at least six months per year, but not year-round.” There are approximately 490 community
systems and 120 NTNC systems in the state. The 2011 baseline survey only had 301 complete, non-
duplicate responses. A limitation of the DEP follow up to better understand the DHHR surveys was that

systems in the Northern Panhandle did not receive the initial surveys.

The surveys were completed by either water operators or other facility staff. Of the 50, mostly “yes,”
“no” question responses, the two following questions were further investigated for the purposes of
uncovering source water availability issues: “Do you believe that the source water quantity is adequate
for the next five years?” and “Does the finished water meet or exceed SDWA (Safe Drinking Water Act)
standards without extensive treatment?” There were 14 facilities that replied they did not believe their
source water quantity would be adequate for the next five years and 15 facilities that replied their
finished water required extensive treatment to meet SDWA standards (Table 5-5). Reports for each
facility were generated based on relevant information found in the corresponding Public Service
Commission (PSC) report, West Virginia Infrastructure and Job Development Council (WVIJDC) project
website and the most recent Sanitary Survey, when available (Appendices X and Y). After compiling the
relevant information, the DHHR district engineers were contacted as a follow-up to determine if any

additional information about each system was available.

It is important to remember that the person who completed the survey may not have had the best
available data. If it was administrative staff, they may have reported a problem when they had only a
problematic event during the previous year. However, the operators may not have reported such an

event in the same way. For this reason, the district engineers, who look at the technical operation of
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the systems (which include source, operation of the plant, distribution system, etc.), were deemed more
likely to have reliable information about potential source water issues. In several cases, the engineers’
assessment of the source was vastly different than what the system reported on the survey.
Information regarding the source water quantity and quality at each facility was also requested from the
Rural Watershed Association. The combined responses and solution suggestions of the associated

DHHR district engineers and the Rural Watershed Association representative gathered by telephone or

email correspondence are in Table 5-6 and Table 5-7 on the following pages.

The Infrastructure and Capacity Development Office completes an in depth assessment of
approximately 25 facilities per year, but not solely based on the responses to the baseline
survey. Systems seeking State Revolving Fund (SRF) dollars receive primary consideration, after which,
the overall scores of the systems relating to viability (based on finances, long term planning, compliance,
etc.) are considered. So, their source problems, while an issue for them, wouldn’t necessarily be a
triggering factor for a more in depth assessment of the system by DHHR.

Table 5-5 Community (C) and Nont-Transient Non-Community (NTNC) systems with negative responses to DHHR Capacity
Development 2011 baseline survey. *Some facilities were not contacted about completing a survey.

# District DHHR Finished water extensive

Source water not adequate quantity

requires

Office for the next 5 years treatment to meet SDWA standards
1 Beckley Cool Ridge — FlatTop PSD (C) Ravencliff, McGraws, Salusville (C)
Zela Elementary School (NTNC) Summersville Municipal Water (C)
Town of Alderson (C)
Raleigh Co. PSD - Slab Fork (C)
Zela Elementary School (NTNC)
2 | St. Albans Buffalo Creek PSD (C) City of Ravenswood Water (C)

Town of Hurricane (C)
Pt. Pleasant Water Works (C)
Coal River Energy (NTNC)

Town of Wayne Water (C)
Coal River Energy (NTNC)

3 Fairmont NONE* NONE*
4 Kearneysville | Valley Water & Sewer Services (C) Berkeley Co. PSWD (C)
Cavaland Subdivision (C) City of Romney Water (C)

Glen Haven Utilities (C)

Jefferson Util. — Burr Industrial (NTNC)

5 | Wheeling City of Cameron Water (C) NONE*
City of Saint Marys (C)
6 | Philippi Century Volga PSD (C) Cheat Mountain Water (C)

Chestnut Ridge PSD (C)
Preston Co. PSD #4 (C)

Town of Tunnelton (C)
Aurora School (NTNC)
Carter Roag - Pleasant Hill (NTNC)
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Table 5-6 Combined explanations and suggested solutions from West Virginia Rural Water Association and DHHR District
Engineers for facilties that responded "NO" to the DHHR baseline survey question; “Do you believe that the source water
quantity is adequate for the next five years?”

Facility

Explanation/Suggestions

Cool Ridge - Flat Top PSD (C)

Purchases water from Beckley which draws water from two surface water
reservoirs and one relatively new groundwater source, the Sweenyburg
mine. Beckley has a growing population and the new groundwater source
did not contain as much water as was thought. Additionally, the
groundwater source is adjacent to a coal slurry impoundment; if the source
failed the system would run out of water in approximately five days.

Zela Elementary School (NTNC)

Inactive Nov. 2012, according to the Public Service Commission

Buffalo Creek PSD (C)

The source wells have never been yield or draw down tested and the well
heads are inside the 100 year flood plain. Additionally the supply is limited
and low quality. A storage reservoir for untreated water that gravity feeds
into the facility as needed may be a potential solution.

Town of Hurricane (C)

Heavy siltation of reservoir due to the three smaller raw water reservoirs
that feed it and a growing population are supply problems. A line directly
from the upper three to the lower may be beneficial but an additional large
reservoir site may also be needed.

Point Pleasant Water Works (C)

Trichloroethylene (TCE) contamination in groundwater from adjacent
factory caused the loss of some wells. New wells have been dug but
production rates are lower than expected. More wells may be needed.

Coal River Energy (NTNC)

Well water not under the influence of surface water and has adequate
supply.

Valley Water & Sewer Services (C)

Groundwater system in karst geology in Jefferson County which is directly
influenced by surface water and in an area prone to shortages during
droughts. Additional wells could supplement supply.

Cavaland Subdivision (C)

Groundwater system in karst geology in Jefferson County which is directly
influenced by surface water and in an area prone to shortages during
droughts. Additional wells could supplement supply.

Glen Haven Utilities (C)

Groundwater system in karst geology in Jefferson County which is directly
influenced by surface water and in an area prone to shortages during
droughts. Additional wells could supplement supply.

City of Cameron Water (C)

Has a raw water reservoir and is in an active area of mineral (coal and gas)
mining. Consol Energy is considering a long wall operation under the
reservoir but wants to provide additional groundwater sources. Purchasing
from the City of Moundsville may also be a viable solution if long wall
operations begin.

City of Saint Marys (C)

System has expanded and additional sources are needed but funding may
be required to dig new wells. Additionally, the source water must have the
CO, removed to prevent corrosion and deposition of heavy metals. The
process may limit supply but finished water storage tanks could be a
solution.

Century Volga PSD (C)

Purchase water from the City of Philippi which has a new water plant under
construction which is due to be producing water within the year.

Chestnut Ridge PSD (C)

Purchase water from the City of Philippi which has a new water plant under
construction which is due to be producing water within the year.

Preston County PSD #4 (C)

Going through line extensions and upgrades, supplies a federal prison with
a growing population, and an additional prison is expected to be built. An
additional well was recently added but there are concerns about new
Marcellus withdrawals from surface water sources near wells or the
potential sales to drillers.
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Table 5-7 Combined explanations and suggested solutions from West Virginia Rural Water Association and DHHR District
Engineers for facilities that responded "NO" to the DHHR baseline survey question: “Does the finished water meet or exceed
SDWA (Safe Drinking Water Act) standards without extensive treatment?”

Facility

Explanation/Suggestions

Ravencliff, McGraws, Saulsville PSD (C)

Have received minimal violations and been put on a five-year sanitary survey cycle
because of their virus reduction plan. The only recent chemical violations are for
Trihalomethanes which will go down after the line expansion and replacements in
progress are completed. Applied for a new treatment plant on RD Bailey through
the American Reinvestment Act but the project was too big and could not be
funded. The groundwater source is a flooded mine pool which seems to receive
surface water, but it has been saline. Additionally there have been some problems
with disinfection bi-products (DBPs) but can be removed with aeration at the plant
and/or in storage tanks.

Summersville Municipal Water (C)

Has a newer treatment plant and the source water does not require any treatment
outside of normal requirements for a surface water source.

Town of Alderson (C)

The source water does not require any treatment outside of what is normal for a
surface water source.

Raleigh Co. PSD - Slab Fork (C)

Purchases water from Beckley which draws water from two surface water reservoirs
and one relatively new groundwater source, the Sweenysburg mine. Additionally,
the groundwater source is adjacent to a coal slurry impoundment; there may be
some concerns about contamination if the impoundment were to fail. However, no
excessive treatment is currently required to meet SDWA standards. This system
may be able to get Abandoned Mine Land (AML) funds to secure a new source.

Zela Elementary School (NTNC)

Inactive Nov. 2012, according to the Public Service Commission.

City of Ravenswood Water (C)

The US EPA drilled new wells for the town and started a Superfund investigation due
to contamination of the old wells with PCE, a dry cleaning solvent. High turbidity of
the source water requires microfiltration and air stripping unit which has higher
costs for treatment.

Town of Wayne Water (C)

The surface water source is Twelvepole creek that requires almost all available
treatments, including but not limited to disinfection, coagulation, and taste
improvement. This may seem extensive but is not necessarily unusual requirements
for surface water sources.

Coal River Energy (NTNC)

Groundwater source is not under the influence of surface water but does require
grain sand filtration but is not unusually excessive treatment.

Berkeley Co. PSWD (C)

Treats water from the Potomac River and have had some high quantities of
disinfection bi-products in the finished water due to the high organics and/or
bromide content of the source water. They have been blending a new groundwater
source to reduce the concentration.

City of Romney Water (C)

Have usually had taste and odor problems in late summer months but have made
operational changes including a chemical feed at a surface water intake location and
at the plant to correct the problem.

Jefferson Utilities — Burr Industrial Park
(NTNC)

Groundwater wells are under the influence of surface water so filtration is required
but are having no problems meeting standards.

Cheat Mountain Water (C)

The surface water source is lake water that has had a blue-green algae problem but
is still treatable.

Town of Tunnelton (C)

Had to abandon the groundwater wells and begin purchasing water from
Rowlesburg. The water levels kept dropping, possibly due to underground mining.
Rowlesburg uses the Cheat River as a surface water source whose quality changes
frequently with rain events. The intake location may also need to be changed due a
potential loss of fidelity to its proximity to active railroad tracks.

Aurora School (NTNC)

Groundwater system in karst geology which may be directly influenced by surface
water which would require treatment beyond normal groundwater requirements
such as filtration.

Carter Roag - Pleasant Hill Mine (NTNC)

No known issues with treatment.
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5.3.2 Access to Public Utility

Formed in 1994 by an act of the West
O , . .
Virginia Legislature, The West Virginia 42 A’ Of the state's pOPUIatlon 1S not

Infrastruct d Jobs Development :
MTasTTHCtire and 1oms evEPmERt 1 currently on public water supply.

Council (1JDC) was developed to become
. . 0
the state’s funding clearinghouse for Addltlonaﬂ}’, more than 66% are

water and wastewater projects. The not on pllbllC sewage.
council  regularly reviews project
submissions for funding assistance
determinations. To make these decisions, it is critical to identify areas within the state that currently
provide public water supply and sewage services. Updated service information is available on the 1JDC

webpage: http://gis.wvinfrastructure.com/.

Using structural data from the Statewide Addressing and Mapping Board (SAMB), (See Chapter - 2,
Section 2.3 for detailed data descriptions), which accounts for all structures regardless of occupancy,
IJDC was able to estimate those that are being served and not being served by public water systems, as
well as sewage service. These estimates are based on structures that are within a distance of 500 feet
from a known existing line and the 2010 US Census. 1JDC determined that 42% of the state’s population
is not currently on public water supply (Table 5-8 and Figure 5-7). Additionally, more than 66% are not

on public sewage (Table 5-8, Figure 5-9).

Table 5-8 1JDC statewide estimates of population served with public water supply and public sewage (due to data restraints,
estimates may run high).

1,079,137 58.24% 773,857 41.76%

632,478 34.13% 1,220,516 65.87%
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Figure 5-7 1JDC identified areas of public water supply serviced areas.
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Figure 5-8 1JDC identified areas of public sewage serviced areas.
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Shown in Table 5-9 is a county-by-county breakdown of population and percentage of those not on

public water supply or sewage.

Table 5-9 1JDC county estimates of those served by public water supply and sewage.

County Population

Barbour 16,589 6,937 41.82% 13,156 79.31%
Berkeley 104,169 86,279 82.83% 66,365 63.71%
Boone 24,629 3,724 15.12% 20,253 82.23%
Braxton 14,523 8,717 60.03% 12,572 86.56%
Brooke 24,069 5,847 24.29% 14,774 61.38%
Cabell 96,319 3,621 3.76% 72,490 75.26%
Calhoun 7,627 5,871 76.97% 7,145 93.68%
Clay 9,386 5,599 59.65% 9,003 95.92%
Doddridge 8,202 7,125 86.87% 7,249 88.39%
Fayette 46,039 13,161 28.59% 30,635 66.54%
Gilmer 8,693 4,259 49.00% 5,585 64.24%
Grant 11,937 6,632 55.56% 9,837 82.41%
Greenbrier 35,480 22,941 64.66% 23,823 67.14%
Hampshire 23,964 19,444 81.14% 20,581 85.88%
Hancock 30,676 7,985 26.03% 22,012 71.76%
Hardy 14,025 10,593 75.53% 13,811 98.47%
Harrison 69,099 18,188 26.32% 32,298 46.74%
Jackson 29,211 13,899 47.58% 22,032 75.42%
Jefferson 53,498 33,952 63.46% 37,178 69.49%
Kanawha 193,063 4,597 2.38% 38,052 19.71%
Lewis 16,372 7,121 43.49% 11,854 72.41%
Lincoln 21,720 12,178 56.07% 19,730 90.84%
Logan 36,743 8,742 23.79% 29,924 81.44%
Marion 56,418 18,697 33.14% 30,552 54.15%
Marshall 33,107 12,197 36.84% 23,193 70.05%
Mason 27,324 26,314 96.30% 26,466 96.86%
McDowell 22,113 9,388 42.46% 18,209 82.34%
Mercer 62,264 22,790 36.60% 53,665 86.19%
Mineral 28,212 13,216 46.85% 17,802 63.10%
Mingo 26,839 6,722 25.05% 19,087 71.12%
Monongalia 96,189 80,775 83.97% 81,848 85.09%
Monroe 13,502 9,450 69.99% 11,861 87.84%
Morgan 17,541 15,163 86.45% 14,815 84.46%
Nicholas 26,233 14,797 56.41% 20,637 78.67%
Ohio 44,443 41,493 93.36% 41,843 94.15%
Pendleton 7,695 6,296 81.82% 7,248 94.19%
Pleasants 7,605 6,686 87.92% 5,696 74.90%
Pocahontas 8,719 6,663 76.42% 8,402 96.36%
Preston 33,520 21,768 64.94% 26,329 78.55%
Putnam 55,486 8,468 15.26% 32,052 57.77%
Raleigh 78,859 22,039 27.95% 38,694 49.07%
Randolph 29,405 15,318 52.09% 19,338 65.76%
Ritchie 10,449 7,495 71.73% 9,084 86.94%
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Estimated Percentage of Estimated Percentage of

Unserved Unserved Unserved Unserved
County Population Population Population Population Population

(water) (water) (sewage) (sewage)

Roane 14,926 8,996 60.27% 13,206 88.48%
Summers 13,927 9,019 64.76% 11,241 80.71%
Taylor 16,895 5,352 31.68% 12,441 73.64%
Tucker 7,141 5,409 75.74% 5,124 71.75%
Tyler 9,208 5,961 64.74% 6,749 73.30%
Upshur 24,254 7,675 31.64% 16,560 68.28%
Wayne 42,481 3,650 8.59% 37,304 87.81%
Webster 9,154 6,346 69.32% 7,450 81.38%
Wetzel 16,583 7,929 47.82% 11,388 68.67%
Wirt 5,717 3,363 58.82% 5,174 90.51%
Wood 86,956 15,259 17.55% 28,388 32.65%
Wyoming 23,796 11,746 49.36% 18,309 76.94%
Total 1,852,994 41.76% 1,220,516 65.87%

5.3.3 Stormwater Management

Stormwater runoff occurs when rainfall cannot infiltrate the soil. Impervious surfaces are typically the
reason rainfall cannot be absorbed into the soil. Impervious surfaces are often the result of land
development and include surfaces such as rooftops, parking lots, driveways and streets, but can also
include rock formations and compacted soil. As watersheds are developed and urbanized, the naturally
vegetated areas are replaced by impervious surfaces that exacerbate the effects of stormwater runoff.
Pollutants such as oils, grease, bacteria, metals, sediment, fertilizers, salt and chemicals run off of
impervious surfaces during periods of rainfall and are carried into the nearest stream, lake or river
untreated. Extended periods of rainfall can saturate the soil preventing stormwater from percolating to
the subsurface and intensifying the resulting runoff. Increases in the amount of stormwater runoff also

increase the likelihood of more frequent and severe flooding.

Polluted stormwater runoff is one of the leading causes of water pollution in the United States. The list

below highlights some of the problems associated with unmanaged or improperly managed stormwater:

e Pollution

e |ncised streams, causing increased sedimentation

o Lower quality of fish and benthic habitat

e Reduced economic stimulus from fishing and recreational industries

e Flooding and the associated property damage
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Natural streams and floodplains provide millions of dollars” worth of “clean-water” treatment, much of
which is lost as streams downcut, erode and adjust to increased runoff. Well-designed and implemented
stormwater management practices not only treat runoff for pollutants, but also help to prevent streams
from eroding, maintain natural storage of flood flows, capture sediments and other pollutants and
maintain stable habitat that occurs in and alongside healthy streams. Preventing pollution from entering
streams is far less expensive than trying to remove the pollutant later. Additionally, application of Low
Impact Development (LID) and runoff reduction techniques have, in many cases, lowered the cost of
infrastructure over conventional developments, while preserving the natural integrity and services of
streams and riparian areas. Low Impact Development is a stormwater management technique that
seeks to maintain or restore the natural site hydrology and keep rainfall on site. The implementation of
LID principles and techniques help to promote water management by reducing the impact of

construction/development and encouraging the natural flow of water within a system.

5.3.3.1 Stormwater Regulations in West Virginia

The State of West Virginia does not currently have

comprehensive statewide stormwater management West Vlrglnla does not

regulations. The requirements that do exist are
currently have

contained within four stormwater general permits,
which are described below. New land development Compl‘ehenSIVe statewide

activities are not subject to stormwater control
’ stormwater management

measures, post-construction, unless the

development is located within a regulated Municipal

Separate Storm Sewer System (MS4), and the system actively enforces their authority under the permit.

5.3.3.2 Stormwater Permits

The DEP Division of Water and Waste Management has four stormwater general permits that are issued

to designated entities on a statewide level:

Multi-Sector Stormwater General Permit

Municipal Separate Storm Sewer System (MS4) General Permit
Construction Stormwater General Permit

Oil and Gas Construction Stormwater General Permit
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Each of these general permits requires regulated dischargers to meet certain terms and conditions
before they can discharge stormwater into waters of the state. These general permits are issued on a
statewide basis and cover pertinent dischargers regardless of their location within West Virginia. The

permits are described below.

The DEP has issued a State General Water Pollution Control permit to regulate the discharge of
stormwater runoff from oil and gas related construction activities. The permit authorizes discharges
composed entirely of stormwater associated with oil and gas field activities or operations associated
with exploration, production, processing or treatment operations or transmission facilities, disturbing

one acre or greater of land area, to the waters of the state.

The Multi-Sector permit regulates stormwater discharges from industries such as sawmills, paper
manufacturing, chemical manufacturing, glass, cement and concrete manufacturing, salvage yards,
vehicle maintenance areas, metal fabrication and other similar industrial activities. The permit requires
that certain best management practices be installed and practiced onsite to “treat” the stormwater
discharge before it flows offsite. The Multi-Sector permit does not directly address flooding problems
that could be caused by the facility or flooding as a result of runoff from impervious surfaces at the

facility.

The Municipal Separate Storm Sewer System (MS4) General permit covers stormwater discharges from
municipalities and operators of certain publically owned storm sewer systems. MS4 program areas that
are located within U.S. Census Bureau designated Urbanized Areas are covered under this permit as well
as municipalities with a population of 10,000 or greater. However, there are many municipalities in
West Virginia that are not covered under this permit due to their location. It is a complicated process to
determine whether or not a municipality is covered under the MS4 permit. The MS4 program is the
most comprehensive and requires the municipality to regulate and manage permanent stormwater
controls. The MS4 program requires the permittee to regulate discharges from construction stormwater
and stormwater discharges from its own industrial facilities. For all new development or redevelopment
projects, the MS4 permit requires the developer to install practices that will permanently control
stormwater flows from the property. Table 5-10 below identifies the current status and location of

approved MS4 permitted areas.

The existing Stormwater Construction permits regulate stormwater discharges from active construction

sites when there is a soil disturbance of one acre or greater. The intent of these permits is to control
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erosion and sediment while soil is disturbed and exposed. Sediment-laden runoff from construction sites
can cause downstream property damage and deposit unnatural loads of sediment into stream beds
which then damages fish and benthic habitat. Permit coverage is terminated once the construction
project is completed and the soil stabilized. The Construction Stormwater permits do not require post-
construction stormwater management practices to be maintained after the construction is complete.
The lack of permanent post-construction stormwater controls can cause long-term stream damage due
to the increased and unmitigated flow of stormwater runoff and pollutants. Groundwater recharge
rates can also be negatively affected when post-construction stormwater controls are not maintained.
Of the state’s stormwater related general permits, only the MS4 permit requires the maintenance of
post-construction stormwater management controls. The MS4 permit’s post-construction authority is
from the federal CWA NPDES regulations. The agency believes some increased level of post-
construction stormwater control is needed for both environmental and equity reasons. Relative to
equity, there are currently differing requirements depending on whether new development is in, or
outside, an MS4 area. West Virginia’s neighboring states, excluding Kentucky, have in place statewide
post-construction stormwater management regulations that govern all new development. The DEP will

be further evaluating the need for post-construction stormwater management outside of MS4 areas.
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Table 5-10 Status and location of current MS4 permits

WVR03
WVR030011
WVR030009
WVR030025
WVR030008
WVR030006
WVR030034
WVR030031
WVR030038
WVR030033
WVR030010
WVR030043
WVR030017
WVR030003
WVR030030
WVR030013
WVR030029
WVR030001
WVR030005
WVR030032
WVR030042
WVR030020
WVR030004
WVR030041

Permittee
Barboursville
Beckley
Bethlehem
Bluefield
Charleston
Clarksburg
Dunbar
Fairmont
Huntington
Hurricane
Marshall University
Martinsburg
Milton
Morgantown Utility Board
Moundsville
Parkersburg
South Charleston
St. Albans
Vienna
West Virginia University
Williamstown
WYV Dept. of Transportation
WV Turnpike Authority

Status and Location of Current MS4 Permits

Status
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved

5.4 Water Conflicts

Water conflicts in West Virginia are rare, due to water resource availability and abundance. However,
even in a water-rich state, there are areas of potential concern. These factors include, but are not
limited to the following: drought, infrastructure limitations, population expansion of metropolitan
areas, incidental contamination of water supply, and development of rural areas that may negatively

impact the quantity, quality and/or access to water sources.

Aging infrastructure is an issue all across America.

required to keep up with development and population increases.
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potential for compromising the water supply will increase.  There is a brief synopsis of aging

infrastructure and potential demand issues in Section 5.3.

There is also potential concern for the inability for water supply to meet the needs of population growth
within metropolitan areas. For example, the Potomac River is the primary water supply source for the
Washington, D.C., metropolitan area. According to a recent ICPRB study, the 2040 water demand
estimates indicate inadequacies of the current water supply for the Washington, D.C. metropolitan area.

This report is included in Appendix Z.

5.5 Conservation Practices

The sustainable management of water resources through conservation is essential to protecting current
and future human and ecosystem demands. There are a number of conservation practices being
implemented across West Virginia. This section identifies projects and practices underway in West
Virginia, as well as activities being implemented elsewhere that may be applicable in West Virginia to
reduce the amount of consumptive use, improve the efficiency of water use, provide for reuse and

recycling of water, increase the supply of water and/or increase groundwater recharge.

This evaluation was conducted based on large quantity use-types in the DEP database which contains
descriptions of implemented and planned water conservation programs. The user-reported

conservation programs were grouped into three categories:

1) Improving water use efficiency through implementation of use reduction methods or
equipment (Category 1 method)
2) Reusing or recycling water onsite (Category 2 method)

3) Reducing water loss due to leaks and unaccounted water (Category 3 method)
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Table 5-11. Number of water conservation plans by category and type.

Conservation | Conservation | Conservation
Use type category 1 category 2 category 3
Agriculture/
aquaculture 0 3 1
Chemical 5 2 0
Frac Water No Data No Data No Data
Hydroelectric 0 0 0
Industrial 6 0 2
Mining 26 22 2
Petroleum 3 1 1
Public water
supply 15 3 37
Recreation 12 0 1
Thermoelectric
(coal) 1 3
Timber

The majority of conservation plans, 71%, were created for withdrawals in the public water supply and
mining sectors. The hydroelectric sector has no reported water conservation plans because it is flow-
through. The chemical and mining sectors report the largest water savings from implementation of the

conservation plans, over 400 million gallons per year (Mgal/y).

The following sections evaluate conservation practices that may be applicable to each water use-type, as
well as document conservation practices by the categories described above that are currently underway

by the large quantity users in West Virginia.

5.5.1 Agriculture and Aquaculture

Conservation in aquaculture projects involves the beneficial use of water that would otherwise be
discharged into streams with a lower level of treatment and thus potentially reducing demands on other
water sources. In certain instances, the water being used is presently unsuitable for other out-of-stream
uses and even has to be treated prior to use in aquaculture. A number of projects demonstrate the
potential of using water from underground mines in West Virginia and surrounding states for

aquaculture (Semmens and Jacobs, 2012; Semmens and Miller, 2010; Miller, 2008). These projects have
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shown aquaculture with mine water to be an economically viable opportunity (D'Souza, Miller,

Semmens, & Smith, 2004).

West Virginia University and a private mining company raised fish using water discharged from a mine
water treatment system to demonstrate that treated mine water can be used to raise healthy fish for
stocking public waters and for consumption. In fact, (Miller, 2008) asserts that some underground coal
mines in Appalachia have desirable water quality characteristics for aquaculture (temperature,
alkalinity, pH and pathogen free). A mining company operating mines in West Virginia and Maryland
worked in cooperation with the Maryland Department of Natural Resources (MD DNR) to construct and
operate a trout-rearing facility in the mine’s acid-mine-drainage treatment system settling pond from
January of 1994 through May 2007’. This facility produced trout used by MD DNR to re-stock the North
Branch of the Potomac River and other streams in West Virginia and Maryland. There are several other

commercial-scale facilities currently producing trout and other for-fee fishing and consumption.

Agricultural water use for irrigation and livestock represents a very small portion of the total water use
in West Virginia. In the Natural Resources Conservation Service (NRCS) Census of Agriculture, conducted
in 2007, it was reported that there were 692,003 acres of harvested cropland in West Virginia. Of those,
only 2,189 acres (0.3%) were irrigated. Water use for irrigated lands could be estimated with additional
information on the crops grown in those areas. The next NRCS Census of Agriculture (2012) is scheduled

to be released in 2014.

Also in 2007, there were 370 dairy farms in West Virginia with 11,744 milk cows (USDA, 2009). Milk
cows can be estimated to generally use 35 gallons of water per day (Jarrett & Roudsari, 2007), making
the total daily water use by the dairy farms over 411,000 gallons. Despite the small agricultural water
uses (when compared to other sectors), there are still opportunities for water conservation.

Conservation opportunities associated with milk cows and irrigation are discussed below.

In 1997, 252 million pounds of milk were produced from milk cows in West Virginia, worth an estimated
$38 million. Almost three-quarters of the milk was produced in Jefferson, Mason, Berkeley, Preston,

Greenbrier and Monroe counties (Baniecki & Dabaan, 1999).

Water is used at dairy farms for livestock consumption, cooling milk and cows and cleaning the facilities.

Sufficient quantities of clean water are essential for these uses. Dairy operators may reuse water for

" Mettiki Trout Farm, http://www.arlp.com/involvement/mettiki-trout-farm.htm, accessed 1/28/2013.
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multiple purposes to reduce the amount of water used. For example, once withdrawn from surface or
groundwater, the relatively cool water can be used to cool the milk just after collection. Cooling the
milk prevents bacterial contamination. As a result of this process, the water is warmed. The warmed
water can be used as drinking water for the cows, subsequently increasing milk production, washing the
facilities and cooling water for the cows during the summer months. The portion of the water that is

not consumed could be recycled again as long as the water quality is sufficient for the intended use.

To conserve water, irrigation should assist in meeting the water needs of the plants without over-
saturating. Over-saturation can cause a loss of irrigation water to groundwater percolation or to surface
water runoff. Conservation practices appropriate for a particular application will be site-specific. A
great deal of research is available to assist landowners in identifying options. For example, the
Agricultural Water Conservation Clearinghouse® contains easily accessible information and tools on
agricultural water conservation. Literature at this site is available on water conservation policy, recovery
and recycling, economics, crop water use, cropping systems, drought tolerance, water conveyance and
delivery and supply and storage to name a few. Tools are also compiled in the clearinghouse from

numerous sources including irrigation schedulers, cost estimation tools and water use estimators.

In general, ensuring that irrigation water is applied at the right times and in the right amounts saves
money, energy and water. One method for conserving irrigation water includes switching from high and
medium pressure systems to low pressure or drip irrigation (NRCS, 2006). Drip irrigation slowly releases
water directly onto or just under the soil, losing less water to evaporation than traditional types of
irrigation due to limited wind exposure and reduction in opportunities for surface runoff. Watering at

the coolest time of day can also reduce water lost to evaporation.

The LQU database lists 14 (12 currently operating) users in the agriculture/aquaculture use type. One is
a commercial nursery which does not recycle water but does monitor and minimize the amount of water
used, a Category 3 conservation method. One aquaculture operation had water recirculation systems
(Category 1 method) in place but ceased operations in 2008. The other users are either commercial fish
hatcheries or hatcheries producing fish for West Virginia Division of Natural Resources (DNR) stocking
programs. Four of the users have identified water conservation programs utilizing recycled water
(Category 2 method) and reduction of losses through leaks or unaccounted water (Category 3 methods)

with a total reported savings of 21 Mgal/y. This represents a savings of 0.4% of the total annual average

& http://www.agwaterconservation.colostate.edu/Default.aspx, accessed 2/26/2013.

223



of reported agriculture and aquaculture withdrawals. Given the few large agricultural withdrawals,

enhancing agricultural water conservation may require outreach to the small quantity water users.

5.5.2 Chemical, Industrial, Petroleum, and Timber

Chemical, industrial, petroleum and timber product processors or manufacturers who are currently
operating, account for 16% of the total average withdrawals (excluding hydroelectric) listed in the LQU
database. These industries generally use water for uses such as boiler water, cooling, in-plant
processes, equipment such as vacuum pumps, general washing and fire protection. Water conservation
opportunities include installation of air-cooled equipment and forced air cooling equipment in place of
water-cooled equipment. Replacement of once-through cooling systems with recirculating cooling
systems reduces water use if water-cooled systems are required. All possible opportunities for water
recovery and reuse or alternative water supplies should be considered, such as filtration and membrane
processes and capturing condensate drain water from cooling systems, or recycling of process water for
boiler makeup water. Timber industry users are included in this group due to the similarities in water

use practices to the other industries in this group.

A water conservation program should start with an audit or survey of existing water use within the
facility. There are guidelines and examples available of water use audits or surveys from several sources
(EPA, 2011; NC-DENR, 2009; GE Water, 2007). A number of examples from across the country illustrate
the types of conservation activities in this sector. Boiler operators remove built-up scale and other
chemicals in boilers by expelling water from the boiler in a process called “blowdown.” This water is
usually discharged due to its high chemical content. Automated boiler blowdown systems can reduce
blowdown water losses by up to 20% and reduce the boiler’s energy use by 2- 5% (NC-DENR, 2009).
Clean wastewater from other in-plant processes or equipment can be used as boiler makeup water

reducing overall water use.
There are a number of case studies that could inform conservation practices for this sector in West
Virginia:

e A glass manufacturer in North Carolina used water from air compressors and hydraulic
fluid cooling water for boiler makeup. The reuse practice saved 8.5 Mgal of city water
per year and was implemented for $3,000. Simple payback period for this modification

was two months (NC-DENR, 2009).
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e A ConAgra potato processing plant in Idaho installed a tank, pump, and piping to
capture compressor cooling water and reuses the heated water in the waste treatment
plant. These changes had an equipment cost of $10,000 but an energy cost savings of
$96,000 per year and 44.35 Mgal of water savings per year (GEMI, 2007).

e A Roche pharmaceutical plant in Boulder, Colorado, upgraded the seal systems on two
of six wastewater treatment system pumps and started using process water instead of
city water for seal flushing on the other four pumps. The upgraded seals allowed the
seal flush to be eliminated or replaced with used process water without any adverse
effects on the pumps. Aggregate annual water savings were about 3.7 Mgal and
$17,500 per year. With a total project cost of $23,300, the simple payback was 16
months (GEMI, 2007).

Timber industry facilities listed in the LQU database are manufacturers of paper, wood or timber-related
products. As these manufacturers use water for similar processes such as making steam, processing raw
materials and cooling, the same types of conservation practices are applicable as for the other industrial
users. One of the timber industry users reports that they installed air-cooled air conditioning units to
replace their water-cooled units and implemented a water reuse system, the same types of systems

applicable to other industrial users.

The LQU database lists 16 chemical users (14 currently operating). Six of these users have conservation
plans with a total savings listed as 300 Mgal/y or 0.2% of the average annual withdrawals reported for
the chemical users in the state. The LQU database lists 16 (13 currently operating) industrial users with
eight having conservation plans. Total water savings for these users is listed as 87 Mgal/y or 0.4% of
average annual withdrawals in the industrial use sector. The LQU database lists six petroleum users (five
currently operating) with three having conservation plans and total water savings listed as 800,000 gal/y
or 0.2% of annual petroleum withdrawals. There are seven timber users (four currently operating) in
the LQU with two users reporting having conservation plans with a total of 568,000 gal/y or 0.05% of
total annual timber withdrawals. Eighty-four percent of the responding chemical, industrial, petroleum
and timber users identified having Category 1 conservation methods, 21% report Category 2 methods,

and 16% report including Category 3 methods.

These groups of industries represent 16% of all water withdrawn, as listed in the LQU database, but
were responsible for 67% of the water that was conserved. These industries are making investments in

water conservation and efficiency that should be encouraged and expanded.
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5.5.3 Mining

Coal mining operations use water for washing and processing raw coal, separation of coal from rock,
dust suppression on roadways and potable uses for employees. In addition, underground coal mines in
West Virginia use water for “cooling the cutting surfaces of mining machinery and for inhibiting friction-
induced ignition of coal fines or gas” (Mavis, 2003). Informal reports suggest, though, that the majority
of water is used at coal mines for dust control (Mavis, 2003). On average, coal mines use 50-59 gallons
of water per ton of coal produced (USGS, 2009). Mining activities, therefore, pose a significant
opportunity for water conservation and reuse in the state. Two ways that coal mining-related water
conservation activities can be implemented are by initiating programs to conserve and reuse water
during the mining process and by finding ways to reuse mine pool water for other purposes. Many of
the surface mining operations have a collection basin that they capture the runoff from dust

suppression activities and reuse that water many times over.

Mining operations can implement onsite water conservation activities and reuse water for multiple
mining-related purposes. The amount of water used for dust suppression, being the major type of
onsite water use, can be reduced through the addition of salts to the water. Specifically, magnesium
chloride solution and calcium chloride are added to facilitate dust suppression (Mavis, 2003). However,
over time this process may have negative environmental impacts, including increased salt loads in the
soil, shallow groundwater, and local streams as well as associated impacts to fish, wildlife and

vegetation (EPA, 2002).

Where possible, many coal mines reuse water for multiple onsite operations because of the sheer
quantity of water needed and due to the economic incentives. Water reuse capabilities are determined
by water quality requirements, water availability and discharge considerations (Mavis, 2003). For
example, wastewater from the mine that is generated through seepage into the mine area can be
reused for firefighting and underground dust suppression. Other types of onsite wastewater that can be

reused are the process wastewater and domestic wastewater.

Mine pool water can also be used for water supplies in other, non-mining sectors. There are an
estimated 100,000 abandoned underground mines in West Virginia. Although many of these are small
and would likely not be an economically viable source of water, the larger mines may prove to be

valuable additional supplies. For example, the National Mineland Reclamation Center mapped 130
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underground coal mines in Pennsylvania and West Virginia with an estimated combined storage of 250

billion gallons (Veil, Kupar, & Puder, 2003).

Reuse of mine pool water for cooling in thermoelectric power generation plants has been recently
investigated (Feeley et al., 2005; Donovan et al., 2004; Veil et al., 2003). As an example, Veil et al. (2003)
evaluated the feasibility of using underground coal mine pool water for power plant cooling in
Pennsylvania and West Virginia. This methodology was considered for the following types of power
plants: steam electric power plants with closed-cycle cooling technology, closed-cycle cooling reservoir
and as a source of once-through cooling water. Donovan et al. (2004) found that there are several
potential mines in the Pittsburgh Coal Basin of northeastern West Virginia. The practicality of use is
dependent on several factors such as the water quality characteristics of the mine water. Curtright and
Giglio (2012) also suggested that mine water could be used in Marcellus Shale hydraulic fracturing

activities.

Mine pool water may provide additional supplies for public drinking water, where water quality
conditions are adequate. Loudoun Water in the Potomac Basin is considering utilizing quarries as an
additional source of water to meet anticipated water shortages. The water supplier would fill the quarry
with Potomac River water during high-flows and utilize the quarry water during times of low river flow.
One quarry being considered for this purpose has a one billion gallon storage capacity (Black and Veatch,

2008).

There are 100 mining users listed (81 currently operating) in the LQU database. Forty-five of these users
report having water conservation plans in place. Of these users, 58% reported Category 1 conservation
methods, 49% reported Category 2 methods, and 4% reported Category 3 methods. The conservation
measures include paving or applying chemical treatments to roadways for dust suppression, recycling
water from settling ponds for coal preparation and reduction of losses from leaking or malfunctioning
equipment. A total of 101 Mgal/y, or 0.8% of annual withdrawals, is reported as being conserved by
mining users. The other 55% of mining water users not reporting conservation programs may be an

opportunity for additional outreach, education,and potential future water savings or reuse.

5.5.4 Public Water Supply

Public water suppliers withdraw water, treat it for human consumption and deliver it to their customers.
Water conservation methods available to public suppliers focus on water use efficiency in the

distribution system and by their customers. Conservation methods include: conservation of water
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through leak detection in the distribution system and conservation programs to reduce use by

customers (Templin, Herbert, Stainaker, Horn, & Solley, 1980).

Due to aging infrastructure, administrative and data handling errors, and problems with water metering,
a significant portion of water for public supplies is “lost” or goes unaccounted (EPA, 2009). Resources
are available to assist public water suppliers in identifying losses in the system. For example, the
American Water Works Association developed a free tool that identifies water losses and identifies parts
of the system needing improvement and is available on their webpage: http://www.awwa.org/

(AWWA, 2009).

Conservation in the public water supply system has many benefits including the potential to use up to
20% less water, making additional water available for human and ecosystem uses (Penn State, 2008).
Conservation programs targeted to users of public water supplies include public education, retrofitting
existing plumbing fixtures with low-flow fixtures, providing water conservation consulting services to

industrial and commercial users, and implementing use-based rate structures (Templin et al., 1980).

Education and outreach to the general public promotes the use of in-home water conservation activities
in people’s daily lives, such as limiting showering time, not leaving water running during dish washing

and teeth brushing and purchasing water efficient appliances, to name a few.

A Pioneer Institute study found that voluntary practices and education programs are less effective at
conserving water than well-enforced mandatory programs, suggesting the need for additional water

conservation policies (Olmstead & Stavins, 2007).

The LQU database list 251 public water suppliers (215 currently operating) in West Virginia. Fifty-two of
these users reported having water conservation plans. The majority of these public suppliers (71%)
reported having conservation plans that include Category 3 methods, detecting and repairing leaks
within the distribution system. Also identified were Category 1 measures (29%), specifically, water
conservation measures by customers during periods of low supply, public education and the installation
of water use meters at customer facilities. Only 6% of public suppliers reported Category 2 methods as
part of their conservation programs. The total savings is 54 Mgal/y or 0.08% of the average annual

withdrawals by all currently operating public water suppliers.
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5.5.5 Recreation

Recreation users listed in the LQU database are primarily golf course resorts, which include water uses
for irrigation; food services; heating, ventilation, and air conditioning (HVAC); maintenance; and general
potable use. Another category of users in the recreation category is ski resorts. In addition to using

water for the same general uses as golf course resorts, ski resorts use water for snowmaking.

Conducting a water use audit should be the first step of any conservation program. Understanding
where and how water is used will allow identification of conservation and/or reuse opportunities. There
are many water saving opportunities in the resort setting. Guidelines and best management practices
for conserving water in this sector have been developed by states and other organizations (FL DEP,
2009; EPA, 2004). Several organizations and states have developed best management practices
specifically for golf courses (Water Management Committee of the Irrigation Association, 2010; Carrow
et al., 2007; CT DEP, 2006). New Hampshire has developed a fact sheet providing guidelines for water

conservation for snowmaking (NHDES, 2010).

Conservation methods by golf courses include installation of high efficiency irrigation control systems
and equipment, a Category 1 method. Some operators reported reducing the level of irrigation water to
only keep the grass alive, not “lush and green” and operating the irrigation systems manually to deliver
water only to the areas needing water, not the entire golf course (a Category 2 type conservation
method, reducing loses). Another potential water-saving opportunity on golf courses is wastewater
reuse. A golf course and residential community in Pennsylvania evaluated diverting some of the treated
water from its wastewater treatment system to fill the golf course irrigation ponds as a way to recycle
water and reduce withdrawals from wells and surface water sources. The existing size of the community
does not make the treatment system modifications economical yet, but when the community build-out
is reached the builder is expecting to make this change to the system (personal comm., White Run

Regional Authority System, 6/20/2012).

Ski resorts also present an opportunity for water conservation activities. An example of ski resorts
implementing a water conservation method for snowmaking operations is at Ski Liberty in Pennsylvania.
Ski Liberty uses surface runoff-fed ponds as the supply for snowmaking water and augments the natural
surface precipitation runoff feeding the ponds by using highly treated wastewater from the facility’s
treatment system. This reduces withdrawals from groundwater or other surface water sources

(personal comm., Ski Liberty — PA, 2010).
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Of the 20 recreation users (18 currently operating), 12 reported having water conservation plans in
place that included installation of improved irrigation systems or reducing irrigation by additional
monitoring of course conditions (Category 1 conservation methods). Other Category 1 conservation
measures included installation of high efficiency equipment and plumbing fixtures. The total water
savings reported by these recreation users with conservation plans was 9 Mgal/y or 0.6% of the

reported annual average withdrawals occurring among the currently operating recreational users.

5.5.6 Hydroelectric Power Generation

Hydroelectric power generation is the largest use type in the LQU database representing 93% of the
total average annual withdrawals. However, the withdrawals listed for hydroelectric power generation
are almost completely non-consumptive with only a small amount of water lost to evaporation from the
pool upstream of the dam at the generating facility. The majority of the hydroelectric plants are run-of-
river facilities with relatively little storage in the pool behind the dam. None of the listed hydroelectric

users reported conservation programs.

5.5.7 Thermoelectric Power Generation

Thermoelectric power generation uses large quantities of water (Gerdes & Nichols, 2008) to produce
steam to drive electrical power generating turbines, cool and condense the steam, provide boiler make-
up water, use in flue gas desulfurization (FGD) technology and other plant processes. One of the other
processes that use significant amounts of water is carbon dioxide recovery systems. There are three
basic types of cooling systems used in thermoelectric power plants: once-through, recirculating and dry
cooling. In a once-through system, water is drawn from the source, used to cool and condense the
steam and returned to the source. In a recirculating system, the steam is passed through large cooling
towers where the water is used to cool and condense the steam which is then captured in ponds and
recirculated through the cooling tower. A much larger amount of the water is lost to evaporation so the
consumptive loss in a recirculating system is greater than in a once-through system even though the
amount withdrawn is smaller. A study by the U.S. Department of Energy (DOE) (Feeley, et al., 2005)
compared the water use per kilowatt hour produced in thermoelectric plants using once-through and
recirculating cooling systems. The average withdrawal for once-through cooling was 37.7 gallons per
kilowatt hour (gal/kwWh) with consumption of 0.1 gal/kWh while the withdrawal for recirculating cooling
was 1.2 gal/kWh with consumption of 1.1 gal/kWh produced (Feeley, et al., 2005). Dry cooling systems

pass the steam through air-cooled heat exchangers to cool and condense the steam. The only water
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used in this process is for boiler make-up water. Dry cooling systems use a larger amount of energy,

generally need more area and are more expensive than systems using water for cooling.

The DOE funded a project to evaluate the potential to extract water vapor from coal-fired power plant
flue gases in order to reduce makeup water requirements for the plant’s cooling water system
(Folkedahl, et al., 2006). The project concluded that although economic models indicate this technology
can provide positive return on investment, it will take several years of development and continued focus
on water resource management before these systems will yield the return that will make these systems

attractive in the industry.

The use of freshwater in thermoelectric power generation may be reduced through the use of water in
flooded and abandoned coal mines as a source of cooling water (Donovan, et al., 2004). This is a

potential future water conservation activity for West Virginia.

Thermoelectric power plants account for the second largest amount of withdrawals, after hydroelectric
power generation, listed in the LQU database and have 15 users (14 currently operating) listed. The
specific uses listed include cooling water, boiler make-up water and service water for other plant
processes. Three of the users reported having water conservation plans. All users listed reusing or
recycling water (Category 2 conservation method) and one also listed the conversion to closed-loop type
of cooling system (Category 1 method). These programs resulted in reported water savings of 4 Mgal/y
which is less than 0.001% of total annual withdrawals occurring among the currently operating

thermoelectric facilities.

5.5.8 Hydraulic Fracturing

Large amounts of water are used for hydraulic fracturing in the process of gas extraction wells in the
Marcellus Shale and other unconventional shale gas plays. Sand and various chemicals are pumped
under high pressure into the well bore to create many micro-fractures in the shale rock holding the
natural gas. These micro-fractures allow the gas contained in the rocks to be released and extracted
through the well. Some amount of this water, commonly referred to as “flowback” or “frac water,”
returns to the surface and is recovered. The percentage of water captured as flowback varies depending
on geology and formation characteristics, but typically ranges from 10- 12%. Over the life of the well,
more water returns to the surface. This “production water” is comprised of remnant water used during
the fracturing process or also water pre-existing in the fractured formation. Water reuse is high among

horizontal drillers. Approximately 15% of the water used for hydraulic fracturing in 2011 originated as
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flowback or production water from a previously drilled well. The recycled frac water represents nearly
75% of the total amount of water recovered, with the remainder disposed of via underground injection

(UIC) wells.

Continued water conservation efforts in this industry should focus on operational improvements to use
less water while reusing all available flowback. Since 2009, total water demands have significantly
increased while reported per-well needs have decreased from 11.4 million gallons to 5.3 million gallons.
As the technologies have developed, the dependence on water resources has decreased. The reuse of
flowback has also increased. From 2010 to 2011, the amount of recycled frac water used in subsequent
operations increased from 5.7% to 14.6% of total water used. West Virginia Water Research Institute
conducted a project under contract to DOE to evaluate technologies and develop and evaluate a mobile
onsite treatment system. The system was designed to treat flowback and recovered water so it can be
used for additional fracing operations (Ziemkiewicz, et al., 2012). The resulting system was installed in a
trailer-mounted shipping container and deployed at a Utica Shale well site in Ohio and a Marcellus Shale
well site in West Virginia. Over 600,000 gallons of flowback water were treated at the two sites with

98.6% of the water being recycled (Ziemkiewicz, et al., 2012).

Estimates on total water savings through conservation practices are difficult due to the rapidly growing
nature of the industry. However, if the trend of reusing flowback continues hundreds of millions of

gallons of water could be saved annually.

5.5.9 Summary

Implementation of water conservation and reuse activities in West Virginia may be an essential
component of meeting the growing demands on water resources. Fortunately, there are numerous
methods for conservation and reuse in each water use sector, as evidenced by the available literature
from the Mid-Atlantic region and across the country. Existing programs and opportunities for future
conservation efforts in the state have been identified through an evaluation of the DEP’s LQU database.
One way the DEP intends to encourage water conservation is through the addition of a water
conservation award to be given annually to an entity that demonstrates sound, sustainable water

conservation practices.

The database identifies users by industry category, user provided information on water conservation
plans such as what conservation measures the plan includes and expected water savings produced by

the plans. This analysis categorized the conservation plans by the types of measures they contained;
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improving water use efficiency through use reduction methods or installing improved-efficiency
equipment, onsite water reuse or recycling, and loss reduction due to leakage or waste. Water
conservation methods applicable to each of the 10 industry types, plus hydraulic fracturing, were
reviewed. The number of users implementing conservation programs was identified. The reported

savings resulting from these conservation plans was totaled.

Public water suppliers had the largest number of users reporting conservation plans with 52 users,
followed by mining with 45 users reporting conservation plans. The industry reporting the largest total
savings however was the chemical industry with 300 Mgal/y savings. Mining had the second largest
with 101 Mgal/y total savings from conservation plans. In terms of the percentage of withdrawals saved
by conservation plans, no industry reported total savings to be as much as 1% of the total reported
withdrawals. In total, the conservation efforts of the large quantity users with conservation plans
resulted in 578 Mgal/y of annual water savings. However, this is 0.03% of all withdrawals by large

guantity users, so there are many more opportunities for additional water conservation.
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Chapter - 6 Regional Watershed Management and Critical Planning Areas

6.1 Regional Watershed Management

The Act states that any county or municipal government can file, as part of the Plan, its own water
resources management plan provided that it complies with the Secretary’s requirements. While
inclusion does not grant regulatory authority, more localized plans will highlight water resource

concerns with greater detail than is possible at a statewide scale.

The Pocahontas County Commission created the Pocahontas County Water Resources Task Force to
draft a water resources management plan for that county. In order to make sure that the county plan
met the Secretary’s requirements, the DEP worked closely with the task force throughout the entire
process. At various stages of development, the DEP provided data, directed them to funding sources
and offered technical assistance in the writing process. After final review, the Pocahontas County Water
Resources Management Plan has been accepted and can be found in Appendix AA. The Pocahontas
County plan was made possible with funding from: United States Environmental Protection Agency;
Environmental Justice Small Grants Program; United States Forest Service; and the DEP. The Pocahontas
County plan is available for use as a model for other counties or municipalities in their pursuit of a
localized water management plan. The DEP acknowledges and appreciates the foresight, leadership and

dedication of Pocahontas County officials in pursuit of their plan.
6.2 Critical Planning Areas

6.2.1 Introduction

The Act stipulates that through the Plan, the Secretary may designate an area as a critical planning area
(CPA). To that end, a process must first be established to allow such areas to be nominated, evaluated
and ultimately designated as a CPA. Through this process, the Secretary has the authority to define a set
of minimum requirements which must be met in order for a potential CPA to be formally nominated.
This set of requirements may include adherence to specified timetables for nomination and/or plan

development.
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6.2.2 CPA Designation Process

In order to be designated as a CPA in the Plan, potential areas must pass through a four-stage process

summarized below.

Stage 1 - Application

The Secretary will receive applications for potential CPAs and conduct a basic review of the nomination
to ensure that the minimum required elements have been included. The applicant shall be notified
within 60 days of receipt whether the submittal meets the minimum requirements for further

consideration.
Each nomination must include the following information:

a) Delineation of the proposed CPA on a suitable scale map

b) Name of the primary stream or hydrologic unit or units within the proposed CPA

c) Detailed description of the reason for proposed designation

d) Evidence of notification of intent to file a nomination (Class 1 legal ad) as well as solicited
comments from stakeholders

e) Designation of lead entity and contact person responsible for coordination and communication

of the nomination, including signature and declaration of accuracy

Additionally, each nomination should include as much supplemental information as is available to
support designation as a CPA. The following items are broadly categorized into background information,

research, and funding, but this list is by no means exhaustive:

a) Research
a. Inventory of current withdrawals, discharges and storage within the proposed CPA
(available from the DEP)
b. Description of changes to withdrawal, discharge, and/or storage capacity in the next five
years within the proposed CPA (consult with the DEP)
c. Supporting information documenting the reason for proposed designation as a CPA,

including any supporting technical studies

236



b) Background
a. Documents describing, or references to, any relevant water resources management
plans or actions already existing within the proposed CPA
b. Documents describing, or references to, any pending or proposed water resources
management plans or actions that may address the critical issues identified in this CPA
nomination
c. Documents describing, or references to, any existing adopted municipal and/or county
comprehensive plans covering all or part of the proposed CPA
d. Identification of additional resources which may be available to assist in data
development
e. Letters of support for designation as a CPA
c¢) Funding
a. Proposed budget, including potential sources of funding

b. Letters of commitment for funding

Stage 2 — Data Analysis

If the minimum requirements for consideration as a CPA are met, the application will be subjected to a
detailed data analysis. All supplementary documentation submitted with the application shall be
reviewed. The Secretary may also require additional data from the applicant for further consideration.

This information must be submitted within 90 days of notification.
Stage 3 — Designation

After analyzing all the evidence for the proposed CPA, the Secretary will either designate the area as a

CPA or notify the applicant that the area will not be further considered for CPA designation.
Sta