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A Review of Groundwater Flow
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Groundwater i1s Not like an

Underground River!

 Groundwater flows through porous
soills and sediment that includes
gravels, sands, silts, and clay.
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Water Flow on a Small Scale



Soil/Sediment Type Determines If it can
be used as a source of water

An Aquifer is a Source for Groundwater

- andis:
Any coarse grained material (sand, gravel) that

can supply sufficient water for a beneficial use

A Confining Unit Impedes Movement of

Groundwater and is:
~ Any fine grained material (silt, clay) that can

significantly restrict vertical movement of
undwater such that the resulting groundwater
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Aquifers are defined by where they

appear relative to a confining layer

e Water Table

— Water is not “under pressure”

— Well yield is lower than comparable confined aquifers

— Replenished (recharged) directly by precipitation

— More vulnerable to contamination from surface activities

« Confined aquifer

— Water is under pressure, confined by an overlying layer(s)
N of silt and clay

— Replenished from vertical flow through the confining unit
(recharge is much lower than a water table aquifer)

T . .
re vulnerable to saltwater intrusion

INDEPENDENT ENVIRONMENTAL ENGINEERS, SCIENTISTS AND CONSULTANTS i lRN'




All Groundwater Aquifers on the

Eastern Shore

« Fresh Groundwater is restricted S Kiptopeke C%gﬁ(;s Eqialie Jenkins N
to the Columbia (Water Table) Bridge
aguifer and significant portions
of the Yorktown-Eastover aquifer woseeTe e Jrr o5
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» Brackish groundwater is found in
portions of the Yorktown-
Eastover, all of the St. Marys
Aquifer, Piney Point, and
Potomac aquifers

« The Columbia, Yorktown-
Eastover, and Piney Point
aguifers are found throughout
e Eastern Shore
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~ Potomac

Source: McFarland and Bruce, 2006
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Water Table and Fresh Water Confined
Aquifers on the Eastern Shore

_

Fresh ground water is restricted to depths less than 350 feet

et Water Table EAST
ini ' Surf
E Confining Unit urface

. Freshwater Aquifer EASTERN SHORE

[ saltwater Aquifer —al L BN o ATLANTIC
<~ - Colymbia aquiferN ™\ 0CEAN |

Estimated Recharge to Water Table Aquifer = 625 MGD approx

.| Estimated Recharge to Yorktown-Eastover Aquifer = 9 MGD approx
(based on USGS Eastern Shore Model)




The Factor Most Important in Controlling Rate

of Groundwater Flow is Hydraulic Conductivity

Hydraulic Conductivity for

Silty Clay to Coarse Sand

Varies by 1,000,000 ft/day
(1 million ft/day)

Fine Grain Size Coarse Grain Size
— . . Silty Fine Coarse
Clay Silt Sand << Sand = sand << Gravel
.00%0001 0.001 0.01 1 = 100
i to to to
0.001 ftfday 1 fygay [0 10,000 ft/da
—— 10 ft/day 10 ft/day 100 ft/day ’ y

Aquifer
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The Second Most Important Factor is

Aquifer Thickness

 The amount of water that can flow
through and aquifer increases linearly
with increase in thickness (doubling
the thickness doubles the potential
flow)

* Hydraulic conductivity times the
aquifer thickness is called
, and Is the primary term
Ing groundwater flow

-‘*
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The Water Table aquifer is thin

compared to the Yorktown aquifer

Middle
Yorktown

8. (AJAritude of tha top 110. (AJ Altitude of the top ‘@1 (AjAittude ot the
(B]thicknass of the uppar {BJthickness of tha middle and (8) thickness of the
s -Eastover aquifer of the -Eastover aquifer of the Yorktown-Eastover aquifer

Shora of Virginia. [Data =2 E Shore of Virgini

e : Shore of Virginia. [Data astern Shore of Virginia.
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chardson, 1994] : from Richardson, 1994]
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Transmissivity determines how fast groundwater

CAN flow but a gradient is needed to make if flow.
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Hydraulic Gradient Under Non-

Pumping Conditions

* Horizontal flow
typically toward a
surface water
body. Gradient is

RECHARGE AREA

{ DISCHARGE AREA

often low and the B =7 1 Rt T =l

: \ " Unconfined | Y s g
actual flow rate is / 8quiter\ S~ e\
low

 Vertical flow

" typically

downward and
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Hydraulic Gradient Under Confined

Pumping Conditions

 Horizontal flow may
be re-oriented toward
well. Gradient (flow
rate) Is often
significantly
Increased

* Vertical flow remains

- downward but rate

bftens\ignificantly
>\m




Groundwater Levels under no

Pumping

R ________________________________________________________________ N
Water Table
Aquifer Level Confined
(no Pumping) Aquifer
Level no

Pumping)




Pumping from a confined aquifer with little
leakance through the confining layer

Water Table
Aquifer Level
(Pumping)

\_ Confined

Aquifer
Level
(Pumping)
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Pumping from a confined aquifer with significant
leakance through the confining layer

Water le
Aquifer Lev
(Pumping)

Confined
Aquifer
Level
(Pumping)




Multiple Wells Additively Increase
Water Level Declines

Static Water Level
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Water Balance on the Eastern Shore

ifie Water.Gycle

; /Iga:water.usgs.gov/edu/watercycle.htm ; ‘ E I GO'I A |
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How Much Water Recharges the

Aquifers?
 All water comes from

precipitation falling directly on
the Shore

e About 88% of the precipitation Total Rainfall
never infiltrates to the
groundwater

Recharge to
Water Table

Recharge to

Yorktown Aquifer
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How Much Water Recharges the

Aquifers?

« Most of the rainfall never
Infiltrates to the ¥ v )
groundwater and is lost ﬁ o7
through: L

I Recharge to

N I A S &
— Interception (on plants and Bl K v

nsaturated zone

L

Saturated zone

\gJEES) below the water table
- I r?Ct run Off (Ground water)

yotranspiration
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Of the water infiltrating to the water table, only a

small amount reaches the Yortkown aquifer

« Limited Recharge:

— Of the 44-inches of annual precipitation only 5to 6
Inches infiltrate to the water table (625 MGD) B Evapotranspiration

— And only about 0.05 in/year make it to the confined | ®bischargeto Surface Water
aquifer (9 MGD) OLeakage to Yorktown Aquifer

ater Table Aquifer = 625 MGD
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Water Balance for the Water Table

Aquifer

e 999 of the water
leaves through:

— Evapotranspiration

Transpiration

(84%) or L?ﬂd?.}ﬁ?fz- _:;d_a-;-"'ﬂ‘_;
— Flow into surface R |
waters (15%) W e Yamuneanns

[ SLANA o
\ \ ¢ Water table during /
< Qrowing season
\ Source: USGS
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Recharge to the water table Is a function

of soll type, slope, and location

Potential Recharge
areas (based on
soil type and slope)

Estimated
Recharge
Rates




Recharge to the Yorktown depends more on

where pumping from the aquifer Is occurring

Estimated in Estimated in

1900 2003

(pre-pumping) (Effects of
pumping)
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Recharge rate to the Yorktown has
Increased over time due to pumping

- .. U

« Current Yorktown-Eastover Aquifer use
exceeds recharge by approximately 1
MGD 12

 Recharge will
Increase as use
Increases — but

will NOT keep
pace with
umping
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Estimated Water Ages Reflect Recharge




Water Table / Yorktown Dilemma

Little Use High Use

High Inflow

Little Storage ~ Large Storage

DEEP AQUIFER



Ultimately the Balance of Recharge to Use
Dictates Stability of the Fresh Water Lens

.. O

Fresh ground water is restricted to depths less than 350 feet

et Water Table EAST
Surf
E Confining Unit urface

. Freshwater Aquifer EASTERN SHORE

. Saltwater Aquifer S ] AT ATLANTIC
P OIRIMOSA MERISNS. 0 OCEAN |

Estimated Recharge to Water Table Aquifer = 625 MGD approx

.| Estimated Recharge to Yorktown-Eastover Aquifer = 9 MGD approx
(based on USGS Eastern Shore Model)
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Groundwater Use on the Eastern Shore

DEQ Permitted Wells
4 Public Water Supply

® Industrial

#  Irrigation




Ground Water Use and Ground Water

_evel Measurements

 Ground Water Use for permitted
wells (wells pumping greater than
300,000 gallons-per-month) are
submitted to VDEQ

 Ground Water Levels are routinely
* measured In Observation Wells by

the USGS

———




Non-Agricultural Ground Water Use
Trends

3.5
—&®— Accomac County

< Northampton County
3.0

2.5
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Annual Ground Water Use (MGD average)
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All Permitted Ground Water Use

= Northampton Agricultural
# Accomack Agricultural
= Northampton Public/Commercial/Industrial

m Accomack Public/Commercial/Industrial

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007




Types of Groundwater Use

O Irrigation
8 Commercial/Industrial

O Municipal
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Why Measure Ground Water Levels?

e Ground water use:

— Lowers ground water levels, reducing
available water to other ground water
users

— Reduces the size of the freshwater lens

* Impact of ground water use can be
"~ evaluated:

— Indirectly using models
T ——

red directly from pumping wells angc
‘wells MALCOLM
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Ground Water Use and Ground Water

L_evel Trends
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LLong Term Drawdown and Episodic

Withdrawals

GROUNDWATER LEVEL TRENDS
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Water Level Change and Monthly Use

Depth Below Ground Surface (ft)

10

20

30 -

40

50

60

70

80

[ W

[ ) W

\

===67M 13 SOW 115D - Screen Depth = 239-249 ft

‘—Ch‘incote‘ague ‘\Nater‘ Use |

1998

1999

2000

2001

2002

2003

2004

2005 2006 2007

2008

1,000,000

900,000

800,000

700,000

600,000

500,000

400,000

Monthly Water Use (GPD average)

300,000

- 200,000




Ground Water Levels Near Perdue

Foods
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Water Level Change and Annual Use

Near Perdue Farms
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Effect of Irrigation Use

Observation Wells SOW 113 West of Wardtown
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Long Term Decline from Irrigation Use

Observation Wells SOW 113 West of Wardtown
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Amount of water level decline In the
L_ower Yorktown Aquifer

Legend

Model Predicted Drawdown (2003) - Lower Yorktown

- | DEQ Permitted Wells P | DEQ Permitted Wells
Agricultural vE Sy S ' y 1 @®  Agricultural
Industrial/Commercial Industria/Commercial
Industria/Commercial
Municipal

IndustrialiCommercial lf * 7~ =7 L b ) T e 4
. 8 s & 7 ﬁ

Municipal
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_ocal and Regional Water Supply

Planning

* Regulations: 9 VAC 25-780

* Purpose:

— Ensure that adequate and safe drinking water
IS available to all citizens of the
commonwealth

— Encourage, promote, and protect all other
o beneficial uses

— Encourage, promote, and develop incentives
or alternative water sources, included but not

esalinization
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Components of a Water Supply Plan

Existing Water Sources (Description of water systems)
Existing Water Use (Description of current and historical use)

Existing Water Resource Conditions (Groundwater
Resource, Natural Resoruces)

Projected Water Demand (Future water use)

Water Demand Management (Water Conservation and
Management)

Drought Response and Contingency Plan

Statement of Need and Alternatives (Use / Resource
Constraints; alternate sources / technologies)
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Existing Water Sources

 Requirement:

— Basic information on community water system (number of
wells, well construction, permitted withdrawal amounts)

— Information on self supplied users of more than 300,000
gallons per month. Information varies depending on use.

— Information on any Source Water Assessment Plans /
wellhead protection program.
 Data sources:
\ — VDEQ Groundwater Withdrawal Permit Applications
— VDEQ Groundwater Withdrawal Permit Program database
— VDH Engineering Datasheets
S—
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Existing Water Use

 Requirement:

— Basic information on community water systems
(population & connections, actual use, type of use)

— Groundwater and surface water use for self
supplied users of more than 300,000 gallons per
month.

« Data sources:
— VDEQ Groundwater Withdrawal Permit Applications
\\.. — VDEQ Groundwater Permit Program database

— VDEQ Groundwater Withdrawal Permit Program database
— VDH Engineering water use records
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Existing Resource Conditions

 Requirement:

— Comprehensive description of the resources on
the Shore, including wetlands, endangered or
threatened species, archaeological sites

 Data sources:
— County Comprehensive Plans
— USGS Groundwater Reports

— Eastern Shore Groundwater Supply Protection and Management

\ Plan

-
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Projected Water Demands

 Requirement:

— Estimate water demand for a minimum 30 and
maximum 50 year period

 Data sources:
— VDEQ Groundwater Withdrawal Permit Applications
— VDEQ Groundwater Permit Program database
— VDEQ Groundwater Withdrawal Permit Program database
— VDH Engineering water use records
\ — County Comprehensive Plan
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Water Demand Management

 Requirement:

— Describe water conservation and management
measures. Most required by DEQ groundwater
withdrawal permits:

« BOCA low flow devices

« Xeriscape landscaping

« Efficient irrigation

« Leak detection and repair

\, — Data Sources:

e County Ordinances
« Groundwater Withdrawal Permits
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Drought Response and Contingency Plan

Requirements:

— Applies to all surface water and groundwater withdrawals
with a combined withdrawal averaging greater than 300,000
gallons per month.

— Differs from the Groundwater Withdrawal Permit —which
applies to all groundwater withdrawals that equal to or
exceeds 300,000 gallons per month (as opposed to
average).

e Data Sources:

— County/Town Ordinances
— Virginia Drought Assessment and Response Plan
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Statement of Need and Alternatives

* Requirements:
— Describe Potential Water Savings
— Alternate Sources of Water
— Potential Impacts to Resources

 Data Sources:
— County Comprehensive Plans
— USGS Groundwater Reports

\ — Eastern Shore Groundwater Supply Protection
~_and Management Plan
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Types of Well Performance Tests —

Specific Capacity

Digz\Wele)ig), &5 =
EUMpIngieveiN405)i=

Staticiievel(2o%)

= SHEEL
Static Level: RUMPINOIRAENOI=S0M P!
25 ft ’
CILYRSE=1Q/S1=
= Pumping
Level:
40 ft
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Well Efficiency
Key Indicator of Well Performance

_— -

Static \Water l'evel

Aquifer Loss, BQ

Drawdown, s Drawdown
Well Loss, CQ? (pumping level) (aquifer)

Well Efficiency, E,,
Aquifer = Aquifer Loss / Drawdown

=BQ/s =BQ/(BQ + CQ?)




