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Will You'rWeII Go Dry?

A new;study. raises concerns about |
E . groundwateéravailability in Western Loudoun

Study Conclusions

® Groundwater levels have
declined.

® For several reasons,
we're using it faster than
it's being replenished.

® The trend is likely to
continue without
intervention.

® Voluntary and regulatory
steps can change this
trend.

2 Catoctin Watershed Photo credit: Mackenzie, PEC

Many areas have declining groundwater

levels
Declining
Groundwater
e Data from more than Levels

12,000 wells were
reviewed.

* Water table has fallen
10-40 feet in red areas.

* We’'re taking it out
faster than it’s going
back in.

¢ This is a long-term
trend.

© +|_Significant Water
Level Dedline
* Dry Hole Wells (760)
®. " i - Wells Replaced (235)
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There are a Lot More “Straws" in our Groundwater
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* 6,000 active wells in
1980.

¢ 19,000 active wells today.

» Half of all wells are within
200 feet of another well.

* 90% of all wells are ) f’f@é&\.“u_
within 550 feet of another
well.

¢ At this density, well
conflicts are inevitable.

Wells Pump from the Same Source

- Wells cause “Cone
of Depression”.

. Water table arches
downward as water
flows toward well.

- Wells interfere with
each other in

competition for
same water source.

Groundwater is the Source of Water
for Our Creeks

* Without groundwater we
would not have any flowing

streams.

® Only 25% of rainwater
infiltrates down to the water
table.

® Most rainfall is lost to
evapotranspiration.

® Stream flows rise within

minutes and hours of rainfall
from surface runoff, but is
sustained over longer periods
of time because of
groundwater.




Not Enough Water is Going Back Into the
Ground

40% evapotianspration 38% evapotanspration

2% saliow 21% snolow
infilrrion ¥ niiatior: \
25% deep 21% deep
o infilrcrion <o nfiation

Natural Ground Cover 10%-20% Impervious Surface

Source: Center for Watershed Protection - Stream Corridor Restoration-Principles and Practices, 1998

¢ Increased development:
* More impervious surfaces: roofs, roads, and turf
increase runoff
¢ More community water systems
+ Recurring drought and changing rainfall patterns.
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More Wells Are Going Dry

* Some well are drilled
dry — “dry hole”

wel
Casing

Water Table
below Top of
¥ Badrock

e Some wells are
impacted by other 1 1
wells and are run dry vl e

= “dry well”. ] |
1 fRevcaniall \: /
Wwell il

o ...
well Fracture

e Pumping can reverse Oen | | zore

e Pumping can cause
fractures to be
dewatered.

Borehole
flow to streams.

Next Steps

® Increase monitoring, data collection and analysis.

® Strengthen regulations to prevent new wells from taking
water from existing wells.

® Adopt standards to improve “recharge” and reduce
runoff.

® Strengthen water efficiency standards and practices.

® Better understand and manage groundwater usage.

® Develop groundwater management and drought plans.




Discussion
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Groundwater Wells by District

Water Supply

Groundwater (Rural)

[ Groundwater (Townand
Community Systems

[0 surface Water
Districts.
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o Well
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F% Uimestone Overlay District
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WHY?
Our “Bucket” is Distributed Among Cracks in the Bedrock

Exapatranipiration

e Water tables are below the recharge zone.
e Water is located in fractures in the rock — no big aquifers.
¢ “Hydrostatic pressure” reduces well yields below 1,000 feet.
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Residential Well Operations

e Wells pump at 10 to 30 GPM.

e Pumps operate for about 1 minutes
per cycle.

¢ Daily volume pumped 600 gallons.

® During pumping levels drop 50 to
300 feet.

e Water level recovers in minutes to
hours.
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Our “Bucket” does have a bottom

Bedrock aquifer
Various fractures, with differing
water levels in unconsclidated fractures

® 235 wells replaced since
2000

e 3,200 wells abandoned.

® Drillers keep going deeper to
find more water.

* Average depth was 400 feet
in 2000.

* Average depth was 480 feet
in 2023.

e Water can’t be extracted
below about 1,200 feet.

Source: U.S. National Park Service.
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Western Loudoun — Groundwater is the source
for drinking water, actually all water use
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Western Loudoun Water Supply —  |=====
Groundwater

Eastern Loudoun Water Supply -
Potomac River

Number of residents using
groundwater as water supply is
approximately 75,000 persons.

In eastern Loudoun, surface water i : T
is used by nearly 5 times the N e——
l -—

number of persons as those
served by groundwater in western
Loudoun County.
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modeling.

Nearby multiwell
impact coalesce.

Provide holistic
perspective of relative
water impact.

Well Footprint

Footprint is based on 3 3
the recharge area. f

Precursor to detailed ¥ ply
groundwater flow paee

| Footprint of Wells as Reported to DEQ

farsoho ST : 9.
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County Monitoring Wells
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¢ Impacted since
2018 by
nearby
irrigation well

Declined 6 feet
in 16 years

¢ Data collection
every 4 hours
shows
pumping
effects

Water Elevation (feet)
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Water Level Monitoring Wells
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County Monitoring Wells

Deviation in Annual Avverager Water Level (ft)
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‘ Trend: 0.6-foot water level decline in 13 years
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County Water Level Wells

Impacted by nearby wells, land use change and earthquake

.
«|el2|8|8|8|8|8|8[8|8 8|5
HHEEEEE FEIE

SITE_NAME IS _NAMS P S a8 clE |Comments

HARMONY HARM-0 Earthquake shift

WATERFORD -01 4 13 10[10]

RUGGIERI IRGER-0 1 2 1 1

BRCES - 1 1

BOLEN 12 [BOLN-1: 1

MGORDON_1 1 202 2

WOODGROVE_DEEP.
WOODGROVE_SHALLOW [WDGR-02
TELGRAPH SPRINGS

TEMPLE HALL

[influenced by Potomac River 1,000 ft away
Limestone

LEESBURG_WWTP

influenced by nearby pumping

LUNSFORD_MS.

influenced by nearby pumping

Land Use shit

SCOTT_JENKINS JENK-01 1 11
USGS Short Hill USGS.01

USGS Leesburg USGS.02 1

USGS Prince Wilkam USGS-03 1 1 2
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County Water Level Wells

Most wells do not show significant trend, but
two are impacted by nearby pumping

Well Recent Trend

ALKP Slightly Increasing

BOLN Slightly Increasing

BRCS Slightly Increasing

BRPK Increasing

EVGN Slightly Increasing

HARM | Slightly Decreasing

HREN None

JENK None (vet)

LUNS Slightly Increasing (but may ly be no trend)
Slightly Increasing possibly due to modified stormwater

MGRD | Slightly decreasin

[mHpK [si decreasing

LIGKP | Shiehiiv increasing

[vreo |

01 Slightly increasing

WFRD None
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USGS Well Fauquier

‘Weekly Statistics Plot
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Streamflow

Streamflow in Loudoun County

PRI  2n0ay Stesmflow  1-Monith Precipitation Outiaoks

MARYLAND

The 5. Geological st

alvondi e Legend -
1 USGS streamgages. The colors tepresent eal.time strcamfiow compared to
ntiles of historichl cafty streamdow for (he day. Click an a stred
View mare data for that lacation
Source(s}:U5. & [ |
Low Much Below Below Nermal
‘Above Much Abiove Wgh  NotRamked
Loudoun County Conditions | Drought gov 2 12/7/2025
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USGS Monitoring Wells

USGS Groundwater Water Level Monitoring Wells

dashboard waterdats usgs.gov

Periodiciistorical

RecenyRealtime

USGS Short Hill Mountain Well USGS Loesurg East

Up to 3 feet per,decade decline
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Large Water Producers

Town Population
Purcellville 8,965
Hillsboro 110
. Towns Round Hill 687
Hamilton 599
Middleburg 679

Lovettsville 2,706

. Community Il Towris 13746
Systems Active water wells 18,000
3.0

Per household

. . Resident on wells 54,060
* I rrlgatlon Loudoun Water Community
Systems 3,500
O I nd UStnaI Total Western
Loudoun on ~75,000
Groundwater
25
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Streamflow Goose Creek Leesburg

USGS 01644000 GOOSE CREEK NEAR LEESBURG, VA
(Drainage area: 332 square miles, length of record: 96 - 98 years)

4000

28-day average discharge, in cubi feet per second

2020 2021 2022 2023 2024
EUSGS WaterWatch UGS Wt st st P——
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Streamflow

EUSGS National Water Dashboard
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e 12/7/2025
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Our Water is in the Rocks

» Water table below the
bedrock

 Water is located in
fractures in the granite
bedrock — no big
aquifers

« “Hydrostatic pressure”
reduces well yields
below 1,200 feet
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Wells Intercept Groundwater which Flows to
the Creeks

» Wells intercept groundwater
which normally flows to our }
creeks and wetlands. RS

Frmored sy Ve

* Wells intercept the flow i ]
causing “stream depletion”.

¢ Too much pumping can
reverse this flow pattern
causing creeks to lose water.

iy ' Trmmerd osafme bt

Nt fo Scale

32 Loudoun County Geology Primer
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Groundwater is the Hidden Part of the
Water Cycle

« Unseen m
< AN

« Derived from infiltration

Infiltration —— Evapotranspir
« Re-emerges as creeks, - <~ E3 .

wetlands or springs 1

ation
Private
« In perpetual motion \ f

f
—

[ st /
Well

Treatment
29 Plant

» Occasionally artesian
(free flowing wells)
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Our Water Table is Falling

e Data from more than
12,000 wells where driller
has reported the depth to
water

e Over past several decades
the water table has fallen
10-40 feet in local areas

* We’'re taking it out faster
by pumping than it's
naturally going back in from
rainfall and septic return
flow
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Overlapping Drawdown Cones

» Overpumping forms a deeper cone of depression and
can cause “stream depletion”.

» Overlapping drawdown cones can further lower the
water table to the point where neighboring homeowner
wells and streams go dry.

Best Practices for Owners of Domestic Wells in Alluvial Aquifers, The Groundwater Project, 2026, gw-project.org
33
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Groundwater is in Shallow Fracture Zones More and more wells each year
® Most fractures zones are
often 200 to 600 feet below ot P— e Water tables below the
ground. = Scondary(r7,700) bedrock. New Wells Annually

= Tetiaey (pet,835)

® Water is often produced
from several fracture zones.

2006

e Water is located in
fractures in the rock —

® Most ground water is bi i
no big aquifers. 1989

stored in soils and shallow
bedrock.

® Fractured bedrock offers

» “Hydrostatic pressure”
little water storage capacity. Ids

reduces well yie
below 1,200 feet.

® Groundwater age is
typically less than 10 years.

e Number of new wells | 2024
* Water table has been typically reflects housing
dropping over time, limiting starts.
the overall water storage.
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Approaching the Bottom of the Barrel Approaching the Bottom of the Barrel
« Over time we are going * Over time we are

deeper and deeper to Well Depth n fect \ going deeper and
find more water s AN B Svtzﬁgrer to find more

» Recent average well

e Current average new
depth was 500 feet

well depth is 500 feet

MNumber of Wells Drilled
Well Depth (fest)

e Water can’t be
extracted below about
1,200 feet as fractures
are squeezed shut

« Water can’t be
extracted below about
1,200 feet as fractures
are squeezed shut

1970
2025

® 3,200 wells
« 3,200 wells abandoned abandoned
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More “Straws in the Bucket” Not Enough Water Going Back Down into the Ground

® Based on streamflow data, recharge

“Dry” Wellsin Western Loudoun has decreased 5 to 10% over past

® 1,000 active wells in 1990. several decades.
. — 15000
* 18,000 active wells today. 1600 e Seasonal variation: In the spring is the
o 14,000 largest recharge rate and fall is the
¢ Half of all wells are within il £ smallest.
200 feet of another well. ] 10000 2
v
o T é ® During recent moderate droughts
® 90% of all wells are within f s%0 5 (2023 and 2024) there was almost no
550 feet of another well. s E recharge in the fall months.
2
£ 2000 2
o At this density, well = ® Recharge reductions caused by:
conflicts are inevitable. 0 2000
£ § 2 g 3 g ® Increasing runoff due to development Groundwater Photo Gallery | U.S. Geological Survey
i hd = i = il ® More impervious surfaces: roofs, roads.
® b b
® Every year abouE 10“Ay of T
wells drilled are “dry” and ® More community water systems replacing
not useable. recharge from private septic systems
38 39
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Drought
® Emergency Status E
® During recent moderate

droughts (2023 and 2024)
there was almost no

Indicator Status

Mormal
Watch
Warning
Emergency
Mo data

recipitation from 2025:11-30  Updated: 2025-12-01

recharge in the fall months

Total Percent Land Area

Loudoun County (12/7/2025)
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>

Very Young Water

» Groundwater age
is between 2 and
20 years.

U.S. Geological Survey - Water Resource Investigation 03-4278

VR=17
®

« Short travel
distance from the
point of infiltrating
recharge to
discharging at the
stream.

Jooe coum

W0 W O]
APPARENT AGE OF YOUNG WATER FRACTION, N YEARS
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Not Your Typical
Aquifer

» Fractured granite
bedrock in western
Loudoun.

PIEDMONT
METERS PHYSIOGRAPHIC
PROVINCE
| Loudoun

FALL LINE

» No deep aquifer.

» Minimal stored
groundwater.
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® Meteorological drought is a prolonged
period of below-average precipitation

® Groundwater drought refers to a
significant decline in groundwater levels
due to sustained dry conditions.

® Meteorological drought and groundwater
drought are nearly coincident in Loudoun
where groundwater age is generally less
then a decade.

® This results in groundwater in Loudoun
being less resilient than in other geologies
in eastern US.

® Climate warming shortens the
propagation time from meteorological
drought to groundwater drought.

® Evapotranspiration and groundwater
deficits dominate drought propagation
time.

Not as resilient to drought as compared to other
geologies with more substantial aquifer storage

Propagation of Drought

20O C

Rainfall

Rainfal 15 days One month 36 months

METEOROLOGICAL  AGRICULTURAL  HYDROLOGICAL  GROUNDWATER
DROUGHT DROUGHT

Meteorological drought occur
area receives less rainfall th

Climate warming shortens the propagation time
from meteorological drought to groundwater
drought over 1960-2100 - ScienceDirect
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