paction in the Virginia
aryland Coastal Plain
. JResultingiffrom Groundwater

y, . Pumping”

USGS VirginialWate gnce Center

Kurt J. MGEoy; .Jnd'r\'F"J?JWD ey




9 AT p
“2‘%‘% B }g v ’ l % - 7 W
] Q)\‘ *Qg y.a 2 3>
S 9 (£
. I o & C7 Chesapeake Bay,
San Joaquin Valley, . Virginia/Maryland/other states
- - b ’ 7y
California D A
il Iy =T g - i
0 J’E)' jf% %,/'I\ ‘m £ S A “‘:V \( ’
’ 9 Qﬂq A
?G B ° . u N
‘P & 5 S o b
YN c 2 | ) N
N Houston, Texas
EXPLANATION 7
D Alluvial aquifer system
(O Area of known land subsidence 0 250 500 Kilometers
L1 11 |
REePa e » af= s . a0 arg [ ATE Arc .



WVREOE GRAC: 03 ST/ v / 39°3
/ QLY S35 Rates of
\ 4 g O r-ye | A -
SIND (G T e Elevation

AL

EBAY

o

P

- ~~s~»ff::> g VNS N S Cha nge
25 2n - S = in the
Chesapeake
Fdlk  Bay Area
(1940-1971)
T mm/year

Holdahl and Morrison, 1974

== == w=m Miles

0 25




Groundwater Levels N\
Potomac Aquifer
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Maryland and Virginia share the same aquifer system
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Virginia Coastal Plain
Groundwater Withdrawals by Aquifer
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Land Subsidence caused by
Aquer-System Compaction

Land surface

AT | Land surface l
- Saridand gravel - JESEEEE B

» Concentrated in the fine-
grained deposits (clays/silts)

» Inelastic (permanent)
compaction occurs when the
critical head is exceeded

R ORI S L G e e A » Critical head = previous lowest
- . groundwater level

(aquitards) LRI et <,
. ,g_q. — » Storage capacity is reduced

Depth
to water

a USGS

Galloway and others (1999); USGS Circular 1182 science for a changing world
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Rats f Elevation Chge ‘ USGS
Measurement of

Aquifer System
Compaction

Franklin Extensometer
Oct. 1979 — Dec. 1995
Depth = 255.1 m

Suffolk Extensometer
June 1982 — Dec. 1995
Depth = 484.0 m
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Aquifer-System Compaction at Franklin
and Suffolk, Virginia (1979-1996)
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Pumping Induced Aquifer Compaction
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Estimated Cumulative Land Subsidence
in Southeastern Virginia

FRANKLIN SUFFOLK
Before 1940| < 10 mm | O mm |Before 1940
1940-71 81 62 1940-71
1971-79| ~ 21 ~ 22  |1971-82
1979-1996| 24.2 50.2 |1982-1996
Total| ~136.2 | ~134.2 |Total
1996-2015 ? ? 1996-2015




Simulated Compaction at Franklin, Va.
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Rates of Relative Sea-Level Rise at
NOAA Tidal Stations

Kiptopeke, VA 1951-2006
Gloucester Pt., VA 1950-2006
Sewells Point, VA 1927-2006

Portsmouth, VA 1935-2006

Average




Subsidence Summary

» More than 50 areas in the United States have been affected by
land subsidence due to fluid withdrawal

» Subsidence areas are largest in the Chesapeake Bay area
» Subsidence exacerbates sea level rise in affected coastal basins

» Adversely affecting water conveyances, infrastructure, wetlands

» Differential subsidence reduces conveyance capacity of gravity-driven canals
» Flooding frequency, depth of flood, and duration of flooding increase

» Long-term monitoring of water levels and subsidence is needed
to detect and track groundwater conditions for decision support

~2USGS  Thanks!

science for a changing world



