Maryland Geologlcal Survey

MONITORING NETWORK TO ASSESS LAND
SUBSIDENCE CAUSED BY GROUNDWATER
WITHDRAWALS

To what degree are GW withdrawals causing
land subsidence in MD's Coastal Plain aquiferse

Funding support from
Anne Arundel County DPW and
Dominion Cove Point LNG

A relatively small network of seven 3d marks and yearly GPS measurements



Maryland’s Coastal Plain aquifers
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coastalplain. The Piney Point addjuiaaquifers are used extensively in Calvert
County with the potential for additional supply from the deeper units.



Groundwater Withdrawals
(million gallons per day)

Anne Arundel 11.1 46.6
Calvert 3.4 2.9 6.3 ~9
Charles 9.0 2.8 11.5 ~22

Prince 2.2 2.1 4.3
George’s

St. Mary’s 5.3 2.7 7.7

Total 74.7
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Maupin, M.A., Kenny, J.F., Hutson, S.S., Lovelace, J.K., Barber, N.L., and Linsey, K.S., 2014,

Estimated use of water in the United States in 2010: U.S. Geological Survey Circular 1405, 56
p. (AA Co projected from AADPW buildout of ~67 Mgal/d).



A longhistory of declining waters in th&quiaaquifer caused by withdrawals. Water

levels have stabilized post ~2002 after some public water system withdrawals were

shifted from theAquiali 2 G KS | LILISNI t F G F LJAO2 | 1j dzA FSNJI &
avoid naturallyoccurring arsenic concentrations in tAeuia

Map:

Staley, AW., Andreasen, D.C., and Curtin, S.E., 2016, Potentiometric surface and
water-level difference maps of selected confined aquifers in Southern Maryland and
Maryland's Eastern Shore, 192815: Maryland Geological Survey Ogdle Report
16-02-02, 30 p. http://www.mgs.md.gov/publications/report_pages/OFR-QIB

02.html

Hydrograph:

CAGd6 atSolomonswvas nearly flowing (water level at land surface) whesil was
drilled in 1942 Bennion V.R., Dougherty, D.F., a@derbeckR.M., 1951, The water
resources of Calvert County: Maryland Geological Survey Bulletin 8, 100 p.)
https://nwis.waterdata.usgs.gov/nwis/gwlevels/?site_no=381952076270901
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Map:

Staley, AW., Andreasen, D.C., and Curtin, S.E., 2016, Potentiometric surface and
water-level difference maps of selected confined aquifers in Southern Maryland and
Maryland's Eastern Shore, 192815: Maryland Geological Survey Ogdle Report
16-02-02, 30 p. http://www.mgs.md.gov/publications/report_pages/OFR-QIB

02.html

Hydrograph: Observatiowell CH Be 64
https://nwis.waterdata.usgs.gov/nwis/gwlevels/?site_no=383553076562002



Land subsidence related to GW withdrawals
Classic Examples

Houston-Galveston
Cadlifornia Central Valley SUBSIDENCE IN FEET

e P
“ ‘ Historical total

HarrissGalveston Subsidence District

+ Exireme examples
(meter scale)

+ Contrasts with the relatively
minor (mm to cm scale)
potential in MD coastal plain

Three classiexamples of land subsidence related to lasgpale groundwater
withdrawals. These examples show the process of groundwatated subsidence
at the extreme (meter scale), contrasting with the relatively minor (millimeter to
centimeter scale) potential in the Maryland coastal plain.



Mechanics of Compaction

Recoverable (elastic) compaction in aquifers
Non-recoverable (inelastic) compaction in confining beds

Land surface Land surface
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Galloway, et. al., 1999

Most compaction occurs in fingrained sediment. Must exceed peensolidation for
inelastic deformation. In the Atlantic Coastal Plain, pheconsolidatiorstress

equivalent is about 6% below sea levellavis, G.H.1987, Land subsidence and sea
level rise on the Atlantic Coastal Plain of the United States:

Environmental Geology and Water Science, vol. 10, no. 2-80§7



High Rates of Relative
Sea-Level Rise
Mid-Atlantic Region
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NOAA Sea-Level Trend Data (Zervas, 2009) hieler and Hammar-Klose, 1999, USGS, OFR 99-593

Map on left from NOAAsea S @St (GNBYR RI Gl aK2gfAy3a aK2i
relative sealevel rise. NOAA operates a network of tide gagdSAACenter for
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National Water Level Observation Network (NWLON).

Kopp, R. E. (2013), Does the rAithntic United States selavel acceleration hot spot

reflect ocean dynamic variability@eophysRes.

Lett., 40, 39813985, doi:10.1002/grl.50781.

SallengerA. H., Jr., K. S. Doran, and Pdwd(2012), Hotspot of accelerated sea
level rise on the Atlantic Coast of North America,

Nat. Clim. Chang&, 884;888, doi:10.1038/nclimate1597.

Map on right from USGS OFRZ8B showing coastareas vulnerable to selavel

rise.

ThielerandHammarKlose, 1999National Assessment of Coastal Vulnerability to
Sealevel Rise: Preliminary Results for the U.S. Atlantic Coast. U.S. Geological Survey
OpenFile Report 9%93, 1 Map Sheet.



Nuisance flooding has increased rapidly
along the U.S. Mid-Atlantic Coast

NUISANCE FLODDING IS 300%-G00% MORE FREQUENT THAN IT WAS 50 YEARS AGO.

NOAA (2018)

Nuisance flooding is occurrimgore frequently

https://www.climate.gov/newsfeatures/understandineclimate/climatechange
globalsealevel



Relative Sea-Level Rise

Solomons Island Tide Gage
NOAA 8577330

8577330 Solomons Island, Maryland 3.75 +/- 0.24 mm/yr

— Linear Mean Sea Level Trend
si- [~ Upper 95% Confidence Interval | =
|— Lower 95% Confidence Interval

Monthly mean sea level with the
average seasonal cycle removed

-0.60
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NOAA (2017)
https://tidesandcurrents.noaa.gov/slirends/slirends.html

Longterm trends attide gages in the midtlantic region show linear trends greater
then the global mean selevel (GMSL) rise rate.

ZervasC., 2009: Sea Level Variations of the United Statesc28546. NOAA
Technical Report NOS @PS 053, 75p,

Kopp, R. E. (2013), Does the rAithntic United States selavel acceleration hot spot
reflect ocean dynamic variability@eophysRes.

Lett, 40, 398%3985, doi:10.1002/grl.50781.

SallengerA. H., Jr., K. S. Doran, and Pdwd(2012), Hotspot of accelerated sea
level rise on the Atlantic Coast of North America,

Nat. Clim. Change&, 884;888, doi:10.1038/nclimate1597.
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Components of Relative Sea-Level Rise
(Solomons Island Tide Gage example)

GW-related

Vertical Land ?6.7 mmlyr

Motion Glacial
Isostatic
Adjustment
1.3

~2 mmlyr
Relative Sea-Level Rise
3.75 £ 0.24 mmlyr

Global Mean (1937-2016)

Sea-Level Rise

1.7+ 0.2 mmlyr
(1900-2009)

Estimatedcomponents of relatve sea S@St NAAS dzaAy3d GKS GARS

example.

Relative Sef S@St wAAS | (gagé @I320I@ §. 15 0.24antir (NRAA
Sealevel trends https://tidesandcurrents.noaa.gov/sltrends/sltrends.html)

Global Mean Sehevel Rise: 1.7-0.2 mmlr (Church, J. A., and N. J. White, 2011;I18eal
rise from the late 19th to the early 21st centuStirv Geophys 32, 585%,602)

Glacial Isostatic Adjustment: 1.36:4 mmAr (Miller, K. G., R. E. Kopp, B. P. Horton, J. V.
Browning, and A. C. Kemp (2013), A geological perspective devaaise and its impacts
along the U.S. midtlantic coast9 I NIi K Q4 C dzii dzNB



Glacial Isostatic Adjustment
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The loading effect of theaurentideice sheet during the last glaciation (~20,000 years
before present) causedownwarping2 ¥ G KS S| NI KQa YIyaftS oSt
bulge southward of the ice sheet extent. As the ice sheet retreated the mantle

beneath rebounded and the forlbulge subsided. This slow process is still underway.

Map on rightshowing ‘ertical velocities with respect to IGb0O0 reference plane

Sella, G. F., S. Stein, T. H. DixorGislymerT. S. James, 8azzotti, and R. KDokka
OHNNTUVYE hoASNBIGA2Y 2F 3tFOAILf Aazaidl GdAao
GPSGeophysRes. Lett., 34, L02306
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In the early 1970¢he National Geodetic Survey conducted an extensive high
accuracy rdeveling of vertical heights on a large set of benchmarks. The map shown
here is the contoured rates of vertical land motion (VLM) calculated from these re
levels-the first indication of land subsidence across the Chesapeake Bay region.

VLM rates for period ~1940971

Holdah| S.R., and Morrison, N.L., 1974, Regional investigations of vertical crustal
movements in the U.S., using preciséevelingsand mareographdata:
Tectonophysics, v. 23, no. 4, p. 8390.



