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



Generalized schematic cross section showingthe major aquifer systems inaŀǊȅƭŀƴŘΩǎ 
coastalplain.  The Piney Point and Aquiaaquifers are used extensively in Calvert 
County with the potential for additional supply from the deeper units.
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/ŀƭǾŜǊǘΣ /ƘŀǊƭŜǎΣ ŀƴŘ {ǘΦ aŀǊȅΩǎ ŦƛƎǳǊŜǎ ōŀǎŜŘ ƻƴ aD{ wL тс όǇǊƻƧŜŎǘŜŘ ǾŀƭǳŜǎ ŀǊŜ ŦǊƻƳ ƘƛƎƘ 
ǎŎŜƴŀǊƛƻ нōύΦ  !ƴƴŜ !ǊǳƴŘŜƭ ŀƴŘ tǊƛƴŎŜ DŜƻǊƎŜΩǎ ŦƛƎǳǊŜǎ ŦǊƻƳ 

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).  
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A longhistory of declining waters in the Aquiaaquifer caused by withdrawals.  Water 
levels have stabilized post ~2002 after some public water system withdrawals were 
shifted from the Aquiaǘƻ ǘƘŜ ¦ǇǇŜǊ tŀǘŀǇǎŎƻ ŀǉǳƛŦŜǊ ǎȅǎǘŜƳ ƛƴ {ǘΦ aŀǊȅΩǎ /ƻǳƴǘȅ ǘƻ 
avoid naturally-occurring arsenic concentrations in the Aquia.

Map: 

Staley, A.W., 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, 1975-2015: Maryland Geological Survey Open-File Report 
16-02-02, 30 p. http://www.mgs.md.gov/publications/report_pages/OFR_16-02-
02.html

Hydrograph:

CA Gd6 at Solomonswas nearly flowing (water level at land surface) whenwell was 
drilled in 1942 (Bennion, V.R., Dougherty, D.F., and Overbeck, R.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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Some of theŘŜŜǇŜǎǘ ǿŀǘŜǊ ƭŜǾŜƭǎ ƛƴ aŀǊȅƭŀƴŘΩǎ Ŏƻŀǎǘŀƭ Ǉƭŀƛƴ ŀǉǳƛŦŜǊǎΦ 

Map: 

Staley, A.W., 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, 1975-2015: Maryland Geological Survey Open-File Report 
16-02-02, 30 p. http://www.mgs.md.gov/publications/report_pages/OFR_16-02-
02.html

Hydrograph: Observationwell CH Be 64  
https://nwis.waterdata.usgs.gov/nwis/gwlevels/?site_no=383553076562002
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Three classicexamples of land subsidence related to large-scale groundwater 
withdrawals.  These examples show the process of groundwater-related subsidence 
at the extreme (meter scale), contrasting with the relatively minor (millimeter to 
centimeter scale) potential in the Maryland coastal plain.
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Most compaction occurs in fine-grained sediment.  Must exceed pre-consolidation for 
inelastic deformation.  In the Atlantic Coastal Plain, the preconsolidationstress 
equivalent is about 65 ft below sea level (Davis, 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, p. 67-80.)



Map on left from NOAA sea-ƭŜǾŜƭ ǘǊŜƴŘ Řŀǘŀ ǎƘƻǿƛƴƎ άƘƻǘ ǎǇƻǘέ ƻŦ ƘƛƎƘ ǊŀǘŜǎof 
relative sea-level rise. NOAA operates a network of tide gages (NOAA Center for 
hǇŜǊŀǘƛƻƴŀƭ hŎŜŀƴƻƎǊŀǇƘƛŎ tǊƻŘǳŎǘǎ ŀƴŘ {ŜǊǾƛŎŜǎΩ ό/h-OPS)) whichmanages the 
National Water Level Observation Network (NWLON).

Kopp, R. E. (2013), Does the mid-Atlantic United States sea-level acceleration hot spot 
reflect ocean dynamic variability?, Geophys. Res.

Lett., 40, 3981ς3985, doi:10.1002/grl.50781.

Sallenger, A. H., Jr., K. S. Doran, and P. A. Howd(2012), Hotspot of accelerated sea-
level rise on the Atlantic Coast of North America,

Nat. Clim. Change, 2, 884ς888, doi:10.1038/nclimate1597.

Map on right from USGS OFR 99-593 showing coastalareas vulnerable to sea-level 
rise.

Thielerand Hammar-Klose, 1999, National Assessment of Coastal Vulnerability to 
Sea-Level Rise: Preliminary Results for the U.S. Atlantic Coast. U.S. Geological Survey 
Open-File Report 99-593, 1 Map Sheet.
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Nuisance flooding is occurringmore frequently

https://www.climate.gov/news-features/understanding-climate/climate-change-
global-sea-level
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Long-term trends attide gages in the mid-Atlantic region show linear trends greater 
then the global mean sea-level (GMSL) rise rate.  

Zervas, C., 2009: Sea Level Variations of the United States 1854ς2006. NOAA 
Technical Report NOS CO-OPS 053, 75p, 

Kopp, R. E. (2013), Does the mid-Atlantic United States sea-level acceleration hot spot 
reflect ocean dynamic variability?, Geophys. Res.

Lett., 40, 3981ς3985, doi:10.1002/grl.50781.

Sallenger, A. H., Jr., K. S. Doran, and P. A. Howd(2012), Hotspot of accelerated sea-
level rise on the Atlantic Coast of North America,

Nat. Clim. Change, 2, 884ς888, doi:10.1038/nclimate1597.
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Estimatedcomponents of relative sea-ƭŜǾŜƭ ǊƛǎŜ ǳǎƛƴƎ ǘƘŜ ǘƛŘŜ ƎŀƎŜ ŀǘ {ƻƭƻƳƻƴΩǎ LǎƭŀƴŘ ŀǎ ŀƴ 
example.

Relative Sea-[ŜǾŜƭ wƛǎŜ ŀǘ {ƻƭƻƳƻƴΩǎ LǎƭŀƴŘgage (1937-2016): 3.75 +- 0.24 mm/yr (NOAA 
Sea-level trends https://tidesandcurrents.noaa.gov/sltrends/sltrends.html)

Global Mean Sea-Level Rise: 1.7 +- 0.2 mm/yr (Church, J. A., and N. J. White, 2011, Sea-level 
rise from the late 19th to the early 21st century, Surv. Geophys., 32, 585ς602)

Glacial Isostatic Adjustment: 1.3 +- 0.4 mm/yr (Miller, K. G., R. E. Kopp, B. P. Horton, J. V. 
Browning, and A. C. Kemp (2013), A geological perspective on sea-level rise and its impacts 
along the U.S. mid-Atlantic coast, 9ŀǊǘƘΩǎ CǳǘǳǊŜ) 



The loading effect of the Laurentideicesheet during the last glaciation (~20,000 years 
before present) caused downwarpingƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ƳŀƴǘƭŜ ōŜƭƻǿ ŀƴŘ ŀ ǎǳōǎŜǉǳŜƴǘ 
bulge southward of the ice sheet extent.  As the ice sheet retreated the mantle 
beneath rebounded and the fore-bulge subsided.  This slow process is still underway.  

Map on rightshowing vertical velocities with respect to IGb00 reference plane

Sella, G. F., S. Stein, T. H. Dixon, M. Craymer, T. S. James, S. Mazzotti, and R. K. Dokka
όнллтύΣ hōǎŜǊǾŀǘƛƻƴ ƻŦ ƎƭŀŎƛŀƭ ƛǎƻǎǘŀǘƛŎ ŀŘƧǳǎǘƳŜƴǘ ƛƴ άǎǘŀōƭŜέ bƻǊǘƘ !ƳŜǊƛŎŀ ǿƛǘƘ 
GPS, Geophys. Res. Lett., 34, L02306
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In the early 1970sthe National Geodetic Survey conducted an extensive high 
accuracy re-leveling of vertical heights on a large set of benchmarks.  The map shown 
here is the contoured rates of vertical land motion (VLM) calculated from those re-
levels--the first indication of land subsidence across the Chesapeake Bay region.

VLM rates for period ~1940-1971 

Holdahl, S.R., and Morrison, N.L., 1974, Regional investigations of vertical crustal 
movements in the U.S., using precise relevelingsand mareographdata: 
Tectonophysics, v. 23, no. 4, p. 373ς390. 


