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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 2.54 centimeter
incl/year (in/yr) 2.54 centimeter/year
foot (f1) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot squared gﬂz) 0.0929 meter squared
foot squared per day (fi-/d) 0.0929 meter squared per day
mile (mi) 1.609 kilometer
acre 0.4048 hectare
square mile (mi”) 2.590 squarc kilometer
gallon per minute (gal/min) 3.785 liter per minute

Sea Level: In this report, “sca level” refers (0 the National Geodetic Verticat Datum of 1929--a geodeti: datum
derived from a general adjustiment of the first-order level nets of the United States and Canada, formerly called Sea

Level datum of 1929,

The standard unit for hydraulic conductivity is cubic foot per day per square foot [(/d)/%]. This mathematical

expression reduces to foot per day (fi/d).



CONTENTS

AADSITACE. ... e eeeeteeieeireeeee e ees s e tee st ereestbesaessaessaessesssessorsesseesnessesssrsesssseseeasasbesssesssensesnssesserasensessssersnenssennees 1

INEEOAUCTION. .....ccecteeeiee ettt e te e e e te e e e e e e s et sesetsete et es s aesseesssasssasssesrsseansaesssasessssssannnnsansesses 2

PUIPOSE ANA SCOPE ettt ettt ce et b eeeae e eesaesar s s baessae s asbersaaesssaeansesennsassannsasasanes 2

DESCHPHON OF STUAY QTCA....coeiiireieiictieeiece ettt et e e e sae e aeereeresbaesbsesrseesnasassrneseseeseesrnats 2

APDPTIOACK L.ttt e e s e e e e e e rreseeba e e e e te e ernaas e e nte e vae e e areee e aassenatbaeeaaannreeen 2

History Of diSPOSal CHIVITIES ..cceeiuiiiiiieieeieiesteeieseee s ceeresre e e seestee s ersessassessesrasssresasseseessessasasasassens 4

Previous INVESHZATIONS .......ccoctiiriiemireiieiieeiescteeeteeiaeetascbteseeeeesseesseessssessesseeeasassssanssneenssennsaesnneenns 6

GroUNA-WaLeT flOW ..ottt ee et e eea e seestesaeesbe b eestassbessassassesaresansensasanssnsesnsesaseres 7

Hydrogeology OF J-FI1E1A......ccoviiieeeee ettt st e e sre e ebe e ba s e sraesaes 7

Recharge and diSCharge TCIAtIONS .......c..cuviveeeeeire et eecr e e teaeeatessessaasseestesrneessansnansenses 10

Description of ground-water-flow mMoOdel ..........c.ooveiieeriiiieiee e sraesraeee e e s e e snees 10

BoUNAary CONAILIONS. ....c.c.oeiiiiieieeieeeeere et iee e e e eevesae e e s se e sresans s s sesssese et ees s asesaeses 13

HYAraUlic ParaIMBIEIS. . cc.uvi i i e e eescessaeeeeteseeasessaeessesesnsaaeasasssaeessrasssrssassannes 13

Recharge CalCUIAtIONS ......ccceviiiiiii ettt stn e e b e e e s srra e 15

Simulation Of WetlandS ...........c..vieiiiieieciiii ettt srresresbeseeeseenbe s e ses 17

CaAlIDTREION ..t ettt et e et te st e et e e sbeeena et e eessaeess e sassesssnsra nene 17

SENSHTIVIEY @NAIYSIS ..uieiieeiiie et etaeerar e earaess e et eeat s e sraae s s aeeseasnnaaesnssnnes 22

Simulated Zround-wWater flOW ........oouiiriiiee e et e a e e 22

Ground-water flow at the white-phosphorus disposal area...........ccoceeveieceiiiniiiccanencns 25

Ground-water flow at the riot-control-agent disposal area........ccoccececoveevienvcncnnscen e 25

Ground-water flow at the toxic-materials disposal area...........coceeieccceenininncecrnccinennes 27

Limitations of the ground-water-flow model ............cocvieeeiieciinicce e 27

Possible effects of remedial ACHOMNS......cuiicveeiiiiieeiececeeteeeeceeee et e ete e sr e teese e s as e e s s e aessaseseeesesasssasans 28

Installation of an IMPErmMEable COVET ..............ooiriiiiiie et e eeenene 28

Installation of barriers to horizontal flOW .........ccoooveueiiiiiceiitiee et see e s sn e e 29

Installation Of eXtraction WEllS ..........coooiiiiiiii ittt sa e e e e 31

Installation of extraction wells and barriers to horizontal flow........cccoiiiiveiiiniciicinicrieee 35

Summary and CONCIUSIONS .......cciiuiciriiiiiiie ettt ettt er et s e st secaas e een e s e besrasaaesneane s st oa e anes 37

REETENCES CHE™....oo ettt ee et sne s e e abesaee st e esssaaseesssessssessanssaassaesseesanesseeseasessssases 39
FIGURES

1-2. Maps showing;:
1. Location of J-Field StUAY aICa............coeeverieeireeiieeeeievieeecree e esce e e e stesstesassseenssesenesnnesesnnne 3
2. Location of solid-waste-management UNIS .......c..coceeeereeiiresinenrercarracsesseseensessnenssserenensenns 5

3-5. Schematic diagrams showing;:
3. Geologic units and generalized ground-water-flow directions in the

upper Chesapeake Bay area ..........ooveeeeciiece e e 8
4. Hydrogeologic units and generalized ground-water-flow directions at J-Field.................. 9
5. Model layers and BOUNAAIIES ........c.coeiviiiierieietiece ettt eee e eeeie e s esnas s eseereees e anasens 11

Ground-water flow at J-Fleld, Aberdeen Proving Ground, Marylard



FIGURES--Continued

6.-10. Maps showing:

6. Finite-difference grid and lateral model boundarics.........cceeevvveecencceeennecceiecieccee e 12
7. Distribution of leakance in the confining Unit ............ccoeeiiiie e eiieeieecer e 14
8. Distribution of transmissivity in the confined aquifer..............cc..cccoeviieeiiiincciveecieenas 16
0. SIMUIAted WEHANAS .........eeeieee ettt st sr et aaesraeanae 18
10. Water-level contours, heads measured on May 20, 1992, and heads
calculated by the steady-state model for the surficial aquifer at J-Field..................... 19

11.-14. Plots showing;:
11. Error between measured and simulated water levels with respect to the
horizontal hydraulic conductivity of the surficial aquifer and the vertical

hydraulic conductivity of the confining unit............cccoooeiiiiiiinneniiircrne e 21
12. Median percentage of change in head in the surficial and confined aquifers with

respect to percent change in reCharge ..o e eae e 23
13. Median percentage of change in head in the surficial and confined aquifers with

respect to percent change in wetland-bottom conductance...........ocooecvevcciiinneenenn 23
14. Median percentage of change in head in the surficial and confined aquifers with

respect to percent change in tranSMISSIVIEY .......cccviiieeiieeiieeirenieeeeeriee e eveesaeecseee e 24

Figure 15. Map showing simulated ground-water Ievels, ground-water pathlines,
and approximate areas of known ground-water contamination at the

white-phosphorus, riot-control-agent, and toxic-materials disposal areas................. 26

16.-19. Maps showing simulated ground-water levels and ground-water pathlines for the:
16. Toxic-materials disposal area with a barrier to horizontal flow cast of the
QISPOSAL PALS. ..eeniieiiiieitie ettt cre et e ete e et beeteeeabe e e e teeets st eaesaae sesnseassnassneess nnns 30
17. Toxic-materials disposal arca with a single well pumping 5 gallons per minute
and the riot-control-agent disposal area with a single well pumping

2.5 ZAllONS PET MUNULEC. .....veoiieiieeeeieiiiteceeeeeretiesreesae e e esaesseeesae e neesraesasaasssesnnssnsseennes 33
18. Toxic-materials disposal area with two wells pumping

S gallons per MINULE CACK...........coiiiiiee e s 34
19. Toxic-materials disposal area with a single well pumping

5 gallons per minute and a barrier to horizontal flow ...........oocecceeininiiieeccienir e, 36

TABLE

1. Locations and hydrologic effects of barriers to horizontal flow at the
toxic-materials and the riot-control-agent disposal areas...........cccevveeeeveeeveevnenreeniens 31

v Ground-water flow at J-Field, Aberdeen Proving Ground, Maryland



GROUND-WATER FLOW AND THE POSSIBLE
EFFECTS OF REMEDIAL ACTIONS AT J-FIELD,
ABERDEEN PROVING GROUND, MARYLAND

By W. BRIAN HUGHES

ABSTRACT

J-Field is located in the Edgewood Area of Aberdeen Proving Ground, Md., and ha- been
used since World War II to dispose of munitions, explosives, chemical-warfare agents, and
industrial chemicals. Ground-water, surface-water, and soil contamination has resulted from
these past activities. The U. S. Geological Survey finite-difference model was used at J-Field to
better understand ground-water flow at the site and to simulate the effects of remedial actions.
Two layers were used in the model to simulate a surficial aquifer and a confined aquifer. A
confining unit separates these two units and is represented in the model by the leakance between
the two layers. The area modeled is 3.65 square miles; the model was constructed with ¢ variably
spaced 40 X 38 grid. The horizontal boundaries and the bottom boundary of the model are all no-
flow boundaries. All the simulations were conducted under steady-state conditions. Tidal
wetlands and estuaries were simulated as fixed heads and nontidal wetlands were simula‘ed using
either the river subroutine or the drain subroutine.

Ground water at all three of the solid-waste-management units under investigation flows
from disposal pit arcas toward discharge areas in the estuaries or in wetlands. Remedial actions
were not simulated at the white-phosphorus disposal area, because rapid flow through the system
has allowed much of the contamination at that site to discharge offshore. Simulations st ow that
capping the riot-control-agent and toxic-materials disposal areas with an impermeable cover is
eftective at slowing advective ground-water flow by about 0.7 and 0.5 times, respectively.
Barriers to horizontal ground-water flow were simulated and effectively prevented the movement
of contaminated ground water toward discharge areas, such as wetlands. A horizontal h:-draulic
1<;onductivity less than 0.005 feet per day was required for the simulated 10-foot-wide berriers to

¢ effective.

Extraction wells were simulated as a way to contain ground-water contamination ard as a
way to extract contaminated ground water for treatment. Simulations indicated that twe wells
pumping 5 gal/min (gallons per minute) each at the toxic-materials disposal area and a single well
pumping 2.5 gal/min at the riot-control-agent disposal area would be effective for containing
contaminated ground-water at thesc sites. A combination of barriers to horizontal flow both north
and south of the toxic-materials disposal arca and a single extraction well pumping at 5 gal/min
can be used at the toxic-materials disposal area to extract contaminated ground water and to
prevent pumpage of wetland water. In the pumpage scenarios at the toxic-materials dispnsal area,
ground-water discharge to the wetland is captured by the wells and could result in a redi<tion in
the wetland area.

Ground-water flow at J-field, Aberdeen Proving Ground, Maryland 1



INTRODUCTION

J-Field is located at the southernmost tip of
the Gunpowder Neck Peninsula on the western
shore of the Chesapeake Bay in the Edgewood
Area of Aberdeen Proving Ground, Md. (fig. 1).
J-Field has been used by the U.S. Army to test

chemical-warfare-agent filled munitions and to dis- -

pose of toxic chemicals, chemical-warfare agents,
and explosives by open-pit burning. Testing began
shortly after World War I and large-scale disposal
operations began shortly after World War I and
continued into the 1970’s. Since the early 1980°s,
only emergency disposal operations are conducted
at J-Field.

In 1986, J-Field was placed under the regula-
tions described by the Resource Conservation and
Recovery Act (RCRA) that govern operations at
hazardous-waste-disposal sites. In 1987, the U.S.
Army contracted the U.S. Geological Survey
(USGS) to conduct a Hydrogeologic Assessment
(HGA) of J-Field. The USGS began a study to
determine the hydrogeologic framework and the
extent of ground-water contamination at J-Field.
In 1990, ali of the Edgewood Area of Aberdeen
Proving Ground, including J-Field, was added to
the National Priority List (NPL) by the U.S. Envi-
ronmental Protection Agency (USEPA) and hence
came under the regulations described by the Com-
prehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (CERCLA), also
known as Superfund. In order to complete all of
the CERCLA requirements for a Remedial Investi-
gation (RI) and Feasibility Study (FS), Argonne
National Laboratory was contracted by the U.S.
Army in 1991 to assist the USGS with the RI/FS.
The USGS is responsible for a subset of the work
required for the RI, primarily work that was origi-
nally planned for the HGA.

Several techniques were used to determine the
hydrogeologic framework for the HGA. These
included electromagnetic-resistivity surveys, con-
tinuous seismic profiling, drilling observation
wells, subsurface mapping of hydrogeologic units,
measuring water levels, conducting aquifer tests,
and numerical modeling of ground-water flow.
The USGS has also sampled soil, soil gas, surface
water, and ground water to determine the types and
extent of contamination.

Purpose and Scope

The purpose of this report is tc describe
ground-water flow and the possible effects of
selected remedial actions on ground-water flow
and contaminant movement at J-Field using the
results of a ground-water-flow mod-l.

Five remedial actions were simulated: instal-
lation of an impermeable cover, ins*allation of bar-
riers to horizontal ground-water flov, installation
of extraction wells, and installation of a combina-
tion of barriers to horizontal flow and extraction
wells. This report describes the possible effects of
these remedial actions on ground-water flow and
the likely movement of contaminans in ground
water as a result of these remedial actions.

Description of Study Area

J-Field is located at the southernmost end of
the Gunpowder Neck Peninsula (fig. 1). The
topography is relatively flat. Tidal estuaries sur-
round J-Field on three sides: the Gunpowder River
on the west and the Chesapeake Bay to the south
and east. North-south-trending uplands, 10to 15 ft
above sea level, are present along tt e west-central
side of the study area and slope gen‘ly toward
cither the shores of the surrounding estuaries or
toward wetlands. At some locations along the
shore, wave erosion has produced 2- to 10-ft-high
cliffs. J-Field is comprised of mowed ficlds, sec-
ond-growth forest, forested wetlands, and open
tidal and nontidal wetlands.

Approach

Hydrogeologic data obtained a~ part of the
remedial investigation of J-Field were used to
design a ground-water-flow model of J-Field and
the surrounding arca. Input data for the model
included the distribution, thicknesse<, and hydrau-
lic conductivity of hydrogeologic units that were
mapped as part of the HGA (Hughe:s 1993).
Ground-water levels, tidal informat‘on, and sur-
face-water levels in wetlands were also used as
input
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