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ARMY CREEK LANDFILL SITE, NEW CASTLE COUNTY, DELAWARE.

#DR
DATA REVIEWED

THE UNDERLYING TECHNICAL INFORMATION, UNLESS OTHERWISE SPECIFIED, USED FOR ANALYSIS OF THE
COST-EFFECTIVENESS AND FEASIBILITY OF REMEDIAL ALTERNATIVES IS INCLUDED IN THE FOLLOWING DOCUMENTS AND
PROJECT CORRESPONDENCE.  I HAVE BEEN BRIEFED BY MY STAFF OF THEIR CONTENTS, AND THEY FORM THE PRINCIPAL
BASIS FOR MY DECISION OF THE APPROPRIATE EXTENT OF REMEDIAL ACTION.

• FEASIBILITY STUDY FOR THE ARMY CREEK LANDFILL, NEW CASTLE COUNTY, DELAWARE, (ROY F. WESTON, INC.,
JULY 1986)

• ENDANGERMENT ASSESSMENT, ARMY CREEK LANDFILL (RICHARD L. ZAMBITO, U.S. E.P.A. REGION III, JULY
1984)

• HYDROGEOCHEMICAL STUDIES AT A LANDFILL IN DELAWARE (MARY JO BAEDECKER AND MICHAEL A. APGAR, 1984,
STUDIES IN GEOPHYSICS, GROUNDWATER CONTAMINATION, NATIONAL ACADEMY PRESS)

• RECOMMENDATIONS BY THE DELAWARE DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL

• STAFF SUMMARIES AND RECOMMENDATIONS.

#DE
DECLARATIONS

CONSISTENT WITH THE COMPREHENSIVE ENVIRONMENTAL RESPONSE AND COMPENSATION AND LIABILITY ACT OF 1980
(CERCLA) (42 U.S.C. SS9601-9657) AND THE NATIONAL CONTINGENCY PLAN (40 CFR PART 300), I HAVE DETERMINED
THAT THE REMEDIAL ACTION DESCRIBED ABOVE, TOGETHER WITH PROPER OPERATION AND MAINTENANCE CONSTITUTES A
COST-EFFECTIVE REMEDY WHICH MITIGATES AND MINIMIZES DAMAGE TO PUBLIC HEALTH, WELFARE, AND THE
ENVIRONMENT.  THE REMEDIAL ACTION PROVIDES FOR CAPPING THE SITE, CONTINUING OPERATION OF EXISTING
DOWNGRADIENT GROUNDWATER RECOVERY WELLS, AND THE INSTALLATION OF UPGRADIENT GROUNDWATER CONTROLS IN THE
FUTURE AS NECESSARY AND, THEREFORE, MINIMIZES THE THREAT OF FURTHER CONTAMINATION OF THE ENVIRONMENT. 
THE REMEDIAL ACTION DOES NOT AFFECT OR VIOLATE ANY AREAS. A PORTION OF THE REMEDY MAY ENCROACH SLIGHTLY
INTO THE FLOODPLAIN AT THE SOUTH END OF THE SITE.  IF DURING DETAILED DESIGN, SURVEY WORK ESTABLISHES
THIS, SPECIAL MEASURES WILL BE TAKEN TO MINIMIZE THE ENCROACHMENT AND TO PROTECT THE REMEDY.  THE STATE
OF DELAWARE HAS BEEN CONSULTED AND AGREES WITH THE APPROVED REMEDY.  IN ADDITION, THE ACTION WILL REQUIRE
FUTURE OPERATION AND MAINTENANCE ACTIVITIES TO ENSURE THE CONTINUED EFFECTIVENESS OF THE REMEDIES.  THESE
ACTIVITIES WILL BE CONSIDERED PART OF THE APPROVED ACTION AND ELIGIBLE FOR TRUST FUND MONIES FOR A PERIOD
OF SIX MONTHS FOLLOWING COMPLETION FOR CONSTRUCTION.

I HAVE DETERMINED THAT THE ACTION BEING TAKEN IS APPROPRIATE WHEN BALANCED AGAINST THE AVAILABILITY OF
TRUST FUND MONIES FOR USE AT OTHER SITES.

   9/30/86                                       JAMES M. SEIF
     DATE                                        REGIONAL ADMINISTRATOR.



                     SUMMARY OF REMEDIAL ALTERNATIVE SELECTION

#SLD
A. SITE LOCATION AND DESCRIPTION

THE ARMY CREEK LANDFILL FORMERLY KNOWN AS THE LLANGOLLEN LANDFILL, IS LOCATED APPROXIMATELY TWO MILES
SOUTHWEST OF THE CITY OF NEW CASTLE, DELAWARE (FIGURE 1).  THE LANDFILL IS BORDERED TO THE NORTH AND WEST
BY TRACKS OF THE PENN CENTRAL RAILROAD AND ON THE SOUTH AND EAST BY ARMY CREEK.  THE HIGHWAYS ADJACENT TO
THE LANDFILL ARE ROUTES 13 AND 40 TO THE WEST AND ROUTE 9 TO THE EAST.

LLANGOLLEN ESTATES, A RESIDENTIAL DEVELOPMENT IS LOCATED 1/4 MILE SOUTHWEST OF THE SITE.  THE FORMER
AMOCO CHEMICAL PLANT, CLOSED IN 1980 DUE TO FIRE, IS LOCATED 1/4 MILE EAST OF THE SITE.  DELAWARE SAND
AND GRAVEL, ANOTHER LANDFILL WHICH HAS BEEN PLACED ON THE SUPERFUND NATIONAL PRIORITIES LIST, IS ADJACENT
TO ARMY CREEK LANDFILL AND SEPARATED FROM IT ONLY BY ARMY CREEK, A TRIBUTARY OF THE DELAWARE RIVER.

THE ARMY CREEK LANDFILL, A FORMER SAND AND GRAVEL QUARRY IS OWNED BY NEW CASTLE COUNTY.  THE COUNTY
OPERATED THIS 44 ACRE LANDFILL WHICH ACCEPTED MUNICIPAL WASTES FROM 1960 UNTIL ITS CLOSURE IN 1968. 
DURING THAT TIME, AN ESTIMATED 1.9 MILLION CUBIC YARDS OF REFUSE WERE LANDFILLED AT THE SITE, 30 PERCENT
OF WHICH (OR APPROXIMATELY 600,000 CUBIC YARDS) NOW LIES BELOW THE SEASONAL HIGH WATER TABLE.

IN LATE 1971, WATER IN A RESIDENTIAL WELL SOUTHWEST OF THE LANDFILL DEVELOPED QUALITY PROBLEMS, SUCH AS A
DISTINCTLY DISAGREEABLE ODOR AND PERMANENT STAINING OF PORCELAIN FIXTURES.  NEW CASTLE COUNTY AND ITS
CONSULTANT, ROY F. WESTON, INC., OF WEST CHESTER, PENNSYLVANIA, BEGAN A MULTI-YEAR FIELD INVESTIGATION TO
ASSESS THE PROBLEM.  RESULTS FROM THAT INVESTIGATION SHOWED THAT LEACHATE MOST LIKELY ORIGINATING FROM
THE ARMY CREEK AND DELAWARE SAND AND GRAVEL LANDFILLS, WAS CONTAMINATING LOCAL AQUIFERS.

WESTON'S REMEDIAL INVESTIGATION LEAD TO THE INSTALLATION OF A GROUNDWATER RECOVERY SYSTEM DESIGNED TO
MAINTAIN A GROUNDWATER DIVIDE BETWEEN THE LANDFILLS AND THE ARTESIAN WATER COMPANY WELLFIELD LOCATED
DOWNGRADIENT OF THE LANDFILLS.  CONTAMINATED GROUNDWATER PUMPED FROM THE RECOVERY WELL SYSTEM WAS
DISCHARGED TO ARMY CREEK.

IN AUGUST 1984, EPA ENTERED INTO A CONSENT ORDER WITH NEW CASTLE COUNTY TO PERFORM A FEASIBILITY STUDY
(FS) AT THE SITE.

B. SITE GEOLOGY

THE ARMY CREEK LANDFILL IS LOCATED WITHIN THE ATLANTIC COASTAL PLAIN PHYSIOGRAPHIC PROVINCE.  THE COASTAL
PLAIN IS COMPOSED OF A WEDGE-SHAPED BODY CONSISTING OF GRAVELS, SANDS, SILTS AND CLAYS.

THE SITE IS UNDERLAIN BY TWO WATER-BEARING FORMATIONS, THE COLUMBIA AND THE POTOMAC.  THE COLUMBIA, THE
UPPER-MOST AQUIFER BENEATH THE LANDFILL, IS OF PLEISTOCENE AGE AND IS FROM 10 TO 60 FEET THICK AT THE
SITE.  THIS FORMATION, WHICH DIPS TO THE SOUTHEAST, CONSISTS OF MEDIUM TO COARSE GRAINED SANDS, GRAVELS,
SILTS AND CLAYS WHICH WERE DEPOSITED IN SHALLOW LENS-SHAPED CHANNELS (FIGURE 2).  THE SILT AND CLAY UNITS
OF THE COLUMBIA ARE DISCONTINUOUS AND DO NOT FORM CONFINING UNITS.

THE POTOMAC FORMATION OF CRETACEOUS AGE UNDERLIES THE COLUMBIA FORMATION AND IS GENERALLY SEPARATED FROM
IT BY A CONFINING CLAY LAYER AT THE SITE.  THE POTOMAC FORMATION DIPS TO THE SOUTHEAST, IS UP TO 600 FEET
THICK AND CONSISTS OF SILTS AND CLAYS INTERBEDDED WITH SANDS AND SOME GRAVEL.  THE FORMATION IS DIVIDED
INTO UPPER AND LOWER UNITS WHICH ARE SEPARATED BY A THICK CONFINING CLAY UNIT.  THE UPPER POTOMAC
FORMATION SILTS AND CLAYS ARE DISCONTINUOUS AND NON-UNIFORM; IN SOME PLACES, THE SANDS OF THE COLUMBIA
AND POTOMAC ARE IN CONTACT.

C. SITE HYDROGEOLOGY

HYDROLOGICALLY, THE POTOMAC UPPER CLAY FUNCTIONS AS A CONFINING ZONE FOR THE UNDERLYING AQUIFER WHICH IS
KNOWN AS THE UPPER POTOMAC HYDROLOGIC ZONE.  THE DIRECTION OF FLOW IN THE POTOMAC AQUIFER HAS BEEN
ALTERED SIGNIFICANTLY OVER THE PAST SEVERAL DECADES DUE TO WITHDRAWAL OF WATER FOR INDUSTRIAL AND
DOMESTIC USES.  THE ELEVATION OF THE POTENTIOMETRIC SURFACE IN THE 1950'S, BEFORE SIGNIFICANT DEVELOPMENT
OF THE AQUIFER, WAS ABOUT 6 METERS BELOW SEA LEVEL AND FLOW DIRECTION WAS TOWARD DELAWARE BAY TO THE
SOUTHEAST.  IN THE 1960'S, AFTER WELLFIELDS WERE DEVELOPED IN THE POTOMAC FORMATION FOR PUBLIC WATER
SUPPLIES AND INDUSTRIAL USE, THE DIRECTION OF FLOW REMAINED TO THE SOUTH AND EAST.

ARTESIAN WATER COMPANY, A PRIVATE WATER COMPANY SERVICING 5,000 CUSTOMERS IN THIS AREA, COMPLETED ITS
FIRST WELL AT THE NEARBY LLANGOLLEN WELLFIELD IN 1952.  BY 1961, SHORTLY AFTER THE ARMY CREEK LANDFILL
OPENED, THERE WERE FOUR OPERATING WELLS WITHDRAWING WATER FROM THE LLANGOLLEN WELLFIELD AT AN ANNUAL
AVERAGE RATE OF ABOUT 1.42 MGD (MILLION GALLONS PER DAY).  IN EARLY 1966, ARTESIAN COMPLETED A NEW WELL



AND HAD INCREASED ITS AVERAGE PUMPAGE TO APPROXIMATELY 1.62 MGD.  IN 1969, A SIXTH WELL WAS ADDED AND THE
ANNUAL AVERAGE PUMPAGE FROM THE LLANGOLLEN WELLFIELD INCREASED TO ABOUT 1.74(MGD).  IN LATE 1971 AND
EARLY 1972, FIVE MORE WELLS WERE ADDED TO LLANGOLLEN WELLFIELD.  BY LATE 1971, ARTESIAN HAD INCREASED ITS
PUMPAGE TO AN ANNUAL AVERAGE OF 2.60 MGD.  SINCE THEN, ARTESIAN WATER COMPANY HAS HAD TO DECREASE PUMPAGE
TO 2 MGD IN ORDER TO SLOW DOWN THE MIGRATION OF THE CONTAMINANTS AND TO AVOID CONTRIBUTING TO THE
PROBLEMS OF SALT WATER INTRUSION THAT HAD BECOME COMMON IN THE AREA THERE HAS BEEN CONSIDERABLE
LITIGATION BETWEEN ARTESIAN WATER COMPANY AND NEW CASTLE COUNTY, OVER GROUNDWATER USE.  THE PRECISE
AMOUNT OF WATER WHICH ARTESIAN HAD WITHDRAWN IN THE PAST, OR IS PRESENTLY ENTITLED TO WITHDRAW IS
UNCLEAR.

AMOCO CHEMICAL COMPANY INITIATED GROUNDWATER WITHDRAWAL FROM THE POTOMAC AQUIFER IN 1961 FOR USE IN THEIR
PLANT OPERATIONS.  PUMPAGE BY AMOCO WAS DISCONTINUED IN 1980 WHEN THE PLANT CLOSED DUE TO FIRE.

IT HAS BEEN ESTIMATED THAT PUMPAGE FROM THE UPPER POTOMAC AQUIFER HAD INCREASED MORE THAN SEVEN FOLD FROM
1952 TO 1972 AS A RESULT OF GROUNDWATER WITHDRAWALS FROM ARTESIAN'S LLANGOLLEN WELLFIELD AND THE AMOCO
CHEMICAL COMPANY PLANT WELLS.  DURING THIS PERIOD, IT HAS BEEN REPORTED THAT THE INCREASED PUMPAGE CAUSED
THE STATIC WATER LEVEL IN ARTESIAN'S LLANGOLLEN WELLS TO DECLINE UP TO 65 FEET.  THIS DECREASE IN WATER
LEVEL RESULTED IN A STEEPENING OF THE HYDROLOGIC GRADIENT IN THE UPPER POTOMAC AQUIFER WHICH ACCELERATED
THE MIGRATION OF POLLUTANTS FROM ARMY CREEK AND DELAWARE SAND AND GRAVEL LANDFILLS TOWARD THE ARTESIAN
AND AMOCO PRODUCTION WELLS.

IN LATE 1971, WHEN ONE OF THE RESIDENTIAL WELLS IN THE VICINITY OF THE ARMY CREEK LANDFILL, BECAME
CONTAMINATED WITH IRON AND OTHER CHEMICALS, NEW CASTLE COUNTY DETERMINED THAT THE LEACHATE GENERATED BY
THE LANDFILL WAS CONTAMINATING THE GROUNDWATER IN THE AREA.  THE LEACHATE IS PRODUCED BY WATER ENTERING
THE LANDFILL IN TWO WAYS:

1. THROUGH DIRECT PRECIPITATION ON, AND INFILTRATION THROUGH, THE LANDFILL SURFACE.

2. AS GROUNDWATER MOVES LATERALLY INTO THE SATURATED LOWER PORTION OF THE LANDFILL.

ANALYSIS OF WATER INFLOW TO THE LANDFILL IS ACCOMPLISHED BY DIVIDING THE LANDFILL INTO TWO SECTIONS
(FIGURE 3).  SECTION 1, THE WESTERN SECTION (ESTIMATED AREA = 760,000 SQUARE FEET), RECEIVES BOTH SURFACE
WATER AND GROUNDWATER INFLOW, AND GENERALLY HAS A CONTINUOUS CLAY FLOOR OF RELATIVELY LOW PERMEABILITY. 
AS A RESULT, THERE EXISTS A RELATIVELY THICK ZONE OF RATION SATURATION IN THIS PORTION OF THE LANDFILL.

SECTION 2, THE OLDER, EASTERN SECTION OF THE LANDFILL (ESTIMATED AREA = 1,350,000 SQUARE FEET), RECEIVES
WATER PRIMARILY BY INFILTRATION OF DIRECT PRECIPITATION.  IN THE VICINITY OF SECTION 2, THE CONTACT
BETWEEN THE COLUMBIA AND THE UPPER AQUIFER OF THE POTOMAC FORMATION IS OFTEN A QUITE PERMEABLE ZONE. 
HERE THE POTOMAC CLAY DEPOSITS ARE RELATIVELY THIN, SANDY, OR ARE ABSENT.  CONSEQUENTLY, WATER IN THE
COLUMBIA SANDS MOVES DOWNWARD TO THE POTOMAC AQUIFER RATHER THAN LATERALLY THROUGH THE LANDFILL.  IN
ADDITION, THE COLUMBIA SANDS HAVE BEEN EXCAVATED NORTHEAST AND SOUTH OF THE LANDFILL.  THEREFORE,
ELEVATIONS AT THESE POINTS AND IN THE MARSH TO THE EAST ARE LOWER THAN THOSE OF THE LANDFILL SURFACE AND,
IN PLACES, LOWER THAN MUCH OF THE ARMY CREEK LANDFILL FLOOR.

THE SURFACE OF THE LANDFILL IS POCKETED WITH DEPRESSIONS RESULTING FROM THE DIFFERENTIAL SUBSIDENCE OF
THE REFUSE.  THESE DEPRESSIONS, COUPLED WITH THE REMAINING FLAT SURFACE OF THE LANDFILL PREVENT
STORMWATER FROM RUNNING OFF THE LANDFILL.  THE COVER IS GENERALLY SILTY, SANDY AND QUITE PERMEABLE. 
HOWEVER, DEPOSITS OF CLAY HAVE ACCRETED IN THE DEPRESSIONS SO THAT STORMWATER FORMS PONDS IN THE
DEPRESSIONS. THESE PONDS CONTRIBUTE TO THE SLOW INFILTRATION OF WATER INTO THE LANDFILL.  BECAUSE OF
THESE SURFACE CONDITIONS, IT IS ESTIMATED THAT AT LEAST 50 PERCENT OF THE PRECIPITATION WHICH FALLS
DIRECTLY ONTO THE LANDFILL SURFACE INFILTRATES THROUGH THE LANDFILL COVER AND PERCOLATES THROUGH THE
REFUSE.

#SH
D. SITE HISTORY

THE ARMY CREEK LANDFILL OCCUPIES AN AREA THAT WAS FORMERLY UTILIZED AS A SAND AND GRAVEL PIT.  THE GRAVEL
PIT IN WHICH ARMY CREEK LANDFILL WAS CONSTRUCTED, WAS EXCAVATED UNTIL A HARD ZONE WAS ENCOUNTERED.  THIS
ZONE MARKS THE BASE OF THE COLUMBIA FORMATION AND THE TOP OF THE UNDERLYING CLAY.

IN 1960, THE LANDFILL BEGAN OPERATION AS A MUNICIPAL REFUSE LANDFILL.  THE LANDFILL WAS OPERATED BY NEW
CASTLE COUNTY CONTINUOUSLY UNTIL 1968 WHEN IT WAS FILLED TO CAPACITY.  REFUSE PLACEMENT, COMPACTION AND
COVERING OPERATIONS AT THE ARMY CREEK LANDFILL WERE CARRIED OUT BY THE OPERATORS OF THE GRAVEL PIT UNDER
CONTRACT TO NEW CASTLE COUNTY. REFUSE BURIAL BEGAN AT THE EASTERN END OF THE PIT AND GENERALLY CONTINUED
TOWARD THE PIT ENTRANCE ON THE WEST.  THE REFUSE WAS GENERALLY NOT WELL COMPACTED AND NOT REGULARLY
COVERED.  THE COVER MATERIAL USED WAS OBTAINED FROM THE PIT AND INCLUDES RESIDENTIAL SANDS, TAILING PILES



AND SILTATION BASIN DEPOSITS.  AS THE OPERATION PROGRESSED, COVER MATERIAL AND LANDFILL SPACE BECAME
DEPLETED.  THIS ENCOURAGED DEEPER EXCAVATION WHICH MAY HAVE REMOVED MUCH OF THE CLAY LAYER WHICH
SEPARATED THE COLUMBIA FROM THE POTOMAC FORMATIONS.  THIS IN TURN, COULD HAVE CREATED DIRECT ACCESS
ROUTES FOR LEACHATE TO THE POTOMAC FROM THE COLUMBIA.  DIRECT ACCESS ROUTES MAY ALSO HAVE OCCURRED
NATURALLY DUE TO THE NON-CONTINUOUS GEOMETRY OF THE POTOMAC CLAY.

IMPROPER COVERING, ALONG WITH NON-CONSISTENT COMPACTION AND DECOMPOSITION OF THE WASTE MATERIALS, MAY
HAVE CONTRIBUTED TO THE DIFFERENTIAL SETTLING OF THE WASTE MATERIAL WHICH HAS OCCURRED SINCE THE LANDFILL
WAS CLOSED.

IN 1970, THE LANDFILL WAS COVERED WITH SANDY MATERIAL AND THE PROPERTY WAS PURCHASED BY THE COUNTY FOR
USE AS A PARK.  IN LATE 1971, WATER IN A RESIDENTIAL WELL DOWNGRADIENT OF THE ARMY CREEK LANDFILL SITE
DEVELOPED SEVERE QUALITY PROBLEMS.  EVIDENCE OF THESE PROBLEMS WAS THE ODOR OF THE WATER AND STAINING OF
THE PORCELAIN FIXTURES IN THE RESIDENCE.  IN JUNE 1972, NEW CASTLE COUNTY COMMENCED A GROUNDWATER
MONITORING PROGRAM WHICH BEGAN WITH A WELL INSTALLATION AND SAMPLING PROGRAM.  MONITORING BY VARIOUS
AGENCIES INCLUDING EPA, UNITED STATES GEOLOGICAL SURVEY, (USGS) NEW CASTLE COUNTY AND THE DELAWARE
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL (DNREC) AS WELL AS THE UNIVERSITY OF ILLINOIS
HAS CONTINUED UP TO THE PRESENT.  MONITORING HAS RESULTED IN THE IDENTIFICATION OF GROUNDWATER
CONTAMINANTS INDICATIVE OF HAZARDOUS WASTE DISPOSAL AS WELL AS TYPICAL MUNICIPAL REFUSE.  IT WAS ALSO
DETERMINED THAT THE PLUME OF THESE CONTAMINANTS WAS MOVING TOWARDS THE RECEPTORS LOCATED DOWNGRADIENT OF
THE LANDFILL.  AFTER CONSIDERING ALTERNATIVE WATER SUPPLIES FOR THE AFFECTED RESIDENTS, NEW CASTLE COUNTY
PAID FOR AN EXTENSION OF ARTESIAN'S WATER SUPPLY LINES TO THE FIRST CONTAMINATED RESIDENCE AND OTHER
HOMES ALONG GRANTHAM LANE.  THERE WAS ALSO A SETTLEMENT WITH THE HOMEOWNERS TO OFFSET THE MONTHLY
SERVICES COSTS.

IN 1973, RECOVERY WELLS RW-1, RW-2, RW-3, RW-4, RW-5, RW-6,27,28,29, 31 AND 53 WERE INSTALLED IN THE
UPPER POTOMAC AQUIFER BY ROY F. WESTON UNDER THE DIRECTION OF NEW CASTLE COUNTY (FIGURE 4).  THE PURPOSE
OF THE RECOVERY WELLS WAS TO INTERCEPT AND CONTAIN THE CONTAMINANT PLUME.  THE PUMPING OF THESE WELLS
CREATED A GROUNDWATER DIVIDE BETWEEN THE ARMY CREEK LANDFILL AND THE ARTESIAN WATER COMPANY'S LLANGOLLEN
WELLFIELD.  BEGINNING IN 1977, THE RECOVERY WELLS SHOWED A PATTERN OF STABILITY IN WATER QUALITY.

IN NOVEMBER 1977, NEW CASTLE COUNTY CONDUCTED A TECHNICAL ROUND TABLE CONFERENCE IN ORDER TO OBTAIN INPUT
AND OPINIONS FROM NATIONALLY AND INTERNATIONALLY RECOGNIZED AUTHORITIES REGARDING THE REMEDIATION OF THE
CONTAMINATED GROUNDWATER IN THE VICINITY OF THE LANDFILL.  AS A RESULT OF THE TECHNICAL ROUND TABLE
CONFERENCE, A MODIFIED RECOVERY SYSTEM WAS INSTALLED IN 1980, WHICH INCLUDED PLACEMENT OF NEW RECOVERY
WELLS CLOSER TO THE LANDFILL IN ORDER TO PUMP MORE CONCENTRATED GROUNDWATER AND THEREFORE LESS CLEAN
WATER.  THE PRESENT RECOVERY WELL SYSTEM UTILIZES WELLS 27, 28, 29, 31, RW-1, RW-9, RW-10, RW-11, RW-12,
RW-13, AND RW-14.

US EPA HAS BEEN INVOLVED AT THE SITE SINCE 1974, WHEN EPA REPRESENTATIVES SAMPLED THE RECOVERY WELLS FOR
THE FIRST TIME.  SINCE THEN, EPA HAS SAMPLED THE WELLS IN 1977, 1978 AND 1981 FOR PRIORITY POLLUTANTS. 
BASED ON THE SAMPLING ANALYSIS FROM THE RECOVERY AND MONITORING WELLS, THE ARMY CREEK LANDFILL SITE WAS
PROPOSED FOR THE NATIONAL PRIORITIES LIST (NPL) IN OCTOBER OF 1981 AND WAS FINALIZED ON THE LIST IN
SEPTEMBER OF 1983 DUE TO EXTENSIVE GROUNDWATER CONTAMINATION.

IN AUGUST 1984, EPA ENTERED INTO A CONSENT AGREEMENT AND ORDER WITH NEW CASTLE COUNTY TO PERFORM A
FEASIBILITY STUDY AT THE SITE.  NEW CASTLE COUNTY SUBMITTED THE FINAL DRAFT OF THE STUDY IN JULY 1986.

#CSS
E. CURRENT SITE STATUS

GROUNDWATER

SINCE EARLY 1972, INTENSIVE FIELD STUDIES HAVE BEEN CONDUCTED BY THE COUNTY, THROUGH ITS CONSULTANT ROY
F. WESTON, INC., TO EVALUATE THE NATURE AND THE EXTENT OF THE PROBLEM AND TO DEFINE AND IMPLEMENT
NECESSARY CONTROLS TO MITIGATE THE GROUNDWATER CONTAMINATION.  THESE EFFORTS INCLUDED THE INSTALLATION
AND OPERATION OF THE RECOVERY WELLS IN 1973, AND MONITORING AND SAMPLING OF THE RECOVERY AND MONITORING
WELLS.

THE ANALYTICAL RESULTS FROM THE VARIOUS SAMPLING EFFORTS HAVE DEMONSTRATED THAT THE FOLLOWING ORGANIC
CONSTITUENTS ARE PRESENT IN THE GROUNDWATER: BENZENE, 1,2,DICHLOROPROPANE, METHYLENE CHLORIDE,
2,4,-DINITROTOLUENE, N-NITROSODIMETHYLAMINE, 2,4,6-TRICHLOROPHENOL, BIS(2-CHLOROETHYL)ETHER AND
CHLORODIBROMOMETHANE.  THESE CONTAMINANTS HAVE BEEN DETECTED IN CONCENTRATIONS ABOVE LEVELS SET IN
DRINKING WATER STANDARDS (TABLE 1).



INORGANIC CONTAMINANTS WERE ALSO FOUND IN WATER COLLECTED FROM MONITORING AND RECOVERY WELLS.  THE
CONTAMINANTS INCLUDE, BERYLLIUM, CADMIUM, CHROMIUM, LEAD, MERCURY, NICKEL, IRON AND MANGANESE IN
CONCENTRATIONS ABOVE THE LEVELS SET IN DRINKING WATER STANDARDS (TABLES 2,3,4).

SURFACE WATER

IN 1981, THE EPA FIELD INVESTIGATION TEAM SAMPLED ARMY CREEK FOR PRIORITY POLLUTANTS.  THE DATA INDICATED
THE PRESENCE OF ORGANIC AND INORGANIC CONTAMINANTS IN THE WATERS OF ARMY CREEK.  ORGANICS DETECTED
INCLUDED PHENOL, BIS(2-ETHYLHEXYL)PHTHALATE, BUTYL BENZYLPHTHALATE AND DI-N-BUTYLPHTHALATE (TABLE 5). 
INORGANICS DETECTED WERE ALUMINUM, BARIUM, COBALT, COPPER, IRON, MANGANESE, ZINC, BORON, CALCIUM,
MAGNESIUM AND SODIUM (TABLE 6).

ADDITIONAL WATER QUALITY SAMPLING FOR PRIORITY POLLUTANT COMPOUNDS WAS CONDUCTED BY WESTON FOR NEW CASTLE
COUNTY IN 1983 IN CONNECTION WITH THEIR NPDES PERMIT APPLICATION .  SAMPLES WERE ANALYZED BY THE NEW
CASTLE COUNTY LABORATORY.  NO VOLATILE OR EXTRACTABLE ORGANIC COMPOUNDS WERE DETECTED.  THE BASE/NEUTRAL
ORGANIC COMPOUNDS DETECTED WERE BIS(2-ETHYLHEXYL) PHTHALATE AND DI-N-BUTYL PHTHALATE (TABLE 7). UPSTREAM
CONCENTRATIONS OF BOTH COMPOUNDS WERE GREATER THAN DOWNSTREAM CONCENTRATIONS.  ALL VALUES WERE WELL BELOW
THEIR RESPECTIVE AMBIENT WATER QUALITY CRITERIA.  TOTAL METALS WERE ALSO ANALYZED IN 1983.  OF THE METALS
ANALYZED FROM THE WATER SAMPLES, CADMIUM, LEAD, MERCURY, NICKEL, AND IRON WERE FOUND AT HIGHER
CONCENTRATIONS UPSTREAM THAN DOWNSTREAM.  COPPER, SILVER, CHROMIUM, ZINC, AND MANGANESE WERE FOUND
DOWNSTREAM AT HIGHER CONCENTRATIONS THAN UPSTREAM.  CADMIUM AND MERCURY WERE THE ONLY PARAMETERS
EXCEEDING WATER QUALITY CRITERIA UPSTREAM AND DOWNSTREAM OF THE POND (TABLE 8).

THE STATE OF DELAWARE, IN CONNECTION WITH THE REMEDIAL INVESTIGATION AT DELAWARE SAND AND GRAVEL,
CONDUCTED SURFACE WATER SAMPLING ALONG ARMY CREEK.  NO PRIORITY POLLUTANTS WERE FOUND TO EXCEED ANY WATER
QUALITY CRITERIA.

SEDIMENTS

DNREC CONDUCTED SEDIMENT ANALYSIS IN CONNECTION WITH THE REMEDIAL INVESTIGATION AT DELAWARE SAND AND
GRAVEL (TABLE 9).  EIGHT LOCATIONS WERE SAMPLED: SIX ALONG ARMY CREEK AND POND; ONE IN A GRAVEL PIT POND
AS BACKGROUND AND ONE AT AN INTERMITTENT STREAM EAST OF DELAWARE SAND AND GRAVEL.  A COMPARISON OF THIS
DATA WITH THE CLEAN STREAM SEDIMENTS INDICATES THAT THE ARMY CREEK SAMPLE CONCENTRATIONS ARE CONSIDERABLY
HIGHER THAN THOSE OF THE CLEAN STREAMS.  UTILIZING STATION 7, THE GRAVEL PIT POND FOR COMPARISON AND AS A
LOCAL BACKGROUND SOURCE, IT IS EVIDENT THAT SAMPLES TAKEN FROM ARMY CREEK AND POND HAVE HIGHER
CONCENTRATIONS OF ALL THE METALS DETECTED.  THE IRON AND MANGANESE CONCENTRATIONS IN PARTICULAR SHOW AN
INCREASING TREND IN THE DOWNSTREAM DIRECTION.  OTHER METAL CONCENTRATIONS PEAK AT THE POND ENTRANCE. 
THEREFORE, SEDIMENTS HAVE ALSO BEEN EFFECTED BY THE RECOVERY WELL DISCHARGES.

BIOASSAYS

ALSO IN SEPTEMBER 1973, A SERIES OF SURFACE WATER AND BIOTIC SURVEYS FOR ARMY CREEK AND POND WAS
INITIATED, TO EVALUATE THE AFFECTS OF THE RECOVERY WELL DISCHARGES ON THE SURFACE WATER SYSTEM.
FURTHERMORE, IN THE PAST 13 YEARS OF DISCHARGES, ROY F. WESTON, EPA AND THE STATE HAVE TAKEN NUMEROUS
SURFACE AND SEDIMENT SAMPLES TO DETERMINE IF HIGH LEVELS OF CONTAMINANTS EXIST IN THE ARMY CREEK AND POND
AND IF SO, WHAT THE AFFECTS OF THE CONTAMINANTS HAVE BEEN.  OVERALL, THE RESULTS OF THE BIOASSAYS
INDICATED THAT ARMY CREEK AND POND WERE AFFECTED BY THE RECOVERY WELL DISCHARGES, ALTHOUGH THE IMPACTS
WERE NOT READILY DISCERNIBLE.

IN MARCH 1986, U.S. EPA AND WESTON CONDUCTED SPLIT SAMPLING FOR BIOASSAY AND MACROBENTHOS EVALUATIONS. 
ALSO WELL DISCHARGES WERE COLLECTED AND COMPOSITED ON A WEIGHTED BASIS FROM THE EXISTING RECOVERY WELLS
FOR USE IN THE BIOASSAYS.

MACROBENTHOS SAMPLING RESULTS BY THE EPA AND WESTON WERE BASICALLY IN AGREEMENT AND CONCLUDED THAT THE
LOW DIVERSITY OF THE POLLUTION TOLERANT BENTHIC SPECIES AT ALL STATIONS INDICATE DEGRADED WATER QUALITY
WITHIN THE WATERSHED.  THE DIFFERENCE IN DIVERSITY AND COMPOSITION OF POLLUTION TOLERANT SPECIES
INDICATES THAT THE MACROINVERTEBRATE COMMUNITY DOWNSTREAM OF THE POND IS IN BETTER CONDITION THAN THE
UPSTREAM STATION.

THE BIOASSAYS WERE CONDUCTED USING FATHEAD MINNOWS AND CERIODAPHNIA DUBIA.  IT WAS DETERMINED BY EPA THAT
RECOVERY WELLS 9,28,29 AND 31 EXHIBITED CHRONIC TOXICITY, WHILE RECOVERY WELLS 10,11,12,13,14 AND 27
EXHIBITED NO CHRONIC TOXICITY.

DNREC IS CURRENTLY DRAFTING A NATIONAL POLLUTION DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT FOR THE
DISCHARGE OF WATER FROM THE COUNTY RECOVERY WELLS TO ARMY CREEK.  AT THIS POINT IT SEEMS LIKELY THAT ONLY
WATER IN THE RECOVERY WELLS EXHIBITING CHRONIC TOXICITY (WELLS 9,28,29,31) WILL BE REQUIRED TO BE TREATED
PRIOR TO DISCHARGE INTO ARMY POND.  WATER FROM THE WELLS WHICH EXHIBIT NO CHRONIC TOXICITY (WELLS



10,11,12,13,14,27) WOULD BE PERMITTED TO FREELY DISCHARGE INTO THE POND.

A TREATMENT ALTERNATIVE WILL NOT BE CHOSEN, AT THIS TIME, BECAUSE THE FINAL NPDES PERMIT AND ITS
ASSOCIATED DISCHARGE LIMITS HAS NOT BEEN ISSUED.  IN ADDITION, THE DELAWARE SAND AND GRAVEL RI/FS HAS NOT
BEEN COMPLETED, THEREFORE, WE CAN NOT DETERMINE DELAWARE SAND AND GRAVEL'S CONTRIBUTION TO THE
DEGRADATION OF THE GROUNDWATER, OR THE ARMY CREEK AND POND AT THIS TIME.  IT IS OUR INTENTION TO COMBINE
THE ULTIMATE GROUNDWATER REMEDIAL ACTIONS AT THESE TWO SITES WHEREVER POSSIBLE.  ALSO BEING DEFERRED AT
THIS TIME IS A DECISION ON APPROPRIATE REMEDIAL MEASURES FOR THE SEDIMENTS IN ARMY POND.  FURTHER
ANALYSES OF THE IMPACTS ON ARMY POND IS REQUIRED TO CLARIFY WHAT MEASURES IF ANY, ARE REQUIRED.

THIS RECORD OF DECISION SPECIFICALLY DEALS WITH THE SELECTION OF THE SOURCE CONTROL ALTERNATIVE TO
PREVENT THE GENERATION OF THE LEACHATE THAT CONTAMINATES THE LOCAL GROUNDWATER.  WE ARE DEFERRING OUR
DECISION ON GROUNDWATER TREATMENT ALTERNATIVES UNTIL THE RI/FS AT DELAWARE SAND AND GRAVEL IS COMPLETE
AND THE NPDES PERMIT IS ISSUED.

ENVIRONMENTAL ASSESSMENT

THE REMEDIAL INVESTIGATIONS PERFORMED AT THE ARMY CREEK LANDFILL SITE REVEALED EXTENSIVE GROUNDWATER
CONTAMINATION RESULTING FROM THE GENERATION OF THE LEACHATE AT THE LANDFILL.  THE GROUNDWATER AND THE
SURFACE WATER ARE CONTAMINATED WITH ORGANIC AND INORGANIC PRIORITY POLLUTANTS, MANY OF WHICH EXCEED WATER
QUALITY CRITERIA FOR HUMAN HEALTH AND AQUATIC LIFE (TABLES 1-4).

THE MAJOR PUBLIC HEALTH CONCERN AT THE SITE IS THE CONTAMINATION OF THE UPPER POTOMAC AND COLUMBIA
AQUIFERS.  THE MAJOR USER OF GROUNDWATER IN THE AREA IS THE ARTESIAN WATER COMPANY, LOCATED NEAR
LLANGOLLEN ESTATES.

IN 1973, NEW CASTLE COUNTY INSTALLED ITS GROUNDWATER RECOVERY SYSTEM TO PREVENT THE MIGRATION OF
CONTAMINATED PLUME TOWARDS ARTESIAN'S WELLFIELD.  DUE TO THE SUCCESS OF THE GROUNDWATER RECOVERY SYSTEM
OPERATED BY THE COUNTY, ALONG WITH THE REDUCTION IN PUMPAGE BY ARTESIAN WATER COMPANY, THE CONTAMINANTS
EMANATING FROM ARMY CREEK LANDFILL ARE NOT CURRENTLY THREATENING DRINKING WATER SUPPLIES.

ARMY CREEK AND ARMY CREEK POND RECEIVE SURFACE WATER RUNOFF AND RECOVERY WELL DISCHARGES FROM THE
GROUNDWATER RECOVERY SYSTEM.  HOWEVER, ARMY CREEK AND POND IS RESTRICTED FOR PUBLIC USE, PRIOR TO ITS
DISCHARGE TO THE DELAWARE RIVER, ONE MILE DOWNSTREAM.  THE EFFECT OF THE CREEK ON THE DELAWARE RIVER IS
EXPECTED TO MINIMIZE DUE TO DILUTION.

SURFACE WATER BIOASSAYS HAVE INDICATED THAT THE SURFACE WATER SYSTEM HAS BEEN EFFECTED BY THE RECOVERY
WELL DISCHARGES, ALTHOUGH THE SEVERITY OF THE IMPACTS ON THE AQUATIC LIFE IS NOT READILY DISCERNIBLE.

#AE
ALTERNATIVE EVALUATION

THE MAJOR OBJECTIVE FOR THE REMEDIAL ACTION TO BE TAKEN AT THE ARMY CREEK LANDFILL SITE IS TO MINIMIZE
FURTHER GROUNDWATER CONTAMINATION BY REDUCING THE LEACHATE GENERATED BY THE LANDFILL.  THE REQUIREMENTS
OF CERCLA SECTION 104, OF CERCLA 420 U.S.C. SS9604, EPA'S MANDATE TO PROTECT THE PUBLIC HEALTH AND
WELFARE AND THE ENVIRONMENT, DETERMINE THE GOALS AND LEVELS OF RESPONSE FOR THE SITE.

IN AN EFFORT TO DETERMINE REMEDIAL ALTERNATIVES FOR THE SUBJECT SITE, FEASIBLE TECHNOLOGIES WERE
IDENTIFIED FOR CONSIDERATION IN A GENERAL RESPONSE ACTION TABLE.  AVAILABLE TECHNOLOGIES WERE THEN
SCREENED TO ELIMINATE ALL BUT THE MOST DEFINITIVE AND FEASIBLE ALTERNATIVES.  THIS SCREENING INCLUDED:
TECHNICAL (SITE CONDITIONS OR WASTE CHARACTERISTICS), ENVIRONMENTAL AND PUBLIC HEALTH, INSTITUTIONAL,
PERFORMANCE AND COST CRITERIA.

THE TECHNOLOGIES THAT HAVE PASSED THE TECHNOLOGY SCREENING PROCESS WERE EXAMINED FURTHER TO IDENTIFY
REMEDIAL ALTERNATIVES.  REMEDIAL ALTERNATIVES WERE DEVELOPED USING BEST ENGINEERING JUDGMENT TO SELECT A
TECHNOLOGY OR GROUP OF TECHNOLOGIES THAT BEST ADDRESSES THE PROBLEMS EXISTING AT THE SITE TO PROTECT
PUBLIC HEALTH, WELFARE AND THE ENVIRONMENT.  IN AN EFFORT TO PROVIDE A DEGREE OF FLEXIBILITY IN THE FINAL
SELECTION OF A REMEDIAL ACTION, ALTERNATIVES COVERING A RANGE OF REMEDIAL ACTION CATEGORIES HAVE BEEN
DEVELOPED.  THESE CATEGORIES ARE DESCRIBED BELOW:

1. NO ACTION:  NO-ACTION ALTERNATIVES COULD INCLUDE MONITORING ACTIVITIES.

2. ALTERNATIVES THAT MEET THE CERCLA GOALS OF PREVENTING OR MINIMIZING PRESENT OR FUTURE MIGRATION OF
   HAZARDOUS SUBSTANCES AND PROTECTING HUMAN HEALTH AND THE ENVIRONMENT, BUT WHICH DO NOT ATTAIN ALL OF
   THE APPLICABLE OR RELEVANT STANDARDS.  (THIS CATEGORY MAY INCLUDE AN ALTERNATIVE THAT CLOSELY
   APPROACHES BUT DOES NOT MEET, THE LEVEL OF PROTECTION BY THE APPLICABLE OR RELEVANT STANDARDS.).



3. ALTERNATIVES THAT MEET CERCLA GOALS AND ATTAIN ALL APPLICABLE OR RELEVANT FEDERAL PUBLIC HEALTH AND
   ENVIRONMENTAL STANDARDS, GUIDANCE, AND ADVISORIES.

4. ALTERNATIVES THAT EXCEED ALL APPLICABLE OR RELEVANT FEDERAL PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS,
   GUIDANCE, AND ADVISORIES.

5. ALTERNATIVES SPECIFYING OFFSITE STORAGE, DESTRUCTION, TREATMENT, OR SECURE DISPOSAL OF HAZARDOUS
   SUBSTANCES AT A FACILITY APPROVED UNDER THE RESOURCE CONSERVATION AND RECOVERY ACT (RCRA).  SUCH A
   FACILITY MUST ALSO BE IN COMPLIANCE WITH ALL OTHER APPLICABLE ENVIRONMENTAL PROTECTION AGENCY (EPA)
   STANDARDS.

THE BROAD EVALUATION CRITERIA SELECTED WERE:  TECHNICAL FEASIBILITY, PUBLIC HEALTH, ENVIRONMENTAL,
INSTITUTIONAL EVALUATION, AND COST EFFECTIVENESS.  WITHIN THOSE CRITERIA THE FOLLOWING FACTORS WERE
CONSIDERED.

• TECHNICAL FEASIBILITY
          -PERFORMANCE
          -IMPLEMENTABILITY
          -RELIABILITY

• PUBLIC HEALTH EVALUATION
          -REDUCTION OF HEALTH IMPACTS

• ENVIRONMENTAL EVALUATION
          -REDUCTION OF ENVIRONMENTAL IMPACTS
          -PROTECTION OF NATURAL RESOURCES

• INSTITUTIONAL EVALUATION
          -LEGAL REQUIREMENTS, INSTITUTIONAL REQUIREMENTS
          -COMMUNITY IMPACTS

• COST EFFECTIVENESS
          -CAPITAL COSTS
          -OPERATION AND MAINTENANCE COSTS
          -PRESENT WORTH VALUES
          -SENSITIVITY ANALYSIS.

ANALYSIS OF REMEDIAL ALTERNATIVES

ALTERNATE TECHNOLOGIES

ALTERNATE TECHNOLOGIES TO RECYCLE, DESTROY OR TREAT THE WASTES WERE SCREENED FOR USE AT THIS SITE.  THESE
TECHNOLOGIES INCLUDED INCINERATION OF THE WASTE, RECIRCULATION AND/OR TREATMENT OF THE LEACHATE, AND
BLOCK DISPLACEMENT WHICH CONSISTS OF SEALING THE SIDES AND/OR BOTTOM OF THE LANDFILL BY GROUT INJECTION
TECHNIQUE.

THESE TECHNOLOGIES WERE NOT CHOSEN FOR SEVERAL REASONS.  THE DISCONTINUOUS NATURE OF THE SUBSURFACE SOIL
CONDITIONS ARGUED AGAINST THE TECHNICAL FEASIBILITY OF GROUTING THE SIDES OR BOTTOM.

DIRECT LEACHATE RECIRCULATION OR TREATMENT WAS EVALUATED ON A PILOT SCALE IN THE LANDFILL BUT CLOGGING OF
THE WELLS AND LOW PERMEABILITY OF THE REFUSE IN SOME AREAS PREVENTED FURTHER CONSIDERATION.  ONLY
INCINERATION TECHNOLOGY WAS RETAINED FOR FURTHER EVALUATION.

NOTE:  CAPITAL, OPERATION AND MAINTENANCE, AND PRESENT WORTH COSTS FOR ALL ALTERNATIVES ARE FOUND IN
TABLE 10.

ALTERNATIVE NO. 1 - NO ACTION WITH MONITORING

THE PURPOSE OF PRESENTING A NO ACTION ALTERNATIVE IS TO PROVIDE A BASIS FOR COMPARISON OF EXISTING
CONDITIONS WITH THE OTHER PROPOSED REMEDIAL ALTERNATIVES.  UNDER THE NO ACTION ALTERNATIVE, NO ADDITIONAL
REMEDIAL ACTIVITIES WOULD BE TAKEN AND ANY CURRENT ACTIVITIES WOULD BE TERMINATED AT THE ARMY CREEK
LANDFILL SITE.  THIS WOULD MEAN THAT THE PRESENT HYDROLOGIC DIVIDE BETWEEN THE GROUNDWATER CONTAMINANT
PLUME AND THE ARTESIAN WATER COMPANY WELLS, MAINTAINED BY THE RECOVERY WELL SYSTEM, WOULD BE ELIMINATED.

THIS ALTERNATIVE INCLUDES A LONG-TERM MONITORING PROGRAM TO PROVIDE INFORMATION CONCERNING CONTAMINANT
PRESENCE AND CONCENTRATION. GROUNDWATER MONITORING WOULD BE PERFORMED BETWEEN THE LANDFILL AND THE



ARTESIAN WATER COMPANY WELLS, AND WITHIN THE WELLFIELD.

THE PRIMARY PUBLIC HEALTH CONCERN OF THE NO ACTION ALTERNATIVE IS THE POSSIBLE HEALTH RISK RESULTING FROM
THE POTENTIAL CONTAMINATION OF THE DOWNGRADIENT PRODUCTION WELLS IN THE ARTESIAN WATER COMPANY WELLFIELD. 
CURRENT PRODUCTION FROM THESE WELLS IS APPROXIMATELY 2 MILLION GALLONS A DAY (MGD), SUPPLYING THE
EQUIVALENT OF 5,000 RESIDENCES WITH DRINKING WATER.  THE EFFECTED POPULATION COULD INCREASE, SHOULD THE
ARTESIAN LLANGOLLEN WELLFIELD BE SHUT DOWN AND THE CONTAMINANTS BE DRAWN TOWARDS OTHER WELLFIELDS IN THE
AREA, INCLUDING ARTESIAN'S VILLAGE, AND FAIRWINDS WELLFIELDS LOCATED DOWNGRADIENT.

OF MAIN CONCERN IS THE ATTENUATION OF ORGANIC COMPOUNDS FOUND AT CONCENTRATIONS EXCEEDING  DRINKING WATER
CRITERIA IN NINE OF THE TWELVE RECOVERY WELLS.  TABLE 1 LISTS THE ORGANIC COMPOUNDS FOUND IN THE RECOVERY
WELLS, THE MAXIMUM CONCENTRATIONS ENCOUNTERED, AND THE DRINKING WATER CRITERIA.  UNDER NO ACTION, THE
CONTAMINANTS WOULD MOST LIKELY BE ATTENUATED BY DILUTION, DISPERSION AND ABSORPTION PRIOR TO REACHING A
DRINKING WATER SOURCE.  HOWEVER, IT IS NOT KNOWN AT WHAT CONCENTRATION THESE ORGANICS WILL PERSIST IN THE
GROUNDWATER.  THEREFORE, A POTENTIAL FOR HUMAN EXPOSURE BY INGESTION OF ORGANIC COMPOUNDS IN
CONCENTRATIONS ABOVE THE DRINKING WATER CRITERIA IS ASSOCIATED WITH THIS ALTERNATIVE. THIS ALTERNATIVE
WOULD NOT PROVIDE PROTECTION TO PUBLIC HEALTH OR THE ENVIRONMENT AND CONTAMINATION OF GROUNDWATER THROUGH
LEACHING OF THE CONTAMINANTS WOULD BE EXPECTED TO CONTINUE.

COMMON TO ALL OTHER ALTERNATIVES

ALL OF THE SOURCE CONTROL ALTERNATIVES DISCUSSED BELOW WOULD INCLUDE A RIGOROUS, INITIAL SAMPLING AND
ANALYSIS PROGRAM.  BOTH MONITORING AND RECOVERY WELLS WOULD BE SAMPLED FOR HAZARDOUS SUBSTANCE LIST (HSL)
COMPOUNDS IN ORDER TO MORE PRECISELY DEFINE THE CONTAMINANTS AND THEIR CONCENTRATIONS.

ALL OF THE SOURCE CONTROL ALTERNATIVES INCLUDE DOWNGRADIENT RECOVERY WELLS TO CONTROL THE MIGRATION OF
THE CONTAMINANT PLUME.  A TREATMENT ALTERNATIVE FOR THE RECOVERY WELL DISCHARGES CAN NOT BE ADDRESSED AT
THIS TIME.  THE STATE OF DELAWARE IS IN THE PROCESS OF ISSUING AN NPDES PERMIT THAT WOULD IDENTIFY THE
SAFE AND APPROPRIATE LEVELS FOR CONTAMINANTS AT THE POINT OF DISCHARGE INTO THE ARMY CREEK AND POND. 
BASED ON THOSE LIMITS, THE TREATMENT ALTERNATIVE WILL BE DETERMINED AT A LATER DATE.

A DEFINITE TIME PERIOD FOR PHASING OUT THE DOWNGRADIENT RECOVERY WELL SYSTEM CANNOT BE ESTABLISHED AT
THIS TIME FOR THE FOLLOWING REASONS:

• GROUNDWATER QUALITY FOR ORGANICS AT THE SITE CAN NOT BE PRECISELY DEFINED WITH EXISTING DATA.

• THE TOTAL IMPACT OF THE DELAWARE SAND AND GRAVEL LANDFILL ON THE GROUNDWATER IS NOT KNOWN AT THIS
TIME.

• THE REMEDIAL ACTIONS TO BE TAKEN AT THE DELAWARE SAND AND GRAVEL LANDFILL ARE NOT KNOWN.  THESE
ACTIONS MAY AFFECT THE QUALITY OF GROUNDWATER AT THE ARMY CREEK SITE.

THE FOLLOWING METHODOLOGY WILL BE CONSIDERED FOR PHASING OUT THE RECOVERY WELL SYSTEM:

THE RECOVERY WELL SYSTEM WILL BE EVALUATED IN TERMS OF BOTH THE FLOW SYSTEM AND WATER QUALITY FOR A
PERIOD OF FIVE YEARS AFTER THE CAP IS INSTALLED OR AFTER THE WASTE IS EXCAVATED.  IF PRIMARY DRINKING
WATER CRITERIA LEVELS ARE NOT MET WITHIN THIS EVALUATION PERIOD, ALTERNATE CONCENTRATION LEVELS (ACL)
WILL BE CONSIDERED.  THE ACLS WILL BE BASED ON AN EVALUATION TO DEFINE IF SUFFICIENT ATTENUATION WILL BE
ACHIEVED DOWNGRADIENT OF THE ARMY CREEK LANDFILL, SO THAT DRINKING WATER CRITERIA LEVELS WILL BE MET AT
ANY POTENTIAL RECEPTORS.  THESE ACLS WILL BE APPLIED AT THE RECOVERY WELLS OR THE PROPERTY BOUNDARY. 
WHEN THE ACLS ARE MET, THE RECOVERY WELL SYSTEM COULD BE PHASED OUT.

ALTERNATIVES THAT INCLUDE A CAP MAY ENCROACH ON THE 100 YEAR FLOODPLAIN AT THE SOUTH END OF THE SITE. 
THE FLOODPLAIN EXTENDS TO APPROXIMATELY THE TEN FOOT CONTOUR.  DURING DESIGN, DETAILED SURVEYS AND DESIGN
EVALUATION WILL DETERMINE IF ANY PORTION OF THE CAP MUST EXTEND TO THIS AREA.  SUITABLE MEASURES
INCLUDING GABIONS OR RIP-RAP MAY BE USED TO PROTECT THE CAP AND MINIMIZE ENCROACHMENT IN THE FLOODPLAIN.

ALTERNATIVE NO. 2 - DOWNGRADIENT PUMPING

ALTERNATIVE NO. 2 CONSISTS OF A SERIES OF DOWNGRADIENT PUMPING WELLS TO RECOVER CONTAMINATED GROUNDWATER
AND CONTROL ITS MIGRATION.  IN 1972, WHEN IT WAS DISCOVERED THAT LEACHATE HAD ENTERED THE UNDERLYING
CONFINED AQUIFER IN THE POTOMAC FORMATION AND HAD CONTAMINATED A NEARBY DOMESTIC WELL, WESTON WAS
RETAINED BY NEW CASTLE COUNTY TO INVESTIGATE THE EXTENT OF THE PROBLEM AND PROPOSE POTENTIAL SOLUTIONS. 
PRELIMINARY HYDROGEOLOGIC INVESTIGATIONS CONDUCTED BY WESTON INDICATED THAT THE LEACHATE HAD CONTAMINATED
A SUBSTANTIAL VOLUME OF THE UPPER POTOMAC AQUIFER AND THAT CONTAMINATED GROUNDWATER WAS MOVING IN THE
DIRECTION OF THE ARTESIAN WATER COMPANY'S LLANGOLLEN WELLFIELD IN RESPONSE TO BOTH THE NATURAL



GROUNDWATER GRADIENT AND THE PUMPING EFFECTS OF THE ARTESIAN WELLFIELD.  THE NEAREST ARTESIAN WATER
COMPANY WELL WAS LOCATED ABOUT 1,600 FEET FROM THE EDGE OF THE CONTAMINANT PLUME.

BASED ON PRELIMINARY HYDROGEOLOGIC INVESTIGATIONS, A CONTAMINANT RECOVERY AND MONITORING PROGRAM WAS
DESIGNED AND IMPLEMENTED IN 1973 AS AN INITIAL STEP TOWARDS AN EVENTUAL SOLUTION TO THE PROBLEM.  THE
RECOVERY PROGRAM WAS DESIGNED TO ACHIEVE THE FOLLOWING OBJECTIVES:

• TO CONTROL THE MIGRATION OF CONTAMINANTS TOWARDS ARTESIAN WATER COMPANY'S WELLS AND TO CONTAIN
THEM IN AN AREA CLOSER TO THE LANDFILL.

• TO CREATE A GROUNDWATER DIVIDE BETWEEN THE ARTESIAN WELLFIELD AND THE CONTAMINATED ZONE SUCH THAT
THE GROUNDWATER FLOW IN THE CONTAMINATED ZONE COULD BE REVERSED AND THE CONTAMINATED GROUNDWATER
BETWEEN THE RECOVERY WELLS AND WELLFIELD WOULD MOVE TOWARD THE ARMY CREEK LANDFILL.

• TO RECOVER CONTAMINATED WATER AND RESTORE THE AQUIFER WATER QUALITY.

• TO MONITOR THE WATER QUALITY AND WATER LEVELS IN THE AREA AND EVALUATE THE EFFECTIVENESS OF THE
RECOVERY PROGRAM.

• TO DEVELOP FEASIBLE LEACHATE TREATMENT AND DISPOSAL METHODS UNTIL SOME TYPE OF PERMANENT SOLUTION
TO THE PROBLEM WAS DETERMINED.

AS A RESULT, A LARGE NUMBER OF OBSERVATION AND RECOVERY WELLS WAS CONSTRUCTED.  WHILE THE OBSERVATION
WELLS WERE CONSTRUCTED IN BOTH THE SHALLOW COLUMBIA SEDIMENTS AND THE UNDERLYING POTOMAC AQUIFER, THE
RECOVERY WELLS WERE CONSTRUCTED ONLY IN THE CONTAMINATED ZONE OF THE UPPER POTOMAC AQUIFER, WHICH IS THE
AQUIFER SOURCE USED BY ARTESIAN.

THE INITIAL RECOVERY WELL SYSTEM CONSISTED OF ELEVEN RECOVERY WELLS RW-1, 2,3,4,5,6 AND WELLS 27,28,29,31
AND 53 (FIGURE 3).  IN 1977, THE DATA COLLECTED DURING THE INITIAL OPERATION FROM 1973 TO 1977 WAS
EVALUATED.  THE FOLLOWING CONCLUSIONS WERE MADE AT THAT TIME BASED ON THE EVALUATION:

• THE RECOVERY WELLS HAVE BEEN SUCCESSFUL IN CONTAINMENT OF THE CONTAMINATED GROUNDWATER PLUME
WITHIN THE GROUNDWATER FLOW SOUTH OF THE ARMY CREEK LANDFILL.

• A GROUNDWATER DIVIDE HAS BEEN DEVELOPED BETWEEN THE ARTESIAN WATER COMPANY'S WELLFIELD AND THE
CONTAMINATED ZONE OF GROUNDWATER.  THE GROUNDWATER FLOW IN THE CONTAMINATED ZONE BETWEEN THE
LANDFILL AND THE ARTESIAN WELLFIELDS HAS BEEN REVERSED TOWARDS THE RECOVERY WELLS AND THE ARMY
CREEK LANDFILL.

• RECOVERY WELLS RW-1, RW-3, RW-4, AND RW-5 CONTINUED TO "PULL BACK" THE CONTAMINANTS TO AS FAR AS
THEIR PRESENT LOCATIONS; THESE RECOVERY WELLS COULD BE PHASED OUT OF THE SYSTEM IN STAGES BY
REDUCING THEIR PUMPING RATES.

• IT WOULD BE NECESSARY TO MONITOR THE WATER QUALITY IN THE VICINITY OF RECOVERY WELLS RW-1, RW-3,
RW-4 AND RW-5 MORE FREQUENTLY THAN USUAL WHEN THEIR PUMPING RATES HAVE BEEN REDUCED. THIS WOULD
ASSURE EARLY DETECTION OF ANY DETERIORATION IN WATER QUALITY CAUSED BY REDUCED PUMPING RATES.

• IT APPEARS THAT MOST OF THE INORGANIC CONTAMINANTS ARE DISCHARGED INTO THE UPPER POTOMAC AQUIFER
IN AN AREA OF THE LANDFILL NORTH OF RECOVERY WELLS 27, 28 AND 29 AND IN THE SOUTHWEST CORNER OF   
THE LANDFILL.

• THE TOTAL PUMPING RATE OF THE RECOVERY WELLS WAS APPROXIMATELY 1.5 MILLION GALLONS PER DAY, WHICH
IS ABOUT 7.5 TIMES MORE THAN THE AVERAGE DAILY RATE OF POTENTIAL LEACHATE PRODUCTION. LEACHATE
WOULD BE RECOVERED MORE EFFICIENTLY IF THE WELLS WERE LOCATED WITHIN AND CLOSER TO THE LANDFILL.

• INCRUSTATION HAS CAUSED A SIGNIFICANT PROBLEM REQUIRING FREQUENT REHABILITATION OF THE RECOVERY
WELLS.  TO CONTROL THE INCRUSTATION PROBLEM, THE PUMPING RATES OF THE EXISTING RECOVERY WELLS
SHOULD BE FURTHER REDUCED BY ABOUT 50 PERCENT.

• WHEN RW-1, RW-3, RW-4 AND RW-5 HAVE BEEN PHASED OUT OF THE RECOVERY PROGRAM, MORE RECHARGE WILL
BE AVAILABLE FOR ARTESIAN WATER COMPANY'S WELLS.

IT WAS THEREFORE RECOMMENDED THAT NEW WELLS RW-10, RW-11, RW-12, RW-13 AND RW-14 BE INSTALLED CLOSER TO
THE LANDFILL SUCH THAT LEACHATE AND CONTAMINATED GROUNDWATER COULD BE RECOVERED MORE EFFICIENTLY.  THIS
WAS ALSO RECOMMENDED BY THE ROUND TABLE CONFERENCE IN 1977.



IN MAY 1982, THE EFFECTIVENESS OF THE MODIFIED DOWNGRADIENT PUMPING SYSTEM WAS EVALUATED THROUGH A 
SERIES OF PUMP TESTS PERFORMED ON THE NEW RECOVERY WELLS, RW-10, RW-11, RW-12, RW-13 AND RW-14.  THE
CONCLUSIONS AND RECOMMENDATIONS GENERATED AS A RESULT OF THE PUMP TESTS RESULTED IN THE PHASING OUT OF
RECOVERY WELLS RW-2, RW-3, RW-4, RW-5 AND RW-6.  THE CURRENT DOWNGRADIENT PUMPING SYSTEM INCLUDES RW-14,
RW-13, RW-12,31,29,28,27, RW-1, RW-11, RW10, AND RW-9 (FIGURE 3).  THE CURRENT SYSTEM HAS MAINTAINED THE
GROUNDWATER DIVIDE NECESSARY TO INTERCEPT CONTAMINATED GROUNDWATER.

THE CLOGGING OF WELL SCREENS AND DISCHARGE LINES BY IRON PRECIPITATE IS A CONTINUOUS PROBLEM THAT IS
ADDRESSED THROUGH A REGULAR PROGRAM OF WELL REHABILITATION AND PUMP REPAIR.  DURING THE PERIOD OF JUNE
1982 THROUGH APRIL 1983, AT LEAST ONE WELL WAS OFF-LINE FOR MAINTENANCE, REPAIR OR REHABILITATION DURING
ANY GIVEN MONTH, WITH THE EXCEPTION OF JUNE 1982.  SINCE THE PHASING OUT OF WELLS WITH THE POOREST
PERFORMANCE, A BIANNUAL MAINTENANCE PROGRAM HAS BEEN ESTABLISHED TO TREAT AND REHABILITATE THE TWELVE
OPERATING WELLS.  MAINTENANCE AND REPLACEMENT OF PARTS HAVE BEEN PERFORMED AS PART OF THE MAINTENANCE
PROGRAM.

SINCE THE RECOVERY WELL SYSTEM IS ALREADY IN PLACE AND OPERATIVE, THERE IS NO IMPLEMENTATION TIME
NECESSARY FOR THIS ALTERNATIVE.

SAMPLING AND TESTING PERFORMED AT THE ARTESIAN WATER COMPANY'S WELLFIELD AND CONCENTRATION GRADIENT MAPS
OF THE AREA HAVE INDICATED THAT THE DOWNGRADIENT PUMPING SYSTEM ALONG WITH CONTROLLED WITHDRAWAL BY
ARTESIAN HAS BEEN EFFECTIVE IN CONTAINING THE CONTAMINATED GROUNDWATER PLUME THROUGH THE CREATION OF A
HYDROLOGIC DIVIDE BETWEEN THE LANDFILL AND THE ARTESIAN WATER COMPANY'S WELLFIELD.  ALTERNATIVE 2 HAS
THEREFORE BEEN PROVEN TO HAVE CONTAINED CONTAMINATED GROUNDWATER.  BY CONTROLLING THE CONTAMINATED
GROUNDWATER THE PUMPING SYSTEM HAS PREVENTED THE POSSIBLE ABANDONMENT OF THE UPPER POTOMAC AQUIFER AS A
SOURCE OF WATER SUPPLY IN THE PRODUCTION WELLFIELDS NEAR THE LANDFILL AND REDUCED THE PUBLIC HEALTH RISK
THAT COULD HAVE RESULTED IF THE CONTAMINATED GROUNDWATER PLUME WAS NOT CONTROLLED.

ALTERNATIVE 2 DOES NOT, HOWEVER, ADDRESS THE SOURCE OF LEACHATE ENTERING THE POTOMAC AQUIFER OR THE
PATHWAYS THROUGH WHICH WATER ENTERS THE LANDFILL RESULTING IN LEACHATE PRODUCTION.  PRECIPITATION
INFILTRATING THROUGH THE LANDFILL SURFACE AND GROUNDWATER INFILTRATION THROUGH THE NORTHWEST SIDE OF THE
LANDFILL FROM THE COLUMBIA AQUIFER WILL CONTINUE UNDER THIS ALTERNATIVE.  THEREFORE, LEACHATE MIGRATION
INTO THE COLUMBIA AND UPPER POTOMAC AQUIFER WILL CONTINUE SHOULD ALTERNATIVE 2 BE IMPLEMENTED.

THIS ALTERNATIVE DOES NOT ATTAIN ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS AS
DEFINED BY CERCLA AND RCRA.

ALTERNATIVE NO. 3 - DOWNGRADIENT PUMPING AND LANDFILL CAPPING

ALTERNATIVE 3 CONSISTS OF THE DOWNGRADIENT PUMPING PROGRAM EVALUATED UNDER ALTERNATIVE 2, AND INCLUDES
CAPPING THE LANDFILL WITH A MULTI-LAYERED CAP.

THE MULTI-LAYER CAP SYSTEM REPRESENTS A RECENTLY DEVELOPED COVER TECHNOLOGY THAT IS GAINING WIDESPREAD
USE AS AN INFILTRATION CONTROL STRATEGY FOR WASTE CONTAINMENT OR IN-PLACE CLOSURE.  THE MULTI-LAYER CAP
SYSTEM PERFORMS THE BASIC FUNCTIONS OF MINIMIZING INFILTRATION INTO THE WASTE SITE; DIRECTING AND
TRANSMITTING PERCOLATION AND GAS MIGRATION AWAY FROM THE SITE; AND PROVIDING A FINAL COVER FOR THE SITE
AND GROWTH MEDIUM FOR VEGETATION.  A TYPICAL MULTI-LAYER CAP SYSTEM, AS SHOWN ON FIGURE 5, CONSISTS OF
THE FOLLOWING THREE LAYERS:

A)  UPPERSOIL LAYER.  A TOP SOIL AND NATIVE SOIL LAYER, TYPICALLY PLACED TO A DEPTH OF ABOUT 12-24
       INCHES.  THIS LAYER SERVES TO SUPPORT VEGETATION, PROVIDE A COVER FOR THE DRAIN LAYER, AND DIVERT
       SURFACE RUNOFF.

B)  MIDDLE DRAIN LAYER.  A GRADED LAYER OF POROUS FLOW ZONE MATERIAL (E.G., SAND, GRAVEL, GEOGRID) TO
       ACT AS A DRAINAGE MEDIUM.  THIS LAYER IS TYPICALLY PLACED TO A DEPTH OF ABOUT 18 INCHES.

C)  CAP LAYER.  A COMPACTED LAYER OF FINE-GRAINED SOILS OF LOW PERMEABILITY DESIGNED TO DIVERT
       INFILTRATION THAT HAS PERCOLATED THROUGH THE UPPER SOIL LAYER.  THIS CAP LAYER IS TYPICALLY PLACED
       TO DEPTHS OF ABOUT 18-24 INCHES.

THE SUCCESSFUL MULTI-LAYER CAP SYSTEM INCORPORATES THE USE OF LOW PERMEABILITY MATERIALS TO PROVIDE A
SURFACE SEAL OVER THE CONTAMINATED  AREA.  A ZONE OF HIGH PERMEABILITY MATERIALS, SUCH AS GRADED GRAVEL, 
AGGREGATE, AND DRAINAGE GEOTEXTILES, IS TYPICALLY PLACED OVER A CAP LAYER TO ENHANCE LATERAL MOVEMENT OF
WATER THAT PERCOLATES THROUGH THE UPPER SOIL LAYER.  THE UPPER SOIL LAYER PROVIDES THE FOLLOWING:

(A)  A SOIL COVER TO PROMOTE RUNOFF.

(B)  A PROTECTIVE COVER FOR THE DRAIN LAYER.



(C)  A MEDIUM FOR GROWTH OF VEGETATIVE COVER.

THE VEGETATION NOT ONLY STABILIZES THE COVER SYSTEM FROM POSSIBLE DAMAGE DUE TO WATER OR WIND EROSION,
BUT ALSO CONTRIBUTES TO MOISTURE LOSS THROUGH EVAPOTRANSPIRATION.

SEVERAL MAJOR ADVANTAGES OF THE MULTI-LAYER COVER SYSTEM AS COMPARED TO A STANDARD NATIVE SOIL COVER
INCLUDE THE FOLLOWING:

(A)  A PROTECTIVE SOIL LAYER IS PLACED OVER THE CAP LAYER; THE CAP IS NOT DIRECTLY EXPOSED TO
        EXCESSIVE DAMAGE DUE TO WEATHERING, CRACKING OR ROOT PENETRATION.

(B)  A DRAIN LAYER SERVES TO DIVERT ADDITIONAL PERCOLATING WATER SO IT DOES NOT EVENTUALLY MIGRATE
        INTO THE UNDERLYING WASTE MATERIAL.

(C)  POSSIBLE SLUMPING OF THE TOPSOIL AND UPPER SOIL LAYERS IS MINIMIZED.

CALCULATIONS USING HYDROLOGIC SIMULATION MODELING SHOW THAT THE MULTI-LAYERED COVER SYSTEM CAN DIVERT
GREATER THAN 90 PERCENT OF THE PRECIPITATION FALLING ON THE SITE.  SINCE THE COVER IS CONSTRUCTED OF
NATURAL MATERIALS, IT IS EXPECTED TO REMAIN EFFECTIVE OVER THE 30-YEAR EVALUATION PERIOD.

FINAL DESIGN STUDIES WILL BE USED TO DETERMINE THE MATERIAL TYPES AND SPECIFICATIONS FOR THE NUMBER OF
LAYERS AND THICKNESS OF THE FINAL CAP SYSTEM.  ANY SYSTEM INSTALLED WILL COMPLY WITH THE RCRA CAP
REQUIREMENTS.

ALTERNATIVE 3 PROVIDES THE SAME HEALTH BENEFITS AS ALTERNATIVE 2 BY CONTAINING THE CONTAMINANT PLUME
THROUGH THE CREATION OF A HYDROLOGIC DIVIDE BETWEEN THE LANDFILL AND THE ARTESIAN WATER COMPANY'S
WELLFIELD BY DOWNGRADIENT PUMPING.  THE RECOVERY PUMPING PROGRAM IN PLACE AT THE ARMY CREEK LANDFILL HAS
PROVEN TO HAVE CONTAINED CONTAMINATED GROUNDWATER CLOSE TO THE LANDFILL.  BY CONTROLLING THE CONTAMINANT
PLUME, THE PUMPING SYSTEM HAS PREVENTED THE POSSIBLE ABANDONMENT OF THE UPPER POTOMAC AQUIFER AS A SOURCE
OF WATER SUPPLY IN THE PRODUCTION WELLFIELDS NEAR THE LANDFILL.

THIS ALTERNATIVE ATTAINS ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS AS DEFINED
BY CERCLA AND RCRA.

ALTERNATIVE NO. 4 - DOWNGRADIENT PUMPING, LANDFILL CAPPING, AND UPGRADIENT CONTROLS

    A. NON-PHASED APPROACH - THE NON-PHASED APPROACH TO ALTERNATIVE 4 WOULD INCLUDE THE CONTINUATION OF
       THE DOWNGRADIENT PUMPING PROGRAM AND THE SIMULTANEOUS CONSTRUCTION OF THE FINAL CAP SYSTEM AND THE
       UPGRADIENT GROUNDWATER CONTROLS (FIGURE 6).  THIS APPROACH TO ALTERNATIVE 4 PROVIDES ADDITIONAL
       IMMEDIATE MEASURES TO FURTHER MITIGATE THE ENVIRONMENTAL IMPACTS OF THE LANDFILL AS COMPARED TO
       ALTERNATIVE 3. THE UPGRADIENT CONTROLS WOULD INTERCEPT AND SIGNIFICANTLY REDUCE THE GROUNDWATER
       ENTERING THE LANDFILL ALONG THE NORTH-WESTERN SIDE, THUS REDUCING THE POTENTIAL VOLUME OF
       LEACHATE PRODUCED.  THE FLOW OF GROUNDWATER INTO THE LANDFILL ALONG THE NORTHWESTERN SIDE HAS
       BEEN ESTIMATED AT 25,000 GPD AS COMPARED TO 4,000 GPD OF PRECIPITATION INFILTRATION.

    B. PHASED APPROACH - THE PHASED APPROACH TO ALTERNATIVE 4 INVOLVES TWO PHASES.  PHASE 1 WOULD INCLUDE
       INSTALLATION OF THE FINAL CAP SYSTEM WITH CONTINUATION OF THE DOWNGRADIENT PUMPING SYSTEM.  THE
       EFFECT ON THE GROUNDWATER QUALITY AS A RESULT OF CAPPING THE LANDFILL WOULD THEN BE MONITORED AND
       ASSESSED PRIOR TO INITIATING PHASE 2 UPGRADIENT CONTROLS.  IT IS POSSIBLE THAT ALTHOUGH A
       SIGNIFICANTLY GREATER VOLUME OF GROUNDWATER PASSES THROUGH THE SITE THAN DOES PRECIPITATION, THE
       REFUSE THAT COMES IN CONTACT WITH THE GROUNDWATER HAS ALREADY HAD MUCH OF THE CONTAMINATION
       LEACHED AFTER ALMOST SEVENTEEN YEARS IN A SATURATED STATE.  MONITORING HAS ALSO SHOWN THAT THE
       GROUNDWATER TABLE ELEVATIONS HAVE DROPPED OVER THE PAST TWELVE YEARS DUE TO THE ADDITIONAL
       PUMPING, RESULTING IN A LESSER QUANTITY OF REFUSE THAT IS SATURATED.  PRECIPITATION, ON THE OTHER
       HAND, PERCOLATES THROUGH THE ENTIRE REFUSE STRATUM, ALLOWING FOR MORE CONTACT WITH A GREATER
       VOLUME OF LANDFILL MATERIAL.  FOLLOWING AN EVALUATION PERIOD OF 5 YEARS AFTER THE CAP IS
       INSTALLED, THE NEED FOR UPGRADIENT GROUNDWATER CONTROLS TO REDUCE LEACHATE PRODUCTION WOULD BE
       DETERMINED.  THIS DETERMINATION WOULD BE BASED ON THE EVALUATION OF THE MONITORING WELL WATER
       LEVELS, PUMPING RATES AND WATER QUALITY.

       BOTH THE PHASED AND NON-PHASED APPROACHES INCLUDE SURFACE MANAGEMENT MEASURES AND GAS VENTING AS
       PART OF THE CONSTRUCTION OF THE CAP SYSTEM.

THE TECHNICAL EVALUATION OF THE DOWNGRADIENT PUMPING PROGRAM HAS BEEN PERFORMED UNDER ALTERNATIVE 2, AND
THE EVALUATION OF THE MULTI-LAYER CAP SYSTEM UNDER ALTERNATIVE 3.  FINAL DESIGN ANALYSIS WILL BE USED TO
DETERMINE THE MATERIAL TYPES AND SPECIFICATIONS FOR THE NUMBER OF LAYERS AND THICKNESS OF THE FINAL CAP
SYSTEM.  THE ANALYSIS FOR THIS ALTERNATIVE WILL THEREFORE CONCENTRATE ON EVALUATING THE UPGRADIENT



CONTROLS.  AN UPGRADIENT PUMPING NETWORK IS USED HERE FOR EVALUATION PURPOSES ONLY.  THE FINAL UPGRADIENT
CONTROL (PUMPING OR TRENCH) WOULD BE DETERMINED DURING THE DESIGN PHASE.  IT IS ANTICIPATED THAT LESS
PUMPING, BOTH IN QUANTITY AND DURATION, BY THE DOWNGRADIENT RECOVERY WELL SYSTEM WOULD BE REQUIRED AS A
RESULT OF CAPPING THE LANDFILL.  UPGRADIENT CONTROLS SHOULD FURTHER HASTEN GROUNDWATER CLEANSING,
REDUCING THE TIME THE DOWNGRADIENT SYSTEM HAS TO BE OPERATED.

THE ARRANGEMENT AND NUMBER OF RECOVERY WELLS NECESSARY TO PREVENT THE LATERAL INFLOW OF GROUNDWATER INTO
THE ARMY CREEK LANDFILL WOULD BE CONTINGENT UPON SEVERAL OF THE FOLLOWING FACTORS; THE VOLUME OF
INFLOWING WATER, THE DEPTH TO WHICH THE WATER TABLE MUST BE LOWERED, AND THE ABILITY OF THE COLUMBIA
AQUIFER TO TRANSMIT WATER.

TO INTERCEPT THE INFLOWING GROUNDWATER AND LOWER THE WATER TABLE WITHIN THE LANDFILL, WESTON DETERMINED
THAT FIVE RECOVERY WELLS, SPACED AT 320-FOOT INTERVALS, WOULD BE NEEDED.  THE WELLS COULD BE LOCATED
DIRECTLY SOUTH OF THE RAILROAD TRACKS ALONG THE NORTHWESTERN BOUNDARY OF THE LANDFILL (FIGURE 3).  TO
ENSURE MAXIMUM DRAINAGE FROM THE COLUMBIA AQUIFER, THE DEPTH OF THE WELLS SHOULD EXTEND TO THE BASE OF
THE AQUIFER (25 TO 30 FEET).

AN EVALUATION OF VARIOUS PUMPING RATES ESTIMATED THAT A DISCHARGE RATE OF 20 GPM PER WELL WOULD PROVIDE
MAXIMUM DRAINAGE OF THE COLUMBIA AQUIFER WITHOUT EXCEEDING THE CRITICAL WELL DRAWDOWN LIMITS.  THE
PUMPING RATE OF 20 GALLONS PER MINUTE(GPM) AT EACH OF THE FIVE WELLS WOULD REMOVE APPROXIMATELY 144,000
GPD OF GROUNDWATER, CREATING A HYDROLOGIC DRAIN FOR THE GROUNDWATER ENROUTE TO THE LANDFILL.  THE
DRAWDOWN INFLUENCE FROM THE PUMPING WELLS WOULD LOWER THE WATER TABLE WITHIN THE REFUSE.  UPGRADIENT
PUMPING WOULD ESSENTIALLY DEWATER A MAJOR PORTION OF THE REFUSE, LEAVING ONLY A FRACTION OF THE TOTAL
WASTE VOLUME SATURATED NEAR THE BASE OF THE COLUMBIA FORMATION.

THE WATER LEVEL IN ARMY CREEK COULD POTENTIALLY IMPACT THE DEWATERING INFLUENCES OF THE UPGRADIENT WELLS. 
IF THE  CUMULATIVE DRAWDOWNS FROM THE FIVE RECOVERY WELLS LOWERS THE WATER TABLE BELOW THE WATER LEVEL OF
ARMY CREEK, THEN SURFACE WATER FLOW INTO THE COLUMBIA AQUIFER COULD BE INDUCED.  THIS WOULD EVENTUALLY
CREATE A STEADY-STATE CONDITION BETWEEN THE WATER LEVELS IN THE WELLS AND THE STAGE OF THE STREAM.  AT
THIS TIME, THE VARIATION IN THE ELEVATION OF THE SURFACE WATER IN ARMY CREEK IS UNKNOWN, AND THE EFFECT
OF THE STREAM ON THE MAXIMUM WATER TABLE DRAWDOWNS CANNOT BE DETERMINED.

ALTERNATIVE 4 PROVIDES THE SAME HEALTH BENEFITS AS ALTERNATIVES 2 AND 3 BY CONTAINING THE CONTAMINANT
PLUME THROUGH THE CREATION OF A HYDROLOGIC DIVIDE BETWEEN THE LANDFILL AND THE ARTESIAN WATER COMPANY'S
WELLFIELD BY DOWNGRADIENT PUMPING.  ALTERNATIVE 4 PROVIDES FURTHER MEASURES TO MITIGATE THE ENVIRONMENTAL
IMPACTS REMAINING AFTER THE IMPLEMENTATION OF THE DOWNGRADIENT PUMPING AND LANDFILL CAPPING INCLUDED IN
ALTERNATIVE 3.  UNDER THE NON-PHASED APPROACH TO ALTERNATIVE 4, UPGRADIENT CONTROLS WILL BE INSTALLED AT
THE SAME TIME THE LANDFILL IS CAPPED.  BOTH PATHWAYS OF INFILTRATION INTO THE LANDFILL WOULD, THEREFORE,
IMMEDIATELY BE ADDRESSED.  POTENTIAL LEACHATE PRODUCTION SHOULD BE SIGNIFICANTLY REDUCED AS A RESULT OF
THESE ACTIONS.  IT IS THEREFORE ANTICIPATED THAT GROUNDWATER CLEANSING WOULD BE FURTHER HASTENED UNDER
ALTERNATIVE 4.

THE PHASED APPROACH WOULD ALLOW FOR A PERIOD OF MONITORING AND ASSESSMENT OF THE EFFECTIVENESS OF CAPPING
THE LANDFILL ON GROUNDWATER QUALITY.  FOLLOWING AN EVALUATION PERIOD OF 5 YEARS AFTER THE CAP IS
INSTALLED, THE NEED FOR ADDITIONAL MEASURES TO REDUCE LEACHATE PRODUCTION WOULD BE DETERMINED.  THIS
DECISION WOULD BE BASED ON AN EVALUATION OF WATER LEVELS AND WATER QUALITY AT THE ARMY CREEK LANDFILL.

THIS ALTERNATIVE ATTAINS ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS AS DEFINED
BY CERCLA AND RCRA.

ALTERNATIVE 5 - DOWNGRADIENT PUMPING, PARTIAL REMOVAL AND LANDFILL CAPPING

ALTERNATIVE 5 CONSISTS OF THE DOWNGRADIENT RECOVERY WELL SYSTEM ALSO INCLUDED IN ALTERNATIVES 3 AND 4,
THE EXCAVATION OF THE LANDFILL REFUSE IN THE WESTERN SECTION, AND MOVEMENT OF THE EXCAVATED REFUSE ON THE
EASTERN SECTION.  THE EASTERN SECTION WOULD THEN BE GRADED AND CAPPED WITH A MULTI-LAYERED CAP SYSTEM,
AND THE WESTERN SECTION BACKFILLED WITH CLEAN FILL MATERIAL, GRADED TO DRAIN SURFACE RUN-OFF AND
VEGETATED. EROSION AND RUN-OFF CONTROLS WOULD BE ESTABLISHED IN EXCAVATED AND FILL AREAS.  THE SATURATED
REFUSE IN THE WESTERN SECTION WOULD REQUIRE "DEWATERING" OR DRAINING AS IT IS EXCAVATED AND WOULD BE
MIXED WITH DRYER REFUSE TO BE PLACED AND COMPACTED ON THE EASTERN SECTION OF THE LANDFILL.  A COMBINATION
OF DRAINING/PUMPING OF FREE LIQUIDS FROM THE SATURATED REFUSE AND UPGRADIENT CONTROLS WOULD BE REQUIRED
FOR THE DEWATERING PROCESS.  FIGURES 7 PROVIDES A GRAPHICAL PRESENTATION OF ALTERNATIVE 5.

THIS ALTERNATIVE WILL REMOVE ONE OF THE SOURCES OF CONTAMINATION OF THE COLUMBIA AQUIFER AND SUBSEQUENTLY
THE UPPER POTOMAC AQUIFER BY THE EXCAVATION OF THE WESTERN SECTION OF THE LANDFILL.  FIELD INFORMATION
SUGGESTS THAT GROUNDWATER IS INFILTRATING THE REFUSE LATERALLY IN THIS SECTION OF THE LANDFILL.



THIS ALTERNATIVE ALSO ADDRESSES THE PRECIPITATION INFILTRATION THROUGH THE REMOVAL AND REDEPOSITION OF
REFUSE TO THE EASTERN SECTION OF THE LANDFILL WHICH WOULD THEN BE CAPPED WITH A MULTI-LAYERED CAP SYSTEM.
THE MULTI-LAYERED CAP SYSTEM WAS EVALUATED IN ALTERNATIVE 3. ALTERNATIVE 5 WOULD BE EFFECTIVE IN
ADDRESSING THE PATHWAYS OF INFILTRATION AND REDUCING THE POTENTIAL VOLUME OF LEACHATE PRODUCED FROM AN
ESTIMATED 29,000 GPD (25,000 GPD GROUNDWATER INFILTRATION PLUS 4,000 GAL/DAY OF PRECIPITATION
INFILTRATION) TO AN ESTIMATED 200 GPD (PRECIPITATION INFILTRATION THROUGH MULTI-LAYERED CAP SYSTEM). 
SOURCE REMOVAL WOULD PROVIDE AN EFFECTIVE LONG-TERM SOLUTION TO GROUNDWATER CONTAMINATION AT THE SITE. 
THE USEFUL LIFE OF THE MULTI-LAYERED CAP SYSTEM WOULD DEPEND ON THE ESTABLISHMENT OF A MAINTENANCE
PROGRAM THAT WOULD MAINTAIN A PROPER VEGETATED COVER AND INTEGRITY OF THE CAP.  A PROPERLY CONSTRUCTED
AND MAINTAINED CAP SHOULD LAST THROUGH THE 30-YEAR EVALUATION PERIOD.

ONCE THE VEGETATION ON THE MULTI-LAYERED CAP SYSTEM IS ESTABLISHED IT WOULD REQUIRE ROUTINE REGULAR
MAINTENANCE.  THE ENTIRE VEGETATED AREA SHOULD BE MOWED ONCE OR TWICE A YEAR TO MINIMIZE THE POTENTIAL
FOR GROWTH OF DEEP-ROOTED VEGETATION.  THE SURFACE CAP ON THE EASTERN SECTION SHOULD BE PERIODICALLY
INSPECTED TO ASSURE CONTINUED INTEGRITY OF THE CAPPING SYSTEM.  CRACKING, EROSION DAMAGE, AND
DIFFERENTIAL SETTLEMENT DAMAGE WOULD REQUIRE REPAIRS.

TWO OF THE MAJOR CONCERNS RESULTING FROM THE EXCAVATION OF THE WESTERN SECTION OF THE EXISTING LANDFILL
INCLUDE THE FOLLOWING:

• DEWATERING OF THE WESTERN SECTION WOULD BE REQUIRED BEFORE THE SATURATED REFUSE IS EXCAVATED FROM
BELOW THE WATER TABLE. UPGRADIENT CONTROLS SIMILAR TO THE SYSTEM OUTLINED UNDER ALTERNATIVE 4 CAN
BE USED TO LOWER THE WATER TABLE BELOW THE REFUSE.  COMPLETE DEWATERING MAY INCLUDE THE
CONSTRUCTION OF DRAINS AND SUMP CONTROLS, BUT IT IS ANTICIPATED THAT MOST OF THE FREE LIQUID
WOULD BE REMOVED BY THE UPGRADIENT CONTROLS.  THE DISCHARGE FROM THE UPGRADIENT CONTROLS COULD
POSSIBLY REQUIRE TREATMENT.  SINCE THE DURATION OF PUMPING (IF USED) WILL BE SHORT-TERM (TIME
REQUIRED TO EXCAVATE THE WESTERN SECTION), THE MOST COST EFFECTIVE TREATMENT OPTION COULD
POSSIBLY BE DISCHARGE TO THE LOCAL WASTE TREATMENT FACILITY (WILMINGTON WASTE WATER TREATMENT
PLANT).

• A POTENTIAL SLOPE STABILITY PROBLEM COULD RESULT BETWEEN THE EASTERN SECTION AND THE WESTERN
SECTION AS EXCAVATION OF THE WESTERN SECTION RESULTED IN DEEP CUTS INTO LANDFILL REFUSE.  THE    
EXCAVATION SHOULD PROCEED IN AN "AREA" TYPE MANNER TO MINIMIZE DEEP CUTS AND POSSIBLE STABILITY
PROBLEMS.  FINAL SIDE SHAPES AFTER BACKFILLING IN THE EASTERN SECTION SHOULD BE LIMITED TO A   
MAXIMUM RATIO OF 3 HORIZONTAL TO 1 VERTICAL (3:1) TO ENSURE SLOPE STABILITY.

EXCAVATION OF THE SATURATED REFUSE WOULD BE ACCOMPLISHED USING EITHER BACKHOES OR DRAGLINES WORKING FROM
THE TOP OF THE WORKING FACE. IF A POCKET OF NON-REFUSE OR POTENTIALLY HAZARDOUS WASTES HAS BEEN
IDENTIFIED, SPECIAL EXCAVATION AND HANDLING PROCEDURES WOULD BE INITIATED.

ALL OF THE REFUSE, WITH THE POSSIBLE EXCEPTION OF WASTE REQUIRING SPECIAL HANDLING, WOULD BE LOADED ONTO
DUMP TRUCKS.  THESE VEHICLES COULD THEN HAUL THE REFUSE ON A TEMPORARY ACCESS ROAD ALONG THE NORTH SIDE
OF THE LANDFILL RUNNING PARALLEL TO THE EXISTING RAILROAD.  FREE LIQUID FROM THE TRANSPORTATION OF THE
REFUSE WOULD THEREFORE BE CONTAINED WITHIN THE EXISTING LANDFILL AREA.  EXTENSIVE ODOR CONTROL WOULD BE
NECESSARY WITHIN AND AROUND THE PERIMETER OF THE EXCAVATION SITE FOR THE DUMP TRUCKS.

AFTER THE WESTERN SECTION HAD BEEN COMPLETELY EXCAVATED AND BACKFILLED WITH A CLEAN SOIL FILL, THE
EASTERN SECTION WOULD BE PREPARED FOR THE FINAL CAPPING.  THE CAP WOULD BE PLACED OVER THE INTERMEDIATE
SOIL COVER AND UTILIZE A MULTI-LAYER DESIGN.  THE MULTI-LAYER CAP SYSTEM WOULD SIGNIFICANTLY REDUCE
PRECIPITATION INFILTRATION.  EROSION AND SEDIMENTATION CONTROLS WOULD BE INITIATED UNTIL A PROPER
VEGETATED COVER IS ESTABLISHED.  GAS VENTING AND SURFACE MANAGEMENT MEASURES WILL BE INSTALLED DURING THE
CONSTRUCTION OF THE CAP SYSTEM.

WHILE ALTERNATIVE NO. 5 REPRESENTS A POTENTIAL SAFETY RISK TO THE CONSTRUCTION WORKERS, DUE TO THE
UNKNOWN TYPES OF WASTES AND CONDITIONS WHICH WOULD BE ENCOUNTERED DURING EXCAVATION, PROPER SAFETY
PROTOCOL WOULD REDUCE THE RISK.

ALTERNATIVE 5 PROVIDES THE SAME HEALTH BENEFITS AS ALTERNATIVES 2, 3, AND 4 BY CONTAINING THE CONTAMINANT
PLUME THROUGH THE CREATION OF A HYDROLOGIC DIVIDE BETWEEN THE LANDFILL AND THE ARTESIAN WATER COMPANY'S
WELLFIELD BY THE EXISTING DOWNGRADIENT PUMPING PROGRAM.  ALTERNATIVE 5 PROVIDES BASICALLY THE SAME
ENVIRONMENTAL BENEFITS AS ALTERNATIVE 4 BUT ADDRESSES THE GROUNDWATER INFILTRATION CONDITION IN THE
WESTERN PORTION OF THE LANDFILL BY ELIMINATING THE SOURCE OF LEACHATE GENERATION THROUGH TOTAL REMOVAL OF
THE REFUSE IN THE WESTERN SECTION.  GROUNDWATER CLEANSING WOULD BE HASTENED BY THE ELIMINATION OF THE
SOURCE OF CONTAMINATION.  CAPPING THE EASTERN SECTION WITH A MULTI-LAYER CAP WOULD SIGNIFICANTLY REDUCE
PRECIPITATION INFILTRATION WHICH WOULD FURTHER HASTEN GROUNDWATER CLEANSING.



DURING EXCAVATION, ODOR AND VECTOR PROBLEMS WOULD LIKELY OCCUR IN ADDITION TO THE NEED TO HANDLE DRAINING
WATER FROM SATURATED REFUSE. LEACHATE PUMPED DURING DEWATERING OPERATIONS BEFORE THE SATURATED REFUSE IS
EXCAVATED WOULD NEED TO BE COLLECTED AND TREATED.

THIS ALTERNATIVE ATTAINS ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS AS DEFINED
BY CERCLA AND RCRA.

ALTERNATIVE 6 - ON-SITE INCINERATION AND DOWNGRADIENT PUMPING

THIS ALTERNATIVE CONSISTS OF THE CONSTRUCTION OF AN INCINERATOR AND POWER GENERATOR FACILITY ADJACENT TO
THE SUBJECT SITE, EXCAVATING AND INCINERATING THE WASTE, AND BACKFILLING THE ASH RESIDUE ON-SITE.  IN
ORDER FOR THIS ALTERNATIVE TO BE FEASIBLE, THE EXCAVATED LANDFILL WASTES AT THE SITE WOULD NEED TO BE
MIXED WITH RAW-SOLID WASTE FROM NEARBY COMMUNITIES OR OTHER FUEL TO PRODUCE A COMBUSTIBLE MIXTURE. 
OTHERWISE, THE FUEL REQUIREMENTS FOR BURNING THE WET WASTE WOULD BE VERY EXCESSIVE. EXCAVATION OF THE
SATURATED MATERIAL WOULD REQUIRE DEWATERING.  THIS COULD BE ACHIEVED BY UPGRADIENT PUMPING OR PUMPING
DIRECTLY FROM THE EXCAVATED AREA.  THE DISCHARGE FROM THE DEWATERING OPERATION COULD REQUIRE TREATMENT.

THIS ALTERNATIVE WOULD INCLUDE CONTINUED DOWNGRADIENT PUMPING TO ASSURE THAT CONTAMINATED GROUNDWATER DID
NOT REACH THE ARTESIAN WATER COMPANY'S WELLFIELD.  A LONG-TERM GROUNDWATER MONITORING PROGRAM WOULD
DETERMINE WHEN THE DOWNGRADIENT RECOVERY SYSTEM COULD BE PHASED OUT AFTER THE LANDFILL HAD BEEN REMOVED
AND INCINERATED.

ALTERNATIVE 6 WOULD PROVIDE BASICALLY THE SAME PUBLIC HEALTH AND ENVIRONMENTAL BENEFITS AS ALTERNATIVES 4
AND 5 THROUGH DOWNGRADIENT PUMPING AND REMOVAL OF THE SOURCE BY EXCAVATION AND INCINERATION.  DRY REFUSE
OR OTHER FUEL WOULD NEED TO BE TRANSPORTED TO THE SITE AND MIXED WITH THE SATURATED WASTE TO MAKE IT
BURNABLE.  AIR POLLUTION CONTROL DEVICES REQUIRED UNDER RCRA WOULD REDUCE THE RELEASE OF CONTAMINANTS
INTO THE AIR.  INCINERATOR ASH AND RESIDUE WOULD BE BACKFILLED ON-SITE ONLY IN AREAS ABOVE THE
GROUNDWATER TABLE AND EVENTUALLY CAPPED.  DUST, ODOR AND DRAINAGE OF LIQUIDS FROM THE SATURATED WASTE ARE
PROBLEMS ASSOCIATED WITH THE EXCAVATION OF LANDFILL REFUSE.  OTHER ENVIRONMENTAL AND HEALTH CONCERNS
WOULD BE ASSOCIATED WITH THE TRANSPORT OF DRY REFUSE TO THE ARMY CREEK LANDFILL SITE.  THESE CONCERNS
INCLUDE NOISE AND DUST FROM TRANSPORTATION AND VECTOR PROBLEMS.  MEASURES SUCH AS VECTOR CONTROL AND SITE
ACCESS ROUTING, WOULD BE INITIATED TO MITIGATE THESE PROBLEMS.  CONSTRUCTION ACTIVITIES DURING EXCAVATION
COULD AFFECT WETLANDS HABITATS THROUGH NOISE, SURFACE WATER DIVERSION PRACTICES AND DUST.  DRAINAGE COULD
ALSO HAVE AN EFFECT IF NOT CONTROLLED.

ON-SITE INCINERATION WOULD BE REQUIRED TO MEET THE TECHNICAL REQUIREMENTS OF RCRA.  IN ADDITION TO RCRA
REQUIREMENTS, THE REMEDY WOULD NEED TO COMPLY WITH OTHER APPLICABLE STATE AND FEDERAL REQUIREMENTS BUT
WOULD NOT NEED A PERMIT.  A MONITORING PROGRAM WOULD ALSO BE A MANDATORY PART OF THE INCINERATION
PROCESS.  SIGNIFICANT PUBLIC OPPOSITION COULD BE EXPECTED TO THIS ALTERNATIVE.

THIS ALTERNATIVE ATTAINS AND/OR EXCEEDS APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS
AS DEFINED BY CERCLA AND RCRA.

ALTERNATIVE 7 - OFF-SITE DISPOSAL BY LANDFILLING AT AN APPROVED SITE AND DOWNGRADIENT PUMPING

THIS ALTERNATIVE CONSISTS OF COMPLETELY REMOVING THE LANDFILLED WASTE BY STANDARD EXCAVATION METHODS AND
DISPOSING OF THE WASTE IN AN APPROVED OFF-SITE FACILITY.  UPGRADIENT PUMPING HAS ALSO BEEN INCLUDED FOR
THE ANTICIPATED DEWATERING OF THE SATURATED MATERIAL IN THE BOTTOM OF THE WESTERN PART OF THE LANDFILL
PRIOR TO EXCAVATION.  THE LANDFILL AREA WOULD BE BACKFILLED, FOLLOWING COMPLETE EXCAVATION OF THE WASTE
MATERIAL.  THIS ALTERNATIVE WOULD ELIMINATE A SOURCE OF LEACHATE GENERATION (REFUSE) AND THUS ELIMINATE
THE ADDITION OF CONTAMINANTS TO THE GROUNDWATER.

THIS ALTERNATIVE INCLUDES A DOWNGRADIENT PUMPING PROGRAM. MONITORING OF THE RECOVERY SYSTEM WILL
DETERMINE WHEN THE SYSTEM CAN BE PHASED OUT AFTER COMPLETE REMOVAL OF THE LANDFILLED WASTES.

ALTERNATIVE 7 WOULD PROVIDE BASICALLY THE SAME PUBLIC HEALTH AND ENVIRONMENTAL BENEFITS AS ALTERNATIVES
4, 5, AND 6 THROUGH DOWNGRADIENT PUMPING AND THE COMPLETE REMOVAL OF THE SOURCE OF CONTAMINATION BY
EXCAVATION AND DISPOSAL IN AN APPROVED OFF-SITE LANDFILL FACILITY. THESE ACTIONS WOULD PREVENT DIRECT
HUMAN EXPOSURE AND ACCELERATE GROUNDWATER CLEANSING AS DO ALTERNATIVES 4, 5, AND 6.  DUST, ODOR, AND
NOISE PROBLEMS WOULD ARISE FROM THE EXCAVATION AND HAULING ACTIONS CONTAINED IN THIS ALTERNATIVE.  THE
OFF-SITE FACILITY WOULD NEED TO BE A RCRA PERMITTED LANDFILL TO ASSURE THAT POTENTIAL ENVIRONMENTAL
IMPACTS AT THE NEW SITE ARE MINIMIZED.

COMMERCIAL DISPOSAL FACILITIES MUST MEET STRINGENT ANALYTICAL, RCRA, AND STATE PERMITTING AND COMPLIANCE
STANDARDS.  USING OFF-SITE FACILITIES ALSO WOULD REQUIRE THAT THE DEPARTMENT OF TRANSPORTATION
REQUIREMENTS ARE MET.  OPPOSITION COULD OCCUR FROM THE STATE RECEIVING THIS LARGE QUANTITY OF WASTE
(APPROXIMATELY 2,000,000 CUBIC YARDS). OFF-SITE FACILITIES COULD ALSO BE RELUCTANT TO ACCEPT THIS LARGE



QUANTITY OF WASTE.

THIS ALTERNATIVE ATTAINS AND/OR EXCEEDS ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND ENVIRONMENTAL
STANDARDS AS DEFINED BY CERCLA AND RCRA.

#RA
RECOMMENDED ACTION (TABLE 10)

SECTION 300.68 (J) OF THE NATIONAL CONTINGENCY PLAN (NCP) STATES THAT THE APPROPRIATE EXTENT OF REMEDY
SHALL BE DETERMINED BY THE LEAD AGENCY'S SELECTION OF THE REMEDIAL ALTERNATIVE WHICH THE AGENCY
DETERMINES IS COST-EFFECTIVE (I.E., THE LOWEST COST ALTERNATIVE THAT IS TECHNOLOGICALLY FEASIBLE AND
RELIABLE) AND WHICH EFFECTIVELY MITIGATES AND MINIMIZES DAMAGE TO, AND PROVIDES ADEQUATE PROTECTION OF
PUBLIC HEALTH, WELFARE, OR THE ENVIRONMENT.  BASED ON OUR EVALUATION OF THE COST EFFECTIVENESS OF EACH OF
THE PROPOSED ALTERNATIVES, OF THE COMMENTS RECEIVED FROM THE PUBLIC, AND INFORMATION RECEIVED FROM THE
DELAWARE DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL, WE RECOMMEND THAT THE PHASED APPROACH
ALTERNATIVE 4B BE IMPLEMENTED AT THE ARMY CREEK LANDFILL SITE.

THIS ALTERNATIVE INCLUDES DOWNGRADIENT PUMPING WITH MONITORING, LANDFILL CAPPING AND POSSIBLY UPGRADIENT
CONTROLS.  THIS ALTERNATIVE WILL REDUCE THE PUBLIC HEALTH RISK BY POSSIBLY CONTAINING THE CONTAMINANT
PLUME THROUGH THE DOWNGRADIENT RECOVERY SYSTEM.  THIS ALTERNATIVE WILL ALSO CONTROL PRECIPITATION
INFILTRATION THROUGH THE LANDFILL SURFACE WITH A MULTI-LAYERED CAP.  GROUNDWATER INFILTRATION THROUGH THE
NORTHWEST SIDE OF THE LANDFILL FROM THE COLUMBIA AQUIFER WILL BE CONTROLLED BY UPGRADIENT MEASURES; IF
NECESSARY.  LEACHATE MIGRATION INTO THE COLUMBIA AND UPPER POTOMAC AQUIFERS WILL BE REDUCED. THE
UPGRADIENT CONTROLS (PUMPING OR AN INTERCEPTION TRENCH) MAY BE INSTALLED FOLLOWING AN EVALUATION PERIOD
OF UP TO 5 YEARS AFTER THE CAP IS INSTALLED.  THIS DECISION WOULD BE BASED ON AN EVALUATION OF WATER
LEVELS AND WATER QUALITY AT THE ARMY CREEK LANDFILL.  AN ADDITIONAL COMPONENT OF THIS ALTERNATIVE IS A
WELL MONITORING PROGRAM.

AT THIS TIME, THE SELECTION OF A GROUNDWATER TREATMENT ALTERNATIVE HAS NOT BEEN MADE AND WILL BE THE
SUBJECT OF A FUTURE DECISION DOCUMENT. IN PARTICULAR THIS DECISION HAS BEEN DELAYED BECAUSE THE FINAL
NPDES PERMIT HAS NOT BEEN ISSUED AND THE DELAWARE SAND AND GRAVEL RI/FS HAS NOT BEEN COMPLETED.  IT IS
EPA'S INTENTION TO COMBINE THE REMEDIAL ACTIONS AT BOTH SITES WHERE POSSIBLE AND COST-EFFECTIVE.  ALSO
BEING DEFERRED AT THIS TIME IS A DECISION ON APPROPRIATE REMEDIAL MEASURES FOR SEDIMENTS IN ARMY POND,
THAT DECISION WILL BE MADE AT THE SAME TIME AS GROUNDWATER TREATMENT IS CONSIDERED AND AFTER FURTHER
ANALYSIS IS ACCOMPLISHED REGARDING THE ACTUAL IMPACTS ON ARMY POND.

#OM
OPERATION AND MAINTENANCE

AT LEAST, QUARTERLY INSPECTION AND MAINTENANCE WILL BE REQUIRED DURING THE OPERATION OF THE DOWNGRADIENT
AND UPGRADIENT CONTROLS.  WELLS WILL BE INSPECTED AND MAINTAINED TO INSURE THEIR CONTINUAL FUNCTIONING.

MAINTENANCE OF THE MULTI-LAYERED CAP WILL BE REQUIRED TO ENSURE THAT THE CAP IS FUNCTIONING PROPERLY IN
PREVENTING THE INFILTRATION OF STORMWATER INTO THE LANDFILL.  VEGETATION LOSS, EROSION, CRACKING OR OTHER
CAP DISTURBANCES WILL BE CORRECTED.

#OEL
CONSISTENCY WITH OTHER ENVIRONMENTAL LAWS

ALTERNATIVES WERE EXAMINED IN LIGHT OF RELEVANT FEDERAL, STATE AND LOCAL ENVIRONMENTAL PROGRAM
REQUIREMENTS AND IN LIGHT OF ALL RCRA AND CERCLA REQUIREMENTS FOR THE CLOSURE OF HAZARDOUS WASTE
LANDFILLS AND FOR DISPOSAL OF EXCAVATED CONTAMINANTS IN OFFSITE HAZARDOUS WASTE FACILITIES, INCLUDING
LANDFILLS AND INCINERATORS.

THE RECOMMENDED ACTION MEETS ALL APPLICABLE AND RELEVANT PUBLIC HEALTH AND STANDARDS AS DEFINED BY RCRA
AND CERCLA.

EVALUATION OF ALTERNATIVES NOT SELECTED (TABLE 11)

THE NO-ACTION ALTERNATIVE NO. 1 WITH MONITORING WAS NOT SELECTED SINCE IT WOULD NOT CONTROL THE SOURCE OF
CONTAMINATION AND WOULD ALLOW FURTHER DEGRADATION OF GROUNDWATER.  IMPLEMENTATION OF THE NO-ACTION
ALTERNATIVE WOULD MEAN THAT THE PRESENT HYDROLOGIC DIVIDE BETWEEN THE ARMY CREEK LANDFILL SITE AND
ARTESIAN WATER COMPANY'S PRODUCTION WELLS WOULD NO LONGER EXIST.  THEREFORE, A POTENTIAL FOR HUMAN
EXPOSURE BY INGESTION OF ORGANIC AND INORGANIC COMPOUNDS IN CONCENTRATIONS ABOVE THE DRINKING WATER
CRITERIA WOULD EXIST.  THIS ALTERNATIVE DOES NOT PROVIDE PROTECTION TO PUBLIC HEALTH AND THE ENVIRONMENT.



ALTERNATIVE NO. 2 INVOLVES DOWNGRADIENT PUMPING WITH MONITORING. ALTHOUGH THIS ALTERNATIVE WOULD REDUCE
THE PUBLIC HEALTH RISK BY CONTAINING THE CONTAMINANT PLUME THROUGH PUMPING, IT WOULD NOT, HOWEVER,
ADDRESS THE SOURCE OF LEACHATE ENTERING THE POTOMAC AQUIFER OR THE PATHWAYS IN WHICH WATER ENTERS THE
LANDFILL RESULTING IN LEACHATE PRODUCTION.  PRECIPITATION INFILTRATION THROUGH THE LANDFILL SURFACE AND
GROUNDWATER INFILTRATION THROUGH THE NORTHWEST SIDE OF THE LANDFILL FROM THE COLUMBIA AQUIFER WOULD
CONTINUE UNDER THIS ALTERNATIVE.  THEREFORE, LEACHATE MIGRATION INTO THE COLUMBIA AND UPPER POTOMAC
AQUIFERS WOULD CONTINUE FOR ALTERNATIVE NO. 2.

ALTERNATIVE NO. 3 WOULD INVOLVE DOWNGRADIENT PUMPING WITH MONITORING AND LANDFILL CAPPING.  ALTHOUGH THIS
ALTERNATIVE WOULD REDUCE THE PUBLIC HEALTH RISK BY CONTAINING THE CONTAMINANT PLUME THROUGH PUMPING AND
CONTROL PRECIPITATION INFILTRATION THROUGH THE LANDFILL SURFACE, IT WOULD NOT ADDRESS GROUNDWATER
INFILTRATION THROUGH THE NORTHWEST SIDE OF THE LANDFILL FROM THE COLUMBIA AQUIFER.  THEREFORE, LEACHATE
MIGRATION INTO THE COLUMBIA AND UPPER POTOMAC AQUIFERS WOULD CONTINUE FOR ALTERNATIVE NO. 3.

ALTERNATIVE NO. 5 WOULD INVOLVE EXCAVATION OF THE LANDFILL REFUSE IN THE WESTERN SECTION, AND DISPOSAL OF
THE REFUSE ON THE EASTERN SECTION, DOWNGRADIENT PUMPING WITH MONITORING AND CAPPING.  ALTERNATIVE NO. 5
WOULD ADDRESS THE GROUNDWATER INFILTRATION CONDITION IN THE WESTERN PORTION BY ELIMINATING THE SOURCE OF
LEACHATE GENERATION THROUGH TOTAL REMOVAL OF THE REFUSE IN THE WESTERN SECTION OF THE LANDFILL.  THIS
ALTERNATIVE WAS REJECTED BECAUSE IT PROVIDES THE SAME BENEFITS AS ALTERNATIVE NO. 4, BUT COSTS TWICE AS
MUCH ($37,930,000 VS. $15,290,000), AND WOULD BE MORE DIFFICULT TO IMPLEMENT.

ALTERNATIVE 6 WOULD INVOLVE ON-SITE INCINERATION AND DOWNGRADIENT PUMPING.  THIS ALTERNATIVE WOULD
PROVIDE BASICALLY THE SAME PUBLIC HEALTH AND ENVIRONMENTAL BENEFITS AS ALTERNATIVE 4 THROUGH DOWNGRADIENT
PUMPING AND REMOVAL OF THE SOURCE BY EXCAVATIONS AND INCINERATION.  THIS ALTERNATIVE WAS REJECTED BECAUSE
IT WOULD PROVIDE THE SAME BENEFITS AS ALTERNATIVE NO. 4, BUT WOULD COST 7 TIMES ($108 MILLION VS.
$15,290,000) AS MUCH AND WOULD BE MORE DIFFICULT TO IMPLEMENT.

ALTERNATIVE 7 WOULD INVOLVE THE COMPLETE REMOVAL OF THE LANDFILL AND DOWNGRADIENT PUMPING AND MONITORING. 
THIS ALTERNATIVE WOULD PROVIDE BASICALLY THE SAME PUBLIC HEALTH AND ENVIRONMENTAL BENEFITS AS ALTERNATIVE
4 THROUGH DOWNGRADIENT PUMPING AND REMOVAL OF THE SOURCE. THIS ALTERNATIVE WAS REJECTED, BECAUSE IT WOULD
PROVIDES THE SAME BENEFITS AS ALTERNATIVE 4, BUT COSTS 15 TIMES AS MUCH ($243,000,000 VS. $15,290,000)
AND WOULD BE MORE DIFFICULT TO IMPLEMENT.
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                             RESPONSIVENESS SUMMARY

                            ARMY CREEK LANDFILL SITE
                           NEW CASTLE COUNTY, DELAWARE

                                  SEPTEMBER 1986

THIS COMMUNITY RELATIONS RESPONSIVENESS SUMMARY IS DIVIDED INTO THE FOLLOWING SECTIONS:

      SECTION I:    OVERVIEW - A DISCUSSION OF THE EPA'S PREFERRED REMEDIAL ACTION ALTERNATIVE.

      SECTION II:   BACKGROUND OF COMMUNITY INVOLVEMENT AND CONCERNS - A BRIEF HISTORY OF THE COMMUNITY'S
                    INTEREST IN AND INVOLVEMENT WITH THE ARMY CREEK LANDFILL SITE, INCLUDING A DISCUSSION
                    OF CONCERNS RAISED BY COMMUNITY MEMBERS AND OFFICIALS DURING REMEDIAL PLANNING
                    ACTIVITIES.

      SECTION III:  SUMMARY OF PUBLIC COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD AND AGENCY
                    RESPONSES - A SUMMARY OF COMMENTS CATEGORIZED BY TOPIC AND FOLLOWED BY EPA RESPONSES.

      SECTION IV:   REMAINING CONCERNS - A DESCRIPTION OF REMAINING COMMUNITY CONCERNS THAT SHOULD BE
                    CONSIDERED AS THE EPA AND THE STATE OF DELAWARE DEPARTMENT OF NATURAL RESOURCES AND
                    ENVIRONMENTAL CONTROL (DNREC) CONDUCT THE REMEDIAL DESIGN AND REMEDIAL ACTION AT THE
                    ARMY CREEK SITE.

IN ADDITION TO SECTIONS I THROUGH IV, A LIST OF EPA COMMUNITY RELATIONS ACTIVITIES CONDUCTED AT THE ARMY
CREEK SITE IS INCLUDED AS ATTACHMENT A OF THIS RESPONSIVENESS SUMMARY.

I. OVERVIEW

THE REMEDIAL INVESTIGATION (RI) REPORT AND THE FEASIBILITY STUDY (FS) REPORT WERE RELEASED TO THE PUBLIC
FOR REVIEW AND COMMENT ON AUGUST 21, 1986.  THIS MARKED THE OPENING OF THE COMMENT PERIOD, WHICH EXTENDED
UNTIL SEPTEMBER 22, 1986.  DURING THE COMMENT PERIOD, THE EPA RECOMMENDED A PREFERRED REMEDIAL
ALTERNATIVE FROM AMONG THE SEVEN ALTERNATIVES PRESENTED IN THE FS REPORT.

AFTER CAREFUL REVIEW OF AND CONSIDERATION OF ALL ALTERNATIVES DEVELOPED IN THE FS, THE EPA AND DNREC
RECOMMENDED THE PHASED APPROACH DESCRIBED IN ALTERNATIVE 4.  THIS ALTERNATIVE INCLUDES THE FOLLOWING
COMPONENTS:

• REGRADE THE LANDFILL SURFACE TO ASSURE A FINISHED COMPACTED SURFACE AND INSTALL A CAPPING SYSTEM
TO MINIMIZE INFILTRATION OF RAINWATER.

• CONTINUE THE OPERATION OF THE DOWNGRADIENT RECOVERY WELL NETWORK.

• EVALUATE THE CAPPING SYSTEM AND THE DOWNGRADIENT PUMPING NETWORK FOR FIVE YEARS AFTER THE CAP IS
INSTALLED TO ASSESS SYSTEM EFFECTIVENESS DURING OPERATION.  THIS EVALUATION WOULD INCLUDE, BUT
NOT BE LIMITED TO, MONITORING WATER LEVELS, PUMPING RATES AND WATER QUALITY.

• AFTER THE EVALUATION PERIOD, IF CONDITIONS NECESSITATE, INSTALL UPGRADIENT CONTROLS TO INTERCEPT
LATERAL GROUNDWATER INFLOW ON THE NORTHWESTERN BOUNDARY OF THE LANDFILL.

• CONTINUE MONITORING OF WATER LEVELS, PUMPING RATES AND WATER QUALITY.

II. BACKGROUND OF COMMUNITY INVOLVEMENT AND CONCERNS

THE ARMY CREEK LANDFILL SITE IS LOCATED 2 MILES SOUTHWEST OF NEW CASTLE, DELAWARE.  THE SITE IS LOCATED
ON THE NORTHWEST BANK OF ARMY CREEK, WHICH DISCHARGES INTO THE DELAWARE RIVER WITHIN 1 MILE OF THE SITE. 
A RESIDENTIAL DEVELOPMENT OF MORE THAN 200 HOMES, LLANGOLLEN ESTATES IS THE NEAREST AND MOST DIRECTLY
AFFECTED COMMUNITY.  JUST BEYOND THIS RESIDENTIAL AREA LIES THE ARTESIAN WATER COMPANY'S WELL FIELD,
WHICH SUPPLIES WATER TO APPROXIMATELY 5,000 PEOPLE.

THE SITE WAS ORIGINALLY USED AS A SAND AND GRAVEL PIT.  THE NEW CASTLE COUNTY PURCHASED THE PROPERTY IN
1960 FOR USE AS A MUNICIPAL LANDFILL.  WASTE WAS DEPOSITED FROM 6 TO 35 FEET DEEP OVER AN AREA COVERING



44 ACRES.

THE RESIDENTS OF LLANGOLLEN ESTATES EXPRESSED THEIR CONCERN OVER THE LANDFILL AS EARLY AS 1960, WHEN
PLANS FOR THE MUNICIPAL LANDFILL WERE ANNOUNCED.  THE LLANGOLLEN ESTATES CIVIC ASSOCIATION FILED AN
UNSUCCESSFUL LEGAL ACTION TO PREVENT THE LANDFILL FROM OPENING.

THROUGHOUT THE ACTIVE LIFE OF THE LANDFILL, RESIDENTS OF LLANGOLLEN ESTATES COMPLAINED OF RODENT AND ODOR
PROBLEMS.  THE NUMBER OF COMPLAINTS DECREASED SUBSTANTIALLY AFTER THE LANDFILL WAS CLOSED AND COVERED
WITH SAND AND SOIL.

IN 1971, ONE LLANGOLLEN ESTATES RESIDENT COMPLAINED THAT THE WATER IN HER HOME HAD AN ODOR AND STAINED
HER PORCELAIN FIXTURES.  THE WATER WAS ANALYZED AND FOUND TO BE CONTAMINATED, AS WAS WATER FROM SEVERAL
OTHER PRIVATE WELLS.  PRESENTLY, MOST LLANGOLLEN ESTATES RESIDENTS ARE RECEIVING MUNICIPAL WATER SUPPLIED
BY THE ARTESIAN WATER COMPANY.

RESIDENTS OF LLANGOLLEN ESTATES HAVE FOLLOWED CLOSELY THE ACTIVITIES OF ALL GOVERNMENT AGENCIES INVOLVED
WITH THE ARMY CREEK LANDFILL. HOWEVER, COMMUNICATION BETWEEN GOVERNMENT AGENCIES AND CITIZENS DURING THE
TIME BETWEEN SIGNING OF THE FS CONSENT ORDER WITH NEW CASTLE COUNTY AND RELEASE OF THE FS DOCUMENT WAS
LIMITED.  THIS LACK OF COMMUNICATION WAS A MAJOR CONCERN VOICED BY CITIZENS DURING THE COMMENT PERIOD.

III. SUMMARY OF PUBLIC COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD AND AGENCY RESPONSES

TECHNICAL QUESTIONS/CONCERNS REGARDING REMEDIAL ALTERNATIVES

1. A RESIDENT ASKED FOR AN EXPLANATION OF UPGRADIENT CONTROLS.

EPA RESPONSE - THE INSTALLATION OF UPGRADIENT CONTROLS IS AN OPTION TO BE CONSIDERED AFTER THE FIVE-YEAR
EVALUATION PERIOD. THE CAPPING SYSTEM AND THE DOWNGRADIENT PUMPING NETWORK WILL BE EVALUATED FOR FIVE
YEARS AFTER THE CAP IS INSTALLED TO ASSESS THE SYSTEM'S EFFECTIVENESS.  IF NECESSARY, UPGRADIENT CONTROLS
SUCH AS RECOVERY WELLS UPGRADIENT OF THE LANDFILL OR TRENCHING AROUND THE LANDFILL WOULD BE INSTALLED TO
PREVENT LATERAL FLOW THROUGH THE FILL MATERIAL.

2. ONE COMMENTOR ASKED WHAT WAS BEING DONE AT PRESENT TO CONTROL THE CONTAMINATION INTO ARMY CREEK.

EPA RESPONSE - CONTAMINATED GROUNDWATER PUMPED FROM THE RECOVERY WELL SYSTEM AT THE ARMY CREEK LANDFILL
IS DISCHARGED INTO ARMY CREEK.  PRESENTLY, DNREC IS DRAFTING AN NPDES PERMIT WHICH WILL ESTABLISH SAFE
AND APPROPRIATE LEVELS FOR CONTAMINANTS NOW BEING DISCHARGED INTO ARMY CREEK.

3. ONE COMMENTOR QUESTIONED IF THE QUALITY OF THE RECOVERY WELL WATER WOULD IMPROVE UPON COMPLETION OF
   THE REMEDIAL ACTION AND IF SO, WOULD IT BE PLAUSIBLE TO PUMP THIS WATER INTO THE WILMINGTON WASTE
   WATER TREATMENT PLANT INSTEAD OF INTO ARMY CREEK.

EPA RESPONSE - ONCE THE LANDFILL IS CAPPED, THE QUALITY OF GROUND WATER SHOULD IMPROVE.  PUMPING INTO THE
WILMINGTON WASTE WATER TREATMENT PLANT IS AN OPTION THAT WILL BE ADDRESSED AT A LATER DATE.

4. A RESIDENT ASKED HOW MUCH WATER WAS PRESENTLY BEING PUMPED INTO ARMY CREEK.

EPA RESPONSE - APPROXIMATELY TWO MILLION GALLONS PER DAY.

5. ANOTHER RESIDENT ASKED HOW CLOSE THE CONTAMINANTS ARE TO THE WELL FIELD.

EPA RESPONSE - THE CONTAMINANT PLUME EXTENDS TO APPROXIMATELY 1,500 FEET AWAY FROM THE ARTESIAN WELL
FIELD.

6. SEVERAL COMMENTORS QUESTIONED THE TIMETABLE FOR THE REMEDIAL ACTION.

EPA RESPONSE - NEGOTIATIONS WITH RESPONSIBLE PARTIES GENERALLY ARE LIMITED TO 90 DAYS.  IT IS ANTICIPATED
THAT THE RECORD OF DECISION (ROD) WILL BE FINALIZED BY SEPTEMBER 30, 1986.  THE ACTUAL DESIGN PHASE OF
THE PROJECT COULD TAKE UP TO ONE YEAR TO COMPLETE.  AFTER THE DESIGN PHASE, THE REMEDIAL ACTION WILL BE
IMPLEMENTED.  ONCE THE ACTION IS COMPLETED AND THE CAP IS IN PLACE, THE SITE WILL BE MONITORED FOR FIVE
YEARS TO DETERMINE IF THE LEVELS OF CONTAMINATION DECREASE.  AN EVALUATION WILL THEN BE MADE REGARDING
THE NEED FOR UPGRADIENT CONTROLS.

7. ONE RESIDENT QUESTIONED WHAT FACTORS THE FEASIBILITY STUDY (FS) TOOK INTO CONSIDERATION.



EPA RESPONSE - THE FEASIBILITY STUDY CONSIDERS NOT ONLY WHAT CONTAMINANTS ARE IN THE LANDFILL, BUT THE
PATHWAYS BY WHICH EXPOSURE CAN OCCUR TO BOTH HUMANS AND THE ENVIRONMENT. THE PURPOSE OF THE FS IS TO
EVALUATE VARIOUS ALTERNATIVES TO REMEDIATE THE SOURCE AND THE CONTAMINATED GROUNDWATER.

PUBLIC HEALTH/ENVIRONMENTAL CONCERNS

1. A RESIDENT ASKED IF ANYONE COULD SAY WITH REASONABLE ASSURANCE THAT THERE WILL NOT BE A LATERAL FLOW
   OF CONTAMINATION INTO THE LANDFILL.

EPA RESPONSE - EPA WILL EVALUATE THE EFFECTS OF ANY LATERAL FLOW UPON COMPLETION OF THE CAP.  IF THE
EFFECTS ARE SIGNIFICANT, UPGRADIENT CONTROLS WILL BE INSTALLED.

PUBLIC PARTICIPATION PROCESS

1. SEVERAL RESIDENTS EXPRESSED THEIR CONCERN OVER THE LACK OF INFORMATION AND OPPORTUNITIES FOR PUBLIC
   PARTICIPATION AT THE ARMY CREEK SITE.

EPA RESPONSE - EPA REPRESENTATIVES OFFERED TO MAKE THEMSELVES AVAILABLE FOR SMALL GROUP MEETINGS TO
DISCUSS THE FS IN DETAIL. EPA ALSO STATED THAT THERE WILL BE MANY MORE OPPORTUNITIES IN THE FUTURE FOR
RESIDENTS TO BE INVOLVED WITH THE DECISIONS MADE AT THE SITE.

2. SEVERAL COMMENTORS REQUESTED ADDITIONAL TIME TO REVIEW THE FS AND THE PREFERRED ALTERNATIVE.  SEVERAL
   RESIDENTS SAID THEY WERE OUTRAGED AT BEING GIVEN ONLY 21 DAYS TO COMMENT ON A STUDY THAT TOOK 2 YEARS
   TO PREPARE.

EPA RESPONSE - A DECISION TO EXTEND THE PUBLIC COMMENT PERIOD COULD NOT BE MADE AT THE MEETING, BUT WOULD
BE TAKEN INTO CONSIDERATION WITH THE OTHER COMMENTS RECEIVED, BOTH WRITTEN AND ORAL.  (THE COMMENT PERIOD
SUBSEQUENTLY WAS EXTENDED FROM SEPTEMBER 15 TO SEPTEMBER 22 AS A RESULT OF THIS REQUEST).  EPA EXPLAINED
THAT CITIZENS WOULD HAVE INPUT FOR THE DURATION OF THE PROJECT, AND THAT THIS RECORD OF DECISION COULD
NOT ADDRESS RECOVERY WELL DISCHARGE.

3. SOME RESIDENTS INDICATED THAT EPA SHOULD BEGIN THE CLEANUP AS SOON AS POSSIBLE, AND THAT ADDITIONAL
   DELAYS SHOULD BE AVOIDED.

EPA RESPONSE - NONE.

4. A REPRESENTATIVE OF THE LLANGOLLEN CIVIC ASSOCIATION ASKED IF EPA WOULD MEET WITH KNOWLEDGEABLE
   COMMUNITY MEMBERS ONCE THEY HAD A CHANCE TO REVIEW THE FS.

EPA RESPONSE - AGREED.

COST/FUNDING ISSUES

1. A COMMENTOR QUESTIONED WHAT THE COST OF THE REMEDIAL ACTION WOULD BE.

EPA RESPONSE - THE PRESENT WORTH COST OF THE REMEDIAL ALTERNATIVE OVER THE NEXT 30 YEARS APPROXIMATELY IS
$15 MILLION, THIS INCLUDES CAPITAL COSTS.

2. ONE RESIDENT ASKED HOW MUCH NEW CASTLE COUNTY HAD SPENT TO DATE ON THE ARMY CREEK LANDFILL.

EPA RESPONSE - NEW CASTLE COUNTY HAS SPENT $3.85 MILLION TO DATE ON THE FEASIBILITY STUDY AND THE
INSTALLATION, OPERATION, AND MAINTENANCE OF THE RECOVERY WELLS.

3. THE ARTESIAN WATER COMPANY CLAIMS THAT ITS PUMPING CAPACITY HAS BEEN REDUCED DUE TO GROUNDWATER
   CONTAMINATION.  THE COMPANY BELIEVES IT SHOULD BE COMPENSATED FOR THIS LOSS AS PART OF THIS CERCLA
   ACTION.

EPA RESPONSE - THIS QUESTION HAS BEEN DISCUSSED AT LENGTH BY EPA, THE ARTESIAN WATER COMPANY ("ARTESIAN")
AND NEW CASTLE COUNTY BEFORE AND DURING GENERATION OF THE FEASIBILITY STUDY. IT IS ARTESIAN'S POSITION
THAT IT HAS BEEN FORCED TO DRAW LESS WATER FROM ITS WELLFIELD BECAUSE OF THE CONTAMINATION LEACHING FROM
ARMY CREEK AND OPERATION OF THE RECOVERY WELL SYSTEM. ARTESIAN REGARDS THE REDUCTION IN CAPACITY AS A
RESPONSE COST UNDER CERCLA.  NEW CASTLE COUNTY IS OF THE VIEW THAT, IF ARTESIAN HAS LOST ANY CAPACITY
FROM THE WELLFIELD, IT IS FOR REASONS OTHER THAN POLLUTION FROM THE LANDFILL.  THE COUNTY HAS ARGUED THAT
ARTESIAN HAS NEVER BEEN ENTITLED TO DRAW MORE WATER THAN IT PRESENTLY TAKES FROM THE WELLFIELD, BY VIRTUE
OF STATE AUTHORIZATION AND SALT WATER INTRUSION.  ARTESIAN HAS SUED NEW CASTLE COUNTY, AND SOME OTHER
PARTIES OVER THIS QUESTION, AND NO FINAL RESOLUTION OF THAT CASE HAS BEEN REACHED.



BOTH ARTESIAN AND THE COUNTY VIGOROUSLY PRESENTED THEIR RESPECTIVE POSITIONS TO EPA DURING PREPARATION OF
THE FEASIBILITY STUDY.  THE REGIONAL STAFF CONSULTED WITH HEADQUARTERS ABOUT THIS ISSUE, AND THE FINAL
RESULT WAS A MEMORANDUM FROM GENE A. LUCERO, DIRECTOR, OFFICE OF WASTE PROGRAMS ENFORCEMENT, TO STEVE
WASSERSUG, DIRECTOR, HAZARDOUS WASTE MANAGEMENT DIVISION, REGION III.  IN SHORT, THE POSITION OF EPA IS
THAT REPLACEMENT OF AQUIFER CAPACITY IS NOT A GOAL FOR THIS CERCLA CLEANUP.  THE WELLFIELD CURRENTLY IN
USE IS BEING PROTECTED BY THE EXISTING RECOVERY WELL SYSTEM, AND OTHER REMEDIAL MEASURES RECOMMENDED FOR
THIS SITE SHOULD PREVENT FUTURE CONTAMINATION OF THE AQUIFER RELATED TO CONTAMINATION FROM THE LANDFILL.



                                ATTACHMENT A

              COMMUNITY RELATIONS ACTIVITIES CONDUCTED AT THE
                    ARMY CREEK LANDFILL SUPERFUND SITE.

• AUGUST 3, 1984 - EPA ANNOUNCED SIGNING OF A CONSENT ORDER WITH NEW CASTLE COUNTY TO PERFORM A
FEASIBILITY STUDY FOR THE ARMY CREEK LANDFILL.

• NOVEMBER, 1984 - EPA COMPLETED A COMMUNITY RELATIONS PLAN.

• AUGUST 18-20, 1986 - EPA CONTACTED LOCAL OFFICIALS AND CITIZENS REGARDING RELEASE OF THE FS
AND SET UP INFORMATION CENTERS IN THE COMMUNITY.

• AUGUST 21, 1986 - THE FS WAS SENT TO 4 INFORMATION CENTERS, AND A PRESS RELEASE ANNOUNCING
COMPLETION OF THE FS WAS DISTRIBUTED.

• SEPTEMBER 10, 1986 - A PUBLIC MEETING WAS HELD TO DISCUSS THE FINDINGS AND RECOMMENDATIONS OF
THE FS.

• SEPTEMBER 15, 1986 - THE COMMENT PERIOD WAS EXTENDED UNTIL SEPTEMBER 22, 1986.



                                   TABLE 1

                          COMPOUNDS IN RECOVERY WELLS
                        EXCEEDING DRINKING WATER CRITERIA *

   WELL        PARAMETER                        MAX. CONC    CRITERIA
                                                  (UG/L)      (UG/L)

   RW-1       BENZENE                             12 0          5.0 (A)
              1,2-DICHLOROPROPANE                 40.6          6.0 (B)
              METHYLENE CHLORIDE                  32 0          0.19 (C)

   RW-10      2,4-DINITROTOLUENE                  44.0          0.11 (D)
              N-NITROSODIMETHYLAMINE           LT 10.0          0.0014 (D)
              1,2-DICHLOROETHANE                  51.0          5.0 (A)

   RW-11      BENZENE                          LT 10.0          5.0 (A)

   RW-12      BENZENE                             10.3          5.0 (A)
              1,2-DICHLOROPROPANE                 25.1          6.0 (B)
              METHYLENE CHLORIDE                  21.2          0.19 (C)
              2,4,6-TRICHLOROPHENOL                3.0          1.8 (E)
              BIS(2-CHLOROETHYL)ETHER          LT 10.0          0.03 (D)

   RW-13      1,2-DICHLOROPROPANE                 26.8          6.0 (B)
              METHYLENE CHLORIDE                  21.3          0.19 (C)
              BIS(2-CHLOROETHYL)ETHER             46.0          0.03 (D)
              BENZENE                             37.0          5.0 (A)

   RW-14      BIS(2-CHLOROETHYL)ETHER          LT 10.0          0.03 (D)
              2,4-DINITROTOLUENE                  38.0          0.11 (D)

   28         BENZENE                             40.0          5.0 (A)

   29         BENZENE                             45.0          5.0 (A)

   31         BENZENE                            150.0          5.0 (A)
              METHYLENE CHLORIDE                  16.3          0.19 (C)
              CHLORODIBROMOMETHANE                19.2          0.19 (C)
              2,4-DINITROTOLUENE                 116.0          0.11 (D)

   * = ALL LABORATORIES (1983-1985)

   A = PROPOSED PRIMARY MCL (EPA, 13 NOVEMBER 1985)

   B = PROPOSED RMCL (EPA, 13 NOVEMBER 1985)

   C = WATER QUALITY CRITERIA FOR HUMAN HEALTH (FISH AND DRINKING
       WATER); CONCENTRATION OF TOTAL HALOMETHANES (CWA)

   D = WATER QUALITY CRITERIA FOR HUMAN HEALTH - FISH AND DRINKING WATER (CWA)

   E = WATER QUALITY CRITERIA FOR HUMAN HEALTH - ADJUSTED FOR DRINKING WATER (CWA).


