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#DE
DECLARATIONS

CONSISTENT WITH THE COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND LIABILITY ACT OF 1980 (CERCLA)
AND THE NATIONAL CONTINGENCY PLAN (40 CFR PART 300), I HAVE DETERMINED THAT THE CONTINUED OPERATION OF THE
EXISTING AIR STRIPPING SYSTEM TREATING THE VILLAGE OF BREWSTER'S WATER SUPPLY AND CONSTRUCTION OF A
GROUNDWATER MANAGEMENT SYSTEM TO CONTAIN THE PLUME OF CONTAMINATION AND RESTORE GROUNDWATER QUALITY SOUTH OF
THE RIVER, IS A COST-EFFECTIVE REMEDY AND PROVIDES ADEQUATE PROTECTION OF PUBLIC HEALTH, WELFARE AND THE
ENVIRONMENT.  FURTHERMORE, I HAVE DETERMINED THAT IT IS NECESSARY TO UNDERTAKE A SUPPLEMENTAL REMEDIAL 
INVESTIGATION AND FEASIBILITY STUDY TO GATHER ADDITIONAL DATA AND TO EVALUATE THE NECESSITY TO IMPLEMENT
SOURCE CONTROL MEASURES.  A DETERMINATION REGARDING FUTURE SOURCE CONTROL ACTIONS WILL BE MADE UPON
COMPLETION OF THIS WORK.

THE STATE OF NEW YORK HAS BEEN CONSULTED AND AGREES WITH THE APPROVED REMEDY.  IN ADDITION, THESE ACTIONS
WILL REQUIRE FUTURE OPERATION, MAINTENANCE, AND MONITORING ACTIVITIES TO ENSURE THE CONTINUED EFFECTIVENESS
OF THE REMEDY.  THESE ACTIVITIES AT THE PROPOSED OFF-SITE AIR STRIPPER ARE PRESENTLY CONSIDERED ELIGIBLE FOR
TRUST FUND MONIES FOR A PERIOD OF ONE YEAR, ALTHOUGH PENDING CERCLA LEGISLATION MAY AFFECT THIS ELIGIBILITY
AND/OR THE PERIOD OF ELIGIBILITY.  HOWEVER, EPA WILL NOT PARTICIPATE IN THE COST OF THESE ACTIVITIES AT THE
EXISTING ON-SITE AIR STRIPPER.  SAID COSTS WILL CONTINUE TO BE PAID BY THE VILLAGE OF BREWSTER.

FUNDING OF THIS REMEDIAL ACTION WILL OCCUR AT THE TIME OF CERCLA REAUTHORIZATION; MOREOVER, I HAVE DETERMINED
THAT THE ACTION BEING TAKEN WILL BE APPROPRIATE WHEN BALANCED AGAINST THE FUTURE AVAILABILITY OF TRUST FUND
MONIES FOR USE AT OTHER ACTIVITIES.

SEPTEMBER 30, 1986                  CHRISTOPHER J. DAGGETT
DATE                                REGIONAL ADMINISTRATOR.



SUMMARY OF
REMEDIAL ALTERNATIVE SELECTION
BREWSTER WELL FIELD

#SLD
SITE LOCATION AND DESCRIPTION

THE BREWSTER WELL FIELD IS LOCATED ON THE NORTHERN BANK OF THE EAST BRANCH CROTON RIVER, 3/4 OF A MILE EAST
OF THE VILLAGE OF BREWSTER, TOWN OF SOUTHEAST IN PUTNAM COUNTY, NEW YORK.  THE SITE IS APPROXIMATELY 3 MILES
WEST OF THE CONNECTICUT/NEW YORK BORDER AND APPROXIMATELY 47 MILES NORTH OF NEW YORK CITY.  INTERSTATE 84
PASSES JUST TO THE WEST OF THE SITE (SEE FIGURE 1).

THE LAND TO THE NORTH OF THE STUDY AREA, CONTAINING THE COMMUNITY OF BREWSTER HILL, IS LARGELY RESIDENTIAL
WITH SOME AGRICULTURAL USE.  MOST OF THE LAND SOUTH OF THE STUDY AREA IS OCCUPIED BY COMMERCIAL OR LIGHT
INDUSTRIAL FACILITIES.  TO THE WEST IS THE RESIDENTIAL COMMUNITY OF THE VILLAGE OF BREWSTER.

THE 1980 CENSUS RECORDS THE POPULATION OF PUTNAM COUNTY AS 77,193.  PROJECTED 1980 FIGURES FOR THE TOWN OF
SOUTHEAST AND THE VILLAGE OF BREWSTER ARE 15,500 AND 1,700 RESPECTIVELY.  THE MUNICIPAL WATER SYSTEM SERVES
THE VILLAGE AND SEVERAL AREAS IN THE TOWN OF SOUTHEAST, A NUMBER OF BUSINESS ESTABLISHMENTS AND THE
CONSOLIDATED RAIL CORPORATION'S PUTNAM JUNCTION RAIL YARD.  RESIDENTIAL USERS ALONE COUNT FOR AN ESTIMATED
2,100 PEOPLE.

ADDITIONAL POTENTIAL RECEPTORS ARE DOWNSTREAM USERS OF THE EAST BRANCH CROTON RIVER WHICH CONTRIBUTES TO THE
CROTON FALLS RESERVOIR APPROXIMATELY 3.5 MILES DOWNSTREAM.  THE EAST BRANCH CROTON RIVER FLOWS ADJACENT TO
AND SOUTH OF THE WELL FIELD.  THREE THOUSAND FEET TO THE EAST OF THE SITE (UPSTREAM) THE RIVER IS IMPOUNDED
TO FORM THE EAST BRANCH RESERVOIR, PART OF NEW YORK CITY'S CROTON WATERSHED RESERVOIR SYSTEM. THREE THOUSAND
FEET FROM THE SITE TO THE NORTHEAST, BOG BROOK, A TRIBUTARY TO THE EAST BRANCH CROTON RIVER, IS IMPOUNDED TO
FORM BOG BROOK RESERVOIR, ALSO OWNED BY NEW YORK CITY AS SHOWN ON FIGURE 2.

THE SUBSURFACE GEOLOGY OF THE AREA IS HIGHLY VARIED GIVING RISE TO AN EXTREMELY COMPLEX SUBSURFACE HYDROLOGY. 
GROUNDWATER THROUGHOUT THE AREA MAY BE FOUND IN BOTH THE BEDROCK AND UNCONSOLIDATED SEDIMENTS.  IN BEDROCK,
THE WATER PRIMARILY OCCURS IN JOINTS AND FRACTURES.  IN THE UNCONSOLIDATED DEPOSITS WATER EXISTS IN THE PORE
SPACES.  PERMEABILITY VARIES OVER MANY ORDERS OF MAGNITUDE.  THE BEDROCK AND UNCONSOLIDATED AQUIFERS MAY ACT
AS DISTINCT AQUIFERS, OR AS ONE, DEPENDING ON THE DEGREE OF HYDRAULIC CONNECTION BETWEEN THE TWO.  BOTH
SITUATIONS OCCUR IN THE VICINITY OF THE BREWSTER WELL FIELD.

#SH
SITE HISTORY

BEGINNING IN 1954, WHEN WELL FIELD NO. 1 WAS DEVELOPED, THE VILLAGE OF BREWSTER HAS USED THE AQUIFERS BENEATH
THE VILLAGE-OWNED LAND, IN THE TOWN OF SOUTHEAST, AS A SOURCE OF WATER FOR ITS WATER SUPPLY SYSTEM.  IN 1967
WELL FIELD NO. 2 WAS BROUGHT ON-LINE.  THE TWO WELL FIELDS CONSIST OF A TOTAL OF 18 SHALLOW WELLS.  EVIDENCE
OF VOLATILE HALOGENATED ORGANIC COMPOUND (VHO) CONTAMINATION FIRST APPEARED IN 1978, AND ALTERNATIVE WATER
SOURCES WERE SUBSEQUENTLY ADDED TO THE WATER SUPPLY SYSTEM, INCLUDING A DEEP BEDROCK WELL (DW-2) AND TWO
SEPARATE SHALLOW WELLS (SG-1 AND SG-2) LOCATED AS SHOWN ON FIGURE 3.  AS A RESULT OF LOW YIELD DW-1 WAS NOT
CONNECTED TO THE SUPPLY SYSTEM.  TWO NEW WELLS SG-3 AND SG-4 WERE ADDED TO THE SYSTEM IN 1984.  PRIOR TO
DROUGHT CONDITIONS ARISING IN 1981, EAST BRANCH CROTON RIVER SURFACE WATER WAS ALSO USED AT TIMES TO
SUPPLEMENT THE WATER SUPPLY SYSTEM.

SINCE 1979, THE VILLAGE HAS HAD SEVERAL STUDIES CONDUCTED TO IDENTIFY POTENTIAL ALTERNATIVE GROUNDWATER
SOURCES AND TO TEST SPRAY AERATION AS A POTENTIAL TREATMENT METHOD FOR VHO REMOVAL.  IT HAS SINCE BEEN
CONCLUDED THAT TREATMENT OF EXISTING SOURCES IS THE MOST PROMISING OF THE ALTERNATIVES FOR SOLVING EXISTING
CONTAMINATION PROBLEMS IN THE WELL FIELD.  UNDER A COOPERATIVE AGREEMENT WITH THE EPA, OFFICE OF RESEARCH AND
DEVELOPMENT, THE VILLAGE HAS CONSTRUCTED, TESTED AND IN 1984, PLACED ON LINE, A FULL SCALE PACKED COLUMN FOR
TREATMENT OF THE ENTIRE VILLAGE SUPPLY.

IN 1985, A STUDY (FOCUSED FEASIBILITY STUDY) WAS CONDUCTED BY NYSDEC, TO INVESTIGATE THE FEASIBILITY OF



ON-SITE TREATMENT ALTERNATIVES FOR REMOVAL OF VOLATILE HALOGENATED ORGANIC COMPOUNDS FROM THE VILLAGE'S WATER
SUPPLY.  CONSIDERING COST, RELIABILITY, OFF-SITE RELEASES AND FLEXIBILITY, THE PACKED COLUMN WAS ADJUDGED
SUPERIOR TO OTHER ALTERNATIVES.

#CSS
CURRENT SITE STATUS

CONCURRENT WITH THE FOCUSED FEASIBILITY STUDY A REMEDIAL INVESTIGATION (RI) WAS INITIATED BY NYSDEC TO
DETERMINE THE NATURE AND EXTENT OF CONTAMINATION AT AND IN THE VICINITY OF THE SITE.

VOLATILE HALOGENATED ORGANIC COMPOUNDS HAVE BEEN THE PRIMARY CONTAMINANTS DETECTED IN THE GROUNDWATER FROM
THE WELL FIELD AND IN THE VICINITY OF THE SITE.  GROUNDWATER SAMPLES TAKEN DURING THE RI WERE ANALYZED FOR A
WIDE VARIETY OF ORGANIC VOLATILES AND SAMPLES FROM WELLS DGC-6, DGC-14 AND THE RAW WATER INFLUENT TO THE AIR
STRIPPER WERE SUBJECTED TO FULL HAZARDOUS SUBSTANCE LIST (HSL) ANALYSIS.  THE PRINCIPLE CONTAMINANTS WERE
FOUND TO BE TETRACHLOROETHYLENE (PCE), TRICHLOROETHYLENE (TCE) AND 1,2 DICHLOROETHYLENE (DCE).

GROUNDWATER SAMPLING AND MONITORING HAS BEEN ONGOING AT THE SITE SINCE 1978 WHEN VHO CONTAMINATION WAS FIRST
DISCOVERED.  TABLE 1 LISTS THE FULL RANGE OF CONTAMINANTS AND THEIR MAXIMUM REPORTED CONCENTRATIONS
DISCOVERED AT THE SITE BASED ON RI FINDINGS, NYSDOH STUDIES AND OTHER REPORTS.

TABLE 2 SUMMARIZES THE RI ANALYTICAL DATA FOR THE MOST PREVALENT CONTAMINANTS (PCE, TCE, AND DCE) BY MEDIA
SAMPLED.

PCE, TCE AND DCE ARE SUSPECTED CARCINOGENS AND KNOWN CAUSES OF LIVER AND KIDNEY DAMAGE AND CENTRAL NERVOUS
SYSTEM DEPRESSION IN HUMANS.  TOXICITY PROFILES FOR EACH OF THESE PRINCIPLE CONTAMINANTS ARE PROVIDED IN
APPENDIX A.

BASED ON THE RESULTS OF THE EXTENSIVE FIELD RECONNAISSANCE, SAMPLING AND ANALYSIS OF DATA COLLECTED DURING
THE RI, THE EXTENT OF THE CONTAMINATION AT THE BREWSTER WELL FIELD CAN BE APPROXIMATED.  FIGURE 4 IS A
SCHEMATIC OF THE CONTAMINATION FOUND AT AND IN THE VICINITY OF THE WELL FIELD IN TERMS OF TOTAL VHO.  THE
HIGHEST LEVELS OF CONTAMINATION ENCOUNTERED IN THIS AREA WERE IN GROUNDWATER SAMPLED FROM RI MONITORING WELL
CLUSTER DGC-6, IN THE INTERMEDIATE WELL SCREENED AT A DEPTH OF 29.7 TO 32.2 FEET.  AS EVIDENCED IN FIGURE 4,
OTHER ELEVATED LEVELS OF VHOS WERE ALSO ENCOUNTERED IN THE WELL FIELD AND IN AREAS SOUTH OF THE EAST BRANCH
CROTON RIVER.  THE HIGHEST LEVELS ARE THEORIZED TO OCCUR IN A RELATIVELY NARROW BAND SOUTH OF THE RIVER, WITH
LOWER CONCENTRATIONS EXTENDING TO THE NORTH.

THE CONTOURS SHOWN ON FIGURE 4 WERE DEVELOPED BASED ON THE OCTOBER 1985 FIELD SAMPLING ANALYSIS AND
HYDROGEOLOGIC INFORMATION DESCRIBED IN THE RI.  THE SHAPE OF THE PLUME THEORIZED AND REPRESENTED ON FIGURE 4
WAS DEVELOPED INCORPORATING THE RESULTS OF GROUNDWATER ANALYSES AND CONSIDERING GROUNDWATER FLOW CONDITIONS
IN THE WELL FIELD VICINITY WHILE THE PRODUCTION WELLS WERE EXTRACTING WATER FOR SERVICE TO THE VILLAGE
SYSTEM.  THE ASYMMETRICAL SHAPE OF THE ISOCONCENTRATION LINES DEPICTS THE INFLUENCE OF BOTH GROUNDWATER FLOW
AND PRODUCTION WELL PUMPING.  THIS CONFIGURATION TENDS TO SUPPORT THE PREMISE THAT CONTAMINANTS WERE
DISCHARGED SOUTHEAST OF DGC-6 AND HAVE MOVED AS A "SLUG" TO THEIR PRESENT POSITION UNDER THE INFLUENCE OF
NATURAL AND WELL FIELD-INDUCED GROUNDWATER FLOW.  THE ISOCONCENTRATION LINES IN THE VICINITY OF THE ALBEN
CLEANERS PREMISES (A SUSPECTED SOURCE) ARE SUBJECT TO VERIFICATION BECAUSE BORINGS WERE NOT EXECUTED ON THAT
PROPERTY.

RESULTS OF GROUNDWATER SAMPLE ANALYSES FROM INTERMEDIATE WELLS AT RI WELL CLUSTERS DGC-1 (SCREENED AT 35.7 TO
40.7 FEET) AND DGC-12 (SCREENED AT 35 TO 40 FEET) INDICATE LOW LEVELS OF VHO.  THE PRESENCE OF THESE
CONTAMINANTS AT THE LOCATIONS SHOWN ON FIGURE 4 IS NOT FULLY EXPLAINED BY HYDROGEOLOGIC CONDITIONS AND
PUMPING.  SINCE THE CONCENTRATIONS ARE LOW, THE OBSERVED CONTAMINATION MAY SIMPLY INDICATE DISPERSION OF THE
PLUME.  IN REGARD TO THE CONTAMINATION INDICATED IN THE VICINITY OF SG-3 & 4 AND SG-1 & 2 (SEE FIGURE 4) IT
IS PROBABLE THAT CONTAMINATION INITIALLY DRAWN TO WELL FIELD NO. 1 WAS DRAWN DIRECTLY TO THE EAST AT THE
25-40 FEET DEPTH BY SUBSEQUENT PUMPING IN WELL FIELD NO. 2, SG-3 & 4 AND SG-1 & 2.  APPARENTLY THROUGH
CONTINUAL PUMPING BY WELLS SG-1 & 2 AND SG-3 & 4, CONTAMINATION HAS ALSO BEEN MOVING FROM THE DGC-6 AREA
DIRECTLY NORTHEAST TOWARD THESE PUMPING WELLS BUT AT SIGNIFICANTLY INCREASED DEPTHS.  EVIDENCE OF THIS IS THE
CONCENTRATION AND DEPTH OF CONTAMINATION OBSERVED IN THE INTERMEDIATE WELL AT DGC-8.



DEEP WELL SAMPLES OF WELLS INSTALLED DURING THE RI IN BEDROCK SHOWED NO CONTAMINATION AT AND IN THE VICINITY
OF THE WELL FIELD.  BASED ON RI FINDINGS GROUNDWATER FLOW IS EXPECTED TO BE FROM THE BEDROCK TO THE OVERLYING
UNCONSOLIDATED AQUIFER UNDER NON-PUMPING CONDITIONS.  UNDER PUMPING CONDITIONS FROM WELLS IN BEDROCK (I.E.,
DW-2) HYDRAULIC HEAD IS REDUCED LOCALLY AND FLOW FROM THE UNCONSOLIDATED CONTAMINATED AQUIFER MAY BE INDUCED
INTO THE BEDROCK.  THIS WOULD ACCOUNT FOR CONTAMINATION DETECTED IN DW-2 WHICH IS IN CLOSE PROXIMITY TO WELL
FIELD NO. 1.

SAMPLING AND ANALYSIS CONDUCTED DURING THE RI, IN ADDITION TO GROUNDWATER, INCLUDED WATER IN DRAINLINES IN
THE VICINITY OF THE SITE, SURFACE WATER, PRIVATE WATER WELLS, SOIL AND AIR.

DISCHARGES FROM A CULVERT NORTHEAST OF ALBEN CLEANERS REVEALED AVERAGE LEVELS OF PCE AT 88 UG/L, TCE AT 14
UG/L AND DCE AT 6 UG/L BASED ON 134 SAMPLES TAKEN.  SURFACE WATER SAMPLES TAKEN AT VARIOUS LOCATIONS IN THE
VICINITY OF THE WELL FIELD SHOW ISOLATED INCIDENTS OF TRACE AMOUNTS (LESS THAN 5 UG/L) OF VHO.  IN THE EAST
BRANCH CROTON RIVER A MAXIMUM OF 5.4 UG/L OF TOTAL VHO WAS ENCOUNTERED IN THE VICINITY OF THE ALBEN CLEANERS
CULVERT OUTFALL.

SURVEYS (INCLUDING DRAINLINE INVENTORIES AND SAMPLING) OF TWO OTHER BUSINESS ESTABLISHMENTS IN THE IMMEDIATE
STUDY AREA, BRADY STANNARD'S AND SAVINO'S GARAGES, INDICATE THAT NEITHER ARE LIKELY SOURCES OF CONTAMINANT
DISCHARGES OF THE TYPE ENCOUNTERED IN GROUNDWATER SOUTH OF THE RIVER.

FURTHER DOWNSTREAM TOWARD THE I-84 OVERPASS AND BEYOND I-84 SAMPLES FROM THE RIVER SHOWED TRACE AMOUNTS (2 TO
4 UG/L) OF PCE.  WHILE THESE CONCENTRATIONS ARE LOW THEY DEMONSTRATE THE POTENTIAL FOR AN INTERCHANGE OF
CONTAMINATED GROUNDWATER WITH THE RIVER.  BASED ON THE RI RESULTS, HOWEVER THERE IS NO SIGNIFICANT SURFACE
WATER CONTAMINATION AT AND IN THE VICINITY OF THE SITE EXCEPT FOR THE CULVERT DISCHARGE NORTHEAST OF ALBEN
CLEANERS.

BASED ON 65 PRIVATE WELLS WATER SAMPLES HIGH CONCENTRATIONS OF PCE (64 UG/L) WERE FOUND IN THE VICINITY OF
THE HENRY VAN MOTEL, EAST AND UPGRADIENT OF THE SITE.  TRACE AMOUNTS (LESS THAN 5 UG/L) OF VHO WERE ALSO
FOUND AT THE HARLEY DAVIDSON SHOP EAST OF THE SITE.  HOWEVER, IT IS NOT LIKELY THAT THESE LEVELS OF
CONTAMINATION ARE ASSOCIATED WITH THE WELL FIELD CONTAMINATION, SINCE A DOWNGRADIENT MONITORING WELL WAS
FOUND TO BE CLEAN DURING THE INVESTIGATION.  MONITORING OF THESE FACILITIES WAS RECOMMENDED IN THE RI.

DURING THE INSTALLATION OF THE RI MONITORING WELL CLUSTERS, SOIL SAMPLES WERE SCREENED TO DETERMINE
CONCENTRATIONS OF PCE, TCE AND DCE AT VARYING DEPTHS USING A SEMI-QUANTITATIVE ANALYSIS METHOD ON AN HNU 301
PORTABLE GAS CHROMATOGRAPH.  A TOTAL OF 326 SOIL SAMPLES WERE SCREENED AS PART OF THE RI FIELD PROGRAM. 
VARIOUS DEGREES OF CONTAMINATION WERE FOUND IN WELL LOCATIONS DGC-1, -3, -6, -7, -8, -9, -12, -13, -14, -15,
-16, -17, AND -19.  HIGHEST LEVELS OF VHO CONTAMINATION IN THE SOIL WERE FOUND IN BORING LOCATIONS DGC-6 (247
PPB), DGC-7 (71 PPB), DGC-9 (172 PPB), DGC-17 (44 PPB) AND DGC-19 (290 PPB) (SEE TABLE 3).  THESE LOCATIONS
COINCIDE WITH THE MAXIMUM GROUNDWATER CONTAMINATION LEVELS FOUND DURING THE RI. 

AN AMBIENT AIR MONITORING SURVEY WAS CONDUCTED AROUND THE SITE VICINITY DURING THE RI.  VOLATILES WERE NOT
DETECTED IN ANY OF THE LOCATIONS.

BASED ON HYDROGEOLOGIC FINDINGS (GROUNDWATER MODELING) AND ANALYTICAL DATA FOR GROUNDWATER SAMPLES IN THE
VICINITY OF THE SITE, HIGHLY CONTAMINATED GROUNDWATER SOUTH OF THE RIVER IS IN HYDRAULIC CONNECTION WITH
WATERS BEING WITHDRAWN FROM THE WELL FIELD FOR VILLAGE USE.  CONTAMINANT LEVELS IN THE VILLAGE WELLS HAVE
NEVER SHOWN TOTAL VHOS AS HIGH AS 5,000 UG/L AS DISCOVERED IN MONITORING WELL DGC-6.  GROUNDWATER MODELING
SHOWS THAT THIS IS DUE TO INFILTRATION FROM THE RIVER AND THE INFILTRATION CHANNEL NEAR WELL FIELD NO. 1
DILUTING CONTAMINATION IN WATERS WITHDRAWN IN THE PRODUCTION WELLS.  DISPERSION CAUSED BY PUMPING FROM WIDELY
SCATTERED WELL LOCATIONS AND COMINGLING WITH UNCONTAMINATED WATER FROM OTHER AREAS OF THE AQUIFER ALSO DILUTE
GROUNDWATER WITHDRAWN FROM THE WELL FIELD.

BASED ON TRENDS, IT IS BELIEVED THAT THE WELL FIELD HAS REACHED A STEADY STATE CONDITION, WHEREBY CONTAMINANT
LEVELS ARE NOT EXPECTED TO INCREASE AT THE WELL FIELD IN THE FUTURE.

#ENF
ENFORCEMENT



NO NEGOTIATIONS WITH POTENTIALLY RESPONSIBLE PARTIES HAVE BEEN CONDUCTED UP TO THE PRESENT TIME.  LACK OF AN
OBVIOUS SOURCE OF CONTAMINATION HAS DETERRED ENFORCEMENT EFFORTS.  THE RI/FS HAS SUCCEEDED IN SUGGESTING
ALBEN DRY CLEANERS AS A PROBABLE SOURCE.  ENFORCEMENT ACTIVITY WILL COMMENCE, CONCURRENT WITH THE DEVELOPMENT
OF THE SUPPLEMENTAL RI/FS, TO FURTHER INVESTIGATE THIS PROBABILITY.  THE SUPPLEMENTAL RI/FS, RECOMMENDED IN
THIS RECORD OF DECISION, WILL FURTHER INVESTIGATE SUSPECTED SOURCE AREAS AND WILL BE DESIGNED TO FACILITATE
THIS ENFORCEMENT EFFORT.

#AE
ALTERNATIVES EVALUATION

THE PUBLIC HEALTH AND ENVIRONMENTAL OBJECTIVES OF THE RI/FS WERE AS FOLLOWS:

    ! PROVIDE A SAFE, RELIABLE WATER SUPPLY, MEETING EPA STANDARDS, TO THE VILLAGE OF BREWSTER;

    ! CONTAIN THE PLUME OF CONTAMINATION TO MITIGATE FURTHER CONTAMINATION OF PUBLIC WATER SUPPLIES;

    ! RESTORE GROUNDWATER QUALITY AT AND IN THE VICINITY OF THE BREWSTER WELL FIELD TO ACCEPTABLE LEVELS
(NYS GROUNDWATER STANDARDS).

THE OBJECTIVE OF THE PROPOSED SUPPLEMENTAL SOURCE CONTROL RI/FS WILL BE TO DETERMINE WHICH, IF ANY,
ADDITIONAL SOURCE CONTROL MEASURES ARE NECESSARY, FEASIBLE AND COST EFFECTIVE.

INITIAL SCREENING OF ALTERNATIVES

REMEDIAL ACTION OBJECTIVES ESTABLISHED FOR THE FS INCLUDE BOTH SYSTEM OBJECTIVES (WATER SUPPLY TREATMENT) AND
SOURCE CONTROL OBJECTIVES (PLUME CONTAINMENT).  THE SYSTEM OBJECTIVES FOCUS ON CONTROL OF THE QUALITY OF THE
WATER DELIVERED TO THE USERS OF THE BREWSTER SUPPLY SYSTEM.  THE SOURCE CONTROL OBJECTIVES ADDRESS MEANS OF
CONTAINMENT OF CONTAMINATION IDENTIFIED IN THE PLUME AREA SOUTH OF THE EAST BRANCH CROTON RIVER AND AQUIFER
RESTORATION.  ACCORDINGLY, A FULL RANGE OF MORE THAN 110 ALTERNATIVE TECHNOLOGIES, AND VARIATION OF
TECHNOLOGIES, FOR TREATMENT AND SOURCE CONTROL WERE INITIALLY SCREENED TO DETERMINE POTENTIAL APPLICABILITY
AND APPROPRIATENESS TO THE PARTICULAR PROBLEMS EXISTING IN THE BREWSTER WELL FIELD AND ITS VICINITY.

THESE TECHNOLOGIES WERE THEN EVALUATED BASED ON EXISTING SITE CONDITIONS, INCLUDING CONTAMINANT DISTRIBUTION,
GEOLOGICAL AND HYDROLOGICAL CONDITIONS, TECHNICAL MERIT AND RELIABILITY, POTENTIAL EFFECTIVENESS IN MEETING
REMEDIAL OBJECTIVES, AND COSTS, IN ORDER TO ESTABLISH A FINAL LIST OF CANDIDATE TECHNOLOGIES TO BE CONSIDERED
IN FORMULATING REMEDIAL ACTION ALTERNATIVES.  SEE TABLE 4.

THE TECHNOLOGY SCREENING PROCESS RESULTED IN A REDUCED LIST OF TECHNOLOGIES JUDGED TO BE SUITABLE FOR
INCLUSION, SINGLY OR IN COMBINATION, AS COMPONENTS OF REMEDIAL ACTION ALTERNATIVES.  SEE TABLE 5.

THESE SELECTED TECHNOLOGIES WERE THEN COMBINED TO FORMULATE POTENTIAL ALTERNATIVE ACTIONS THAT ADDRESS SITE
PROBLEMS (I.E., GROUNDWATER CONTAMINATION) EXISTING AT THE WELL FIELD AND OFF-SITE SOUTH OF THE RIVER.  THIS
EFFORT RESULTED IN FORMULATION OF ELEVEN POTENTIAL REMEDIAL ACTION ALTERNATIVES BY CONSIDERING TECHNOLOGIES
WHICH ADDRESS REMEDIAL ACTION OBJECTIVES FOR BOTH SYSTEM CONTROL AND SOURCE CONTROL.

OF THE ELEVEN ALTERNATIVES FIVE WERE ELIMINATED.  THE INDIVIDUAL TREATMENT SYSTEMS ALTERNATIVE WAS DROPPED
FROM CONSIDERATION DUE TO UNCERTAINTIES REGARDING OPERATION AND MAINTENANCE (O&M) AND HIGH CAPITAL AND O&M
COSTS.

ALTERNATIVE WATER SUPPLIES WERE ELIMINATED AS AN OPTION BASED ON INSTITUTIONAL CONSTRAINTS (E.G., CONSTRAINTS
ON WATER QUANTITY SUPPLIED BY ANOTHER MUNICIPALITY), POTENTIAL PROBLEMS DURING DROUGHT CONDITIONS, AND HIGH
COSTS.

GROUNDWATER COLLECTION, TREATMENT AND DISCHARGE TO THE RIVER WAS DROPPED FROM CONSIDERATION BECAUSE OTHER
ALTERNATIVES PROVIDE THE SAME BENEFITS OF EXTRACTION AND TREATMENT WITH THE ADDED BENEFIT OF EMPLOYING AN
INNOVATIVE GROUNDWATER MANAGEMENT TECHNIQUE WHICH WOULD CONTROL THE CONTAMINATION SOURCE BY RECHARGE OF
TREATED WATER TO THE PLUME AREA.  ADDITIONALLY, THIS ALTERNATIVE COULD POSSIBLY INTRODUCE CONTAMINATED WATER



TO THE RIVER.

GROUNDWATER COLLECTION, TREATMENT AND RECHARGE TO THE WELL FIELD WAS ALSO ELIMINATED FROM FURTHER
CONSIDERATION DUE TO HIGHER CAPITAL AND O&M COSTS AND BECAUSE IT LACKS THE BENEFIT OF GROUNDWATER MANAGEMENT
TO CONTROL THE CONTAMINATION SOURCE BY RECHARGE TO THE PLUME AREA.

SOIL AERATION WAS ELIMINATED DUE TO THE LENGTH OF TIME REQUIRED TO ACHIEVE REMEDIATION AS COMPARED TO SOIL
EXCAVATION AND REMOVAL.

IN FORMULATING THE FINAL ALTERNATIVES FOR EVALUATION IT WAS RECOGNIZED THAT NONE OF THE SOURCE CONTROL
ALTERNATIVES WOULD BE EFFECTIVE IN MEETING THE WATER QUALITY OBJECTIVES REQUIRED IN THE VILLAGE WATER SUPPLY
SYSTEM WITHOUT ALSO INCORPORATING TREATMENT IN THE PACKED COLUMN.  ACCORDINGLY, THE EXISTING PACKED COLUMN
AIR STRIPPER WAS INCLUDED IN EACH OF THE REMEDIAL ACTION ALTERNATIVE SCENARIOS CHOSEN FOR DETAILED
EVALUATION.  THE FINAL LISTING OF ALTERNATIVES EVALUATED IN DETAIL IS THEREFORE:

ALTERNATIVE I -   NO ACTION

ALTERNATIVE II -  OPERATION OF THE EXISTING PACKED COLUMN AIR STRIPPER

ALTERNATIVE III - EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND INJECTION EAST OF PLUME

ALTERNATIVE IV -  EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND INJECTION WEST OF PLUME

ALTERNATIVE V -   EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND DISCHARGE TO THE EXISTING      
             AIR STRIPPER AT THE WELL FIELD

ALTERNATIVE VI -  SOIL HANDLING ALTERNATIVES.

A DETAILED ANALYSIS OF THESE ALTERNATIVES WAS THEN PERFORMED, CONSISTENT WITH 40 CFR PART 300.68(I).  THE
DETAILED ANALYSIS OF EACH ALTERNATIVE INCLUDED REFINEMENT AND SPECIFICATION OF ALTERNATIVES IN DETAIL, WITH
RECOGNITION OF THE RELIABILITY OF THE USE OF ESTABLISHED TECHNOLOGY; DETAILED COST ESTIMATION, INCLUDING
OPERATION AND MAINTENANCE COST, AND DISTRIBUTION OF COSTS OVER TIME; EVALUATION CONSTRUCTABILITY; ASSESSMENT
OF THE EXTENT TO WHICH THE ALTERNATIVE IS EXPECTED TO EFFECTIVELY PREVENT, MITIGATE, OR MINIMIZE THREATS TO,
AND PROVIDE ADEQUATE PROTECTION OF PUBLIC HEALTH; AND AN ANALYSIS OF ANY ADVERSE ENVIRONMENTAL IMPACTS.

APPLICABLE OR RELEVANT AND APPROPRIATE STANDARDS FOR THIS SITE INCLUDE EPA'S MAXIMUM CONTAMINANT LEVELS
(MCLS), WHICH HAVE BEEN PROPOSED PURSUANT TO THE SAFE DRINKING WATER ACT, AND NEW YORK STATE'S GROUNDWATER
QUALITY STANDARDS ESTABLISHED PURSUANT TO THE CLEAN WATER ACT.  THE APPLICABLE PROPOSED MCL FOR
TRICHLOROETHYLENE IS 5 UG/L; THE APPLICABLE STATE GROUNDWATER STANDARD FOR TRICHLOROETHYLENE IS 10 UG/L.

   CONTAMINANT      APPLICABLE STANDARD      CONCENTRATION LIMIT

      TCE        EPA SAFE DRINKING WATER ACT       5 UG/L
      TCE        NYS GROUNDWATER STANDARDS        10 UG/L.

AN EVALUATION OF ALTERNATIVES (WHICH IS SUMMARIZED IN TABLE 6) FOLLOWS.  COMPLETE COSTS ASSOCIATED WITH THESE
ALTERNATIVES ARE PRESENTED IN APPENDIX B.

ALTERNATIVE I - NO ACTION

FOR THE BREWSTER WELL FIELD EVALUATION, THE NO ACTION ALTERNATIVE DEPICTED CONDITIONS THAT WOULD EXIST IN THE
WELL FIELD AND MUNICIPAL WATER SUPPLY SYSTEM WITHOUT THE PRESENCE OF THE PACKED COLUMN AIR STRIPPER
CONSTRUCTED IN 1984.  CONDITIONS THAT WOULD EXIST WITHOUT EXISTING TREATMENT THEN FORMED A BASELINE AGAINST
WHICH THE OTHER ALTERNATIVES WERE COMPARED.  THE NO ACTION ALTERNATIVE DOES ASSUME, HOWEVER, THAT ACTIONS
TAKEN BY THE COMMUNITY FOLLOWING THE DISCOVERY OF CONTAMINATION IN 1978, SUCH AS WELL FIELD MANAGEMENT TO
BLEND WATERS TO CONTROL CONTAMINATION AND CONSTRUCTION OF THE NEW WELLS ON-SITE, HAVE BEEN IMPLEMENTED.



THE NO ACTION ALTERNATIVE IS COMPLETELY UNACCEPTABLE IN ITS ABILITY TO PROVIDE A DRINKING WATER SUPPLY IN THE
NEAR FUTURE MEETING EPA MCLS FOR TRICHLOROETHYLENE.  BASED ON MODELS AND SIMULATIONS, NORMAL PUMPING OF THE
WELL FIELD WOULD NOT RESULT IN CONTAMINANT REDUCTION IN THE WELL FIELD TO 5 PPB LEVELS (ASSUMING NO NEW
SOURCE) FOR ABOUT 25 YEARS; AND GROUNDWATER SOUTH OF THE RIVER WOULD BE CONTAMINATED AT LEVELS IN EXCESS OF 5
PPB FOR 30-35 YEARS.

ALTERNATIVE II - OPERATION OF EXISTING PACKED COLUMN AIR STRIPPER

THIS ALTERNATIVE CONSISTS OF THE CONTINUED OPERATION OF THE ON-SITE PACKED TOWER AIR STRIPPER.  THE PACKED
TOWER HAS BEEN DESIGNATED BY EPA AS A BEST TECHNOLOGY GENERALLY AVAILABLE (BTGA) FOR VOLATILE ORGANIC
COMPOUNDS (VOC) REMOVAL FROM DRINKING WATER (40 CFR 141 AND 142) AND HAS BEEN EXTENSIVELY TESTED AND PROVEN
AT THE BREWSTER SITE.  REMOVALS OF CONTAMINANTS HAVE BEEN REPORTED AT 99% OR MORE AND LEVELS MEETING EPA MCLS
HAVE RELIABLY BEEN MET.  THEREFORE, THIS ALTERNATIVE WILL EXCEED APPLICABLE OR APPROPRIATE AND RELEVANT
STANDARDS, PROVIDING A VERY HIGH LEVEL OF PUBLIC HEALTH PROTECTION WITH RESPECT TO THE VILLAGE'S WATER
SUPPLY.  THIS ALTERNATIVE DOES NOT INCLUDE SOURCE CONTROL MEASURES.

TIMES TO RESTORE GROUNDWATER QUALITY AT THE WELL FIELD AND AREA SOUTH OF THE RIVER WOULD BE THE SAME AS
ALTERNATIVE I.

GASEOUS EMISSIONS FROM THE AIR STRIPPER CONSIST OF EXTREMELY LOW LEVELS OF VOLATILES WHICH WILL POSE NO
CHRONIC OR SUBCHRONIC HEALTH THREATS TO DOWNWIND RECEPTORS (E.G., WORST CASE PCE CONCENTRATIONS AT THE TOP OF
THE STRIPPER ARE ESTIMATED AT 1.6 PPM VERSUS 8 HOUR THRESHOLD LIMIT VALUES OF 50 PPM RECOMMENDED BY THE
AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGENISTS).

ALTERNATIVE III - EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND INJECTION EAST OF PLUME

THIS ALTERNATIVE ASSUMES THAT ALTERNATIVE II (TREATMENT OF THE EXISTING PUBLIC WATER SUPPLY BY AN ON-SITE
PACKED COLUMN STRIPPER) WOULD BE IMPLEMENTED AND, ADDITIONALLY, ASSUMES THAT REMEDIAL FACILITIES WOULD BE
CONSTRUCTED IN THE AREA SOUTH OF THE RIVER.  THESE FACILITIES WOULD INCLUDE EXTRACTION WELLS, AN ADDITIONAL
PACKED COLUMN STRIPPER TO TREAT EXTRACTED WATER (TO 99.9% REMOVAL OF VOCS) AND PASSIVE INJECTION WELLS EAST
OF THE PLUME AREA.  SEE FIGURE 5.

GROUNDWATER MODELING OF THE COLLECTION/TREATMENT/RECHARGE SYSTEM INDICATE THAT THE QUANTITY OF WATER FROM THE
PRODUCING WELLS AT THE WELL FIELD WOULD NOT SIGNIFICANTLY BE AFFECTED.  SIMULATIONS ALSO PREDICT THAT
CONTAMINANT LEVELS OF 5 PPB OR LESS COULD BE ACHIEVED AT THE WELL FIELD AND IN GROUNDWATER SOUTH OF THE RIVER
IN ABOUT 10 YEARS WITH COLLECTION/TREATMENT/RECHARGE.

ALTERNATIVE III, THEREFORE, PRESENTS A SOLUTION TO THE SOURCE CONTAMINATION PROBLEM BY MEETING THE OBJECTIVES
OF PLUME CONTAINMENT AND RESTORATION OF AQUIFER QUALITY AS WELL AS REDUCING LONG TERM PUBLIC HEALTH AND
ENVIRONMENTAL RISKS BY REMEDIATING THE CONTAMINATED PUBLIC WATER SUPPLY.

EXTRACTION AND INJECTION WELLS AND THE AIR STRIPPER COULD BE INSTALLED WITH NO ADVERSE IMPACTS ON NEW YORK
STATE REGULATED WETLANDS AND WITH MINOR IMPACT TO AREAS CLASSIFIED AS WETLANDS UNDER FEDERAL REGULATIONS.  NO
SIGNIFICANT ADVERSE AIR QUALITY IMPACTS WOULD BE EXPECTED FROM THE AIR STRIPPING PROCESS.  THE PASSIVE
INJECTION WELLS WOULD REQUIRE APPROVAL FROM THE EPA AS CLASS V WELLS UNDER UNDERGROUND INJECTION CONTROL
REGULATIONS PURSUANT TO THE FEDERAL SAFE DRINKING WATER ACT.

SINCE MUCH OF THE WORK CONTEMPLATED SOUTH OF THE RIVER IS ON LANDS UNDER CONTROL OF THE CITY OF NEW YORK,
CITY APPROVAL WOULD ALSO BE REQUIRED.  THE BENEFIT OF CLEANUP WOULD ACCRUE TO THE CITY AS WELL AS THE VILLAGE
AND, AS A RESULT, APPROVAL WOULD BE ANTICIPATED.

ALTERNATIVE IV - EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND INJECTION WEST OF PLUME

THIS ALTERNATIVE CONSISTS OF THE SAME TECHNOLOGY COMPONENTS IDENTIFIED IN ALTERNATIVE III.  THE DIFFERENCE
BETWEEN THE ALTERNATIVES INVOLVES THE LOCATION OF THE INJECTION WELLS.  IN ALTERNATIVE IV EXTRACTION WELLS
WOULD BE PLACED ON THE EASTERN SIDE OF THE PLUME AREA, WITH INJECTION WELLS TO THE WEST.  AS IN THE CASE OF
ALTERNATIVE III AN ON-SITE AIR STRIPPER, TO TREAT THE VILLAGE WATER SUPPLY, IS ALSO ASSUMED.  SEE FIGURE 6.



THIS SCENARIO WAS IDENTIFIED DURING ANALYTICAL MODELING AS POTENTIALLY THE MOST EFFECTIVE.  FLUSHING OF WATER
ACROSS THE MOST CONTAMINATED AREAS IS ENABLED AND A HYDRODYNAMIC BARRIER IS PLACED DOWN-VALLEY FROM THE
PLUME.  HOWEVER, WITHOUT 100 PERCENT TREATMENT EFFICIENCY (ESTIMATED AT 99.9%) SOME INJECTED WATER WITH
LOW-LEVEL (5.6 PPB) VHO CONTAMINATION WOULD PROBABLY FLOW DOWNGRADIENT AND SOME OF THE WATER INJECTED ON THE
WEST SIDE OF THE PLUME AREA MAY BE LOST DOWNGRADIENT TO THE WEST, OUT OF THE VICINITY OF THE INFLUENCE OF THE
WELL FIELD PRODUCTION WELLS.  FURTHER, THE PRECISE LOCATION OF THE WESTERN BOUNDARY OF THE PLUME IS NOT YET
KNOWN, MAKING MONITORING OF THIS ALTERNATIVE DIFFICULT.

OTHERWISE THIS ALTERNATIVE IS SIMILAR AND JUDGED EQUAL TO ALTERNATIVE III.  GROUNDWATER RESTORATION TIMES
WOULD BE EQUAL TO ALTERNATIVE III (10 YEARS).

ALTERNATIVE V - EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND DISCHARGE TO EXISTING AIR        
         STRIPPER AT THE WELL FIELD

ALTERNATIVE V INCLUDES AN ON-SITE PACKED COLUMN AIR STRIPPER, THE SAME AS ALTERNATIVES II, III AND IV. 
SIMILAR TO ALTERNATIVES III AND IV, EXTRACTION AND TREATMENT, IN AN OFF-SITE STRIPPER, OF WATER FROM THE
CONTAMINATED PLUME AREA SOUTH OF THE RIVER IS ALSO ASSUMED.  UNDER THIS ALTERNATIVE, HOWEVER, NO INJECTION
WELL WOULD BE USED.  INSTEAD, THE TREATED EFFLUENT FROM THE OFF-SITE STRIPPING COLUMN WOULD BE PIPED TO THE
ON-SITE TREATMENT SYSTEM FOR FURTHER TREATMENT ALONG WITH WATER FROM THE WELL FIELD PRODUCTION WELLS.  SEE
FIGURE 7.

THE PERFORMANCE OF THE ON-SITE STRIPPER, IN REMOVAL OF VHOS FROM THE PUBLIC WATER SUPPLY, WOULD BE EXCELLENT
AS LONG AS THE EFFLUENT FROM THE OFF-SITE STRIPPER CONTAINS VHO LEVELS EQUAL TO OR LESS THAN LEVELS
ENCOUNTERED IN WATER FROM THE PRODUCTION WELLS.  ACCORDINGLY, STATE STANDARDS AND PROPOSED FEDERAL MCLS
SHOULD BE MET.  IN REGARD TO SOURCE CONTROL OBJECTIVES, THE EXTRACTION AND TREATMENT OF GROUNDWATER FROM THE
SOURCE AREA SOUTH OF THE RIVER WOULD CONTRIBUTE BOTH TO CONTAINMENT AND RESTORATION OBJECTIVES.  PROJECTED
BENEFITS TO GROUNDWATER QUALITY ARE SIMILAR TO ALTERNATIVES III AND IV.  HOWEVER, EXTRACTION WITHOUT
REINJECTION IN THE AREA SOUTH OF THE RIVER MAY RESULT IN A SLIGHTLY LONGER PERIOD FOR RESTORATION OF
GROUNDWATER QUALITY, WHEN COMPARED TO ALTERNATIVES III AND IV.

IN ORDER TO ENSURE THAT THE OFF-SITE STRIPPING SYSTEM IS WORKING PROPERLY TO PRODUCE AN EFFLUENT AMENABLE TO
MIXING WITH WATERS FROM THE PROJECTION WELLS EXTRA PRECAUTIONS WOULD BE NECESSARY.  AT THE OFF-SITE STRIPPER
THIS WOULD BE PROVIDED BY ADDITIONAL CONTROLS AND MORE FREQUENT MAINTENANCE AND MONITORING.  THESE ADDITIONS
ARE REFLECTED IN ADDITIONAL COSTS.

RISKS EXIST IN THIS ALTERNATIVE OF POSSIBLY INDUCING A NEW CLASS OF POLLUTANTS INTO THE SOURCE OF BREWSTER
WATER SUPPLY.  FOR EXAMPLE, IF YET UNDETECTED NON-VOLATILE CONTAMINANTS EXIST IN THE GROUNDWATER SOUTH OF THE
RIVER THEY COULD BE DRAWN INTO THE SYSTEM AND NOT REMOVED BY THE AIR STRIPPERS, BECAUSE AIR STRIPPING   IS
EFFECTIVE ONLY ON VOLATILE COMPOUNDS.  AT A MINIMUM, FULL MONITORING FOR ALL HAZARDOUS SUBSTANCES LIST (HSL)
COMPOUNDS WOULD BE REQUIRED ON A PERIODIC BASIS TO AVOID THIS POSSIBILITY.

THIS ALTERNATIVE WOULD REQUIRE A PIPELINE CROSSING UNDER THE RIVER (WITH PROBABLE ADVERSE ENVIRONMENTAL
IMPACT) AND A PHYSICAL HOOKUP TO THE RAW WATER FEED LINE OF THE ON-SITE STRIPPER.  IN ADDITION, CERTAIN
INSTITUTIONAL APPROVALS WOULD BE REQUIRED FROM THE STATE, THE CITY OF NEW YORK AND THE VILLAGE OF BREWSTER.

THE COMPLEXITIES INVOLVED IN IMPLEMENTATION OF THIS ALTERNATIVE MAKES IT LESS ATTRACTIVE THAN OTHER
ALTERNATIVES.

ALTERNATIVE VI - SOIL HANDLING

SOIL CONTAMINATION ALTERNATIVES ARE ADDRESSED SEPARATELY BECAUSE THESE ACTIONS MAY BE IMPLEMENTED AS PART OF
ANY REMEDIAL ACTION PLAN.  THE OBJECTIVES OF THE SOIL CONTAMINATION ALTERNATIVES ARE TO IDENTIFY ZONES OF
SOIL CONTAMINATION OR RESIDUES THAT MAY BE CONTRIBUTING TO GROUNDWATER CONTAMINATION AND IDENTIFY THE MEANS
TO ELIMINATE SUCH SOURCES, IF FEASIBLE.

MEETING THESE OBJECTIVES WOULD REQUIRE TWO STEPS:  FIRST, IDENTIFICATION OF SOIL CONTAMINATION AREAS; AND
SECOND, REMEDIATION.  THE MOST LIKELY SOURCE OF VHO CONTAMINATION IDENTIFIED DURING THE RI IS THE PREMISES OF



ALBEN CLEANERS.  HOWEVER, NO CONFIRMATION OF THE EXISTENCE OF LOCALIZED CONTAMINATION IN THE ALBEN CLEANERS
AREA WAS PROVIDED DURING THE RI STUDIES.  IN ORDER TO IDENTIFY WHETHER A CONTINUED SOURCE OF CONTAMINATION
EXISTS ON THOSE PREMISES A PROGRAM OF TEST PITTING, SHALLOW WELL INSTALLATION AND CONTAMINANT ANALYSIS WOULD
BE UNDERTAKEN.

IF SOIL CONTAMINATION IS ENCOUNTERED IN SIGNIFICANT LEVELS, A PROGRAM TO EXCAVATE THE SOILS IN THE
UNSATURATED ZONE WOULD BE CARRIED OUT.  FOR PURPOSES OF ESTIMATES IT WAS ASSUMED THAT AN AREA ABOUT 43 FEET
WIDE BY 80 FEET LONG BY 6 FEET DEEP WOULD REQUIRE EXCAVATION EAST OF THE ALBEN CLEANERS BUILDING.  SEVERAL
OPTIONS EXIST FOR SOILS HANDLING UNDER THESE CONDITIONS, DEPENDING ON CONTAMINATION LEVELS ENCOUNTERED.  FOR
EXAMPLE, SOILS COULD BE LOADED AND TRANSPORTED OFF-SITE TO A SECURE (RCRA APPROVED) LANDFILL.  SOILS COULD
ALSO BE TREATED ON-SITE USING ROTARY KILN OR INFRARED INCINERATION.  DATA FROM THE SUPPLEMENTAL RI/FS WILL
ASSIST IN FURTHER EVALUATING THIS ALTERNATIVE.

ANY OF SEVERAL INNOVATIVE SOIL REMEDIATION MEASURES COULD BE EFFECTIVE IN ACHIEVING THE STATED OBJECTIVES
DEPENDING UPON THE TYPE AND QUANTITY OF CONTAMINANTS PRESENT.  OFF-SITE DISPOSAL COULD BE ACCOMPLISHED
RELATIVELY EASILY, WHILE ON-SITE SOIL REMEDIATION WOULD BE MORE DIFFICULT TO IMPLEMENT.  ALL ALTERNATIVES
COULD BE CARRIED OUT IN ACCORDANCE WITH ENVIRONMENTAL REGULATIONS.

#RA
RECOMMENDED ALTERNATIVE

THE APPROPRIATE EXTENT OF REMEDY SHALL BE DETERMINED BY EPA'S SELECTION OF A COST-EFFECTIVE REMEDIAL
ALTERNATIVE THAT EFFECTIVELY MITIGATES AND MINIMIZES THREATS TO AND PROVIDES ADEQUATE PROTECTION OF PUBLIC
HEALTH AND WELFARE AND THE ENVIRONMENT.  THIS WILL NORMALLY REQUIRE SELECTION OF A REMEDY THAT ATTAINS OR
EXCEEDS APPLICABLE OR RELEVANT AND APPROPRIATE FEDERAL AND STATE PUBLIC HEALTH AND ENVIRONMENTAL REQUIREMENTS
THAT HAVE BEEN IDENTIFIED FOR THE SITE.

DISCOUNTING THE NO ACTION ALTERNATIVE (SINCE THE PACKED TOWER AIR STRIPPER IS ALREADY IN PLACE), EACH OF THE
ALTERNATIVES SELECTED FOR DETAILED EVALUATION WOULD PROVIDE AN APPROPRIATE EXTENT OF REMEDY WITHIN THE ABOVE
DEFINITION.  BASED ON MEETINGS WITH NEW YORK STATE, ITS CONSULTANTS, THE VILLAGE OF BREWSTER AND THE PUBLIC,
IT IS RECOMMENDED THAT CONTINUED OPERATION OF THE EXISTING AIR STRIPPER TO TREAT THE VILLAGE'S WATER SUPPLY
AND DESIGN AND CONSTRUCTION OF A GROUNDWATER MANAGEMENT SYSTEM TO CONTAIN THE PLUME OF CONTAMINATION AND
RESTORE GROUNDWATER QUALITY SOUTH OF THE RIVER, BE SELECTED AS THE REMEDY FOR THIS PROJECT.  THE GROUNDWATER
MANAGEMENT SYSTEM WILL INCLUDE GROUNDWATER EXTRACTION WELLS, AIR STRIPPER TREATMENT OF EXTRACTED GROUNDWATER
AND REINJECTION OF TREATED WATER.  DETAILS OF THE GROUNDWATER MANAGEMENT SYSTEM WILL BE DETERMINED DURING
DESIGN.

THIS ALTERNATIVE PROVIDES A SAFE AND RELIABLE WATER SUPPLY TO THE VILLAGE THAT EXCEEDS APPLICABLE OR RELEVANT
AND APPROPRIATE STANDARDS, THEREBY PROVIDING A VERY HIGH LEVEL OF PUBLIC HEALTH PROTECTION.  THIS ALTERNATIVE
WILL ALSO RESTORE GROUNDWATER QUALITY SOUTH OF THE RIVER TO LEVELS EXCEEDING APPLICABLE STATE  GROUNDWATER
STANDARDS.

DETAILED COST ESTIMATES FOR THE RECOMMENDED ALTERNATIVE ARE INCLUDED IN APPENDIX C.

#CR
COMMUNITY RELATIONS

COMMUNITY PERCEPTION OF THE BREWSTER CONTAMINATION PROBLEM HAS BEEN AN IMPORTANT FACTOR IN PLACING THIS SITE
ON THE SUPERFUND NATIONAL PRIORITIES LIST.  VHOS WERE DISCOVERED IN THE VILLAGE'S WATER SUPPLY IN 1978. 
CONSIDERABLE LOCAL PRESS REGARDING THE ISSUE CONTRIBUTED TO PUBLIC AWARENESS.

SINCE THE NPL LISTING IN DECEMBER 1982, PUBLIC CONCERN HAS SUBSIDED, AND THE TOWNSPEOPLE HAVE BEEN GENERALLY
SATISFIED THAT APPROPRIATE ACTION IS BEING TAKEN AND THAT NO CONTAMINATED WATER IS BEING CONSUMED.  HOWEVER,
THERE IS STILL CONCERN REGARDING THE POTENTIAL SPREAD OF CONTAMINATION.

SPECIFIC CONCERNS THAT WERE RAISED DURING THE PUBLIC COMMENT PERIOD ARE ANSWERED IN THE RESPONSIVENESS
SUMMARY.  ALL COMMENTS WERE MADE AT THE PUBLIC MEETING HELD ON AUGUST 21, 1986 AT THE BREWSTER VILLAGE HALL. 



NO OTHER COMMENTS, WRITTEN OR OTHERWISE, WERE RECEIVED DURING THE PUBLIC COMMENT PERIOD.

#OEL
CONSISTENCY WITH OTHER ENVIRONMENTAL LAWS

AT THE PRESENT TIME, THERE ARE NO FEDERAL ENVIRONMENTAL LAWS OTHER THAN THE SAFE DRINKING WATER ACT WHICH ARE
APPLICABLE TO IMPLEMENTING THE SELECTED REMEDIAL ACTION AT THIS SITE.

TRICHLOROETHYLENE HAS BEEN CHOSEN BY EPA FOR EVALUATION AND POSSIBLE FUTURE REGULATION PURSUANT TO THE CLEAN
AIR ACT'S NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAP).  HOWEVER, SUCH REGULATION WILL
LIKELY NOT BE PROMULGATED FOR 1-2 YEARS.  AT THE PRESENT TIME, EPA BELIEVES THAT THE RISK ASSESSMENT
PERFORMED FOR THE OPERATION OF THE PACKED COLUMN AIR STRIPPER (USING WORST CASE ASSUMPTIONS THROUGHOUT THE
ANALYSIS) HAS SUFFICIENTLY DEMONSTRATED THE EXTREMELY LOW RISK ASSOCIATED WITH THE PREDICTED LEVEL OF AIR
EMISSIONS ON LIKELY RECEPTOR AREAS.

#OM
OPERATION AND MAINTENANCE

PACKED COLUMN TECHNOLOGY HAS BEEN SUCCESSFULLY APPLIED FOR REMOVAL OF VOCS AT FULL SCALE WATER TREATMENT
PLANTS IN AT LEAST 24 LOCATIONS IN THE UNITED STATES.  THE EQUIPMENT IS COMMERCIALLY AVAILABLE; IS RELATIVELY
EASY TO OPERATE; START-UP AND SHUT DOWN CAN BE ACCOMPLISHED QUICKLY; AND THE EQUIPMENT CAN BE DESIGNED TO
OPERATE FOR A NUMBER OF YEARS.  IT HAS ALSO BEEN SHOWN TO OPERATE UNDER VARYING CLIMATIC CONDITIONS.  THE
EXISTING BREWSTER ON-SITE AIR STRIPPER HAS SUCCESSFULLY BEEN OPERATING FOR MORE THAN A YEAR.

COSTS ESTIMATES FOR THE OPERATION AND MAINTENANCE OF THE ON-SITE (WATER SUPPLY) AND OFF-SITE (GROUNDWATER
REMEDIATION) SYSTEMS OF THE SELECTED REMEDY ARE INCLUDED IN APPENDIX C.  EPA WILL NOT PARTICIPATE IN THE COST
OF OPERATING AND MAINTAINING THE EXISTING ON-SITE AIR STRIPPER.  SAID COSTS ARE TO BE BORNE BY THE VILLAGE.

#FA
FUTURE ACTIONS

A SECOND OPERABLE UNIT CONSISTING OF ADDITIONAL SOURCE CONTROL REMEDIAL MEASURES MAY BE IMPLEMENTED FOLLOWING
THE SUPPLEMENTAL RI/FS AND ISSUANCE OF A SUBSEQUENT EPA RECORD OF DECISION.

#TMA
TABLES, MEMORANDA, ATTACHMENTS



APPENDICES

APPENDIX A

TETRACHLOROETHYLENE

CHEMISTRY AND METABOLISM

TETRACHLOROETHYLENE (PERCHLOROETHYLENE) IS A HALOGENATED ALIPHATIC HYDROCARBON OF MOLECULAR WEIGHT 165.83. 

ORAL ABSORPTION DATA IS SCANTY AND QUALITATIVE.  AN EARLY STUDY NOTED THAT INTESTINAL ABSORPTION IN DOGS WAS
FACILITATED BY FATS AND OILS.  IN HUMANS, PULMONARY ABSORPTION IS RAPID AND INHALATION IS THE MOST COMMON
EXPOSURE ROUTE.  WHILE METABOLISM OF PERCHLOROETHYLENE IS FAIRLY SLOW IN HUMANS, METABOLIC PRODUCTS, SUCH AS
THE REACTIVE PCE EPOXIDE, HAVE BEEN SHOWN TO BE BOTH CARCINOGENIC AND MUTAGENIC, EMBODYING MUCH OF THE RISK
POTENTIAL OF THE PARENT COMPOUND (EPA, 1986).  LOW PERCENTAGES OF DOSES ARE REPORTED AS BEING EXCRETED AS
METABOLITES, PRINCIPALLY AS TRICHLOROACETIC ACID.

TOXICITY

TETRACHLOROETHYLENE IS CONSIDERED A PROBABLE HUMAN CARCINOGEN.  A COHORT STUDY OF DECEASED LAUNDRY AND DRY
CLEANING WORKERS' MEDICAL HISTORIES REVEALED EXCESSIVE LUNG, CERVICAL, AND SKIN CANCERS, AND A SLIGHT EXCESS
OF LEUKEMIAS AND LIVER CANCERS, BUT THE SUBJECTS' EXPOSURE TO TRICHLOROETHYLENE AND CARBON TETRACHLORIDE IN
ADDITION TO PERCHLOROETHYLENE PRECLUDED DEFINITIVE IDENTIFICATION OF THE CAUSAL ROLE OF PERCHLOROETHYLENE.

PCE'S CARCINOGENIC POTENTIAL RESIDES PRIMARILY IN ITS BIOLOGICALLY REACTIVE METABOLITES SUCH AS THE PCE
EPOXIDE INTERMEDIATE (EPA, 1986).  A 1977 INGESTION STUDY USING RATS AND MICE REPORTED DECREASED SURVIVAL
RATES IN BOTH SPECIES AND HIGHLY SIGNIFICANT INCREASES IN HEPATOCELLULAR CARCINOMAS IN THE MICE.  (NO
INCREASE WAS OBSERVED FOR RATS).

A 1985 (DRAFT) NATIONAL TOXICOLOGY PROGRAM LIFETIME INHALATION BIOASSAY WITH RATS AND MICE DEMONSTRATED THAT
PERCHLOROETHYLENE INDUCED CARCINOGENIC EFFECTS IN RATS AND MICE.  ALTHOUGH EPA ACKNOWLEDGED THAT CERTAIN
ASPECTS OF THE CONDUCT OF THE BIOASSAY MIGHT INVALIDATE A REPORTED MARGINALLY STATISTICALLY SIGNIFICANT
LEUKEMIA INCIDENCE IN ONE STRAIN OF MALE RATS, THE TWO SETS OF ANIMAL STUDIES WERE CONSIDERED TO PROVIDE
EVIDENCE JUSTIFYING ALTERATION OF THE PREVIOUSLY DEVELOPED CARCINOGENIC RISK FACTOR IN MARCH, 1986.

THE 1985 NTP STUDY DATA WERE USED TO ESTIMATE UNIT RISK OF PCE VIA INHALATION IN THREE RANGES.  THE FIRST
RANGE USES A METABOLIZED DOSE DERIVED FROM A SINGLE EXPOSURE BALANCE STUDY AND THE SECOND AND THIRD RANGES
ARE CALCULATED ON THE BASIS OF METABOLIZED DOSES DERIVED FROM A PHYSIOLOGICALLY-BASED PHARMACOKINETIC (PB-PK)
MODEL.  UNTIL UNCERTAINTIES REGARDING PB-PK MODEL PARAMETERS ARE RESOLVED, EPA RECOMMENDS USING THE FIRST
RANGE, WHICH YIELDS A REVISED UPPER-BOUND ESTIMATE OF INCREMENTAL CANCER RISK (DUE TO LIFETIME EXPOSURE OF 1
UG/M3 OF PCE IN AIR) RANGING FROM 2.9 X 10-7 TO 9.5 X 10-7.

(THIS IS APPLICABLE ONLY TO LOW LEVEL EXPOSURES WHERE A LINEAR RELATIONSHIP EXISTS BETWEEN AMBIENT
CONCENTRATION AND METABOLIZED DOSE.).

IN SEPTEMBER 1985, EPA PUBLISHED A CARCINOGENIC POTENCY FACTOR FOR HUMANS OF 5.10 X 10-2 (MG/KG/DAY)-1. 
ACGIH (1983) RECOMMENDED A TWA-TLV OF 50 PPM AND A STEL OF 200 PPP, WHILE OSHA HAS IMPLEMENTED A PERMISSIBLE
EXPOSURE LEVEL (8-HOUR TWA) OF 100 PPM (CRF, 1981).

IN HUMANS, CHRONIC INHALATION EXPOSURE TO A RANGE OF PERCHLOROETHYLENE CONCENTRATIONS HAVE BEEN REPORTED TO
LEAD TO RESPIRATORY IRRITATION, NAUSEA AND OTHER INTESTINAL EFFECTS, INSOMNIA, HEADACHE, LIVER CIRRHOSIS,
HEPATITIS, AND NEPHRITIS, ALTHOUGH DOSE LEVELS WERE NOT QUANTIFIED.

EFFECTS OF SUBCHRONIC INHALATION EXPOSURE TO PERCHLOROETHYLENE IN EXPERIMENTAL ANIMALS INCLUDE A NUMBER OF
HISTOPATHOLOGICAL AND ORGAN FUNCTION ALTERATIONS.  FOR EXAMPLE, RATS SHOWED EEG CHANGES AND CEREBRAL CORTICAL
CELL CHANGES, LIVER AND SPLEEN CONGESTION AND KIDNEY INJURY.  MICE DEMONSTRATED ALTERATIONS IN MUSCLE
RESPONSE WHILE RABBITS SHOWED PATHOMORPHOLOGICAL AND ORGAN FUNCTION ABNORMALITIES.  GUINEA PIGS ARE UNUSUALLY



SUSCEPTIBLE TO PERCHLOROETHYLENE, ACCORDING TO EVIDENCE FROM STUDIES WHICH FOUND PATHOLOGIC CHANGES IN BOTH
LIVER AND KIDNEY AT DOSES LOWER OR COMPARABLE TO THOSE WHICH INDUCED NO EVIDENCE OF DAMAGE IN MONKEYS,
RABBITS OR RATS.

LITTLE INFORMATION EXISTS REGARDING CHRONIC TOXICITY DUE TO PERCHLOROETHYLENE EXPOSURE.  IN A 1977 NCI ORAL
CARCINOGENICITY BIOASSAY WITH MICE AND RATS, TOXIC NEPHROPATHY WAS OBSERVED AT ALL DOSE LEVELS IN BOTH SEXES
OF BOTH SPECIES, LEADING TO ESTABLISHMENT OF LOAEL'S FOR TOXIC NEPHROPATHY OF 300 MG/KG/DAY FOR MICE AND 471
MG/KG/DAY FOR RATS.  UNSPECIFIED REVERSIBLE LIVER DAMAGE WAS REPORTED.

OTHER ASPECTS OF TETRACHLOROETHYLENE TOXICOLOGY INCLUDE TERATOGENICITY AND POTENTIAL INTERACTION WITH OTHER
TOXICANTS.  TERATOGENIC EFFECTS WERE FOUND IN TWO SPECIES OF RODENTS WHEN 300 PPM WAS ADMINISTERED VIA
INHALATION FOR 7 HOURS PER DAY DURING A PORTION OF THE GESTATION PERIOD.

TETRACHLOROETHYLENE TOXICITY IS BELIEVED TO BE AFFECTED BY COMPOUNDS THAT ALTER MICROSOMAL ENZYME FUNCTION,
BECAUSE OF ITS METABOLISM BY MIXED FUNCTION OXIDASES.  SYNERGISTIC EFFECTS HAVE BEEN DEMONSTRATED WITH
AROCHLOR PRETREATMENT, WITH ALCOHOL, AND WITH BENZENE.

IN THE FEW REPORTS AVAILABLE, PERCHLOROETHYLENE HAS ELICITED MIXED RESPONSES IN MUTAGENICITY TESTS.  RESULTS
WERE POSITIVE IN TESTS WITH TWO SALMONELLA ASSAYS, BUT WERE NEGATIVE WITH ESCHERICHIA COLI AND WITH BONE
MARROW CELLS IN INTRAPERITONEALLY INJECTED MICE.

TRICHLOROETHYLENE

CHEMISTRY AND METABOLISM

TRICHLOROETHYLENE (TCE) IS A HALOGENATED ALIPHATIC HYDROCARBON OF MOLECULAR WEIGHT 131.5.

THE METABOLISM OF TRICHLOROETHYLENE HAS BEEN REVIEWED BY NUMEROUS AUTHORS.  ALTHOUGH ORAL ABSORPTION RATES
ARE NOT AVAILABLE FOR HUMANS, RATS WERE FOUND TO ABSORB 80-100% OF INGESTED TCE.  HUMAN ABSORPTION OF INHALED
TCE IS RAPID, LEADING TO EQUILIBRIUM BODY LEVELS IN ROUGHLY TWO HOURS.

MAJOR METABOLITES OF TCE ARE TRICHLOROACETIC (TCA) ACID AND TRICHLOROETHANOL.  OTHER MINOR METABOLITES NOTED
IN THE LITERATURE INCLUDE CHLOROFORM AND MONOCHLOROACETIC ACID.  OF THESE, TRICHLOROETHANOL IS EXCRETED IN
THE HIGHEST VOLUMES AND HAS ITSELF BEEN FOUND TO HAVE A PRONOUNCED DEPRESSING EFFECT ON THE CENTRAL NERVOUS
SYSTEM.  GIVEN THE LONG BIOLOGICAL HALF-LIFE OF TCE, CUMULATIVE EFFECTS OF THE PARENT COMPOUND AND THE
METABOLITE MAY BE VERY SIGNIFICANT.  IKEDA AND OTHERS (1972) FOUND THAT WORKERS EXPOSED TO 100 PPM TCE
EXCRETED ONLY ONE THIRD OF THE DOSE AS METABOLITES DURING THE WORK DAY, WHILE OTHER INVESTIGATORS HAVE FOUND
GRADUALLY INCREASED METABOLITE EXCRETION SUGGESTIVE OF BIOACCUMULATION OF METABOLITES.

TOXICITY

THE PRINCIPAL TOXIC EFFECT OF CONCERN WITH TCE IS CARCINOGENICITY TCE WAS SHOWN TO BE CARCINOGENIC IN MICE
VIA INHALATION EXPOSURE IN THREE SETS OF REPORTED RESULTS, ALTHOUGH TWO OF THESE STUDIES WERE FAULTY.  AS OF
THE PUBLICATION DATE OF EPA'S HEALTH ASSESSMENT DOCUMENT ON TCE, INHALATION CANCER BIOASSAYS HAD NOT YIELDED
POSITIVE RESULTS WITH RATS OR HAMSTERS.  IN TWO ORAL STUDIES CONDUCTED BY NTP AND NCI, ON THE OTHER HAND, AN
INCREASED INCIDENCE OF HEPATOCELLAR CARCINOMA WAS FOUND IN MICE.  CARCINOGENIC POTENCY FACTORS OF 6 X 10-3
(MG/KG/DAY) -1 FOR INHALATION AND 1.9 X 10-2 (MG/KG/DAY).  BASED ON ORAL INGESTION WERE COMPUTED BY FUKADA ET
AL. (1983) AND EPA RESPECTIVELY.

ALTHOUGH HUMAN EPIDEMIOLOGICAL STUDIES HAVE FAILED TO DEMONSTRATE A RELATIONSHIP BETWEEN INCREASED CANCER
RISK AND TCE EXPOSURE, EPA HAS APPLIED PROPOSED CAG CRITERIA IN EVALUATING OVERALL ANIMAL EVIDENCE, AND HAS
CLASSIFIED TCE AS A GROUP B2-PROBABLE HUMAN CARCINOGEN.  HUMAN OVEREXPOSURE TO TCE PRODUCES DEPRESSION OF THE
CENTRAL NERVOUS SYSTEM.  MENTAL CONFUSION, INCOORDINATION AND INSOMNIA HAVE BEEN REPORTED.  THE ACGIH (1983)
RECOMMENDED A TWA-TLV OF 50 PPM (270 MG/M3) AND A STEL OF 150 PPM (560 MG/M3) FOR TCE.

TCE HAS BEEN FOUND TO CAUSE INCREASED MUTAGENESIS IN SEVERAL TESTS USING SALMONELLA TYPHINAURIUM AND
SACCHAROMYCED CEREVISIAE AFTER METABOLIC ACTIVATION AND IN A MOUSE SPOT TEST CONDUCTED BY FAHRIG (1977).



TOXIC EFFECTS OF TCE HAVE BEEN DEMONSTRATED IN HUMANS AND EXPERIMENTAL ANIMALS.  RESULTS OF SUBCHRONIC ORAL
EXPOSURE IN ANIMALS INCLUDE INCREASED LIVER WEIGHT RATIO AND ELEVATED URINE KETONE AND PROTEIN LEVELS IN MALE
RATS AT MODERATE DOSES AND DECREASED BODY WEIGHTS, INCREASED LIVER AND KIDNEY WEIGHTS, AND ELEVATED URINE
KETONE AND PROTEIN LEVELS IN BOTH SEXES OF RATS AT HIGH DOSES.  IN SUBCHRONIC INHALATION STUDIES WITH RATS
AND GUINEA PIGS, GUINEA PIGS WERE FOUND TO BE MORE SENSITIVE THAN RATS, DEMONSTRATING DECREASED BODY WEIGHT
AT HALF THE DOSAGES INDUCING SIMILAR EFFECTS IN RATS.

ACUTE RESPONSES OF ANIMALS TO TCE REPORTED INCLUDE INCREASED LIVER AND KIDNEY WEIGHT AND CELL CHANGES IN THE
CEREBELLUM.  TCE FATALITIES INVESTIGATED HAVE BEEN REPORTED TO RESULT FROM CARDIAC ARRHYTHMIA CAUSED BY THE
POTENTIATION OF ENDOGENOUS EPINEPHRENE BY TCE.

1,2-DICHLOROETHYLENE

THIS TOXICITY PROFILE WILL PRESENT A SUMMARY OF AVAILABLE TOXICOLOGICAL INFORMATION ON BOTH ISOMERS OF
DICHLOROETHYLENE, TRANS-1,2-DICHLOROETHYLENE AND CIS-1,2-DICHLOROETHYLENE.  VERY LITTLE EMPIRICAL DATA EXISTS
ON EITHER OF THE ISOMERS.  MOLECULAR WEIGHT IS 96.95.

CHEMISTRY AND METABOLISM

ALTHOUGH PERTINENT DATA REGARDING ORAL ABSORPTION OF DOES IS UNAVAILABLE, EPA (1980A) ESTIMATED THAT
"VIRTUALLY 100% OF INGESTED DCE MAY BE ABSORBED SYSTEMICALLY," BASED ON EXPERIMENTAL STUDIES BY DANIEL (1963)
AND MONSTER (1976) USING TRICHLOROETHYLENE.

DATA REGARDING ABSORPTION VIA INHALATION ARE SIMILARLY UNAVAILABLE, BUT THE DANIEL AND MONSTER STUDIES FORMED
THE BASIS FOR AN EPA ESTIMATE OF 35 TO 50 PERCENT ABSORPTION (EPA, 1980A).

DCE METABOLISM HAS NOT BEEN INVESTIGATED.

TOXICITY

VERY LITTLE EXPERIMENTAL INVESTIGATION HAS ADDRESSED DCE'S TOXICITY TO LABORATORY ANIMALS OR HUMANS. 
SIMILARLY, BOTH ISOMERS OF 1,2-DCE ARE DESIGNATED AS GROUP D-UNCLASSIFIED BY EPA'S CANCER ASSESSMENT GROUP.

LIMITED DATA ON SUBCHRONIC EXPOSURE DATA ON THE TRANS ISOMER WERE FOUND.  AN ORAL STUDY WITH A MIXTURE OF
ISOMERS BY SPRINGER (1965) AND AN INHALATION STUDY BY TORKELSON (UNPUBLISHED, 1965) REPORTED NO ADVERSE
EFFECTS.  FREUNDT ET AL. (1977) FOUND PROGRESSIVE DAMAGE TO THE LUNGS AND FATTY CHANGES IN THE LIVERS OF
WISTAR RATS ADMINISTERED T-1,2,-DCE VIA INHALATION.

CIS-1,2-DCE ADMINISTERED TO RATS BY JENKINS ET AL. (1972) IN A SINGLE ORAL DOSE RESULTED IN INCREASED LEVELS
OF A SERIES OF HEPATIC ENZYMES INDICATIVE OF HEPATOTOXICITY.  THE AUTHORS SUGGESTED THAT THE CIS ISOMER WAS
LESS HEPATOTOXIC THAN 1,1-DCE, BUT MORE HEPATOTOXIC THAN THE TRANS ISOMER.

FREUNDT ET AL. (1977) EXPOSED RATS VIA INHALATION TO 200 PPM CIS ISOMER, FINDING INHIBITION OF THE MIXED
FUNCTION OXIDASE SYSTEM AS MEASURED BY SEVERAL PARAMETERS, AND SUGGESTED THAT THE CIS ISOMER WAS A MORE
POTENT INHIBITOR THAN THE TRANS ISOMER IN A LATER STUDY (FREUNDT AND MACHOLZ, 1978).  SIMILARLY, EPA (1984)
POSTULATES THAT THE CIS ISOMER MIGHT BE EXPECTED TO EFFECT THE TOXICITY OF OTHER COMPOUNDS METABOLIZED VIA
THE MIXED FUNCTION OXIDASE SYSTEM, DUE TO THE EFFECTS OF CIS-1,2-DCE ON CYTOCHROME P-450.  SUBSEQUENT
RESEARCH INTO TOXIC ACTIONS OF METABOLITES (COSTS AND IVANETICH, 1982) INDICATES THAT THE CIS ISOMER IS
PROBABLY NEPHROTOXIC BY ANALOGY TO 1,1-DCE (U.S. EPA, 1980B).

DATA ON ACUTE TOXIC EFFECTS OF THE DCE ISOMERS ARE EXTREMELY LIMITED.  THE MERCK INDEX (1983) REPORTS
RESEARCH INDICATING ANIMAL LIVER AND KIDNEY INJURY AND AN LD50 (ISOMER UNSPECIFIED) IN RATS OF 770 MG/KG
ORALLY (RTECS, V.1, R.J. LEWIS AND R.L. TATKEN, EDS., 1979), WHILE SAX (1983) REPORTS LETHAL DOSES OF 65,000
MG/M3/2 HRS AND 20,000 MG/M3/6 HRS ADMINISTERED TO MICE AND CATS RESPECTIVELY.  SAX REPORTS A LOW TOXIC
THRESHOLD VIA ORAL ROUTES, STATING THAT HIGH CONCENTRATIONS CAUSE IRRITATION AND NARCOSIS (SPECIES
UNSPECIFIED).



NO DATA IS AVAILABLE ON THE TERATOGENICITY OR CARCINOGENICITY OF EITHER DCE ISOMER.  THE ACGIH (1980, 1983)
ESTABLISHED A TLV FOR BOTH ISOMERS OF 200 PPM (APPROXIMATELY 1000 MG/M3) BASED ON TORKELSEN'S UNPUBLISHED
1965 STUDY OF SUB-CHRONIC INHALATION EFFECTS.

RESEARCH ON THE MUTAGENICITY OF THE DCE ISOMERS HAS BEEN LIMITED AND HAS PRODUCED MIXED RESULTS.  GREION ET
AL. (1975) FOUND BOTH CIS AND TRANS ISOMERS TO BE NONMUTAGENIC TO E.COLI K12.  CERNA AND KYPENOVA (1977)
TESTED BOTH ISOMERS WITH SALMONELLA TESTER STRAINS USING THE SPOT TEST.  IN THE SAME STUDY, THE TRANS ISOMER
FAILED TO INDUCE CHROMOSOMAL ABERRATIONS IN MOUSE BONE MARROW CELLS FOLLOWING INJECTIONS, BUT THE CIS ISOMER
DID PRODUCE DOSE-DEPENDENT INCREASES IN MUTATIONS USING THE HOST MEDIA BIOASSAY.  THE CIS ISOMER ALSO INDUCED
CHROMOSOMAL ABERRATIONS IN THE BONE MARROW CELLS OF MICE GIVEN REPEATED INJECTIONS.  THE CIS ISOMER FAILED TO
INDUCE MUTATION OR GENE CONVERSION IN SACCHAROMYCES CEREVESIAE (GALLI ET AL., 1982).



APPENDIX C

ESTIMATED COSTS - SELECTED ALTERNATIVE

ALTERNATIVE III - EXISTING AIR STRIPPER, GROUNDWATER COLLECTION, TREATMENT AND INJECTION EAST OF THE PLUME

FOR THE ALTERNATIVES WITH REMEDIAL ACTION SOUTH OF THE RIVER THE COMPUTER SIMULATIONS INDICATE THE
CONTAMINATION IN THE WELL FIELD COULD REACH 5 PPB IN 10 YEARS.  ACCORDINGLY, THE PRESENT WORTH CALCULATIONS,
BOTH FOR THE ON-SITE STRIPPING COLUMN AND THE OFF-SITE REMEDIAL SYSTEM ARE ASSUMED TO HAVE A USEFUL LIFE OF
10 YEARS FOR THE ECONOMIC EVALUATION.

       A. CAPITAL COSTS - OFFSITE STRIPPER

           1. EQUIPMENT                                $  28,000
           2. LABOR                                       32,100
           3. OTHER                                       11,000
                                          SUBTOTAL     $  71,100

           4. ENGINEERING (15%)                           10,665
           5. CONTINGENCIES (15%)                         10,665

                                       CAPITAL COST    $  92,410   $92,410

       B. CAPITAL COSTS - WELLS

           1. 4 EXTRACTION WELLS                       $  28,553
           2. 6 PASSIVE INJECTION WELLS                   26,449

                                          SUBTOTAL     $  55,002

           3. ENGINEERING (15%)                        $   8,250
           4. CONTINGENCIES (15%)                          8,250
                                        CAPITAL COST   $  71,502  $ 71,502
           - TOTAL CAPITAL COST OF GW TREATMENT                   $163,912

       C. O&M COSTS - OFF SITE STRIPPER

           1. POWER                                    $   4,600
           2. MATERIALS                                $   1,400
           3. LABOR                                    $   9,600
                                          TOTAL O&M    $  15,600  $ 15,600

       D. O&M COSTS - WELLS

           1. EXTRACTION WELLS                         $   6,568
           2. PASSIVE INJECTION WELLS                  $   5,300
                                          TOTAL O&M    $  11,868  $ 11,868
           - TOTAL O&M COST OF GW TREATMENT                       $ 27,468

       E. CAPITAL COSTS - EXISTING STRIPPER

           1. COLUMN SHELL, INTERNALS AND PACKING      $  40,775
           2. AIR BLOWERS                                  4,620
           3. AIR WELL/FOUNDATION FOR BUILDING            12,875
           4. PIPING VALVES AND APPURTENANCES              7,500
           5. AIR DUCT WORK AND APPURTENANCES              7,260
           6. INSTRUMENTATION                              1,320



           7. ELECTRICAL                                  14,700
           8. BUILDING AND SITE WORK                      21,800
           9. ENGINEERING (15%)                        $  16,630
          10. CONTINGENCY (10% IN THIS CASE BECAUSE ACTUAL
              COSTS FIGURES ARE AVAILABLE)             $  11,080

                                 TOTAL CAPITAL COST    $ 138,500
           - TOTAL CAPITAL COST OF EXISTING STRIPPER   $ 138,500 (1)

       F. OPERATION AND MAINTENANCE (ANNUAL)

           1. POWER                                    $   3,430
           2. MATERIALS                                      200
           3. LABOR                                        6,240

                                       TOTAL O&M       $   9,870
       - TOTAL O&M COST OF EXISTING STRIPPER           $   9,870 (2)

           NOTES:

           1. EXISTING STRIPPER IS ALREADY BUILT & PAID FOR
           2. O&M OF EXISTING STRIPPER PAID BY VILLAGE.



#RS
RESPONSIVENESS SUMMARY

BREWSTER RESPONSIVENESS SUMMARY
TO COMMENTS AT PUBLIC MEETING 8/21/86

C - ONE COMMENTER ASKED IF IT WAS POSSIBLE THAT THE CONTAMINATION EXISTED BEFORE 1978 AND HOW THE
CONTAMINATION WAS DISCOVERED IN 1978.

R - IT IS POSSIBLE THAT THE CONTAMINATION EXISTED IN THE SOIL AND GROUNDWATER BEFORE 1978 BUT NO
CONTAMINATION WAS FOUND IN THE WATER SUPPLY UNTIL 1978 WHEN IT WAS DISCOVERED IN ROUTINE SAMPLING.

C - THE SAME COMMENTER ASKED WHY IT TOOK FROM 1978 TO 1985 TO DO THE SUPERFUND STUDY.

R - SINCE THE CONTAMINATION WAS FIRST DISCOVERED IN 1978 SEVERAL MEASURES WERE TAKEN TO PROTECT THE PUBLIC
HEALTH.  THESE MEASURES INCLUDED THE INVESTIGATION AND USE OF ALTERNATE WATER SUPPLIES, PUBLIC HEALTH
ADVISORIES TO BOIL WATER WHEN IT WAS NECESSARY, AND ULTIMATELY THE CONSTRUCTION OF THE PACKED COLUMN AIR
STRIPPING SYSTEM THAT IS NOW SUCCESSFULLY BEING UTILIZED.  SUPERFUND LEGISLATION WAS NOT ENACTED UNTIL 1980
AND IT WAS NOT UNTIL 1983 THAT BREWSTER WAS ADDED TO THE NATIONAL PRIORITIES LIST OF SUPERFUND SITES.

C - ONE COMMENTER ASKED WHAT SOIL CONTAMINATION HAS BEEN FOUND.

R - SEMI-QUANTITATIVE SOIL SCREENING WAS CONDUCTED DURING SOIL BORING OPERATIONS OF THE REMEDIAL
INVESTIGATION AND THE RESULTS ARE INCLUDED IN THE REMEDIAL INVESTIGATION REPORT.  HEAVY CONTAMINANT
CONCENTRATIONS HAVE BEEN FOUND AT DEPTHS OF 30 FEET AND MORE AT SOME LOCATIONS.

C - ANOTHER COMMENTER ASKED WHETHER PCE WAS USED IN OTHER THAN DRY CLEANING OPERATIONS.

R - PCE IS ALSO USED FOR METAL DEGREASING.

C - ONE COMMENTER ASKED WHERE OTHER CONTAMINANTS SUCH AS BENZENE AND XYLENE MAY HAVE COME FROM.

R - BENZENE AND XYLENE ARE FOUND IN GASOLINE WHICH MAY HAVE COME FROM A SPILL.

C - ANOTHER COMMENTER ASKED WHAT THE SOURCE OF THE VINYL CHLORIDE FOUND MIGHT HAVE BEEN.

R - VINYL CHLORIDE MAY HAVE BEEN GENERATED AS THE RESULT OF THE BIOLOGICAL DEGRADATION OF PCE.

C - ONE COMMENTER ASKED HOW IT IS POSSIBLE TO PINPOINT THE LOCATION OF THE CONTAMINANT SOURCE OR SOURCES.

R - HISTORICAL STUDIES OF THE AREA AND BUSINESS INVENTORIES COULD HELP TO IDENTIFY POSSIBLE SOURCES.  SITE
INVESTIGATION, SAMPLING AND MONITORING WOULD HELP TO CONFIRM THE LOCATION OF THE SOURCE.

C - ONE COMMENTER ASKED WHETHER THE ALTERNATE 2 PACKED COLUMN WOULD CONTINUE TO WORK AS THE HIGHLY
CONCENTRATED CONTAMINANT PLUME IS DRAWN TOWARD THE WELL FIELD.

R - ANY CONTAMINATION FROM THE PLUME WILL BE DILUTED WITH SURROUNDING GROUNDWATER AS IT IS DRAWN TOWARD THE
WELL FIELD.  AND BY HOLDING ON TO CONTAMINANTS THE SOIL ITSELF MITIGATES CONTAMINANT MOVEMENT TO A DEGREE. 
ADDITIONALLY, THE PACKED TOWER HAS FLEXIBILITY AND CAN REACT TO HIGHER CONCENTRATIONS; ALTHOUGH WE BELIEVE
CONDITIONS HAVE REACHED STEADY STATE.

C - TWO COMMENTERS ASKED IF THE SYSTEM WAS REVIEWED PERIODICALLY AND HOW OFTEN SAMPLES WERE TAKEN.

R - SAMPLES ARE TAKEN AND REVIEWED MONTHLY AS AN INDICATOR OF THE SYSTEM'S OPERATION.  THE HISTORICAL TREND,
AGAINST WHICH THE SAMPLES ARE REVIEWED IS A GOOD INDICATION OF CONCENTRATION LEVELS AND ABRUPT SYSTEM
ADJUSTMENTS AND MORE FREQUENT SAMPLING AREN'T CONSIDERED NECESSARY.



C - ONE COMMENTER ASKED FOR CLARIFICATION OF THE REMEDIATION PROPOSED SOUTH OF THE RIVER AND ITS COST.

R - THE REMEDIATION PROPOSED SOUTH OF THE RIVER CONSISTS OF GROUNDWATER EXTRACTION VIA WELLS, PACK COLUMN
TREATMENT, AND REINJECTION VIA WELLS.  THIS WOULD ENABLE CLEAN-UP OF TCE TO PROPOSED FEDERAL STANDARDS (5
PPB) AT BOTH THE WELL FIELD AND THE AREA SOUTH OF THE RIVER IN 10 YEARS.  WITHOUT THIS REMEDIATION CLEAN-UP
WOULD TAKE 25-30 YEARS AT THE WELL FIELD AND 30-35 YEARS SOUTH OF THE RIVER.  THE COST OF THIS REMEDIATION
WOULD BE THE COSTS OF ALTERNATE 3 MINUS ALTERNATE 2 OR $243,000.

C - ONE COMMENTER WANTED TO KNOW WHEN A FINAL DECISION WOULD BE MADE.

R - A FINAL DECISION WILL BE MADE AFTER THE PUBLIC COMMENT PERIOD ENDS ON SEPTEMBER 8, 1986 VIA A RECORD OF
DECISION WHICH WILL BE ISSUED BY EPA.

C - ONE COMMENTER ASKED IF THE BREWSTER CONTAMINATION COULD BE AFFECTING OTHER WATER SUPPLY SYSTEMS.

R - THERE IS NO EVIDENCE OF THIS AND THIS IS NOT SUSPECTED.  THE PUTNAM COUNTY DEPARTMENT OF HEALTH WOULD
ADVISE AFFECTED COMMUNITIES IF THERE WERE.

C - ONE COMMENTER ASKED IF THERE WERE ANY DISCHARGE TO THE RIVER AND CONCERN WAS EXPRESSED OVER FISH UPTAKE.

R - VERY LOW CONCENTRATIONS (4 PPB) WERE RECORDED AT SEVERAL POINTS ALONG THE RIVER AND CONTINUED MONITORING
IS RECOMMENDED AT THOSE LOCATIONS.  THE RIVER ITSELF THOUGH, HAS A NATURAL STRIPPING ACTION.  AT THESE LOW
LEVELS FISH UPTAKE IS NOT A CONCERN.

C - ONE COMMENTER ASKED IF ANY MONITORING WAS DONE IN THE VICINITY OF THE BOTTGE SEPTAGE SITE.

R - THIS STORAGE AREA RESTS ON FILL DIRECTLY OVER BEDROCK AND ANY CONTAMINATION FROM THIS SITE WOULD AFFECT
THE BEDROCK AQUIFER.  HOWEVER, THE BREWSTER CONTAMINATION EXISTS PRIMARILY IN THE UNCONSOLIDATED AQUIFER AND
APPARENTLY IS UNRELATED TO THE SITE.  THE NATURE AND QUANTITY OF SUBSTANCES USED AT THIS SITE ALSO MAKE IT AN
UNLIKELY SOURCE.  THEREFORE, NO MONITORING WAS DONE.

C - ONE COMMENTER ASKED WHAT THE LIKELY SOURCES OF GASOLINE WERE.

R - THE MOST LIKELY SOURCE WAS A SPILL.

C - ONE COMMENTER ASKED IF VHO'S COULD BE ASSIMILATED OTHER THAN BY DIRECT INGESTION.

R - VHO'S CAN ALSO BE ASSIMILATED BY INHALATION AND DERMAL CONTACT.

C - ANOTHER COMMENTER WANTED TO KNOW WHAT LEVELS CAN NOW BE FOUND IN THE VILLAGE'S DRINKING WATER.

R - THE MOST RECENT SAMPLING SHOWED LESS THAN DETECTABLE LEVELS OF VHOS (LESS THAN 1 PPB).

C - ANOTHER COMMENTER ASKED HOW LONG IT WOULD TAKE FOR ANY CONTAMINATION TO TRAVEL FROM ALBEN CLEANERS TO
REACH THE WELL FIELD.

R - GROUNDWATER WOULD TAKE APPROXIMATELY 6 YEARS TO TRAVEL THIS ROUTE.  CONTAMINANT TRAVEL WOULD TAKE
SOMEWHAT LONGER BECAUSE OF THE MITIGATING EFFECTS OF THE SOIL.

C - ONE COMMENTER WANTED TO KNOW IF IT WAS POSSIBLE TO ESTIMATE THE QUANTITY OF CONTAMINANTS IN THE
GROUNDWATER.

R - NOT ACCURATELY, BUT WE COULD ESTIMATE THE AMOUNT WHICH HAS BEEN STRIPPED OUT TO DATE, BASED ON FLOW AND
REMOVAL PERCENTAGES.

C - ANOTHER COMMENTER ASKED IF ANYTHING WAS BEING DONE TO AVOID THIS TYPE OF CONTAMINATION IN THE FUTURE.



R - AT THE FEDERAL LEVEL LEGISLATION AND REGULATION SUCH AS THE RESOURCE CONSERVATION AND RECOVERY ACT
REQUIRES HAZARDOUS SUBSTANCES TO BE MONITORED FROM CRADLE TO GRAVE.  VARIOUS OTHER FEDERAL AND STATE PROGRAMS
REQUIRE PERMITS TO TRANSPORT, STORE AND DISPOSE OF THESE SUBSTANCES.

C - ANOTHER COMMENTER ASKED IF THERE WERE GOING TO BE ANY MORE PUBLIC MEETINGS.

R - NO FURTHER PUBLIC MEETINGS WILL BE HELD ON THE FIRST OPERABLE UNIT (CONSISTING OF CONTINUED OPERATION OF
THE EXISTING ON-SITE AIR STRIPPER AND CONSTRUCTION OF A GROUNDWATER MANAGEMENT SYSTEM OF EXTRACTION WELLS,
TREATMENT OF EXTRACT GROUNDWATER, AND REINJECTION, TO CONTAIN THE PLUME OF CONTAMINATION AND RESTORE
GROUNDWATER QUALITY SOUTH OF THE RIVER).  HOWEVER WRITTEN COMMENTS CAN BE SUBMITTED UNTIL SEPTEMBER 8, 1986. 
IN THE FUTURE AN ADDITIONAL PUBLIC MEETING WILL BE HELD ON THE SECOND OPERABLE UNIT WHICH WILL ADDRESS SOURCE
CONTROL MEASURES.

C - A FINAL COMMENTER ASKED IF AN ENDANGERMENT ASSESSMENT WAS DONE.

R - A RISK ASSESSMENT WAS CONDUCTED AND THE RESULTS ARE PRESENTED IN THE FEASIBILITY STUDY REPORT.



TABLE 2

SUMMARY OF RI ANALYTICAL DATA
FOR CRITICAL CONTAMINANTS

             MEDIA                    PCE          TCE        1,2-DCE

   GROUNDWATER *
       FREQUENCY (1)                 13/44        10/44        7/44
       MAXIMUM LEVEL (PPB)           5600          100          210
       AVERAGE (PPB)                 696           47           107

   GROUNDWATER **
       FREQUENCY                     12/19        9/19         8/19
       MAXIMUM LEVEL (PPB)           3900           67          160
       AVERAGE (PPB)                  668           37           68

   SURFACE WATER (CROTON RIVER)
       FREQUENCY                     3/29         0/29         0/29
       MAXIMUM LEVEL                   4           --           --
       AVERAGE                         3           --           --

   SURFACE WATER (CULVERT DISCHARGES)
       FREQUENCY                     108/135      101/135      100/135
       MAXIMUM LEVEL                 1000          136          37
       AVERAGE                       102.1         16.8         5.9

   SOILS
       FREQUENCY                     59/326       41/326      46/3265
       MAXIMUM                        280           46          21
       AVERAGE                         28          5.5         3.3

*  COMPUCHEM RESULTS - SAMPLE ROUND 1 (1985)
** COMPUCHEM RESULTS - SAMPLE ROUND 2 (1986)
(1) SHOWS NUMBER OF SAMPLES CONTAINING CONTAMINANT OVER TOTAL NUMBER OF SAMPLES TAKEN.



TABLE 4

CANDIDATE REMEDIAL ACTION TECHNOLOGIES

   TECHNOLOGY              APPLICABILITY            REMEDIAL OBJECTIVE

   CONTAINMENT BARRIERS    MAY BE EFFECTIVE IN      SOURCE CONTROL
   - SLURRY WALLS          PLUME CONTAINMENT IF
   - VIBRATED BEAM WALLS   GEOLOGICAL CONDITIONS
   - GROUT CURTAINS        AND CONTAMINANT
   - SHEET PILING          CAPABILITY WARRANT

   GROUNDWATER PUMPING     MAY BE EFFECTIVE IN      SOURCE CONTROL
   - EXTRACTION WELLS      PLUME CONTAINMENT
   - INJECTION WELLS       AND AQUIFER CLEANUP

   SOIL AND WASTE          MAY BE EFFECTIVE IN      SOURCE CONTROL
    EXCAVATION AND         ELIMINATING A SOURCE
    REMOVAL                OF CONTAMINATION IN
                           PLUME AREA

   ROTARY KILN INCINERATOR COULD BE EFFECTIVE       SOURCE CONTROL
                           IN ELIMINATION OF
                           CONTAMINANTS IN SOIL
                           OR MATERIAL EXCAVATED
                           IN SOURCE AREA

   INFRARED INCINERATION   COULD BE EFFECTIVE IN    SOURCE CONTROL
                           ELIMINATION OF
                           CONTAMINANTS IN SOIL
                           OR MATERIAL EXCAVATED
                           IN SOURCE AREA

   ACTIVATED CARBON        COULD BE EFFECTIVE IN    SYSTEM CONTROL AND
     TREATMENT             TREATING WATER FOR        SOURCE CONTROL
                           WATER SUPPLY SYSTEM,
                           FOR TREATMENT OF
                           GROUNDWATER EXTRACTED
                           IN PLUME AREA AND
                           FOR REDUCTION OF
                           EMISSIONS FROM AIR
                           STRIPPING COLUMNS

   PACKED COLUMN           EFFECTIVE IN TREATMENT   SYSTEM CONTROL AND
     AERATION              OF WATER FOR WATER        SOURCE CONTROL
                           SUPPLY SYSTEM AND
                           FOR TREATMENT OF
                           GROUNDWATER EXTRACTED
                           IN PLUME AREA



TABLE 4 (CONT'D)
CANDIDATE REMEDIAL ACTION TECHNOLOGIES

   TECHNOLOGY              APPLICABILITY            REMEDIAL OBJECTIVE

   DRYING/DEWATERING       COULD BE EFFECTIVE IN    SOURCE CONTROL
     BED                   HANDLING SOILS OR
                           MATERIALS EXCAVATED IN
                           SOURCE AREA

   LANDFILL                IF EXCAVATION OF SOILS   SOURCE CONTROL
                           OR MATERIAL IS
                           UNDERTAKEN IN PLUME
                           AREA, IT MAY BE NECESSARY
                           TO DISPOSE OF MATERIALS
                           IN APPROVED LANDFILL

   ALTERNATIVE WATER       MAY BE FEASIBLE IF       SYSTEM CONTROL
     SUPPLIES SOURCES      INSTITUTIONAL AND
   - NYC RESERVOIR         TECHNICAL CONSTRAINTS
   - RIVER INTAKE          ARE RESOLVED

   INDIVIDUAL TREATMENT    MAY BE FEASIBLE IF       SYSTEM CONTROL
     UNITS                 COSTS AND OTHER
                           TECHNICAL CONSTRAINTS
                           ARE RESOLVED.



TABLE 5

TECHNOLOGIES SELECTED AS
COMPONENTS OF REMEDIAL ALTERNATIVES

   GROUNDWATER PUMPING
       EXTRACTION WELLS
       INJECTION WELLS

   SOIL & WASTE EXCAVATION AND REMOVAL
       BACKHOE

   DEWATERING
       DRYING OR DEWATERING BEDS

   LAND DISPOSAL
       SECURE LANDFILL

   INCINERATION
       ROTARY KILN
       INFRARED

   TREATMENT OF LIQUID WASTE STREAMS
       PACKED COLUMN AERATION

   ALTERNATIVE WATER SUPPLIES
       RESERVOIR
       RIVER
       INDIVIDUAL TREATMENT SYSTEMS.


