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FIVE IN THE 903 PAD AREA, FOUR IN THE MOUND AREA, AND 11 IN THE EAST TRENCHES AREAS.  THE HISTORICAL USE OF
THE OU 2 IHSSS IS DISCUSSED BELOW.

2.1.2.1 903 PAD AREA

FIVE SITES ARE LOCATED WITHIN THE 903 PAD AREA (FIGURE 2-2).  THESE SITES ARE:

• 903 DRUM STORAGE SITE (IHSS REF. NO. 112)
• 903 LIP SITE (IHSS REF. NO. 155)
• TRENCH T-2 SITE (IHSS REF. NO. 109)
• REACTIVE METAL DESTRUCTION SITE (IHSS REF. NO. 140)
• GAS DETOXIFICATION SITE (IHSS REF. NO. 183)

PRESENTED BELOW ARE BRIEF DESCRIPTIONS OF EACH OF THESE SITES.

1. 903 DRUM STORAGE SITE (IHSS REF. NO. 112) -- THE SITE WAS USED FROM 1958 TO 1967 TO STORE DRUMS CONTAINING
   RADIOACTIVELY CONTAMINATED, USED MACHINE CUTTING OIL.  THE DRUMS, SOME OF WHICH CORRODED AND LEAKED,
   CONTAINED OILS AND SOLVENTS CONTAMINATED WITH PLUTONIUM OR URANIUM. MOST OF THE DRUMS CONTAINED LATHE
   COOLANT CONSISTING OF MINERAL OIL AND CARBON TETRACHLORIDE (CCL4) IN VARYING PROPORTIONS.  HOWEVER, AN
   UNKNOWN NUMBER OF DRUMS CONTAINED HYDRAULIC OILS, VACUUM PUMP OILS, TRICHLOROETHENE (TCE),
   TETRACHLOROETHENE (PCE), SILICONE OILS, AND ACETONE (ROCKWELL INTERNATIONAL, 1987B).  ETHANOLAMINE WAS
   ALSO ADDED TO NEW DRUMS AFTER 1959 TO REDUCE THE DRUM CORROSION RATE.  ALL DRUMS WERE REMOVED BY 1968.

   AFTER THE DRUMS WERE REMOVED, EFFORTS WERE MADE TO SCRAPE AND MOVE THE PLUTONIUM-CONTAMINATED SOIL INTO A
   RELATIVELY SMALL AREA, COVER IT WITH FILL MATERIAL, AND TOP IT WITH AN ASPHALT CONTAINMENT COVER.  THIS
   REMEDIAL ACTION WAS COMPLETED IN NOVEMBER 1969.  AN ESTIMATED 5,000 GALLONS OF LIQUID LEAKED INTO THE SOIL
   DURING USE OF THE DRUM STORAGE SITE.  THE LIQUID WAS ESTIMATED TO CONTAIN 86 GRAMS OF PLUTONIUM
   (ROCKWELL INTERNATIONAL, 1987B).

2. 903 LIP SITE (IHSS REF. NO. 155) -- DURING DRUM REMOVAL AND CLEAN-UP ACTIVITIES ASSOCIATED WITH THE 903
   DRUM STORAGE SITE, WINDS DISTRIBUTED PLUTONIUM BEYOND THE PAD TO THE SOUTH AND EAST.  ALTHOUGH SOME
   PLUTONIUM-CONTAMINATED SOILS WERE REMOVED, RADIOACTIVE CONTAMINATION IS STILL PRESENT AT THE 903 LIP SITE
   IN THE SURFICIAL SOILS.

3. TRENCH T-2 SITE (IHSS REF. NO. 109) -- THIS TRENCH WAS USED PRIOR TO 1968 FOR THE DISPOSAL OF SANITARY
   SEWAGE SLUDGE AND FLATTENED DRUMS CONTAMINATED WITH URANIUM AND PLUTONIUM.

4. REACTIVE METAL DESTRUCTION SITE (IHSS REF. NO. 140) -- THIS SITE WAS USED DURING THE 1950S AND 1960S
   PRIMARILY FOR THE DESTRUCTION OF LITHIUM METAL (DOE, 1986).  SMALL QUANTITIES OF OTHER REACTIVE METALS
   (SODIUM, CALCIUM, AND MAGNESIUM) AND SOME SOLVENTS WERE ALSO DESTROYED AT THIS LOCATION (ILLSLEY, 1978).

5. GAS DETOXIFICATION SITE (IHSS 183) -- BUILDING 952, LOCATED SOUTH OF
   THE 903 DRUM STORAGE SITE, WAS USED TO DETOXIFY VARIOUS BOTTLED GASES
   BETWEEN JUNE 1982 AND AUGUST 1983.

A PHASE I RI HAS BEEN COMPLETED FOR THESE FIVE SITES.  PHASE II IS PLANNED FOR THIS FALL.

2.1.2.2 MOUND AREA

THE MOUND AREA IS COMPOSED OF FOUR SITES (FIGURE 2-2). THESE ARE:

• MOUND SITE (IHSS REF. NO. 113)
• TRENCH T-1 SITE (IHSS REF. NO. 108)
• OIL BURN PIT NO. 2 SITE (IHSS REF. NO. 153)
• PALLET BURN SITE (IHSS REF. NO. 154)

THESE SITES ARE DESCRIBED INDIVIDUALLY BELOW.

1. MOUND SITE (IHSS REF. NO. 113) -- THE MOUND SITE CONTAINED APPROXIMATELY 1,405 DRUMS CONTAINING PRIMARILY
   DEPLETED URANIUM AND PLUTONIUM CONTAMINATED LATHE COOLANT.  SOME DRUMS ALSO CONTAINED "PERCLENE" (SMITH,
   1975).  PERCLENE WAS A BRAND NAME OF TETRACHLOROETHENE (SAX AND LEWIS, 1987).  SOME OF THE DRUMMED WASTES
   PLACED IN THE MOUND SITE WERE IN SOLID FORM (ROCKWELL INTERNATIONAL, 1987B).  CLEANUP OF THE MOUND SITE
   WAS ACCOMPLISHED IN 1970, AND THE MATERIALS REMOVED WERE PACKAGED AND SHIPPED TO AN OFF-SITE DOE FACILITY
   AS RADIOACTIVE WASTE.  SUBSEQUENT SURFICIAL SOILS SAMPLING IN THE VICINITY OF THE EXCAVATED MOUND SITE
   INDICATED 0.8 TO 112.5 DISINTEGRATIONS PER MINUTE PER GRAM (D/M/G) ALPHA ACTIVITY.  THIS RADIOACTIVE
   CONTAMINATION IS THOUGHT TO HAVE COME FROM THE 903 DRUM STORAGE SITE VIA WIND DISPERSION RATHER THAN FROM
   THE MOUND SITE (ROCKWELL INTERNATIONAL, 1987A).



2. TRENCH T-1 SITE (IHSS REF. NO. 108) -- THE TRENCH WAS USED FROM 1954 UNTIL 1962 AND CONTAINS APPROXIMATELY
   125 DRUMS FILLED WITH DEPLETED URANIUM CHIPS (DOW CHEMICAL, 1971) AND PLUTONIUM CHIPS COATED WITH LATHE
   COOLANT.  THE DRUMS ARE STILL PRESENT IN THIS TRENCH.

3. OIL BURN PIT NO. 2 SITE (IHSS REF. NO. 153) -- OIL BURN PIT NO. 2 IS ACTUALLY TWO PARALLEL TRENCHES WHICH
   WERE USED IN 1957 AND FROM 1961 TO 1965 TO BURN 1,082 DRUMS OF OIL CONTAINING URANIUM (ROCKWELL
   INTERNATIONAL, 1987B).  THE RESIDUES FROM THE BURNING OPERATIONS AND SOME FLATTENED DRUMS WERE COVERED
   WITH BACKFILL.  CLEAN-UP OPERATIONS WERE PERFORMED IN THE 1970S (ROCKWELL INTERNATIONAL, 1987B).

4. PALLET BURN SITE (IHSS REF. NO. 154) -- AN AREA SOUTHWEST OF OIL BURN PIT NO. 2 WAS REPORTEDLY USED TO
   DESTROY WOODEN PALLETS IN 1965.  THE TYPES OF HAZARDOUS SUBSTANCES OR RADIONUCLIDES THAT MAY HAVE BEEN
   SPILLED ON THESE PALLETS IS UNKNOWN.  CLEAN-UP ACTIONS WERE PERFORMED IN THE 1970S (DOE, 1986).

2.1.2.3 EAST TRENCHES AREA

THE EAST TRENCHES AREA CONSISTS OF NINE BURIAL TRENCHES AND TWO SPRAY IRRIGATION AREAS (FIGURE 2-2).  THE
TRENCH NUMBERS AND THEIR RESPECTIVE IHSS DESIGNATIONS ARE:

• TRENCH T-3 -- IHSS REF. NO. 110
• TRENCH T-4 -- IHSS REF. NO. 111.1
• TRENCH T-5 -- IHSS REF. NO. 111.2
• TRENCH T-6 -- IHSS REF. NO. 111.3
• TRENCH T-7 -- IHSS REF. NO. 111.4
• TRENCH T-8 -- IHSS REF. NO. 111.5
• TRENCH T-9 -- IHSS REF. NO. 111.6
• TRENCH T-10 -- IHSS REF. NO. 111.7
• TRENCH T-11 -- IHSS REF. NO. 111.8

TRENCHES T-3, T-4, T-10, AND T-11 ARE LOCATED NORTH OF THE EAST ACCESS ROAD, AND TRENCHES T-5 THROUGH T-9 ARE
LOCATED SOUTH OF THE EAST ACCESS ROAD.  THE TRENCHES WERE USED FROM 1954 TO 1968 FOR DISPOSAL OF DEPLETED
URANIUM, FLATTENED DEPLETED URANIUM AND PLUTONIUM-CONTAMINATED DRUMS, AND SANITARY SEWAGE SLUDGE.  THE WASTES
HAVE NOT BEEN DISTURBED SINCE THEIR BURIAL.

IHSS NUMBERS 216.2 AND 216.3 ARE PART OF THE EAST TRENCHES AREA AND ARE DESIGNATED AS IHSSS BECAUSE THEY WERE
USED FOR SPRAY IRRIGATION OF SEWAGE TREATMENT PLANT EFFLUENT.  THE HISTORICAL DISCHARGE OF POND B-3 WAS TO
THIS SPRAY IRRIGATION AREA.  THIS PRACTICE HAS BEEN TERMINATED HOWEVER, AND THE CURRENT POND B-3 DISCHARGE IS
SENT TO POND B-4.

2.1.3 SURROUNDING LAND USE AND POPULATION DENSITY

THE RFP IS LOCATED IN A RURAL AREA (FIGURE 2-3).  APPROXIMATELY 50 PERCENT OF THE AREA WITHIN TEN MILES OF
THE RFP IS IN JEFFERSON COUNTY. THE REMAINDER  IS LOCATED  IN BOULDER COUNTY (40 PERCENT) AND ADAMS COUNTY
(10 PERCENT).  ACCORDING TO THE 1973 COLORADO LAND USE MAP, 75 PERCENT OF THIS LAND WAS UNUSED OR WAS USED
FOR AGRICULTURE.  SINCE THAT TIME, PORTIONS OF THIS LAND HAVE BEEN CONVERTED TO HOUSING, WITH SEVERAL NEW
HOUSING SUBDIVISIONS BEING STARTED WITHIN A FEW MILES OF THE BUFFER ZONE, SOUTHEAST OF THE PLANT SITE.

A DEMOGRAPHIC STUDY, USING 1990 CENSUS DATA, SHOWS THAT APPROXIMATELY 1.9 MILLION PEOPLE LIVED WITHIN THE
EIGHT-COUNTY DENVER METROPOLITAN REGION.  THIS REGION COVERS APPROXIMATELY 5,076 SQUARE MILES AND INCLUDES
THE FOLLOWING COUNTIES: ADAMS, ARAPAHOE, BOULDER, DENVER, DOUGLAS, JEFFERSON, CLEAR CREEK, AND GILPIN.  THE
MOST POPULATED SECTOR IS TO THE SOUTHEAST, TOWARD THE CENTER OF DENVER.  THIS SECTOR HAD A 1989 POPULATION OF
APPROXIMATELY 600,000 PEOPLE LIVING BETWEEN 10 AND 50 MILES FROM ROCKY FLATS.  RECENT POPULATION ESTIMATES
REGISTERED BY THE DENVER REGIONAL COUNCIL OF GOVERNMENTS (DRCOG) FOR THE EIGHT-COUNTY DENVER METRO REGION
HAVE SHOWN DISTINCT PATTERNS OF GROWTH BETWEEN THE FIRST AND SECOND HALVES OF THE DECADE.  BETWEEN 1980 AND
1985, THE POPULATION OF THE EIGHT-COUNTY REGION INCREASED BY 197,890, A 2.4 PERCENT ANNUAL GROWTH RATE
(DRCOG, 1989).  BETWEEN 1985 AND 1990 A POPULATION GAIN OF 80,875 WAS RECORDED, REPRESENTING A 0.9 PERCENT
ANNUAL INCREASE.  THE 1990 POPULATION SHOWED AN INCREASE OF 9,300 (OR 0.5 PERCENT) FROM THE SAME DATE IN 1989
(DRCOG, 1990).

THE RFP IS APPROXIMATELY LOCATED IN THE CENTER OF RFP LEGAL LAND AREA WHICH IS APPROXIMATELY 3 MILES
(NORTH-SOUTH) BY 4 MILES (EAST-WEST). THERE ARE EIGHT PUBLIC SCHOOLS WITHIN SIX MILES OF THE RFP.  THE
NEAREST EDUCATIONAL FACILITY IS THE WITT ELEMENTARY SCHOOL, WHICH IS APPROXIMATELY 2.7 MILES EAST OF THE
PLANT BUFFER ZONE.  THE CLOSEST HOSPITAL IS CENTENNIAL PEAKS HOSPITAL, LOCATED APPROXIMATELY SEVEN MILES
NORTHEAST.  THE CLOSEST PARK AND RECREATIONAL AREA IS THE STANDLEY LAKE AREA, WHICH IS APPROXIMATELY FIVE
MILES SOUTHEAST OF THE PLANT. BOATING, PICNICKING, AND LIMITED OVERNIGHT CAMPING ARE PERMITTED. SEVERAL OTHER
SMALL PARKS EXIST IN COMMUNITIES WITHIN TEN MILES.  THE CLOSEST MAJOR PARK, GOLDEN GATE CANYON STATE PARK,
LOCATED APPROXIMATELY 15 MILES TO THE SOUTHWEST, PROVIDES 8,400 ACRES OF GENERAL CAMPING AND OUTDOOR
RECREATION.  OTHER NATIONAL AND STATE PARKS ARE LOCATED IN THE MOUNTAINS WEST OF THE RFP, BUT ALL ARE MORE



THAN 15 MILES AWAY.

SOME OF THE LAND ADJACENT TO THE PLANT IS ZONED FOR INDUSTRIAL DEVELOPMENT.  INDUSTRIAL FACILITIES WITHIN
FIVE MILES INCLUDE THE FORMER TOSCO (THE OIL SHALE COMPANY) LABORATORY (40-ACRE SITE LOCATED TWO MILES SOUTH
AND NOW OCCUPIED BY ANALYTICA, INC.), THE GREAT WESTERN INORGANICS PLANT (TWO MILES SOUTH), THE FRONTIER
FOREST PRODUCTS YARD (TWO MILES SOUTH), THE IDEALITE LIGHTWEIGHT AGGREGATE PLANT (2.4 MILES NORTHWEST), AND
THE JEFFERSON COUNTY AIRPORT AND INDUSTRIAL PARK (990-ACRE SITE LOCATED 4.8 MILES NORTHEAST).

SEVERAL RANCHES ARE LOCATED WITHIN TEN MILES OF THE PLANT, PRIMARILY IN JEFFERSON AND BOULDER COUNTIES.  THEY
ARE OPERATED TO PRODUCE CROPS, RAISE BEEF CATTLE, SUPPLY MILK, AND BREED AND TRAIN HORSES.  ACCORDING TO THE
1987 COLORADO AGRICULTURAL STATISTICS, 20,758 ACRES OF CROPS WERE PLANTED IN JEFFERSON COUNTY (TOTAL LAND
AREA OF APPROXIMATELY 475,000 ACRES), AND 68,760 ACRES OF CROPS WERE PLANTED IN BOULDER COUNTY (TOTAL LAND
AREA OF 405,760 ACRES).  CROPS CONSISTED OF: WINTER WHEAT, CORN, BARLEY, DRY BEANS, SUGAR BEETS, HAY, AND
OATS.  LIVESTOCK CONSISTED OF: 5,314 HEAD OF CATTLE, 113 HOGS, AND 346 SHEEP IN JEFFERSON COUNTY, AND 19,578
HEAD OF CATTLE, 2,216 HOGS, AND 12,133 SHEEP IN BOULDER COUNTY (POST, 1989).

2.2 AFFECTED AND SENSITIVE ENVIRONMENT

2.2.1 PHYSICAL ENVIRONMENT

THE NATURAL ENVIRONMENT OF THE PLANT AND VICINITY IS INFLUENCED PRIMARILY BY ITS PROXIMITY TO THE FRONT RANGE
OF THE ROCKY MOUNTAINS. THE PLANT IS DIRECTLY EAST OF THE NORTH-SOUTH TRENDING ROCKY MOUNTAINS, WITH AN
ELEVATION OF APPROXIMATELY 6,000 FEET ABOVE SEA LEVEL.  THE RFP IS LOCATED ON A BROAD, EASTWARD-SLOPING PLAIN
OF OVERLAPPING ALLUVIAL FANS DEVELOPED ALONG THE FRONT RANGE.  THE FANS EXTEND ABOUT FIVE MILES IN AN
EASTWARD DIRECTION FROM THEIR ORIGIN IN THE ABRUPTLY RISING FRONT RANGE AND TERMINATE ON THE EAST AT A BREAK
IN SLOPE TO LOW ROLLING HILLS.  THE CONTINENTAL DIVIDE IS ABOUT 16 MILES WEST OF THE PLANT.  THE OPERATIONAL
AREA AT THE PLANT IS LOCATED NEAR THE EASTERN EDGE OF THE FANS ON A TERRACE BETWEEN STREAM-CUT VALLEYS (NORTH
WALNUT CREEK AND WOMAN CREEK).  THE ROCKY FLATS ALLUVIUM (THE DEPOSIT OF COALESCING ALLUVIAL FANS) IS EXPOSED
AT THE SURFACE AND CONSISTS OF A TOPSOIL LAYER UNDERLAIN BY AS MUCH AS 100 FEET OF SILT, CLAY, SAND, AND
GRAVEL.

THE RFP IS SITUATED IN A SEMIARID REGION THAT AVERAGES 15 INCHES OF ANNUAL PRECIPITATION.  FORTY PERCENT OF
THE YEARLY TOTAL COMES IN THE SPRING, MUCH OF IT IN THE FORM OF SNOW.  OF THE BALANCE, 30 PERCENT IS
ACCOUNTED FOR BY SUMMER THUNDERSTORMS, WITH THE REST OCCURRING IN THE FALL (11 PERCENT) AND WINTER MONTHS (19
PERCENT).  AVERAGE YEARLY SNOWFALL IS 85 INCHES.  RUNOFF CONTROL STRUCTURES EXIST TO CHANNEL SURFACE WATER
FROM THE PLANT TO MONITORING PONDS.  THESE STRUCTURES ARE SIZED TO ACCOMMODATE THE 100-YEAR STORM EVENT WHICH
IS EQUIVALENT TO FOUR INCHES OF RAIN IN A SIX-HOUR PERIOD.

MINERAL RESOURCES FOUND IN THE VICINITY OF RFP INCLUDE SAND, GRAVEL, CRUSHED ROCK, CLAY, COAL, AND URANIUM. 
THERE ARE NO KNOWN CLAY, COAL OR URANIUM DEPOSITS WITHIN THE RFP BUFFER ZONE; HOWEVER, THESE COMMODITIES ARE
MINED IN THE REGION, WITHIN 20 MILES OF THE PLANT.  THE SCHWARTZWALDER URANIUM MINE IS LOCATED APPROXIMATELY
FOUR MILES SOUTHWEST OF THE RFP.  THE MINE HAS BEEN THE LARGEST PRODUCER OF VEIN TYPE URANIUM ORE IN COLORADO
AND RANKS AMONG THE SIX LARGEST OF THIS TYPE IN THE UNITED STATES (DOE, 1980).  ACTIVE SAND AND GRAVEL MINES
LIE WITHIN THE BUFFER ZONE BOUNDARIES.  THERE IS AN AGGREGATE PROCESSING FACILITY ADJACENT TO THE NORTHWEST
CORNER OF THE BUFFER ZONE WHICH REOPENED IN 1989.  OIL AND NATURAL GAS PRODUCTION IS ALSO ACTIVE IN NEARBY
NORTHWEST ADAMS COUNTY AND EAST CENTRAL BOULDER COUNTY.

OIL AND NATURAL GAS ACTIVITY NEAR ROCKY FLATS PLANT INCLUDES OIL FIELD DEVELOPMENTS, PIPELINE, AND PRODUCTION
OPERATIONS.  THE CLOSEST MAJOR OIL AND GAS FIELDS ARE IN NORTHWEST ADAMS COUNTY (JACKPOT AND SPINDLE FIELDS),
AND A SMALLER FIELD OCCURS IN EAST CENTRAL BOULDER COUNTY (BOULDER FIELD).  A NATURAL GAS PIPELINE THAT
ORIGINATES IN WYOMING AND PROCEEDS ACROSS EASTERN COLORADO INTO OKLAHOMA IS LOCATED APPROXIMATELY TEN MILES
NORTH OF THE PLANT IN SOUTHERN BOULDER COUNTY.  LOCAL NATURAL GAS PIPELINES CROSS THE SOUTH SIDE OF THE ROCKY
FLATS PLANT.  THE NEAREST REFINERY OPERATION IS THE CONOCO REFINERY LOCATED IN COMMERCE CITY ABOUT 20 MILES
EAST OF THE PLANT.  A NORTH-SOUTH ORIENTED OIL PIPELINE FEEDS IN TO THE REFINERY FROM FIELDS IN NORTHEASTERN
COLORADO AND SOUTHEASTERN WYOMING (DONALDSON AND MACMILLAN, 1980).

THERE ARE FOUR MAIN DRAINAGES FROM THE PLANT PROPERTY AS SHOWN ON FIGURE 2-4.  NORTH WALNUT, SOUTH WALNUT,
ROCK AND WOMAN CREEKS ALL HAVE INTERMITTENT STREAMS WHICH PROVIDE DRINKING WATER AND IRRIGATION WATER. THERE
ARE A NUMBER OF DITCHES CROSSING THE AREA AS WELL, CONVEYING WATER COLLECTED OFF SITE TO OTHER AREAS, THE
PLANT, WALNUT CREEK, OR WOMAN CREEK.  UNTIL LATE 1974, PLANT WASTEWATER HAD BEEN DISCHARGED TO WALNUT CREEK,
AND UNTIL 1975, FILTER BACKWASH FROM  THE RAW WATER TREATMENT PLANT WENT INTO WOMAN CREEK.  ALL PROCESS
WASTEWATER IS NOW EITHER RECYCLED OR DISPOSED THROUGH EVAPORATION.  SANITARY WASTEWATER IS DISCHARGED IN
ACCORDANCE WITH THE RFP'S NPDES PERMIT EFFLUENT REQUIREMENTS.



2.2.2 REGIONAL AND LOCAL HYDROGEOLOGY

THE STRATIGRAPHIC SECTION THAT PERTAINS TO THE RFP INCLUDES, IN DESCENDING ORDER, UNCONSOLIDATED SURFICIAL
UNITS (ROCKY FLATS ALLUVIUM, VARIOUS TERRACE ALLUVIUMS, VALLEY FILL ALLUVIUM, AND COLLUVIUM) (FIGURE 2-5),
ARAPAHOE FORMATION, LARAMIE FORMATION, AND FOX HILLS SANDSTONE (FIGURE 2-6).  GROUND WATER OCCURS UNDER
UNCONFINED CONDITIONS IN BOTH THE SURFICIAL AND SHALLOW BEDROCK UNITS.  IN ADDITION, CONFINED GROUNDWATER
FLOW OCCURS IN DEEPER BEDROCK SANDSTONES.

2.2.2.1 ALLUVIAL MATERIALS

THE ROCKY FLATS ALLUVIUM UNDERLIES A LARGE PORTION OF THE PLANT.  THE ALLUVIUM IS A BROAD PLANAR DEPOSIT
CONSISTING OF A TOPSOIL LAYER UNDERLAIN BY UP TO 100 FEET OF POORLY STRATIFIED SILT, CLAY, SAND, GRAVEL AND
COBBLES.  UNCONFINED GROUNDWATER FLOW OCCURS IN THE ROCKY FLATS ALLUVIUM WHICH IS RELATIVELY PERMEABLE. 
RECHARGE TO THE ALLUVIUM IS FROM PRECIPITATION, SNOWMELT, AND WATER LOSSES FROM DITCHES, STREAMS, AND PONDS
THAT ARE CUT INTO THE ALLUVIUM.  GENERAL WATER MOVEMENT IN THE ROCKY FLATS ALLUVIUM IS FROM WEST TO EAST AND
TOWARD  THE DRAINAGES. GROUNDWATER FLOW IS ALSO CONTROLLED BY SEDIMENT DRAINAGES IN THE TOP OF BEDROCK.  THE
WATER TABLE IN THE ROCKY FLATS ALLUVIUM RISES IN RESPONSE TO RECHARGE DURING THE SPRING AND DECLINES DURING
THE REMAINDER OF THE YEAR.  DISCHARGE FROM THE ALLUVIUM OCCURS AT MINOR SEEPS IN THE COLLUVIUM THAT COVERS
THE CONTACT BETWEEN THE ALLUVIUM AND BEDROCK ALONG THE EDGES OF THE VALLEYS.  OU 2 IS SITUATED ON A TERRACE
OF ROCKY FLATS ALLUVIUM THAT THINS EAST OF THE PLANT AND DOES NOT DIRECTLY SUPPLY WATER TO WELLS LOCATED
DOWNGRADIENT OF ROCKY FLATS.

VARIOUS OTHER ALLUVIAL DEPOSITS OCCUR TOPOGRAPHICALLY BELOW THE ROCKY FLATS ALLUVIUM IN THE PLANT DRAINAGES. 
COLLUVIUM (SLOPE WASH) MANTLES THE VALLEY SIDE SLOPES BETWEEN THE ROCKY FLATS ALLUVIUM AND THE VALLEY
BOTTOMS.  IN ADDITION, REMNANTS OF YOUNGER TERRACE DEPOSITS INCLUDING THE VERDOS, SLOCUM, AND LOUVIERS
ALLUVIA OCCUR OCCASIONALLY ALONG THE VALLEY SIDE SLOPES.  RECENT VALLEY FILL ALLUVIUM OCCURS IN THE ACTIVE
STREAM CHANNELS.

UNCONFINED GROUNDWATER FLOW OCCURS IN THESE SURFICIAL UNITS.  RECHARGE IS FROM PRECIPITATION, PERCOLATION
FROM STREAMS AND DITCHES DURING PERIODS OF SURFACE WATER RUNOFF, AND BY SEEPS DISCHARGING FROM THE ROCKY
FLATS ALLUVIUM.  DISCHARGE IS BY EVAPOTRANSPIRATION AND BY SEEPAGE INTO OTHER GEOLOGIC FORMATIONS AND
STREAMS.  THE DIRECTION OF GROUNDWATER FLOW IS GENERALLY DOWNSLOPE THROUGH COLLUVIAL MATERIALS AND THEN ALONG
THE COURSE OF THE STREAM IN VALLEY FILL MATERIALS.  DURING PERIODS OF HIGH SURFACE WATER FLOW, WATER IS LOST
TO BANK STORAGE IN THE VALLEY FILL ALLUVIUM AND RETURNS TO THE STREAM AFTER THE RUNOFF SUBSIDES.

2.2.2.2 BEDROCK MATERIALS

THE CRETACEOUS ARAPAHOE FORMATION UNDERLIES SURFICIAL MATERIALS BENEATH THE PLANT.  THIS FORMATION IS A
FLUVIAL DEPOSIT COMPOSED OF OVERBANK AND CHANNEL DEPOSITS.  IT CONSISTS PRIMARILY OF CLAYSTONE WITH SOME
SANDSTONE AND IS NEARLY FLAT LYING BENEATH THE PLANT (LESS THAN A TWO-DEGREE DIP) BASED ON THE DRAFT SEISMIC
PROFILING REPORT (ROCKWELL INTERNATIONAL, 1989A).  THE SAND BODIES WITHIN THE CLAYSTONE ARE COMPOSED OF
FINE-GRAINED SANDS AND SILTS, AND THEIR HYDRAULIC CONDUCTIVITY IS RELATIVELY LOW COMPARED TO THE OVERLYING
ROCKY FLATS ALLUVIUM.  A HIGH RESOLUTION SEISMIC REFLECTION SURVEY IS ONGOING AT THE PLANT TO FURTHER
CHARACTERIZE BEDROCK GEOLOGY.

THE ARAPAHOE FORMATION IS RECHARGED BY GROUNDWATER MOVEMENTS FROM OVERLYING SURFICIAL DEPOSITS AND BY LEAKAGE
FROM STREAMS.  THE MAIN RECHARGE AREAS ARE UNDER THE ROCKY FLATS ALLUVIUM, ALTHOUGH SOME RECHARGE FROM THE
COLLUVIUM AND VALLEY FILL ALLUVIUM LIKELY OCCURS ALONG THE STREAM VALLEYS.  RECHARGE IS GREATEST DURING THE
SPRING AND EARLY SUMMER WHEN RAINFALL AND STREAM FLOW ARE AT A MAXIMUM AND WATER LEVELS IN THE ROCKY FLATS
ALLUVIUM ARE HIGH.  GROUNDWATER MOVEMENT IN THE ARAPAHOE FORMATION IS GENERALLY TOWARD THE EAST, ALTHOUGH
FLOW WITHIN INDIVIDUAL SANDSTONES IS NOT FULLY CHARACTERIZED AT THIS TIME. REGIONALLY, GROUNDWATER FLOW IN
THE ARAPAHOE FORMATION IS TOWARD THE SOUTH PLATTE RIVER IN THE CENTER OF THE DENVER BASIN (ROBSON, 1981A).

THE LARAMIE FORMATION UNDERLIES THE ARAPAHOE AND IS COMPOSED OF TWO UNITS, A THICK UPPER CLAYSTONE AND A
LOWER SANDSTONE.  THE CLAYSTONE IS GREATER THAN 700 FEET THICK AND IS OF VERY LOW HYDRAULIC CONDUCTIVITY;
THEREFORE, THE US GEOLOGIC SURVEY (HURR, 1976) CONCLUDES THAT PLANT OPERATIONS WILL NOT IMPACT ANY UNITS
BELOW THE UPPER CLAYSTONE UNIT OF THE LARAMIE FORMATION.

THE LOWER SANDSTONE UNIT OF THE LARAMIE FORMATION AND THE UNDERLYING FOX HILLS SANDSTONE COMPRISE A
REGIONALLY IMPORTANT AQUIFER IN THE DENVER BASIN KNOWN AS THE LARAMIE-FOX HILLS AQUIFER.  AQUIFER THICKNESS
RANGES FROM 200 TO 300 FEET NEAR THE CENTER OF THE BASIN.  THESE UNITS SUBCROP WEST OF THE PLANT AND CAN BE
SEEN IN CLAY PITS EXCAVATED THROUGH THE ROCKY FLATS ALLUVIUM.  THE STEEPLY DIPPING BEDS OF THESE UNITS WEST
OF THE PLANT (APPROXIMATELY A 50-DEGREE DIP) QUICKLY FLATTEN TO THE EAST (LESS THAN TWO-DEGREE DIP) BASED ON
PRELIMINARY RESULTS OF THE HIGH RESOLUTION SEISMIC REFLECTION STUDY (ROCKWELL INTERNATIONAL, 1989A). RECHARGE
TO THE AQUIFER OCCURS ALONG THE RATHER LIMITED OUTCROP AREA EXPOSED TO SURFACE WATER FLOW AND LEAKAGE ALONG
THE FRONT RANGE (ROBSON, 1981B).



SIXTEEN WELLS WERE COMPLETED IN VARIOUS ZONES WITHIN BEDROCK DURING THE 1987 DRILLING PROGRAM AT OU 2. 
ALTHOUGH CLAYSTONE WAS THE MOST FREQUENTLY ENCOUNTERED LITHOLOGY IMMEDIATELY BELOW THE ALLUVIUM/BEDROCK
CONTACT, INTERBEDDED SANDY, SILTY AND LIGNITIC UNITS WITH BOTH GRADATIONAL AND SHARP CONTACTS WERE PRESENT AS
WELL.  ALL OF THE BEDROCK ENCOUNTERED DIRECTLY BENEATH SURFICIAL MATERIALS WAS WEATHERED, AND SOME SATURATED
SANDSTONES WERE ENCOUNTERED.

2.2.3 SITE HYDROLOGY

2.2.3.1 SURFACE WATER

SURFACE WATER DRAINAGE PATTERNS AT THE RFP ARE SHOWN ON FIGURES 2-2 AND 2-4.  A DISCUSSION OF THE MAJOR OU 2
SURFACE WATER FEATURES, INCLUDING THE SOUTH WALNUT CREEK AND WOMAN CREEK DRAINAGES, IS PRESENTED BELOW.
ALTHOUGH THIS IM/IRA PLAN ADDRESSES COLLECTION AND TREATMENT OF CONTAMINATED SOUTH WALNUT CREEK BASIN SURFACE
WATER; THE WOMAN CREEK DRAINAGE IS INCLUDED IN THE FOLLOWING DISCUSSION TO PROVIDE A COMPLETE DESCRIPTION OF
OU 2 HYDROLOGY.  COLLECTION AND TREATMENT OF WOMAN CREEK BASIN SEEPAGE SOUTHEAST OF THE 903 PAD AREA WILL BE
ADDRESSED IN A SEPARATE IM/IRA PLAN AS DISCUSSED IN SECTION 1.

SOUTH WALNUT CREEK

THE HEADWATERS AREA OF SOUTH WALNUT CREEK HAS BEEN FILLED DURING CONSTRUCTION OF RFP FACILITIES.  AS A
RESULT, FLOW ORIGINATES FROM A BURIED CULVERT LOCATED WEST OF BUILDING 991.  FLOW IN THE UPPER REACH OF SOUTH
WALNUT CREEK IS DIRECTED TO THE SOUTH OF BUILDING 991 AND UNDER THE PERIMETER SECURITY ZONE (PSZ) FENCE BY A
BURIED METAL CORRUGATED CULVERT.  THE CULVERT OUTLET IS LOCATED IN THE SOUTH WALNUT CREEK DRAINAGE
APPROXIMATELY 500 FEET DOWNGRADIENT OF THE PSZ FENCE NEAR THE DISCHARGE OF THE SEWAGE TREATMENT PLANT (SEE
FIGURE 4-2).  A CONCRETE CULVERT AND A SECOND METAL CORRUGATED CULVERT ALSO DISCHARGE INTO THE SOUTH WALNUT
CREEK DRAINAGE JUST DOWNGRADIENT OF THE PSZ FENCE AND NORTH OF THE MOUND AREA.  THE FLOW FROM THE CONCRETE
CULVERT ORIGINATES AS SEEPAGE FROM THE HILLSIDE SOUTH OF BUILDING 991 AND FLOWS INTO A DITCH ALONG THE SLOPE. 
THE METAL CORRUGATED CULVERT DRAINS PLANT RUNOFF COLLECTING IN A DRAINAGE SOUTH OF THE PSZ.  THE COMBINED
FLOW THEN ENTERS THE SOUTH WALNUT CREEK DETENTION POND SYSTEM.  BELOW THE DETENTION PONDS, SOUTH WALNUT
CREEK, NORTH WALNUT CREEK, AND AN UNNAMED TRIBUTARY JOIN WITHIN THE BUFFER ZONE TO FORM WALNUT CREEK.  GREAT
WESTERN RESERVOIR IS LOCATED APPROXIMATELY ONE MILE EAST OF THIS CONFLUENCE AND IS A DRINKING WATER SOURCE
FOR BROOMFIELD.  FLOW IS ROUTED AROUND GREAT WESTERN RESERVOIR BY THE BROOMFIELD DIVERSION CANAL. THE SOUTH
WALNUT CREEK DETENTION POND SYSTEM CONSISTS OF FIVE PONDS (B-1, B-2, B-3, B-4, AND B-5) THAT RETAIN SURFACE
WATER RUNOFF AND RFP DISCHARGES FOR FLOOD CONTROL, AND FOR MONITORING AND TREATMENT PRIOR TO DOWNSTREAM
RELEASE.  ALL FLOW IN THE POND SYSTEM IS EVENTUALLY DETAINED IN POND B-5, WHERE IT IS TREATED AND MONITORED
PRIOR TO DISCHARGE. WATER IS DISCHARGED FROM POND B-5 IN ACCORDANCE WITH THE PLANT'S NPDES PERMIT (DISCHARGE
POINT 006).  PONDS  B-1 AND B-2  ARE  RESERVED FOR SPILL CONTROL, SURFACE WATER RUNOFF, OR TREATED SANITARY
WASTE OF QUESTIONABLE QUALITY.  POND B-3 IS USED AS A HOLDING POND FOR SANITARY SEWAGE TREATMENT PLANT
EFFLUENT.  THE HISTORICAL DISCHARGE OF POND B-3 WAS A SPRAY IRRIGATION SYSTEM LOCATED IN THE VICINITY OF THE
EAST TRENCHES.  THIS PRACTICE HAS BEEN TERMINATED, HOWEVER, AND THE CURRENT POND B-3 DISCHARGE IS SENT TO
POND B-4.  IN ADDITION TO POND B-3 DISCHARGE, PONDS B-4 AND B-5 RECEIVE SURFACE WATER RUNOFF FROM THE CENTRAL
PORTION OF THE PLANT.  THE SURFACE WATER RUNOFF RECEIVED BY POND B-4 IS COLLECTED BY THE CENTRAL AVENUE DITCH
AND THE SOUTH WALNUT CREEK DRAINAGE.

WOMAN CREEK

WOMAN CREEK IS LOCATED SOUTH OF THE PLANT, WITH HEADWATERS IN LARGELY UNDISTURBED ROCKY FLATS ALLUVIUM. 
RUNOFF FROM THE SOUTHERN PART OF THE PLANT IS COLLECTED IN THE SOUTH INTERCEPTOR DITCH LOCATED NORTH OF THE
CREEK AND DELIVERED DOWNSTREAM TO POND C-2 (SEE FIGURE 2-2).  POND C-1 (UPSTREAM OF C-2) RECEIVES STREAM FLOW
FROM WOMAN CREEK.  FLOW IN WOMAN CREEK IS ALSO INFLUENCED BY DIVERSION OF WATER FROM ROCKY FLATS LAKE INTO
THE CREEK BY LOCAL LANDOWNERS.  THE DISCHARGE FROM POND C-1 IS DIVERTED AROUND POND C-2 INTO THE WOMAN CREEK
CHANNEL DOWNSTREAM.  WATER IN POND C-2 IS TREATED AND MONITORED PRIOR TO DISCHARGE.  DISCHARGE FROM POND C-2
IS IN ACCORDANCE WITH THE PLANT'S NPDES PERMIT (DISCHARGE POINT 007).  HISTORICALLY, DISCHARGE FROM POND C-2
HAS BEEN TO WOMAN CREEK, HOWEVER, SINCE OCTOBER OF 1989, TREATED WATER IS BEING PUMPED TO THE SOUTH WALNUT
CREEK DRAINAGE AND FLOWS OFF SITE VIA THE BROOMFIELD DIVERSION CANAL.

FLOW IN WOMAN CREEK AND THE SOUTH INTERCEPTOR DITCH IS INTERMITTENT. THIS HAS BEEN OBSERVED BY FIELD
INVESTIGATION CREWS SINCE 1986 AND IS INDICATIVE OF FREQUENT INTERACTION WITH THE SHALLOW GROUNDWATER SYSTEM.

2.2.3.2 GROUND WATER

GROUND WATER OCCURS IN SURFICIAL MATERIALS (ROCKY FLATS ALLUVIUM, COLLUVIUM, AND VALLEY FILL ALLUVIUM) AND IN
ARAPAHOE SANDSTONES AND CLAYSTONES AT OU 2.  THESE TWO FLOW SYSTEMS, WHICH ARE HYDRAULICALLY CONNECTED AT
SHALLOWER PORTIONS OF THE ARAPAHOE FORMATION, ARE DISCUSSED SEPARATELY BELOW.



GROUND WATER IN SURFICIAL MATERIALS

GROUND WATER IS PRESENT IN THE ROCKY FLATS ALLUVIUM, COLLUVIUM, AND VALLEY FILL ALLUVIUM UNDER UNCONFINED
CONDITIONS.  RECHARGE TO THE WATER TABLE OCCURS AS INFILTRATION OF INCIDENT PRECIPITATION AND AS SEEPAGE FROM
DITCHES AND CREEKS.  IN ADDITION, DETENTION PONDS ALONG SOUTH WALNUT CREEK AND WOMAN CREEK RECHARGE THE
VALLEY FILL ALLUVIUM.  FIGURE 2-7 SHOWS THE POTENTIOMETRIC SURFACE OF UPPERMOST GROUND WATER MEASURED BETWEEN
APRIL 4 AND APRIL 8, 1988, AND THE LOCATIONS OF ALLUVIAL AND BEDROCK WELLS IN THE VICINITY OF OU 2.

THE SHALLOW GROUNDWATER FLOW SYSTEM IS QUITE DYNAMIC, WITH LARGE WATER LEVEL CHANGES OCCURRING IN RESPONSE TO
PRECIPITATION EVENTS AND STREAM AND DITCH FLOW.  FOR EXAMPLE, BETWEEN MID-APRIL AND SEPTEMBER, 1986, WATER
LEVELS IN WELLS 1-86 AND 4-86 (COMPLETED IN VALLEY FILL ALLUVIUM) DROPPED  MORE THAN FOUR  AND EIGHT FEET,
RESPECTIVELY.  ALLUVIAL WATER LEVELS ARE HIGHEST DURING THE MONTHS OF MAY AND JUNE.  WATER LEVELS DECLINE
DURING LATE SUMMER AND FALL, AND SOME WELLS GO COMPLETELY DRY AT THIS TIME OF YEAR.  GROUNDWATER FLOW IN THE
ROCKY FLATS ALLUVIUM IS GENERALLY FROM WEST TO EAST, FOLLOWING THE SURFACE OF THE CLAYSTONE BEDROCK.

ALLUVIAL GROUND WATER DISCHARGES TO SEEPS, SPRINGS, SURFACE WATER DRAINAGES, AND SUBCROPPING ARAPAHOE
SANDSTONE AT OU 2.  SEEPS AND SPRINGS OCCUR ALONG THE EDGE OF THE ROCKY FLATS ALLUVIUM TERRACE (AT THE
ALLUVIUM/BEDROCK CONTACT) AND ON THE SIDE SLOPES OF THE TERRACE.  SEEPS AND SPRINGS ON THE TERRACE SIDE
SLOPES MAY BE DUE TO THINNING OF COLLUVIAL MATERIALS.  GROUND WATER IN COLLUVIAL MATERIALS SOUTH OF THE 903
PAD AND EAST TRENCHES AREAS DISCHARGES TO THE SOUTH INTERCEPTOR DITCH, AND GROUND WATER IN VALLEY FILL
MATERIALS DISCHARGES TO WOMAN OR SOUTH WALNUT CREEKS.

HYDRAULIC CONDUCTIVITY VALUES WERE ESTIMATED FOR SURFICIAL MATERIALS FROM DRAWDOWN-RECOVERY TESTS PERFORMED
ON 1986 WELLS DURING THE INITIAL SITE CHARACTERIZATION AND FROM SLUG TESTS PERFORMED ON SELECTED 1986 AND
1987 WELLS DURING THE PHASE I RI (ROCKWELL INTERNATIONAL, 1987A).  THE AVERAGE GROUNDWATER VELOCITIES IN THE
ROCKY FLATS ALLUVIUM, WOMAN CREEK VALLEY FILL ALLUVIUM, AND SOUTH WALNUT CREEK VALLEY FILL ALLUVIUM ARE 84
FT/YR, 145 FT/YR, AND 20 FT/YR, RESPECTIVELY (ROCKWELL INTERNATIONAL, 1987A).  THESE VALUES ARE BASED ON A
HORIZONTAL GRADIENT OF 0.02 FEET/FEET (FT/FT), AN EFFECTIVE POROSITY OF 0.1, AND MEAN HYDRAULIC
CONDUCTIVITIES OF 4 X (10-4), 7 X (10-4) AND 9.5 X (10-5) CM/S FOR ROCKY FLATS, WOMAN CREEK VALLEY FILL AND
SOUTH WALNUT CREEK VALLEY FILL ALLUVIUM, RESPECTIVELY.  THE CALCULATIONS ASSUME YEAR-ROUND SATURATION.
HOWEVER, AS DISCUSSED ABOVE, PORTIONS OF THE ROCKY FLATS ALLUVIUM, COLLUVIUM, AND VALLEY FILL ALLUVIUM ARE
NOT CONTINUOUSLY SATURATED. THUS, THE SHALLOW GROUND WATER MUST FLOW AT LESS THAN THE CALCULATED ANNUAL
AVERAGE VELOCITIES.  THE REACTIVITY OF DISSOLVED CONSTITUENTS COULD FURTHER REDUCE CONTAMINANT MIGRATION
RATES BELOW ESTIMATED GROUNDWATER VELOCITIES.

BEDROCK GROUND WATER

THE GREATEST POTENTIAL FOR GROUNDWATER FLOW IN THE ARAPAHOE FORMATION OCCURS IN THE MEANDERING LENTICULAR
SANDSTONES CONTAINED WITHIN THE CLAYSTONES (I.E., THE BASAL FORMATION) DUE TO THEIR RELATIVELY HIGHER
PERMEABILITY.  FLOW WITHIN INDIVIDUAL SANDSTONES IS ASSUMED TO BE FROM WEST TO EAST, BUT THE GEOMETRY OF THE
BEDROCK GROUNDWATER FLOW PATH IS NOT FULLY UNDERSTOOD AT THIS TIME DUE TO ITS DEPENDENCE UPON THE CONTINUITY
OF THE SANDSTONES AND THEIR HYDRAULIC INTERCONNECTION (ROBSON, 1981A).  GROUNDWATER RECHARGED TO SANDSTONES
OCCURS AS INFILTRATION FROM ALLUVIAL GROUND WATER WHERE SANDSTONES SUBCROP BENEATH THE ALLUVIUM AND BY
LEAKAGE FROM CLAYSTONES OVERLYING THE SANDSTONES. GROUNDWATER FROM THE BASAL FORMATION OF THE ARAPAHOE
AQUIFER IS USED FOR IRRIGATION, LIVESTOCK, WATERING, AND DOMESTIC PURPOSES.  WELLS ARE LOCATED EAST OF THE
RFP WITHIN THE DENVER BASIN.

THERE IS A STRONG DOWNWARD GRADIENT BETWEEN GROUND WATER IN SURFICIAL MATERIALS AND BEDROCK.  VERTICAL
GRADIENTS RANGE FROM 0.31 FT/FT BETWEEN WELLS 35-86 AND 34-86 TO 1.05 FT/FT BETWEEN WELLS 41-86 AND 40-86.
THESE GRADIENTS IMPLY A RELATIVELY HIGH HYDRAULIC CONDUCTIVITY CONTRAST BETWEEN THE SURFICIAL MATERIALS AND
BEDROCK, WHICH IS SUPPORTED BY HYDRAULIC CONDUCTIVITY TEST RESULTS.

FLOW WITHIN SANDSTONES IS REGIONALLY WEST TO EAST.  THE GEOMETRY OF THE GROUNDWATER FLOW PATH IN THE BEDROCK
IS NOT FULLY UNDERSTOOD AT THIS TIME BECAUSE IT DEPENDS UPON THE CONTINUITY OF THE SANDSTONES AND THEIR
INTERCONNECTION.  EVALUATION OF THE LATERAL EXTENT AND DEGREE OF INTERCONNECTION OF THE SANDSTONE UNITS IS A
PRIMARY GOAL OF THE PHASE II AND PHASE III REMEDIAL INVESTIGATIONS FOR OU 2.

HYDRAULIC CONDUCTIVITY VALUES FOR ARAPAHOE SANDSTONES WERE ESTIMATED FROM DRAWDOWN-RECOVERY TESTS PERFORMED
IN 1986, SLUG TESTS PERFORMED IN 1987, AND PACKER TESTS PERFORMED IN 1986 AND 1987.  THE MAXIMUM HORIZONTAL
GROUNDWATER FLOW VELOCITY IN SANDSTONE IS 75 FT/YR USING A HYDRAULIC CONDUCTIVITY OF 83 FT/YR, A HORIZONTAL
GRADIENT OF 0.09 FT/FT, AND AN ASSUMED EFFECTIVE POROSITY OF 0.1.

2.2.4 ECOLOGY

WITHIN THE PLANT BOUNDARIES A VARIETY OF VEGETATION THRIVES.  INCLUDED ARE SPECIES OF FLORA REPRESENTATIVE OF
TALL GRASS PRAIRIE, SHORT GRASS PLAINS, LOWER MONTANE, AND FOOTHILL RAVINE REGIONS, WITH NONE BEING ON THE



ENDANGERED SPECIES LIST.  IT IS EVIDENT THAT THE VEGETATIVE COVER ALONG THE FRONT RANGE OF THE ROCKY
MOUNTAINS HAS BEEN RADICALLY ALTERED BY HUMAN ACTIVITIES SUCH AS BURNING, TIMBER CUTTING, ROAD BUILDING, AND
OVERGRAZING FOR MANY YEARS.  SINCE THE ACQUISITION OF THE RFP PROPERTY, VEGETATIVE RECOVERY HAS OCCURRED AS
EVIDENCED BY THE PRESENCE OF GRASSES LIKE BIG BLUESTEM AND SIDEOATS GRAMA (TWO DISTURBANCE-SENSITIVE
SPECIES).  NO VEGETATIVE STRESSES ATTRIBUTABLE TO HAZARDOUS WASTE CONTAMINATION HAVE BEEN IDENTIFIED (DOE,
1980).

THE ANIMAL LIFE INHABITING THE RFP AND ITS BUFFER ZONE CONSISTS OF SPECIES ASSOCIATED WITH WESTERN PRAIRIE
REGIONS.  THE MOST COMMON LARGE MAMMAL IS THE MULE DEER, WITH AN ESTIMATED 100 TO 125 PERMANENT RESIDENTS. 
THERE ARE A NUMBER OF SMALL CARNIVORES, SUCH AS THE COYOTE, RED FOX, STRIPED SKUNK, AND LONG-TAILED WEASEL. 
A PROFUSION OF SMALL HERBIVORE SPECIES CAN BE FOUND THROUGHOUT THE PLANT AND BUFFER ZONE CONSISTING OF
SPECIES SUCH AS THE POCKET GOPHER, WHITE-TAILED JACKRABBIT, AND THE MEADOW VOLE (DOE, 1980).

COMMONLY OBSERVED BIRDS INCLUDE WESTERN MEADOWLARKS, HORNED LARKS, MOURNING DOVES, AND VESPER SPARROW.  A
VARIETY OF DUCKS, KILLDEER, AND RED-WINGED BLACKBIRDS ARE SEEN IN AREAS ADJACENT TO PONDS.  MALLARDS AND
OTHER DUCKS FREQUENTLY NEST AND RAISE YOUNG ON SEVERAL OF THE PONDS. COMMON BIRDS OF PREY IN THE AREA INCLUDE
MARSH HAWKS, RED-TAILED HAWKS, FERRUGINOUS HAWKS, ROUGH-LEGGED HAWKS, AND GREAT HORNED OWLS (DOE, 1980).

BULL SNAKES AND RATTLESNAKES ARE THE MOST FREQUENTLY OBSERVED REPTILES. EASTERN YELLOW-BELLIED RACERS HAVE
ALSO BEEN SEEN.  THE EASTERN SHORT-HORNED LIZARD HAS BEEN REPORTED ON THE SITE, BUT THESE AND OTHER LIZARDS
ARE NOT COMMONLY OBSERVED.  THE WESTERN PAINTED TURTLE AND THE WESTERN PLAINS GARTER SNAKE ARE FOUND IN AND
AROUND MANY OF THE PONDS (DOE, 1980).

2.2.5 SENSITIVE ENVIRONMENTS AND ENDANGERED SPECIES

THE ENDANGERED SPECIES ACT OF 1973 (PUBLIC LAW 93-0205), AS AMENDED, PROVIDES THAT ALL FEDERAL AGENCIES
IMPLEMENT PROGRAMS FOR THE CONSERVATION OF LISTED ENDANGERED AND THREATENED SPECIES.  FEDERAL AGENCIES MUST
ENSURE THAT ACTIONS AUTHORIZED, FUNDED, OR CARRIED OUT BY THEM WILL NOT JEOPARDIZE THE CONTINUED EXISTENCE OF
ANY ENDANGERED OR THREATENED SPECIES.

THE US FISH AND WILDLIFE SERVICE (USFWS) HAS INDICATED THAT THE TWO ENDANGERED SPECIES OF INTEREST IN THE RFP
AREA ARE THE BALD EAGLE AND THE BLACK-FOOTED FERRET (ROCKWELL INTERNATIONAL, 1988C).  PRAIRIE DOG TOWNS
PROVIDE THE FOOD SOURCE AND HABITAT FOR FERRETS.  SINCE THERE ARE NO PRAIRIE DOG TOWNS IN OR NEAR THE 881
HILLSIDE AREA WHICH IS NEAR THE 903 PAD, MOUND AND EAST TRENCHES, THE USFWS HAS DETERMINED THAT FERRETS
PROBABLY DO NOT EXIST IN THE INVESTIGATION AREA.  BALD EAGLES ARE OCCASIONAL VISITORS TO THE AREA, PRIMARILY
DURING MIGRATION TIMES. SIGHTINGS ARE RARE AND LITTLE SUITABLE HABITAT EXISTS ON THE RFP SITE OTHER THAN SOME
PERCHING LOCATIONS.  NO NESTS ARE FOUND ON THE RFP SITE. THE PROPOSED ACTION WILL NOT ADVERSELY AFFECT THE
BALD EAGLE.  THE USFWS HAS CONCURRED WITH THESE FINDINGS SUBSEQUENT TO A FIELD VISIT ON 15 JUNE 1988
(ROCKWELL INTERNATIONAL, 1988C).

OTHER ANIMAL SPECIES OF INTEREST THAT EXIST IN THE RFP AREA INCLUDE BURROWING OWLS AND SWAINSON'S HAWKS. 
COTTONWOOD TREES WITHIN APPROXIMATELY ONE QUARTER MILE OF THE 903 PAD, MOUND, AND EAST TRENCHES AREAS WERE
INVESTIGATED TO DETERMINE IF ANY RAPTOR NESTS EXIST AND NONE WERE FOUND.  THE NEAREST POPULATION OF BURROWING
OWLS IS APPROXIMATELY TWO MILES TO THE EAST.  THE NEAREST POPULATION OF SWAINSON'S HAWKS COULD BE IN THE
COTTONWOOD TREES IN THE AREA OF THE NORTH WALNUT CREEK OR ROCK CREEK DRAINAGES, NORTH OF THE 881 HILLSIDE
AREA.

THE 903 PAD, MOUND, AND EAST TRENCHES AREAS ARE NOT USED, NOR INTENDED FOR USE, AS A PUBLIC OR RECREATIONAL
AREA, NOR FOR THE DEVELOPMENT OF ANY UNIQUE NATURAL RESOURCE.  NO UNIQUE ECOSYSTEMS WERE FOUND AT THE RFP
DURING EXTENSIVE BIOLOGICAL STUDIES (DOE, 1980).

2.2.6 WETLANDS

INITIAL CONSULTATION WITH THE USFWS AND THE US ARMY CORPS OF ENGINEERS WAS CONDUCTED IN THE SPRING OF 1988. 
WETLANDS AT THE RFP SITE WERE DELINEATED.  THE PROPOSED ACTION IS NOT LOCATED IN THE DELINEATED WETLANDS. 
AERIAL PHOTOGRAPHY IMAGERY FOR THE 903 PAD, MOUND, AND EAST TRENCHES AREAS WAS EXAMINED FOR WETLANDS
IDENTIFICATION FOLLOWED BY LIMITED SITE INSPECTION (EG&G, 1990B).  TWO ISOLATED STANDS OF WETLANDS VEGETATION
CONTAINING COMMON CAT-TAIL (TYPHA LATIFOLIA) WERE LOCATED PRIMARILY WITHIN IHSS 140, WHERE GROUND WATER
FLOWING TOWARD THE TERRACE EDGES EMERGES AS SEEPS OR SPRINGS AT THE CONTACT BETWEEN THE ALLUVIUM AND BEDROCK. 
THE TWO AREAS ARE EACH LESS THAN 20 SQUARE FEET IN SIZE.

LINEAR WETLANDS AREAS HAVE BEEN IDENTIFIED ALONG BOTH THE WOMAN CREEK AND SOUTH INTERCEPTOR DITCH DRAINAGE
AREAS.  THESE DRAINAGES COLLECT SURFACE WATER UPGRADIENT FROM OU 2 AND DELIVER THE WATER TO POND C-2 FOR
TREATMENT.  EVENLY-SPACED DROP STRUCTURES ALONG THE SOUTH INTERCEPTOR DITCH HAVE LOWERED FLOW VELOCITIES,
INCREASED SEDIMENT ACCUMULATION, AND CREATED FAIRLY DENSE LINEAR STANDS OF WETLANDS.  FROM A POINT DUE SOUTH
OF BUILDING 881 AND EXTENDING TO THE C-2 POND, APPROXIMATELY 0.15 ACRES OF WETLAND ARE CONTAINED WITHIN THIS
PORTION OF THE SOUTH INTERCEPTOR DITCH.  WETLAND SPECIES OBSERVED WERE PRIMARILY CATTAILS (GREATER THAN 95



PERCENT PREDOMINANCE), SPIKE RUSH (ELEOCHARIS MACROSTACHYA) AND BULLRUSH (SCIRPUS AMERICANUS).  THE WETLANDS
FUNCTION PRIMARILY AS FLOW ATTENUATION FEATURES WITH ADDITIONAL MINOR CONTRIBUTIONS TO WILDLIFE HABITAT AND
WATER QUALITY ENHANCEMENT.  DRAINAGE CONTRIBUTION TO THE SOUTH INTERCEPTOR DITCH FROM OU 2 IS MINIMAL.

2.2.7 HISTORIC SITES

THE NATIONAL HISTORIC PRESERVATION ACT OF 1966 (PUBLIC LAW 89-665) TOGETHER WITH SUBSEQUENT LAW AMENDMENTS
(PUBLIC LAWS 91-243, 93-54, 94-422, 94-458) PROVIDES THAT ALL FEDERAL AGENCIES IMPLEMENT PROGRAMS FOR THE
PROTECTION OF ARCHEOLOGICAL AND HISTORICAL RESOURCES.

THE 903 PAD, MOUND AND EAST TRENCHES AREAS HAVE BEEN HIGHLY DISTURBED OVER A NUMBER OF YEARS.  DUE TO THIS
DISTURBANCE AND THE TOPOGRAPHIC POSITION OF THE SUBJECT AREA, THE STATE OFFICE OF ARCHEOLOGY AND HISTORIC
PRESERVATION HAS DETERMINED THAT THIS ACTION WILL NOT IMPACT CULTURAL RESOURCES (BURNEY, 1989).  AN
ARCHAEOLOGICAL AND HISTORICAL SURVEY OF THE RFP WAS CONDUCTED BETWEEN JULY 18 AND AUGUST 22, 1988, WHICH
DETERMINED TWO SITES HAVE POTENTIAL ELIGIBILITY TO THE NATIONAL REGISTER  OF HISTORIC PLACES.  HOWEVER,
INSUFFICIENT INFORMATION CURRENTLY EXISTS TO MAKE THIS DETERMINATION.  THESE TWO SITES ARE LOCATED NORTHWEST
AND SOUTHWEST OF THE INVESTIGATION AREA AND WILL NOT BE DISTURBED BY THE PROPOSED ACTION (BURNEY, 1989).

2.3 CONTAMINANTS -- DESCRIPTION AND SOURCES

2.3.1 BACKGROUND CHARACTERIZATION

IN ORDER TO FACILITATE THE INTERPRETATION OF CHEMICAL RESULTS IN NON-BACKGROUND AREAS, A BACKGROUND
CHARACTERIZATION PROGRAM HAS BEEN IMPLEMENTED TO DEFINE THE SPATIAL AND TEMPORAL VARIABILITY OF NATURALLY
OCCURRING CONSTITUENTS.  FIELDWORK WAS CONDUCTED IN 1989, AND A DRAFT BACKGROUND GEOCHEMICAL CHARACTERIZATION
REPORT WAS PREPARED AND SUBMITTED TO THE REGULATORY AGENCIES ON DECEMBER 15, 1989 (ROCKWELL INTERNATIONAL,
1989C).  THE DOCUMENT SUMMARIZES THE BACKGROUND DATA FOR GROUND WATER, SURFACE WATER, SEDIMENTS, AND GEOLOGIC
MATERIALS, AND IDENTIFIES PRELIMINARY STATISTICAL BOUNDARIES OF BACKGROUND VARIABILITY. SPATIAL VARIATIONS IN
THE CHEMISTRY OF GEOLOGIC MATERIALS AND WATER WERE ADDRESSED BY PLACING SAMPLE LOCATIONS THROUGHOUT
BACKGROUND AREAS AT THE PLANT.  THE GOAL OF EVALUATING TEMPORAL VARIATIONS IN WATER CHEMISTRY HAS NOT YET
BEEN ACHIEVED BECAUSE AT LEAST TWO YEARS OF QUARTERLY DATA ARE NEEDED.

THE DRAFT REPORT HAS BEEN UPDATED BY INCORPORATION OF ANALYTICAL DATA THAT WERE UNAVAILABLE IN DECEMBER 1989,
INCLUDING ADDITIONAL ROUNDS OF GROUNDWATER AND SURFACE WATER SAMPLES FOR WHICH LABORATORY ANALYSES WERE NOT
AVAILABLE.  THE INFORMATION IN THE DRAFT BACKGROUND GEOCHEMICAL REPORT HAS BEEN USED TO PRELIMINARILY
CHARACTERIZE INORGANIC CONTAMINATION AT THE 903 PAD, MOUND, AND EAST TRENCHES AREAS.  THE DRAFT REPORT
PRESENTS TOLERANCE INTERVALS FOR SURFACE WATER, SEDIMENT, AND VARIOUS SOIL LITHOLOGIES AND HYDROGEOLOGIC
UNITS (GROUND WATER).  THE TOLERANCE INTERVALS ARE STATISTICAL RANGES OF THE BACKGROUND ANALYTE
CONCENTRATIONS IN THE VARIOUS MEDIA THAT REPRESENT 95 PERCENT OF THE POPULATION WITH 95 PERCENT CONFIDENCE. 
SUMMARY TABLES OF THE UPPER LIMITS OF THESE TOLERANCE INTERVALS ARE PROVIDED IN TABLES A-1 THROUGH A-4 (SEE
APPENDIX A) FOR REFERENCE.

2.3.2 GROUNDWATER CONTAMINATION

GROUND WATER AT THE RFP HAS BEEN MONITORED SINCE 1986.  WELLS HAVE BEEN INSTALLED THROUGHOUT THE PROPERTY AND
ARE SAMPLED QUARTERLY.  THE FOLLOWING DISCUSSION IS BASED ON THE RESULTING DATA.

2.3.2.1 VOLATILE ORGANIC CONTAMINATION

TABLE A-5 (APPENDIX A) PRESENTS ALL VOLATILE ORGANIC COMPOUNDS (VOCS) WITH CONCENTRATIONS THAT ARE ABOVE
DETECTION LIMITS IN THE UNCONFINED GROUNDWATER SYSTEM DURING THE SECOND QUARTER OF 1989.  THESE ARE THE MOST
RECENT VALIDATED DATA PERTAINING TO THE SAME SEASON FOR WHICH THE BACKGROUND LEVELS WERE DETERMINED.  MAXIMUM
CONCENTRATIONS OF VOLATILE ORGANICS BASED ON THE COMPLETE DATA SET (1986-1989 SAMPLING) ARE SUMMARIZED IN
TABLE A-6.  THE PRIMARY VOLATILE ORGANIC GROUNDWATER CONTAMINANTS (CCL4, PCE, AND TCE) ARE PORTRAYED WITH
ISOPLETHS IN FIGURES 2-8 THROUGH 2-10 BASED ON SECOND QUARTER 1989 DATA FOR BOTH UNCONFINED ALLUVIAL AND
BEDROCK WELLS.

THE DATA IN TABLES A-5 AND A-6 CONFIRM THE RELATIVE DOMINANCE OF CCL4, PCE AND TCE IN ALLUVIAL AND SHALLOW
BEDROCK GROUND WATER AT OU 2 COMPARED TO OTHER VOLATILE ORGANIC COMPOUNDS, AND DOCUMENTS OCCURRENCES OF
1,1-DICHLOROETHANE (1,1-DCA), 1,1-DICHLOROETHENE (1,1-DCE), 1,2-DICHLOROETHENE (1,2-DCE), AND VINYL CHLORIDE
(ALL ARE POSSIBLE DEGRADATION PRODUCTS OF THE PRINCIPAL CONTAMINANTS), AND 1,1,1-TCA, TOTAL-1,2-DCE,
2-HEXANONE, CHCL3, METHYLENE CHLORIDE, ACETONE AND CARBON DISULFIDE.  THE LATTER FOUR ANALYTES WERE REPORTED
AT LEVELS BELOW DETECTION LIMIT AND THEREFORE REPRESENT ONLY ESTIMATED VALUES.

THE DISTRIBUTION OF THE PRINCIPAL CONTAMINANTS SUGGESTS THAT THE 903 PAD IS THE MAIN SOURCE OF CCL4, WITH
POSSIBLE CONTRIBUTIONS FROM THE NORTHERN EAST TRENCHES.  THE MOUND AREA IS THE MAIN SOURCE OF PCE, AND TCE



OCCURS THROUGHOUT OU 2 IMPLYING MULTIPLE SOURCES.  THE PHASE II WORK PLAN FOR THIS SITE DISCUSSES VOLATILE
ORGANIC GROUNDWATER CONTAMINATION IN FURTHER DETAIL (EG&G, 1990A).

2.3.2.2 INORGANIC CONTAMINATION

MAJOR IONS

MAJOR IONS AND TOTAL DISSOLVED SOLIDS (TDS) ARE SOMEWHAT ELEVATED ABOVE BACKGROUND THROUGHOUT AND
DOWNGRADIENT OF THE 903 PAD, MOUND AND EAST TRENCHES AREAS (TABLE A-7, APPENDIX A).  TOTAL DISSOLVED SOLIDS
TYPICALLY RANGED BETWEEN 400 AND 1000 MILLIGRAMS PER LITER (MG/L); CHLORIDE WAS GENERALLY 30-100 MG/L,
NITRATE WAS 2-10 MG/L, AND MOST SULFATE CONCENTRATIONS WERE BETWEEN 10 AND 100 MG/L IN THE SECOND QUARTER OF
1989. IN GENERAL, MAJOR CATIONS WERE ACCORDINGLY ELEVATED. THE HIGHEST CONCENTRATIONS OF MAJOR IONS ARE IN
WELL 29-87 SOUTHEAST OF THE 903 PAD, ALTHOUGH GROUND WATER AT THE NORTHERNMOST WELLS (34-87 AND 35-87) WAS
ALSO QUITE HIGH IN TDS (APPROXIMATED 1000 MG/L).

METALS

ALUMINUM, ANTIMONY, ARSENIC, BARIUM, CADMIUM, CHROMIUM, COPPER, IRON, LEAD, LITHIUM, MANGANESE, MERCURY,
MOLYBDENUM, NICKEL, POTASSIUM, SELENIUM, SILVER, STRONTIUM, VANADIUM AND ZINC EXCEEDED BACKGROUND IN ONE OR
MORE WELLS IN THE SECOND QUARTER OF 1989.  TABLE A-8 (APPENDIX A), A SUMMARY OF MULTIPLE SAMPLING EVENTS (UP
TO FOURTEEN SAMPLES COLLECTED FROM EACH WELL DURING 1987-1989), SHOWS THAT ONLY A SUBSET OF THESE ANALYTES
REPEATEDLY EXCEED BACKGROUND (UPPER LIMIT OF THE TOLERANCE INTERVAL) AND/OR EXCEED BACKGROUND BY A WIDE
MARGIN.  THE SPORADIC EXCEEDANCES OF BACKGROUND, AND THE ABSENCE OF APPARENT GRADIENTS IN METAL
CONCENTRATIONS WITH RESPECT TO IHSSS, HINDERS DRAWING DEFINITE CONCLUSIONS AS TO WHETHER THESE CONSTITUENTS
ARE DERIVED FROM IHSSS (EG&G, 1990A).  SECTION 2.3.5 MAKES REFERENCE TO THIS AND OTHER AMBIGUITIES IN THE
GROUNDWATER CHEMISTRY DATA TO THE EXTENT THAT THEY MAY BE RELEVANT TO THE SURFACE WATER IM/IRA PLAN.

RADIONUCLIDES

TABLE A-9 (APPENDIX A) SHOWS THAT DISSOLVED CONCENTRATIONS OF THE URANIUM ISOTOPES (U-234, U-235, AND U-238),
PLUTONIUM, AND AMERICIUM HAVE BEEN ABOVE BACKGROUND AT OU 2.  THE MAXIMUM CONCENTRATION FOR URANIUM 238 WAS
28 PLUS OR MINUS 2 PCI/L IN WELL 12-87 IN THE 903 PAD AREA.  NUMEROUS OCCURRENCES OF URANIUM AT LOWER
CONCENTRATIONS AND IN WELLS COMPLETED IN DIVERSE LITHOLOGIES DEMONSTRATE THAT THE DISTRIBUTION OF URANIUM IS
NOT THOROUGHLY DELINEATED AT OU 2.  WITH RESPECT TO PLUTONIUM AND AMERICIUM, RESULTS AT WELLS 15-87 AND 11-87
WERE THE MOST ELEVATED (PLUTONIUM 0.522 PLUS OR MINUS 0.117 PCI/L AND 0.199 PLUS OR MINUS 0.07 PCI/L,
RESPECTIVELY; AMERICIUM 0.831 PLUS OR MINUS 0.148 PCI/L AND 0.06 PLUS OR MINUS 0.05 PCI/L, RESPECTIVELY).

2.3.3 SOIL CONTAMINATION

THE EXTENT OF SOIL CONTAMINATION AT THE 903 PAD, MOUND, AND EAST TRENCHES AREAS WAS DETERMINED FROM SOIL
SAMPLES COLLECTED IN 1987 DURING THE PHASE I RI.  SAMPLES WERE COLLECTED FROM BOREHOLES DRILLED IN AND
ADJACENT TO KNOWN IHSS LOCATIONS (FIGURE 2-11).  TWO-FOOT INTERVALS WERE COMPOSITED FOR ORGANIC ANALYSES, AND
TWO- TO TEN-FOOT INTERVALS WERE COMPOSITED FOR ALL OTHER ANALYTES.  BOREHOLES WERE NOT DRILLED INTO SITES
STILL CONTAINING WASTES (THE TRENCHES AND 903 PAD) DUE TO POTENTIAL HEALTH HAZARDS TO FIELD WORKERS AND
POTENTIAL FOR RELEASE OF WASTE CONSTITUENTS TO THE ENVIRONMENT.  THE SOILS DATA ARE SUMMARIZED HERE BECAUSE
OF THE POTENTIAL INFLUENCES CONTAMINATED SOILS MAY HAVE ON SURFACE WATER QUALITY.  EITHER DIRECT
CONTRIBUTIONS VIA OVERLAND RUNOFF, OR DIRECT INFLUENCES VIA GROUNDWATER INTERACTIONS ARE POSSIBLE.  THE
DISCUSSION IS CONSIDERED PRELIMINARY BECAUSE WASTES WERE NOT DIRECTLY SAMPLED AND SOILS DATA ARE STILL BEING
EVALUATED.

VOCS, INCLUDING PCE, TCE, TOLUENE, 2-BUTANONE, CCL4, ACETONE AND METHYLENE CHLORIDE, WERE REPORTED IN SAMPLES
FROM THE 903 PAD AND EAST TRENCHES AREAS (SEE TABLE A-10).  OCCURRENCES OF TOTAL XYLENES, ETHYLBENZENE AND
TOLUENE WERE ALSO REPORTED FOR THE 903 PAD AREA, WHEREAS 1-2-DICHLOROETHANE (1,2-DCA), 1,1,1-TCA, AND
1,1,2-TCA WERE REPORTED IN AN EAST TRENCHES BOREHOLE.  THE MOUND AREA, LIKE OTHER PORTIONS OF OU 2, CONTAINED
ACETONE (HUNDREDS OF  G/L) AND METHYLENE CHLORIDE (TYPICALLY TENS OF  G/L) AT CONCENTRATIONS TOO LOW TO
UNAMBIGUOUSLY DEMONSTRATE CONTAMINATION WITH THESE COMPOUNDS.  OTHER ORGANIC CONSTITUENTS IN THE MOUND AREA
(PCE, CHCL3, 1,2-DCA) WERE LESS NUMEROUS AND AT LOWER LEVELS THAN AT OTHER AREAS WITHIN OU 2. 

SEMI-VOLATILE ORGANIC COMPOUNDS

   DI-N-BUTYL PHTHALATE, BIS(2-ETHYLHEXYL) PHTHALATE, AND
   N-NITROSODIPHENYLAMINE WERE DETECTED IN NUMEROUS BOREHOLES THROUGHOUT OU
   2 (SEE TABLE A-11, APPENDIX A).

SEVERAL METALS OCCURRED ABOVE BACKGROUND IN SOIL SAMPLES (ALUMINUM, ARSENIC, BARIUM, CADMIUM, CALCIUM, IRON,
MERCURY, MANGANESE, LEAD, ANTIMONY, VANADIUM AND ZINC), ALTHOUGH MOST EXCEEDED BACKGROUND BY LESS THAN A



FACTOR OF TWO AND/OR IN ONLY ONE OR TWO SAMPLES.  TABLE A-12 (APPENDIX A) PRESENTS MAXIMUM  METAL
CONCENTRATIONS IN SOILS.

PLUTONIUM AND AMERICIUM ARE THE PRINCIPAL RADIONUCLIDE CONTAMINANTS EXHIBITING ELEVATED CONCENTRATIONS IN
SOILS.  TABLE A-13 (APPENDIX A) PRESENTS MAXIMUM RADIONUCLIDE CONCENTRATIONS IN SOILS AT OU 2.  HIGHEST
CONCENTRATIONS OCCURRED IN SAMPLES THAT INCLUDED THE SURFACE.  BECAUSE MANY OF THE SURFACE SOIL SAMPLES WERE
MIXED INTO LARGE COMPOSITES, THE PHASE I RI DATA DO NOT RULE OUT THE PRESENCE OF RADIONUCLIDES OTHER THAN
PLUTONIUM AND AMERICIUM.  CESIUM-137, TRITIUM, AND URANIUM WERE DETECTED, ALBEIT AT NEAR-BACKGROUND
CONCENTRATIONS AND IN FEWER THAN TEN SAMPLES.  SURFACE CONTAMINATION OF SOILS WITH PLUTONIUM AND AMERICIUM
WAS FURTHER DEMONSTRATED BY A RECENT AERIAL RADIOLOGICAL SURVEY (EG&G, 1989).  THE RADIOACTIVITY DETECTED IN
THAT SURVEY WAS ASSOCIATED WITH KNOWN RADIOACTIVE MATERIAL STORAGE AND HANDLING AREAS (I.E., THE 903 PAD),
AND WAS ATTRIBUTED TO PLUTONIUM, AMERICIUM, AND A URANIUM DECAY PRODUCT.  THE SURVEY INDICATED ELEVATED
CONCENTRATIONS OF AMERICIUM IN SOILS EAST OF THE 903 PAD LIP SITE AS HIGH AS 97 PCI/G, AND BY INFERENCE FROM
THEIR EXPECTED ACTIVITY RATIO, PLUTONIUM AS HIGH AS 500 PCI/G. SUBSEQUENT ANALYSIS OF SAMPLES FROM THE AREA
WITH HIGH AMERICIUM CONCENTRATIONS INDICATED PLUTONIUM CONCENTRATIONS AS HIGH AS 457 PCI/G. THE CESIUM-137
ACTIVITY WAS AT A LEVEL CONSISTENT WITH GLOBAL FALLOUT AND NOT ENRICHED IN THE PLANT AREA.

2.3.4 SEDIMENT CONTAMINATION

SEDIMENTS IN WOMAN CREEK AND SOUTH WALNUT CREEK WERE SAMPLED IN THE FALL OF 1986, AND IN MARCH AND OCTOBER OF
1989.  STATIONS SED-28, SED-29, AND SED-25 ARE LOCATED  WITHIN THE SOUTH INTERCEPTOR  DITCH IN THE WOMAN
CREEK DRAINAGE (FIGURE 2-12).  SED-30 AND SED-31 ARE SEEPS ON THE SOUTH INTERCEPTOR DITCH BERM NEAR STATION
SED-29.  SED-27 AND SED-26 ARE ALONG WOMAN CREEK JUST UPSTREAM OF POND C-2.  STATIONS SED-11, SED-12, AND
SED-13 ARE LOCATED ALONG SOUTH WALNUT CREEK.  SED-11 IS THE MOST UPGRADIENT STATION, SED-12 IS JUST UPSTREAM
OF POND B-1, AND SED-13 IS JUST DOWNSTREAM OF POND B-5.  STATIONS SED-1 AND SED-2 ON WOMAN CREEK AND AN
EPHEMERAL TRIBUTARY, RESPECTIVELY, ARE BOTH DOWNSTREAM OF OU 2, JUST WEST OF INDIANA STREET WITHIN THE
BOUNDARY OF THE BUFFER ZONE (EAST OF AREA DEPICTED BY FIGURE 2-12).

2.3.4.1 WOMAN CREEK DRAINAGE

VOCS WERE DETECTED IN SAMPLES FROM THE SEDIMENTS IN THE WOMAN CREEK DRAINAGE (TABLE A-14, APPENDIX A). 
CHLOROMETHANE WAS PRESENT AT SED-29 (60  G/KG), AND CHLOROFORM WAS REPORTED AT SED-31 (18  G/KG).  SEVERAL
SEDIMENT SAMPLES CONTAINED METHYLENE CHLORIDE AND ACETONE AT VERY LOW CONCENTRATIONS.  THESE COMPOUNDS WERE
FREQUENTLY FOUND IN ASSOCIATED BLANKS.  SED-30 CONTAINED 220  G/KG ACETONE AT ONE SAMPLING, BUT ACETONE WAS
ALSO PRESENT IN THE BLANK FOR THIS SAMPLE AND WAS UNDETECTED IN TWO OTHER SAMPLING EVENTS FOR THIS STATION IN
1989.  ACETONE AND METHYLENE CHLORIDE RESULTS IN THIS AREA ARE BELIEVED TO BE LABORATORY ARTIFACTS. THE ONLY
OTHER VOLATILE ORGANIC COMPOUNDS DETECTED IN THE WOMAN CREEK DRAINAGE SEDIMENT SAMPLES WERE TCE (8  G/KG) AT
SED-31 (ESTIMATED BELOW DETECTION LIMITS ELSEWHERE), AND TOLUENE ESTIMATED BELOW DETECTION LIMIT AT SED-29
AND SED-30.

OF THE METALS, BERYLLIUM, LITHIUM, SILVER, TIN, AND ZINC WERE NOTABLY ELEVATED ABOVE BACKGROUND IN THE
SEDIMENT OF THE SOUTH INTERCEPTOR DITCH AND WOMAN CREEK (TABLE A-15, APPENDIX A).  CONCENTRATIONS OF SILVER
(AS HIGH AS 49 MG/KG) ARE GREATER THAN FIVE TIMES THE UPPER LIMIT OF THE BACKGROUND RANGE AT STATIONS SED-25,
SED-26, AND SED-30.  BERYLLIUM WAS NOT DETECTED IN THE BACKGROUND SAMPLES (LESS THAN 1.1 MG/KG) BUT OCCURS AT
CONCENTRATIONS RANGING FROM 3.8 TO 15.5 MG/KG IN ALL THE SEDIMENT SAMPLES COLLECTED FROM THE SOUTH
INTERCEPTOR DITCH AND WOMAN CREEK. ALTHOUGH TIN WAS NOT ABOVE BACKGROUND (LESS THAN 22.8 MG/KG) AT SED-27,
SED-28, AND SED-31, IT OCCURRED IN A RANGE FROM 364 TO 1080 MG/KG IN STATIONS SED-25, SED-26, SED-29, AND
SED-30.  CONCENTRATIONS OF ZINC (AS HIGH AS 735 MG/KG) ARE GREATER THAN THE UPPER LIMIT OF THE BACKGROUND
RANGE AT STATIONS SED-11, SED-28, SED-29, AND SED-30.

PLUTONIUM WAS ABOVE BACKGROUND AT STATIONS SED-1, SED-2, SED-25, SED-26, SED-29, AND SED-30, RANGING IN
CONCENTRATION FROM 0.06 TO 0.85 PCI/G (TABLE A-16, APPENDIX A).  CONTAMINATED SURFACE SOIL FROM THE 903 PAD
AREA, TRANSPORTED PRIMARILY BY WIND, MAY BE THE SOURCE OF THIS PLUTONIUM.

2.3.4.2 SOUTH WALNUT CREEK DRAINAGE

THE SOUTH WALNUT CREEK SEDIMENT MONITORING STATIONS INCLUDE SED-11, SED-12 AND SED-13.  ONLY ONE SAMPLE WAS
OBTAINED FROM EACH OF SED-12 AND SED-13 (13 AUGUST 1986).  DUE TO PRIORITIZATION OF SAMPLING ACTIVITIES,
ADDITIONAL SAMPLES WERE NOT COLLECTED FROM THESE STATIONS.  TABLE A-14, APPENDIX A SHOWS THAT ACETONE WAS
REPORTED FOR ALL THREE STATIONS AND WAS ALSO ASSOCIATED WITH LABORATORY BLANKS.  SED-11 WAS FOUND TO CONTAIN
TCE AND 2-BUTANONE AT CONCENTRATIONS OF 39 MG/KG AND 12  G/KG, RESPECTIVELY.  ALL OTHER VOCS WERE EITHER NOT
DETECTED OR REPORTED BELOW DETECTION LIMITS FOR SED-11, SED-12 AND SED-13.

AS IN THE WOMAN CREEK DRAINAGE, BERYLLIUM, LITHIUM, SILVER, AND TIN ARE ELEVATED IN THE SEDIMENTS AT SED-11. 
THEY OCCURRED AT CONCENTRATIONS OF 2.5, 7.2, 15.0, AND 404 MG/KG, RESPECTIVELY.  ZINC WAS ALSO NOTABLY
ELEVATED, OCCURRING AT A CONCENTRATION OF 735 MG/KG (THE UPPER LIMIT OF THE BACKGROUND TOLERANCE INTERVAL IS
93 MG/KG).  URANIUM 235 WAS REPORTED AT A CONCENTRATION OF 0.2 PCI/G FOR SED-11 AND AMERICIUM LEVELS WERE



REPORTED AT 0.19 PCI/G AND 0.03 PCI/G FOR SED-12 AND SED-13, RESPECTIVELY.  PLUTONIUM WAS ALSO FOUND AT A
CONCENTRATION OF 0.35 PCI/G AT SED-12.  WIND-DISPERSED CONTAMINATED SOILS FROM THE 903 PAD AND LIP AREA MAY
BE THE SOURCE OF THESE RADIONUCLIDES.

2.3.5 SURFACE WATER CONTAMINATION

TWENTY-SIX SURFACE WATER AND SURFACE SEEP STATIONS IN THE VICINITY OF THE 903 PAD, MOUND, AND EAST TRENCHES
AREAS WERE SAMPLED DURING FIELD ACTIVITIES FROM 1986 THROUGH 1990 (SEE APPENDIX B).  THE FOLLOWING DISCUSSION
IS BASED ON ALL AVAILABLE DATA BECAUSE MANY SEEPS OR STREAM STATIONS WERE DRY DURING SOME SAMPLINGS.  THESE
DATA HAVE BEEN SUMMARIZED IN APPENDIX C AND COMPARED TO ARARS (SEE SECTION 3 FOR ARAR IDENTIFICATION).  TOTAL
RADIOCHEMICAL AND METALS DATA, ALTHOUGH PRESENTED IN THE APPENDIX, ARE NOT DISCUSSED BECAUSE AN ASSESSMENT
METHODOLOGY THAT ACCOUNTS FOR VARYING CONCENTRATIONS OF SUSPENDED SOLIDS IS STILL BEING DEVELOPED.  SURFACE
WATER MONITORING LOCATIONS ARE SHOWN ON FIGURE 2-12.  FLOWING SURFACE WATER IN DRAINAGES WAS SAMPLED AT
STATIONS ON THE SOUTH INTERCEPTOR DITCH AND WOMAN CREEK JUST UPSTREAM OF POND C-2 AND AT STATIONS UPSTREAM OF
THE B-SERIES PONDS ON SOUTH WALNUT CREEK.  THE B-SERIES PONDS WERE NOT SAMPLED FOR THIS INVESTIGATION, AS
THEY WILL BE SUBSEQUENTLY INVESTIGATED AS PART OF ANOTHER OPERABLE UNIT.

THE SURFACE WATER SEEPS ARE DOWNSLOPE AND SOUTHEAST OF THE 903 PAD AREA, AND DOWNSLOPE AND NORTH OF THE MOUND
AREA AND EAST TRENCHES AREAS. BECAUSE SURFACE WATER AT SEEPS AND IN STREAMS REPRESENTS GROUNDWATER DISCHARGE
(INTERMITTENT DISCHARGE WITH RESPECT TO STREAMS), THE SURFACE WATER COMPOSITIONS ARE SIMILAR TO THOSE OF
LOCAL GROUND WATER.  THE DATA FOR BOTH MEDIA SHOW THAT PCE, TCE, CCL4, AND THEIR DEGRADATION PRODUCTS ARE THE
PRINCIPAL VOCS, AND THEY SHOW VERY SIMILAR MAJOR ION CONTENTS AS WELL.  HOWEVER, THERE IS ENOUGH VARIABILITY
WITHIN STATIONS SO THAT IT IS NOT POSSIBLE TO DEMONSTRATE SURFACE/GROUNDWATER CONNECTIONS ON A WELL-BY-WELL,
SEEP-BY-SEEP BASIS.

2.3.5.1 SURFACE WATER STATIONS SOUTHEAST OF 903 PAD AREA

THERE ARE SEVERAL SEEPS DOWNSLOPE TO THE SOUTHEAST OF THE 903 PAD. SURFACE WATER STATIONS ESTABLISHED AT
THESE SEEPS IN THE 903 PAD LIP AREA ARE DESIGNATED SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, AND SW-77.
STATION SW-50 IS CLOSEST TO THE 903 PAD, AND SW-57 AND SW-52 ARE SOUTH OF SW-50.  SW-51 AND SW-58 ARE LOCATED
IN A DITCH ALONG THE ROAD EAST OF SW-50; HOWEVER, OVERLAND FLOW OF SEEPAGE FROM SW-50, SW-52, AND SW-57 WILL
ALSO ENTER THE DITCH.  WATER IN THE DITCH PASSES UNDER THE ROAD SOUTH OF THESE LOCATIONS THROUGH A CULVERT. 
THE DISCHARGE OF THE CULVERT IS SAMPLED AT STATION SW-55.  SW-77 IS ANOTHER SEEP LOCATED ON THE EAST SIDE OF
THE ROAD, JUST NORTH OF SW-55.  IT IS NOTED, THEREFORE, THAT SW-51, SW-58, AND SW-55 ARE PHYSICALLY CONNECTED
AND LIKELY RECEIVE FLOW FROM SW-50, SW-52, AND SW-57.  FARTHER DOWNGRADIENT STATIONS INCLUDE SEEPS AT  SW-53,
SW-62, SW-63, AND SW-64; SW-27, SW-30, SW-54, AND SW-70 ON THE SOUTH INTERCEPTOR DITCH; AND SW-26, SW-28, AND
SW-29 ON WOMAN CREEK.

DATA FOR SEEPS IN THE VICINITY OF THE 903 PAD LIP SITE AND FARTHER DOWNGRADIENT AT SW-53, SW-63, AND SW-64
INDICATE ORGANIC CONTAMINATION. CONTAMINANTS IN SEEPS IN THE VICINITY OF THE 903 LIP SITE INCLUDE 1,1-DCE,
1,2-DCE, CCL4, TCE, AND PCE, WITH CONCENTRATIONS OF CCL4 AND TCE EXCEEDING 1000  G/L.  OCCASIONALLY 1,2-DCE
AND TCE ARE PRESENT AT SW-53, LOW CONCENTRATIONS OF CCL4 AND TCE (LESS THAN 20  G/L) OCCUR AT SW-63, AND LOW
CONCENTRATIONS OF TCE OCCUR AT SW-64.  METHYLENE CHLORIDE ALSO OCCASIONALLY OCCURS IN THESE SEEPS, BUT AT
CONCENTRATIONS NEAR THE DETECTION LIMIT, AND FREQUENTLY ALSO OCCURS IN THE LABORATORY BLANKS. LOW AND VERY
INFREQUENT CONCENTRATIONS OF THESE AND OTHER VOCS OCCUR AT SEEP SW-62 AS WELL AS AT STATIONS ALONG THE SOUTH
INTERCEPTOR DITCH. THE WATER-QUALITY DATA FOR STATIONS ALONG THE SOUTH INTERCEPTOR DITCH AND WOMAN CREEK DO
NOT PROVIDE UNAMBIGUOUS EVIDENCE OF CONTAMINATION; HOWEVER, THE VOC CONCENTRATIONS IN THE UPGRADIENT SEEPS
SUGGEST THAT A SOLVENT PLUME WITHIN ALLUVIAL GROUND WATER IS MIGRATING TO THE SOUTHEAST, WHICH IS CONSISTENT
WITH THE ALLUVIAL GROUNDWATER FLOW DIRECTION.  IT IS INFERRED THAT VOC CONTAMINATED ALLUVIAL GROUND WATER
APPROACHES THE SOUTH INTERCEPTOR DITCH AND WOMAN CREEK.

WITH RESPECT TO INORGANIC AND DISSOLVED RADIONUCLIDE CONTAMINATION, THERE ARE SOMEWHAT ELEVATED
CONCENTRATIONS OF TDS, MAJOR IONS, ALUMINUM, STRONTIUM, ZINC, AND URANIUM AT MOST OF THESE STATIONS.  UNLIKE
THE ABSENCE OF VOCS IN SURFACE WATER AT STATIONS ALONG THE SOUTH INTERCEPTOR DITCH (SW-70, SW-30, SW-54, AND
SW-27), ALL HAVE SOMEWHAT ELEVATED URANIUM CONCENTRATIONS (GENERALLY LESS THAN 10 PCI/L OF TOTAL URANIUM).

THESE CONCENTRATIONS ARE USUALLY ABOVE ARAR (5 PCI/L).  ALTHOUGH THE 903 PAD AREA CANNOT BE RULED OUT AS THE
SOURCE OF THE URANIUM, THE OCCURRENCE OF ELEVATED URANIUM AS FAR UPGRADIENT AS SW-70 SUGGESTS THE 881
HILLSIDE AREA AS A POTENTIAL SOURCE.  ALLUVIAL GROUND WATER AT THE 881 HILLSIDE CONTAINS LEVELS OF URANIUM
ABOVE BACKGROUND.

SEEPS IN THE VICINITY OF THE 903 PAD LIP SITE (SW-50, SW-53, AND SW-54) HAD DETECTABLE PLUTONIUM AND/OR
AMERICIUM DURING ONE SAMPLING EVENT IN 1989 (TWO EVENTS FOR SW-53).  THE SAMPLES CONTAINED SUBSTANTIAL
SUSPENDED SOLIDS AND WERE NOT FILTERED AT THE TIME OF COLLECTION, AND SURFACE SOILS IN THE VICINITY OF THE
SEEPS ARE CONTAMINATED WITH RADIONUCLIDES.  FURTHERMORE, TOTAL RADIOCHEMISTRY DATA DO INDICATE NOTABLY HIGHER
PLUTONIUM AND AMERICIUM CONCENTRATIONS THAN IN FILTERED SAMPLES, DEMONSTRATING THAT MOST OF THE RADIONUCLIDES
ARE IN A PARTICULATE FORM.  THEREFORE, THE LOCAL SOILS REPRESENT THE MOST DIRECT POTENTIAL SOURCE FOR SEEP



CONTAMINATION.  HOWEVER, THERE WERE TRACES OF PLUTONIUM IN A FEW GROUNDWATER SAMPLES (HIGHEST CONCENTRATION
AT WELL 15-87, 0.522 PLUS OR MINUS 0.117 PCI/L) SO GROUND WATER IS ALSO A POTENTIAL SOURCE OF RADIONUCLIDES
IN SEEPS, ALBEIT A LESS SIGNIFICANT ONE.

IT IS NOTED THAT PLUTONIUM AND AMERICIUM ARE ESSENTIALLY INSOLUBLE IN NATURAL WATERS, BUT THEY CAN MIGRATE IN
COLLOIDAL FORM, AND COLLOIDAL-SIZE PARTICLES CAN PASS THROUGH 0.45  M FILTERS SUCH AS THOSE USED IN THE
PREVIOUS INVESTIGATION (PULS AND BARCELONA, 1989).  THE DOE IS CURRENTLY CONDUCTING A STUDY TO ASSESS THE
DISTRIBUTION OF PLUTONIUM AND AMERICIUM IN SURFACE WATER WITH RESPECT TO SUSPENDED SOLIDS PARTICLE SIZE.  THE
STUDY WILL INCLUDE FILTRATION OF SURFACE WATER THROUGH THREE PORE SIZES, AND LABORATORY ANALYSIS FOR
PLUTONIUM AND AMERICIUM IN THE FILTERED AND UNFILTERED FRACTIONS (LESS THAN 0.10  M, 0.10  M TO LESS THAN
0.20  M, 0.20  M TO LESS THAN 0.45  M, AND GREATER THAN 0.45  M). ALTHOUGH THIS STUDY WAS NOT EXPLICITLY
DESIGNED TO DIFFERENTIATE COLLOIDAL AND DISSOLVED RADIONUCLIDES, AND THEREFORE WILL BE UNABLE TO QUANTIFY
COLLOIDAL MATERIAL UNDER 0.1  M, IT WILL DEMONSTRATE WHETHER A SIGNIFICANT PORTION OF THE RADIONUCLIDES ARE
BETWEEN 0.1 AND 0.45  M AND THEREBY PROVIDE SOME INDICATION OF THE IMPORTANCE OF COLLOIDAL TRANSPORT.  ALSO,
IF MOST OF THE PLUTONIUM IS PARTICULATE IN NATURE (GREATER THAN 0.1  M IN SIZE), IT IS LIKELY PLUTONIUM CAN
BE REMOVED FROM SURFACE WATER BY UNIT PROCESSES EFFECTIVE AT REMOVAL OF SUSPENDED SOLIDS, E.G., SEDIMENTATION
AND FILTRATION.

REGARDLESS OF THE TRANSPORT MODE, TOTAL PLUTONIUM CONCENTRATIONS OCCUR ABOVE BACKGROUND AT STATION SW-29 ON
WOMAN CREEK (RANGE: LESS THAN MINIMUM DETECTABLE ACTIVITY (MDA) - .315 PLUS OR MINUS .115 PCI/L), AND
DISSOLVED PLUTONIUM WAS DETECTABLE DURING ONE SAMPLING EVENT (.159 PLUS OR MINUS .142 PCI/L).  DISSOLVED
PLUTONIUM WAS ALSO DETECTABLE AT STATION SW-70 ON THE SOUTH INTERCEPTOR DITCH (.11 PLUS OR MINUS .09 PCI/L);
HOWEVER, THE TOTAL PLUTONIUM CONCENTRATION WAS 0.011 PLUS OR MINUS .057 PCI/L DURING THIS SAMPLING EVENT,
RENDERING THIS DATA QUESTIONABLE.  THE ONE DATUM THAT EXISTS IN THE REMEDIAL INVESTIGATION DATA BASE
INDICATES TOTAL PLUTONIUM IS NOT ABOVE BACKGROUND IN POND C-2 (DISSOLVED RADIONUCLIDE DATA DO NOT EXIST).

2.3.5.2 UPPER SOUTH WALNUT CREEK

AT THE MOUND AREA, APPROXIMATELY 150 FEET DOWNGRADIENT OF THE PSZ FENCE, STATION SW-60 (SEE FIGURE 4-2) IS
LOCATED AT THE OUTLET OF A CORRUGATED METAL CULVERT.  THE CULVERT DISCHARGES PLANT RUNOFF THAT IS COLLECTED
IN A DRAINAGE DITCH LOCATED OUTSIDE OF AND SOUTH OF THE PSZ.  STATIONS SW-56 (NOT SAMPLED IN 1989) AND SW-101
ARE LOCATED ON A DITCH WITHIN THE PSZ THAT COLLECTS SEEPAGE ORIGINATING FROM THE HILLSIDE SOUTH OF BUILDING
991.  WATER IN THE DITCH FLOWS BENEATH THE PSZ THROUGH A CONCRETE CULVERT AND DISCHARGES TO THE SOUTH WALNUT
CREEK DRAINAGE JUST TO THE NORTH OF SW-60.  THE DISCHARGE FROM THE CONCRETE CULVERT HAS RECENTLY BEEN
ASSIGNED SURFACE WATER MONITORING STATION SW-133.  STATION SW-59 IS LOCATED DOWNSTREAM OF SW-60 ON THE SOUTH
BANK OF THE DRAINAGE AT WHAT APPEARS TO BE A SPRING OR DRAIN DISCHARGE.  THE COMBINED FLOW OF SW-59, SW-60,
AND SW-133 IS SAMPLED AT SW-61, WHICH IS LOCATED AT THE CONFLUENCE.  (NOTE: PRIOR TO NOVEMBER 1987, SW-61 WAS
LOCATED AT THE OUTLET OF THE CONCRETE CULVERT MENTIONED ABOVE.  THE SAMPLE DATA FOR 7/22/87 AND 11/11/87 WERE
OBTAINED FROM THE EFFLUENT OF THE CONCRETE CULVERT).  FLOW FROM THE UPPER REACH OF SOUTH WALNUT CREEK IS
DISCHARGED APPROXIMATELY 225 FEET DOWNSTREAM OF SW-61 FROM THE OUTLET OF A CORRUGATED METAL CULVERT.  THIS
DISCHARGE HAS NEVER BEEN ASSIGNED AS A SURFACE WATER MONITORING STATION AND HAS, THEREFORE, NEVER BEEN
SAMPLED. IT HAS RECENTLY BEEN ASSIGNED STATION SW-132, HOWEVER.  THE FLOW IN SOUTH WALNUT CREEK UPSTREAM OF
POND B-4 IS PRIMARILY THE COMBINED FLOW FROM SW-132 AND THE DRAINAGE FLOW AT SW-61.  STATION SW-23 IS LOCATED
UPGRADIENT OF POND B-1.  SW-22 IS LOCATED SOUTHEAST OF THE PRINCIPAL DRAINAGE AND WAS DRY DURING THE REPORTED
SAMPLING EVENTS.  IT IS NOTED THAT A SEWAGE TREATMENT PLANT IS LOCATED JUST DOWNGRADIENT OF SW-61 ON THE
NORTH BANK OF THE DRAINAGE.  THE EFFLUENT FROM THE PLANT IS PIPED DIRECTLY TO POND B-3.

SOUTH WALNUT CREEK BASIN SURFACE WATER, AS CHARACTERIZED BY DATA FOR STATIONS SW-56, SW-59, SW-60, SW-61, AND
SW-101, CONTAIN CCL4, PCE, AND TCE IN CONCENTRATIONS IN EXCESS OF 200  G/L, WITH LESSER AND INFREQUENT
CONCENTRATIONS OF 1,1-DCE, 1,1-DCA, 1,2-DCE, VINYL CHLORIDE (ALL ARE POSSIBLE DEGRADATION PRODUCTS OF TCE AND
PCE), ACETONE, BROMO-DICHLOROMETHANE, AND METHYLENE CHLORIDE.  THE LATTER COMPOUNDS MAY BE CONTAMINANTS, BUT
THE DATA DO NOT ALLOW THIS CONCLUSION TO BE DRAWN WITH CERTAINTY.  THESE STATIONS ALSO FREQUENTLY HAVE
SURFACE WATER CONCENTRATIONS ABOVE ARARS FOR TDS AND URANIUM.  THE TDS AND URANIUM CONCENTRATIONS ARE TYPICAL
OF THE ALLUVIAL GROUND WATER IN THE VICINITY OF THE 903 PAD AND MOUND AREAS.  CCL4, PCE, TCE, AND ELEVATED
ZINC ARE ALSO PRESENT IN THE ALLUVIAL GROUND WATER AT THE MOUND AREA.

THE ONLY DATUM AVAILABLE FOR STATION SW-23 (AUGUST 1986 SAMPLING) SHOWS AN ABSENCE OF VOCS.  ALTHOUGH THERE
ARE NO AUGUST 1986 DATA FOR THE UPSTREAM STATIONS, THE DATA SUGGEST THE ORGANICS HAVE VOLATILIZED OVER THIS
REACH.

2.3.5.3 SEEPS AT THE EAST TRENCHES AREAS

OF THE TWO SEEPS AT THE EAST TRENCHES AREAS (SW-65 AND SW-103), SW-65 HAS NO APPARENT ORGANIC CONTAMINATION,
AND SW-103 HAS THE CONSTANT PRESENCE OF CCL4 AT CONCENTRATIONS LESS THAN 10  G/L.  DISSOLVED URANIUM WAS ALSO
ABOVE ARAR AT SW-65.  LIKE THE 903 PAD AND MOUND AREAS, THE CHEMISTRY OF THESE SEEPS IS SIMILAR TO THE
LOCALIZED GROUND WATER.



2.3.6 AIR CONTAMINATION

THE 903 PAD AREA IS RECOGNIZED AS THE PRINCIPAL SOURCE OF AIRBORNE PLUTONIUM CONTAMINATION AT THE RFP.  AN
EXTENSIVE AIR MONITORING NETWORK KNOWN AS THE RADIOACTIVE AMBIENT AIR MONITORING PROGRAM (RAAMP) IS
MAINTAINED AT THE PLANT IN ORDER TO MONITOR PARTICULATE EMISSIONS FROM THE 903 PAD AREA AND OTHER PLANT
FACILITIES.  HISTORICALLY, THE PARTICULATE SAMPLERS LOCATED IMMEDIATELY EAST, SOUTHEAST, AND NORTHEAST OF THE
903 PAD, MOUND, AND EAST TRENCHES AREAS HAVE SHOWN THE HIGHEST PLUTONIUM CONCENTRATIONS.  THIS FINDING IS
CORROBORATED BY THE RESULTS OF SOIL SURVEYS WHICH INDICATE ELEVATED PLUTONIUM CONCENTRATIONS TO THE EAST,
PARTICULARLY SOUTHEAST OF THE AREA.  HOWEVER, RAAMP HAS FOUND AMBIENT AIR SAMPLES FOR PLUTONIUM TO BE WELL
WITHIN THE DOE GUIDELINES OF 20.0 X (10-6) PCI/L ESTABLISHED FOR THE PROTECTION OF HUMAN HEALTH (ROCKWELL
INTERNATIONAL, 1987B).

2.3.7 SUMMARY OF CONTAMINATION

THE PHASE I RI INVESTIGATIONS OF ENVIRONMENTAL MEDIA LEAD TO THE GENERAL CONCLUSIONS THAT VOLATILE ORGANIC
AND RADIONUCLIDE CONTAMINATION EXISTS IN SOILS, SURFACE WATER AND GROUND WATER AROUND SEVERAL OU 2 IHSSS, AND
THAT THE DISTRIBUTION AND MAGNITUDE OF THE CONTAMINATION CAN BE BETTER DELINEATED VIA SAMPLING AND ANALYSIS
PLANNED FOR THE PHASE II
   INVESTIGATION.

TCE, PCE AND CCL4 ARE THE PRINCIPAL ORGANIC CONTAMINANTS IN SURFACE AND GROUND WATERS, WITH LESSER AMOUNTS OF
THEIR DEGRADATION PRODUCTS AND OTHER COMPOUNDS AT NUMEROUS SAMPLING SITES THROUGHOUT OU 2.  PLUTONIUM AND
AMERICIUM IN SURFACE WATER SAMPLES ARE OTHER APPARENT INDICATORS OF RFP-DERIVED CONTAMINATION.

SEVERAL METALS AND OTHER INORGANIC CONSTITUENTS (INCLUDING URANIUM) ARE ALSO ABOVE BACKGROUND IN THE
ENVIRONMENTAL MEDIA, BUT THE DATA DO NOT PERMIT UNAMBIGUOUS CONCLUSIONS WITH REGARD TO CONTAMINATION.  THE
UNCERTAINTY RESULTS IN PART FROM THE ABSENCE OF CLEAR CONCENTRATION GRADIENTS AND FROM THE LIMITED KNOWLEDGE
OF THE INORGANIC COMPOSITION OF WASTE SOURCES IN OU 2.  NATURAL PROCESSES (E.G., EVAPORATIVE CONCENTRATION)
MAY GOVERN THE SOURCE AND DISTRIBUTION OF SUCH INORGANIC CONSTITUENTS.  THIS WILL BE FURTHER INVESTIGATED IN
THE CONTEXT OF LONG-TERM REMEDIATION AT OU 2.

2.4 ANALYTICAL DATA

ORGANIC, INORGANIC AND RADIONUCLIDE CONTAMINANTS EXIST IN OU 2 SURFACE WATER.  VOLUME II (APPENDIX B)
PRESENTS A COMPILATION OF VOLATILE ORGANIC, INORGANIC AND RADIOCHEMISTRY DATA FOR ALL SURFACE WATER STATIONS
AT OU 2 THAT ARE AVAILABLE AT THIS TIME.  ONLY A SMALL FRACTION OF THE DATA HAVE BEEN VALIDATED; THEY ARE
IDENTIFIED IN THE APPENDICES BY A QUALIFIER ADJACENT TO EACH DATUM.  THE QUALIFIERS "V" (VALID), "A"
(ACCEPTABLE WITH QUALIFICATIONS), AND "R" (REJECTED) ARE ASSIGNED IN ACCORDANCE WITH THE ER PROGRAM QUALITY
ASSURANCE/QUALITY CONTROL (QA/QC) PLAN (ROCKWELL INTERNATIONAL, 1989B).  REJECTED DATA EITHER DID NOT CONFORM
TO THE QA/QC PROCEDURES, OR INSUFFICIENT DOCUMENTATION EXITS TO DEMONSTRATE CONFORMANCE WITH THESE
PROCEDURES.  THESE DATA, AT BEST, CAN ONLY BE CONSIDERED QUALITATIVE MEASURES OF THE ANALYTE CONCENTRATIONS.
THE SCHEDULE FOR THE IM/IRA DOES NOT PERMIT WAITING FOR ALL DATA TO BE VALIDATED.  HOWEVER, THE VALIDATED
DATA AND THEIR SIMILARITY TO UNVALIDATED DATA ARE CONSIDERED SUFFICIENT TO JUSTIFY AND TO DEFINE THE GENERAL
CONFIGURATION OF THE IM/IRA.

2.5 SITE CONDITIONS THAT JUSTIFY AN IM/IRA

AS DISCUSSED IN SECTION 1, THERE IS NO IMMEDIATE THREAT TO THE PUBLIC HEALTH AND ENVIRONMENT POSED BY SURFACE
WATER CONTAMINATION IN SOUTH WALNUT CREEK BASIN.  THE AFFECTED SURFACE WATER IS CONTAINED WITHIN THE PLANT
BOUNDARY BY EXISTING DETENTION PONDS, AND IS TREATED AND MONITORED PRIOR TO DISCHARGE.  THERE IS, HOWEVER,
POTENTIAL FOR AN IMMINENT THREAT TO DEVELOP AND IMPLEMENTATION OF THIS IM/IRA WILL REDUCE THE LIKELIHOOD THAT
SUCH A THREAT WILL RESULT BY ENHANCING DOE'S EFFORTS TO MANAGE CONTAMINATED SURFACE WATER.  ALTHOUGH
DOWNSTREAM SAFEGUARDS ARE PROVIDED BY THE B-PONDS, THIS IM/IRA SHOULD REDUCE THE POTENTIAL FOR OFF-SITE
MIGRATION AND UNCONTROLLED RELEASES OF CONTAMINATED SURFACE WATER BY REDUCING CONTAMINATED SURFACE WATER
LOADING TO THE PONDS.  IN ADDITION, BY COLLECTING CONTAMINATED SURFACE WATER THROUGH DIVERSIONS AT THE
SOURCES, THIS IM/IRA WILL MITIGATE DOWNSTREAM MIGRATION OF CONTAMINANTS AND COULD REDUCE THE SIZE AND COST OF
FUTURE RFP REMEDIAL ACTIONS.  SUCH AN ACTION IS CONSISTENT WITH THE GOALS FOR A FINAL REMEDY AT THE SITE.

THIS IM/IRA FOCUSES ONLY ON CONTROLLING THE MIGRATION OF HAZARDOUS SUBSTANCES IN SOUTH WALNUT CREEK BASIN
SURFACE WATER AND DOES NOT ADDRESS SOIL OR GROUNDWATER CONTAMINATION.  AN OU 2 PHASE II RI PLAN HAS BEEN
PREPARED TO FURTHER CHARACTERIZE THE EXTENT OF CONTAMINATION IN PREPARATION FOR FURTHER REMEDIAL ACTIONS AT
OU 2.



3.1 SCOPE OF INTERIM MEASURES/INTERIM REMEDIAL ACTION

THE OVERALL OBJECTIVE OF THE SOUTH WALNUT CREEK BASIN IM/IRA AT OU 2 IS THE MITIGATION OF DOWNGRADIENT
CONTAMINANT MIGRATION WITHIN SURFACE WATER BY MEANS OF THE COLLECTION AND TREATMENT OF CONTAMINATED SURFACE
WATER TO ACHIEVE, TO THE EXTENT PRACTICABLE, ARARS (SEE SECTION 3.3). ARARS ARE USED IN DEFINING THE
REMEDIATION GOALS FOR THE INTERIM ACTION. BASED ON THE MEETINGS BETWEEN DOE, CDH, AND EPA DURING FEBRUARY AND
MARCH 1990, AND COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD, DOE IS PROPOSING THIS IM/IRA PLAN WHICH
SPECIFIES POINT SOURCE LOCATIONS FOR THE COLLECTION OF CONTAMINATED SURFACE WATER, AND PROVIDES FOR THE
COLLECTION AND TREATMENT OF FLOWS EXCLUSIVE OF THOSE RESULTING FROM HIGH PRECIPITATION EVENTS.

3.2 INTERIM REMEDIAL ACTION SCHEDULE

REVISIONS TO THIS PLAN BASED ON PUBLIC COMMENT, PREPARATION OF A RESPONSIVENESS SUMMARY PURSUANT TO THE
PUBLIC MEETING, TREATABILITY STUDIES, AND DESIGN AND IMPLEMENTATION OF THIS IM/IRA WILL OCCUR THROUGH SPRING
1991.  MILESTONE DATES FOR SPECIFIC ACTIVITIES ARE PRESENTED IN TABLE D-1, APPENDIX D.  TABLE D-1 SHOWS THE
MILESTONE SCHEDULE AS PROPOSED IN THE DRAFT FFACO/IAG (DOE, 1990A).

3.3 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) AND PROTECTION OF HUMAN
    HEALTH AND THE ENVIRONMENT

THE NCP (FR VOL 55, NO. 46, 8848; 40 CFR 300.430 (E)) REQUIRES THAT, IN DEVELOPMENT OF ALTERNATIVES FOR FINAL
REMEDIATION, THE FOLLOWING BE CONSIDERED:

1. ARARS;

2. FOR SYSTEMIC CONTAMINANTS, CONCENTRATION LEVELS THAT WILL NOT CAUSE ADVERSE EFFECTS TO THE HUMAN
   POPULATION AND SENSITIVE SUBGROUPS OVER A LIFETIME OF EXPOSURE;

3. FOR CARCINOGENS, CONCENTRATION LEVELS THAT REPRESENT AN EXCESS LIFETIME INDIVIDUAL CANCER RISK LESS THAN
   (10-4) CONSIDERING MULTIPLE CONTAMINANTS AND MULTIPLE PATHWAYS OF EXPOSURE;

4. FACTORS RELATED TO DETECTION LIMITS;

5. FOR CURRENT OR POTENTIAL SOURCES OF DRINKING WATER, ATTAINMENT OF MAXIMUM CONTAMINANT LEVEL GOALS (MCLGS)
   OR MAXIMUM CONTAMINANT LEVELS (MCLS), IF MCLGS ARE ZERO; AND,

6. ATTAINMENT OF CLEAN WATER ACT (CWA) WATER QUALITY CRITERIA WHERE RELEVANT AND APPROPRIATE.

THE IAG, IN PARAGRAPH 150, STATES "INTERIM REMEDIAL ACTIONS/INTERIM MEASURES SHALL, TO THE GREATEST EXTENT
PRACTICABLE, ATTAIN ARARS."  ALSO FOR INTERIM ACTIONS, THE NCP (40 CFR 300.430(F)) SPECIFICALLY NOTES THAT AN
ARAR CAN BE WAIVED IF THE ACTION IS TO BECOME PART OF THE FINAL REMEDY THAT WILL ATTAIN ARARS.  THE RESULTS
OF THE TREATABILITY STUDIES IDENTIFIED IN SECTION 6.4 WILL ALLOW EVALUATION OF THE EXTENT TO WHICH THE IM/IRA
WILL ATTAIN ARARS, I.E., IT MAY NOT BE PRACTICABLE TO ATTAIN ALL ARARS FOR THIS INTERIM ACTION AND ARAR
WAIVERS OR ALTERNATE CONCENTRATION LIMITS MAY BE REQUESTED AFTER THE STUDY IS COMPLETED.

THIS SECTION IDENTIFIES AND ANALYZES ARARS RELEVANT TO THE SOUTH WALNUT CREEK BASIN IM/IRA AND DISCUSSES HOW
THE ACTION WILL BE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.  THIS REMEDIAL ACTION IS CONSIDERED AN
ON-SITE IM/IRA TO BE ADMINISTERED UNDER CERCLA; THEREFORE, ONLY SUBSTANTIVE AND NOT ADMINISTRATIVE
REQUIREMENTS OF REGULATIONS (SUCH AS RCRA) APPLY.  PERMITS, FOR EXAMPLE, ARE NOT REQUIRED (PER PARAGRAPH 121
OF THE IAG).

"APPLICABLE REQUIREMENTS," AS DEFINED IN 40 CFR 300.5, MEANS "THOSE CLEANUP STANDARDS, STANDARDS OF CONTROL,
AND OTHER SUBSTANTIVE REQUIREMENTS, CRITERIA, OR LIMITATIONS PROMULGATED UNDER FEDERAL ENVIRONMENTAL OR STATE
ENVIRONMENTAL OR FACILITY SITING LAWS THAT SPECIFICALLY ADDRESS A HAZARDOUS SUBSTANCE, POLLUTANT,
CONTAMINANT, REMEDIAL ACTION, LOCATION, OR OTHER CIRCUMSTANCE FOUND AT A CERCLA SITE. ONLY THOSE STATE
STANDARDS THAT ARE IDENTIFIED BY A STATE IN A TIMELY MANNER AND THAT ARE MORE STRINGENT THAN FEDERAL
REQUIREMENTS MAY BE APPLICABLE".  "RELEVANT AND APPROPRIATE REQUIREMENTS," ALSO DEFINED IN 40 CFR 300.5,
MEANS "THOSE CLEANUP STANDARDS, STANDARDS OF CONTROL, AND OTHER SUBSTANTIVE REQUIREMENTS, CRITERIA, OR
LIMITATIONS PROMULGATED UNDER FEDERAL ENVIRONMENTAL OR STATE ENVIRONMENTAL OR FACILITY SITING LAWS, THAT,
WHILE NOT "APPLICABLE" TO A HAZARDOUS SUBSTANCE, POLLUTANT, CONTAMINANT, REMEDIAL ACTION, LOCATION, OR OTHER
CIRCUMSTANCE AT A CERCLA SITE, ADDRESS PROBLEMS OR SITUATIONS SUFFICIENTLY SIMILAR TO THOSE ENCOUNTERED AT
THE CERCLA SITE THAT THEIR USE IS WELL SUITED TO THE PARTICULAR SITE.  ONLY THOSE STATE STANDARDS THAT ARE
IDENTIFIED IN A TIMELY MANNER AND ARE MORE STRINGENT THAN FEDERAL REQUIREMENTS MAY BE RELEVANT AND
APPROPRIATE."  IN ADDITION TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS, ADVISORIES, CRITERIA, OR
GUIDANCE MAY BE IDENTIFIED TO BE CONSIDERED (TBC) FOR A PARTICULAR RELEASE.  AS DEFINED IN 40 CFR
300.400(G)(3), THE "TO BE CONSIDERED" (TBC) CATEGORY CONSISTS OF ADVISORIES, CRITERIA, OR GUIDANCE DEVELOPED



BY EPA, OTHER FEDERAL AGENCIES, OR STATES THAT MAY BE USEFUL IN DEVELOPING REMEDIES.  USE OF "TBCS" IS
DISCRETIONARY RATHER THAN MANDATORY AS IS THE CASE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS.

IN GENERAL, THERE ARE THREE CATEGORIES OF ARARS.  THESE CATEGORIES ARE:

• AMBIENT OR CHEMICAL-SPECIFIC REQUIREMENTS
• LOCATION-SPECIFIC REQUIREMENTS
• PERFORMANCE, DESIGN, OR OTHER ACTION-SPECIFIC REQUIREMENTS

EACH CATEGORY IS DISCUSSED IN MORE DETAIL BELOW.

3.3.1 AMBIENT OR CHEMICAL-SPECIFIC REQUIREMENTS

AMBIENT OR CHEMICAL-SPECIFIC REQUIREMENTS SET HEALTH- OR RISK-BASED CONCENTRATION LIMITS IN VARIOUS
ENVIRONMENTAL MEDIA FOR SPECIFIC HAZARDOUS SUBSTANCES OR POLLUTANTS.  THESE REQUIREMENTS SET PROTECTIVE
CLEAN-UP LEVELS FOR THE CHEMICALS OF CONCERN IN THE DESIGNATED MEDIA, OR INDICATE A SAFE LEVEL OF AIR
EMISSION OR WASTEWATER DISCHARGE.  THE CHEMICAL-SPECIFIC ARARS IDENTIFIED HEREIN ARE USED IN DEFINING THE
REMEDIATION GOALS FOR CLEAN UP OF CONTAMINATED SURFACE WATER AND DISCHARGE OF TREATED WATER.

ARARS ARE DERIVED PRIMARILY FROM FEDERAL AND STATE HEALTH AND ENVIRONMENTAL STATUTES AND REGULATIONS.  THE
FOLLOWING MAY BE CONSIDERED WHEN ESTABLISHING CLEAN-UP STANDARDS, BUT ARE NOT CONSIDERED ARARS: HEALTH
EFFECTS ASSESSMENTS, HEALTH ADVISORIES, CHEMICAL ADVISORIES, AND GUIDANCE DOCUMENT CRITERIA.  THESE AND ANY
PROPOSED STANDARDS ARE CLASSIFIED AS ITEMS TO BE CONSIDERED, OR TBCS.  WHERE BACKGROUND CONCENTRATIONS FOR
CONSTITUENTS ARE ABOVE THE ARAR FOR THAT CONSTITUENT, A WAIVER FROM THE ARAR MAY BE APPROPRIATE.  A SUMMARY
OF ARARS FOR THE CONTAMINANTS FOUND IN SOUTH WALNUT CREEK BASIN SURFACE WATER AT OU 2 ARE PRESENTED IN
APPENDIX E, TABLES E-1.1 THROUGH E-1.4.  TABLES E-1.1, E-1.2, E-1.3, AND E-1.4 PRESENT ARARS FOR VOLATILE
ORGANICS, METALS, CONVENTIONAL POLLUTANTS, AND RADIONUCLIDES, RESPECTIVELY AND WILL BE APPLIED TO OPERATIONS
INVOLVING WATER TREATMENT EFFLUENT.

AS DISCUSSED IN 55 FR8741, WHEN MORE THAN ONE ARAR HAS BEEN IDENTIFIED FOR A CONTAMINANT, THE MOST STRINGENT
STANDARD HAS BEEN IDENTIFIED AS THE ARAR WHICH THE IM/IRA WILL ATTAIN TO THE GREATEST EXTENT PRACTICABLE. 
WHERE NO ARAR STANDARD EXISTS, A TBC STANDARD HAS BEEN IDENTIFIED WHICH THE IM/IRA WILL TREAT AS A GOAL TO
ACHIEVE.  AN ARAR ANALYSIS FOR VOLATILE ORGANICS, METALS, CONVENTIONAL POLLUTANTS, AND RADIONUCLIDES,
RESPECTIVELY, IS PRESENTED IN TABLES E-2.1, E-2.2, E-2.3, AND E-2.4.  THE SCREENING PROCESS INCLUDES
CONSIDERATION OF BOTH GROUNDWATER AND SURFACE WATER STANDARDS BECAUSE OF THE PROBABLE INTERACTION OF ALLUVIAL
GROUND WATER AND SURFACE WATER IN THE DRAINAGES OF THE RFP.  OF THE ELEMENTS/COMPOUNDS DETECTED IN SOUTH
WALNUT CREEK BASIN SURFACE WATER AT OU 2, THERE ARE NO ARARS FOR CALCIUM, MAGNESIUM, POTASSIUM, SODIUM,
BICARBONATE, AND STRONTIUM.  HOWEVER, THE TDS ARAR ESTABLISHES THE ACCEPTABLE AGGREGATE CONCENTRATION FOR THE
ABOVE MAJOR IONS (EXCLUDING STRONTIUM).  ALTHOUGH NO ARAR OR TBC EXISTS FOR STRONTIUM, AN OBJECTIVE OF THIS
IM/IRA WILL BE TO REDUCE STRONTIUM TO BACKGROUND LEVELS.

3.3.1.1  SAFE DRINKING WATER ACT MAXIMUM CONTAMINANT LEVELS (MCLS) AND MCL GOALS

BECAUSE SOUTH WALNUT CREEK BASIN SURFACE WATER AT OU 2 IS A SOURCE OF DRINKING WATER, MCLS ARE RELEVANT AND
APPROPRIATE FOR ALL PHASES OF THE IM/IRA.  MCLS ARE DERIVED FROM THE SAFE DRINKING WATER ACT (SDWA) (PL
93-523).  THEY REPRESENT THE MAXIMUM  PERMISSIBLE LEVEL OF A CONTAMINANT IN WATER WHICH IS DELIVERED TO THE
FREE-FLOWING OUTLET OF THE ULTIMATE USER OF A PUBLIC WATER SYSTEM (40 CFR 141.2(C)).  PER THE NEW NCP, MCLGS
HAVE ALSO BEEN CONSIDERED IN DEVELOPING CLEAN-UP STANDARDS.

3.3.1.2 AMBIENT WATER QUALITY CRITERIA

THE AMBIENT WATER QUALITY CRITERIA (AWQC) ARE NON-ENFORCEABLE GUIDANCE DEVELOPED UNDER THE CWA.  GUIDANCE IS
SET FOR SURFACE WATERS FOR THE PROTECTION OF AQUATIC LIFE AND FOR THE PROTECTION OF HUMAN HEALTH, BASED ON
CONSUMPTION OF BOTH DRINKING WATER AND AQUATIC ORGANISMS FROM THAT WATER.  THE PROPOSED IM/IRA INVOLVES
TREATMENT AND DISCHARGE TO SURFACE WATER THAT HAS A USE-PROTECTED DESIGNATION, AQUATIC LIFE CLASS II WARM
WATER CLASSIFICATION.  ALTHOUGH NOT ARAR, PER THE NEW NCP, THE AWQC ARE CONSIDERED AS RELEVANT AND
APPROPRIATE PRELIMINARY REMEDIATION GOALS. FINAL REMEDIATION GOALS WILL BE SET ACCORDING TO ARARS AND FOR
TOTAL RISK DUE TO CARCINOGENS THAT REPRESENT AN EXCESS UPPERBOUND LIFETIME CANCER RISK TO AN INDIVIDUAL TO
BETWEEN (10-4) TO (10-6) LIFETIME EXCESS CANCER RISK WHEN THE FINAL REMEDY IS SELECTED FOR ALL OF OU 2.

3.3.1.3 COLORADO SURFACE AND GROUNDWATER QUALITY STANDARDS

THE COLORADO WATER QUALITY CONTROL COMMISSION (WQCC) HAS PROPOSED GROUNDWATER QUALITY STANDARDS FOR MANY
COMPOUNDS FOR PROTECTION OF BOTH HUMAN HEALTH AND AGRICULTURAL USES.  THESE PROPOSED STANDARDS ARE CONSIDERED
TBC SINCE THEY ARE NOT ENFORCEABLE STANDARDS UNTIL RFP'S GROUND WATER IS CLASSIFIED BY THE WQCC.  WHERE
STANDARDS EXIST FOR BOTH HUMAN HEALTH AND AGRICULTURAL USES, THE MORE STRINGENT STANDARD IS SELECTED AS TBC.



PERMANENT SURFACE WATER QUALITY STANDARDS HAVE BEEN ADOPTED BY WQCC FOR WALNUT CREEK.  THESE INCLUDE
STANDARDS FOR MANY ORGANIC, INORGANIC AND RADIONUCLIDE PARAMETERS.  THESE STANDARDS WENT INTO EFFECT MARCH
30, 1990, AND ARE CONSIDERED APPLICABLE TO THIS INTERIM REMEDIAL ACTION.

FOR BOTH GROUND WATER AND SURFACE WATER STANDARDS, SOME OF THE STANDARDS ARE LOWER THAN THE CURRENT STANDARD
DETECTION LIMITS FOR THE CONSTITUENTS.  WHEN THIS OCCURS, THE WQCC PRACTICAL QUANTITATION LIMIT (PQL) WILL BE
CONSIDERED AS THE ARAR.

3.3.1.4 RCRA GROUNDWATER PROTECTION STANDARDS

OWNERS OR OPERATORS OF FACILITIES THAT TREAT, STORE, OR DISPOSE OF HAZARDOUS WASTE MUST ENSURE THAT HAZARDOUS
CONSTITUENTS LISTED IN 6 CCR (COLORADO CODE OF REGULATIONS) 1007-3 AND 40 CFR 261, APPENDIX VIII, ENTERING
THE GROUND WATER FROM A REGULATED UNIT DO NOT EXCEED CONCENTRATION LIMITS UNDER 6 CCR 1007-3 AND 40 CFR
264.94.  THE CONCENTRATION LIMITS INCLUDE STANDARDS FOR 14 COMPOUNDS, WITH BACKGROUND (1) OR ALTERNATE
CONCENTRATION LIMITS (ACLS), USED AS THE STANDARD FOR THE OTHER RCRA APPENDIX VIII CONSTITUENTS.  THESE
CONCENTRATION LIMITS APPLY TO RCRA-REGULATED UNITS SUBJECT TO PERMITTING (LANDFILLS, SURFACE IMPOUNDMENTS,
WASTE PILES, AND LAND TREATMENT UNITS) THAT RECEIVED RCRA HAZARDOUS WASTE AFTER JULY 26, 1982.  ALTHOUGH THIS
AREA DOES NOT CONTAIN RCRA-REGULATED HAZARDOUS WASTE MANAGEMENT UNITS, IT DOES CONTAIN IHSSS.  AS A RESULT,
THESE RCRA (SUBPART F) REGULATIONS ARE CONSIDERED RELEVANT AND APPROPRIATE FOR GROUND WATER REMEDIATION. 
THESE REQUIREMENTS ARE NOT APPLICABLE OR RELEVANT AND APPROPRIATE WITH RESPECT TO THE PROPOSED INTERIM
REMEDIAL ACTION IN THAT THEY DO NOT SPECIFICALLY ADDRESS THE COLLECTION, TREATMENT, AND DISCHARGE OF SURFACE
WATERS NOR ARE THESE ACTIVITIES SUFFICIENTLY SIMILAR TO THE CIRCUMSTANCES REGULATED BY THE RCRA SUBPART F
REQUIREMENTS TO BE RELEVANT AND APPROPRIATE.  RCRA GROUNDWATER PROTECTION REQUIREMENTS RELATE SPECIFICALLY TO
PROTECTION AGAINST DEGRADATION OF THE UPPERMOST AQUIFER BY A REGULATED UNIT, OR A SOLID WASTE MANAGEMENT UNIT
(SWMU) IN THE CASE OF CORRECTIVE ACTION ACTIVITIES, WHICH CLEARLY DO NOT RELATE TO THE COLLECTION, TREATMENT,
AND DISCHARGE OF SURFACE WATERS, WHETHER OR NOT SUCH WATERS HAVE BEEN AFFECTED BY THE INTRODUCTION OF GROUND
WATER THROUGH SEEPS.  THE RCRA GROUNDWATER REQUIREMENTS DO PROVIDE AN EFFECTIVE MECHANISM FOR THE PROTECTION
OF THE UPPERMOST AQUIFER AND, CONSEQUENTLY, POTENTIAL DRINKING WATER SOURCES.  ACCORDINGLY, SINCE EFFLUENT
DISCHARGES COULD POTENTIALLY AFFECT DOWNSTREAM DRINKING WATER SOURCES, THE SUBPART F REQUIREMENTS HAVE BEEN
INCLUDED AS TBC FOR SURFACE WATER.  BACKGROUND CONCENTRATIONS FOR 40 CFR 264, APPENDIX IX CONSTITUENTS NOT
LISTED IN APPENDIX VIII ARE ALSO TBC FOR SURFACE WATER.

3.3.1.5 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

AS ILLUSTRATED BY THE HAZARD QUOTIENTS AND CARCINOGENIC RISKS LISTED IN TABLES E-1.1 THROUGH E-1.4, ACHIEVING
THE ARARS SHOULD RESULT IN A CLEAN-UP ACTION THAT IS PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT. FOR
NON-CARCINOGENS, THE PROTECTIVENESS GOAL IS A HAZARD INDEX OF 1. THE HAZARD INDEX IS THE SUM OF THE HAZARD
QUOTIENTS (I.E., THE ESTIMATED DAILY INTAKE (DOSE) TO REFERENCE DOSE RATIOS) FOR ALL OF THE CONTAMINANTS
COMBINED, WHICH HAVE BEEN COMPUTED AND ARE PRESENTED IN TABLE E-1.  IN ASSESSING NON-CARCINOGENIC RISK, A
HAZARD INDEX OF ONE OR LESS IS CONSIDERED TO BE ACCEPTABLE.  IF THE HAZARD INDEX EXCEEDS ONE, IT INDICATES
THAT THERE MIGHT BE THE POTENTIAL FOR ADVERSE NON-CARCINOGENIC HEALTH EFFECTS OCCURRING.  UNLIKE THE METHOD
USED TO EVALUATE THE POTENTIAL FOR CARCINOGENIC TOXICITY, THE HAZARD INDEX DOES NOT INDICATE THE PROBABILITY
OF ADVERSE HEALTH EFFECTS OCCURRING, BUT IT IS USED AS A BENCHMARK FOR DETERMINING WHERE THERE IS A POTENTIAL
CONCERN.  WITH RESPECT TO CARCINOGENS, CUMULATIVE CANCER RISK SHOULD BE LESS THAN (10-4) (INDIVIDUAL CANCER
RISKS SHOWN IN TABLE E-1 ARE CONSIDERED ADDITIVE).  AS NOTED IN TABLE E-1, THE CALCULATED INCREMENTAL CANCER
RISKS EXCEED (10-4) FOR SOME OF THE ORGANIC CARCINOGENS AS WELL AS FOR ARSENIC AND BERYLLIUM.  HOWEVER, THE
CANCER RISKS ARE COMPUTED ON THE BASIS OF THE DETECTION LIMIT AND THEREFORE CAN ONLY BE CONSIDERED A POSSIBLE
MAXIMUM CARCINOGENIC RISK; THE ACTUAL RISK IS UNKNOWN BUT LIKELY TO BE CONSIDERABLY LOWER.  REMOVING THESE
CONTAMINANTS TO NON-DETECTABLE LEVELS AND ATTAINING, TO THE EXTENT PRACTICABLE, THE OTHER ARARS, THE IM/IRA
IS CONSIDERED PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.

3.3.2 LOCATION-SPECIFIC REQUIREMENTS

LOCATION-SPECIFIC ARARS ARE LIMITS PLACED ON THE CONCENTRATION OF HAZARDOUS SUBSTANCES OR THE CONDUCT OF
ACTIVITIES SOLELY BECAUSE THEY OCCUR IN CERTAIN LOCATIONS.  THESE MAY RESTRICT OR PRECLUDE CERTAIN REMEDIAL
ACTIONS OR MAY APPLY ONLY TO CERTAIN PORTIONS OF A SITE. EXAMPLES OF LOCATION-SPECIFIC ARARS WHICH PERTAIN TO
THE IM/IRA ARE FEDERAL AND STATE SITING LAWS FOR HAZARDOUS WASTE FACILITIES (40 CFR 264.18, FAULT ZONE AND
FLOODPLAIN RESTRICTIONS), AND FEDERAL REGULATIONS REQUIRING THAT ACTIONS MINIMIZE OR AVOID ADVERSE EFFECTS TO
WETLANDS (40 CFR PART 6 APPENDIX A AND 40 CFR PARTS 230-231).

________________
   (1) TBC BACKGROUND SURFACE WATER VALUES FOR RCRA SUBPART F ARE APPLIED USING MAXIMUM CONCENTRATIONS FROM
       BACKGROUND SURFACE WATER AT RFP.



MORE SPECIFICALLY, IN ADDITION TO THE REQUIREMENTS DESCRIBED ABOVE, PERTINENT LOCATION-SPECIFIC ARARS
INCLUDE: COLORADO REQUIREMENTS FOR SITING OF HAZARDOUS WASTE FACILITIES AND WASTEWATER TREATMENT FACILITIES
(COLORADO REVISED STATUTE 25-15-101, 203, 208, 302 AND 25-8-292, 702, RESPECTIVELY), NATIONAL HISTORIC
PRESERVATION ACT REQUIREMENTS FOR PRESERVATION OF SIGNIFICANT ARTICLES AND HISTORIC PROPERTIES (36 CFR PARTS
65 AND 800, RESPECTIVELY), FEDERAL CRITICAL HABITAT PROTECTION REQUIREMENTS (50 CFR PARTS 200, 402 AND 33 CFR
PARTS 320-330), AND FEDERAL REQUIREMENTS FOR THE PROTECTION OF FISH AND WILDLIFE RESOURCES (40 CFR 6.302).

A SUMMARY OF LOCATION-SPECIFIC ARARS WHICH THE IM/IRA WILL ATTAIN TO THE GREATEST EXTENT PRACTICABLE IS
PRESENTED IN TABLE E-4.

3.3.3 PERFORMANCE, DESIGN, OR OTHER ACTION-SPECIFIC REQUIREMENTS

PERFORMANCE, DESIGN, OR OTHER ACTION-SPECIFIC REQUIREMENTS SET CONTROLS OR RESTRICTIONS ON PARTICULAR KINDS
OF ACTIVITIES RELATED TO MANAGEMENT OF HAZARDOUS SUBSTANCES OR POLLUTANTS.  THESE REQUIREMENTS ARE NOT
TRIGGERED BY THE SPECIFIC CHEMICALS PRESENT AT A SITE, BUT RATHER BY THE PARTICULAR  IM/IRA ALTERNATIVES THAT 
ARE EVALUATED AS PART OF THIS PLAN.

ACTION-SPECIFIC ARARS ARE TECHNOLOGY-BASED PERFORMANCE STANDARDS, SUCH AS THE BEST AVAILABLE TECHNOLOGY (BAT)
STANDARD OF THE FEDERAL WATER POLLUTION CONTROL ACT.  OTHER EXAMPLES INCLUDE RCRA TREATMENT, STORAGE, AND
DISPOSAL STANDARDS, AND CLEAN WATER ACT PRETREATMENT STANDARDS FOR DISCHARGES TO PUBLICLY-OWNED TREATMENT
WORKS (POTWS).  RCRA LDRS FOR CERTAIN CONTAMINANTS (40 CFR PART 268.40) ARE ALSO ACTION-SPECIFIC ARARS FOR
THE DISPOSAL OF SECONDARY WASTES GENERATED DURING WATER TREATMENT. ACTION-SPECIFIC ARARS, WHICH  THE IM/IRA 
WILL ATTAIN TO  THE GREATEST EXTENT PRACTICABLE, ARE INCLUDED IN TABLE E-3.1.  TABLE E-3.2 PRESENTS RCRA LAND
DISPOSAL RESTRICTIONS (LDR) WHICH ARE ARAR AND APPLICABLE TO NON-EFFLUENT WASTES (E.G., TREATMENT SLUDGES,
EXCAVATED SOILS, USED TREATMENT MATERIALS) IF THEY MAY BE DETERMINED TO CONTAIN HAZARDOUS WASTES.  LDR
REQUIREMENTS ARE RELEVANT AND APPROPRIATE FOR WASTES WHICH ARE NOT HAZARDOUS WASTES, AS DEFINED IN 40 CFR,
PART 261, BUT DO CONTAIN HAZARDOUS SUBSTANCES.

AS EXPLAINED IN THE NATIONAL CONTINGENCY PLAN (SEE 55 FR 8666) OSHA
   REQUIREMENTS FOR WORKER PROTECTION IN HAZARDOUS WASTE OPERATIONS AND
   EMERGENCY RESPONSE (29 CFR 1910.120) ARE APPLICABLE TO WORKERS INVOLVED
   IN HAZARDOUS SUBSTANCE-RELATED ACTIVITIES, AS WELL AS OTHER OSHA
   REQUIREMENTS RELATED TO SPECIFIC CIRCUMSTANCES OR ACTIVITIES.  THESE
   REQUIREMENTS ARE NOT ENVIRONMENTAL IN NATURE, HOWEVER, AND ARE NOT TO BE
   INCLUDED AS ARARS.  THOSE REQUIREMENTS WHICH ARE APPLICABLE ARE JUST
   THAT, APPLICABLE, WHILE NON-APPLICABLE REQUIREMENTS COULD, AT MOST, BE
   RELEVANT AND COULD BE INCLUDED AS GUIDANCE TO BE CONSIDERED (TBC).

IDENTIFICATION AND ANALYSIS OF IM/IRA ALTERNATIVES

4.1 SURFACE WATER COLLECTION AND TREATMENT ALTERNATIVES

THIS SECTION PRESENTS THE TECHNIQUE FOR COLLECTION OF CONTAMINATED SURFACE WATER AND A DETAILED EVALUATION OF
ALTERNATIVE TREATMENT TECHNOLOGIES.  TREATMENT TECHNOLOGIES CORRESPONDING TO THE FOLLOWING CATEGORIES ARE
EVALUATED IN THIS SECTION:

• TREATMENT FOR SUSPENDED SOLIDS REMOVAL;
• TREATMENT FOR RADIONUCLIDE REMOVAL; AND
• TREATMENT FOR VOLATILE ORGANIC CONSTITUENT REMOVAL.

THE TREATMENT TECHNOLOGIES SELECTED FOR CONSIDERATION ARE BASED ON THEIR PROBABILITY OF ATTAINING THE
EFFLUENT REQUIREMENTS (ARARS PRESENTED IN SECTION 4.1.2).  THE PROCESS FOR CRITICAL EVALUATION OF THE
TREATMENT TECHNOLOGIES IS PRESENTED IN SECTION 4.2.  THE EVALUATION CRITERIA INCLUDE EFFECTIVENESS,
IMPLEMENTABILITY AND COST OF THE TECHNOLOGY. SECTION 4.3 EXAMINES IN DETAIL THE TECHNIQUE OF SURFACE WATER
COLLECTION BY DIVERSION AT THE SOURCES.  THE TREATMENT TECHNOLOGIES ARE PRESENTED AND EVALUATED IN SECTION
4.4.  THE TREATMENT SYSTEM DESIGNS PRESENTED IN SECTION 4.4 ARE CONCEPTUAL, WITH ONLY ENOUGH DETAIL TO
DETERMINE RELATIVE COSTS.  DETAILED DESIGN AND COSTING FOR THE IM/IRA WILL BE CONDUCTED AFTER THE RESULTS OF
THE BENCH AND FIELD-SCALE TREATABILITY STUDIES ARE OBTAINED.  THE COMPARATIVE COST EVALUATIONS EMPLOY A
STANDARD 30-YEAR BASIS FOR PRESENT WORTH ANALYSIS.  HOWEVER, THE ACTUAL SERVICE LIFE OF THE SOUTH WALNUT
CREEK BASIN SURFACE WATER IM/IRA IS NOT KNOWN AT THIS TIME.  THE IM/IRA COULD, FOR EXAMPLE, BECOME A PART OF
THE LONG-TERM OU 2 REMEDIAL ACTION.  LASTLY, ALL SOLID WASTE GENERATED DURING THE IM/IRA, WITH THE EXCEPTION
OF ACTIVATED CARBON (E.G., FILTER CAKE, EXCAVATED SOILS FROM INSTALLATION OF THE SURFACE WATER DIVERSION AND
COLLECTION STRUCTURES, AND SEDIMENTS ACCUMULATING IN THE COLLECTION SYSTEM DURING OPERATION) WILL BE
CHARACTERIZED AND HANDLED ACCORDING TO THE RFP WASTE MANAGEMENT OPERATING PROCEDURES.  FOR COSTING PURPOSES,
HOWEVER, IT IS ASSUMED THAT THESE WASTES WILL BE HANDLED AND DISPOSED AS LOW-LEVEL MIXED WASTE.



4.1.1 SURFACE WATER COLLECTION TECHNOLOGIES

FIGURE 4-1 ILLUSTRATES THE LOCATIONS OF THE SOUTH WALNUT CREEK BASIN SURFACE WATER SEEPS AND IN-STREAM
MONITORING STATIONS.  AS MENTIONED IN SECTION 1.0, GENERAL AGREEMENT BETWEEN EPA, CDH AND DOE WAS REACHED ON
THE SPECIFIC LOCATIONS FOR COLLECTION OF CONTAMINATED SURFACE WATER. THESE LOCATIONS ARE DESIGNATED IN FIGURE
4-1 AS THE "IM/IRA SURFACE WATER MONITORING STATIONS" AND INCLUDE SW-56, SW-59, SW-60, SW-61, SW-101, AND
SW-132.  IT WAS AGREED THAT FLOWS AT THESE STATIONS WOULD BE COLLECTED EITHER AT THE STATIONS OR  IMMEDIATELY
DOWNSTREAM AT A POINT OF CONFLUENCE.  FIGURE 4-2 OFFERS A DETAILED PLAN VIEW OF THE LOCATIONS OF SW-59,
SW-60, SW-61, SW-132, AND SW-133 IN THE SOUTH WALNUT CREEK DRAINAGE.  CONTAMINATED WATER IN THE DRAINAGE
ULTIMATELY ENTERS POND B-5 VIA POND B-4.

AT THE MEETINGS IN FEBRUARY AND MARCH 1990 BETWEEN DOE AND THE REGULATORY AGENCIES, SEEP SW-103 WAS ALSO
TARGETED FOR COLLECTION.  IT IS LOCATED WITHIN THE SOUTH WALNUT CREEK DRAINAGE UPSTREAM OF POND B-5 (FIGURE
4-1).  THE SEEP CONTAINS TRACE CONCENTRATIONS OF CCL4 (LESS THAN 10 UG/L) AND CONCENTRATIONS OF TOTAL
PLUTONIUM, AMERICIUM, URANIUM, AND SEVERAL METALS ABOVE ARARS.  HOWEVER, AT THE TIME, THE PHYSIOGRAPHIC
FEATURES OF THE SEEP WERE NOT DISCUSSED.  OF PARTICULAR NOTE IS THE LARGE AREA OF SEEPAGE (APPROXIMATELY
30,000 SQ. FT.) AND THE LOCATION OF THE SEEP ON A STEEP HILLSIDE.  THESE FEATURES NECESSITATE AN ELABORATE
DRAINAGE SYSTEM FOR SEEPAGE COLLECTION THAT WOULD REQUIRE DISTURBANCE OF LARGE AREAS OF POTENTIALLY
CONTAMINATED SATURATED SOILS WHICH WOULD LIKELY RESULT IN RELEASE OF SIGNIFICANT QUANTITIES OF CONTAMINANTS
DOWNSTREAM.  CONSTRUCTION AT SW-103 WOULD ALSO HAVE A NEGATIVE IMPACT ON THE LARGE AREA OF WETLAND PRESENT AT
THIS SEEP.  FOR THESE REASONS, AND BECAUSE THE CCL4 AND DISSOLVED INORGANIC CONSTITUENT CONCENTRATIONS IN THE
SEEPAGE ARE LOW, AND THE CONTRIBUTION OF RADIONUCLIDE AND METALS CONTAMINATION FROM SW-103 TO THE SOUTH
WALNUT CREEK DRAINAGE ABOVE THE DETENTION PONDS IS LIKELY TO BE INSIGNIFICANT RELATIVE TO THAT RESULTING FROM
CONTAMINATED SURFACE WATER RUNOFF, COLLECTION OF WATER AT THIS SEEP IS NO LONGER RECOMMENDED FOR THIS IM/IRA. 
SINCE THE ENVIRONMENTAL IMPACTS OF CONSTRUCTION OF A SURFACE WATER COLLECTION SYSTEM AT SW-103 APPEARS TO
OUTWEIGH THE BENEFITS OF COLLECTING AND TREATING THIS SEEPAGE, CONSIDERATION OF COLLECTION AT SW-103 IS
DEFERRED UNTIL ADDITIONAL HYDROGEOLOGICAL AND CONTAMINANT CHARACTERIZATION INFORMATION IS GATHERED AND
ASSESSED DURING CONDUCT OF THE PHASE II RFI/RIFS ALLUVIAL WORK PLAN FOR OU 2.

SEVERAL ALTERNATIVES EXIST FOR COLLECTING THE CONTAMINATED SOUTH WALNUT CREEK BASIN SURFACE WATERS MENTIONED
ABOVE.  FIRST AND FOREMOST IS COLLECTION OF SURFACE WATER BY DIVERSION AT THE SOURCE.  THIS TECHNIQUE EMPLOYS
EXISTING OR NEWLY CONSTRUCTED DIVERSION STRUCTURES AT THE SEEP OR IN-STREAM STATIONS TO DIVERT THE SURFACE
WATER INTO COLLECTION SUMPS. THIS METHOD OF SURFACE WATER COLLECTION WAS AGREED TO BY EPA, CDH, AND DOE IN
THE FEBRUARY AND MARCH 1990 MEETINGS.  THIS TECHNIQUE WILL BE FURTHER DISCUSSED AND EVALUATED IN SECTION 4.3. 
FOR COMPARATIVE PURPOSES, TWO OTHER SURFACE WATER COLLECTION METHODS ARE DISCUSSED BELOW.

A SECOND METHOD OF SURFACE WATER COLLECTION IS BY GROUNDWATER WITHDRAWAL USING AN UPGRADIENT WELL ARRAY OR
FRENCH DRAIN.  THIS TECHNIQUE LOWERS THE GROUNDWATER TABLE AND ELIMINATES SEEPAGE, ALLOWING SEPARATION OF
CONTAMINATED GROUND WATER (SEEPAGE) FROM SURFACE WATER RUNOFF, E.G., AT SW-59.  HOWEVER, THE HYDROGEOLOGY AT
OU 2 IS NOT ADEQUATELY UNDERSTOOD TO DESIGN AN EFFECTIVE GROUNDWATER WITHDRAWAL SYSTEM.  FOR EXAMPLE, IT IS
NOT KNOWN WHETHER THE SEEPAGE IS DUE TO WATER ORIGINATING IN THE ROCKY FLATS ALLUVIUM AND BEING RELEASED TO
THE SURFACE THROUGH COLLUVIUM BECAUSE OF SLOPE CHANGES AND/OR BEDROCK HIGHS, OR WHETHER THE SOURCE OF THE
WATER IS BEDROCK SANDSTONE SUBCROPPING IN THIS VICINITY.  THIS INFORMATION IS CRITICAL TO THE DESIGN OF AN
EFFECTIVE GROUND WATER WITHDRAWAL SYSTEM.  EPA ALLUDED TO THE ISSUE IN THEIR TRANSMITTAL LETTER (JANUARY 9,
1990) WHICH ACCOMPANIED THEIR COMMENTS ON THE DRAFT OU 2 GROUNDWATER IM/IRA PLAN, WHEREIN THEY STATED
"...THIS OU IS DIFFICULT TO ADDRESS ON AN INTERIM BASIS DUE TO THE LACK OF COMPREHENSIVE QUALITY DATA
CHARACTERIZING THE NATURE AND EXTENT OF CONTAMINATION.  IT IS UNCERTAIN WHETHER THE MOST PROBABLE IMMINENT
THREAT, THE ALLUVIAL GROUNDWATER SYSTEM, CAN BE EFFECTIVELY ADDRESSED AT THIS TIME."  FOR THIS REASON,
COLLECTION OF SURFACE WATER BY GROUNDWATER WITHDRAWAL IS ELIMINATED AS A REASONABLE ALTERNATIVE FOR THIS
IM/IRA AND WILL NOT BE CONSIDERED FOR FURTHER DETAILED EVALUATION.

A THIRD COLLECTION ALTERNATIVE IS TO ALLOW THE CONTAMINATED SURFACE WATER TO CONTINUE TO FLOW THROUGH THE
SOUTH WALNUT CREEK DRAINAGE INTO DETENTION POND B-5.  THE CONTAMINATED SOUTH WALNUT CREEK BASIN SURFACE
WATER, ALONG WITH ALL OTHER WATERS COLLECTED AND DETAINED IN POND B-5 WOULD BE TRANSFERRED FROM THE POND FOR
TREATMENT.  THIS METHOD HAS THREE PRIMARY DRAWBACKS.  FIRST, THERE IS A POTENTIAL THREAT OF TRANSFERRING THE
SURFACE WATER CONTAMINANTS TO GROUND WATERS WITHIN THE SOUTH WALNUT CREEK DRAINAGE BASIN VIA INFILTRATION. 
SECONDLY, RELEASE OF VOCS TO THE ATMOSPHERE WILL OCCUR WHILE THE SURFACE WATER IS IN TRANSIT TO DETENTION
POND B-5.  FINALLY, ALLOWING THE SOUTH WALNUT CREEK BASIN SURFACE WATERS TO MIX WITH OTHER WATERS RETAINED IN
POND B-5 GENERALLY INCREASES THE VOLUME OF DILUTE CONTAMINATED WATER AT THE RFP FACILITY THAT MAY REQUIRE
TREATMENT.  FOR THESE REASONS, COLLECTION OF SOUTH WALNUT CREEK BASIN SURFACE WATERS AT DETENTION POND B-5 IS
ELIMINATED AS A REASONABLE ALTERNATIVE FOR THE IM/IRA AND WILL NOT BE CONSIDERED FOR FURTHER DETAILED
EVALUATION.

4.1.2 SURFACE WATER TREATMENT TECHNOLOGIES

BASED ON THE OBJECTIVES OF THE SURFACE WATER IM/IRA DISCUSSED IN SECTION 3.1, TABLE 4-1 HAS BEEN PREPARED TO
ESTABLISH THE BASIS FOR CONCEPTUAL DESIGN FOR SURFACE WATER TREATMENT.  THE INFLUENT CONSTITUENT



CONCENTRATIONS LISTED IN TABLE 4-1 ARE ESTIMATED FROM A FLOW-WEIGHTED MAXIMUM CONCENTRATION MODEL BASED ON
THE MAXIMUM CONSTITUENT CONCENTRATIONS OBSERVED AT THE SW-59 AND SW-61 COLLECTION POINTS.  THE FLOW VALUES
USED TO WEIGHT THE MAXIMUM CONCENTRATIONS USED IN THE MODEL ARE THE CORRESPONDING COLLECTION SYSTEM DESIGN
FLOWS (ESTABLISHED IN SECTION 4.3 AND LISTED IN TABLE 4-5).  A SPREADSHEET ILLUSTRATING COMPUTATION OF THE
FLOW-WEIGHTED MAXIMUM CONCENTRATION COMPUTATION IS SHOWN IN TABLE F-1, APPENDIX F.  TO BE CONSERVATIVE, THE
MAXIMUM CONSTITUENT CONCENTRATIONS USED IN THE MODEL FOR SW-61 ALSO INCLUDES MAXIMUM OBSERVED CONCENTRATIONS
FOR THE GROUP OF STATIONS UPGRADIENT OF SW-61 (I.E., SW-56, SW-60, AND SW-101).  UNFORTUNATELY, STATION
SW-132 WAS ONLY RECENTLY ASSIGNED TO THE OU 2 SURFACE WATER SAMPLING PROGRAM AND CONCENTRATION DATA FOR THIS
DISCHARGE ARE NOT AVAILABLE FOR USE IN THE TREATMENT SYSTEM DESIGN MODEL.  AS DISCUSSED IN SECTION 1,
HOWEVER, THE WATER QUALITY CHARACTERISTICS OF THIS STREAM ARE EXPECTED TO BE SIMILAR TO THAT AT SW-61.  THIS
ASSUMPTION HAS BEEN USED TO PROVIDE A REASONABLE CONCEPTUAL TREATMENT SYSTEM DESIGN BASIS IN THE ABSENCE OF
SW-132 DATA.  THE DESIGN BASIS WILL BE UPDATED AS SW-132 CONCENTRATION AND FLOW DATA BECOME AVAILABLE TO
VERIFY THE INFLUENT CONCENTRATIONS COMPUTED HEREIN.

TABLE F-1 SHOWS THAT STRICT APPLICATION OF THE FLOW WEIGHTED CONCENTRATION MODEL PREDICTS VINYL CHLORIDE,
METHYLENE CHLORIDE AND ACETONE INFLUENT CONCENTRATIONS ABOVE THEIR RESPECTIVE ARAR VALUES. HOWEVER,
EXAMINATION OF THE SURFACE WATER DATA PRESENTED IN APPENDIX B REVEALS THAT THESE CONSTITUENTS ARE NOT LIKELY
TO BE PRESENT IN THE INFLUENT AT LEVELS ABOVE ARAR.  VINYL CHLORIDE, METHYLENE CHLORIDE AND ACETONE WERE
DETECTED AT LEVELS ABOVE ARAR ONLY AT STATIONS SW-56, SW-60 AND SW-101.  HOWEVER, AS PROPOSED IN SECTION 4-3,
CONTAMINATED SURFACE WATER FROM THESE STATIONS WILL BE COLLECTED AT THE DOWNSTREAM STATION SW-61 WHERE VINYL
CHLORIDE, METHYLENE CHLORIDE AND ACETONE HAVE ALWAYS BEEN ESTIMATED BELOW DETECTION LIMITS AND/OR WERE ALSO
PRESENT IN THE ASSOCIATED LABORATORY BLANKS.  THESE COMPOUNDS ARE, THEREFORE, NOT INCLUDED IN THE BASIS FOR
DESIGN OF THE SURFACE WATER TREATMENT PLANT. THE EFFLUENT CONCENTRATIONS LISTED IN TABLE 4-1 CORRESPOND TO
THE ARAR FOR EACH CONSTITUENT.

TREATMENT TECHNOLOGIES FOR RADIONUCLIDES AND METALS REMOVAL THAT ARE CONSIDERED IN THIS IM/IRA PLAN INCLUDE
CHEMICAL PRECIPITATION, CROSS-FLOW MEMBRANE FILTRATION, AND ION EXCHANGE.  LIQUID-PHASE GRANULAR ACTIVATED
CARBON (GAC) ADSORPTION, AIR STRIPPING WITH LIQUID AND VAPOR PHASE GAC ADSORPTION, AND ULTRAVIOLET
(UV)/PEROXIDE OXIDATION ARE CONSIDERED FOR VOC REMOVAL.  MANY TREATMENT UNITS SUITABLE FOR REMOVAL OF VOCS
AND RADIONUCLIDES FROM WATER REQUIRE THAT SUSPENDED SOLIDS BE REMOVED FROM THE INFLUENT TO PREVENT
PERFORMANCE DEGRADATION AND/OR FOULING.  REMOVAL OF SUSPENDED SOLIDS DOWN TO THE 1  M PARTICLE SIZE RANGE
ENSURES OPTIMUM TREATMENT SYSTEM PERFORMANCE.  THE TWO CANDIDATE INFLUENT PRETREATMENT ALTERNATIVES FOR
REMOVAL OF SUSPENDED SOLIDS CONSIDERED FOR THIS IM/IRA ARE CROSS-FLOW MEMBRANE FILTRATION AND POLYMER
ADDITION WITH GRANULAR MEDIA FILTRATION IN A CONTINUOUS BACKWASH FILTER.  PRETREATMENT IS ALSO A VEHICLE FOR
REMOVAL OF PARTICULATE RADIONUCLIDES AND METALS AND, WITH CHEMICAL ADDITION, SHOULD FACILITATE PRECIPITATION
AND ADSORPTION OF SOLUBLE RADIONUCLIDES AND METALS.

4.2 IM/IRA ALTERNATIVE EVALUATION PROCESS

THE FOLLOWING DISCUSSION OF THE IM/IRA ALTERNATIVE EVALUATION PROCESS IS BASED ON EPA GUIDANCE SET FORTH IN
THE MARCH 1990 NCP.

4.2.1 EFFECTIVENESS

THE CRITERIA FOR EFFECTIVENESS EVALUATION OF REMEDIAL ALTERNATIVES INCLUDES PROTECTION AND THE USE OF
ALTERNATIVES TO LAND DISPOSAL. PROTECTION INCLUDES PROTECTION OF THE COMMUNITY AND WORKERS DURING THE
REMEDIAL ACTION; THREAT REDUCTION; LENGTH OF TIME UNTIL PROTECTION IS ACHIEVED; COMPLIANCE WITH CRITERIA,
ADVISORIES AND GUIDANCE; RISK OF POTENTIAL EXPOSURE TO RESIDUALS REMAINING ON SITE; AND CONTINUED RELIABILITY
OVER THE LIFE OF THE IM/IRA.  THE EFFECTIVENESS CRITERIA ALSO INCLUDES USE OF ALTERNATIVES TO LAND DISPOSAL,
THUS PROMOTING TREATMENT OR RECYCLING.  IN ADDITION, THE ALTERNATIVES WILL BE EVALUATED WITH RESPECT TO
REDUCTION OF TOXICITY, MOBILITY, AND VOLUME OF WASTES PER THE MARCH 1990 NCP.

4.2.2 IMPLEMENTABILITY

THE CRITERIA FOR IMPLEMENTABILITY EVALUATION OF REMEDIAL ALTERNATIVES INCLUDES TECHNICAL FEASIBILITY,
AVAILABILITY, AND ADMINISTRATIVE FEASIBILITY.  TECHNICAL FEASIBILITY INCLUDES THE ABILITY TO: CONSTRUCT THE
TECHNOLOGY; MAINTAIN ITS OPERATION; MEET PROCESS EFFICIENCIES OR PERFORMANCE GOALS; DEMONSTRATED PERFORMANCE;
EVALUATE IMPACT OF ENVIRONMENTAL CONDITIONS; AND COMPLY WITH THE SARA REQUIREMENT THAT REMOVAL ACTIONS SHOULD
CONTRIBUTE TO THE EFFICIENT PERFORMANCE OF LONG-TERM REMEDIAL ACTION TO THE EXTENT PRACTICABLE.  AVAILABILITY
INCLUDES THE AVAILABILITY OF NECESSARY EQUIPMENT, MATERIALS AND PERSONNEL; AVAILABILITY OF ADEQUATE OFF-SITE
TREATMENT, STORAGE, AND DISPOSAL CAPACITY, IF APPROPRIATE; AND DESCRIPTION OF POST-REMEDIAL SITE CONTROLS
WHICH WILL BE REQUIRED AT THE COMPLETION OF THE ACTION. ADMINISTRATIVE FEASIBILITY INCLUDES THE LIKELIHOOD OF
PUBLIC ACCEPTANCE OF THE ALTERNATIVE, INCLUDING SITE AND LOCAL CONCERN; COORDINATION OF ACTIVITIES WITH OTHER
AGENCIES; AND ABILITY TO OBTAIN ANY NECESSARY APPROVALS OR PERMITS.



4.2.3 COSTS

THE CRITERIA FOR EVALUATION OF REMEDIAL ALTERNATIVE COST INCLUDES TOTAL COST AND STATUTORY LIMITS.  TOTAL
COST INCLUDES DIRECT CAPITAL COSTS, INDIRECT CAPITAL COSTS, AND OPERATING AND MAINTENANCE COSTS.  SINCE THE
SURFACE WATER IM/IRA AT OU 2 IS NOT AN EPA-FINANCED REMEDIAL ACTION, THE $2 MILLION STATUTORY COST LIMIT DOES
NOT APPLY.

4.3 EVALUATION OF THE IM/IRA SURFACE WATER COLLECTION SYSTEM

AS DISCUSSED EARLIER, SOUTH WALNUT CREEK BASIN CONTAMINATED SURFACE WATERS WILL BE COLLECTED BY DIVERSION AT
THE SOURCES.  THIS SECTION FURTHER DESCRIBES THIS TECHNIQUE AS IT APPLIES TO THE SURFACE WATER SEEP AND
IN-STREAM MONITORING STATIONS CONSIDERED IN THIS IM/IRA.  THIS PRESENTATION INCLUDES A DISCUSSION OF THE
ANTICIPATED SEEP AND IN-STREAM MONITORING STATION FLOWS, AND AN EVALUATION OF THE COLLECTION TECHNIQUE PER
THE EVALUATION PROCESS OUTLINED IN SECTION 4.2.

4.3.1 SURFACE WATER COLLECTION BY DIVERSION AT THE SOURCES

4.3.1.1 DESCRIPTION

FIGURE 4-3 SHOWS THE LOCATIONS OF THE SURFACE WATER DIVERSION AND COLLECTION SYSTEMS PROPOSED FOR THE IM/IRA. 
THE COLLECTION SYSTEMS (CSS) ARE DENOTED CS-59, CS-61, AND CS-132.  THE PROPOSED LOCATION OF THE SURFACE
WATER TREATMENT PLANT IS ALSO INDICATED ON FIGURE 4-3.  THE CSS PROVIDE FOR AUTOMATIC PIPELINE TRANSFER OF
THE COLLECTED SURFACE WATER TO THE TREATMENT SYSTEM.

DESIGN FLOW RATES FOR SURFACE WATER COLLECTION SYSTEMS CS-59, CS-61, AND CS-132 ARE BASED ON FLOWS FROM
STATIONS SW-59, SW-61, AND SW-132, RESPECTIVELY.  THE DESIGN FLOW RATES ARE MAXIMUM FLOWS OBSERVED IN THE
1988, 1989, AND 1990 FIELD INVESTIGATIONS, EXCLUDING FLOWS RELATED TO HIGH PRECIPITATION EVENTS.  ONLY DESIGN
FLOWS WILL BE COLLECTED FROM THE SOUTH WALNUT CREEK BASIN SURFACE WATER MONITORING STATIONS.  HISTORICAL FLOW
DATA FOR SW-59 ARE LISTED IN TABLE 4-2.  TABLE 4-2 LISTS ONLY TWO FLOW RATES OF SUFFICIENT QUANTITY TO BE
MEASURABLE FOR SW-59 (EACH 4.5 GALLONS PER MINUTE (GPM)).  ROCKY FLATS PERSONNEL HAVE OBSERVED FLOWS AT SW-59
MONTHLY SINCE SPRING 1990.  THEY REPORT THAT A FLOW OF APPROXIMATELY 0.5 GPM WAS OCCURRING AT EACH
OBSERVATION.  IT IS EXPECTED THAT ALL FLOWS AT SW-59 WILL BE DIVERTED FOR TREATMENT.

HISTORICAL FLOW DATA FOR SW-61 ARE LISTED IN TABLE 4-3.  TABLE 4-3 INDICATES TWO HIGH FLOW EVENTS FOR SW-61
OF 166 GPM.  ALL OTHER HISTORICAL FLOW DATA FOR SW-61 ARE BELOW 36 GPM.  TO COMPLEMENT THE HISTORICAL DATA
HISTORICAL FLOW DATA ARE NOT AVAILABLE AT SW-132 AS THIS IS A NEWLY DESIGNATED MONITORING STATION.  HOWEVER,
IT WAS OBSERVED DURING OCTOBER 1990 AND DECEMBER 1990 FIELD SURVEYS THAT THE FLOW AT SW-132 WAS APPROXIMATELY
EQUAL TO THE FLOW AT SW-60.  THE DESIGN FLOW RATE FOR CS-132 WILL THUS BE BASED ON HISTORICAL FLOW DATA FOR
SW-60. TABLE 4-4 INDICATES A MAXIMUM OBSERVED FLOW OF 18 GPM FOR SW-60.

BASED ON THE HISTORICAL DATA AVAILABLE AND THE APRIL 1990 FIELD MEASUREMENT, DESIGN FLOW RATES AND AVERAGE
ANNUAL WITHDRAWAL RATES FOR EACH OF THE COLLECTION SYSTEMS WERE ESTABLISHED.  THE DESIGN AND WITHDRAWAL FLOW
RATES ARE PRESENTED IN TABLE 4-5.  A DESIGN FLOW OF 37.5 GPM IS ASSIGNED TO SW-61.  THIS FLOW REPRESENTS AN
ABOVE-AVERAGE PRECIPITATION WET SEASON FLOW NOT CORRESPONDING TO A MAJOR STORM EVENT. THE HISTORICAL MAXIMUM
FLOW FOR SW-59, 4.5 GPM, IS USED AS THE DESIGN BASIS FOR THE COLLECTION SYSTEM AT THIS SEEP.  A DESIGN FLOW
OF 18 GPM IS ASSIGNED TO CS-132 BASED ON THE HISTORICAL MAXIMUM FLOW OBSERVED AT SW-60.  AVERAGE ANNUAL
WITHDRAWAL RATES SHOWN IN TABLE 4-5 ARE ESTIMATED AS FOLLOWS: FOR SW-61, THE HISTORICAL FLOW DATA SPANNING
THE 12-MONTH PERIOD OF MARCH 1989 TO MARCH 1990 (SEE TABLE 4-3) IS AVERAGED.  IN THE AVERAGING PROCESS 37.5
GPM, THE DESIGN WITHDRAWAL RATE AT SW-61, IS SUBSTITUTED FOR 166 GPM FOR THE 3/20/89 AND 3/12/90 RECORDED
MEASUREMENTS. THIS CALCULATION GIVES AN ANNUAL AVERAGE WITHDRAWAL RATE OF APPROXIMATELY 14 GPM.  AVERAGING
THE HISTORICAL FLOW DATA FOR SW-59 (SEE TABLE 4-2), THE ANNUAL AVERAGE WITHDRAWAL RATE AT SW-59 IS FOUND TO
BE APPROXIMATELY 1 GPM.  AS WITH THE DESIGN FLOW RATE FOR SW-132, THE ANNUAL AVERAGE WITHDRAWAL RATE FOR
SW-132 WILL BE ESTIMATED FROM HISTORICAL FLOW DATA AT SW-60.  AVERAGING THE HISTORICAL FLOW DATA AT SW-60
GIVES AN ESTIMATE OF THE ANNUAL AVERAGE WITHDRAWAL RATE OF 5 GPM AT SW-132.

THE FLOWS FROM SW-60 AND SW-133 WILL BE COLLECTED AT THE DOWNSTREAM STATION SW-61 BY A NEW SURFACE WATER
DIVERSION WEIR AND PUMP STATION.  A SCHEMATIC OF AN EXAMPLE SURFACE WATER DIVERSION AND COLLECTION SYSTEM IS
ILLUSTRATED IN FIGURE 4-4.  THE WEIR AT SW-61 WILL SERVE TO DIVERT UP TO 37.5 GPM FROM THE DRAINAGE. 
CONTAMINATED SURFACE WATER WILL FLOW FROM UPSTREAM OF THE WEIR TO A MANHOLE AND SUMP.  FOR COST ESTIMATING
PURPOSES, IT WILL BE ASSUMED THAT A 1,000-GALLON CAPACITY, PRECAST CONCRETE SUMP WILL BE USED AT CS-61. 
SUBMERSIBLE PUMPS INSTALLED IN THE SUMP ALONG WITH A LEVEL CONTROL SYSTEM WILL AUTOMATICALLY TRANSFER
COLLECTED WATER TO THE TREATMENT FACILITY.  THE PUMPING CAPACITY WILL BE DESIGNED TO ACCOMMODATE THE 37.5 GPM
DESIGN FLOW.  IF THE INFLOW INTO THE PUMP STATION MANHOLE EXCEEDS THE PUMPING RATE, HOWEVER, THE EXCESS FLOW
WILL RETURN THROUGH OVERFLOW PIPING TO THE DRAINAGE IMMEDIATELY DOWNSTREAM OF THE CS-61 WEIR. THE SEEP FLOW
FROM SW-59 WILL BE ISOLATED FROM THE SOUTH WALNUT CREEK DRAINAGE AND COLLECTED SEPARATELY  FROM CS-61 BY
DIVERSION INTO A SUMP.  FOR COST ESTIMATING PURPOSES, IT IS ASSUMED THAT A 500-GALLON CAPACITY, PRECAST



CONCRETE SUMP WILL BE USED. SUBMERSIBLE PUMPS AND LEVEL CONTROLS WILL AUTOMATICALLY TRANSFER THE COLLECTED
WATER TO THE TREATMENT SYSTEM.  THE PUMPING CAPACITY WILL BE DESIGNED TO ACCOMMODATE THE 4.5-GPM DESIGN FLOW
FOR CS-59.  ALTHOUGH UNLIKELY, IF THE INFLOW TO THE CS-59 PUMP STATION EXCEEDS THE PUMPING CAPACITY, THE
EXCESS FLOW WILL BE DISCHARGED TO SOUTH WALNUT CREEK VIA AN OVERFLOW PIPE.  THE OVERFLOW WILL ENTER SOUTH
WALNUT CREEK UPGRADIENT OF CS-61 AND WILL EITHER BE COLLECTED BY, OR ALLOWED TO PASS, CS-61 DEPENDING ON
WHETHER THE CREEK FLOW IS LESS THAN OR GREATER THAN THE 37.5 GPM DESIGN FLOW FOR CS-61.  THE FLOW AT SW-132
WILL BE COLLECTED AND TRANSFERRED TO THE TREATMENT SYSTEM IN THE SAME MANNER AS FOR FLOW AT SW-61.  CS-132
WILL BE DESIGNED, HOWEVER, TO DIVERT AND COLLECT 18 GPM.  FOR COST ESTIMATING PURPOSES, A 1,000-GALLON
PRE-CAST CONCRETE SUMP WILL BE USED.

ALL SUMPS AND PIPES WILL BE PROVIDED WITH SECONDARY CONTAINMENT TO MEET RCRA TANK REGULATIONS.  PIPELINES
WILL BE HEAT TRACED AND INSULATED TO PREVENT FREEZING IN THE WINTER.

4.3.1.2 EFFECTIVENESS

COLLECTION OF OU 2 SURFACE WATER IN THE SOUTH WALNUT CREEK BASIN BY DIVERSION AT THE SOURCES IS AN EFFECTIVE
METHOD THAT SATISFIES THE OBJECTIVES OF THE IM/IRA DISCUSSED IN SECTION 3.1.  MINIMIZATION OF POTENTIAL
THREATS TO HUMAN HEALTH AND THE ENVIRONMENT IS ACHIEVED BY DIVERTING, COLLECTING, AND TREATING CONTAMINATED
SURFACE WATERS AT OR NEAR THE SOURCE.  DOWNSTREAM CONTAMINANT MIGRATION VIA SURFACE WATER AND GROUND WATER
AND RELEASE OF VOCS TO THE ATMOSPHERE IS MINIMIZED WITH THIS SURFACE WATER COLLECTION SYSTEM.  THE
IMPLEMENTATION OF THIS COLLECTION ACTION SHOULD NOT ADVERSELY AFFECT THE SAFETY OF NEARBY COMMUNITIES, AND
THE RISK TO THE ENVIRONMENT SHOULD NOT BE INCREASED.

THE SURFACE WATER IS COLLECTED AND AUTOMATICALLY TRANSFERRED TO THE TREATMENT SYSTEM WITH LITTLE OPPORTUNITY
FOR WORKER CONTACT.  AS A RESULT WORKER EXPOSURE TO POTENTIALLY CONTAMINATED SURFACE WATER IS MINIMIZED. 
WHERE WORKER EXPOSURE TO SURFACE WATER OCCURS (I.E., SEDIMENT REMOVAL), PUMPING EQUIPMENT MINIMIZES CONTACT
TIME, AND STANDARD PERSONAL PROTECTIVE EQUIPMENT WILL OFFER A HIGH DEGREE OF PROTECTION.

RESIDUALS (I.E., COLLECTED SEDIMENTS) WILL NOT REMAIN ON SITE; THEY WILL BE TREATED OR DISPOSED ACCORDING TO
THE STANDARD RFP WASTE MANAGEMENT PROCEDURES AND PROJECT-SPECIFIC SOPS.  THE SOPS WILL BE PREPARED AFTER THE
IM/IRA DESIGN IS FINALIZED TO ADDRESS SPECIFIC WASTE HANDLING ACTIVITIES.  THE COLLECTION STRUCTURES ARE
SIMPLE IN DESIGN, AND WILL REQUIRE LITTLE PERIODIC PREVENTIVE MAINTENANCE TO ENSURE CONTINUED RELIABILITY
OVER THE LIFE OF THE IM/IRA.

4.3.1.3 IMPLEMENTABILITY

THE EQUIPMENT AND MATERIALS REQUIRED TO CONSTRUCT THE SURFACE WATER DIVERSION AND COLLECTION SYSTEMS ARE
STANDARD AND READILY AVAILABLE. THE SYSTEMS ARE STANDARD IN DESIGN AND DO NOT REQUIRE SPECIAL SKILLS FOR
INSTALLATION.  SUMP INSTALLATION MAY RESULT IN DISTURBANCE OF POTENTIALLY CONTAMINATED SOILS AND POTENTIAL
IMPACT TO THE ENVIRONMENT BY RELEASE OF CONTAMINATED DUST TO THE ATMOSPHERE AND RELEASE OF CONTAMINATED SOIL
VIA SURFACE WATER RUNOFF.  THIS IMPACT WILL BE MINIMIZED BY IMPLEMENTING PROJECT-SPECIFIC HEALTH AND SAFETY
PLAN PROCEDURES DURING CONSTRUCTION (E.G., DUST SUPPRESSION, WINDSPEED MONITORING/CONSTRUCTION SHUTDOWN). 
THE HEALTH AND SAFETY GUIDANCE DOCUMENTS PERTINENT TO THIS IM/IRA PLAN ARE DISCUSSED IN SECTION 7.  THE
PROPOSED COLLECTION SYSTEM LOCATIONS ARE EASILY ACCESSIBLE AND POWER EXISTS IN THE AREA.  SINCE THE
COLLECTION SYSTEMS ARE SIMPLE IN DESIGN THEY SHOULD OFFER RELIABLE AND RELATIVELY MAINTENANCE-FREE OPERATION
OVER THE LIFE OF THE IM/IRA.  MANHOLES AND SUMPS WILL REQUIRE PERIODIC CLEANING TO REMOVE ACCUMULATED SOLIDS.

4.3.1.4 COSTS

ASSUMED CAPITAL AND OPERATING COSTS FOR THE SURFACE WATER DIVERSION
   ALTERNATIVE ARE SHOWN IN TABLE 4-6.  THE COLLECTION SYSTEM CAN BE
   CONSTRUCTED FOR $203,500, WITH ANNUAL OPERATION AND MAINTENANCE COSTS OF
   $14,600.  AT AN INTEREST RATE OF 10 PERCENT AND AN OPERATING LIFE OF 30
   YEARS, THE PRESENT WORTH OF THIS SYSTEM IS APPROXIMATELY $341,100.

4.4. EVALUATION OF SURFACE WATER TREATMENT TECHNOLOGIES

4.4.1 SUSPENDED SOLIDS REMOVAL

IN THIS SECTION, CHEMICAL TREATMENT/CROSS-FLOW MEMBRANE FILTRATION (IN THIS DOCUMENT "CHEMICAL TREATMENT" IS
OFTEN DROPPED FROM "CHEMICAL TREATMENT/CROSS-FLOW MEMBRANE FILTRATION" FOR BREVITY) AND GRANULAR MEDIA
FILTRATION USING A POLYMER AND CONTINUOUS BACKWASH FILTER ARE EVALUATED TO DETERMINE THE COST-EFFECTIVE
TECHNOLOGY FOR SUSPENDED SOLIDS REMOVAL.  THESE TWO PROCESSES DIFFER FROM CONVENTIONAL WATER CLARIFICATION
(CHEMICAL ADDITION FOLLOWED BY GRAVITY SEPARATION AND FILTRATION) BY VIRTUE OF THE LOWER SLUDGE VOLUMES
GENERATED.  AS DISCUSSED IN THE FOLLOWING SUBSECTIONS, EACH OF THESE TECHNOLOGIES WILL ALSO REMOVE
RADIONUCLIDES AND METALS TO A CERTAIN DEGREE.



4.4.1.1 CROSS-FLOW MEMBRANE FILTRATION

DESCRIPTION

CROSS-FLOW MEMBRANE FILTRATION IS A MEMBRANE SEPARATION TECHNOLOGY FOR REMOVAL OF SUSPENDED SOLIDS, DISSOLVED
METALS, AND RADIONUCLIDES. (CHEMICAL ADDITION AND REMOVAL MECHANISMS FOR DISSOLVED METALS AND RADIONUCLIDES
ARE DISCUSSED IN SECTION 4.4.2.1.)  AS SHOWN IN FIGURE 4-5, THE PROCESS CONSISTS OF CHEMICAL ADDITION,
FILTRATION THROUGH A 0.1  M FILTER, SOLIDS RECIRCULATION, SOLIDS SEPARATION AND DEWATERING, AND FINAL
NEUTRALIZATION.  AS DISCUSSED IN MORE DETAIL IN SECTION 4.4.2.1, CHEMICAL ADDITION IS A PRETREATMENT STEP FOR
INITIATING PRECIPITATION, CO-PRECIPITATION, AND ADSORPTION OF METALS, I.E., CONVERSION TO THE SOLID PHASE. 
HOWEVER, THE SOLIDS WILL AID IN THE REMOVAL OF INFLUENT SUSPENDED  SOLIDS BY COAGULATION OF FINE PARTICLES
AND/OR ENMESHMENT IN THE HYDROUS METAL OXIDE FLOCS.  THE PRETREATED FEED COMBINES WITH THE RECYCLE STREAM (2
TO 5 PERCENT SOLIDS) FROM THE MEMBRANE FILTRATION UNIT AND IS SUBSEQUENTLY FILTERED MECHANICALLY.  THE
MEMBRANE FILTER IS IN A SHELL AND TUBE CONFIGURATION WITH THE MEMBRANE ON THE INSIDE OF THE TUBES.  THE
PERMEATE PASSES THROUGH THE TUBES PERPENDICULAR TO THE MAIN FLOW AT A LOW OPERATING PRESSURE.  THE FLUX
THROUGH THE FILTER IS HIGH RELATIVE TO OTHER MEMBRANE TECHNOLOGIES, E.G., REVERSE OSMOSIS AND
ULTRAFILTRATION, BECAUSE OF THE LARGE PORE  DIAMETER OF THE FILTER. FLUX RATES OF 200 TO 400 GALLONS PER
SQUARE FOOT PER DAY (GAL/FT/D) ARE TYPICAL FOR THE MEMBRANE.  A FRACTION  OF THE RECYCLE SLURRY IS BLED OFF
FOR SOLIDS REMOVAL THROUGH GRAVITY SEPARATION AND MECHANICAL DEWATERING. THE PERMEATE (FLOW PASSING THROUGH
THE FILTER) IS NEUTRALIZED BY ADDITION OF SULFURIC ACID PRIOR TO DISCHARGE.

FOR THE SURFACE WATER IM/IRA, IT IS ASSUMED FOR COSTING PURPOSES THAT A MODULAR AND SKID-MOUNTED UNIT WILL BE
REQUIRED, WITH AN ASSUMED OUTPUT CAPACITY OF 40 TO 80 GPM AND APPROXIMATELY 40 KILOWATTS (KW) OF POWER. THE
UNIT WOULD CONTAIN THE FOLLOWING COMPONENTS:

• 2 1200-GALLON REACTION TANKS;
• 1 3000-GALLON CONCENTRATION TANK;
• 1 700-GPM RECIRCULATION PUMP
• 1 CLEANING SYSTEM; AND
• 28 TUBULAR MEMBRANE FILTRATION MODULES.

AUXILIARY TANKS AND PROCESS EQUIPMENT WOULD INCLUDE:

• 2 250-GALLON CHEMICAL FEED TANKS;
• 1 1500-GALLON SOLIDS SEDIMENTATION TANK;
• 1 10-CUBIC-FEET PER DAY PLATE AND FRAME FILTER PRESS FOR SLUDGE DEWATERING; AND
• 1 10,000-GALLON FEED EQUALIZATION TANK.

EFFECTIVENESS

CROSS-FLOW MEMBRANE FILTRATION IS EFFECTIVE AT REMOVAL OF SUSPENDED SOLIDS.  THERE ARE NUMEROUS APPLICATIONS
OF THIS TECHNOLOGY IN USE THROUGHOUT THE UNITED STATES.  EFFLUENT SUSPENDED SOLIDS CONCENTRATIONS ARE LESS
THAN 1 MG/L (TIEPEL AND SHORR, 1985).  BECAUSE THE RADIONUCLIDES AND METALS ARE LARGELY ASSOCIATED WITH THE
SUSPENDED SOLID FRACTION (SEE SECTION 4.4.2.1), SIMPLE SUSPENDED SOLIDS REMOVAL IS ANTICIPATED TO REMOVE
GREATER THAN 99 PERCENT OF THESE CONSTITUENTS. TOXICITY OF CONTAMINATED SURFACE WATERS IS THUS SIGNIFICANTLY
REDUCED IN TERMS OF POTENTIAL FUTURE RADIONUCLIDES AND METALS EXPOSURE, AND IT IS LIKELY THAT THE ARARS WILL
BE ACHIEVED WITH THE PROPER CHEMICAL FEED. TREATED WATER WILL BE MONITORED TO ENSURE CONTAMINANTS ARE WITHIN
REGULATORY GUIDELINES.  CROSS-FLOW MEMBRANE FILTRATION PROVIDES RELIABLE AND AUTOMATED SURFACE WATER
TREATMENT SERVICE REQUIRING MINIMAL OPERATOR INTERVENTION.  WORKERS CAN BE EASILY TRAINED ON THE SAFE
OPERATION OF THE UNIT AND HANDLING OF DEWATERED SOLIDS.  THIS, TOGETHER WITH HEALTH AND SAFETY DESIGN
CONSIDERATIONS (TRAILER VENTING, ALARM/EMERGENCY SHUTDOWN SYSTEMS, AUTOMATED CLEAN-IN-PLACE EQUIPMENT, ETC.)
PROVIDES A HIGH DEGREE OF WORKER PROTECTION.  SLUDGES GENERATED BY THE CROSS-FLOW MEMBRANE FILTRATION PROCESS
WILL BE HANDLED ACCORDING TO THE RFP STANDARD WASTE MANAGEMENT PROCEDURES AND PROJECT-SPECIFIC SOPS.

IMPLEMENTABILITY

CROSS-FLOW MEMBRANE FILTRATION AS DESCRIBED ABOVE HAS BEEN USED IN INDUSTRY AND MUNICIPALITIES FOR WASTEWATER
TREATMENT AND FOR GROUNDWATER AND SURFACE WATER REMEDIATION SINCE 1979.  THERE ARE HUNDREDS OF UNITS IN
OPERATION TODAY DEMONSTRATING THAT CROSS-FLOW MEMBRANE FILTRATION IS A RELIABLE PROCESS. THE HIGH SOLIDS
CONTENT OF THE RECYCLE FLOW PRODUCES SCOUR ACTION ON THE MEMBRANE, MINIMIZING FOULING AND THUS THE CLEANING
FREQUENCY (1 HOUR EVERY 40 TO 80 HOURS OF OPERATION).  THE MEMBRANE, AN INERT FLUOROCARBON MATERIAL, CAN BE
CLEANED WITH STRONG OXIDANTS (HYPOCHLORITE) TO REMOVE BACTERIAL FILMS, OR STRONG ACIDS OR BASES TO REMOVE
DEPOSITED METAL HYDROXIDES.  THE MEMBRANE WILL NOT DEGRADE IN THE PRESENCE OF THE DILUTE CONCENTRATIONS OF
THE SOLVENTS IN THE SURFACE WATER.  THE EQUIPMENT REQUIRED TO CONSTRUCT A CROSS-FLOW MEMBRANE FILTRATION
SYSTEM IS STANDARD AND READILY AVAILABLE AND SPECIAL SKILLS ARE NOT REQUIRED FOR INSTALLATION.  OFF-SITE
PERMITTED DISPOSAL FACILITIES ARE AVAILABLE FOR DISPOSAL OF TREATMENT RESIDUALS.



THE DEMONSTRATED PERFORMANCE AND ANTICIPATED EFFECTIVENESS FOR REMEDIATING OU 2 SURFACE WATERS COLLECTED FROM
SOUTH WALNUT CREEK BASIN SHOULD RESULT IN A HIGH DEGREE OF PUBLIC ACCEPTANCE OF CROSS-FLOW MEMBRANE
FILTRATION.

COSTS

ASSUMED CAPITAL AND OPERATIONAL COSTS FOR THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM ARE SHOWN IN TABLE 4-7. 
NOTE THAT SINCE THE ECONOMIC ANALYSIS OF THE TREATMENT ALTERNATIVES IS A COMPARATIVE ONE, PROCESS STREAM
MONITORING AND ANALYSIS COSTS ARE NOT INCLUDED IN THE COST ESTIMATE FOR CROSS-FLOW MEMBRANE FILTRATION OR
OTHER TREATMENT UNITS EXAMINED IN THIS SECTION SINCE THESE COSTS ARE COMMON TO ALL TREATMENT UNITS.  IN
CALCULATING SLUDGE DISPOSAL COSTS, VALUES FOR INFLUENT SUSPENDED SOLIDS CONCENTRATION (350 PPM) AND AVERAGE
ANNUAL  YEAR-ROUND INFLUENT FLOW (20 GPM) WERE ESTIMATED.  THE INFLUENT  SUSPENDED SOLIDS CONCENTRATION IS
BASED ON A FLOW-WEIGHTED AVERAGE CONCENTRATION CALCULATION SIMILAR TO THAT USED FOR CALCULATING THE INFLUENT
CONTAMINANT CONCENTRATIONS IN TABLE 4-1.  THE SUSPENDED SOLIDS CONCENTRATION DATA USED IN THE COMPUTATION 
WAS OBTAINED FROM THE 1987, 1988 AND 1989 FIELD INVESTIGATIONS.  THE AVERAGE YEAR-ROUND INFLUENT FLOW OF 20
GPM IS ESTIMATED IN SECTION 4.3.1.1.  A CROSS-FLOW MEMBRANE FILTRATION SYSTEM CAN BE INSTALLED FOR $486,500,
WITH ANNUAL OPERATION AND MAINTENANCE COSTS OF $249,000 PER YEAR.  ASSUMING A 10 PERCENT INTEREST RATE AND A
30-YEAR OPERATING LIFE, THE PRESENT WORTH OF THE SYSTEM IS $2,833,500.

4.4.1.2 GRANULAR MEDIA FILTRATION

DESCRIPTION

THE CONTINUOUS BACKWASH, CONTINUOUS UPFLOW SAND FILTER WAS INTRODUCED TO THE UNITED STATES IN 1979 (HETZER,
1987).  AS SHOWN IN FIGURE 4-6, POLYMER IS INJECTED INTO THE SURFACE WATER, FOLLOWED BY RAPID MIXING IN AN
IN-LINE STATIC MIXER.  WATER RISES THROUGH THE BED WHERE FLOCCULATION, COAGULATION AND FLOC REMOVAL  OCCUR.
CLEAN WATER OVERFLOWS A WEIR AT THE TOP OF THE SAND BED.  AS THE WATER RISES, SAND MOVES DOWNWARD THROUGH THE
BED COUNTERCURRENT TO THIS FLOW OF WATER.  THIS DOWNWARD MOTION IS INDUCED BY AN AIR LIFT SYSTEM IN THE
CENTER OF THE BED (CENTRALIZED PIPE WITH AIR INJECTION AT THE BASE) THAT DRAWS THE SAND UPWARD.  TURBULENT
FLOW IS CREATED IN THIS AIR LIFT, SCOURING THE DIRT FROM THE SAND.  THE DIRT/SAND SLURRY SPILLS OVER AT THE
TOP OF THE AIRLIFT INTO A COMPARTMENT WITH A PERFORATED BOTTOM AND OVERFLOW WEIR. THE RAPIDLY SETTLING SAND
SEPARATES FROM THE DIRT IN THIS COMPARTMENT, AND THE CLEAN SAND IS RETURNED TO THE TOP OF THE SAND BED.  THE
DIRTY WATER EXITING THE FILTER WOULD BE DIRECTED TO A SEDIMENTATION TANK, AND THE OVERFLOW FROM THIS TANK
SENT BACK TO THE FILTER.  THE SOLIDS FROM THIS TANK WILL REQUIRE DEWATERING AND DISPOSAL WASTE MANAGEMENT
OPERATING PROCEDURES.  CONTINUOUS UPFLOW SAND FILTERS ARE TYPICALLY DESIGNED BASED ON A HYDRAULIC LOADING OF
4-5 GPM/SQUARE FEET.  FOR THE SURFACE WATER IM/IRA, A PACKAGED FIBERGLASS UNIT WITH FILTRATION AREA OF 12
SQUARE FEET, A DIAMETER OF 4 FEET, A HEIGHT OF 12 FEET WITH A SAND BED DEPTH OF 40 INCHES (3.3 TONS OF SAND),
AND REQUIRING 0.5 TO 1.5 STANDARD CUBIC FEET PER MINUTE (SCFM) OF AIR AT 15 TO 25 POUNDS PER SQUARE INCH
(PSI) WOULD BE APPLICABLE.  A 10,000-GALLON SETTLING TANK AS WELL AS A SLUDGE CONDITIONING AND DEWATERING
SYSTEM WILL ALSO BE REQUIRED.

EFFECTIVENESS

GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION IS AS EFFECTIVE AT REMOVAL OF SUSPENDED SOLIDS AS
CONVENTIONAL FLOCCULATION/COAGULATION AND RAPID SAND FILTRATION.  PLUTONIUM, AMERICIUM, METALS AND, TO A
LESSER EXTENT, URANIUM WILL BE LARGELY REMOVED IN THIS UNIT BECAUSE PLUTONIUM AND AMERICIUM EXIST
PREDOMINANTLY AS COLLOIDS IN NATURAL WATERS (ORLANDINI, 1990).  THE UNIT OPERATION EQUIPMENT IS SIMPLE IN
DESIGN, OFFERS OPERATIONAL RELIABILITY, AND REQUIRES NO SPECIAL SKILLS FOR INSTALLATION.  WORKERS CAN BE
EASILY TRAINED ON THE SAFE OPERATION OF THE UNIT AND HANDLING OF DEWATERED SOLIDS.  THIS, TOGETHER WITH
HEALTH AND SAFETY DESIGN CONSIDERATIONS, PROVIDES A HIGH DEGREE OF WORKER PROTECTION.  THE EFFLUENT FROM THIS
SYSTEM WILL BE SUITABLE FOR SUBSEQUENT DOWNSTREAM TREATMENT FOR DISSOLVED RADIONUCLIDE, METALS AND ORGANICS
REMOVAL.

IMPLEMENTABILITY

GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION IS A DEMONSTRATED TECHNOLOGY WITH REGARD TO SUSPENDED SOLIDS
REMOVAL.  CONTINUOUS UPFLOW SAND FILTERS ARE PARTICULARLY SUITABLE FOR SMALL WATER TREATMENT PLANTS WHERE
OPERATING PERSONNEL ARE LIMITED.  THEY OPERATE CONTINUALLY WITHOUT THE NEED TO BE SHUT DOWN FOR BACKWASHING
BECAUSE THEY ARE SELF-CLEANING AND HAVE NO MOVING PARTS.  THE UNIT OPERATION EQUIPMENT REQUIRED (I.E.,
CONTINUOUS UPFLOW FILTER, IN-LINE STATIC MIXERS, FILTER PRESS, ETC.) ARE STANDARD AND READILY AVAILABLE.  THE
UPFLOW FILTER WITH CONTINUOUS BACKWASH IS AVAILABLE AS A COMPLETE UNIT AND A MINIMAL AMOUNT OF STRUCTURAL
MOUNTING AND PIPING IS REQUIRED TO PLACE IT INTO SERVICE.

OFF-SITE PERMITTED DISPOSAL FACILITIES ARE AVAILABLE FOR DISPOSAL OF
   TREATMENT RESIDUALS.  THE DEMONSTRATED PERFORMANCE AND ANTICIPATED
   EFFECTIVENESS AND RELIABILITY OF GRANULAR MEDIA FILTRATION SHOULD RESULT



   IN ACCEPTANCE OF THE TECHNOLOGY BY THE PUBLIC.

COSTS

RELATIVE TO CONVENTIONAL SUSPENDED SOLIDS REMOVAL, GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION IS COST
EFFECTIVE IN TERMS OF BOTH CAPITAL AND OPERATING EXPENSES.  ASSUMED CAPITAL AND OPERATIONAL COSTS FOR THE
CONTINUOUS UPFLOW SAND FILTER AND APPURTENANCES ARE SHOWN IN TABLE 4-8.  THE SYSTEM CAN BE INSTALLED FOR
$167,100, WITH ANNUAL OPERATION AND MAINTENANCE COSTS OF $82,700 PER YEAR.  ASSUMING A 10 PERCENT INTEREST
RATE AND 30-YEAR OPERATING LIFE, THE PRESENT WORTH OF THE SYSTEM IS $946,700.

4.4.2.1 CROSS-FLOW MEMBRANE FILTRATION

DESCRIPTION

THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM (AS APPLIED TO SUSPENDED SOLIDS REMOVAL) WAS PREVIOUSLY DISCUSSED
IN SECTION 4.4.1.1.  IN THIS SECTION THE CHEMISTRY AND REMOVAL MECHANISMS FOR RADIONUCLIDES AND METALS, AS
APPLIED TO CROSS-FLOW MEMBRANE FILTRATION, ARE DISCUSSED.

THERE ARE FIVE OXIDATION STATES OF PLUTONIUM (PU) IN AQUEOUS SOLUTIONS: PU(III), PU(IV), PU(V), PU(VI), AND
PU(VII).  HOWEVER, UNDER THE OXIDIZING AND NEAR-NEUTRAL CONDITIONS EXPECTED IN THE SURFACE WATER, THE PU(IV)
OXIDATION STATE IS THE MOST STABLE (CLEVELAND, 1979).  PU(IV) IS PRACTICALLY INSOLUBLE UNDER THESE CONDITIONS
BECAUSE IT READILY HYDROLYZES TO FORM PU(OH)4(S) AND, UPON LOSS OF WATER, TO PRODUCE THE THERMODYNAMICALLY
STABLE PUO2(S).  THIS SOLID PHASE IS A COLLOIDAL POLYMER OF NEUTRAL OR POSITIVE CHARGE. INCREASING PH TENDS
TO REDUCE THE CHARGE DENSITY OF THE POLYMER, AND AT PHS ABOVE 9 IT IS PRESUMED THAT THE COLLOID BECOMES
NEGATIVELY CHARGED.  THIS REDUCTION IN CHARGE DENSITY AND EVENTUAL CONVERSION TO AN ANIONIC FORM AT PHS ABOVE
9 DECREASES ITS ADSORPTION AFFINITY FOR SOILS AND THUS INCREASES ITS MOBILITY IN THE SOIL/WATER ENVIRONMENT. 
IN SOLUTION, PU(V) AND PU(VI) COEXIST AS IONS WITH THE PU(IV) POLYMER.  AT A PH OF 8, THE DOMINANT IONIC FORM
OF PLUTONIUM MAY BE PUO2CO3OH- OCCURRING AT A CONCENTRATION OF APPROXIMATELY (10-12)M (1.5 X (10-5) PCI/L). 
HOWEVER, THE SOLUBILITY OF PLUTONIUM CAN BE INCREASED THROUGH COMPLEXATION WITH HUMIC ACIDS.

AMERICIUM (AM) HAS ONE OXIDATION STATE IN AQUEOUS SOLUTIONS: AM (III). UNDER OXIDIZING AND NEAR-NEUTRAL
CONDITIONS EXPECTED IN SURFACE WATER, AM (III) STRONGLY COMPLEXES WITH COLLOIDAL MATERIAL AND SHOULD EXIST IN
THE PARTICULATE FRACTION (ORLANDINI, 1990).

THERE ARE FOUR OXIDATION STATES OF URANIUM IN AQUEOUS SOLUTIONS: U(III), U(IV), U(V), AND U(VI) (SORG, 1987). 
U(III) AND U(V) ARE UNSTABLE, AND U(VI) IS THE THERMODYNAMICALLY PREDICTED OXIDATION STATE OF URANIUM UNDER
OXIDIZING CONDITIONS.  U(VI) PREDOMINANTLY EXISTS AS THE URANYL ION (UO2(2+)).  THE URANYL ION READILY
COMPLEXES WITH THE COMMON ANIONS CHLORIDE, SULFATE, NITRATE, AND CARBONATE.  IN WATER WITH CARBONATE
ALKALINITY AND A PH RANGE OF 7-10, THE DOMINANT SOLUBLE SPECIES OF U(VI) ARE UO2(CO3)2(2-) AND UO2(CO3)3(4-). 
AT PH EXCEEDING 9.5, THE URANIUM HYDROXIDE COMPLEX (UO2)3(OH)(5+) BECOMES PREDOMINANT.  UNLIKE PLUTONIUM,
URANIUM IS SIGNIFICANTLY MORE SOLUBLE IN WATER.

SOLUBLE PLUTONIUM, AMERICIUM, URANIUM AND METALS ARE REMOVED FROM SOLUTION IN THE CROSS-FLOW MEMBRANE
FILTRATION PROCESS BY ADSORPTION ON A FERRIC HYDROXIDE FLOC.  THE MOST EFFECTIVE REMOVAL OF URANIUM BY
CONVENTIONAL COAGULATION USING IRON SALTS IS AT A PH GREATER THAN 9.5. THIS IS PRESUMED TO BE DUE TO THE
PREDOMINANCE OF THE POSITIVELY CHARGED URANIUM HYDROXIDE ION IN THE PRESENCE OF THE NEGATIVELY CHARGED FERRIC
HYDROXIDE (SORG, 1987).  BECAUSE THE PREDOMINANT FORM OF PLUTONIUM AND MOST METALS IN THE SURFACE WATER IS
PARTICULATE, THE CROSS-FLOW MEMBRANE FILTRATION PROCESS WILL REMOVE THIS RADIONUCLIDE FROM THE INFLUENT
THROUGH ADSORPTION TO, AND ENMESHMENT IN, THE FERRIC HYDROXIDE.

FERRIC SULFATE (FE2(SO4)3) IS THE IRON SALT OF CHOICE FOR INTRODUCING FERRIC IRON TO THE INFLUENT STREAM.
BECAUSE OF THE HYDROLYSIS OF FERRIC IRON, THE PH DROPS TO 2 OR 3, WHICH FACILITATES DISSOLUTION OF THE IRON
SALT. THE FERRIC SULFATE IS AUTOMATICALLY FED IN DRY FORM TO THE INFLUENT IN REACTION TANK NO. 1 (SEE FIGURE
4-5).  THE FERRIC ION WILL RAPIDLY HYDROLYZE AT HIGH PH (9 TO 11) TO FORM FERRIC HYDROXIDE FE(OH)3(S). 
HYDRATED LIME (CA(OH)2) IS AUTOMATICALLY ADDED IN REACTION TANK NO. 2, AND IS USED TO RAISE THE PH, WHICH
ALSO IMPROVES THE COMPRESSIBILITY OF THE FERRIC HYDROXIDE SLUDGE.  IN SURFACE WATER TREATMENT APPLICATIONS,
IRON AND LIME CONSUMPTION IS TYPICALLY 0.3 LBS AND 1 LB, RESPECTIVELY, PER 1,000 GALLONS OF INFLUENT.  THESE
ESTIMATES WILL BE MADE MORE EXACT BASED ON THE BENCH AND FIELD-SCALE TREATABILITY STUDIES DESCRIBED IN
SECTION 6.  AN ADJUSTMENT WITH A PH CONTROLLER WILL BE REQUIRED PRIOR TO DISCHARGE OF THE PERMEATE TO
MAINTAIN THE EFFLUENT IN A PH RANGE OF 6 TO 9.

EFFECTIVENESS

ALTHOUGH LIMITED, THERE IS DATA DEMONSTRATING THE REMOVAL OF PLUTONIUM FROM WATER USING CROSS-FLOW MEMBRANE
FILTRATION.  THE ONLY DATA AVAILABLE IS FROM A STUDY PERFORMED AT THE RFP USING A SMALL-SCALE, CROSS-FLOW
MEMBRANE FILTRATION UNIT (LESS THAN 1 GPM) TREATING PLUTONIUM- AND URANIUM-CONTAMINATED LAUNDRY WASTEWATER. 



RESULTS ARE SHOWN BELOW:

                                                    CONCENTRATION (PCI/L)
            PARAMETER                               INFLUENT  EFFLUENT

            GROSS ALPHA                             2,480     5.3
            GROSS BETA                              3,933     8.9
            TOTAL URANIUM                           1,238     2.25
            PLUTONIUM                               63.4      0.25

THE PLUTONIUM REMOVAL EFFICIENCY INDICATED BY THESE TEST RESULTS IS GREATER THAN 99 PERCENT.  OTHER DATA FROM
PREVIOUS TEST RUNS ON LAUNDRY WASTE WATER INDICATED EFFLUENT PLUTONIUM CONCENTRATIONS LESS THAN THE DETECTION
LIMIT (0.1 PCI/L).  CONSIDERING THE COMPLEXING AGENTS PRESENT IN LAUNDRY WATER, IT IS POSSIBLE THAT THE
CROSS-FLOW MEMBRANE FILTRATION PROCESS CAN MEET THE ARAR FOR PLUTONIUM OF 0.05 PCI/L.  USING THE PERCENT
PLUTONIUM REMOVAL FOR THE ABOVE REPORTED TEST AND THE EXPECTED INFLUENT CONCENTRATION OF PLUTONIUM TO THE
TREATMENT FACILITY, THE ARAR WILL BE ACHIEVED BASED ON THEORETICAL CALCULATIONS.

DATA DEMONSTRATING REMOVAL OF AMERICIUM FROM NATURAL WATERS IS NOT AVAILABLE AT THE TIME OF THIS WRITING. 
HOWEVER, AMERICIUM'S STRONG AFFINITY FOR PARTICULATES IN NATURAL WATERS SUGGESTS THAT AMERICIUM SHOULD BE
REMOVED FROM SOUTH WALNUT CREEK BASIN SURFACE WATERS BY CROSS-FLOW MEMBRANE FILTRATION VIA THE SUSPENDED
SOLIDS REMOVAL MECHANISMS.  THIS OBSERVATION IS SUPPORTED BY EXAMINATION OF THE DISSOLVED AND TOTAL AMERICIUM
CONCENTRATIONS DETECTED IN SOUTH WALNUT CREEK BASIN SURFACE WATER SAMPLES (APPENDIX B).  EXAMINATION OF THESE
DATA REVEALS THAT THERE WERE NO INSTANCES WHERE DISSOLVED AMERICIUM CONCENTRATIONS EXCEEDED THE ARAR.  TOTAL
AMERICIUM CONCENTRATIONS (I.E., DISSOLVED PLUS PARTICULATE), HOWEVER, EXCEEDED THE ARAR ON SEVERAL OCCASIONS.

BECAUSE OF ITS UBIQUITY IN WATER SUPPLIES, THERE IS CONSIDERABLY MORE INFORMATION ON THE REMOVAL OF URANIUM
DURING WATER TREATMENT.  URANIUM REMOVAL EFFICIENCIES HAVE BEEN REPORTED FOR CONVENTIONAL COAGULATION/
FILTRATION WATER TREATMENT, AND DATA EXIST FOR CROSS-FLOW MEMBRANE FILTRATION USED AT THE RFP AND AT URANIUM
MILL TAILINGS REMEDIAL ACTION (UMTRA) SITES.  THE UMTRA PROJECT IS A DOE-SPONSORED PROGRAM TO CLEAN UP
LOW-LEVEL RADIOACTIVE URANIUM MILL TAILINGS AND ASSOCIATED CONTAMINATED SURFACE WATER RUNOFF IN ELEVEN
WESTERN STATES AND PENNSYLVANIA.  WITH REGARD TO CONVENTIONAL WATER TREATMENT, USING A DOSE OF 10 MG/L OF
FERRIC SULFATE AS A COAGULANT WITH A PH OF 10, 80 PERCENT REMOVAL OF URANIUM HAS BEEN REPORTED (SORG, 1987).
USE OF FERROUS SULFATE AT DOSES BETWEEN 20 TO 25 MG/L AND AT THE SAME PH RESULTED IN REMOVALS AS HIGH AS 92
TO 93 PERCENT.  FOR CROSS-FLOW MEMBRANE FILTRATION, THE ABOVE-REPORTED TEST AT THE RFP INDICATES ACHIEVING
GREATER THAN 99 PERCENT REMOVAL AND MEETING THE ARAR FOR URANIUM (10 PCI/L).  AT THE CANONSBURG UMTRA SITE,
WATER CONTAINING 4,400 PCI/L OF TOTAL URANIUM WAS TREATED TO ACHIEVE A TOTAL URANIUM CONCENTRATION OF LESS
THAN 1 PCI/L.  ALTHOUGH SPECIFIC DATA IS UNAVAILABLE, THE CROSS-FLOW MEMBRANE FILTRATION UNIT OPERATING AT
THE DURANGO UMTRA SITE IS ACHIEVING EFFLUENT URANIUM CONCENTRATIONS BELOW THE COLORADO IN-STREAM STANDARDS
FOR THAT AREA.

IT WOULD APPEAR THAT CROSS-FLOW MEMBRANE FILTRATION SHOULD BE EFFECTIVE FOR REMOVAL OF PLUTONIUM, AMERICIUM
AND URANIUM AS WELL AS OTHER METALS FROM SOUTH WALNUT CREEK BASIN SURFACE WATER.  ARARS SHOULD BE ACHIEVED
FOR PLUTONIUM, AMERICIUM AND URANIUM, ALTHOUGH THERE IS LESS DATA AND CORRESPONDINGLY LESS CERTAINTY ON THE
PERFORMANCE OF THE SYSTEM FOR PLUTONIUM AND AMERICIUM REMOVAL.  ARARS FOR GROSS ALPHA AND GROSS BETA SHOULD
ALSO BE ACHIEVED.  THE GROSS ALPHA IS LARGELY FROM URANIUM AND PARTICULATE FORMS OF PLUTONIUM AND AMERICIUM,
AND MOST OF THE GROSS BETA ARISES FROM URANIUM 238 DAUGHTERS, E.G., THORIUM 243 AND PROTACTINIUM 234.  THE
THORIUM AND PROTACTINIUM PREDOMINANTLY EXIST IN THE PARTICULATE FRACTION AND SHOULD BE REMOVED BY CROSS-FLOW
MEMBRANE FILTRATION VIA ADSORPTION ON IRON HYDROXIDE. ALTHOUGH CESIUM 137, POTASSIUM 40, LEAD 210, AND
STRONTIUM 90 (WHICH ARE MORE SOLUBLE) ALSO CONTRIBUTE TO GROSS BETA ACTIVITY, THE SUCCESS OF THE CURRENT
FILTRATION OPERATION TO LOWER THE GROSS BETA CONCENTRATION AT POND B-5 WOULD INDICATE THAT THEY ARE NOT
SIGNIFICANT CONTRIBUTORS TO THE GROSS BETA ACTIVITY IN SOUTH WALNUT CREEK.  REMOVAL OF THE RADIONUCLIDES
SHOULD EFFECTIVELY REDUCE THE POTENTIAL THREAT TO THE PUBLIC HEALTH AND THE ENVIRONMENT.  THE ARAR FOR TDS
MAY NOT BE ACHIEVED WITH CROSS-FLOW MEMBRANE FILTRATION AS A RESULT OF THE ADDITION OF FERRIC SULFATE AND
LIME TO THE PROCESS INFLUENT.

THE ARAR FOR TDS IS NOT A PUBLIC HEALTH-BASED STANDARD; RATHER, IT IS A SECONDARY DRINKING WATER STANDARD SET
FOR AESTHETIC REASONS.  THE BENCH AND FIELD-SCALE TREATABILITY STUDIES WILL PROVIDE TDS CONCENTRATION DATA OF
TREATED EFFLUENT.

IMPLEMENTABILITY

SEE SECTION 4.4.1.1 FOR A DISCUSSION OF THE IMPLEMENTABILITY OF THE CROSS-FLOW MEMBRANE FILTRATION PROCESS.



COSTS

SEE SECTION 4.4.1.1 (TABLE 4-6) FOR A PRESENTATION OF THE ASSUMED CAPITAL AND OPERATING AND MAINTENANCE COSTS
OF THE CROSS-FLOW MEMBRANE FILTRATION PROCESS.

4.4.2.2 ION EXCHANGE

DESCRIPTION

THE ION EXCHANGE TREATMENT SYSTEM FOR THE REMOVAL OF RADIONUCLIDES CONSISTS OF A STRONG BASE ANION EXCHANGER
FOLLOWED BY A WEAK ACID CATION EXCHANGER (FIGURE 4-7). THESE EXCHANGERS ARE DESIGNED FOR THE REMOVAL OF
URANIUM AND PLUTONIUM/AMERICIUM, RESPECTIVELY.  BOTH ION EXCHANGERS HAVE BEEN DESIGNED CONSERVATIVELY USING A
HYDRAULIC LOADING LESS THAN 5 GPM/SQUARE FEET AND A BED CAPACITY LESS THAN 2 GPM/CUBIC FEET.  THIS TRANSLATES
TO A 4-FOOT DIAMETER COLUMN WITH A RESIN BED DEPTH OF 3 FEET. THE COLUMN WILL INCLUDE 100 PERCENT FREEBOARD. 
THIS FREEBOARD IS NECESSARY FOR RESIN EXPANSION DURING REGENERATION OR FOR BACKWASHING IF REQUIRED.

THE STRONG BASE ANION EXCHANGER WILL CONTAIN 37.5 CUBIC FEET OF ROHM AND HAAS IRA-402 RESIN OR EQUIVALENT IN
THE CHLORIDE FORM.  REGENERATION WILL NOT BE REQUIRED BECAUSE OF THE HIGH AFFINITY AND CAPACITY OF THE RESIN
FOR URANIUM.  THE EXPECTED LIFE OF THE UNIT IS GREATER THAN 30 YEARS AT THE EXPECTED INFLUENT URANIUM
CONCENTRATION.  ALTHOUGH OTHER ANIONS WILL BE ADSORBED TO THE RESIN, THE PREFERENTIAL ADSORPTION OF URANIUM
OVER OTHER ANIONS IN SOLUTION WILL, OVER TIME, DISPLACE THESE ANIONS.  THE SPENT RESIN WILL ULTIMATELY
REQUIRE SOLIDIFICATION AND DISPOSAL AT THE NEVADA TEST SITE.

THE CATION EXCHANGER WILL CONTAIN 37.5 CUBIC FEET OF ROHM AND HAAS IRC-50 WEAK ACID CATION EXCHANGE RESIN OR
EQUIVALENT IN THE SODIUM FORM. THIS RESIN HAS A HIGH AFFINITY FOR HIGH MOLECULAR WEIGHT METALS, E.G.,
MERCURY, COPPER, LEAD, AND ZINC.  PUBLISHED INFORMATION ON THE REMOVAL OF PLUTONIUM AND AMERICIUM FROM
NATURAL WATERS BY ION EXCHANGE HAS NOT BEEN FOUND.  A CATION EXCHANGE RESIN WITH A HIGH AFFINITY FOR HEAVY
METALS IS MOST LIKELY TO REMOVE PLUTONIUM AND AMERICIUM BECAUSE THESE CONSTITUENTS WILL PREDOMINANTLY EXIST
AS COLLOIDS CARRYING A POSITIVE CHARGE.  THE PERFORMANCE OF ION EXCHANGE FOR THE REMOVAL OF PLUTONIUM AND
AMERICIUM IS UNKNOWN; HOWEVER, IT IS NOTED THAT MOST OF THE PLUTONIUM AND AMERICIUM SHOULD BE REMOVED DURING
UPSTREAM SUSPENDED SOLIDS REMOVAL.  THERE IS INSUFFICIENT INFORMATION TO DETERMINE THE FREQUENCY AT WHICH THE
RESIN WILL REQUIRE REGENERATION.  IT IS ASSUMED THAT, LIKE THE ANION EXCHANGER, THE CATION EXCHANGER WILL NOT
REQUIRE REGENERATION OVER THE LIFE OF THE IM/IRA.

EFFECTIVENESS

ION EXCHANGE HAS BEEN PROVEN TO REMOVE HEAVY METALS AND URANIUM FROM WATER TO MEET THE ARARS, WHEREAS
PLUTONIUM AND AMERICIUM REMOVAL USING THIS TECHNOLOGY IS UNPROVEN.  ION EXCHANGE HAS BEEN USED TO REMOVE
URANIUM FROM MINE WATER FOR MANY YEARS AND HAS BEEN STUDIED EXTENSIVELY BY EPA FOR THE REMOVAL OF URANIUM
FROM DRINKING WATER (SORG, 1987).  ION EXCHANGE IS COMMONLY USED FOR THE REMOVAL OF PLUTONIUM FROM STRONG
ACID SOLUTIONS, BUT NO INFORMATION EXISTS ON THE USE OF ION EXCHANGE FOR THE REMOVAL OF PLUTONIUM (OR
AMERICIUM) PRESENT IN NATURAL WATERS.  THE ABSENCE OF PLUTONIUM AND AMERICIUM REMOVAL EFFICIENCIES IN ION
EXCHANGE DOES NOT ALLOW CONCLUSIONS TO BE DRAWN WITH REGARD TO ITS EFFECTIVENESS IN REDUCING THE TOXICITY OF
INFLUENT SOUTH WALNUT CREEK BASIN SURFACE WATERS, AND THUS, PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT
AND PUBLIC HEALTH.

AN ION EXCHANGE SYSTEM IS FOR THE MOST PART A SELF-CONTAINED AND AUTOMATED OPERATION.  WORKERS MAY BE EASILY
TRAINED ON THE SAFE OPERATION OF THE SYSTEM.  THERE IS UNCERTAINTY AS TO WHETHER THE CATION EXCHANGER (I.E.,
PLUTONIUM AND AMERICIUM REMOVAL) WILL REQUIRE REGENERATION.  THIS LENDS UNCERTAINTY AS TO THE VOLUME OF
TREATMENT RESIDUALS THAT WILL BE GENERATED AS WELL AS THE DEGREE OF WORKER EXPOSURE IN HANDLING THE
REGENERATION WASTES.  THE ANION EXCHANGER WILL NOT REQUIRE REGENERATION, AS DISCUSSED EARLIER, AS THE URANIUM
CARBONATE COMPLEX WILL PREFERENTIALLY DISPLACE MAJOR IONS THAT WILL INITIALLY LOAD ONTO THE RESIN.

IMPLEMENTABILITY

ION EXCHANGE IS A WELL ESTABLISHED TECHNOLOGY THAT HAS DEMONSTRATED LONG-TERM RELIABILITY AND PERFORMANCE IN
WATER TREATMENT AND AFTER APPLICATIONS.  THE VESSELS, PIPING AND PUMPS REQUIRED TO CONSTRUCT A SYSTEM ARE
COMMERCIALLY AVAILABLE, OFF-THE-SHELF ITEMS.  THE ANION AND CATION EXCHANGE RESINS, HOWEVER, ARE SPECIFIC TO
EACH APPLICATION AND, AS SUGGESTED ABOVE, EFFECTIVE RESINS FOR PLUTONIUM AND AMERICIUM REMOVAL FROM SURFACE
WATERS MAY NOT BE READILY AVAILABLE.  IF THE WEAK ACID CATION EXCHANGER REQUIRES REGENERATION (I.E.,
PLUTONIUM AND AMERICIUM REMOVAL), AN ACID REGENERATION SYSTEM WOULD BE REQUIRED, AND THE WASTEWATER FROM
REGENERATION WOULD REQUIRE STORAGE AND TREATMENT AT THE BUILDING 374 PROCESS WASTE TREATMENT SYSTEM (CHEMICAL
PRECIPITATION/FLASH EVAPORATION).  IF REGENERATION OF THE CATION EXCHANGE RESIN IS NOT REQUIRED, OPERATION
AND MAINTENANCE REQUIREMENTS FOR THE SYSTEM WILL BE LOW.  EFFLUENT WOULD BE ROUTINELY MONITORED FOR
BREAKTHROUGH OF THE RADIONUCLIDES SHOWN IN TABLE 4-1.  THE REMOVAL OF SUSPENDED SOLIDS IN A PRETREATMENT STEP
IS REQUIRED TO PREVENT FOULING OF THE RESIN.



AT THIS TIME, THE DEGREE OF UNCERTAINTY ASSOCIATED WITH PLUTONIUM AND AMERICIUM REMOVAL SUGGESTS THE PUBLIC
WILL NOT READILY ACCEPT ION EXCHANGE AS A PREFERRED TREATMENT TECHNOLOGY.  DEMONSTRATION OF TECHNICAL
FEASIBILITY THROUGH TREATABILITY STUDY TESTING IS NECESSARY.

COSTS

ASSUMED CAPITAL AND OPERATIONAL COST FOR THE ION EXCHANGE SYSTEM IS SHOWN IN TABLE 4-9.  COSTS FOR
PRETREATMENT OF THE INFLUENT FOR REMOVAL OF SUSPENDED SOLIDS ARE NOT CONSIDERED IN TABLE 4-9.  THE SYSTEM CAN
BE INSTALLED FOR $289,900, WITH ANNUAL OPERATION AND MAINTENANCE COSTS OF $45,400 PER YEAR.  THE OPERATION
AND MAINTENANCE COST ASSUMES THAT REGENERATION OF THE WEAK ACID CATION EXCHANGE RESIN WILL NOT BE REQUIRED. 
AT AN INTEREST RATE OF 10 PERCENT AND AN OPERATING LIFE OF 30 YEARS, THE PRESENT WORTH OF THE SYSTEM IS
$717,900.

4.4.3 ORGANIC CONTAMINANT REMOVAL

4.4.3.1 ACTIVATED CARBON ADSORPTION

DESCRIPTION

WITH A GAC ADSORPTION SYSTEM, THE SURFACE WATER WILL BE PUMPED THROUGH TWO GAC COLUMNS IN SERIES AND OPERATED
IN DOWNFLOW FIXED-BED MODE (FIGURE 4-8).  A SECOND SET OF GAC COLUMNS WILL BE MAINTAINED IN STOCK. EACH
CARBON COLUMN IS 60 INCHES IN DIAMETER AND 87 INCHES HIGH, AND CONTAINS 2000 POUNDS OF CARBON.  BASED ON A
FLOW RATE OF 60 GPM, THE HYDRAULIC LOADING TO EACH COLUMN WILL BE APPROXIMATELY 3 GPM/FT.  THE EMPTY BED
CONTACT TIME FOR EACH COLUMN WILL BE APPROXIMATELY 18 MINUTES. TO COMPLETELY UTILIZE THE CARBON, COLUMNS ARE
ARRANGED IN SERIES, ALLOWING THE LEAD COLUMN TO BECOME FULLY EXHAUSTED BEFORE REGENERATION WHILE THE SECOND
(POLISHING) COLUMN ENSURES EFFLUENT QUALITY.  PERIODIC SAMPLES WILL BE TAKEN FROM THE EFFLUENT OF EACH UNIT,
AND WHEN THE LEAD UNIT EFFLUENT EXCEEDS ARARS, THE LEAD CARBON COLUMN WILL BE REMOVED, THE POLISHING (SECOND)
COLUMN WILL BECOME THE LEAD COLUMN, AND A STOCK CARBON UNIT WILL BE PUT IN SERVICE AS THE POLISHING UNIT. 
THE CARBON COLUMN WITH THE EXHAUSTED CARBON WILL THEN BE SHIPPED TO AN OFF-SITE LOCATION FOR REGENERATION.

EFFECTIVENESS

GAC ADSORPTION SYSTEMS HAVE BEEN SHOWN TO REMOVE VOCS FROM CONTAMINATED WATER TO LEVELS THAT COMPLY WITH THE
ARARS.  THE EPA (FEDERAL REGISTER, VOL. 52, NO. 130, PAGE 25698) HAS DESIGNATED CARBON ADSORPTION A "BEST
AVAILABLE TECHNOLOGY" FOR THE REMOVAL OF SEVEN SPECIFIC VOCS FROM DRINKING WATER WHICH INCLUDES COMMON
CHLORINATED SOLVENTS.  THIS ASSUMES THAT VINYL CHLORIDE, METHYLENE CHLORIDE, AND ACETONE ARE NOT PRESENT AT
THE PROPOSED SOUTH WALNUT CREEK BASIN SURFACE WATER COLLECTION LOCATIONS SINCE THESE COMPOUNDS ARE NOT
READILY ADSORBED FROM SOLUTION USING ACTIVATED CARBON.  THE SURFACE WATER QUALITY DATA PRESENTED IN APPENDIX
B INDICATES THAT THESE COMPOUNDS WERE DETECTED AT LEVELS ABOVE ARARS ONLY AT STATIONS SW-56, SW-60 AND
SW-101.  IT IS PROPOSED, HOWEVER, THAT SURFACE WATER FROM THESE STATIONS BE COLLECTED AT THE DOWNSTREAM
STATION SW-61 WHERE VINYL CHLORIDE, METHYLENE CHLORIDE AND ACETONE HAVE ALWAYS BEEN ESTIMATED BELOW DETECTION
LIMITS AND/OR WERE ALSO PRESENT IN THE ASSOCIATED LABORATORY BLANKS.  THE ABSENCE OF THESE VOCS AT SW-61 MAY
BE DUE TO LABORATORY ARTIFACT (I.E., NOT ACTUALLY PRESENT AT THE UPSTREAM STATIONS), DILUTION, AND/OR
VOLATILIZATION.

THE PROBABILITY OF EQUIPMENT FAILURE WILL BE MINIMIZED IN THIS SYSTEM BECAUSE OF THE REDUNDANCY OF HAVING
STANDBY LEAD AND POLISHING ADSORPTION UNITS IN PARALLEL TO THE OPERATING UNITS, EACH OF WHICH COULD TREAT THE
DESIGN FLOW.  TWO ADDITIONAL STOCK UNITS ON SITE ADD TO THE SYSTEM RELIABILITY.  APPROPRIATE SAFETY MEASURES
REQUIRED WHEN MOVING AND INSTALLING LARGE EQUIPMENT WILL BE COMPLIED WITH DURING INSTALLATION.  THE OPERATION
AND MAINTENANCE OF THE SYSTEM WILL BE BY PERSONNEL WHO ARE TRAINED IN THE HANDLING OF HAZARDOUS AND
RADIOACTIVE WASTES.  WET ACTIVATED CARBON PREFERENTIALLY REMOVES OXYGEN FROM THE AIR.  THEREFORE, ANY TIME
PERSONNEL ARE WORKING IN CONFINED AREAS WHERE OXYGEN MAY BE DEPLETED, APPROPRIATE SAMPLING AND WORK
PROCEDURES FOR POTENTIALLY LOW-OXYGEN SPACES WILL BE FOLLOWED, INCLUDING ALL APPLICABLE FEDERAL AND STATE
REQUIREMENTS.

THE OPERATORS OF THE GAC SYSTEM WILL NOT BE EXPOSED TO VOC-LADEN CARBON BECAUSE THE USE OF THE CONTAINERIZED
AND TRANSPORTABLE CARBON CONTACTORS ALLOWS REMOVAL AND REGENERATION/REPLACEMENT OF THE EXHAUSTED CARBON AT A
REMOTE CARBON REACTIVATION SITE.  CARBON WILL NOT BE HANDLED AT THE SITE.  TRANSPORTING THE ENTIRE EXHAUSTED
CARBON COLUMN TO THE REGENERATION FACILITY ENSURES OPERATORS ARE PROTECTED FROM THE CARBON, AND THE OPERATORS
NEED ONLY FOLLOW ROUTINE SAFETY PROCEDURES WHICH ARE APPROPRIATE TO HANDLING HEAVY EQUIPMENT.

THE EXHAUSTED CARBON IS GENERALLY REGENERATED THROUGH A THERMAL TREATMENT PROCESS WHICH STRIPS THE VOLATILE
ORGANICS FROM THE CARBON. THE ORGANICS ARE SUBSEQUENTLY DESTROYED VIA INCINERATION.  DURING THIS REGENERATION
PROCESS, A SMALL QUANTITY OF ASH MAY BE GENERATED WHICH REQUIRES DISPOSAL AT A LANDFILL.  THUS, THIS PROCESS
CAN BE CONSIDERED AN ALTERNATIVE TO LAND DISPOSAL SINCE THE CARBON IS CONTINUOUSLY RECYCLED.



GAC ADSORPTION TREATMENT IN SEALED, FIXED-BED CONTRACTOR VESSELS DOES NOT PRODUCE ANY WASTE STREAMS OR VAPOR
EMISSIONS.  THE SAFETY OF NEARBY COMMUNITIES SHOULD NOT BE ADVERSELY AFFECTED AND THE RISK OF HARM TO THE
ENVIRONMENT SHOULD NOT BE INCREASED.  THIS TREATMENT PROCESS WILL EFFECTIVELY REMOVE MANY OF THE TARGET
ORGANIC CONTAMINANTS FROM THE SURFACE WATER.  TREATED WATER WILL BE MONITORED AT THE EFFLUENT AND ALSO AT AN
INTERMEDIATE POINT IN THE SYSTEM TO ENSURE CONTAMINANTS ARE BELOW THE ARAR CONCENTRATIONS BEFORE BEING
RELEASED TO SOUTH WALNUT CREEK DURING IMPLEMENTATION OF THE PROCESS.

IMPLEMENTABILITY

GAC ADSORPTION IS A PROVEN TECHNOLOGY FOR REDUCING MANY VOCS FROM WATER. TESTING PERFORMED BY CALGON
(ROCKWELL INTERNATIONAL, 1988B) DEMONSTRATED THAT ACTIVATED CARBON CAN REMOVE VOCS TO MEET ARARS.  A SECOND
CARBON UNIT CONNECTED IN SERIES WITH THE LEAD UNIT WOULD SERVE AS A POLISHING UNIT AND WILL ENSURE REMOVAL OF
THE VOCS TO THESE LEVELS.  THE REMOVAL OF SUSPENDED SOLIDS IN A PRETREATMENT STEP IS REQUIRED TO PREVENT
FOULING OF THE CARBON.  THE CARBON COLUMNS CAN BE EASILY SHIPPED AND READILY INSTALLED.  THE SYSTEM SHOULD BE
READY TO OPERATE AT FULL CAPACITY AFTER INITIAL ADJUSTMENTS AND TEST RUNS.  CARBON SERVICES THAT PROVIDE
RENTAL AND REGENERATION OF CARBON COLUMNS ARE COMMON AND OFFER AN ALTERNATIVE TO A CAPITAL PURCHASE.  A HIGH
DEGREE OF PUBLIC ACCEPTANCE IS ANTICIPATED FOR GAC ADSORPTION BASED ON ITS BDAT CLASSIFICATION, AND THE
MINIMAL GENERATION OF TREATMENT RESIDUALS. THESE SERVICES ARE READILY AVAILABLE AND COST EFFECTIVE FOR AN
INTERIM ACTION.

COSTS

IT IS ESTIMATED THAT THE CARBON USAGE RATE WILL BE 0.6 POUNDS PER 1,000 GALLONS OF SURFACE WATER, BASED ON
BREAKTHROUGH OF 1,1-DCA.  THIS ASSUMES THAT VINYL CHLORIDE, METHYLENE CHLORIDE, AND ACETONE ARE NOT PRESENT
AT SW-61.  BASED ON A MAXIMUM FLOW RATE OF 60 GPM, THE ANNUAL CONSUMPTION OF CARBON WILL BE APPROXIMATELY
20,000 POUNDS.  THE COST OF A 20,000-POUNDS-PER-YEAR CARBON SERVICE IS $50,000. THIS INCLUDES THE RENTAL AND
REGENERATION OF 10 CARBON COLUMNS, EACH CONTAINING 2,000 POUNDS OF ACTIVATED CARBON.  THE COST OF ROUND-TRIP
SHIPPING IS ESTIMATED AT $3,000 PER COLUMN.  IT IS ASSUMED THAT THE EXHAUSTED CARBON COLUMNS WILL BE SHIPPED
AS A MANIFESTED HAZARDOUS WASTE.

USING THE PRECEDING INFORMATION, THE ASSUMED CAPITAL COST FOR INSTALLING A CARBON ADSORPTION SYSTEM IS
$70,600, AND THE ASSUMED ANNUAL OPERATING COST IS $170,300 AS SHOWN IN TABLE 4-10.  COSTS FOR PRETREATMENT OF
THE INFLUENT FOR REMOVAL OF SUSPENDED SOLIDS ARE NOT CONSIDERED IN TABLE 4-10.  TOTAL COST (PRESENT WORTH) OF
THE GAC ADSORPTION SYSTEM BASED ON 10 PERCENT SIMPLE INTEREST, A 30-YEAR DURATION OF OPERATION, AND NO
SALVAGE VALUE, IS ESTIMATED TO BE APPROXIMATELY $1,676,000.

4.4.3.2 ULTRAVIOLET (UV) PEROXIDE OXIDATION

DESCRIPTION

THE UV/PEROXIDE TREATMENT UNIT, AS DESIGNED BY ONE MANUFACTURER, CONSISTS OF AN 360-GALLON, STAINLESS-STEEL
OXIDATION CHAMBER WHICH PROVIDES FOR A SURFACE WATER RETENTION TIME RANGE OF 4 TO 8 MINUTES AT A PEAK SYSTEM
FLOWRATE OF 60 GPM (FIGURE 4-9).

THE OXIDATION CHAMBER CONTAINS UV RADIATION LAMPS WHICH ARE MOUNTED HORIZONTALLY IN QUARTZ SHEATHS.  A
HYDROGEN PEROXIDE FEED SYSTEM IS USED TO INJECT APPROXIMATELY 50 MG/L (PER PPM OF ORGANIC CONTAMINANTS) OF A
50 PERCENT H2O2 SOLUTION INTO THE SURFACE WATER FEED LINE.  THE SURFACE WATER/PEROXIDE MIXTURE THEN PASSES
THROUGH AN IN-LINE STATIC MIXER BEFORE ENTERING THE BOTTOM OF THE OXIDATION CHAMBER.  THE WATER THEN FLOWS
THROUGH THE REACTION CHAMBER, PASSING THE UV LAMPS, BEFORE IT EXITS THE TOP OF THE OXIDATION CHAMBER.

EFFECTIVENESS

THE UV/PEROXIDE SYSTEM IS CAPABLE OF REMOVING VOCS FROM THE SURFACE WATER TO LEVELS BELOW THE ARARS.  A
TECHNOLOGY EVALUATION OF A DEMONSTRATION UNIT WAS CONDUCTED BY THE EPA'S RISK REDUCTION LABORATORY IN
CINCINNATI, OHIO (EPA, 1990A).  GROUNDWATER TREATMENT EXPERIMENTS WERE PERFORMED IN WHICH RESIDENCE TIME,
OZONE AND HYDROGEN PEROXIDE DOSAGES, RADIATION INTENSITY AND INFLUENT PH WERE ALTERED TO EVALUATE THE
TECHNOLOGY.  THE DEMONSTRATION UNIT ACHIEVED VOC REMOVALS GREATER THAN 90 PERCENT.  THESE RESULTS INDICATE
THAT THE UV/PEROXIDE TREATMENT PROCESS IS LIKELY CAPABLE OF ACHIEVING THE EFFLUENT CRITERIA FOR ALL OF THE
VOLATILE ORGANICS LISTED IN TABLE 4-1.  HOWEVER, THE VOLATILE ORGANICS MAY NOT BE COMPLETELY OXIDIZED TO
CARBON DIOXIDE, WATER, AND CHLORIDE, AND UNINTENDED ORGANIC DEGRADATION PRODUCTS MAY BE PRODUCED.

THE SYSTEM REQUIRES PERIODIC UV LAMP REPLACEMENT AND ROUTINE MAINTENANCE, AND WITH SUCH MAINTENANCE, THE UNIT
EXPECTED TO HAVE LONG-TERM RELIABILITY.  THE RISK OF FAILURE OF THE SYSTEM AT ANY TIME IS HIGHLY UNLIKELY. 
HOWEVER, BECAUSE SURFACE WATER IS EXPECTED TO HAVE WIDELY VARYING CONCENTRATIONS OF ORGANICS, IT WILL BE
DIFFICULT TO ENSURE ADEQUATE PEROXIDE DOSAGE FOR COMPLETE ORGANIC DESTRUCTION AND TO PREVENT THE APPEARANCE
OF EXCESS PEROXIDE IN THE EFFLUENT.  WHILE THE PRESENCE OF FERROUS IRON AND MANGANESE CAN IMPEDE THE



EFFECTIVENESS OF THE UV/PEROXIDE TREATMENT SYSTEM DUE TO THE PRECIPITATION OF THESE METALS, A MANUFACTURER
HAS INDICATED THAT THIS WILL NOT BE A PROBLEM AT THE IRON AND MANGANESE CONCENTRATIONS EXPECTED.  HOWEVER,
SHOULD PRECIPITATION PROBLEMS ARISE, APPROPRIATE PRE-TREATMENT AND POST-TREATMENT WILL BE IMPLEMENTED TO
CORRECT THIS PROBLEM.

THE UV/PEROXIDE OXIDATION SYSTEM WILL DESTROY VOCS PRESENT IN CONTAMINATED SOUTH WALNUT CREEK BASIN SURFACE
WATER AND THUS REPRESENTS AN ALTERNATIVE TO LAND DISPOSAL.  THE SYSTEM ITSELF WILL NOT PRODUCE TREATMENT
RESIDUALS.  SOME SUPPORT UNIT OPERATIONS (I.E., PRE-TREATMENT) FOR THE UV/PEROXIDE OXIDATION SYSTEM, HOWEVER,
MAY REQUIRE RESIDUAL WASTE MANAGEMENT.

DURING OPERATION OF THE UV/PEROXIDE OXIDATION TREATMENT UNIT, THE USE OF HYDROGEN PEROXIDE, A STRONG
OXIDIZER, WILL REQUIRE THAT OPERATORS BE AWARE OF THIS POTENTIAL HAZARD.  THE H2O2 BULK STORAGE TANK WILL BE
PROPERLY VENTED TO ASSURE NO PRESSURE BUILDUP AND MINIMIZE HANDLING EXPOSURE.  EXISTING DOE AND EG&G HEALTH
AND SAFETY GUIDELINES AT THE RFP AND PROJECT-SPECIFIC SOPS REGARDING OPERATOR SAFETY WHILE WORKING WITH
STRONG OXIDIZERS WILL BE FOLLOWED.  UV LAMPS OPERATE UTILIZING HIGH VOLTAGE, AND THUS CAUTION MUST BE USED
WHEN WORKING WITH THE SYSTEM AND DURING THE PERIODIC REPLACEMENT OF THE UV LAMPS.

THE SAFETY OF NEARBY COMMUNITIES SHOULD NOT BE ADVERSELY AFFECTED, AND THE RISK OF HARM TO THE ENVIRONMENT
SHOULD NOT BE INCREASED AS THIS TREATMENT PROCESS WILL EFFECTIVELY DESTROY THE CONTAMINANTS.  TREATED WATER
WILL BE MONITORED TO ENSURE CONTAMINANTS ARE WITHIN REGULATORY GUIDELINES BEFORE BEING RELEASED TO THE
ENVIRONMENT.

IMPLEMENTABILITY

UV/PEROXIDE OXIDATION IS A TECHNOLOGY FOR THE COMPLETE DESTRUCTION AND DETOXIFICATION OF HAZARDOUS ORGANIC
COMPOUNDS IN AQUEOUS SOLUTIONS. ALTHOUGH THE TECHNOLOGY IS RELATIVELY NEW AND HAS HAD LIMITED APPLICATION IN
THE FIELD, SARA REQUIRES EPA TO PREFER REMEDIAL ACTIONS THAT SIGNIFICANTLY AND PERMANENTLY REDUCE THE
TOXICITY, MOBILITY, OR VOLUME OF HAZARDOUS WASTES BY EMPLOYING INNOVATIVE TECHNOLOGIES THAT RESULT IN THE
DESTRUCTION OR DETOXIFICATION OF THE WASTES.  THE EQUIPMENT NECESSARY TO CONSTRUCT A UV PEROXIDE SYSTEM IS
NOT "OFF-THE-SHELF", BUT MUST BE DESIGNED FOR EACH INDIVIDUAL APPLICATION. THE EQUIPMENT COMPONENTS AND
MATERIALS NECESSARY TO CONSTRUCT A SYSTEM ARE READILY AVAILABLE, HOWEVER.

DEMONSTRATED PERFORMANCE OF THE UV/PEROXIDE GROUNDWATER TREATMENT SYSTEM HAS BEEN SOMEWHAT LIMITED DUE TO THE
RELATIVELY NEW DEVELOPMENT OF THE PROCESS.  HOWEVER, THERE ARE SIX UV/PEROXIDE UNITS CURRENTLY OPERATIONAL OR
ON-LINE AND READY FOR OPERATION.  ONE OF THESE UNITS IS LOCATED AT ROCKETDYNE'S SANTA SUSANA FACILITY IN
SOUTHERN CALIFORNIA.  PILOT-SCALE OPERATIONS WERE PERFORMED ON GROUND WATER CONTAINING VOCS (TCA, TCE, ETC.)
AT SYSTEM FLOW RATES OF APPROXIMATELY 20 TO 40 GPM.  RESULTS FROM THE PILOT SCALE TESTING WERE FAVORABLE, AND
A UV/PEROXIDE GROUNDWATER TREATMENT UNIT HAS BEEN PURCHASED, SET UP, AND SITE TESTED.  ANOTHER UV/PEROXIDE
GROUNDWATER TREATMENT SYSTEM, LOCATED LOCALLY, WAS VISITED AND APPEARED TO BE A LOW-MAINTENANCE, HIGHLY
EFFECTIVE GROUNDWATER TREATMENT UNIT.  THIS SYSTEM WAS TREATING GROUND WATER WITH TCA CONCENTRATIONS
SIGNIFICANTLY LOWER THAN THOSE FOUND AT THE 881 HILLSIDE (APPROXIMATELY 7 PPB).  HOWEVER, THE SAME UV
TREATMENT PROCESS HAD INITIALLY AND EFFECTIVELY TREATED GROUND WATER WITH MUCH HIGHER CONCENTRATIONS.

OPERATING AND MAINTENANCE REQUIREMENTS FOR THE UV/PEROXIDE TREATMENT SYSTEM ARE RELATIVELY MINOR.  THE SYSTEM
WILL REQUIRE UP TO 500 KW OF POWER, A HIGH ELECTRICAL POWER CONSUMPTION REQUIREMENT RELATIVE TO OTHER
TREATMENT PROCESSES, AND 12,200 POUNDS/YEAR OF 50 PERCENT H2O2 SOLUTION FOR NORMAL OPERATION.  ROUTINE
MAINTENANCE OF THE EQUIPMENT IS REQUIRED AND THE UV LAMPS WILL REQUIRE REPLACEMENT APPROXIMATELY EVERY SIX
MONTHS.  ALL FOUR SYSTEM UV LAMPS CAN BE EXCHANGED IN ABOUT AN HOUR. INFLUENT PRETREATMENT FOR SUSPENDED
SOLIDS REMOVAL IS REQUIRED TO PREVENT FOULING OF THE OXIDATION CHAMBER.  ALSO, INFLUENT PRE- AND
POST-TREATMENT FOR REMOVAL OF IRON AND MANGANESE MAY BE NECESSARY AS DISCUSSED ABOVE.  THE SYSTEM WILL
REQUIRE CAREFUL OBSERVATION TO ENSURE THE SYSTEM IS OPERATING PROPERLY, ALTHOUGH SYSTEM ALARMS WILL NOTIFY
OPERATORS IF A PROBLEM DOES OCCUR.

PUBLIC ACCEPTANCE OF UV/PEROXIDE OXIDATION SHOULD BE FAVORABLE BASED ON REMOVAL EFFICIENCIES OBSERVED TO
DATE.  THE ATTRIBUTE OF MINERALIZING VOCS PRESENT IN SURFACE WATER (I.E., CONVERTING THEM TO CARBON DIOXIDE
AND WATER) SHOULD ALSO RECEIVE A FAVORABLE RESPONSE.  TREATABILITY TESTING ON CONTAMINATED SOUTH WALNUT CREEK
BASIN SURFACE WATER MAY BE NECESSARY TO WIN PUBLIC APPROVAL SINCE IT IS STILL A RELATIVELY NEW TECHNOLOGY.

COSTS

ASSUMED COSTS FOR THE UV/PEROXIDE GROUNDWATER TREATMENT UNIT ARE SHOWN IN TABLE 4-11.  COSTS FOR PRE- AND
POST-TREATMENT OF THE INFLUENT FOR REASONS DISCUSSED ABOVE ARE NOT CONSIDERED IN TABLE 4-11.  THE CAPITAL
COST FOR THE UV/PEROXIDE SURFACE WATER TREATMENT SYSTEM IS APPROXIMATELY $672,800.  OPERATIONAL COSTS ARE
$214,600 PER YEAR AND INCLUDE PROCUREMENT OF HYDROGEN PEROXIDE, POWER UTILIZATION, LABOR, AND LAMP
REPLACEMENT.  OPERATIONAL COSTS ARE BASED ON A SYSTEM FLOW RATE OF 60 GPM, 24 HOURS PER DAY.  ASSUMING A 10
PERCENT INTEREST RATE AND A 30 YEAR OPERATING LIFE, THE PRESENT WORTH OF THE SYSTEM IS $2,695,500.



4.4.3.3 AIR STRIPPING WITH OFF-GAS TREATMENT

DESCRIPTION

DURING AIR STRIPPING, VOCS ARE TRANSFERRED FROM THE WATER TO A CONTINUOUSLY FLOWING AIRSTREAM WHICH IS IN
DIRECT CONTACT WITH THE WATER (FIGURE 4-10).  INFLUENT CONTAMINATED SURFACE WATER WILL ENTER THE TOP OF A
32-INCH DIAMETER, 34-FOOT AIR STRIPPING COLUMN AND SUBSEQUENTLY CONTACT CLEAN AIR SUPPLIED THROUGH THE BOTTOM
OF THE COLUMN (COLUMN SIZES ARE APPROXIMATE).  APPROPRIATE AIR-TO-WATER FLOW RATES WILL BE UTILIZED TO
PROVIDE FOR THE OPTIMUM (99 PERCENT) TRANSFER OF THE CONTAMINANTS FROM THE SURFACE WATER TO THE AIR STREAM. 
THE TREATED SURFACE WATER WILL THEN BE PUMPED THROUGH  A 2000-POUND LIQUID PHASE CARBON TREATMENT POLISHING
UNIT (IDENTICAL TO THE ONE DESCRIBED IN SECTION 4.4.3.1).  THE AIR STRIPPER EMISSIONS WILL BE HEATED ABOVE
DEW POINT AND THEN PASSED THROUGH A VAPOR PHASE CARBON SYSTEM TO REMOVE THE ORGANICS BEFORE BEING RELEASED TO
THE ENVIRONMENT.  THE VAPOR PHASE CARBON UNIT WILL CONTAIN 2,000 POUNDS OF CARBON.

EFFECTIVENESS

THE USE OF AN AIR STRIPPER IS A HIGHLY EFFECTIVE METHOD OF REMOVING HAZARDOUS VOCS FROM WATER.  THE
EFFICIENCY OF THE PROCESS IS WELL DOCUMENTED.  THE ENVIRONMENTAL PROTECTION AGENCY (FEDERAL REGISTER, VOL.
52, NO. 130, PAGE 25698) HAS DESIGNATED PACKED TOWER AERATION ALONG WITH GRANULAR ACTIVATED CARBON, AS A BDAT
FOR THE REMOVAL OF VOCS FROM DRINKING WATER.

AN AIR STRIPPER COUPLED WITH LIQUID- AND VAPOR-PHASE CARBON ADSORPTION IS A PROVEN SYSTEM THAT HAS A
DEPENDABLE RECORD OF USE.  IT IS EXPECTED THAT THIS TREATMENT PROCESS, WITH PROPER MAINTENANCE, WILL PROVIDE
THE DESIRED LEVEL OF CONTAMINANT REMOVAL TO MEET THE ARARS.

THE SYSTEM IS SIZED FOR THE INTENDED MAXIMUM FLOW OF 60 GPM AND INCLUDES TWO VAPOR-PHASE CARBON UNITS -- ONE
INSTALLED AND ONE STOCK.  THE ON-SITE STOCK UNIT ADDS TO SYSTEM RELIABILITY.  ALL APPROPRIATE SAFETY MEASURES
REQUIRED WHEN MOVING AND INSTALLING LARGE EQUIPMENT WILL BE COMPLIED WITH DURING INSTALLATION.  THE OPERATION
AND MAINTENANCE OF THE SYSTEM WILL BE PERFORMED BY PERSONNEL PROPERLY TRAINED IN THE HANDLING OF HAZARDOUS
AND RADIOACTIVE WASTES.  WET ACTIVATED CARBON PREFERENTIALLY REMOVES OXYGEN FROM THE AIR.  THEREFORE, ANY
TIME PERSONNEL ARE WORKING IN CONFINED AREAS WHERE OXYGEN MAY BE DEPLETED, APPROPRIATE SAMPLING AND WORK
PROCEDURES FOR POTENTIALLY LOW-OXYGEN SPACES WILL BE FOLLOWED, INCLUDING ALL APPLICABLE FEDERAL AND STATE
REQUIREMENTS.

THE OPERATORS OF THE SYSTEM WILL NOT BE EXPOSED TO VOC-LADEN CARBON FROM THE VAPOR-PHASE OR LIQUID-PHASE
CARBON UNITS BECAUSE THE USE OF CONTAINERIZED AND TRANSPORTABLE CARBON CONTACTORS ALLOWS REMOVAL AND
REGENERATION/REPLACEMENT OF THE EXHAUSTED CARBON AT A REMOTE CARBON REACTIVATION SITE.  CARBON WILL NOT BE
HANDLED AT THE SITE. TRANSPORTING THE ENTIRE EXHAUSTED CARBON COLUMN ITSELF TO THE REGENERATION FACILITY
ENSURES OPERATORS ARE PROTECTED FROM THE CARBON ITSELF AND NEED ONLY FOLLOW ROUTINE SAFETY PROCEDURES WHEN
HANDLING HEAVY EQUIPMENT.

THE EXHAUSTED CARBON IS GENERALLY REGENERATED THROUGH A THERMAL TREATMENT PROCESS WHICH STRIPS THE VOCS FROM
THE CARBON.  THE ORGANICS ARE SUBSEQUENTLY DESTROYED VIA INCINERATION.  DURING THIS REGENERATION PROCESS, A
SMALL QUANTITY OF ASH MAY BE GENERATED WHICH REQUIRES DISPOSAL AT A LANDFILL.  THUS, THIS PROCESS CAN BE
CONSIDERED AN ALTERNATIVE TO LAND DISPOSAL SINCE THE CARBON IS CONTINUOUSLY RECYCLED. HOWEVER, IF THE SPENT
LIQUID-PHASE CARBON IS DETERMINED TO BE A MIXED WASTE, THEN IT WOULD REQUIRE LAND DISPOSAL AT A FACILITY
PERMITTED TO ACCEPT MIXED WASTES.  THE VAPOR-PHASE CARBON ADSORPTION SYSTEM WILL REMOVE THE ORGANICS FROM THE
AIR STRIPPER EMISSIONS BEFORE BEING RELEASED TO THE ENVIRONMENT.  THEREFORE, THE VAPOR-PHASE CARBON
ADSORPTION SYSTEM WILL ELIMINATE THE IMPACT OF ANY AIR STRIPPER EMISSIONS ON THE PUBLIC HEALTH.  THE SAFETY
OF NEARBY COMMUNITIES SHOULD NOT BE ADVERSELY AFFECTED AND THE RISK OF HARM TO THE ENVIRONMENT SHOULD NOT BE
INCREASED.  TREATED WATER AND AIR WILL BE MONITORED TO ENSURE THAT CONTAMINANT LEVELS ARE BELOW ARARS.

IMPLEMENTABILITY

THE AIR STRIPPER WILL REMOVE GREATER THAN 99 PERCENT OF THE CONTAMINANTS IN THE SURFACE WATER.  BECAUSE THE
AIR STRIPPER PERFORMANCE IS SENSITIVE TO CHANGES IN FLOW AND CONTAMINANT CONCENTRATIONS, A LIQUID-PHASE
CARBON ADSORPTION UNIT IS IN SERIES WITH THE AIR STRIPPER TO ENHANCE SYSTEM PERFORMANCE AND TO ENSURE THAT
THE TREATED EFFLUENT MEETS ARARS FOR VOCS.  BASED ON A FLOW RATE OF 60 GPM, 24 HOURS PER DAY, LIQUID PHASE
CARBON USAGE WILL BE APPROXIMATELY 11 POUNDS/DAY, AND EACH 2000-POUND CARBON UNIT WILL REQUIRE REPLACEMENT
APPROXIMATELY EVERY SIX MONTHS. VAPOR PHASE CARBON USAGE WILL BE APPROXIMATELY 10 POUNDS/DAY, AND EACH 
2000-POUND CARBON UNIT WILL REQUIRE REPLACEMENT APPROXIMATELY EVERY SIX MONTHS.

OPERATION OF THE TREATMENT PROCESS IS RELATIVELY SIMPLE, REQUIRING OCCASIONAL CLEANING OF THE AIR STRIPPING
COLUMN AND REPLACEMENT OF CARBON.  THE AIR STRIPPER WILL REQUIRE CLEANING TO REMOVE SCALE BUILDUP ON THE
PACKING MATERIAL IN ORDER TO MAINTAIN OPTIMUM REMOVAL EFFICIENCY. EFFLUENT FROM THE CLEANING OPERATION WILL
REQUIRE TREATMENT IN THE BUILDING 374 PROCESS WASTE TREATMENT SYSTEM.  THE REMOVAL OF SUSPENDED SOLIDS IN A



PRETREATMENT STEP IS REQUIRED TO PREVENT FOULING OF THE CARBON AND LIQUID PHASE ADSORBER.  TRANSPORTATION AND
REGENERATION OF THE LIQUID-PHASE AND VAPOR-PHASE CARBON UNITS AT A REMOTE CARBON REACTIVATION SITE WILL BE
REQUIRED.  THE AIR STRIPPING WITH OFF-GAS TREATMENT SYSTEM FOR REMEDIATING VOC-CONTAMINATED SURFACE WATER IS
AVAILABLE COMMERCIALLY AND COULD BE IMPLEMENTED QUICKLY.  NO DIFFICULTIES ARE ANTICIPATED DURING THE
INSTALLATION AND STARTUP OF THIS TREATMENT SYSTEM.

AIR STRIPPING WITH LIQUID AND VAPOR-PHASE GAC ADSORPTION SHOULD RECEIVE A HIGH DEGREE OF PUBLIC ACCEPTANCE
DUE TO ITS PROVEN TRACK RECORD AND CLASSIFICATION AS A BDAT.

COSTS

ASSUMED COSTS FOR THE AIR STRIPPING GROUNDWATER TREATMENT SYSTEM ARE SHOWN IN TABLE 4-12.  COSTS FOR
PRETREATMENT OF THE INFLUENT FOR REMOVAL OF SUSPENDED SOLIDS ARE NOT CONSIDERED IN TABLE 4-12.  THE TOTAL
CAPITAL COST FOR THE SYSTEM IS $114,800.  OPERATIONAL COSTS ARE APPROXIMATELY $139,900 AND INCLUDE THE COST
OF CARBON COLUMN RENTAL AND REGENERATION, AND CARBON COLUMN SHIPMENTS TO AND FROM THE VENDOR.  THE CARBON
COLUMN RENTAL AND REGENERATION SERVICE DESCRIBED IN SECTION 4.4.3.1 WILL BE USED FOR BOTH THE LIQUID- AND
VAPOR-PHASE UNITS.  IT SHOULD BE NOTED THAT THE COST OF THE CARBON SERVICE IS BASED ON REGENERATION OF THE
CARBON AS A HAZARDOUS WASTE.  ASSUMING A 10 PERCENT INTEREST RATE, A 30 YEAR OPERATING LIFE, AND NO SALVAGE
VALUE, THE PRESENT WORTH OF THE SYSTEM IS $1,433,600.

THE TOTAL PRESENT WORTH COST OF THE SYSTEM BASED ON 10 PERCENT SIMPLE INTEREST, A 30-YEAR PERIOD OF
OPERATION, AND NO SALVAGE IS ESTIMATED TO BE APPROXIMATELY $1,421,400.  THESE COSTS DO NOT INCLUDE ANY
CAPITAL OR OPERATING COSTS FOR THE BUILDING 374 PROCESS WASTE TREATMENT SYSTEM ASSOCIATED WITH THE TREATMENT
OF THE AIR STRIPPER CLEANING EFFLUENT.

5.1 INTRODUCTION

THIS SECTION SUMMARIZES THE EVALUATED SURFACE WATER COLLECTION AND TREATMENT TECHNOLOGIES, AND PRESENTS A
TABULAR COMPARISON OF THE EVALUATION RESULTS (TABLE 5-1).  A RECOMMENDATION IS MADE FOR A PREFERRED SURFACE
WATER IM/IRA USING THE COMPARATIVE ANALYSIS.

5.2 COMPARISON OF TECHNOLOGIES

COLLECTION OF SURFACE WATER BY DIVERSION AT THE SOURCES WAS ESTABLISHED IN SECTION 4 AS THE ONLY REASONABLE
ALTERNATIVE FOR COLLECTION OF CONTAMINATED SOUTH WALNUT CREEK BASIN SURFACE WATERS IN OU 2 AND IS, THEREFORE,
THE PREFERRED COLLECTION TECHNIQUE FOR THE IM/IRA.  ON THE OTHER HAND, SEVERAL TECHNOLOGIES FOR SURFACE WATER
TREATMENT WERE CONSIDERED.  THESE TECHNOLOGIES INCLUDE CHEMICAL TREATMENT/CROSS-FLOW MEMBRANE FILTRATION
("CROSS-FLOW MEMBRANE FILTRATION" IS USED FOR BREVITY) AND GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION
FOR SUSPENDED SOLIDS REMOVAL; CROSS-FLOW MEMBRANE FILTRATION AND ION EXCHANGE FOR RADIONUCLIDE AND METALS
REMOVAL; AND GAC, UV/PEROXIDE OXIDATION AND AIR STRIPPING WITH LIQUID- AND VAPOR-PHASE GAC FOR VOC REMOVAL.

THE CROSS-FLOW MEMBRANE FILTRATION TECHNOLOGY IS THE PREFERRED METHOD FOR REMOVAL OF RADIONUCLIDES AND METALS
BECAUSE IT IS THE MOST LIKELY TREATMENT TECHNOLOGY THAT WILL REMOVE THESE CONSTITUENTS FROM THE SOUTH WALNUT
CREEK BASIN SURFACE WATER AND GENERATE AN EFFLUENT THAT IS PROTECTIVE OF PUBLIC HEALTH AND THE ENVIRONMENT. 
THIS IS A RESULT OF ADSORPTION OF RADIONUCLIDES AND METALS ON A FERRIC HYDROXIDE FLOC AS DESCRIBED IN SECTION
4.4.2.  IT IS NOTED THAT CROSS-FLOW MEMBRANE FILTRATION AND GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION
ARE BOTH EFFECTIVE TECHNOLOGIES FOR REMOVAL OF SUSPENDED SOLIDS.  HOWEVER, BECAUSE CROSS-FLOW MEMBRANE
FILTRATION IS THE PREFERRED TECHNOLOGY FOR RADIONUCLIDE AND METAL REMOVAL, ADDITIONAL SURFACE WATER TABLE 5-1
COMPARATIVE ANALYSIS OF TECHNOLOGIES PRETREATMENT FOR SUSPENDED SOLIDS REMOVAL IS NOT REQUIRED.  GRANULAR
MEDIA FILTRATION WITH POLYMER ADDITION IS THUS ELIMINATED FROM CONSIDERATION IN THE IM/IRA.  AT THIS TIME,
ION EXCHANGE CANNOT BE CONSIDERED A RELIABLE TECHNOLOGY FOR THE REMOVAL OF PLUTONIUM AND AMERICIUM BECAUSE
THERE IS NO SUPPORTING DATA ON ITS REMOVAL EFFICIENCY.  MOREOVER, PLUTONIUM AND AMERICIUM WILL LIKELY BE
COLLOIDAL IN NATURE AND LESS APT TO READILY EXCHANGE WITH IONS ON THE RESIN SURFACE.  THE CROSS-FLOW MEMBRANE
FILTRATION SYSTEM IS ALSO RELIABLE, READILY PROCURABLE, AND EASILY INSTALLED.

GAC IS THE TREATMENT TECHNOLOGY OF CHOICE FOR REMOVAL OF VOCS.  GAC IS A PROVEN TECHNOLOGY THAT IS RELIABLE,
EASY TO OPERATE, AND THE MOST COST EFFECTIVE OF THE THREE TECHNOLOGIES EXAMINED.  THIS TECHNOLOGY IS NOT
SUITABLE FOR REMOVAL OF VINYL CHLORIDE, METHYLENE CHLORIDE, OR ACETONE. HOWEVER, AS DISCUSSED IN SECTION 4,
THESE CONSTITUENTS ARE NOT EXPECTED, IN THE INFLUENT TO THE TREATMENT SYSTEM, ABOVE THEIR RESPECTIVE ARAR
LEVELS.  IN THE EVENT THAT THE FIELD-SCALE TREATABILITY STUDY INDICATES THAT VINYL CHLORIDE, METHYLENE
CHLORIDE OR ACETONE ARE PRESENT AT CONCENTRATION LEVELS NOT APPROPRIATE FOR LIQUID-PHASE GAC ADSORPTION,
MODIFICATIONS TO OR REPLACEMENT OF THE LIQUID-PHASE GAC SYSTEM WILL BE CONSIDERED AT THAT TIME.  ALTHOUGH
UV/PEROXIDE CAN OXIDIZE ALL OF THESE CONTAMINANTS, EFFECTIVE OPERATION IS LIKELY TO BE DIFFICULT WITH
CHANGING ORGANIC LOADINGS FROM A SURFACE WATER SYSTEM (I.E., PROCESS CONTROL).  IN ADDITION, UV/PEROXIDE IS
SUBSTANTIALLY MORE COSTLY TO INSTALL AND OPERATE THAN THE OTHER ORGANIC REMOVAL TECHNOLOGIES.  AIR STRIPPING
IS A VIABLE VOC TREATMENT TECHNOLOGY FOR THE SOUTH WALNUT CREEK BASIN SURFACE WATER IM/IRA.  THIS PROCESS,



HOWEVER, IS MUCH MORE COMPLEX BY DESIGN THAN LIQUID-PHASE GAC, WHICH MAKES IT MORE DIFFICULT TO OPERATE AND
HAS A HIGHER PROBABILITY OF SYSTEM DOWNTIME.  FINALLY, THE COST OF AIR STRIPPING WITH LIQUID AND VAPOR-PHASE
ADSORPTION IS ROUGHLY EQUAL TO THAT FOR LIQUID-PHASE GAC.

RADIONUCLIDES AND METALS WILL BE REMOVED UPSTREAM OF THE GAC UNIT.  THE GAC SHOULD, THEREFORE, NOT BECOME A
MIXED WASTE AND WILL BE SUITABLE FOR REGENERATION AT ANY FACILITY THAT ACCEPTS SPENT CARBON FOR REGENERATION.
THIS WILL PROVIDE FOR THE ULTIMATE DESTRUCTION OF THE CONTAMINANTS CONSISTENT WITH GUIDANCE IN THE NCP, WHICH
REQUIRES CONSIDERATION OF REMEDIAL ALTERNATIVES THAT INCLUDE AN ALTERNATIVE THAT REMOVES OR DESTROYS
HAZARDOUS SUBSTANCES.

6.1 SUMMARY

THE PREFERRED SOUTH WALNUT CREEK BASIN SURFACE WATER IM/IRA CONSISTS OF THE FOLLOWING COMPONENTS:

1.  SURFACE WATER COLLECTION BY DIVERSION AT THE SOURCES; AND

2.  TREATMENT OF SURFACE WATER BY CHEMICAL TREATMENT/CROSS-FLOW MEMBRANE FILTRATION ("CROSS-FLOW MEMBRANE
    FILTRATION" IS USED FOR BREVITY) FOLLOWED BY LIQUID-PHASE GAC TREATMENT.

6.1.1 SURFACE WATER COLLECTION

FIGURE 4-3 SHOWS THE LOCATIONS OF THE SURFACE WATER DIVERSION AND COLLECTION SYSTEMS PROPOSED IN THIS
ALTERNATIVE.  THE COLLECTION SYSTEMS ARE DENOTED CS-59, CS-61, AND CS-132.  COLLECTED SURFACE WATER IS
AUTOMATICALLY TRANSFERRED TO THE TREATMENT SYSTEM BY PIPELINE.

FLOWS AT STATIONS SW-56, SW-60, SW-101, AND SW-133 WILL BE COLLECTED AT THE DOWNSTEAM STATION SW-61 BY A NEW
SURFACE WATER DIVERSION WEIR AND PUMP STATION.  THE WEIR WILL SERVE TO DIVERT UP TO 37.5 GPM (14 GPM AVERAGE
ANNUAL WITHDRAWAL RATE) FROM THE DRAINAGE.  CONTAMINATED SURFACE WATER WILL BE DIVERTED UPSTREAM OF THE WEIR
INTO A 1,000-GALLON PRECAST CONCRETE SUMP PROVIDED WITH A SCREEN, WHERE LARGE DEBRIS IS SEPARATED FROM THE
FLOW.  THIS SCREEN WILL REQUIRE MANUAL CLEANING TO REMOVE DEBRIS.  WATER WILL BE PUMPED FROM THE MANHOLE TO
THE TREATMENT FACILITY.  WHEN THE INFLOW INTO THE SUMP EXCEEDS THE PUMPING RATE, THE EXCESS FLOW WILL RETURN
THROUGH OVERFLOW PIPING TO THE DRAINAGE BELOW THE WEIR.

THE SEEP FLOW FROM SW-59 WILL BE ISOLATED FROM THE SOUTH WALNUT CREEK DRAINAGE AND COLLECTED SEPARATELY FROM
CS-61 USING A 500-GALLON, PRECAST CONCRETE SUMP.  THE SUMP AND INSTALLED PUMP WILL BE DESIGNED TO COLLECT AND
TRANSFER THE DESIGN FLOW OF 4.5 GPM (1 GPM AVERAGE ANNUAL WITHDRAWAL RATE).  FLOWS IN EXCESS OF 4.5 GPM WILL
BE DISCHARGED TO SOUTH WALNUT CREEK, VIA AN OVERFLOW PIPE, TO THE DRAINAGE.  THE OVERFLOW WILL ENTER SOUTH
WALNUT CREEK UPGRADIENT OF CS-61 AND WILL EITHER BE COLLECTED BY OR ALLOWED TO PASS CS-61, DEPENDING ON
WHETHER THE CREEK FLOW IS LESS THAN OR GREATER THAN THE 37.5 GPM DESIGN FLOW FOR CS-61.  UPPER SOUTH WALNUT
CREEK FLOW WILL BE COLLECTED AT SW-132 BY A NEW SURFACE WATER DIVERSION WEIR AND PUMP STATION.  THE WEIR WILL
SERVE TO DIVERT UP TO 18 GPM (5 GPM AVERAGE ANNUAL WITHDRAWAL RATE) FROM THE DRAINAGE. CONTAMINATED WATER
WILL BE DIVERTED INTO A 1000-GALLON PRECAST CONCRETE SUMP.  FLOW IN EXCESS OF THE DESIGN FLOW (18 GPM) WILL
BE PERMITTED TO OVERFLOW THE DIVERSION WEIR.

THE DESIGN FLOW AND ANNUAL AVERAGE WITHDRAWAL RATES FOR THE SOUTH WALNUT CREEK DRAINAGE (I.E., CS-59, CS-61,
AND CS-132) ARE 60 GPM AND 20 GPM, RESPECTIVELY.  IT IS PROPOSED THAT ALL SURFACE WATERS COLLECTED AND
TREATED IN THIS IM/IRA WILL BE DISCHARGED TO SOUTH WALNUT CREEK, JUST DOWNGRADIENT OF CS-132.

6.1.2 SURFACE WATER TREATMENT

THE SURFACE WATER COLLECTED WILL BE TREATED USING CROSS-FLOW MEMBRANE FILTRATION (FOR SUSPENDED SOLIDS AND
RADIONUCLIDE REMOVAL), FOLLOWED BY LIQUID-PHASE ACTIVATED CARBON (FOR ORGANICS REMOVAL) (FIGURE 6-1).  THE
RESPECTIVE UNITS AND APPURTENANCES WILL BE HOUSED IN THREE 48-FOOT TRAILERS TO PROTECT WEATHER- OR
TEMPERATURE-SENSITIVE COMPONENTS.  FIRE PROTECTION WITHIN THE TRAILERS WILL BE PROVIDED BY TWO WALL-MOUNTED,
25-POUND, DRY CHEMICAL-TYPE FIRE EXTINGUISHERS.  THE TRAILERS AND ALL TREATMENT UNITS ARE CONSTRUCTED OF
NON-COMBUSTIBLES.  OTHER THAN MINIMAL FILES AND RECORDS, NO COMBUSTIBLE MATERIALS WILL BE MAINTAINED WITHIN
THE TRAILERS.  EXTERNAL WATER PIPES WILL BE ABOVE GROUND AND HEAT TRACED TO PROTECT AGAINST FREEZING.  ALL
TANKS, PIPING AND SUMPS WILL BE EQUIPPED WITH SECONDARY CONTAINMENT TO COMPLY WITH 6 CCR 1007-3 AND 40 CFR
264.193.



MAJOR COMPONENTS OF THE TREATMENT SYSTEM INCLUDE:

   EXTERIOR TO THE TRAILERS

• (1) 10,000-GALLON EQUALIZATION TANK
• PIPING
• ASSOCIATED PUMPS, GAGES, AND VALVES

INTERIOR TO TRAILER 1

• MAIN CHEMICAL REACTION SYSTEM
• SOLIDS DEWATERING SYSTEM

INTERIOR TO TRAILER 2

• FILTRATION SYSTEM
• PROCESS INSTRUMENTATION SYSTEM
• NEUTRALIZATION SYSTEM

INTERIOR TO TRAILER 3

• (2) 60-INCH CARBON UNITS
• (2) 60-INCH STANDBY CARBON UNITS
• ASSOCIATED PLASTIC (PVC) PIPING AND VALVES

AS THE FLOWS FROM THE DIFFERENT SOURCES ARE EXPECTED TO VARY, THE EQUALIZATION TANK WILL ENSURE A SOMEWHAT
CONSTANT FLOW AND LOADING THROUGH THE TREATMENT SYSTEM.  THE TREATMENT SYSTEM IS DESIGNED TO RUN CONTINUOUSLY
AT A MAXIMUM FLOW RATE OF 60 GPM.  AT PEAK FLOW, THIS TANK WILL PROVIDE APPROXIMATELY THREE HOURS OF
EQUALIZATION DETENTION TIME. THE AVERAGE ANNUAL INFLUENT FLOW RATE, HOWEVER, IS ESTIMATED AT APPROXIMATELY 20
GPM.  SURFACE WATER COLLECTED DURING PERIODS OF THESE LOWER INFLUENT FLOW RATES WILL BE ALLOWED TO ACCUMULATE
IN THE EQUALIZATION TANK AND THEN TREATED AT THE SYSTEM DESIGN FLOW RATES.

6.1.2.1  SUSPENDED SOLIDS AND RADIONUCLIDE REMOVAL

WHEN THE TREATMENT IS INITIATED, THE WATER WILL BE PUMPED FROM THE SURGE TANKS TO TRAILER 1, AND SUBSEQUENTLY
TO TRAILER 2, WHICH CONTAIN ALL EQUIPMENT, TANKS, PUMPS, PIPING, VALVES, AND INSTRUMENTATION FOR CROSS-FLOW
MEMBRANE FILTRATION.  THE SYSTEM CONSISTS OF TOTALLY INTEGRATED, SKID-MOUNTED AND AUTOMATICALLY CONTROLLED
UNITS FOR MAXIMUM RELIABILITY AND MINIMUM OPERATOR SURVEILLANCE.  THE SYSTEM IS DIVIDED INTO VARIOUS SYSTEMS
AS DESCRIBED BELOW.

MAIN REACTION SYSTEM

RADIONUCLIDES AND HEAVY METALS WILL BE PRECIPITATED AND/OR ADSORBED FROM SOLUTION IN THE MAIN REACTION
SYSTEM.  THE REACTION SYSTEM WILL INCLUDE TWO 1200-GALLON TANKS SIZED TO ENSURE COMPLETE PRECIPITATION OR
ADSORPTION OF RADIONUCLIDES PRIOR TO GRAVITY FLOW TO THE FILTRATION SYSTEM.  CHEMICAL METERING PUMPS,
CONTROLLED BY PH OR OXIDATION REDUCTION POTENTIAL (ORP) MONITOR/CONTROLLERS, WILL ENSURE THAT OPTIMUM
REACTION CONDITIONS ARE MAINTAINED AUTOMATICALLY.  THE TANK WILL BE AGITATED WITH A HEAVY DUTY ELECTRIC
MIXER.  THE EQUIPMENT PROVIDED IN THE MAIN REACTION SYSTEM WILL BE AS FOLLOWS:

• (2) 1200-GALLON, RFP REACTION TANKS;
• (2) HEAVY-DUTY MIXER;
• (2) PH MONITORS/CONTROLLERS; AND
• (2) CHEMICAL METERING PUMP(S).

FERRIC SULFATE WILL BE INTRODUCED TO THE FIRST TANK IN A LIQUID SOLUTION.  HOWEVER, A SYSTEM WILL BE PROVIDED
TO DISSOLVE THE POWDERED CHEMICAL REAGENT, FOR CONTROLLED INTRODUCTION INTO THE MAIN REACTION SECTION.  IN
THE POWDERED CHEMICAL MAKE-UP SYSTEM, A COVERED TANK WILL BE PERIODICALLY FILLED WITH WATER, AND POWDERED
FERRIC SULFATE WILL BE ADDED MANUALLY IN A PRESCRIBED AMOUNT.  A MIXER WILL BE PROVIDED TO ASSURE THAT THE
REAGENT IS COMPLETELY DISSOLVED BEFORE IT IS DELIVERED BY A METERING PUMP TO THE MAIN REACTION SYSTEM.

LIME WILL BE ADDED TO THE SECOND TANK AS A SLURRY TO RAISE THE PH.  THE ELEVATED PH WILL CAUSE PRECIPITATION
OF THE IRON AS FERRIC HYDROXIDE AND CREATE CONDITIONS CONDUCIVE TO THE ADSORPTION OF URANIUM AND PLUTONIUM.
THE LIME SLURRY WILL BE PREPARED BY FILLING A TANK WITH WATER AND THEN MANUALLY ADDING A PRESCRIBED QUANTITY
OF LIME TO THE TANK THROUGH A CHUTE.  THE MIXTURE WILL BE WELL AGITATED WITH A HEAVY-DUTY MIXER.  THE SYSTEM
WILL BE PROVIDED WITH A DUST CONTROL HOOD, FILTER, AND FAN.



THE ABOVE PERIPHERAL EQUIPMENT INCLUDES:

• (2) 250-GALLON, HEAVY-DUTY PLASTIC TANKS;
• (2) HEAVY-DUTY, RIM-MOUNTED MIXERS;
• (1) SLURRY RECIRCULATION PUMP AND PIPING (LIME); AND
• LEVEL CONTROL SWITCHES AND ALARMS, TO BE INTEGRATED ELECTRONICALLY WITH THE MAIN SYSTEM PANEL.

FILTRATION SYSTEM

THE FERRIC HYDROXIDE AND SUSPENDED SOLIDS IN THE REACTION SECTION ARE REMOVED FROM THE WATER AND CONCENTRATED
IN THE FILTRATION SYSTEM.

THE MAIN COMPONENTS OF THE FILTRATION SYSTEM ARE:

• (1) 3000-GALLON, FIBERGLASS-REINFORCED PLASTIC (FRP) CONCENTRATION TANK;
• (2) 30-HP, 700-GPM RECIRCULATION PUMP;
• (28) CROSS-FLOW MEMBRANE FILTRATION MODULES; AND
• (1) PIPED-IN-PLACE MEMBRANE CLEANING SYSTEM.

THE CONCENTRATION TANK WILL BE MADE OF FIBERGLASS REINFORCED EPOXY EQUIPPED WITH APPROPRIATE BAFFLES AND
LIQUID LEVEL CONTROLS.  THE RECIRCULATION PUMP WILL BE STAINLESS STEEL FOR CORROSION RESISTANCE AND RATED AT
100 FEET OF HEAD.  THE PUMP WILL BE PROVIDED WITH WATER-FLUSHED DOUBLE MECHANICAL SEALS.

THE TREATED WATER WILL BE FILTERED THROUGH TUBULAR (1" DIAMETER) FILTRATION MEMBRANES MADE OF FLUOROCARBON
POLYMER, AND ARRANGED IN TRAINS OF 10-TUBE MODULES PIPED IN SERIES, SUPPORTED ON ACCESSIBLE HORIZONTAL RACKS. 
EACH MODULE WILL BE 6-FEET LONG AND 7-INCHES IN DIAMETER, WITH A SEPARATE OUTLET FOR CLEAN EFFLUENT.  A FLOW
INDICATING AND TOTALIZING METER WILL BE PROVIDED ON THE EFFLUENT LINE.  MANIFOLDS WILL BE PROVIDED TO COLLECT
THE EFFLUENT AND DIRECT IT BY GRAVITY TO THE NEUTRALIZATION SYSTEM.  THE METAL/RADIONUCLIDE SUSPENSION WILL
BE CONCENTRATED TO A 2 TO 5 PERCENT SLURRY IN THE CONCENTRATION TANK, FROM WHICH IT WILL BE PERIODICALLY
PUMPED TO THE SLURRY HOLDING TANK AND FILTER PRESS IN THE SLURRY DEWATERING SYSTEM.  THE SLURRY REMOVAL RATE
WILL BE ADJUSTED MANUALLY TO MAINTAIN THE DESIRED SOLIDS CONCENTRATION IN THE FILTRATION SECTION.  ALL PIPING
AND VALVES IN CONTACT WITH THE WATER BEING TREATED WILL BE HEAVY-DUTY, CORROSION-RESISTANT PLASTIC.

NEUTRALIZATION SYSTEM

A SKID-MOUNTED NEUTRALIZATION SYSTEM WILL BE PROVIDED TO ADJUST THE EFFLUENT PH TO THE CONDITIONS REQUIRED
FOR DISCHARGE OR RECYCLE.  THE NEUTRALIZATION SYSTEM WILL BE SIZED TO RECEIVE AND TREAT THE EFFLUENT FROM THE
MEMBRANE FILTERS.  THE NEUTRALIZED EFFLUENT WILL LEAVE THE SYSTEM BY GRAVITY.  THE EQUIPMENT AND COMPONENTS
OF THE NEUTRALIZATION SYSTEM ARE AS FOLLOWS:

• (1) 1500-GALLON, HEAVY-DUTY PLASTIC TANK;
• (1) HEAVY-DUTY RIM-MOUNTED MIXER;
• (1) METERING PUMP FOR ACID; AND
• (1) SEPARATE CONTROL PANEL CONTAINING:
                      1 PH MONITOR/CONTROLLER
                      1 PH RECORDER
                      PH OUT-OF-SPECIFICATION ALARM
                      ELECTRICAL SWITCHES AND CONTACTORS.

PROCESS INSTRUMENTATION SYSTEM

A CENTRAL CONTROL PANEL WITH A NATIONAL ELECTRICAL MANUFACTURER'S ASSOCIATION (NEMA) 4 RATING WILL BE
PROVIDED TO HOUSE ALL CONTROLS, ELECTRICAL SWITCHES AND DISCONNECTS, AND MOTOR STARTERS.  THE MAIN ITEMS WILL
INCLUDE THE FOLLOWING:

• PH AND ORP MONITOR/CONTROLLERS/ALARMS;
• INDICATOR LIGHTS, SWITCHES AND ALARMS FOR MAJOR COMPONENTS;
• MOTOR STARTERS AND CIRCUIT BREAKERS FOR ALL PUMPS;
• SEAL WATER ALARMS;
• LEVEL CONTROLS AND ALARMS; AND
• EFFLUENT FLOW INDICATOR/TOTALIZER.

ALL WIRING AND CONTROLS WILL MEET APPLICABLE NATIONAL ELECTRICAL CODES.



SOLID DEWATERING SYSTEM

THE SOLIDS DEWATERING SYSTEM WILL INCLUDE A 4-CUBIC-FOOT FILTER PRESS USING AN AIR-OPERATED SLURRY FEED PUMP
TO FEED CONCENTRATED WASTE SLURRY FROM THE CONCENTRATION TANK TO THE FILTER PRESS.  THE FILTER PRESS WILL
DEWATER THE SOLID TO 35 TO 50 PERCENT SOLIDS.  BASED ON THE PRELIMINARY SIZING, IT IS EXPECTED THAT THE PRESS
WILL BE EMPTIED ONCE EVERY FIVE DAYS.  THE FILTRATE PRODUCED BY THE FILTER PRESS WILL ALSO BE DIRECTED BACK
TO THE CONCENTRATION TANK OR THE FEED SUMP FOR REPROCESSING.  THE FILTER PRESS SLUDGE CAKE IS COLLECTED
SAFELY AND WITH MINIMAL WORKER EXPOSURE.  AN AIR BLOWDOWN SYSTEM AUTOMATICALLY REMOVES THE SLUDGE CAKE FROM
THE PRESS.  THE CAKE THEN FALLS THROUGH SLUDGE CAKE CHUTES MOUNTED UNDER THE FILTER PRESS (ELEVATED) AND INTO
DRUMS.  SHEETING WILL BE PLACED AROUND THE TRANSFER EQUIPMENT AND DRUMS FOR SPLASH PROTECTION.

6.1.2.2 ORGANIC CONTAMINANT REMOVAL

ORGANIC CONTAMINANT REMOVAL BY GAC IS A CONSIDERABLY SIMPLER PROCESS. AFTER CROSS-FLOW MEMBRANE FILTRATION,
THE SURFACE WATER WILL BE PUMPED THROUGH TWO GAC COLUMNS IN SERIES, OPERATED IN DOWNFLOW FIXED-BED MODE
(FIGURE 6-1).  TWO ADDITIONAL GAC COLUMNS WILL BE IN STOCK.  EACH CARBON COLUMN IS 60 INCHES IN DIAMETER AND
87 INCHES HIGH AND CONTAINS 2000 POUNDS OF CARBON.  BASED ON A FLOW RATE OF 60 GPM, THE HYDRAULIC LOADING TO
EACH COLUMN WILL BE APPROXIMATELY 3 GPM/SQUARE FEET.  EMPTY BED CONTACT TIME FOR EACH COLUMN WILL BE
APPROXIMATELY 18 MINUTES.  THE COLUMNS ARE OF STAINLESS STEEL CONSTRUCTION AND WILL BE INTERCONNECTED BY
FLEXIBLE PIPE WITH 2-INCH CAMLOCK HOSE CONNECTIONS.  ONCE THE COLUMN IS DRAINED OF WATER, THE UNIT IS A
SHIPPING CONTAINER FOR RETURNING THE CARBON FOR REGENERATION.

6.1.2.3 EFFLUENT DISCHARGE

FOLLOWING TREATMENT, THE WATER WILL CONTINUOUSLY DISCHARGE TO SOUTH WALNUT CREEK JUST DOWNGRADIENT OF CS-134. 
SAMPLES WILL BE COLLECTED AND ANALYZED TWICE PER WEEK.  IN THE UNLIKELY EVENT OF OFF-SPECIFICATION PROCESSING
OR TREATMENT PROCESS FAILURE, THE TREATMENT SYSTEM DISCHARGE WILL AT MOST RETURN THE DRAINAGE TO ITS
PRE-IM/IRA CONDITION.  IN ADDITION, DETENTION, TREATMENT, AND MONITORING AT POND B-5 PROVIDES A DOWNGRADIENT
SAFEGUARD.

6.2 OPERATION AND MAINTENANCE

6.2.1 SURFACE WATER COLLECTION

THE COLLECTION SYSTEMS ARE RELATIVELY MAINTENANCE FREE.  MANHOLES, SUMPS, AND BACKWATER POOLS WILL REQUIRE
PERIODIC CLEANING TO REMOVE ACCUMULATED SOLIDS.  PUMPS WILL ALSO REQUIRE ROUTINE INSPECTION AND MAINTENANCE.

6.2.2 CROSS-FLOW MEMBRANE FILTRATION

THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM'S INSTRUMENTATION AND CONTROLS WILL MONITOR AND AUTOMATICALLY
ADJUST CHEMICAL FEED RATES.  SYSTEM LEVEL SWITCHES WILL AUTOMATICALLY OPERATE THE FEED AND PROCESS PUMPS TO
ALLOW FOR THE CONTINUOUS FLOW OF SURFACE WATER THROUGH THE SYSTEM.  INTERLOCKS AND ALARMS WILL AUTOMATICALLY
SHUT DOWN THE SYSTEM IF CRITICAL COMPONENTS ARE OPERATING OUTSIDE THE DESIGN LIMITS.  THEREFORE, THE SYSTEM
WILL BE CAPABLE OF PROCESSING SURFACE WATER WITH ONLY MINIMAL OPERATOR ATTENTION.  HOWEVER, OPERATOR
ATTENTION REQUIRED FOR THE SYSTEM, ESTIMATED AT LESS THAN TWO HOURS PER SHIFT, WILL INCLUDE THESE TASKS:

       1.   MAINTAINING APPROPRIATE SOLIDS CONCENTRATION IN THE CONCENTRATION TANK BY ADJUSTING THE AMOUNT OF
            WASTE SLURRY FEED TO THE DEWATERING SECTION;

       2.   REPLENISHING CHEMICALS AS NEEDED;

       3.   ROUTINE CLEANING AND CALIBRATION OF PH OR ORP PROBES; AND

       4.   PERIODICALLY INITIATING THE CLEANING CYCLE AND CHANGING THE CLEANING SOLUTION.  TYPICALLY, A
            CLEANING CYCLE TAKES LESS THAN 1 HOUR AND IS CARRIED OUT ONCE EVERY 40 TO 80 HOURS OF SYSTEM
            OPERATION.

THE FILTRATION SYSTEM INCLUDES A CLEANING LOOP TO PROVIDE FOR RAPID CONVENIENT IN-PLACE CLEANING OF THE
MEMBRANE SURFACE.  THIS INCLUDES TWO 500-GALLON POLYPROPYLENE TANKS, AN ALL-PLASTIC CLEANING PUMP (5 HP, 100
GPM AT 80 FEET OF HEAD) AND APPROPRIATE VALVES AND PIPING SO THAT THE PERIODIC CLEANING PROCEDURE CAN BE
CARRIED OUT CONVENIENTLY AND QUICKLY. ACTUAL OPERATING EXPERIENCE WILL DETERMINE THE CLEANING FREQUENCY
REQUIRED FOR OPTIMUM PERFORMANCE OF THE SYSTEM.  DURING THE CLEANING PROCEDURE, FRESH WATER IS USED TO FLUSH
THE WASTE SLURRY FROM THE MODULES BACK TO THE CONCENTRATION TANK, AND A CLEANING SOLUTION (USUALLY A STRONG
ACID) IS CIRCULATED THROUGH THE MODULES WITH THE CLEANING PUMP FOR A FEW MINUTES.  FINALLY, THE CLEANING
SOLUTION IS FLUSHED FROM THE MODULES WITH CLEAN WATER.  PROVISION IS MADE TO REPROCESS THE CLEANING SOLUTION
AS PART OF THE NORMAL WASTE STREAM SO THAT ONLY CLEAN EFFLUENT LEAVES THE SYSTEM.



6.2.3 ACTIVATED CARBON

OPERATION AND MAINTENANCE OF THE GAC SYSTEM IS ALSO RELATIVELY SIMPLE. TO COMPLETELY UTILIZE THE CARBON, THE
COLUMNS WILL BE ARRANGED IN SERIES, ALLOWING THE LEAD COLUMN TO BECOME FULLY EXHAUSTED FOR SUBSEQUENT
REGENERATION WHILE THE SECOND (POLISHING) COLUMN ENSURES EFFLUENT QUALITY.  PERIODIC SAMPLES WILL BE TAKEN
FROM THE EFFLUENT OF EACH UNIT, AND WHEN THE LEAD UNIT EFFLUENT EXCEEDS CHEMICAL-SPECIFIC ARARS, THE LEAD
CARBON COLUMN WILL BE REMOVED, THE POLISHING (SECOND) COLUMN WILL BECOME  THE LEAD COLUMN, AND A STOCK CARBON
COLUMN WILL BE PUT IN SERVICE AS THE POLISHING UNIT.  THIS IS EXPECTED TO OCCUR EVERY THREE WEEKS.  THE
CARBON COLUMN WITH THE EXHAUSTED CARBON WILL THEN BE SHIPPED TO AN OFF-SITE LOCATION FOR REGENERATION.

6.3 ADDITIONAL DOCUMENTS

IN ADDITION TO THIS IM/IRA PLAN, EG&G WILL ALSO BE PREPARING THE FOLLOWING DOCUMENTS:

• SITE SPECIFIC HEALTH AND SAFETY PLAN (SSHSP) FOR CONSTRUCTION AND OPERATION OF THE IM/IRA;
• COMMUNITY RELATIONS PLAN (CRP);
• DETAILED DESIGN PLANS AND SPECIFICATIONS;
• DETAILED "AS-BUILT" DRAWINGS INCORPORATING ALL FIELD CHANGES TO ACCURATELY REFLECT THE

CONSTRUCTED SURFACE WATER COLLECTION AND TREATMENT SYSTEM; AND
• AN OPERATION AND MAINTENANCE MANUAL (O&M) FOR THE IM/IRA.

THE SSHSP AND O&M MANUAL WILL BE PREPARED AFTER THE IM/IRA DESIGN IS FINALIZED SINCE THESE DOCUMENTS PROVIDE
PROJECT-SPECIFIC PROCEDURES FOR CONSTRUCTION AND OPERATING ACTIVITIES.  THE CRP WILL BE AVAILABLE FOR PUBLIC
COMMENT ON 30 JANUARY 1991 AND WILL BE IMPLEMENTED IN AUGUST 1991.

6.4 TREATABILITY STUDIES

A PREFERRED SURFACE WATER TREATMENT SYSTEM FOR THE PROPOSED IM/IRA HAS BEEN SELECTED IN SPITE OF SEVERAL
INFORMATIONAL CONSTRAINTS.  FIRST, IT IS UNCERTAIN, ALTHOUGH UNLIKELY BASED ON THE AVAILABLE DATA, THAT
METHYLENE CHLORIDE, VINYL CHLORIDE, AND ACETONE ARE PRESENT WITHIN SOUTH WALNUT CREEK BASIN SURFACE WATERS. 
SECOND, LIMITED TREATMENT TECHNOLOGY PERFORMANCE DATA CURRENTLY EXIST FOR REMOVAL OF PLUTONIUM AND AMERICIUM
FROM NATURAL WATERS.  THIS IS PARTICULARLY TRUE IN THE CASE OF ION EXCHANGE.  FINALLY, THE PHYSICAL STATE OF
PLUTONIUM AND AMERICIUM (I.E., DISSOLVED VS. COLLOIDAL) IN SURFACE WATERS IS NOT COMPLETELY UNDERSTOOD, NOR
HAVE THE RADIONUCLIDES THAT CONTRIBUTE TO THE GROSS ALPHA AND BETA ACTIVITY BEEN DEFINED.  THE SELECTED
TREATMENT SYSTEM IS THE LOGICAL CHOICE GIVEN THE AVAILABLE SURFACE WATER QUALITY DATA, LITERATURE INFORMATION
REGARDING PLUTONIUM AND AMERICIUM CHEMISTRY AND TREATMENT PROCESSES FOR THEIR REMOVAL, AND BEST ENGINEERING
JUDGEMENT.

HOWEVER, TREATABILITY STUDIES ARE APPROPRIATE TO CONFIRM THE SELECTION OF THE PREFERRED TREATMENT SYSTEM OR
TO PROVIDE THE BASIS FOR SELECTION OF AN ALTERNATIVE SYSTEM SHOULD THE PREFERRED SYSTEM BE JUDGED TO NOT
PERFORM ADEQUATELY.

THE DOE WILL CONDUCT BENCH- AND FIELD-SCALE TREATABILITY STUDIES TO DETERMINE THE EFFECTIVENESS OF CROSS-FLOW
MEMBRANE FILTRATION, GAC, ION EXCHANGE AND OTHER TECHNOLOGIES IN TREATING SOUTH WALNUT CREEK BASIN SURFACE
WATERS.  OBJECTIVES OF THE BENCH-SCALE STUDY INCLUDE DETERMINATION OF APPLICABILITY OF THE TREATMENT
TECHNOLOGY, QUANTIFICATION OF MAJOR OPERATING PARAMETERS, EVALUATION OF PERFORMANCE RELATIVE TO MEETING
CHEMICAL-SPECIFIC ARARS AND REEVALUATION OF CAPITAL AND OPERATING COSTS.  GAC WILL BE TESTED USING A FIELD
TREATMENT UNIT WHICH WILL BE DEPLOYED IN THE NORTHWEST PORTION OF THE EAST TRENCHES AREAS FOR TREATMENT OF
SURFACE WATER FROM STATIONS SW-59, SW-61, AND SW-132.  THE INITIAL OPERATIONAL UNIT OF THE FIELD UNIT IS
EXPECTED TO BE INSTALLED AND STARTED UP IN THE SPRING 1991.  BECAUSE THIS FIRST UNIT (THE GAC SYSTEM) WILL BE
USED PRIMARILY TO DEMONSTRATE ORGANIC CONTAMINANT REMOVAL EFFICIENCIES, IT WILL NOT BE EXPECTED TO ATTAIN
CHEMICAL-SPECIFIC ARARS FOR METALS AND RADIONUCLIDES BY ITSELF. ADDITIONAL UNITS WILL BE ADDED OVER A SEVERAL
MONTH PERIOD TO EVALUATE METALS AND RADIONUCLIDES REMOVAL.  OPERATION OF THIS FIELD-SCALE FACILITY WILL
INCLUDE TESTING AND MODIFICATION OF THE ORIGINAL EQUIPMENT AS WELL AS THE ADDITION OF SUPPORT EQUIPMENT
AND/OR ALTERNATIVE TREATMENT ELEMENTS.  A SUMMARY REPORT OF THE TREATABILITY STUDY FINDINGS WILL BE SUBMITTED
TO THE REGULATORY AGENCIES UPON COMPLETION OF THE PROGRAM.  THE RESULTS OF THESE TESTS AND THE BENCH-SCALE
TREATABILITY STUDIES MAY INDICATE THAT IT IS NOT PRACTICABLE TO ATTAIN ALL ARARS FOR THE SURFACE WATER
IM/IRA.  FINAL PERFORMANCE REQUIREMENTS FOR THE IM/IRA WILL REQUIRE APPROVAL BY THE REGULATORY AGENCIES.

ENVIRONMENTAL EFFECTS OF THE PROPOSED INTERIM REMEDIAL ACTION

THE PROPOSED SURFACE WATER IM/IRA, AND POTENTIAL SUBSEQUENT ENVIRONMENTAL AND HUMAN HEALTH EFFECTS RESULTING
FROM THIS ACTION, ARE EVALUATED IN THIS CHAPTER.  ENVIRONMENTAL IMPACTS TO AIR QUALITY, WATER QUALITY,
TERRESTRIAL FEATURES (INCLUDING WILDLIFE AND WETLANDS), ARCHAEOLOGY AND HISTORIC SITES, AND SHORT- AND
LONG-TERM LAND PRODUCTIVITY ARE DISCUSSED IN SECTIONS 7.1, 7.2, 7.3, 7.4 AND 7.5, RESPECTIVELY.  HUMAN HEALTH
EXPOSURE RISKS FROM INSTALLATION, ROUTINE OPERATIONS, AND ACCIDENTS ARE ANALYZED IN DETAIL IN SECTIONS 7.6



AND 7.7.  THESE ANALYSES EVALUATE THE RISKS TO WORKERS INVOLVED IN THE IM/IRA, TO OTHER RFP SITE EMPLOYEES,
AND TO THE GENERAL PUBLIC.  THE COMMITMENT OF RESOURCES (MATERIAL/HUMAN), TRANSPORTATION IMPACTS AND
CUMULATIVE IMPACTS ARE DISCUSSED IN SECTIONS 7.8 THROUGH 7.10.

7.1 AIR QUALITY

THERE ARE THREE POTENTIAL AIR QUALITY IMPACTS ASSOCIATED WITH THE PROPOSED OU 2 IM/IRA TO SELECTIVELY COLLECT
AND TREAT SURFACE WATER WITHIN THE SOUTH WALNUT CREEK BASIN OU 2 FROM SURFACE SEEPS AND SURFACE WATER
MONITORING STATIONS.  THESE ARE:

1.  POTENTIAL VOCS RELEASED FROM EXPOSED CONTAMINATED LIQUIDS DURING CONSTRUCTION ACTIVITIES (I.E., SUMP
    INSTALLATION, TRENCH EXCAVATION) OR AT SURFACE WATER COLLECTION, STORAGE, AND TREATMENT LOCATIONS, AS
    PART OF NORMAL OPERATIONS OR ACCIDENT CONDITIONS.

2.  FUGITIVE DUSTS AND FOSSIL FUEL CONSUMPTION RELATED EXHAUSTS RESULTING FROM ACTIVITIES SUCH AS EXCAVATION,
    CONSTRUCTION, OPERATIONS, MAINTENANCE, AND MONITORING.

3.  WATER TREATMENT PROCESS OFF-GASSING RELEASED TO THE ENVIRONMENT AS PART OF NORMAL OPERATIONS OR ACCIDENT
    CONDITIONS.

AIR QUALITY IMPACTS FROM VOCS RELEASED DURING CONSTRUCTION ACTIVITIES (E.G., EXCAVATION) WILL BE MINIMAL WHEN
COMPARED TO THE NORMAL OPERATIONAL ACTIVITY AT THE ROCKY FLATS PLANT.  THE "PHASE II RFI/RIFS WORKPLAN" FOR
OU 2 SHOWS VOCS HAVE BEEN DETECTED IN THE SOUTH WALNUT CREEK BASIN SOILS AND INCLUDE ACETONE (UP TO 500 PPB),
AND BIS(2-ETHYLHEXYL) PHTHALATE (4,600 PPB) (EG&G, 1990A).  TABLE A-10 IN APPENDIX A PRESENTS THE TEST
RESULTS FOR VOCS COMPILED AS PART OF THIS REPORT.  DUE TO THEIR ISOLATED OCCURRENCE, AND THE LIMITED AMOUNT
OF EXCAVATION PLANNED, THE AMOUNT OF VOCS RELEASED DURING THIS CONSTRUCTION ACTIVITY ARE NOT LIKELY TO CAUSE
MEASURABLE CHANGES IN THE AMBIENT AIR QUALITY.  BASED ON SAMPLE ANALYSES TO DATE, VOC CONCENTRATIONS IN SOILS
AT SOUTH WALNUT CREEK ARE INSIGNIFICANT.  CONSEQUENTLY, NORMAL CONSTRUCTION ACTIVITIES AND EXCAVATION FOR
SUMP INSTALLATION, BURIED PIPELINE/UTILITIES AND PREPARATION OF THE PAD AREA FOR THE TREATMENT SYSTEM MAY NOT
RELEASE VOCS TO THE ATMOSPHERE.  PRELIMINARY CHARACTERIZATION, BASED ON THE PHASE I RI REPORT, INDICATES THE
PRESENCE OF ELEVATED CONCENTRATIONS OF SEMI-VOLATILE ORGANIC CHEMICALS (PHTHALATES) IN THE SOIL.  ANY
AIRBORNE RELEASES OF SEMI-VOLATILE ORGANIC CHEMICALS WILL BE FROM FUGITIVE DUSTS ASSOCIATED WITH CONSTRUCTION
ACTIVITIES AND WILL BE CONTROLLED AS DISCUSSED BELOW.

DUST ASSOCIATED WITH CONSTRUCTION AND OPERATIONAL ACTIVITIES WILL BE CONTROLLED AS SPECIFIED IN THE
ENVIRONMENTAL RESTORATION'S HEALTH AND SAFETY PROGRAM PLAN (ERHSPP).  THE ERHSPP ADDRESSES THE MINIMUM HEALTH
AND SAFETY REQUIREMENTS FOR OUTSIDE CONTRACTORS AS DICTATED BY THE ER DEPARTMENT AND THE HEALTH SAFETY (HS)
DEPARTMENT.  THE ERHSPP IS IN FINAL FORM AND IS CURRENTLY UNDERGOING A FINAL REVIEW BY EPA AND CDH. THE
ERHSPP OUTLINES THE REQUIREMENTS FOR A PROJECT-SPECIFIC OR SITE SPECIFIC HEALTH AND SAFETY PLAN (SSHSP) THAT
IDENTIFIES CONSTRUCTION TASKS, POTENTIAL HAZARDS, AND THE STEPS TO CONTROL HAZARDS.  THE SSHSP WILL BE
PREPARED IN ACCORDANCE WITH GUIDELINES SET FORTH IN THE ERHSPP, AND WILL BE COMPLETED AFTER THE IM/IRA DESIGN
IS FINALIZED SINCE THIS PLAN PROVIDES PROCEDURES FOR SPECIFIC IM/IRA CONSTRUCTION AND OPERATING ACTIVITIES. 
THE SSHSP MUST BE APPROVED BY THE ER AND HS DEPARTMENTS, AND WILL BE REVIEWED BY EPA AND CDH.

UPON APPROVAL OF THE SSHSP, THE OUTSIDE CONTRACTOR IS BRIEFED AND ASSIGNED AN RFP CONSTRUCTION ENGINEER. 
THIS ENGINEER IS RESPONSIBLE FOR CONSTRUCTION MANAGEMENT AND IMPLEMENTATION OF THE SSHSP BY THE CONTRACTOR. 
THE HS DEPARTMENT WILL THEN ISSUE A RENEWABLE ONE-WEEK PERMIT, CONDITIONAL ON THE WORKERS BEING BRIEFED AND
UNDERSTANDING THE HEALTH AND SAFETY CONCERNS OF THE CONSTRUCTION EFFORT.  THE CONSTRUCTION IS MONITORED BY
THE HS DEPARTMENT FOR CONTRACTOR ADHERENCE TO THE SSHSP.

IN ADDITION TO THESE REQUIREMENTS, THE ER DEPARTMENT HAS DEVELOPED WIND SPEED AND DUST CONTROL SHUT-DOWN
LIMITS AS GUIDELINES FOR THE 881 HILLSIDE IM/IRA.  SIMILAR PROJECT DOCUMENT GUIDELINES WILL ALSO BE REQUIRED
FOR CONSTRUCTION OF THE SOUTH WALNUT CREEK BASIN IM/IRA AT OU 2.

DERMAL EXPOSURE, INHALATION, AND INADVERTENT INGESTION OF AIRBORNE RADIOACTIVITY AND VOCS ON FUGITIVE DUSTS
IS ANALYZED IN SECTION 7.6, "PERSONNEL EXPOSURE-ROUTINE OPERATIONS".  POLLUTION FROM ENGINE EMISSIONS,
FUGITIVE DUST GENERATION BY VEHICLES AND PARTICULATES FROM TIRE WEAR ARE ANALYZED SEPARATELY IN SECTION 7.9,
"TRANSPORTATION IMPACTS".

COLLECTED CONTAMINATED SURFACE WATER WILL BE PROCESSED THROUGH THE PROPOSED CROSS-FLOW MEMBRANE FILTRATION
SYSTEM AND ACTIVATED CARBON SYSTEM FACILITY.  DUE TO THE LOW VOC CONCENTRATIONS IN THE SURFACE WATER, THE
PROPOSED TREATMENT SYSTEM WILL NOT PRODUCE MEASURABLE VOC EMISSIONS; THEREFORE, NO CHANGES IN THE LEVELS OF
THESE GASES IN THE AMBIENT AIR OFF SITE IS EXPECTED.  THE NEED FOR PERIODIC MEMBRANE CLEANING WILL REQUIRE
THE USE OF A SMALL AMOUNT OF SODIUM HYPOCHLORITE (NAOHCL).  THIS COULD OCCUR ONCE EVERY 2 TO 4 WEEKS AND WILL
NOT IMPACT OFF-SITE AIR QUALITY.



THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM INCORPORATED INTO THE WATER TREATMENT SYSTEM TO REMOVE SUSPENDED
SOLIDS, DISSOLVED METALS, AND RADIONUCLIDES MAY NOT CONTRIBUTE TO EMISSIONS DURING NORMAL OPERATIONS OR BACK
FLUSHING OPERATIONS.  MIXING OF CHEMICALS FOR WATER PRETREATMENT OR STRONG ACIDS OR BASES USED FOR HARDWARE
CLEANING OPERATIONS MAY CONTRIBUTE TO ODORS WITHIN THE CONFINES OF THE WATER TREATMENT TRAILERS AND SHOULD BE
CONTROLLED BY ADEQUATE VENTILATION.  THESE ODORS WILL NOT BE NOTICEABLE FROM OUTSIDE THE TREATMENT FACILITY
AREA, NOR WILL THEY BE A HAZARD TO WORKERS IN THE TRAILERS UNDER NORMAL CIRCUMSTANCES.  SPILLS OF CHEMICALS
THAT MIGHT BE INVOLVED IN ACCIDENT CONDITIONS WILL BE ADMINISTRATIVELY CONTROLLED BY ACTIONS SPECIFIED IN THE
OPERATIONAL SAFETY ANALYSIS (OSA).

THE OSA ADDRESSES HEALTH AND SAFETY CONCERNS ORIGINATING FROM ROUTINE SITE OPERATIONS.  IT IS SIMILAR TO THE
SSHSP IN THAT HEALTH, SAFETY, AND ENVIRONMENTAL HAZARDS ARE IDENTIFIED AND EVALUATED FOR CONTROL.  THIS
ANALYSIS IS ALSO REVIEWED BY AND MUST BE APPROVED BY THE HS DEPARTMENT. TRAINING IS REQUIRED PRIOR TO
OPERATION WITH OVERSIGHT AND MONITORING BY THE HS DEPARTMENT.

OPERATION AND MAINTENANCE OF THE GAC SYSTEM ARE SIMPLER THAN FOR THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM. 
THE GAC COLUMNS, CONTAINING EXHAUSTED CARBON, WILL BE SHIPPED TO AN OFF-SITE LOCATION FOR REGENERATION. 
SPILLS OF LIQUIDS ASSOCIATED WITH THE OPERATION OF THE GAC COLUMNS WILL BE LIMITED TO THE EFFLUENT EXITING
THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM, WHICH WILL HAVE REMOVED MANY OF THE CONSTITUENTS OF CONCERN.  THE
EFFLUENT WATER FROM THE MEMBRANE FILTRATION TREATMENT SYSTEM MAY CONTAIN SOME AMOUNT OF VOCS.  EFFLUENT
CONCENTRATION REQUIREMENTS ARE CONTAINED IN TABLE 4-1, BASIS FOR DESIGN OF SURFACE WATER TREATMENT.

7.2 WATER QUALITY

THE PROPOSED IM/IRA WILL REDUCE THE CONTAMINANT LOADING TO SOUTH WALNUT CREEK.  SURFACE WATER RUNOFF ENTERING
EXCAVATED AREAS AND EXCEEDING THE DESIGN CAPACITIES OF THE SYSTEM MAY CREATE SOIL ENTRAINMENT (SEDIMENT
TRANSPORT) BY SURFACE RUNOFF ENDING IN OPEN WATERS ON SITE.  THE AMOUNT OF WATER EXCEEDING THE DESIGN
CAPACITY OF THE COLLECTION SYSTEM SHOULD BE MINIMAL.

SOME EXCAVATION WILL OCCUR IN SOILS THAT ARE EXPECTED TO HAVE MEASURABLE LEVELS OF SEMI-VOLATILE ORGANIC
CHEMICALS, PRIMARILY PHTHALATES. BECAUSE PHTHALATES ADSORB ONTO THE SOIL PARTICLES AND THUS ARE NOT
TRANSFERRED FROM SOIL TO WATER IN MEASURABLE QUANTITIES, SURFACE WATER RUNOFF SHOULD NOT CAUSE A WATER
QUALITY CONCERN AS LONG AS EROSION CONTROL MEASURES ARE APPLIED TO ALL SOILS EXCAVATED DURING REMEDIAL
ACTION.  THE IM/IRA CONSTRUCTION SPECIFICATIONS WILL INCLUDE POST-EXCAVATION EROSION CONTROL MEASURES. 
TECHNIQUES MAY INCLUDE, BUT NOT BE LIMITED TO FIBER COMPOSITE NETS, GROUTED RIPROCK, HYDROMULCHING, AND
SEEDING.

SOUTH WALNUT CREEK BASIN SOILS WITHIN OU 2 ARE CONTAMINATED WITH PLUTONIUM AND AMERICIUM (ROCKWELL
INTERNATIONAL, 1989A).  PRIOR TO CONSTRUCTION WORK FOR THE SURFACE WATER CONTAMINATION CLEANUP, SURVEYS WILL
BE PERFORMED TO DETECT ANY PRESENCE OF ELEVATED RADIOACTIVE CONTAMINATION.  ELEVATED RADIOACTIVE
CONTAMINATION WILL BE HANDLED IN ACCORDANCE WITH THE SSHSP PROCEDURES.

FOR THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM, THE GREATEST POTENTIAL FOR NEGATIVE WATER QUALITY IMPACTS
RESULTS FROM CHEMICALS INVOLVED IN THE PRETREATMENT OF THE WASTE STREAM AND CONCENTRATED ACIDS OR BASES
UTILIZED PERIODICALLY FOR DESCALING OF EQUIPMENT.  HANDLING OF THE CONCENTRATED CLEANING CHEMICALS WILL BE
GOVERNED BY AN OSA, AS WILL THE PRECAUTIONS FOR HANDLING THE DEWATERED SOLIDS GENERATED IN THE WATER
TREATMENT PROCESS.

DEWATERED SOLIDS WILL BE HANDLED AS A LOW-LEVEL MIXED WASTE.  THIS WILL REQUIRE SOLIDIFICATION AT AN EXISTING
RFP FACILITY TO MEET THE TRANSPORTATION AND DISPOSAL REQUIREMENTS.  THE SOLIDIFIED WASTE WILL BE DISPOSED OF
AT THE NEVADA TEST SITE OR SIMILAR FACILITY AFTER IT IS SAMPLED AND ANALYZED TO DETERMINE COMPLIANCE WITH
RECENTLY PROMULGATED RCRA LAND BAN RESTRICTIONS.

THE VOLUME OF WASTE WILL NOT BE A MAJOR ADDITION TO THOSE WASTES ALREADY PROCESSED AT THE RFP.  THE
COLLECTION, TRANSPORT, AND TREATMENT OF THE DEWATERED SOLIDS WILL BE IN ACCORDANCE WITH STANDARD PLANT
OPERATING PROCEDURES AND DOES NOT PRESENT A SIGNIFICANT HAZARD TO ON-SITE OR OFF-SITE WATER QUALITY.

THE GAC ADSORPTION SYSTEM WILL PROVIDE EVEN LESS PROSPECTS FOR NEGATIVE IMPACT TO WATER QUALITY ON SITE THAN
THE CROSS-FLOW MEMBRANE FILTRATION SYSTEM.  THE CARBON COLUMNS WILL BE FULLY SELF-CONTAINED AND HOLD
APPROXIMATELY 2,000 POUNDS OF CARBON.  THE UNITS ARE SHIPPED TO AN OFF-SITE LOCATION FOR REGENERATION. 
APPROXIMATELY ONE GALLON OF WATER PER 3 TO 4 POUNDS OF CARBON (500 GALLONS) COULD BE SPILLED DURING UNIT
CHANGEOUT OF THE CARBON COLUMN.  THIS POSSIBILITY IS MITIGATED BY THE USE OF SECONDARY CONTAINMENT WHICH
CAPTURES ALL OF THE POTENTIALLY SPILLED WATER.  THE NET EFFECT IS THAT THERE WILL BE NO SPILL DURING CARBON
COLUMN CHANGEOUT.  PROCEDURES WILL BE ESTABLISHED FOR THE SAFE CHANGEOUT OF THE EXHAUSTED GAC COLUMNS.  THE
TRANSPORT OF THE EXHAUSTED GAC COLUMNS WILL BE IN ACCORDANCE WITH STANDARD PLANT AND PROJECT-SPECIFIC
OPERATING PROCEDURES AND PRESENTS A NEGLIGIBLE HAZARD TO ON-SITE OR OFF-SITE WATER QUALITY.



7.3 TERRESTRIAL IMPACTS

TERRESTRIAL ENVIRONMENT FEATURES THAT MAY BE NEGATIVELY IMPACTED BY THE PROPOSED IM/IRA INCLUDE ANIMAL LIFE,
PLANT LIFE, AND LAND FORMS (INCLUDING WETLANDS).  THESE NEGATIVE IMPACTS ARE EXPECTED TO BE MINIMAL, BECAUSE
OF THE DISTURBANCE TO THE AREAS OF CONCERN CAUSED BY THE PLANT'S CONSTRUCTION AND OPERATION DURING THE PAST
37 YEARS.  THESE PAST DISTURBANCES HAVE LEFT THE 903 PAD WITH AN ASPHALT PAD CAP AND THE EAST TRENCHES AREA
HAS SURFACE EVIDENCE OF BURIAL TRENCHES.  THE EFFECTS OF THE IM/IRA WILL NOT SIGNIFICANTLY IMPACT THE
ALREADY-DISTURBED AREAS. NUMEROUS SPECIES OF ANIMAL AND PLANT LIFE HAVE BEEN IDENTIFIED AT THE RFP.  NO
ANIMALS ARE CLASSIFIED AS RARE OR ENDANGERED (DOE, 1980).

ROCKY FLATS FLORA HAVE BEEN IDENTIFIED THROUGH AN ON-SITE INVENTORY BY DR. W.A. WEBER, ET. AL., (WEBER,
1974), FROM THE UNIVERSITY OF COLORADO. THE INVENTORY REVEALED 327 SPECIES OF VASCULAR PLANTS, 25 LICHENS, 16
BRYOPHYTES, AND ONE MACROSCOPIC GREEN ALGAE.  NONE ARE THREATENED OR ENDANGERED.

THE PROPOSED SITE FOR THE TREATMENT FACILITY TRAILERS IS IN THE NORTHWEST SECTION OF THE EAST TRENCHES AREA,
NORTH OF IHSS-110. LEVELING, EITHER BY THE ADDITION OF CLEAN FILL MATERIAL OR GRADING, WILL CAUSE MINIMAL
ADVERSE IMPACT TO THE AREA.  CONSTRUCTION ACTIVITIES COULD BE POTENTIALLY LOCALLY DESTRUCTIVE TO THE
VEGETATION AND GROUND-DWELLING RODENTS, REPTILES AND INVERTEBRATES, BUT THIS IMPACT IS EXPECTED TO BE
MINIMAL.  NONE OF THE POTENTIALLY AFFECTED VERTEBRATES, INVERTEBRATES OR VEGETATION IN THE DISTURBED AREAS
ARE THREATENED OR ENDANGERED.  NO CRITICAL HABITATS ARE KNOWN IN THE STUDY AREA.  THE PROPOSED IM/IRA WILL
HAVE MINIMAL NEGATIVE IMPACT TO SOUTH WALNUT CREEK.

TWO SURFACE WATER COLLECTION POINTS (SW-59 AND SW-61) THAT FEED SOUTH WALNUT CREEK WERE OBSERVED IN APRIL
1990.  FLOWS WERE RECORDED AT 37.3 GPM FOR SW-61 AND AT 4.5 GPM FOR SW-59.  A THIRD SURFACE WATER COLLECTION
POINT, DESIGNATED AS SW-132, IS EXPECTED TO PRODUCE 18 GPM. DIVERSION OF WATER FROM SW-59, SW-61 AND SW-132,
PROCESSING THE WATER THROUGH THE PROPOSED TREATMENT PLANT, AND RE-INTRODUCING THE WATER JUST DOWNGRADIENT OF
SW-132 SHOULD HAVE NO IMPACT ON THE WATER RESOURCES MANAGEMENT OF SOUTH WALNUT CREEK.

THE PROPOSED IM/IRA IS NOT EXPECTED TO HAVE AN ADVERSE EFFECT ON LINEAR WETLANDS.  IN 1989, EG&G AUTHORIZED
THE PREPARATION OF A WETLANDS ASSESSMENT FOR THE ENTIRE ROCKY FLATS PLANT SITE (EG&G, 1990B).  THIS REPORT
IDENTIFIED 107 ACRES OF AREAL WETLANDS AND 84,970 FEET OF LINEAR WETLANDS WITHIN THE ROCKY FLATS PLANT SITE. 
SOUTH WALNUT CREEK IS IDENTIFIED AS ONE OF SIX EPHEMERAL STREAMS TRAVERSING THE PROPERTY AND IS CONSIDERED
RELATIVELY IMPORTANT AS PART OF THE SITE DRAINAGE SYSTEM. THE PROPOSED ACTION, AS IT IMPACTS WETLANDS, WILL
NOT BE DISCERNIBLE FROM CURRENT STREAM MANAGEMENT.

NO WETLANDS IMPACT IS EXPECTED FROM TREATING WATER PRIOR TO REINTRODUCTION INTO SOUTH WALNUT CREEK.  THE
PROPOSED ACTION CALLS FOR WITHDRAWAL OF UP TO 37.5 GPM OF CONTAMINATED SURFACE WATER FROM STATION SW-61, 4.5
GPM FROM SW-59, AND 18 GPM FROM SW-132.  WATER FROM THESE COLLECTION POINTS WILL BE DIVERTED INTO PROPERLY
SIZED SUMPS AND PIPED TO A TREATMENT PLANT EQUALIZATION TANK TO PROVIDE THE TREATMENT PLANT WITH A CONSTANT
FEEDSTOCK.  WATER FROM THE TREATMENT PLANT WILL BE REINTRODUCED INTO SOUTH WALNUT CREEK IMMEDIATELY
DOWNSTREAM OF CS-132. WATER DIVERTED FROM THE SOURCES WOULD BE REMOVED FROM THE SURFACE WATER SYSTEM FOR NO
MORE THAN 3-4 HOURS AT 60 GPM AND FOR NO MORE THAN 48 HOURS AT VERY LOW FLOWS.

AS MENTIONED EARLIER, TREATED WATER FROM THE TREATMENT SYSTEM WILL BE DISCHARGED INTO SOUTH WALNUT CREEK,
JUST DOWNGRADIENT OF CS-61 (THE SURFACE WATER COLLECTION SYSTEM OF SW-61).  THE SOUTH WALNUT CREEK BASIN
CONTAINS A SERIES OF FIVE ON-CHANNEL RESERVOIRS.  THE LAST POND IN THE SERIES, POND B-5, DISCHARGES DIRECTLY
INTO SOUTH WALNUT CREEK.  WATER VOLUME IS MANAGED BY THESE PONDS AND IS DISCHARGED DIRECTLY TO SOUTH WALNUT
CREEK IN ACCORDANCE WITH THE PLANT'S NPDES PERMIT.  DISCHARGED WATER FOLLOWS THE SOUTH WALNUT CREEK DRAINAGE
NORTH TO THE NATURAL WALNUT CREEK DRAINAGE.  SURFACE WATER FLOW IN WALNUT CREEK NEAR THE PROPERTY BOUNDARY IS
CURRENTLY BEING DIVERTED AROUND GREAT WESTERN RESERVOIR, WHICH IS A DRINKING WATER SOURCE FOR THE CITY OF
BROOMFIELD, AND IS THEN RETURNED TO THE NATURAL DRAINAGE CHANNEL.  DUE TO THE EPHEMERAL NATURE OF SOUTH
WALNUT CREEK, NO IMPACT TO WETLANDS IS ANTICIPATED AS A RESULT OF THE PROPOSED ACTION TO TREAT SURFACE WATER.

ALTHOUGH NO LONG-TERM IMPACT TO WETLANDS IS ANTICIPATED, IT IS POSSIBLE THAT CONSTRUCTION ACTIVITIES COULD
ADVERSELY AFFECT A FEW WETLANDS PLANTS DURING DITCH MODIFICATIONS OR SUMP INSTALLATION.  REPLACEMENT OF ANY
DESTROYED WETLAND PLANTS WILL FOLLOW THE COMPLETION OF CONSTRUCTION, RESULTING IN NO NET IMPACT TO WETLANDS
AT THE RFP.

7.4 ARCHAEOLOGY AND HISTORIC SITES

THE 903 PAD, MOUND AND EAST TRENCHES AREAS HAVE BEEN HIGHLY DISTURBED OVER A NUMBER OF YEARS.  DUE TO THIS
DISTURBANCE AND THE TOPOGRAPHIC POSITION OF THE SUBJECT AREA, THE STATE OFFICE OF ARCHAEOLOGY AND HISTORIC
PRESERVATION HAS DETERMINED THAT THIS ACTION WILL NOT IMPACT CULTURAL RESOURCES (BURNEY, 1989).

AN ARCHAEOLOGICAL AND HISTORICAL SURVEY OF THE RFP WAS CONDUCTED BETWEEN JULY 18 AND AUGUST 22, 1988, WHICH
DETERMINED TWO SITES HAVE POTENTIAL ELIGIBILITY TO THE NATIONAL REGISTER OF HISTORIC PLACES.  HOWEVER,



INSUFFICIENT INFORMATION CURRENTLY EXISTS TO MAKE THIS DETERMINATION. THESE TWO SITES ARE LOCATED NORTHWEST
AND SOUTHWEST OF THE INVESTIGATION AREA, AND WILL NOT BE DISTURBED BY THE PROPOSED ACTION (BURNEY, 1989).

7.5 SHORT- AND LONG-TERM LAND PRODUCTIVITY

LAND WITHIN OU 2 IS CURRENTLY UNDEVELOPED AND WILL REMAIN SO FOR THE FORESEEABLE FUTURE AS PART OF THE ROCKY
FLATS PLANT.  OU 2 LIES WITHIN THE ROCKY FLATS PLANT SECURITY BOUNDARIES AND IS NOT ACCESSIBLE TO THE GENERAL
PUBLIC.

7.6 PERSONNEL EXPOSURES - ANALYSIS METHODOLOGY

THE EFFECTS OF PERSONNEL EXPOSURES TO HAZARDOUS CHEMICALS HAVE BEEN ESTIMATED IN TERMS OF INCREASED RISKS OF
EITHER DEVELOPING CANCER (CARCINOGENIC RISK) OR SOME OTHER ADVERSE HEALTH EFFECT DUE TO THE EXPOSURE
(NONCARCINOGENIC RISK).  ANALYSES WERE DONE SEPARATELY FOR THOSE DIRECTLY INVOLVED IN REMEDIAL ACTIONS
(WORKERS), OTHER RFP PERSONNEL NOT DIRECTLY INVOLVED IN REMEDIAL ACTIONS (SITE EMPLOYEES), AND OFF-SITE
INDIVIDUALS (GENERAL PUBLIC).  DETAILED RISK ASSESSMENT CALCULATIONS ARE PROVIDED IN APPENDIX G.

AIRBORNE CONTAMINANT CONCENTRATIONS AT THE RECEPTOR (SITE EMPLOYEES, GENERAL PUBLIC) LOCATIONS WERE ESTIMATED
USING THE GAUSSIAN PLUME EQUATION OF PASQUILL AS MODIFIED BY GIFFORD (1961) FOR GROUND-LEVEL CONCENTRATIONS
AT THE CENTERLINE OF THE PLUME.  ASSUMING A GROUND-LEVEL RELEASE, THE EQUATION BECOMES:

        %/Q = ( % (SIGMA(Y)) (SIGNA(Z)) U)(-1)

   WHERE:

   % = AIR CONCENTRATION, MG/M3 OR CI/M3
   Q = EMISSION RATE, MG/SEC OR CI/SEC
   U = WIND SPEED, M/SEC
   SIGMA(Y) = HORIZONTAL DISPERSION COEFFICIENT, M
   SIGMA(Z) = VERTICAL DISPERSION COEFFICIENT, M

THE DISPERSION COEFFICIENT VALUE IS A FUNCTION OF THE DOWNWIND DISTANCE, WHETHER THE CONTAMINANT EMISSION IS
A LONG-TERM (CONSTRUCTION, OPERATION) OR A SHORT-TERM (ACCIDENT SOURCE), AND THE PREVAILING METEOROLOGICAL
CONDITIONS (PASQUILL STABILITY CLASS).  LONG-TERM DISPERSION COEFFICIENTS WERE CALCULATED USING BRIGGS
FORMULAS FOR OPEN COUNTRY CONDITIONS (GIFFORD, 1976), PASQUILL STABILITY CLASS D (PREVALENT CONDITION PER RFP
EIS), AND AVERAGE ANNUAL DOWNWIND DIRECTIONAL FREQUENCIES.  SHORT-TERM DISPERSION COEFFICIENTS WERE
CALCULATED USING FORMULAS DEVELOPED BY SLADE (1968), PASQUILL STABILITY CLASS F, AND NO WIND DIRECTIONAL
AVERAGING.

THE TOXICITY ASSESSMENT (INTAKE AND RISK) FOR CARCINOGENIC AND NONCARCINOGENIC EFFECTS OF CHEMICALS WAS
PERFORMED IN ACCORDANCE WITH THE EPA'S RISK ASSESSMENT GUIDANCE FOR SUPERFUND SITES (EPA, 1989). EPA'S
INTEGRATED RISK INFORMATION SYSTEM (IRIS) WAS UTILIZED AS THE PRIMARY SOURCE FOR TOXICITY INFORMATION (RFDS
AND SLOPE FACTORS).  EPA'S HEALTH EFFECTS ASSESSMENT SUMMARY TABLES FOR THE FOURTH QUARTER OF FY 1990 (EPA,
1990B) WERE USED AS A SECONDARY SOURCE OF INFORMATION.  FOR ORGANIC CHEMICALS, INHALATION TOXICITY VALUES
(RFDS, SLOPE FACTORS) WERE ESTIMATED USING THE ORAL PATHWAY VALUES IN THOSE INSTANCES WHERE INHALATION VALUES
WERE NOT AVAILABLE.  IT WOULD BE EXPECTED THAT THE TOXICITY VALUES FOR BOTH PATHWAYS WOULD BE SIMILAR DUE TO
SIMILAR ABSORPTION EFFICIENCIES FOR ORGANIC MATERIALS.

ESTIMATES OF CARCINOGENIC RISKS WERE CALCULATED FOR EACH OF THE ORGANIC CHEMICALS IDENTIFIED IN TABLE 4-1,
AND THE INDIVIDUAL RISKS SUMMED FOR A TOTAL CARCINOGENIC RISK.  THE CARCINOGENIC RISKS ARE CONSIDERED TO BE
CUMULATIVE FOR THE ENTIRE PERIOD OF EXPOSURE AND THE CALCULATIONS YIELD AN ESTIMATE FOR THE LIFETIME
INCREASED RISK OF CANCER.

NONCARCINOGENIC RISKS ARE CONSIDERED "THRESHOLD" EVENTS.  THAT IS, NO EFFECT IS OBSERVED BELOW A GIVEN
EXPOSURE.  THE POTENTIAL FOR INCREASED HEALTH EFFECTS ARE EXPRESSED IN TERMS OF THE NON-CANCER HAZARD
QUOTIENT, WHICH EQUALS THE EXPOSURE LEVEL DIVIDED BY THE REFERENCE DOSE (NONCARCINOGENIC TOXICITY VALUE). 
THE EPA METHODOLOGY ASSUMES THAT A QUOTIENT VALUE OF LESS THAN ONE IS UNLIKELY TO RESULT IN ADVERSE HEALTH
EFFECTS, EVEN FOR SENSITIVE POPULATION GROUPS.  GENERALLY, THE GREATER THE QUOTIENT VALUE ABOVE UNITY, THE
GREATER THE LEVEL OF CONCERN. CHRONIC OR SUBCHRONIC REFERENCE DOSE VALUES WERE UTILIZED IN THE NON-CANCER
HAZARD QUOTIENT CALCULATION, DEPENDING ON THE POTENTIAL DURATION OF THE EXPOSURE.

EXPOSURES TO SITE EMPLOYEES AND MEMBERS OF THE GENERAL PUBLIC WERE ANALYZED BASED ON A SINGLE, HYPOTHETICAL
INDIVIDUAL FOR EACH EXPOSURE CATEGORY.  SITE EMPLOYEES WERE ASSUMED TO BE ASSIGNED, EIGHT HOURS A DAY FOR THE
DURATION OF THE RELEASE, TO WHATEVER BUILDING WOULD RECEIVE THE GREATEST AVERAGE AIRBORNE EXPOSURE.  FOR THE
PROPOSED ACTION, THE NEAREST OCCUPIED LOCATIONS RESULTING IN THE GREATEST EXPOSURE TO OTHER SITE PERSONNEL
INCLUDE BUILDING 988, 995, AND THE GATE 9 GUARD POST (INNER GUARD POST ON EAST ACCESS ROAD).  THE ANALYSIS OF



THE IMPACT TO THE GENERAL PUBLIC ASSUMED A SINGLE INDIVIDUAL WOULD REMAIN AT THE POINT OF HIGHEST EXPOSURE
(DUE EAST AT PLANT BOUNDARY) ACCESSIBLE TO THE GENERAL PUBLIC FOR EACH PATHWAY, TWENTY-FOUR HOURS PER DAY,
FOR THE ENTIRE DURATION OF THE RELEASE.  THESE CALCULATIONS PROVIDE AN UPPER BOUND FOR THE INCREASED RISKS TO
AN INDIVIDUAL FROM EACH OF THESE GROUPS.  DURING THE REMEDIAL ACTION, IT IS UNLIKELY THAT ANY WORKER, SITE
EMPLOYEE, OR MEMBER OF THE GENERAL PUBLIC WOULD EXCEED OR EVEN APPROACH THE RISKS ESTIMATED FOR THEIR
RESPECTIVE GROUP.

IN CALCULATIONS OF THE ESTIMATED INCREASED RISKS TO MEMBERS OF THE GENERAL PUBLIC FROM HAZARDOUS CHEMICALS,
THE IMPACTS ON INFANTS AND YOUNG CHILDREN WERE CALCULATED SEPARATELY FROM THOSE ON ADULT MEMBERS OF THE
POPULATION.  INFANTS AND YOUNG CHILDREN DIFFER FROM ADULTS IN THE RATE OF UPTAKE OF THE HAZARDOUS CHEMICALS
AND IN BODY WEIGHT.  BOTH OF THESE FACTORS INFLUENCE THE CALCULATIONS OF INCREASED RISK.  TO ASSESS
NONCARCINOGENIC RISKS, NON-CANCER HAZARD QUOTIENTS WERE ESTIMATED FOR BOTH CHILDREN AND ADULTS.  THE NUMBERS
QUOTED IN THE TEXT OF THIS DOCUMENT ARE THOSE FOR THE GROUP WITH THE GREATEST INCREASED RISK OR CONCERN. 
CARCINOGENIC RISKS TO A MEMBER OF THE GENERAL PUBLIC WERE ESTIMATED ASSUMING EXPOSURE FOR THE ENTIRE LENGTH
OF THE RELEASE, WHICH WAS CONSERVATIVELY ASSUMED TO BE THIRTY YEARS.  TWO EXPOSURE CATEGORIES WERE
CONSIDERED: 1) THE MEMBER OF THE PUBLIC IS ALREADY AN ADULT WHEN THE PROJECT STARTS; AND 2) THE INDIVIDUAL IS
ASSUMED TO BE A CHILD FOR THE FIRST FIVE YEARS OF REMEDIAL ACTION AND AN ADULT FOR THE REMAINING 25 YEARS. 
THE NUMBERS IN THE REPORT REPRESENT WHICHEVER ANALYSIS YIELDED THE HIGHEST INCREASED RISK OF CANCER.

THE INTAKE OF RADIOACTIVE MATERIALS HAS BEEN ASSESSED BY CALCULATING TOTAL INTAKE BY INDIVIDUALS AND
CONVERTING THAT TO COMMITTED EFFECTIVE DOSE EQUIVALENT (CEDE) USING THE EXPOSURE-TO-DOSE CONVERSION FACTORS
FOR INHALATION (TABLE 2.1 OF EPA, 1988).  INTERNAL DOSE CONVERSION FACTORS FOR CALCULATION OF DOSE TO THE
PUBLIC, PART 2 (DOE, 1988A), WAS USED TO ASSESS DOSE TO THE PUBLIC.  THE CALCULATED EXPOSURE VALUES ARE THEN
COMPARED WITH THE APPLICABLE DOE LIMITS FOR EACH RECEPTOR GROUP.  DOE ORDER 5480.11 (DOE, 1988B) ESTABLISHES
A LIMIT OF 5 REM (EFFECTIVE DOSE EQUIVALENT) PER YEAR FOR OCCUPATIONAL WORKERS.  DOE ORDER 5400.5 (DOE,
1990B) INCORPORATES A CLEAN AIR ACT (CAA) LIMIT OF 10 MREM (EFFECTIVE DOSE EQUIVALENT) PER YEAR FOR MEMBERS
OF THE PUBLIC FROM ROUTINE AIRBORNE EMISSIONS AND A DOSE LIMIT OF 100 MREM PER YEAR FROM ALL EXPOSURE MODES.

7.7 PERSONNEL EXPOSURES - ROUTINE OPERATIONS

7.7.1 WORKER EXPOSURE RISKS

WORKERS INVOLVED IN THE INSTALLATION OF COLLECTION FACILITIES AND THOSE INVOLVED IN OPERATION OF THE
FACILITIES ASSOCIATED WITH THE REMEDIAL ACTION MAY EXPERIENCE INCREASED RISKS THROUGH SEVERAL PATHWAYS:

1.  AIRBORNE EXPOSURE TO VOCS NEAR CONSTRUCTION ACTIVITIES, EQUIPMENT INSTALLATION, OR WITHIN THE FACILITY.

2.  DERMAL EXPOSURE TO ORGANIC AND INORGANIC CHEMICALS OR RADIOACTIVE MATERIALS, ESPECIALLY DURING
    CONSTRUCTION ACTIVITIES.

3.  INHALATION OF ORGANIC CHEMICALS, INORGANIC CHEMICALS, OR RADIOACTIVE MATERIALS ON FUGITIVE DUST,
    ESPECIALLY THOSE GENERATED DURING CONSTRUCTION ACTIVITIES.

AIRBORNE EXPOSURES TO VOCS

IT IS PROPOSED THAT THE TREATMENT FACILITY BE LOCATED IN THE EAST TRENCHES AREA, NORTHWEST OF IHSS-110. 
ASSOCIATED PIPING AND UTILITIES WILL BE LOCATED, TO THE DEGREE POSSIBLE, TO AVOID SOILS CONTAMINATED WITH
VOCS.  THERE WILL BE MONITORING TO ASSESS POSSIBLE EXPOSURES TO VOCS DURING THESE CONSTRUCTION ACTIVITIES. 
PROTECTIVE MEASURES APPROPRIATE FOR THE LEVEL OF VOCS DETECTED WILL BE SPECIFIED IN THE SSHSP TO PROTECT THE
WORKERS.  THE POTENTIAL FOR CHRONIC OR ROUTINE EXPOSURE OF WORKERS TO VOCS RESULTING FROM OPERATIONS AND
MAINTENANCE TASKS WILL BE SMALL.  OSA PROCEDURES WILL BE ESTABLISHED TO CONTROL POTENTIAL HAZARDS TO WORKERS.

THE TREATMENT FACILITY TRAILERS WILL BE VENTILATED TO PREVENT THE BUILDUP OF VOC VAPORS IN THE WORK
ENVIRONMENT.  THE PROCESS REACTION, CONCENTRATION, AND NEUTRALIZATION TANKS WILL BE EQUIPPED WITH HINGED
COVERS TO MINIMIZE THE INTRODUCTION OF VOC VAPORS INTO THE WORK AREA. THE FILTRATION, DEWATERING, AND CARBON
ADSORPTION UNITS ARE CLOSED SYSTEMS AND THUS WILL NOT ACT AS VOC VAPOR SOURCES.  PERIODIC (EVERY 1 TO 3 DAYS)
REMOVAL OF DEWATERED SOLIDS (SLUDGE) FROM THE DEWATERING EQUIPMENT WILL BE NECESSARY.  THIS WILL REQUIRE
OPENING OF THE FILTER PRESS HOUSING AND POTENTIAL SHORT-TERM EXPOSURE TO VOC VAPORS.  FACILITY VENTILATION
AND OSA PROCEDURES WILL PROVIDE APPROPRIATE PERSONNEL PROTECTION.  THE WET CONSISTENCY OF THE SLUDGE WILL
PRECLUDE POTENTIAL AEROSOLIZATION OF RADIOACTIVE PARTICULATES AND ASSOCIATED EXPOSURE FROM INHALATION.  THE
DEWATERED SOLIDS WILL BE HANDLED AS A LOW-LEVEL MIXED WASTE.  OUTDOOR OPERATIONAL TASKS, SUCH AS MAINTENANCE
OF THE SURFACE WATER COLLECTION SYSTEM, WILL BE PERFORMED IN ACCORDANCE WITH THE APPROPRIATE OSA.

ACTIVITIES THAT MIGHT LEAD TO NONROUTINE EXPOSURES, SUCH AS OPENING TANKS OR OTHER MAINTENANCE OPERATIONS,
WILL BE OF SHORT DURATION AND WILL NOT LEAD TO CHRONIC EXPOSURES.  MONITORING THESE ACTIVITIES WILL BE
NECESSARY, HOWEVER, TO DETERMINE THAT ADEQUATE PROTECTIVE MEASURES WERE USED TO ASSURE THAT WORKERS WERE NOT



EXPOSED TO VOC LEVELS EXCEEDING APPROPRIATE LIMITS FOR THE INDIVIDUAL CHEMICALS.

DERMAL EXPOSURES

AS WITH AIRBORNE EXPOSURES, POTENTIAL DERMAL EXPOSURES WILL BE CONTROLLED WITH THE IMPLEMENTATION OF SSHSP
AND OSA PROCEDURES. POTENTIAL LEVELS OF PROTECTION FROM SPLASHING AND CONTACT WITH CONTAMINANTS INCLUDE THE
USE OF GLOVES, PROTECTIVE CLOTHING, GOGGLES, AND HOODS.

DURING CONSTRUCTION ACTIVITIES FOR THE PROPOSED ACTION, THERE WILL BE LITTLE OR NO POTENTIAL FOR DERMAL
CONTACT WITH SOIL CONTAMINATED WITH VOCS.  THE TREATMENT FACILITY WILL BE CONSTRUCTED IN THE EAST TRENCHES
AREA, NORTHWEST OF IHSS-110, WHERE VOC CONTAMINATION LEVELS ARE ANTICIPATED TO BE LOW.  THE PIPING FOR THE
WATER TREATMENT FACILITY WILL BE ROUTED THROUGH UNCONTAMINATED SOIL TO THE EXTENT POSSIBLE.  ANY EXCAVATED
SOIL FROM DESIGNATED IHSSS WILL BE TREATED AS A RCRA MIXED WASTE UNTIL DETERMINED OTHERWISE.  INORGANIC
CHEMICALS AND RADIOACTIVE MATERIALS IDENTIFIED IN THE WORK AREAS ARE NOT READILY ABSORBED THROUGH THE SKIN
AND WOULD RESULT IN A NEGLIGIBLE EXPOSURE PATHWAY.

PERSONAL PROTECTIVE MEASURES MAY BE NECESSARY DURING SOME ROUTINE OPERATIONS ACTIVITIES WHERE THERE IS A
POTENTIAL FOR CONTACT WITH CONTAMINATED WATER (E.G., ROUTINE WATER SAMPLING OR SOLIDS REMOVAL IN THE
TREATMENT FACILITY).  IF SUCH MEASURES ARE NECESSARY FOR THE PROTECTION OF THE WORKERS, THEY WILL BE
SPECIFIED IN THE OSA FOR THOSE ACTIVITIES.

INHALATION OF FUGITIVE DUST

FUGITIVE DUSTS ARE LIKELY TO BE GENERATED DURING CONSTRUCTION ACTIVITIES FOR THE WATER COLLECTION AND
TREATMENT FACILITIES.  THE PHASE II SAMPLING PLAN (EG&G, 1990A) INCLUDES SOIL SAMPLING IN THE AREAS OF
INTEREST, BUT THE RESULTS ARE NOT YET AVAILABLE.  FOR THIS REASON, THE SURFACE SOIL CONDITIONS HAVE BEEN
ESTIMATED USING AVAILABLE SOIL SAMPLES FROM THE PHASE I RI/FS (ROCKWELL, 1987A).  WHERE SOIL SAMPLES WERE NOT
AVAILABLE, THE NEAREST SOIL SAMPLES LOCATED BETWEEN THE AREA OF INTEREST AND THE MOST LIKELY SOURCE OF
CONTAMINATION HAVE BEEN USED.

THE SOIL SAMPLE RESULTS INDICATE THAT THE ONLY ORGANIC CHEMICAL OF CONCERN IN SOIL ABOVE THE WATER TABLE IS
BIS (2-ETHYLHEXYL)PHTHALATE. ACETONE AND METHYLENE CHLORIDE WERE REPORTED BUT ARE SUSPECTED TO BE LABORATORY
CONTAMINANT ARTIFACTS.  CONSEQUENTLY, IT IS THE ONLY SIGNIFICANT ORGANIC CHEMICAL CONTRIBUTING TO
CARCINOGENIC AND NONCARCINOGENIC EFFECTS FROM THE FUGITIVE DUST PATHWAY.  THE RADIOACTIVE CONTAMINANTS OF
CONCERN FROM THE FUGITIVE DUST PATHWAY INCLUDE PLUTONIUM AND AMERICIUM.  THE CONTAMINANT LEVELS IN THE
SURFACE SOILS FOR CS-59, CS-61, CS-132, AND THE TREATMENT FACILITY ARE BASED ON DATA FROM THE NEAREST
AVAILABLE BOREHOLE.

DUST CONTROL MEASURES WILL BE SPECIFIED IN THE SSHSP TO LIMIT INHALATION EXPOSURES TO WORKERS INVOLVED IN
CONSTRUCTION ACTIVITIES.  THESE MEASURES WILL BE DERIVED FROM THE PPCD.  EVEN IF WORKERS WERE TO BE EXPOSED
TO THE MAXIMUM DUST LOADING PERMITTED BY OSHA REGULATIONS FOR NUISANCE DUST DURING THE ENTIRE PERIOD OF
CONSTRUCTION ACTIVITIES, THE EFFECTS OF EITHER FUGITIVE RADIOACTIVE MATERIAL OR PHTHALATES WOULD BE
INSIGNIFICANT.

THE CONTAMINATED SURFACE WATER COLLECTION STATIONS WILL HAVE SURFACE PIPING ROUTED TO THE TREATMENT FACILITY. 
CONSEQUENTLY, TRANSFER OF CONTAMINATED SURFACE WATER BY TANKER TRUCK WILL NOT BE REQUIRED AND WILL NOT RESULT
IN A FUGITIVE DUST SOURCE TERM DURING OPERATIONS.  OCCASIONAL TRAVEL TO THE SURFACE WATER COLLECTION STATIONS
WILL BE REQUIRED FOR MAINTENANCE OR SURVEILLANCE PURPOSES.  WHILE SOME FUGITIVE DUST MAY BE GENERATED IN THE
WAKE OF THE VEHICLE, IT IS NOT EXPECTED TO BE A SIGNIFICANT EXPOSURE PATHWAY FOR THE VEHICLE OPERATOR OR
OTHER CONSTRUCTION PERSONNEL.

7.7.2 SITE EMPLOYEE EXPOSURE RISKS

OTHER WORKERS AT THE RFP SITE COULD BE EXPOSED TO LOW LEVELS OF VOC VAPORS RELEASED DURING NORMAL OPERATION
AND TO FUGITIVE DUST GENERATED DURING INSTALLATION AND OPERATION OF THE FACILITIES ASSOCIATED WITH THE
PROPOSED ACTION.

ALTHOUGH THE VENT ON THE FEED EQUALIZATION TANK (SEE FIGURE 6-1) ON THE WATER TREATMENT FACILITY WILL HAVE AN
ACTIVATED CHARCOAL FILTER ATTACHED, IN ORDER TO ESTIMATE AN UPPER BOUND TO PERSONNEL EXPOSURE, A CALCULATION
WAS PERFORMED TO DETERMINE THE POTENTIAL VOC RELEASES FROM THE VENT WITHOUT A FILTER ATTACHED.  SINCE THAT
TANK IS THE LARGEST SINGLE TANK IN WHICH UNTREATED WATER IS COLLECTED, IT WAS CHOSEN AS THE TANK WHICH, IF
UNFILTERED, COULD LEAD TO THE GREATEST EXPOSURES TO OTHER SITE EMPLOYEES OR THE PUBLIC.  ANY OTHER TANKS,
SUMPS, OR PUMP VENTS WOULD LEAD TO LOWER EXPOSURES AND LOWER RISKS.  IN THE CALCULATION, IT WAS ASSUMED THAT
THE LIQUID IN THE TANK WAS AT THE CONTAMINATION LEVELS LISTED IN TABLE 4-1 AND THAT THE VAPOR IN THE TANKS
HAD REACHED EQUILIBRIUM WITH THE LIQUIDS.  IT WAS FURTHER ASSUMED THAT THE VAPORS ARE DISPLACED BY IN-FLOWING
LIQUIDS AT AN AVERAGE RATE OF 60 GPM, THE DESIGN PROCESSING RATE.  THAT IS, IT IS ASSUMED THAT THE AVERAGE



LIQUID INFLOW MUST EQUAL THE PROCESSING FLOWRATE, BUT NO CREDIT WAS TAKEN FOR WATER BEING REMOVED FROM THE
TANK.  UNDER THESE CIRCUMSTANCES, THE MAXIMUM TOTAL CANCER RISK AND TOTAL NON-CANCER HAZARD QUOTIENT WOULD BE
VERY LOW.

THERE WILL BE DUST GENERATED DURING THE CONSTRUCTION OF THE WATER COLLECTION FACILITIES AS WELL AS THE WATER
TREATMENT FACILITY.  ALTHOUGH DUST SUPPRESSION MEASURES WILL BE IMPLEMENTED IN ACCORDANCE WITH THE PPCD AND
SSHSP, THE FOLLOWING CONSERVATIVE ANALYSIS, WHICH ASSUMES NO DUST SUPPRESSION MEASURES AND HIGH ESTIMATES OF
AREAL DISTURBANCE AND CONSTRUCTION TIME, HAS BEEN USED TO ESTIMATE HEALTH RISKS FROM DUST GENERATION.  THE
DUST GENERATION RATE WAS ESTIMATED USING THE CONSTRUCTION GENERATION RATE OF 1.2 TONS PER ACRE PER MONTH
(AVERAGE SOIL MOISTURE CONDITIONS) FROM AP-42 (EPA, 1985).  AP-42 IS AN EPA DOCUMENT FOR ESTIMATING SOURCE
TERMS FOR AIR POLLUTANT EMISSIONS.  IT WAS ASSUMED THAT THE PROJECT WOULD CREATE DUST OVER AN AVERAGE AREA OF
ONE ACRE FOR TWO MONTHS.  THIS MULTIPLICATION LED TO A CALCULATED AVERAGE GENERATION RATE OF 4.2 X (10-4) KG
OF DUST PER SECOND.  TO BE CONSERVATIVE IN CALCULATING THE EXPOSURE OF SITE EMPLOYEES, IT WAS ASSUMED THAT
ALL THE DUST WAS GENERATED AT THE SURFACE WATER COLLECTION STATIONS, SINCE THIS WOULD PRODUCE THE MAXIMUM
EXPOSURE TO PERSONNEL AT BUILDINGS 988 AND 995.  THE APPROACH UTILIZED TO ESTIMATE SURFACE CONTAMINATION
LEVELS CONTRIBUTING TO FUGITIVE DUST HAS BEEN DISCUSSED IN THE FUGITIVE DUST PORTION OF SECTION 7.7.1 OF THIS
REPORT.  USING A WIND DIRECTION WEIGHTED DISPERSION FACTOR ( /Q) FROM CS-134 TO BUILDINGS 988 AND 995 OF 2.43
X (10-4) SECONDS PER CUBIC METER, IT IS ESTIMATED THAT AN INDIVIDUAL ASSIGNED TO THE BUILDINGS FOR THE FULL
SIXTY-DAY DURATION OF THE CONSTRUCTION ACTIVITIES WOULD RECEIVE A MAXIMUM DOSE OF 0.4 MREM CEDE FROM
RADIOACTIVE MATERIALS IN THE FUGITIVE DUST.  THE CORRESPONDING INCREMENTAL CANCER RISK AND NON-CANCER HAZARD
QUOTIENT DUE TO THE PRESENCE OF PHTHALATES AND METALS IN THE DUST WERE CALCULATED TO EQUAL 3 X (10-6) AND 
4 X (10-3), RESPECTIVELY.

AS NOTED PREVIOUSLY, THE ONLY POTENTIAL FUGITIVE DUST SOURCE TERM ASSOCIATED WITH INTERIM ACTION OPERATION IS
OCCASIONAL TRAVEL TO THE SURFACE WATER COLLECTION STATIONS FOR MAINTENANCE OR SURVEILLANCE PURPOSES.  DUE TO
THE INFREQUENT NATURE AND SHORT DURATION OF ANY TRAVEL TO THE COLLECTION STATIONS, CHRONIC EXPOSURES TO OTHER
SITE PERSONNEL FROM FUGITIVE DUST ARE NOT ANTICIPATED.

7.7.3 RISKS TO MEMBERS OF THE PUBLIC (1)

MEMBERS OF THE PUBLIC COULD BE EXPOSED TO THE SAME SOURCES OF RISK AS DESCRIBED IN THE PREVIOUS SECTION FOR
OTHER RFP SITE WORKERS.  THE AIRBORNE CONCENTRATION OF THE FUGITIVE DUST WOULD BE LESS FOR MEMBERS OF THE
PUBLIC BECAUSE OF THE GREATER DISPERSION DISTANCE FROM THE SOURCE.

THE PUBLIC MAY BE EXPOSED TO FUGITIVE DUST CONTAINING PHTHALATES, AND PLUTONIUM GENERATED DURING THE
CONSTRUCTION PHASE OF THIS ACTION.  THE MAXIMUM DOSE TO A MEMBER OF THE GENERAL PUBLIC FROM RADIOACTIVE
CONTAMINANTS PRESENT IN DUST GENERATED DURING CONSTRUCTION ACTIVITIES WOULD BE ABOUT 2 X (10-3) MREM CEDE. 
THIS IS VERY LOW AND WELL WITHIN AIRBORNE EXPOSURE LIMITS OF 10 MREM PER YEAR TO ANY MEMBER OF THE GENERAL
PUBLIC (DOE, 1990B).  THE MAXIMUM INCREMENTAL CANCER RISK TO A MEMBER OF THE PUBLIC DUE TO PHTHALATE AND
METAL CONTAMINATION WITHIN THE DUST WAS CALCULATED TO BE NEGLIGIBLE DURING CONSTRUCTION, WITH A VALUE OF 6 X
(10-8).  THE CORRESPONDING NON-CANCER HAZARD QUOTIENT WAS CALCULATED TO EQUAL 8 X (10-5) FOR CONSTRUCTION
ACTIVITIES.  AS DISCUSSED IN SECTION 7.7.2, SOME FUGITIVE DUST MAY BE GENERATED IN THE WAKE OF VEHICLES
TRAVELING TO THE WATER COLLECTION STATIONS DURING NORMAL OPERATIONS FOR MAINTENANCE OR SURVEILLANCE
ACTIVITIES.  DUE TO THE INFREQUENT NATURE AND SHORT DURATION OF THIS TRAVEL AND THE DISTANCE TO THE PLANT
BOUNDARY (APPROXIMATELY 1 MILE), ANY PUBLIC EXPOSURE IS EXPECTED TO BE INSIGNIFICANT.

AS DISCUSSED IN SECTION 7.7.2, POTENTIAL VOC RELEASES FROM THE FEED EQUALIZATION TANK WERE ANALYZED TO
PROVIDE AN UPPER BOUND ON THE RISKS FROM RELEASES FROM OTHER, UNFILTERED TANKS.  USING THE SAME ASSUMPTIONS
AS DESCRIBED IN SECTION 7.7.2, THE MAXIMUM CANCER RISK AND NON-CANCER HAZARD QUOTIENT FOR A MEMBER OF THE
PUBLIC WOULD BE VERY LOW.

7.8 PERSONNEL EXPOSURE - ACCIDENT

ANY ACCIDENTS THAT MAY OCCUR DURING THE CONSTRUCTION PHASE OF THE PROPOSED ACTION ARE THOSE TYPICAL OF SMALL
EXCAVATION OR CONSTRUCTION ACTIVITIES.  THE SSHSP WILL IDENTIFY APPROPRIATE PRECAUTIONS AND RESPONSIBILITIES
FOR EACH JOB.  WORKERS WILL BE FAMILIAR WITH THE SSHSP AND A COPY OF IT WILL BE AVAILABLE AT THE WORK SITE. 
NO CREDIBLE ACCIDENT DURING CONSTRUCTION WOULD LEAD TO EXPOSURE OF EITHER WORKERS, SITE EMPLOYEES, OR MEMBERS
OF THE PUBLIC TO LEVELS GREATER THAN THOSE RESULTING FROM THE SEVERE ACCIDENT CASE ANALYZED BELOW.

_________________
   (1) THROUGHOUT THIS REPORT, THE TERM "GENERAL PUBLIC" HAS A SPECIAL AND VERY RESTRICTED MEANING.  IN ORDER
       TO ESTIMATE THE MAXIMUM EXPOSURE OR RISK TO ANY INDIVIDUAL OUTSIDE OF THE RFP SITE, ALL ESTIMATES ARE
       BASED ON EXPOSURE TO A PERSON AT THE SITE BOUNDARY LOCATION HAVING THE HIGHEST AVERAGE AIRBORNE
       CONCENTRATION WHO REMAINS THERE FOR 24 HOURS EACH DAY, 365 DAYS EACH YEAR, FOR THE DURATION OF THE
       OPERATION OR THE REMEDIAL ACTION.



DURING OPERATION, ACCIDENTS THAT COULD IMPACT EITHER WORKERS OR MEMBERS OF THE PUBLIC WOULD INCLUDE FIRES OR
MAJOR SPILLS OF CONTAMINATED MATERIAL.  SPILLS OF UNTREATED WATER WITHIN THE TREATMENT FACILITY WOULD CREATE
THE POTENTIAL FOR SHORT DURATION AIRBORNE VOCS.  UPTAKE OF CONTAMINANTS BY WORKERS INVOLVED IN THE CLEANUP
WOULD BE CONTROLLED BY FOLLOWING SAFETY PRECAUTIONS SPECIFIED IN THE OSA.  ANY AIRBORNE VOC RELEASES THROUGH
VENTILATION SYSTEMS THAT COULD LEAD TO EXPOSURES OF OTHER RFP EMPLOYEES (SITE EMPLOYEES) OR THE GENERAL
PUBLIC WOULD BE LESS THAN THE TANK RUPTURE DISCUSSED LATER IN THIS SECTION.

THE INITIATION AND PROPAGATION OF FIRE WITHIN THE TREATMENT FACILITY IS A CREDIBLE ACCIDENT.  THE FACILITY
TRAILERS ARE EQUIPPED WITH CHEMICAL FIRE EXTINGUISHERS; HOWEVER, THE TRAILERS WILL NOT NORMALLY BE OCCUPIED
ONCE OPERATIONS BECOME ROUTINE.  ANY VOC RELEASES WOULD BE BOUNDED BY THE SEVERE ACCIDENT CASE SINCE
CONCENTRATED VOCS WOULD BE CONTAINED WITHIN THE ACTIVATED CHARCOAL COLUMNS WHICH ARE CLOSED COMPONENTS AND
FILLED WITH WATER.  SOLIDS WHICH ARE IN THE FILTER PRESS HOUSING OR WHICH HAVE BEEN REMOVED AND PLACED IN
METAL CONTAINERS CONSTITUTE A POTENTIAL RADIOACTIVE MATERIAL SOURCE TERM.  A FIRE WOULD HAVE TO BOTH DRY OUT
AND AEROSOLIZE THE SOLIDS AS WELL AS BREACH THE METAL CONTAINMENT TO RESULT IN A RADIOACTIVE RELEASE.  SINCE
THE SOLIDS ARE INORGANIC AND IN A SLUDGE FORM CONTAINING 60 TO 70 PERCENT WATER AND ARE WITHIN METAL
CONTAINERS, AND THE TRAILER IS THE ONLY MAJOR COMBUSTIBLE MATERIAL PRESENT, IT IS CONCLUDED THAT THE FIRE
DURATION AND INTENSITY WOULD BE INSUFFICIENT TO RESULT IN A RADIOACTIVE MATERIAL RELEASE RESULTING IN ANY
SIGNIFICANT IMPACTS.

IF ANY WORKERS WERE PRESENT DURING AN ACCIDENT INVOLVING THE RUPTURE OF THE INLET TANK, THE DANGER OF
TRAUMATIC INJURY WOULD BE A GREATER CONCERN THAN INTAKE OF HAZARDOUS CHEMICALS OR RADIOACTIVITY.  THE
RADIOACTIVE MATERIALS PRESENT IN THE WATER ARE NOT VOLATILE, NOR ARE THEY READILY ABSORBED THROUGH THE SKIN,
SO THEY DO NOT PRESENT AN INGESTION HAZARD TO THE WORKERS AT THE SCENE OF THE INCIDENT.  THE ORGANIC
CHEMICALS ARE LOW IN CONCENTRATION AND WOULD NOT VOLATILIZE IMMEDIATELY.  THUS, WHILE THE AIRBORNE
CONCENTRATION LEVELS NEAR THE TANK WOULD BE HIGHER THAN OFF-SITE OR OTHER ON-SITE LOCATIONS, THE WORKERS
WOULD BE AWARE OF THE INCIDENT AND WOULD EITHER EVACUATE OR TAKE PROTECTIVE ACTIONS, THUS LIMITING THEIR
TOTAL EXPOSURE TO THE HAZARDOUS MATERIAL.

7.9 COMMITMENT OF RESOURCES

THE SCOPE OF THE PROPOSED IM/IRA IS SMALL AND THE RESOURCES (MATERIAL/HUMAN) FOR CONSTRUCTION AND OPERATION
OF THIS SURFACE WATER TREATMENT SYSTEM WILL LIKEWISE BE RELATIVELY SMALL.  NO SIGNIFICANT COMMITMENTS OF
VALUABLE RESOURCES ARE INVOLVED.

WITH THE EXCEPTION OF THE LAND AREA, ALL OF THE MATERIALS FOR CONSTRUCTION AND OPERATION OF THE WATER
TREATMENT SYSTEM WILL BE IRREVOCABLY AND IRRETRIEVABLY COMMITTED TO THE IMPLEMENTATION OF THE REMEDIAL
ACTION.  MOST OF THESE RESOURCES ARE NORMALLY CONSUMED AT THE PLANT AT A RATE WHICH MAKES THE REQUIREMENTS OF
THE REMEDIAL ACTION INSIGNIFICANT.  THE WATER PRETREATMENT CHEMICALS AND CLEANING SOLUTIONS ARE ALREADY IN
USE AT THE RFP.  THE CHEMICALS FOR THE CROSS-FLOW MEMBRANE TREATMENT SYSTEM AND THE CARBON CANISTERS ARE ALL
READILY AVAILABLE FROM OFF-SITE SOURCES.  PROCESS CHEMICALS, CLEANING AGENTS, AND CARBON WILL ALL BE
AVAILABLE WITHIN THE DENVER METROPOLITAN AREA.

7.10 TRANSPORTATION IMPACTS

HUMAN HEALTH IMPACTS NORMALLY INCIDENT TO TRANSPORTATION INCLUDE VEHICLE EMISSIONS IN ADDITION TO POSSIBLE
TRAUMATIC INJURIES AND FATALITIES RESULTING FROM VEHICULAR OPERATIONS.

NORMAL TRANSPORTATION PRODUCES ENGINE EMISSIONS, FUGITIVE DUST GENERATED BY VEHICULAR TRAFFIC ON UNPAVED
SURFACES, AND PARTICULATE FROM TIRE WEAR.  THE TABLE BELOW PRESENTS AN ESTIMATE OF EMISSION RATES FOR THE
OPERATION OF A TYPICAL TRUCK.
                             TRUCK EMISSIONS RATE

   POLLUTANT                              EMISSION RATE (LBS/100 GAL. FUEL)
   HYDROCARBONS                                      13.1
   NOX                                              286.0
   SOX                                               31.2
   CO                                               123.5
   TSP                                               17.7

THE IMPACTS ON HEALTH RESULTING FROM TRANSPORTATION DURING THE PROPOSED ACTION INCLUDES THE POTENTIAL FOR
BOTH POLLUTION- AND ACCIDENT-RELATED IMPACTS.  THE TABLE BELOW PRESENTS ESTIMATES OF RISKS RESULTING FROM
TRUCK TRANSPORTATION (RAO, 1982).



                         HEALTH EFFECTS PER KILOMETER

   SOURCE                       MODE                * LCFS    INJURIES

   FATALITIES

   POLLUTANTS                   TRUCK               1.0(E-7)
   ACCIDENTS                    TRUCK               5.1(E-7)    3.0(E-8)

       * LCF = LATENT CANCER FATALITY

UNCERTAINTIES ARE ASSOCIATED WITH POLLUTION EMISSION RATES AND ATMOSPHERIC DISPERSION BEHAVIOR.  TO
COMPENSATE FOR THESE UNCERTAINTIES, THE ANALYSIS USED CONSERVATIVE ESTIMATES FOR DETERMINING POLLUTION HEALTH
EFFECTS.  THE TABULATED ACCIDENT IMPACTS ARE AVERAGE VALUES OVER ALL POPULATION ZONES (URBAN, SUBURBAN,
RURAL) AND ARE DERIVED FROM NATIONWIDE DEPARTMENT OF TRANSPORTATION (DOT) STATISTICS.

THE PROPOSED ACTION WILL INVOLVE TRANSPORTATION ACTIVITIES DURING THE CONSTRUCTION PHASE AS WELL AS DURING
SUBSEQUENT OPERATIONS.  ALL CONSTRUCTION SHIPMENTS ARE ANTICIPATED TO BE MADE MOSTLY BY TRUCK AND WILL
ORIGINATE WITHIN THE DENVER METROPOLITAN AREA (WITHIN A 50-MILE RADIUS OF THE PLANT SITE).  MATERIALS TO BE
BROUGHT ON SITE INCLUDE THE TREATMENT SYSTEMS, STORAGE TANKS, PIPING, CONCRETE, AND ASSOCIATED EQUIPMENT. 
THE DELIVERY OF THESE MATERIALS WILL REQUIRE SEVERAL TRUCKLOADS OVER THE CONSTRUCTION PERIOD, FOLLOWED BY
ROUTINE MAINTENANCE TRAVEL BETWEEN COLLECTION AREAS AND THE TREATMENT FACILITIES (ESTIMATED AT LESS THAN 50
MILES PER WEEK).  THE RESULTING TRANSPORTATION IMPACTS WILL BE SMALL AS SEEN FROM THE TABULATED EMISSIONS AND
HEALTH EFFECTS ESTIMATES.  TO PLACE TRANSPORTATION IMPACTS TO THE GENERAL PUBLIC IN PERSPECTIVE, IT IS
OBSERVED THAT APPROXIMATELY 60,000 ROUND-TRIP TRUCK SHIPMENTS (ONE-WAY DISTANCE OF 50 MILES) WOULD BE
REQUIRED TO RESULT IN ONE ADDITIONAL LATENT CANCER FATALITY (LCF).  AN AVERAGE OF 210,000 TRUCK SHIPMENTS
WOULD BE REQUIRED TO RESULT IN ONE ADDITIONAL TRAUMATIC FATALITY.  THE INCREASE IN SITE TRAVEL DURING
CONSTRUCTION MAY BE NOTICEABLE BUT WILL BE OF SHORT DURATION.  OUTSIDE THE PLANT BOUNDARY, THE INCREASE WILL
NOT BE NOTICEABLE.

TREATMENT OF CONTAMINATED SURFACE WATER FROM OU 2 WILL RESULT IN AN INCREMENTAL INCREASE IN SITE PICKUP AND
DELIVERIES OF SPENT CARBON COLUMNS AND REPLACEMENT UNITS AND CHEMICALS FOR THE PRETREATMENT OF WATER FOR THE
CROSS-FLOW MEMBRANE TREATMENT SYSTEM.  DELIVERIES WILL BE SPREAD OUT OVER THE COURSE OF THE YEAR AND WILL BE
HANDLED BY ONE OF THE EXISTING PLANT CHEMICAL SUPPLIERS.  THE VERY SMALL NUMBER OF SHIPMENTS INVOLVED FOR
BOTH THE CARBON COLUMNS AND THE CROSS-FLOW MEMBRANE TREATMENT SYSTEM WILL RESULT IN AN INSIGNIFICANT IMPACT
TO HUMAN HEALTH.

OFF-SITE TRANSPORTATION IMPACTS ASSOCIATED WITH THE SHIPMENT OF SOLIDIFIED FILTER SLUDGE TO A MIXED WASTE
DISPOSAL SITE, SUCH AS THE NEVADA TEST SITE, WILL BE VERY LOW AS DETERMINED IN DOE (1990B). RELATIVELY LOW
CONCENTRATIONS OF CONTAMINANTS, THE PHYSICAL FORM OF THE WASTE, DISPOSAL SITE WASTE ACCEPTANCE CRITERIA, AND
COMPLIANCE WITH DOT PACKAGING AND TRANSPORT REQUIREMENTS ALL CONTRIBUTE TO VERY LOW HEALTH EFFECTS FROM
INCIDENT-FREE SHIPMENT AND ACCIDENT EVENTS.

OPERATIONAL ACTIVITIES WILL ALSO INCLUDE PERIODIC INSPECTION OF THE COLLECTION SYSTEM TO REMOVE DEBRIS OR
OTHER OBSTACLES, AS WELL AS ROUTINE INSPECTION OF THE PIPELINE COLLECTION SYSTEM PROVIDING DIRECT FEED TO THE
WATER TREATMENT FACILITY.  THIS WILL REQUIRE VEHICULAR TRAVEL TO EACH COLLECTION STATION AREA, WHICH IS
ESTIMATED TO TOTAL 10 TO 15 MILES PER WEEK.  IMPACT TO HUMAN HEALTH (LATENT CANCER FATALITIES FROM VEHICULAR
POLLUTION) WILL BE NEGLIGIBLE.

7.11 CUMULATIVE IMPACTS

ROUTINE PROCESSING OF THE SURFACE WATER COLLECTED FROM THE SURFACE SEEPS AND DRAINAGES WILL RESULT IN SOME
ADDITIONAL SOLID WASTES BEING GENERATED FROM THE SITE.  GENERATION OF FILTER PRESS CAKE BY THE CROSS-FLOW
MEMBRANE FILTRATION SYSTEM IS ESTIMATED TO BE A MAXIMUM OF 70 CUBIC YARDS ANNUALLY.  THE FILTER CAKE WILL BE
TREATED ON SITE AND SHIPPED TO THE NEVADA TEST SITE OR SIMILAR FACILITY FOR FINAL DISPOSAL. THE ANNUAL
PRODUCTION RATE OF THE SEMISOLID WILL AVERAGE MUCH LOWER. ALL GASEOUS RELEASES WILL BE UNDETECTABLE OFF SITE. 
NONE OF THE MATERIALS THAT MAY BE RELEASED ARE EXPECTED TO BE CONCENTRATED BY ANY NATURAL PROCESS.

THE DRYING OF THE SEMISOLID SLUDGE WASTE FROM THE TREATMENT SYSTEM WILL REQUIRE AN INCREASE IN PLANT
SOLIDIFICATION OPERATIONS TO DRY AND PACKAGE THE WASTE FOR TRANSPORT TO A FINAL DISPOSAL SITE.  NEITHER THE
DRYING NOR PACKAGING REQUIREMENT WILL ADD SIGNIFICANTLY COMPARED TO THE CURRENT WORKLOAD OF THE FACILITY. 
RADIONUCLIDE ACCUMULATION IN THE SLUDGE IS NOT EXPECTED TO EXCEED EXEMPT QUANTITIES BY WEIGHT, SO THAT
SHIPMENT OF THE SLUDGE IS NOT EXPECTED TO CAUSE ANY SPECIAL CONCERN OR REQUIRE UNUSUAL CONTROLS.

IT IS ESTIMATED THAT FOUR WORKERS WILL BE INVOLVED IN ROUTINE OPERATION AND MAINTENANCE OF THE SURFACE WATER
COLLECTION AND TREATMENT FACILITY. THIS WILL HAVE NEGLIGIBLE IMPACT ON THE WORKLOAD OF PLANT PERSONNEL.  IN



ROUTINE OPERATIONS, THESE WORKERS WILL NOT BE EXPOSED TO ANY LEVELS OF CHEMICALS OR WASTE STREAM POLLUTANTS
THAT WOULD RESTRICT THEM FROM OTHER ASSIGNMENTS AT THE RFP.

CONSTRUCTION ACTIVITIES WILL RESULT IN INCREASED VEHICULAR TRAFFIC, ENGINE EMISSIONS, AND THE NUMBER OF
WORKERS.  THE NUMBER OF PERSONNEL REQUIRED FOR THE PROPOSED ACTION WILL BE A SMALL INCREASE TO THE ASSUMED
YEARLY ADDITIONAL CONSTRUCTION LOADING.

ENVIRONMENTAL EFFECTS OF THE ALTERNATIVES

THE PREFERRED ALTERNATIVE AND THE PROPOSED ACTION FOR THIS INTERIM REMEDIAL ACTION IS TO GATHER CONTAMINATED
SURFACE WATER FROM A SERIES OF POINT SOURCES, TRANSFER THE COLLECTED WATER VIA PIPELINE, AND PROCESS THE
WATER THROUGH A WATER TREATMENT SYSTEM.  THE PREFERRED TREATMENT SYSTEM CONSISTS OF A CROSS-FLOW MEMBRANE
TREATMENT SYSTEM FOR REMOVAL OF RADIONUCLIDES AND METALS, FOLLOWED BY A CARBON COLUMN SYSTEM FOR REMOVAL OF
VOCS.  THE TREATED WATER WILL THEN BE RETURNED TO SOUTH WALNUT CREEK.

SEVERAL ALTERNATIVES TO THE PROPOSED IM/IRA WERE EVALUATED FOR ENVIRONMENTAL EFFECTS.  THE ALTERNATIVES
INCLUDED: 1) NO ACTION; 2) SURFACE WATER COLLECTION AT POND B-5 AND 3) ION EXCHANGE, GRANULAR MEDIA
FILTRATION WITH POLYMER ADDITION, UV PEROXIDE OXIDATION, AND AIR STRIPPING.  THE ALTERNATIVE OF SURFACE WATER
COLLECTION AT POND B-5 HAS BEEN ELIMINATED BASED ON THE POTENTIAL OF GENERATION OF ADDITIONAL CONTAMINATION
AND ADDITIONAL VOLUMES OF WATER REQUIRING TREATMENT (SEE SECTION 4-1).  EACH REMAINING ALTERNATIVE IS
EVALUATED IN REGARD TO ENVIRONMENTAL QUALITY, PERSONNEL EXPOSURE AND TRANSPORTATION IMPACTS. FOLLOWING THE
ALTERNATIVE EVALUATION, TABLE 8-1 COMPARES THE POTENTIAL IMPACT OF THE PROPOSED ACTION WITH THE ALTERNATIVES.

8.1 ENVIRONMENTAL EFFECTS OF NO ACTION

ALTHOUGH THE NO ACTION ALTERNATIVE IS IN DIRECT CONFLICT WITH THE IAG REACHED AMONG DOE, EPA, AND THE STATE
OF COLORADO, IT IS DISCUSSED HEREIN.

8.1.1 ENVIRONMENTAL QUALITY

THE NO ACTION ALTERNATIVE WOULD NOT INVOLVE ANY SHORT-TERM IMPACT TO THE ENVIRONMENT OR THE WORK
FORCE/GENERAL POPULATION AND WOULD ELIMINATE THE NEED FOR OFF-SITE TRANSPORTATION ACTIVITIES.  HOWEVER, IT
WOULD NOT CONTAIN NOR REMOVE ANY RADIONUCLIDES, VOCS OR INORGANIC CONTAMINANTS. THE NO ACTION ALTERNATIVE
WOULD POSE A LONG-TERM RELEASE RISK TO THE GENERAL PUBLIC AND WOULD REQUIRE REMEDIAL ACTIONS IN THE FUTURE.

THE NO ACTION ALTERNATIVE WOULD REQUIRE THAT THE CURRENT QUARTERLY SITE MONITORING BE CONTINUED.  BECAUSE THE
MONITORING IS A PART OF THE EXISTING PLANT ENVIRONMENTAL MONITORING PROGRAM, THE IMPACT ON PLANT OPERATIONS
AND THE SURROUNDING COMMUNITY WOULD BE EFFECTIVELY ZERO. HOWEVER, BECAUSE OFF-SITE MIGRATION MAY OCCUR IN THE
FUTURE, THE NO ACTION ALTERNATIVE IS UNACCEPTABLE.

8.1.2 PERSONNEL EXPOSURE

THE NO ACTION ALTERNATIVE WILL HAVE MINIMAL IMPACT ON CURRENT WORKERS AT THE SITE OR AT ADJACENT SITES. 
WORKERS WOULD STILL BE REQUIRED TO COLLECT QUARTERLY SAMPLING, WHICH WOULD PRESENT NO ADDITIONAL IMPACT ABOVE
CURRENT IMPACT LEVELS.  THE SOURCES OF HAZARDOUS MATERIALS WOULD NEITHER BE REMOVED NOR CONTROLLED.  HOWEVER,
THE POSSIBILITY OF RELEASING CONTAMINATED WATER OFF-SITE WOULD INCREASE OVER TIME.  THE SITE WOULD THEN BE A
SOURCE OF PUBLIC EXPOSURE IN THE LONG TERM.

8.1.3 TRANSPORTATION

SINCE NO REMEDIAL ACTION WOULD OCCUR UNDER THIS ALTERNATIVE, THERE WOULD BE NO ON-SITE OR OFF-SITE
TRANSPORTATION ACTIVITIES ASSOCIATED WITH THIS ALTERNATIVE OR RELATED IMPACTS TO WORKERS OR THE GENERAL
PUBLIC.

8.2 ENVIRONMENTAL EFFECTS OF ALTERNATIVE 2

8.2.1 ENVIRONMENTAL QUALITY

A VARIETY OF TREATMENT TECHNOLOGIES WERE INVESTIGATED AS ALTERNATIVES TO THE PROPOSED OU 2 IM/IRA.  THESE
INCLUDED GRANULAR MEDIA FILTRATION WITH POLYMER ADDITION FOR SUSPENDED SOLIDS REMOVAL AND ION EXCHANGE FOR
METALS AND RADIONUCLIDE REMOVAL.  IN ADDITION, UV PEROXIDE OXIDATION AND AIR STRIPPING WITH OFF-GAS TREATMENT
WERE EXAMINED FOR ORGANIC CONTAMINANT REMOVAL.  ION EXCHANGE AND UV PEROXIDE SYSTEMS ARE PROPOSED FOR
TREATMENT OF CONTAMINATED GROUND WATER AT THE 881 HILLSIDE AREA WHICH CONTAIN CONSTITUENTS WHICH ARE SIMILAR
TO THE OU 2 SURFACE WATER CONTAMINANTS.  HOWEVER, WITH REGARD TO ION EXCHANGE, PLUTONIUM IS NOT A GROUND
WATER CONTAMINANT AT THE 881 HILLSIDE AREA, AND ION EXCHANGE (OR OTHER INORGANIC TREATMENT TECHNOLOGIES) ARE
NOT PROVEN TECHNOLOGIES FOR REMOVAL OF PLUTONIUM FOR NATURAL WATER.  THERE IS NO APPRECIABLE DIFFERENCE IN



ENVIRONMENTAL IMPACTS OF THE ALTERNATIVE ORGANIC CONTAMINANT TREATMENT TECHNOLOGIES.  THE CROSS-FLOW MEMBRANE
FILTRATION SYSTEM IS THE ONLY PROVEN SYSTEM FOR REMOVAL OF THE TARGETED RADIONUCLIDES.

8.2.2 PERSONNEL EXPOSURE

THE USE OF ALTERNATE TREATMENT TECHNOLOGIES WOULD HAVE LITTLE IMPACT ON THE PERSONNEL EXPOSURE ASSOCIATED
WITH SURFACE WATER CLEANUP.  THE CONTAMINANTS IN THE WATER REMAIN THE SAME AND THE REMOVAL TECHNIQUES ARE
ESSENTIALLY SIMILAR WITH RESPECT TO PERSONNEL EXPOSURE A RISK.

8.2.3 TRANSPORTATION

THE SELECTION OF ONE OF THE OTHER ALTERNATIVE TREATMENT TECHNOLOGIES MAY REQUIRE DIFFERENT TRANSPORTATION
REQUIREMENTS, DEPENDENT ON THE RATE OF WATER TREATED AND THE CONTAMINANTS TO BE REMOVED.  THE ION EXCHANGE
COLUMNS UTILIZE RESIN BEADS THAT MAY REQUIRE PERIODIC REPLACEMENT. USING A UV PEROXIDE TREATMENT PROCESS
WOULD REDUCE TRANSPORTATION IMPACTS PRIMARILY DUE TO ELIMINATION OF SOME OF THE BY-PRODUCT MATERIALS PRODUCED
BY THE PROCESS.  OVERALL, THE TRANSPORTATION IMPACT FOR THIS ALTERNATIVE IS MINIMAL.

8.3 SUMMARY

THE IMPACTS OF THE ALTERNATIVES ARE JUDGED TO BE SMALL.  THE POTENTIAL IMPACTS ASSOCIATED WITH THE PROPOSED
ACTION AND EACH OF THE IDENTIFIED ALTERNATIVES ARE PRESENTED IN TABLE 8-1-A AND B.


