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EXECUTIVE SUMMARY

THIS REPORT PRESENTS THE RESULTS OF STUDY EXAMINING THE LONGTERM

PROTECTIVENESS OF THE NIAGARA FALLS STORAGE SITE NFSS WASTE CONTAINMENT

STRUCTURE WCS NFSS IS LOCATED IN LEWISTON NEWYORK AND IS OPERATED UNDER

THE DEPARTMENT OF ENERGYS FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM

THE WCS WAS CONSTRUCTED IN 1986 IT ENCLOSES APPROXIMATELY 255000 YD OF

CONTAMINATED MATERIAL COMPOSED OF WASTE AND PROCESS RESIDUES THIS REPORT

FOCUSES ON APPROXIMATELY 4000 YD OF MATERIAL CALLED K65 RESIDUES WHICH

CONTAIN LARGE CONCENTRATIONS OF RADIUM226 AND THORIUM230 URANIUM IS PRESENT

BUT IN LOW CONCENTRATIONS MOST OF THE URANIUM WAS EXTRACTED DURING THE ORIGINAL

ORE PROCESSING CYCLE THE INFORMATION PROVIDED IN THIS REPORT SUPPLEMENTS

INFORMATION PRESENTED IN THE NIAGARA FALLS STORAGE SITE ENVIRONMENTAL IMPACT

STATEMENT DOE 1986 CONCERNING THE DISPOSAL OPTIONS FOR THE K65 RESIDUES

THE STORAGE PERIOD OF CONCERN FOR THE EIS WAS 1000 YEARS

THE WCS WAS DESIGNED TO COMPLY WITH CRITERIA APPROPRIATE FOR AN EFFECTIVE

LIFE OF UP TO 1000 YEARS HOWEVER BECAUSE OF THE LONG HALFLIVES OF THE

RADIONUCLIDES PRESENT IN THE K65 RESIDUES THIS STUDY EXAMINES THE PERFORMANCE

OF THE STRUCTURE AND ITS ABILITY TO PROVIDE PROTECTIVENESS OVER TIME INTERVAL OF

10000 YEARS AS SUBSTANTIAL PART OF THE STUDY FAILURE ANALYSIS WAS

CONDUCTED TO ASSESS THE IMPACT THAT CREDIBLE NATURAL PHENOMENA COULD HAVE ON

THE WOS AND THE ATTENDANT EXPOSURE PATHWAY FOR DETERMINING ENSUING EFFECTS ON

THE PUBLIC AND THE ENVIRONMENT

THE REPORT ADDRESSES

THE HISTORY OF THE SITE INCLUDING REMEDIAL ACTIONS AND PLACEMENT OF THE

CONTAMINATED MATERIALS IN STORAGE

AN ANALYSIS OF FUTURE LAND USE AND POPULATION TRENDS IN THE VICINITY OF THE

SITE

1580037 F1212294 III



THE ANALYSIS SHOWED THAT THE PROPOSED FINAL WCS WOULD BE PROTECTIVE FOR

THE 10000YR PERIOD AS RESULT OF THE ANALYSIS HOWEVER SOME SUGGESTED

MODIFICATIONS TO THE DESIGN WERE IDENTIFIED THAT WOULD ENHANCE THE MARGIN OF

SAFETY PROVIDED BY THE WCS

B4
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10 SITE HISTORY AND CURRENT CONFIGURATION

11 OVERVIEW

THE NIAGARA FALLS STORAGE SITE NFSS IS PART OF THE FORMERLY UTILIZED SITES

REMEDIAL ACTION PROGRAM FUSRAP DEPARTMENT OF ENERGY DOE PROGRAM TO

DECONTAMINATE OR OTHERWISE CONTROL SITES WHERE RESIDUAL RADIOACTIVE MATERIALS

REMAIN FROM THE EARLY YEARS OF THE NATIONS ATOMIC ENERGY PROGRAM OR FROM

COMMERCIAL OPERATIONS CAUSING CONDITIONS THAT CONGRESS HAS AUTHORIZED DOE TO

REMEDY

PT

DURING THE EARLY 1940S THE US ARMY ESTABLISHED THE LAKE ONTARIO

ORDNANCE WORKS LOOW ON 2025 HA 5000 ACRES NORTH OF THE TOWN OF

LEWISTON NEW YORK APPROXIMATELY 612 HA 1511 ACRES WERE DESIGNATED BUT

NEVER USED FOR TNT PRODUCTION AND SUPPORT ACTIVITIES BUILDINGS FOR EMERGENCY

WATER PROVISIONS TO SUPPORT TNT PRODUCTION INCLUDED WATER TOWER

BUILDING 434 THREE ACCELERATORS BUILDINGS 41 241 PROCESS BUILDING

BUILDING 410 AND TWO RESERVOIRS BUILDINGS 409 AND 411 THIS AREA WAS

SUBSEQUENTLY TRANSFERRED TO THE MANHATTAN ENGINEER DISTRICT MED THEN TO THE

ATOMIC ENERGY COMMISSION AEC NEXT TO THE ENERGY RESEARCH AND DEVELOPMENT

ADMINISTRATION ERDA AND FINALLY TO DOE TABLE 11 IS CHRONOLOGYOF SITE USE

OVER THE PAST 50 YEARS

FOLLOWING RADIOLOGICAL CLEANUP ACTIVITIES BY HOOKER ELECTROCHEMICAL COMPANY

IN 955 MOST OF THE ORIGINAL SITE WAS DECLARED SURPLUS AND SOLD TO VARIOUS PRIVATE

AND COMMERCIAL INTERESTS OR TRANSFERRED TO OTHER GOVERNMENTAL AGENCIES THE SITE

NOW CONSISTS OF APPROXIMATELY 77 HA 191 ACRES SEE FIGURE 11 ALL ONSITE AND

OFFSITE AREAS OF RESIDUAL RADIOACTIVITY ABOVE CURRENT DOE GUIDELINES WERE

REMEDIATED BETWEEN 1955 AND 1992 MATERIALS GENERATED DURING REMEDIAL ACTIONS

APPROXIMATELY 195000 255000 YD ARE ENCAPSULATED WITHIN WASTE

CONTAINMENT STRUCTURE WCS SPECIFICALLY DESIGNED TO PROVIDE LONGTERM STORAGE OF

158 0037 22294 11



THE MATERIAL THE SITE WAS RESURVEYED AND FENCED IN 1992 IN PREPARATION TO

RELEASE 547 HA 135 ACRES ON THE EASTERN PORTION OF THE SITE

IN 979 DOE SUBCONTRACTED WITH BATTELLE COLUMBUS LABORATORIES TO PERFORM

COMPREHENSIVE RADIOLOGICAL SURVEY OF NFSS ANDERSON ET AL 1981 THE

BATTELLE REPORT SERVED AS THE BASIS FOR REMEDIAL ACTION PLANNING AT THE SITE

12 SEQUENCE OF RADIOACTIVE WASTE PLACEMENT AND WASTE
MOVEMENT

FROM 1944 TO 1954 PORTIONS OF THE SITE WERE USED FOR RECEIPT AND STORAGE

OR TRANSSHIPMENT OF RADIOACTIVE WASTE THESE WASTES WERE PRIMARILY PITCHBLENDE

RESIDUES FROM URANIUM PROCESSING OPERATIONS HOWEVER THEY ALSO INCLUDED

CONTAMINATED RUBBLE AND SCRAP FROM DECOMMISSIONING ACTIVITIES MISCELLANEOUS

WASTES FROM THE UNIVERSITY OF ROCHESTER AND KNOLLS ATOMIC POWER LABORATORY

AND WASTE FROM UNION CARBIDES ELECTROMETALLURGICAL OPERATIONS THE MOST HIGHLY

RADIOACTIVE RESIDUES WERE STORED IN ABANDONED BUILDINGS AT THE SITE WHILE OTHER

LOWLEVEL WASTES WERE DEPOSITED IN PITS OR PILED ON SURFACE SOILS RECEIPT OF

RADIOACTIVE WASTE WAS DISCONTINUED IN 1954 TABLE 12 PROVIDES AN OVERVIEW OF

WASTE STORAGE LOCATIONS AND FIGURE 12 IS GRAPHIC REPRESENTATION OF THE MOST

SIGNIFICANT OF THESE ACTIVITIES

13 NONRADIOACTIVE USES OF THE SITE

BUILDING 401 ORIGINALLY STEAM PLANT FOR THE TNT FACILITY WAS USED AS

BORONLO ISOTOPE SEPARATION PLANT DURING 19531959 AND 19651971 BORONLO

IS NONRADIOACTIVE ISOTOPE OF BORON USED FOR ITS NEUTRON ABSORPTION

CHARACTERISTICS THE FACILITY WAS GUTTED AND THE INSTRUMENTATION AND HARDWARE

WERE DISPOSED OF AS SURPLUS MATERIALS IN 1971

IN 1953 THE AEC MODIFIED BUILDING 401 TO SUPPORT OPERATIONS ASSOCIATED

WITH THE SEPARATION OF BORONLO THE ENRICHMENT METHOD CHOSEN WAS THE

1580037 122294 12



EQUILIBRIUM DISTILLATION OF THE BORON TRIFLUORIDEDIMETHYL ETHER COMPLEX SIMILARLY

THE HOTWIRE REDUCTION METHOD WAS CHOSEN AS THE PROCESS BY WHICH THE METAL

SHOULD BE OBTAINED THE DESIGNED CAPACITY OF THE PLANT WAS 500 KGYR OF

ELEMENTAL BORON ENRICHED TO 9095 PERCENT BORONLO MILLER ET AL 1958

THE BORON OPERATION FIGURE 13 WAS DIVIDED INTO THREE PHASES PHASE
RN

PRODUCED DIMETHYL ETHER PHASE II ENRICHED THE BORONLO ISOTOPE BY FRACTIONATION

OF THE BORON TRIFLUORIDE DIMETHYL ETHER COMPLEX PHASE ILL PROCESSED THE ENRICHED

COMPLEX TO ELEMENTAL BORON THE FOUR MAJOR STEPS IN THE PRODUCTION OF BORONLO

ENRICHED COMPLEX ARE

PREPARATION OF HIGH PURITY DIMETHYL ETHER FROM METHANOL

FORMATION OF THE LIQUID DIMETHYL ETHERBORON TRIFLUORIDE COMPLEX

FRACTIONATION OF THE BORON ISOTOPES IN THE DISTILLATION

REMOVAL OF NONVOLATILE IMPURITIES FROM THE BORONLO ENRICHED COMPLEX

TABLE 13 GIVES THE TYPICAL RAW MATERIAL REQUIREMENTS FOR ONE MONTHS

PRODUCTION APPROXIMATELY 40 KG 88 IB OF BORONLO IN THE FORM OF ELEMENTAL

BORON ENRICHED TO 92 PERCENT BORONLO MILLER ET AL 1958 BASED ON THE PROCESS

AND THE TYPICAL RAW MATERIALS USED NO POTENTIAL CONTAMINANTS OF CONCERN HAVE

BEEN IDENTIFIED FOR THE 10000YEAR PERIOD OF INTEREST

14 HISTORY OF REMEDIAL ACTIONS AT NFSS

SINCE 1954 ACTIONS HAVE BEEN TAKEN TO REMEDIATE CONTAMINATED AREAS

ONSITE AND OFFSITE TO REDUCE THE POTENTIAL FOR EXPOSURE OF CONTAMINATION TO THE

PUBLIC AND THE ENVIRONMENT TO ENSURE THAT ONSITE PERSONNEL EXPOSURES ARE AS LOW

AS REASONABLY ACHIEVABLE IN THE PERFORMANCE OF NECESSARY MAINTENANCE AND

SURVEILLANCE OF THE SITE AND TO PERFORM THE ENVIRONMENTAL GEOLOGICAL AND

ENGINEERING STUDIES NECESSARY TO SUPPORT THE LONGTERM DISPOSITION OF THE SITE

TABLE 14 LISTS REMEDIAL ACTIONS AT NFSS

1580037 122294 13



TI

15 ENVIRONMENTAL SURVEILLANCE

THE ENVIRONMENTAL SURVEILLANCE PROGRAM AT NESS INCLUDES SAMPLING NETWORKS

FOR RADON CONCENTRATIONS IN AIR EXTERNAL GAMMA RADIATION EXPOSURE AND TOTAL

URANIUM AND RADIUM226 CONCENTRATIONS IN SURFACE WATER SEDIMENTS AND

GROUNDWATER SURVEILLANCE DATA ARE USED TO ESTIMATE THE POTENTIAL RADIATION DOSES

TO THE GENERAL PUBLIC AND HYPOTHETICAL MAXIMALLY EXPOSED INDIVIDUAL FROM THE

RADIOACTIVE MATERIAL STORED IN THE WCS CHANGES IN THE SURVEILLANCE PROGRAM ARE

BASED ON THE EVALUATION OF HISTORICAL RADIOLOGICAL CHEMICAL AND HYDROLOGICAL DATA

AND CHANGES IN REGULATORY GUIDELINES

SAMPLING LOCATIONS AND DATA FOR THE PAST YEARS FOR ATMOSPHERIC RADON

CONCENTRATIONS EXTERNAL GAMMA RADIATION EXPOSURE AND TOTAL URANIUM AND

RADIUM226 CONCENTRATIONS IN SURFACE WATER SEDIMENTS AND GROUNDWATER ARE

REPRESENTED IN FIGURES 14 THROUGH 19 AS THESE FIGURES SHOW THE CONTRIBUTION

OF THE CONTAMINANTS IS GENERALLY INDISTINGUISHABLE FROM BACKGROUND IN ADDITION TO

THESE DATA RADON222 FLUX FROM THE PILE HAS BEEN MEASURED SEMIANNUALLY SPRING

AND FALL SINCE 1990 THESE MEASUREMENTS CONFIRM THAT THE LEVEL OF RADON

RELEASED FROM THE WCS IS AT BACKGROUND LEVELS AND WELL BELOW REGULATORY LIMITS

16 PERFORMANCE MONITORING

PERFORMANCE MONITORING OF THE INTERIM CAP IS AN ONGOING PROGRAM AT NESS TO

VERIFY THAT THE MAIN ENGINEERING ELEMENTS OF THE WCS ARE FUNCTIONING TO MINIMIZE

RAINFALL INFILTRATION PREVENT GROUNDWATER POLLUTION PREVENT LEACHATE FORMATION AND

ATTENUATE RADON EMANATION THE PERFORMANCE MONITORING PROGRAM ALSO CONSISTS

OF WALKOVERS AND CIVIL SURVEYS OF THE WCS DURING SPRING AND FALL EACH YEAR TO

ASSESS THE FOLLOWING

DESICCATION CRACKING

SETTLING OF WASTE MATERIAL

1580037 122294



EROSION AND

PLANT GROWTH

DURING THE PAST YEARS WALKOVER SURVEYS HAVE VERIFIED THAT THE INTERIM CAP

IS PERFORMING AS DESIGNED SEE SECTION 42 FOR ENGINEERING DESIGN DETAILS NO

SIGNIFICANT WASTE MATERIAL SETTLING EROSION DESICCATION CRACKING OR UNWANTED

PLANT GROWTH HAS BEEN OBSERVED

DEW

AM

AM

AM
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AM
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1I 80K
TABLE 11TIMETINE FOR NIAGARA FALLS STORAGE SITE

TIME ACTIVITY OPERATING CONTRACTOR

PRE 944 PART OF LOOW DESIGNATED FOR PRODUCTION OF

TNT US GOVERNMENT

1944 STORAGE OF PITCHBLENDE RESIDUES AND OTHER LOWLEVEL RADIOACTIVE MATERIALSINITIATED

1953 USE OF SITE FOR ADDITIONAL CONTAMINATED MATERIAL CEASED HOOKER ELECTROCHEMICAL CO 19531958BORONLO SEPARATION INSTITUTED

1955 RADIOLOGICAL CLEANUP OF

525 HA 1297 ACRES OF

ORIGINAL SITE HOOKER ELECTROCHEMICAL CO19641965 R1O PILE COVERED AND SEEDED PAGE AIRWAYS 19581964NUCLEAR MATERIALS AND EQUIPMENT CORP 19641971

1979 ATTEMPT MADE TO SEAL L50 RESIDUE STORAGE BUILDINGS WITH AN
ASPHALT NATIONAL LEAD CO OF OHIO NLO INC 19721981EMULSION COMPREHENSIVE RADIOLOGICAL CHARACTERIZATION PERFORMED BATTELLE COLUMBUS LABORATORY

1980 K65 RESIDUE STORAGE BUILDING BUILDING 434 SILO CAPPED

1981 SITE FENCE RELOCATED 1524 500 FT TO THE WEST TO CREATE AN

EXCLUSION BECHTEL NATIONAL INC 1981PRESENT

AREA TO PROTECT THE PUBLIC FROM EXPOSURE TO RADONCONTAMINATED SOIL EXCAVATED FROM VICINITY PROPERTY AND PLACED ON

R10CD PILE

1982 L50 RESIDUE STORAGE BUILDINGS BUILDINGS 413 AND 414 UPGRADED AND SEALED

DIKE AND CUTOFF WALL CONSTRUCTED AROUND THE R10 AREAR10 PILE COVERED WITH LINER TO REDUCE RADON EMANATION19831984 DIKE EXTENDED AROUND BUILDING 411 AND ROOF AND EXTERIOR WALLS REMOVEDCONTAMINATED SOIL EXCAVATED FROM DRAINAGE AREAS ONSITE AND OFFSITE ANDPLACED ON

THE PILE

PILE COVERED WITH FIRST LAYER OF INTERIM CLAY CAPCONTAMINATED WATER TREATED AND RELEASEDK65 RESIDUES TRANSFERRED BY HYDRAULIC MINING FROM BUILDING 434 TO EASTERNHALF OF BUILDING 411 BUILDINGS 410 412 AND 415 DEMOLISHED

985 EXCAVATION AND TRUCK TRANSFER OF THE REMAINING K65 RESIDUES FROM THEBOTTOM OF BUILDING 434 TO

BUILDING 414 IN THE WCS COMPLETEDBUILDINGS 423 AND 434 DEMOLISHEDCONTAMINATED MATERIALS FROM ONSITE AND OFFSITE EXCAVATED AND PLACED IN THEWCS IMPOUNDED WATER TREATED AND DISCHARGED UNDER PERMIT



TABLE 11CONTINUED

TIME ACTIVITY OPERATING CONTRACTOR1986 BUILDINGS 409 430 431 AND 432 DEMOLISHEDCAP OVER RESIDUES IN THE WCS CLOSEDCONTAMINATED WATER TREATED AND DISCHARGED UNDER PERMITENVIRONMENTAL IMPACT STATEMENT PUBLISHED

987 CONTAMINATED WATER TREATED AND DISCHARGED UNDER PERMITDRUMS EXCAVATED FROM VICINITY PROPERTY AND PLACED IN TEMPORARY STORAGE19881989 ISOLATED AREAS OF RESIDUAL RADIOACTIVITY ONSITE EXCAVATED AND PLACED INTEMPORARY STORAGE1990 LIMITED CHEMICAL CHARACTERIZATION PERFORMED1991 REMAINING RADIOACTIVELY CONTAMINATED MATERIALS CONSOLIDATED INTO THE WCS

IU 11111111111 II II EL



TABLE 12

OVERVIEW OF TYPES OF RADIOACTIVE WASTES AND STORAGE LOCATIONS AT NFSS

WASTE STORAGE

TYPE ORIGIN DESCRIPTION LOCATION

L30 RESIDUES LINDE CERAMICS PLANT FROM PROCESSING ORE BUILDING 411
TONAWANDA NY CONTAINING 10 PRESENTLY STORED IN THE

WCS

L50 RESIDUES LINDE CERAMICS PLANT FROM PROCESSING ORE BUILDINGS 413 AND

TONAWANDA NY CONTAINING 414 PRESENTLY STORED

IN THE WCS

F32 RESIDUES LINDE CERAMICS PLANT FROM EXTRACTION OF Q20 RECARBONATION PIT

TONAWANDA NY PITCHBLENDE ORE WEST OF BUILDING 411
PRESENTLY STORED IN THE

WCS

R1 RESIDUES LINDE CERAMICS PLANT FROM PROCESSING ORE SURFACE SOIL NORTH OF

TONAWANDA NY CONTAINING 35 BUILDING 411
PRESENTLY STORED IN THE

WCS

MIDDLESEX SANDS MIDDLESEX SAMPLING FROM SANDBLASTING BIN IN BUILDING 410
PLANT MIDDLESEX NJ ACTIVITIES PRESENTLY STORED IN THE

WCS

CONTAMINATED WARTIME PLANTS IN CONTAMINATED METAL STORED ABOVEGROUND

RUBBLE ST LOUIS MO CONCRETE LUMBER AND PRESENTLY STORED IN THE

CLEVELAND OH RUBBLE RESULTING FROM WCS
WILMINGTON DE AND DECONTAMINATION

CANONSBURG PA ACTIVITIES

CONTAMINATED UNION CARBIDE REDUCTION SLAG AND STORED ABOVEGROUND

MATERIALS CORPORATION NY DISCARDED GRAPHITE LATER MOVED TO THE

CRUCIBLES PLANT IN OAK

RIDGE TN

K65 RESIDUES MALLINCKRODT CHEMICAL FROM PROCESSING ORE STORED IN DRUMS

WORKS ST LOUIS MO CONTAINING 35 TO 60 OUTDOORS AND IN

BUILDING 410

19491 950 FROM

1950 TO 1984 STORED

IN BUILDING 434 FROM

984 TO PRESENT

STORED IN THE WCS

URANIUM METAL BETHLEHEM STEEL URANIUM METAL BILLETS STAGING POINT

LACKAWANNA NY AND

SIMONDS SAW
LOCKPORT NY

CONTAMINATED UNIVERSITY OF ROCHESTER COMBUSTIBLES STORED IN THE KAPL WASTES

WASTES KNOLLS ATOMIC POWER WOODEN CRATES AND WERE TRANSFERRED TO

LABORATORY KAPL PROCESSING WASTES THE OAK RIDGE TN
STORED IN DRUMS BURIAL GROUNDS

CONTAMINATED ONSITE AND VICINITY CONTAMINATED SOILS AND WASTE CONTAINMENT

MATERIALS FROM PROPERTIES WASTES EXCAVATED FROM STRUCTURE

REMEDIAL ACTIONS ONSITE AND OFFSITE AREAS



TABLE 13

TYPICAL RAW MATERIAL REQUIREMENTS FOR BORONLO

SEPARATION PROCESS

AVERAGE MONTHLY
MATERIALS REQUIREMENT

METHANOL CH 1050 KG 2300 IB

BORON TRIFLUORIDE BF 5270 KG 11600 IB

POTASSIUM FLUORIDE KF2H 546 KG 1200 IB

ETHANOL 910 KG 4000 IB

POTASSIUM CHLORIDE KCI 1820 KG 4000 IB

NITROGEN 9630 340000 FT

1580037 22294 132
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TABLE 14REMEDIAL ACTIONS CONDUCTED AT NFSS

YEAR WASTE TYPE DESCRIPTION OF

ACTION VOLUME1955 CONTAMINATED SOIL AND MATERIALS APPROXIMATELY 525 HA 1297 ACRES OF OFFSITE PROPERTIES REMEDIATED UNKNOWNTHEN DECLARED SURPLUS WASTE TRANSFERRED TO THE R1 SPOIL PILE196465 R1O SPOIL PILE PILE COVERED WITH DIRT AND SEEDED TO

PROVIDE GRASSCOVERED SOD LAYER UNKNOWN

972 CONTAMINATED MATERIALS OFFSITE PROPERTIES REMEDIATED WASTE TRANSFERRED TO AN AREA NEAR THE 11 469R1O SPOIL PILE 15000 YD

1979 L50 RESIDUES ASPHALT EMULSION SEAL PLACED ON
BUILDINGS 413 AND 414 TO REDUCE NARADON EMANATION

980 K65 RESIDUES VENT CAPPED ON

BUILDING 434 TO REDUCE RADON EMISSION PIPES NAPENETRATING WALLS OF RESIDUE STORAGE BUILDINGS SEALED OR

RESEALED

1981 RADON SITE FENCE RELOCATED APPROXIMATELY 500 FT TO

THE WEST CREATING ANEXCLUSION AREA BETWEEN THE PUBLIC AND THE RADON EMISSION SOURCECONTAMINATED MATERIALS CONTAMINATED SOILS EXCAVATED FROM PROPERTY ADJACENT TO THE SITE 344 IN450 YD

1982 L50 RESIDUES STORAGE BUILDINGS 413 AND 414 UPGRADED AND SEALED NACONTAMINATED SOIL SOIL NEAR THE RL0 SPOIL PILE MOVED ONTO THE PILE AND DIKE AND CUTOFF 12123

WALL CONSTRUCTED R1 PILE COVERED WITH AN

ETHYLENE PROPYLENE DIENE 6000 YDMONOMER EPDM LINER98384 R1 SPOIL PILE CUTOFF DIKE EXTENDED AROUND BUILDING 411 AND ROOF AND EXTERIOR WALLREMOVED EPDM LINER AND CONCRETE BLOCK REMOVED FROM THE R1 PILECONTAMINATED SOIL CONTAMINATED SOIL EXCAVATED FROM ONSITE AND OFFSITE DRAINAGE DITCHES 41 28854000 YD

K65 RESIDUES TRANSFER BEGUN OF THE K65 RESIDUES STORED IN BUILDING 434 THROUGH 24104IN PIPELINE TO

THE EASTERN HALF OF BUILDING 411 WHERE THEY WERE 3150 YDDEWATERED FOR LONGTERM ENCAPSULATIONBUILDINGS 410 412 AND 415 DEMOLISHEDCONTAMINATED SOIL VICINITY PROPERTIES SOME ONSITE AREAS AND PORTION OF THE CENTRAL 21 333DRAINAGE DITCH REMEDIATED WASTES TRANSFERRED TO THE WASTE 27900 YDCONTAINMENT AREA



TABLE 14CONTINUED

YEAR WASTE TYPE DESCRIPTION OF ACTION VOLUME1985 K65 RESIDUES REMAINDER OF K65 RESIDUES TRANSFERRED TO

BUILDING 411 DEMARCATION 650LAYER INSTALLED TO

IDENTIFY THE LOCATION OF THE K65 RESIDUES 850 YDCONTAMINATED MATERIALS CONTAMINATED MATERIALS EXCAVATED FROM ONSITE AND OFFSITE AREAS AND 10705TRANSFERRED TO THE WCS 14000 YDBUILDING DEBRIS BUILDINGS 423 AND 434 DEMOLISHED RUBBLE TRANSFERRED TO THE WCS 11091450 YD

1986 RESIDUES BUILDINGS 409 AND 430 DEMOLISHED BUILDINGS 431 AND 432DECONTAMINATED AND DEMOLISHED CAP OVER THE RESIDUES IN THE WCSCLOSED

987 CONTAMINATED SOIL AND RESINS BURIED DRUMS OF RADIOACTIVELY CONTAMINATED MATERIAL REMOVED FROM 64 DRUMSVICINITY PROPERTY AND PLACED IN TEMPORARY STORAGE98889 CONTAMINATED SOIL SEVERAL ISOLATED AREAS OF

RESIDUAL RADIOACTIVITY EXCAVATED AND PLACED INTEMPORARY STORAGE99192 CONTAMINATED SOIL ONE LOCALIZED ONSITE AREA WAS REMEDIATED THIS MATERIAL THE MATERIAL TOTAL WASTE IN THEGENERATED IN 988 AND 989 AND 60 DRUMS OF RADIOACTIVELY WCS TO

DATE ISCONTAMINATED MATERIAL WERE CONSOLIDATED INTO THE WCS APPROXIMATELY 194975255000 YD
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20 FUTURE LAND USE AND POPULATION PROJECTION

STUDY OF FUTURE LAND USE AND POPULATION PROJECTION HAS BEEN DONE TO

DETERMINE THE NUMBER OF PEOPLE LOCATED NEAR THE WCS OVER THE TIME PERIOD OF

INTEREST THESE DATA ARE USED IN SECTION 50 TO ESTABLISH THE SCENARIOS FOR FAILURE

ANALYSIS AND RESULTING EXPOSURES

THE INFORMATION IN THIS SECTION IS BASED ON THE 1980 AND 1990 CENSUSES

CONSTRUCTION TRENDS AND THE ZONING AND LAND USE PLAN FOR THE TOWN OF LEWISTON

THIS REPORT WILL SPECIFICALLY ADDRESS THE AREA ON THE EASTERN SIDE OF CREEK ROAD

BECAUSE IT IS THE LAND NEAREST NFSS THAT IS SUITABLE FOR DEVELOPMENT FIGURE 21
FUTURE LAND USE AND POPULATION PROJECTIONS FROM 1990 OVER APPROXIMATELY THE

NEXT 700 YEARS FOR THE CREEK ROAD CORRIDOR ARE ADDRESSED HERE PROJECTIONS

BEYOND THE YEAR 2700 ARE NOT INCLUDED BECAUSE LAND AVAILABLE FOR DEVELOPMENT

WILL BE SATURATED AND THE POPULATION OF THE AREA WOULD THEREFORE NOT INCREASE

ONCE THIS CORRIDOR IS SATURATED IT IS ASSUMED THAT DEVELOPMENT AND GROWTH WILL

OCCUR IN OTHER AREAS OF LEWISTON

21 ZONING AND LAND USE PLAN

IN THE ZONING AND LAND USE PLAN FOR THE TOWN OF LEWISTON THE CREEK ROAD

CORRIDOR HAS BEEN RECOMMENDED AS SUITABLE TO ACCOMMODATE THE DEMAND IN THE

TOWN OF LEWISTON FOR MEDIUMDENSITY HOUSING CLASS II FIGURE 22 THE PLAN

FURTHER RECOMMENDS THAT ACCEPTABLE BUFFER ZONES BE CREATED BETWEEN

MEDIUMDENSITY UNITS AND SURROUNDING PROPERTIES THUS LOWDENSITY HOUSING

CLASS UNITS ARE RECOMMENDED FOR THESE AREAS FIGURE 23 AS RESULT THE

DISCUSSION OF LAND USE AND CORRESPONDING GRAPHS WILL REFLECT MEDIUM AND

LOWDENSITY DEVELOPMENT OF CLASS AND CLASS II HOUSING AND RESULTING POPULATION

GROWTH
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22 CREEK ROAD CORRIDOR

AS DESCRIBED IN THE PLAN THE CREEK ROAD CORRIDOR EXTENDS NORTH FROM RIDGE

ROAD TO THE LEWISTON TOWN LINE AND EAST FROM THE ROBERT MOSES PARKWAY

APPROXIMATELY 24 KM MI TO THE MASTER SEWER DISTRICT THE CORRIDOR COVERS

920 HA 2275 ACRES OF WHICH APPROXIMATELY 597 HA 1475 ACRES IS VACANT

UNDEVELOPED OR USED FOR AGRICULTURE

THIS PLAN FOCUSES ONLY ON LAND AVAILABLE FOR DEVELOPMENT IN CLASS AND

CLASS II MEDIUM AND LOWDENSITY OCCUPATION WITH THIS LIMITED FOCUS ONLY

344 HA 850 ACRES OF MEDIUMDENSITY AND 32 HA 80 ACRES OF LOWDENSITY LAND

WOULD BE SUITABLE FOR DEVELOPMENT

23 AVAILABILITY OF LAND FOR DEVELOPMENT

LAND AVAILABLE FOR DEVELOPMENT IN THE CREEK ROAD CORRIDOR AREA IS ESTIMATED

TO BE 664 HA 1475 ACRES ACCORDING TO THE ZONING AND LAND USE PLAN FOR

LEWISTON THIS INCLUDES VACANT UNDEVELOPED AND AGRICULTURAL LAND HOWEVEROF

THIS 664 HA ONLY 377 HA 930 ACRES IS AVAILABLE FOR DEVELOPMENT IN CLASS AND

CLASS II CATEGORIES THE REMAINDER OF THE ACREAGE IS EITHER CLASS LLWHICH IS

CLASSIFIED IN THE ZONING PLAN AS EXTENSIVE WOODS DUE TO THE EXTREME

ENVIRONMENTAL SENSITIVITY TOTAL PROHIBITION OF DEVELOPMENT IS RECOMMENDED ON

SUCH SITESOR IS AGRICULTURAL SEE EXPLANATION IN SECTION 24

BECAUSE AN AVERAGE OF 33 HOUSING UNITS PER ACRE UPA CAN BE DEVELOPED

APPROXIMATELY 3096 UNITS COULD BE BUILT IN THIS AREA IN LEWISTON THE 33 UPA IS

BASED ON THE AVERAGE OF LOWDENSITY AND MEDIUMDENSITY AREAS OF CLASS AND II

SEE PAGE 17 OF THE ZONING AND LAND USE PLAN

THE ZONING PLAN ESTIMATED THAT ONLY PERCENT OF THE UNDEVELOPED ACRES

WOULD BE DEVELOPED BY THE YEAR 2000 THIS SECTION ASSUMES THAT 15 PERCENT OF

AVAILABLE LAND WILL BE DEVELOPED AT 20YEAR INCREMENTS UNTIL ALL LAND IS DEVELOPED
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BY THE YEAR 2700 NO MEDIUMDENSITY LAND WOULD BE AVAILABLE AND BY THE YEAR

2360 ALL LOWDENSITY LAND WOULD BE COMPLETELY DEVELOPED THUS THIS SECTION WILL

ADDRESS LAND DEVELOPMENT AND RESULTING POPULATION GROWTH OVER APPROXIMATELY THE

NEXT 700 YEARS

24 AGRICULTURAL USE

THE ZONING PLAN CONTAINS STRICT DESIGN GUIDELINES GOVERNING THE DEVELOPMENT

OF LEWISTON AGRICULTURAL ACTIVITIES IN THE CREEK ROAD CORRIDOR ARE LIMITED AND

AGRICULTURAL GROWTH IS NOT ANTICIPATED

25 LIGHT INDUSTRIAL USE

IS

PROPERTY ON THE WESTERN SIDE OF THE SITE IS ZONED AS LIGHT INDUSTRIAL IT IS

ANTICIPATED THAT THIS AREA WILL EXPERIENCE INDUSTRIAL GROWTH EXISTING HIGHWAY

NETWORKS IN THIS CORRIDOR CAN ACCOMMODATE INCREASED TRAFFIC RESULTING FROM FUTURE

LAND USE EXPANSION

26 POPULATION GROWTH

POPULATION IN THE CREEK ROAD CORRIDOR COULD BE EXPECTED TO INCREASE BY

9813 PEOPLE OVER THE 700 YEARS THIS INCREASE ASSUMES 32 HA 80 ACRES OF

LOWDENSITY AND 344 HA 850 ACRES OF MEDIUMDENSITY DEVELOPMENT POPULATION

GROWTH WAS CALCULATED ASSUMING 15 PERCENT DEVELOPMENT DURING EACH 20YEAR

PERIOD

TO CALCULATE THE POTENTIAL POPULATION INCREASE AVERAGES WERE DEVELOPED

USING THE ZONING AND LAND USE PLAN FOR LEWISTON CALCULATED AVERAGES ASSUMED

26 UPA FOR LOWDENSITY DEVELOPMENT AND 40 UPA FOR MEDIUMDENSITY

DEVELOPMENT CENSUS STATISTICS FOR 1990 PROVIDED BASIS FOR ASSUMING

272 PERSONS PER HOUSING UNIT
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BY THE YEAR 2700 NO LAND WILL REMAIN AVAILABLE FOR MEDIUMDENSITY

DEVELOPMENT AND THE POPULATION WILL HAVE INCREASED BY APPROXIMATELY 9248

ABOVE THE CURRENT POPULATION FOR THE CREEK ROAD CORRIDOR CURRENT POPULATION DATA

IN THIS AREA WERE NOT AVAILABLE LOWDENSITY DEVELOPMENT IS ESTIMATED TO YIELD

GROWTH OF APPROXIMATELY 565 PERSONS

IT SHOULD BE NOTED THAT TRENDS BETWEEN THE 1980 AND 1990 CENSUS INDICATED

VARIATION IN THE POPULATION OF THIS AREA OF LESS THAN PERCENT

27 SUMMARY

DEVELOPMENT IN THE CREEK ROAD CORRIDOR IS LIKELY TO HAVE THE GREATEST IMPACT

ON NFSS BY THE YEAR 2700 NO REMAINING ACRES WILL BE AVAILABLE FOR LOWDENSITY

OR MEDIUMDENSITY DEVELOPMENT IN THAT AREA FURTHER THE RESULTING POPULATION

GROWTH DUE TO DEVELOPMENT WILL HAVE INCREASED THE CURRENT POPULATION IN THE

CREEK ROAD CORRIDOR BY APPROXIMATELY 9813 PERSONS BASED ON THIS ANALYSIS IT IS

REASONABLE TO ASSUME THAT THE MAXIMALLY EXPOSED INDIVIDUAL LIVES IN SINGLE

FAMILY DWELLING
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30 RADIONUCLIDE AND CHEMICAL COMPOSITION

THIS SECTION DESCRIBES THE TYPES OF RADIONUCLIDES AND CHEMICALS IN EACH

RESIDUE AND WASTE MATERIAL AT NESS THE INFORMATION ON RESIDUE AND WASTE

CHARACTERISTICS WAS COMPILED FROM VARIOUS REPORTS ANDERSON ET AL 1981

DOE 1986 BENDIX FIELD ENGINEERING CORP 1986 BNI 1993A

31 CHARACTERISTICS OF RESIDUES AND WASTE AT NFSS

THE RADIOLOGICAL AND CHEMICAL CHARACTERISTICS OF THE RESIDUES AND WASTES ARE

EXAMINED TO IDENTIFY THE POTENTIAL CONTAMINANTS OF CONCERN OVER THE 10000YEAR

STUDY PERIOD

311 RADIOLOGICAL CHARACTERISTICS

K65 RESIDUES

THE K65 RESIDUES RESULTED FROM THE PROCESSING OF HIGHGRADE KATANGAN

PITCHBLENDE ORES 30 TO 60 PERCENT MED CONTRACTED THE ORE PROCESSING TO

MALLINCKRODT CHEMICAL WORKS ST LOUIS MISSOURI FIGURE 31 IS FLOW DIAGRAM OF

THIS PROCESS THESE ORES CONTAINED VARIETY OF URANIFEROUS MINERALS INCLUDING

HYDRATED URANIUM OXIDES AND SECONDARY MINERALS SUCH AS SODDYITE 12U0 55I0

14H THE ORES WERE RICH IN PRECIOUS METALS INCLUDING GOLD PLATINUM

PALLADIUM AND SILVER

EXTRACTION OF URANIUM FROM THE KATANGAN PITCHBLENDE ORE CONSISTED OF

3HOUR 90 194 OXIDIZING SULFURICACIDLEACH PROCESS DURING WHICH RADIUM

WAS PRECIPITATED AS RADIUM SULFATE AND MANGANESE DIOXIDE OXIDANT WAS USED TO

DISSOLVE THE URANIUM BARIUM SULFATE WAS ADDED TO ENSURE COPRECIPITATION

CONTINUED DIGESTION OF THE LEACH SLURRY AT 60 140 WITH SODIUM CARBONATE

CONVERTED URANIUM TO SOLUBLE URANYL CARBONATE CAUSING PRECIPITATION OF
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INCLUDING FERRIC ALUMINUM AND MANGANESE HYDROXIDES THE PRIMARYIMPURITIES

FORM OF THE URANIUM IS SODIUM URANYL CARBONATE

THE K65 RESIDUES ARE COMPOSED OF TWO TYPES OF MATERIALS

SLIME 400 MESH CONTAINING SOLUBILIZED RECRYSTALLIZED FRACTIONS

INCLUDING RADIUMCONTAMINATED BARIUM SULFATE AND

SAND 400 MESH CONTAINING UNDISSOLVED ORE PARTICLES AND PRIMARILY

LESS SOLUBLE SILICATE SECONDARY MINERALS

THE AVERAGE CONCENTRATIONS DRY WEIGHT IN THE K65 RESIDUES OF RADIUM226

AND THORIUM230 ARE 520000 PGIG AND 54000 PCIG RESPECTIVELY THE TOTAL

ESTIMATED VOLUME OF K65 RESIDUES TRANSPORTED TO NESS FOR STORAGE WAS

3000 3925 YD BNI 1994A

L30 RESIDUES

THE L30 RESIDUES RESULTED FROM EXTRACTION OF LOWGRADE PITCHBLENDE

APPROXIMATELY 10 PERCENT URANIUM OXIDE BY THE LINDE CERAMICS PLANT

TONAWANDA NEW YORK FROM DECEMBER 1943 TO OCTOBER 1944 THE LINDE

PROCESS WAS SULFURIC ACID LEACH FOLLOWED BY SODIUM CARBONATE NEUTRALIZATION AND

FILTRATION OF THE RESULTING URANYL CARBONATE SLURRY

THE CONCENTRATIONS OF PRECIOUS METALS IN THESE RESIDUES ARE RELATIVELY LOW

THE DENSITY OF THE L30 RESIDUES IS SIGNIFICANTLY LOWER THAN THAT OF THE K65

RESIDUES THE L30 RESIDUE CONTAINS THE HIGHEST CONCENTRATION OF CHAMOSITE CLAY

OF THE RESIDUES STORED AT THE SITE 70 PERCENT BY VOLUME SODIUM URANYL

CARBONATE IS PRESENT IN THE RESIDUES QUARTZ CONTENT IS APPROXIMATELY 20 PERCENT

BY VOLUME AND BARITE CONTENT IS LESS THAN 10 PERCENT
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THE AVERAGE RADIUM226 CONCENTRATION DRY WEIGHT IN THE L30 RESIDUES IS

APPROXIMATELY 2000 PCILG AND THE VOLUME OF THESE RESIDUES IS ESTIMATED TO BE

6000 7850 YD BNI 1994A

L50 RESIDUES

THE L50 RESIDUES ARE THE RESULT OF URANIUM EXTRACTION FROM AFRICAN

PITCHBLENDE ORES CONTAINING APPROXIMATELY PERCENT URANIUM OXIDE EXTRACTION

WAS PERFORMED BY THE LINDE CERAMICS PLANT IN PROCESS SIMILAR TO THAT DESCRIBED

FOR THE L30 RESIDUES

THE L50 RESIDUES WERE COMPOSED OF THREE COMPONENTS

CLAY WAS IDENTIFIED AS ANTIGORITE ITS CATIONIC COMPOSITION IS PERCENT

MAGNESIUM 27 PERCENT ALUMINUM 48 PERCENT SILICON AND PERCENT

DISTRIBUTED AMONG MANGANESE IRON AND NICKEL

QUARTZ WAS FOUND AT CONCENTRATION OF 33 PERCENT NO SODIUM URANYL

CARBONATE WAS DETECTED

THE RESIDUES ARE RICH IN OXIDES AND CARBONATES ANDERSON ET AL 1981

THE AVERAGE RADIUM226 CONCENTRATION DRY WEIGHT IS 3300 PCIG AND THE

VOLUME IS APPROXIMATELY 1500 1960 YD BNI 1994A

F32 RESIDUES

THE SMALL AMOUNT OF F32 RESIDUES IS THE RESULT OF TORBERNITE REFINING

OPERATIONS AT THE LINDE CERAMICS PLANT THE AVERAGE RADIUM226 CONCENTRATION IN

THE F32 RESIDUES IS 300 PCILG AND THE VOLUME IS APPROXIMATELY 500

655 YD
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R1O RESIDUES AND SOIL

IN 1980 THE R10 STORAGE AREA INCLUDED R10 RESIDUES DEBRIS AND SOILS

FROM PREVIOUS CLEANUP ACTIVITIES THE R10 RESIDUES RESULTED FROM PROCESSING

PITCHBLENDE ORE THAT CONTAINED ABOUT 35 PERCENT URANIUM OXIDE BEFORE BEING

PROCESSED AT THE LINDE REFINERY THE ORES WERE TREATED IN THE BELGIAN CONGO TO

REMOVE THE PRECIOUS METALS NLO 1979 THE AVERAGE RADIUM226 CONCENTRATION

IN THE R1O AREA IS 95 PCIG AND THE VOLUME OF THE SOILS IS APPROXIMATELY

45000 58860 YD

REMAINING CONTAMINATED SOILS

SINCE 1980 CONTAMINATED SOILS AND SEDIMENTS FROM CLEANUP OF ONSITE AND

OFFSITE AREAS HAVE BEEN ADDED TO THE DIKED AREA OF THE WCS AROUND THE

R10 AREA THE AVERAGE RADIUM226 CONCENTRATION OF THE ADDITIONAL MATERIAL IS

16 PCIG AND THE VOLUME OF THE CONTAMINATED SOILS IS APPROXIMATELY 134500

175930 YD

DURING THE 1984 INTERIM REMEDIAL ACTIONS THE CENTRAL DRAINAGE DITCH NORTH OF

NFSS WAS EXCAVATED AND CONTAMINATED SEDIMENTS WERE PLACED IN THE WOS

TWO SMALL INTERIM STORAGE PILES AND DRUMS

ONE LOCALIZED AREA OF APPROXIMATELY 100 120 YD OF CONTAMINATED SOIL

TWO SMALL INTERIM STORAGE PILES OF RADIOACTIVELY CONTAMINATED MATERIALS GENERATED

DURING ADDITIONAL REMEDIATION OF ISOLATED ONSITE AREAS IN 1989 AND 64 DRUMS OF

RADIOACTIVELY CONTAMINATED MATERIAL WERE CONSOLIDATED INTO THE WCS IN 1991

THE RADIONUCLIDE CONCENTRATIONS ARE APPROXIMATELY THE SAME AS IN THE

CONTAMINATED SOILS PREVIOUSLY STORED IN THE WOS THE VOLUME IS ESTIMATED TO BE

2525 3300 YD
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312 NONRADIOLOGICAL CHARACTERISTICS

THE K65 RESIDUES CONTAIN MUCH LESS COBALT NICKEL AND COPPER AND MORE

RARE EARTHS PALLADIUM MOLYBDENUM AND LEAD THAN DO THE OTHER RESIDUES ALL THE

RESIDUES CONTAIN SMALL AMOUNTS OF GOLD PLATINUM AND OTHER PRECIOUS METALS

BROAD RANGES OF CONCENTRATIONS HAVE BEEN REPORTED FOR LEAD AND URANIUM IN THE

K65 RESIDUES AND FOR URANIUM IRON COPPER AND NICKEL IN THE L30 RESIDUES

BECAUSE OF THE HETEROGENEITY OF THE RESIDUES

THE WASTES IN THE R10 PILE ARE NEUTRAL TO SLIGHTLY BASIC AND MOST OF THE

WASTES HAVE CONTAMINATED NATIVE SOILS INVESTIGATIONS CONDUCTED IN 1980

SHOWED THAT ONE OR MORE LOCATIONS IN THE R10 PILE HAD CONCENTRATIONS OF COBALT

NICKEL COPPER AND LEAD IN EXCESS OF NATURALLY OCCURRING CONCENTRATIONS

CONCENTRATIONS OF FLUORINE COBALT NICKEL AND BARIUM WERE IN EXCESS OF NATURAL

CONCENTRATIONS IN THE CENTRAL DRAINAGE DITCH SEDIMENTS SOME ORGANIC CHEMICALS

ALSO OCCUR IN THE WASTES

313 CONTAMINANTS OF CONCERN

BASED ON THE RADIOLOGICAL AND CHEMICAL CHARACTERISTICS OF THE WASTE AND

RESIDUES IN THE WCS THE PRIMARY CONTAMINANTS OF CONCERN FOR THE STUDY PERIOD

ARE RADIUM226 AND THORIUM230 BECAUSE OVER 95 PERCENT OF THESE

CONTAMINANTS ARE FOUND IN THE K65 RESIDUES THIS REPORT WILL FOCUS ON EVENTS THAT

COULD CAUSE FAILURE OF THE WCS AND AFFECT THE K65 RESIDUES

32 PRIMARY RADIONUCLIDE CONCENTRATIONS AND AMOUNTS IN

RESIDUES AND WASTES

THE TOTAL AMOUNTS OF RADIUM226 AND THORIUM230 WERE CALCULATED BASED

ON THE VOLUME AVERAGE CONCENTRATION AND DENSITY OF THE WASTE MATERIALS THE

CURIE CONTENT AND CONCENTRATIONS OF THE PRIMARY RADIONUCLIDES WERE ALSO

CALCULATED THE RESULTS OF THESE CALCULATIONS ARE SHOWN IN TABLES 31 AND 32
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THE CALCULATIONS ARE BASED ON THE FOLLOWING ASSUMPTIONS

AVERAGE CONCENTRATIONS OF WASTE MATERIALS ARE REPORTED ON DRY WEIGHT

BASIS DAMP DENSITY OF RESIDUES AND WASTES IS 800 KGIN

DOE 1986

DAMP CONCENTRATIONS CONDITIONS OF WASTES STORED IN THE DIKED AREAS

WILL BE LESS DRY WASTES ARE EXPECTED TO HAVE THE DENSITY OF DRY CLAY

AND DAMP WASTES ARE EXPECTED TO HAVE THE DENSITY OF WET CLAY DAMP

CONCENTRATIONS ARE OBTAINED BY MULTIPLYING DRY WEIGHT CONCENTRATIONS BY

FACTOR OF 12 18 OR 067 THIS FACTOR IS THE RATIO OF DRY AND WET

DENSITIES

AVERAGE CONCENTRATION OF THORIUM230 IN K65 RESIDUES IS AVAILABLE AND

CURIE CONTENT IS CALCULATED BNI 1994A HOWEVER AVERAGE

CONCENTRATIONS OF THORIUM230 IN L30 F32 L50 RESIDUES AND WASTES

ARE NOT KNOWN THE CURIE CONTENT WAS CALCULATED BY ASSUMING THAT THE

THORIUM230 WAS IN EQUILIBRIUM WITH THE RADIUM226 THEREFORE THE

TOTAL CALCULATED CURIE CONTENT AND AVERAGE CONCENTRATIONS OF RADIUM226

IN THE L30 F32 L50 RESIDUES AND WASTES ARE CONSIDERED THE SAME

FOR THORIUM230

33 AMOUNT OF RADIUM AND THORIUM IN THE WCS OVER THE NEXT

10000 YEARS

BASED ON AVAILABLE INFORMATION THE CURIE CONTENTS FOR RADIUM AND THORIUM IN

THE WCS WERE CALCULATED AT 100YR INTERVALS OVER THE NEXT 1000 YR AND AT

1000YR INTERVALS FROM 1000 YR TO 10000 YR AS SHOWN IN TABLES 33 AND 34

THE VALUES SHOWN ARE BASED ON THE FOLLOWING ASSUMPTIONS

THORIUM230 AND RADIUM226 VALUES ARE TAKEN FROM TABLE 31
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THORIUM230 IS IN EQUILIBRIUM WITH RADIUM226 AND THE CONCENTRATIONS

OF BOTH WILL REMAIN IN EQUILIBRIUM AND BE CONTROLLED BY THE DECAY OF

THORIUM230 FOR THE OTHER WASTE MATERIAL R1O RESIDUES AND SOILS AND

L50 F32 AND L30 RESIDUES

BASED ON PROCESS KNOWLEDGE AND MEASUREMENTS OF THORIUM230 AND

RADIUM226 IN THE K65 MATERIAL IT IS KNOWN THAT THORIUM230

CONCENTRATIONS ARE MUCH LESS THAN RADIUM226 CONCENTRATIONS

THEREFORE THE DECAY CAN BE MODELED IN TWO PARTS

RADIUM226 195 CI IS ALREADY IN SECULAR EQUILIBRIUM WITH

THORIUM230 THERE IS 195 CI OF THORIUM230 IN THE K65 RESIDUES

THE REMAINING RADIUM226 1686 CI HAS NO PARENT AND UNDERGOES

STANDARD DECAY

THE DECAY CURVE FOR RADIUM226 IN THE WOS IS SHOWN IN FIGURE 32
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TABLES FOR SECTION 30



II 81

TABLE 31AVERAGE CONCENTRATION AND INVENTORY OF RADIUM226 AND THORIUM230 IN EACH WASTE TYPE STORED IN THE WCS

VOLUMEA AV CONC OF AV CONC OF RA226 AV CONC OF AV CONC OFRA226 DRY RA226 DAMP INVENTORY TH230 DRY TH230 DAMP TH230DESCRIPTION YD WT PCILG WT

PCILG CINB WT

PCILG WT

PCILG INVENTORY CI

K65 RESIDUES 3000 520000 348400 1881 54QQQQ 36180 19503925

L30 RESIDUES 6000 12000 8040 87 12000 8040 877850

F32 RESIDUES 500 300 201 02 300 201 02655

L50 RESIDUES 1500 3300 2211 3300 22111960

R10 RESIDUES AND 45000 95 637 95 637

CA SOIL 58860REMAINING 134500 16 107 16 107CONTAMINATED SOILS 175925

BNI 994A
CURIE CONTENT IS CALCULATED ON

THE BASIS OF AVERAGE DAMP CONCENTRATIONS OF RA226 AND TH230



TABLE 32

PRIMARY RADIONUCLIDES PRESENT IN THE WCSCONCENTRATION DAMP WT

PCILG CURIE CONTENT CIRADIONUCLIDE OTHER WASTE OTHER WASTERESIDUES MATERIALB RESIDUES MATERIALBURANIUM238 12730 42 252A 14URANIUM234 13890 45 275A 15THORIUM230 145460 242 288OA 80RADIUM226 996970 242 19740C 80CURANIUM235 586 02 116 007

BNI 1994B
OTHER WASTE MATERIAL INCLUDES THE R10 RESIDUES

CBNI 1994A
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III
TABLE 33AMOUNTS OF RADIUM IN THE WCS OVER THE NEXT 10000 YEARS

R1 K65 RESIDUES CIWASTE RESIDUES 150 F32 L30TIME MATERIAL AND SOIL RESIDUES RESIDUES RESIDUES EQUIIBNUM STANDARD K65 TOTAL

TOTALS FORYEARS CI CI CI CI CI WITH TH 230 DECAY CI

WCS CI

02 87 195 1686 1881 19822

100 300 500 599 020 8692 19483 161462 180945 191056

200 299 499 599 020 8685 19466 154626 174092 184195

300 299 499 598 020 8677 19449 148080 167529 177623

400 299 498 598 020 8670 19433 141811 161243 171328

500 299 498 597 020 8662 19416 135807 155223 165299

600 298 497 597 020 8655 19399 130058 149456 159524

700 298 497 596 020 8647 19382 124552 143933 153992

800 298 497 596 020 8640 19365 119279 138643 148694

900 298 496 595 020 8632 19349 114229 133577 143618

1000 297 496 595 020 8625 19332 109393 128724 138757

2000 295 491 590 020 8551 19165 70977 901424 100088

3000 292 487 585 019 8477 19000 46052 650520 749123

4000 290 483 580 019 8404 18836 29880 487159 584913

5000 287 479 575 019 8331 18673 19387 380605 477515

6000 285 475 570 019 8259 18512 12579 310913 406987

7000 282 471 565 019 8188 18353 8162 265142 360388

8000 280 467 560 019 8118 18194 5295 234 898 329323

9000 277 462 555 018 8047 18037 3436 214733 308343

10000 275 459 55U 018 7978 17882 2229 201112 293914

BNI 1994C



TABLE 34AMOUNTS OF THORIUM IN THE WCS OVER THE NEXT 10000 VEARSA

OTHER R1OWASTE RESIDUES 150 F32 130 TOTALS FORTIME MATERIAL AND SOIL RESIDUES RESIDUES RESIDUES K65 RESIDUES K65 TOTAL WCSYEARS CI CI CI CI CI CI CI CI

02 87 195 195 2962

100 300 500 599 020 8692 19483 194831 295943

200 299 499 599 020 8685 19466 194662 295687

300 299 499 598 020 8677 19449 194493 295431

400 299 498 598 020 8670 19433 194325 295175

500 299 498 597 020 8662 19416 194157 294919

600 298 497 597 020 8655 19399 193989 294664

700 298 497 596 020 8647 19382 193821 294409CA 800 298 497 596 020 8640 19365 193653 294154CO 900 298 496 595 020 8632 19349 193485 2938991000 297 496 595 020 8625 19332 193319 2936452000 295 491 590 020 8551 19165 191650 2911123000 292 487 585 019 8477 19000 189997 2886014000 290 483 580 019 8404 18836 188358 2861125000 287 479 575 019 8331 18673 186734 2836446000 285 475 570 019 8259 18512 185123 2811987000 282 471 565 019 8188 18353 183527 2787728000 280 467 560 019 8118 18194 181944 2763689000 277 462 555 018 8047 18037 180374 27398410000 275 459 550 018 7978 17882 178819 271621

BNI 1994C
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SECTION
FEATURES OF THE WOS



40 NATURAL AND ENGINEERED FEATURES OF THE WCS

OVERVIEW

THE PRIMARY OBJECTIVE OF THE ENGINEERING DESIGN AND SITING OF THE WOS IS TO

PREVENT MIGRATION OF CONTAMINANTS THAT MIGHT CAUSE THREAT TO PUBLIC HEALTH AND

THE ENVIRONMENT THIS SECTION DISCUSSES HOWTHE WCS COMPLIES WITH REGULATORY

PERFORMANCE CRITERIA AND THEN DISCUSSES NATURAL AND ENGINEERED FEATURES THAT

PROVIDE PROTECTION FROM CONTAMINANTS LEAVING THE WCS FOR THE 10000YR PERIOD

OF INTEREST INFORMATION AND DATA GAINED THROUGH FIELD INVESTIGATIONS LABORATORY

ANALYSES SITE MONITORING AND LITERATURE REVIEW ARE PRESENTED ADDITIONAL

INFORMATION IN THIS SECTION PROVIDES BASIS FOR LATER DISCUSSION OF HOWTHE WCS

WILL PERFORM UNDER ADVERSE CONDITIONS

THE CURRENT WCS HAS AN INTERIM CAP THAT WILL BE UPGRADED TO THICKER CAP

FOR LONGTERM STORAGE BEFORE THE CURRENT WCS WAS DESIGNED AND CONSTRUCTED

THE SITES GEOLOGIC CHARACTERISTICS POTENTIAL EFFECTS OF THE WOS ON SURFACE WATER

AND THE ABILITY OF SUBSURFACE MATERIALS TO PREVENT CONTAMINANT MIGRATION IN

GROUNDWATER WERE EVALUATED MUCH OF THE INFORMATION PROVIDED IN THIS SECTION

WAS PART OF THE ORIGINAL SITE EVALUATION IN THE GEOLOGIC REPORT FOR THE NIAGARA FALLS

STORAGE SITE BNI 1984 AND THE DESIGN REPORT FOR THE INTERIM CONTAINMENT FACILITY

AT THE NIAGARA FALLS STORAGE SITE BNI 1986

PERFORMANCE STANDARDS

CURRENT PERFORMANCE STANDARDS ESTABLISHED FOR SITING RADIOACTIVE WASTE

CONTAINMENT STRUCTURES WERE ESTABLISHED BY EPA 40 CFR 192 AND DOE

ORDER 58202 THESE STANDARDS SPECIFY THE SITING OF STRUCTURES WHERE THE

FOLLOWING CONDITIONS ARE MET

BEDROCK AND OVERLYING SOILS MUST BE STRUCTURALLY STABLE
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THE SITE SHOULD BE WITHIN TECTONICALLY STABLE REGION SPECIFICALLY THERE

SHOULD NOT BE ANY FAULTS WITHIN 30 98 FT OF THE WCS
THE WCS SHOULD NOT BE WITHIN 100YR FLOODPLAIN

THE WCS SHOULD NOT ADVERSELY AFFECT NEARBY WETLANDS

THE FOLLOWING TABLE AND DISCUSSION EXPLAIN HOWNFSS COMPLIES WITH REGULATORY RW

STANDARDS FOR STORAGE OF RADIOACTIVE MATERIAL

PQ

PERFORMANCE CRITERIA THE CONCERN IS THAT NFSS COMPLIANCE

TECTONICALLY FAULTS FAULT ACTION NEAR THE THE NEAREST ACTIVE FAULT IS THE
STABLE 30 WCS COULD CAUSE SLOPE CLARENDONLINDEN STRUCTURE LOCATED

FAILURE OR DEFORMATION 80 KM 150 MI TO THE EAST BECAUSE

OF THE SHALLOW DEPTH AND DISTANCE

FROM THE STRUCTURE THE POTENTIAL

IMPACT OF FAULT ACTION ON THE WCS IS

MINIMAL

STRUCTURAL KARST KARST FORMATION COULD KARST FORMATIONS EXIST ONLY IN

STABILITY FORMATIONS COLLAPSE BENEATH THE CARBONATE ROCK THERE ARE NO
WCS AND CAUSE CARBONATE ROCKS BENEATH THE SITE

STRUCTURAL FAILURE

STABILITY OF COMPRESSIVE STRENGTH OF DATA FROM THE SITE SHOWTHAT THE
SOILS THE SOIL WILL NOT BE UNDERLYING SOILS ARE PREDOMINANTLY

SUFFICIENT TO PREVENT MEDIUM STIFF TO STIFF CLAYS BASED ON
SUBSIDENCE AND PRELIMINARY ANALYSES UNACCEPTABLE
STRUCTURAL DEFORMATION SUBSIDENCE OR STRUCTURAL DEFORMATIONS

ARE NOT ANTICIPATED

00YR FLOODPLAIN INUNDATION MIGHT AFFECT REVIEW OF FEMA MAPS FOR LEWISTON

CAP INTEGRITY OR THE AND PORTER INDICATE THAT THE SITE IS

WCS MIGHT RESTRICT FLOW NOT SUBJECT TO FLOODING FROM SIXMILE

AND AFFECT OTHER OR TWELVEMILE CREEKS THESE MAPS
PROPERTY DELINEATE AREAS THAT ARE SUBJECT TO

FLOODING FROM 100YR OR 500YR
FLOOD

WETLANDS THE WOS WOULD ALTER THE THE NATIONAL WETLANDS INVENTORY AND

WATER FLOWING INTO THE THE NEW YORK FRESHWATER WETLANDS

WETLAND THAT SUPPORTS MAPS INDICATE THAT THERE ARE

THE VEGETATION WETLANDS NEAR THE WCS THERE WILL

BE NO ADVERSE EFFECT ON ANY AQUATIC

FUNCTIONS OF WETLAND BECAUSE THE

WCS WILL NOT ALTER THE HYDROLOGIC

REGIME THAT SUPPORTS VEGETATION AND

WILDLIFE EXCEPT FOR THE LINEAR HABITAT

ASSOCIATED WITH THE CENTRAL DRAINAGE

DITCH
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GEOLOGICALLY NFSS IS LOCATED IN TECTONICALLY STABLE AREA THE SITE IS

UNDERLAIN BY SOILS THAT ARE COMPOSED PRIMARILY OF MEDIUM STIFF TO STIFF CLAYS

WHICH GENERALLY PROVIDE STRUCTURAL STABILITY ALTHOUGH SOME SOFT CLAYS ARE ALSO

PRESENT ADDITIONALLY THE CAPACITY OF STIFF CLAYS TO RETARD THE TRANSPORT OF

CONTAMINANTS IS WELL DOCUMENTED HYDROGEOLOGICALLY VERTICAL GROUNDWATER

MOVEMENT IS EXPECTED TO BE LIMITED BECAUSE OF THE LOW PERMEABILITIES OF THE

SUBSURFACE MATERIALS AT THE SITE HYDROLOGICALLY THE SITE AND WCS ARE SITUATED

ABOVE THE 100YR AND 500YR FLOOD ZONES OF ALL LOCAL SURFACE WATER COURSES

SURFACE WATER DISCHARGE IS DIRECTED THROUGH ONSITE DRAINAGE DITCHES THAT

ULTIMATELY DISCHARGE INTO SMALL CREEK NORTH OF THE SITE ALTHOUGH STATE AND

FEDERAL WETLANDS ARE NEAR NFSS NO ADVERSE EFFECTS ARE ANTICIPATED ON ANY

WETLAND THE HYDROLOGIC REGIMES SUPPORTING THE WETLANDS ARE ON OPPOSITE SIDES

OF THE ONSITE DRAINAGE DITCHES WHICH ISOLATE THEM FROM THE WCS

THE WCS IS DESIGNED TO MAXIMIZE THE ADVANTAGES PROVIDED BY THESE

GEOLOGIC HYDROGEOLOGIC AND HYDROLOGIC SITE CHARACTERISTICS AND TO FURTHER REDUCE

THE POTENTIAL FOR AN INADVERTENT BREACH OF THE CONTAINMENT STRUCTURE THE BASE OF

THE WCS CONSISTS OF NATURALLY OCCURRING CLAY FIGURE 41 SURROUNDING THE WCS

IS COMPACTED CLAY CUTOFF WALL KEYED INTO GLACIOLACUSTRINE GRAY CLAY THAT

UNDERLIES THE ENTIRE SITE THE LONGTERM DESIGN WILL HAVE 22CM 4FT

COMPACTED CLAY COVER TO ISOLATE WASTE THE LONGTERM CAP DESIGN CALLS FOR SAND

AND GRAVEL DRAINAGE LAYER TO PROVIDE PROTECTION OF THE CLAY COVER DURING THE

PLACEMENT OF RIPRAP LAYER THE RIPRAP LAYER PROVIDES PROTECTION FROM INADVERTENT

HUMAN INTRUSION OR INTRUSION BY BURROWING ANIMALS SECOND SAND AND GRAVEL

LAYER WILL PROVIDE BASE FOR THE SURFACE LAYER SHALLOWROOTED GRASSES WILL BE

PLANTED IN THE SURFACE LAYER TO PROVIDE EROSION CONTROL
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41 NATURAL FEATURES OF NFSS

411 GEOLOGY

REGIONAL GEOLOGY

FIGURE 42 IS GENERALIZED GEOLOGIC SECTION OF THE AREA AROUND NFSS NFSS

LIES WITHIN THE CENTRAL LOWLAND PHYSIOGRAPHIC PROVINCE PART OF THE ERIEONTARIO

LOWLAND THIS AREA IS CHARACTERIZED BY TOPOGRAPHY DEVELOPED ON ESSENTIALLY

UNDEFORMED PALEOZOIC SEDIMENTARY ROCKS FROM THE ORDOVICIAN AND SILURIAN PERIODS

DEPOSITED BETWEEN 400 AND 450 MILLION YEARS AGO THE ROCKS

HAVE REGIONAL DIP OF LESS THAN ONE DEGREE

OCCUPY BROAD BASIN SLOPING GENTLY SOUTHWARD FROM THE NEIGHBORING

CRYSTALLINE TERRAINS OF THE CANADIAN SHIELD AND THE ADIRONDACK DOME

MULLER 1965 AND

WERE DEPOSITED ON METAMORPHIC BASEMENT OF GNEISS FOUND IN WELLS AT

DEPTHS VARYING FROM 610 TO 915 2000 TO 3000 FT USCOE 1973

SIGNIFICANT GLACIAL ACTIVITY AND EROSION HAVE SHAPED THE PRESENT REGIONAL AND

LOCAL GEOLOGIC AND TOPOGRAPHIC FEATURES GENERALLY THE REGION IS CHARACTERIZED BY

EASTWEST TRENDING ESCARPMENTS FORMED AS THE RESULT OF DIFFERENTIAL EROSION OF

LESSRESISTANT STRATIGRAPHIC UNITS BNI 1984 IN THE VICINITY OF THE SITE THE

NIAGARA ESCARPMENT PROVIDES THE MOST STRIKING TOPOGRAPHIC FEATURE IT RISES 76 TO

84 250 TO 275 FT ABOVE THE PLAIN

UNCONSOLIDATED GLACIAL DEPOSITS COVER MOST OF THE NIAGARA COUNTY AREA AND

ARE DESCRIBED AND MAPPED IN DETAIL BY KINDLE AND TAYLOR 1913 THE DEPOSITS OF

THE QUATERNARY PERIOD BELONG ALMOST ENTIRELY TO THE LATE PLEISTOCENE

APPROXIMATELY 2000 YEARS BEFORE PRESENT AND INCLUDE GLACIAL DRIFT AND

ASSOCIATED LACUSTRINE DEPOSITS EXCEPT FOR MINOR EXPOSURES OF BEDROCK THESE

DEPOSITS COVER ALMOST THE ENTIRE AREA
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THE GLACIAL DEPOSITS CONSIST OF TILL PRINCIPALLY FROM THE MOST RECENT GLACIATION

LATE WISCONSIN AND STRATIFIED DRIFT IN THE FORM OF KAMES ESKERS AND SHEETS OF

OUTWASH SAND AND GRAVEL THE LACUSTRINE MATERIALS WERE DEPOSITED ON THE

BOTTOMS AND ALONG THE SHORES OF GLACIAL AND POSTGLACIAL LAKES THESE LACUSTRINE

DEPOSITS AND TILLS HAVE HIGH CLAY CONTENT WHICH WOULD RETARD CONTAMINANT

MIGRATION FROM THE WCS

THE SEDIMENTARY ROCKS OF THE REGION SOUTH OF NESS CONSIST PREDOMINANTLY OF

CARBONATES AND FINEGRAINED CLASTICS FIGURE 42 THE UPPERMOST BEDROCK

BENEATH THE NESS IS THE QUEENSTON FORMATION ORDOVICIAN SILTY SHALE OR

MUDSTONE FIGURE 43 TO THE SOUTH OF NFSS THE NIAGARA ESCARPMENT IS FORMED

FROM SILURIAN ROCKS OF THE MEDINA GROUP SANDSTONE SILTSTONE AND SHALE THE

CLINTON GROUP LIMESTONE DOLOMITE AND SHALE AND THE LOCKPORT GROUP DOLOMITE

AND LIMESTONE THE LOCKPORT GROUP FORMS THE CAP ROCK OF THE ESCARPMENT

APPROXIMATELY 32 KM 20 MI SOUTH OF THE ESCARPMENT NEAR BUFFALO THE LOCKPORT

GROUP IS OVERLAIN BY THE SALINA GROUP SHALE AND GYPSUM

GLACIAL GEOLOGY

BECAUSE THE SUBSURFACE SOILS AT NESS ARE THE RESULT OF GLACIAL DEPOSITION AND

ULTIMATELY AFFECT THE GROUNDWATER MOVEMENT FROM THE WCS MORE THOROUGH

DISCUSSION OF GLACIAL GEOLOGY IS PROVIDED THE GLACIAL GEOLOGY OF THE NIAGARA

COUNTY REGION WHICH INCLUDES THE ONTARIO PLAIN WAS INITIALLY MAPPED FOR THE

UNITED STATES GEOLOGICAL SURVEY IN 1906 KINDLE AND TAYLOR 1913 MORE RECENT

STUDIES CALKIN ET AL 1982 INCLUDED DETAILED MAPPING OF THE LAKE ONTARIO

SHORELINE BLUFFS FROM THE NIAGARA RIVER TO ROCHESTER NEWYORK ALTHOUGH THIS

LATER INVESTIGATION WAS DIRECTED AT SHORELINE EROSION IT PROVIDED GENERAL

UNDERSTANDING OF THE TYPES AND STRATIGRAPHIC RELATIONSHIPS OF THE GLACIAL DEPOSITS

UNDERLYING NIAGARA COUNTY COMPARED TO THOSE IN WELLAND COUNTY ONTARIO

INFORMATION FROM THESE STUDIES PROVIDES AN UNDERSTANDING OF THE DEPOSITIONAL

HISTORY OF THE GLACIAL STRATIGRAPHY IN THE AREA AND ALLOWS BASIC GEOLOGIC PROCESS
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MODEL TO BE DEVELOPED IN GENERAL FOUR DISTINCT GLACIAL AND EROSIONAL STAGES CAN

BE IDENTIFIED THAT COMPRISE THE GEOLOGIC PROCESS MODEL FOR THE ENTIRE AREA WITH

ONLY MINOR EXCEPTIONS BASED UPON LOCAL VARIATIONS

WI

FIRST MAJOR ICE SHEET ADVANCED OVER THE REGION SCOURING AND

DEPOSITING MATERIAL DIRECTLY ON THE BEDROCK

SECOND AS THE ICE SHEET RETREATED LARGE GLACIAL LAKE FORMED AND FINE

SEDIMENTS WERE DEPOSITED ON THE LAKE BOTTOM

THIRD GLACIAL ICE SHEET ADVANCED OSCILLATED AND RETREATED DEPOSITING

THE YOUNGEST OF THE UNCONSOLIDATED SEDIMENTS

FOURTH THE NEARSURFACE MATERIALS WERE REWORKED THROUGH THE ACTION OF

EROSIONAL FORCES

STRUCTURAL FEATURES

THERE IS LITTLE EVIDENCE OF DEFORMATION FROM EITHER EXTENSION OR COMPRESSION

TECTONICS IN THE BEDROCK OF THE NIAGARA REGION STUDIES OF FOCAL MECHANISMS FOR

SMALL EARTHQUAKES AND LOGS OF DEEP BOREHOLES INDICATE THAT THE PRINCIPAL REGIONAL

STRESS IS COMPRESSION ORIENTED NORTHEASTSOUTHWEST

NO TRACES OF SURFACE FAULTS HAVE BEEN REPORTED IN THE NIAGARA REGION THE

CLARENDONLINDEN FAULT LOCATED ABOUT 80 KM 50 MI EAST OF THE SITE FIGURE 44
IS BEDROCK FEATURE THIS IS REVERSE FAULT THAT DIPS STEEPLY TO THE EAST STRIKES

NORTHSOUTH AND HAS VERTICAL OFFSET OF 30 TO 50 98 TO 164 FT IN ORDOVICIAN

THROUGH DEVONIAN BEDROCK GLACIAL DEPOSITS OVERLYING THE BEDROCK ARE NOT

AFFECTED BNI 1993A

IN ADDITION TO THE EFFECTS OF TECTONIC FORCES THE LAND SURFACE HAS BEEN

SUBJECTED TO ISOSTATIC REBOUND RESULTING FROM THE MELTING AND RETREAT OF VAST
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CONTINENTAL ICE MASSES THAT HAD DEPRESSED THE LAND UNDER THEIR WEIGHT THE LAND

SURFACE REPORTEDLY HAS RISEN 52 TO 53 170 TO 175 FT IN THE VICINITY OF THE SITE

SINCE THE RETREAT OF THE LAST GLACIER CALKIN AND FEENSTRA 1985 MOST OF THIS UPLIFT

OCCURRED FROM ABOUT 13000 TO 8000 YEARS AGO COAKLEY AND LEWIS 1985 THE

MAXIMUM UPWARD TILT CAUSED BY ISOSTATIC REBOUND IS REPORTED TO BE FROM 24
TO 27 COAKLEY AND LEWIS 1985 CALKIN AND FEENSTRA 1985 SOME

GEOLOGISTS BELIEVE THAT ISOSTATIC REBOUND HAS NOWEFFECTIVELY CEASED

MACLEAN 1961 OTHERS BELIEVE THAT REBOUND CONTINUES BUT AT AN EXPONENTIALLY

DECREASING RATE SO THAT THE RATE OF REBOUND IS REDUCED BY HALF EVERY 2500 YR

WITH CURRENT RATE OF 03 CMYR 01 INYR

SEISMIC ANALYSIS

NESS LIES WITHIN THE CENTRAL STABLE SEISMIC REGION WHICH EXTENDS FROM THE

EASTERN APPALACHIAN MOUNTAIN CHAIN TO THE WESTERN ROCKY MOUNTAINS AND FROM

THE CANADIAN SHIELD IN THE NORTH TO THE ONLAPPING CRETACEOUS AND TERTIARY

SEDIMENTS OF THE COASTAL PLAIN IN THE SOUTH THE CENTRAL STABLE REGION IS

CONSIDERED TO BE TECTONICALLY STABLE AND EARTHQUAKES WITHIN THIS REGION HAVE

GENERALLY BEEN OF MODERATE MAGNITUDE ABOUT 525 OR LESS FIGURE 44 IS

REGIONAL PLOT OF EARTHQUAKES OF MAGNITUDE 30 OR LARGER

THE SITE IS WITHIN AN ELONGATED CLUSTER OF EARTHQUAKES FORMING ZONE OF

ACTIVITY REFERRED TO AS THE NIAGARA SEISMIC SOURCE ZONE IN FIGURE 44 BECHTEL

GROUP INC 1986 THIS CLUSTER CANNOT EASILY BE CORRELATED WITH KNOWN SURFACE

TECTONIC FEATURES HOWEVERTHESE EARTHQUAKES ARE SPECULATED TO BE CONTROLLED BY

AN UNIDENTIFIED WESTWARDTRENDING STRUCTURE APPROXIMATELY PARALLEL TO THE STRIKE OF

THE SOUTHWARDDIPPING PALEOZOIC ROCKS OF THE REGION HADLEY AND DEVINE 974

BECHTEL GROUP 1986 EARTHQUAKE ACTIVITY IN THE REGION HAS BEEN SCATTERED AND OF

SMALL TO MODERATE MAGNITUDE ABOUT 525 OR LESS THIS ACTIVITY DOES NOT

CONTRIBUTE SIGNIFICANTLY TO THE EARTHQUAKE POTENTIAL OF NESS RELATIVE TO THE NIAGARA

AND WESTERN QUEBEC SEISMIC SOURCE ZONES
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THE FOLLOWING TABLE PROVIDES INFORMATION REGARDING EARTHQUAKES OF MAGNITUDE

40 OR GREATER THAT HAVE OCCURRED WITHIN 320 KM 200 MI OF THE SITE EXCEPT FOR

THE 1954 EARTHQUAKE EVENT THE EARTHQUAKE MAGNITUDES HAVE BEEN ESTIMATED ON

THE BASIS OF THE DISTRIBUTION OF REPORTED INTENSITIES THE CLOSEST KNOWN EARTHQUAKE
WW

WAS MAGNITUDE 36 EVENT THAT OCCURRED ABOUT KM MI FROM NESS ON

AUGUST 22 1958

DATE LOCATION MAGNITUDE

DECEMBER 26 1796 LESS THAN 40 KM 25 MI 40

OCTOBER 23 1857 LESS THAN 40 KM 25 MI 40

JULY 1873 LESS THAN 40 KM 25 MI 40

AUGUST 12 1929 ATTICA NEW YORK 42 KM 26 MI 52
FROM THE SITE

APRIL 27 1954 LESS THAN 40 KM 25 MI 41

THE ATTICA EVENT MAY BE ASSOCIATED WITH THE CLARENDONLINDEN FAULT 11 ON

FIGURE 44 WHICH TRAVERSES THE NIAGARA SEISMIC SOURCE ZONE HERRMANN 1978

FOUND FOCAL DEPTHS BETWEEN AND KM AND 19 MI FOR TWO RECENT SMALL

SCALE EVENTS IN THE ATTICA AREA AND SUGGESTED BY ANALOGY THAT THE HIGH

EPICENTRAL INTENSITY MMI VIII OF THE ATTICA EVENT MIGHT HAVE BEEN CAUSED BY ITS

SHALLOW DEPTH EXCEPT FOR THE EARTHQUAKE NEAR ATTICA EARTHQUAKES WITHIN

320 KM 200 MI OF NESS HAVE NOT BEEN RELATED TO KNOWN GEOLOGIC STRUCTURES

FOX 1970 SUGGESTS THAT SOME OF THESE EARTHQUAKES MAY HAVE BEEN CAUSED BY

CRUSTAL STRESS CONCENTRATIONS FROM GLACIAL UNLOADING

SEVERAL ESTIMATES OF MAXIMUM SITE INTENSITY ARE POSSIBLE MAXIMUM

HISTORICAL INTENSITY MAXIMUM PROBABLE INTENSITY AT SPECIFIED PROBABILITY AND

MAXIMUM POTENTIAL INTENSITY US COAST AND GEODETIC SURVEY 1967 MAP OF

MAXIMUM HISTORICAL INTENSITY THROUGH 1965 SHOWS NFSS JUST WITHIN THE CONTOUR

FOR MAXIMUM MMI VI CLEARLY FROM THE 1929 ATTICA EARTHQUAKE EARTHQUAKES NEAR

NESS SINCE 1965 HAVE NOT INCREASED THIS ESTIMATED INTENSITY LEVEL FOX AND
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SPIKER 1977 SUGGEST REDUCTION IN THE EPICENTRAL INTENSITY OF THE ATTICA

EARTHQUAKE FROM VIII TO VII ALTHOUGH NOT DIRECTLY ADDRESSED BY FOX AND SPIKER

THIS MIGHT ALSO IMPLY REDUCTION IN THE MAXIMUM HISTORICAL INTENSITY FOR THE SITE

PROBABILISTIC ACCELERATIONS CAN BE USED TO DERIVE ESTIMATES OF EQUIVALENT

PROBABILISTIC INTENSITIES PROBABILITIES OF PEAK DYNAMIC ACCELERATIONS HAVE BEEN

EVALUATED FOR THE AREA IN RECENT STUDIES BY BASHAM ET AL 1985 WHO PRESENTED

PROBABILISTIC STRONG GROUND MOTION MAPS OF CANADA SHOWING AN ACCELERATION OF

ABOUT 011 WITH 10 PERCENT PROBABILITY OF BEING EXCEEDED DURING 50YR

PERIOD EQUIVALENT TO THE 475YR ACCELERATION AND ALGERMISSEN ET AL 1990 WHO

PRESENTED SIMILAR MAPS FOR THE UNITED STATES INDICATING AN ACCELERATION OF ABOUT

008 AT THE SAME PROBABILITY LEVEL THESE STUDIES PRODUCED RESULTS COMPARABLE

WITH OTHER STUDIES BY USING INTENSITYACCELERATION RELATIONS NEUMANN 1954 OR

TRIFUNAC AND BRADY 1975 THE 008 TO 011 475YR ACCELERATION CAN BE

ASSOCIATED WITH VI12 TO VII 475YR INTENSITY

THE MOST CONSERVATIVE ESTIMATE OF EARTHQUAKE ACCELERATIONS CAN BE DERIVED

FROM THE MAXIMUM CREDIBLE EVENT MCE WHICH IS CLOSE ESTIMATE OF THE

10000YR RETURN PERIOD THE ESTIMATES MENTIONED PREVIOUSLY UNDERESTIMATE THE

10000YR EVENT BY 25 TIMES SEVERAL ESTIMATES OF LONGTERM GROUND MOTIONS

HAVE BEEN PRODUCED FOR NUCLEAR POWER PLANTS IN THE CENTRAL AND EASTERN UNITED

STATES THESE ESTIMATES HAVE BEEN PUBLISHED IRI REPORTS BY THE ELECTRIC POWER

RESEARCH INSTITUTE EPRI 1989 AND LAWRENCE LIVERMORE NATIONAL LABORATORY

LLNL BERNREUTER ET AL 1989 THE NUCLEAR POWER PLANT SITES NEAREST NESS FOR

WHICH THESE PUBLISHED ESTIMATES ARE AVAILABLE ARE FITZPATRICK GINNA NINE MILE

POINT AND PERRY BRIEF SUMMARY TABLE OF THE 50PERCENTILE 10000YR

ACCELERATIONS FOR THESE SITES IN EPRI AND LLNL STUDIES IS PRESENTED BELOW

FITZPATRICK GINNA NINE MILE PT PERRY

EPRI 0073 0103 0073 0073
LLNL 0164 0164 0162 0143
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THE RANGE OF VALUES IS MODEST ESPECIAIIY WITHIN EACH REPORT SIMILAR VALUES

CAN BE DEVELOPED FOR ANY SITE IN THE GENERAL REGION OF THE SOUTH SHORES OF LAKES

ERIE AND ONTARIO INCLUDING NFSS THE DIFFERENCES BETWEEN EPRI AND LLNL

STUDIES ARE INDICATIVE OF THE UNCERTAINTIES IN ANY ESTIMATE OF THIS KIND

MCE ACCELERATIONS FOR THE SAME FOUR NUCLEAR POWER PLANTS ARE 015 020

011 AND 020 RESPECTIVELY THE BASIS OF THESE VALUES FOR NFSS IS EITHER THE

1937 ANNA OHIO EARTHQUAKE INTENSITY VIIVIII MAGNITUDE OR THE 1929 ATTICA

NEW YORK EARTHQUAKE INTENSITY VIII MAGNITUDE ABOUT 52 STREET AND TURCOTTE

1977 SIMILAR EARTHQUAKES NEAR NFSS CAN BE EXPECTED TO YIELD SIMILAR MCE

ACCELERATIONS THEREFORE AN ACCELERATION ESTIMATED AT 020 IS REASONABLE FOR

THE 10000YR EVENT OR MCE AT NFSS THIS IS ALSO REASONABLY CONSISTENT WITH

200 TO 1000YR DESIGN ACCELERATION OF 015G

CHARACTERIZATION OF MAXIMUM POTENTIAL INTENSITY DEPENDS CRITICALLY ON

CHARACTERIZATION OF THE NIAGARA SEISMIC SOURCE ZONE FROM REVIEW OF NUMBER

OF PUBLISHED CHARACTERIZATIONS OF THIS ZONE THE PREFERRED ESTIMATE OF MAXIMUM

POTENTIAL SITE INTENSITY IS IN THE RANGE OF VII TO VIII BNI 1993A ESTIMATES OF

MAGNITUDE ASSOCIATED WITH THESE INTENSITIES CAN BE DERIVED FROM MAGNITUDE

INTENSITY RELATIONS NUTTLI AND HERRMANN 1978 THE MAXIMUM POTENTIAL SITE

INTENSITIES OF VII TO VIII IMPLY MODERATE MAGNITUDES OF ABOUT 53 TO 58 THE

HISTORICAL DATA SUGGEST THAT MAGNITUDE NEAR THE LOWER END OF THIS RANGE IS

APPROPRIATE FOR NESS THE 1994 UNIFORM BUILDING CODE STATES THAT THE AREA

AROUND NESS IS WITHIN ZONE FOR SEISMIC POTENTIAL WHICH WAS LOWERED FROM

ZONE SINCE 1985 EDITIONS OF THE CODE INTERNATIONAL CONFERENCE OF BUILDING

OFFICIALS 1994 THIS LOWER ZONE NUMBER INDICATES 500YR RETURN PERIOD AND FIRM

FOUNDATION THE DYNAMIC HORIZONTAL ACCELERATION IMPLIED BY THIS ZONE NUMBER IS

LESS THAN 0075
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STRATIGRAPHY

NFSS IS SITUATED ON THE LAKE ONTARIO PLAIN AN AREA OF LOW TOPOGRAPHIC RELIEF

BETWEEN THE NIAGARA ESCARPMENT AND LAKE ONTARIO THE GEOLOGY AT THE SITE

CONSISTS OF GREATER THAN 40 FT OF GLACIAL AND GLACIOLACUSTRINE DEPOSITS OF

LATE WISCONSIN AGE THE GLACIAL DEPOSITS OVERLIE APPROXIMATELY 610 TO 914

2000 TO 3000 FT USCOE 1973 OF SEDIMENTARY ROCKS WHICH HAVE LESS THAN

ONE DEGREE OF REGIONAL DIP SOUTHWARD FROM THE NEIGHBORING CRYSTALLINE TERRANES OF

THE CANADIAN SHIELD AND THE ADIRONDACK DOME MULLER 1965 BEDROCK IN THE

UPPER SEDIMENTARY SEQUENCE IS THE QUEENSTON FORMATION WHICH CONSISTS OF

SHALES SILTSTONES AND SOME SANDSTONES OF LATE ORDOVICIAN AGE

THE STRATIGRAPHY OF THE SITE HAS BEEN REPORTED BY ACRES AMERICAN INC

1981 THAT REPORT FORMS THE BASIS FOR THE FOLLOWING SECTIONS ON SITE

STRATIGRAPHY IN ADDITION TO SURFICIAL SOIL AND FILL MATERIALS FOUR UNCONSOLIDATED

UNITS AND ONE BEDROCK UNIT ARE READILY IDENTIFIED IN THE SUBSURFACE AT THE SITE

FIGURE 41 THE UPPERMOST UNIT IS REFERRED TO AS THE BROWN CLAY UNIT AND IS

COMPOSED OF LOWPERMEABILITY SILTY CLAY TILL DISCONTINUOUS SAND LENSES HAVE

BEEN IDENTIFIED AND MAPPED WITHIN THIS UNIT IN THE VICINITY OF THE WCS THE

BROWN CLAY UNIT IS UNDERLAIN BY THE GRAY CLAY UNIT GLACIOLACUSTRINE CLAY THAT IS

PRESENT ACROSS THE ENTIRE SITE AND ALSO EXHIBITS VERY LOW PERMEABILITY BELOW

THE GRAY CLAY IS SECOND GLACIOLACUSTRINE UNIT THE SAND AND GRAVEL UNIT THIS

UNIT EXHIBITS THE HIGHEST PERMEABILITY OF THE UNITS IDENTIFIED IN THE SHALLOW

UNCONSOLIDATED SUBSURFACE MATERIALS AT NFSS THE SAND AND GRAVEL UNIT IS

UNDERLAIN BY DENSE SILTY GLACIAL TILL REFERRED TO AS THE RED SILT UNIT THIS UNIT

EXHIBITS VERY LOW PERMEABILITY AND WHEN ENCOUNTERED IS DRY TO MOIST BENEATH

THE RED SILT IS THE QUEENSTON FORMATION SHALE THAT IS THE BEDROCK UNIT AT THE

SITE THE FOLLOWING TABLE FROM THE NFSS 1984 GEOLOGIC REPORT DESCRIBES THESE

FIVE UNITS IN ADDITION TO THE SURFICIAL SOIL AND FILL WHICH HAVE BEEN IDENTIFIED

DURING SUBSURFACE INVESTIGATIONS AT THE SITE TO 27 90 FT BELOW GROUND SURFACE

BNI 1984
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UNIT DESCRIPTION

SURFICIAL SOIL AT THE SITE IS GENERALLY DRY TO MOIST AND LOOSE TO MEDIUM
SOIL AND FILL DENSE BROWNOR YELLOWISH SILT WITH ORGANIC MATTER USUALLY PRESENT IN

THE UPPER 15 CM IN ROOT ZONE WITH THICKNESSES VARYING

BETWEEN AND TO FT GRAVEL AND SAND ARE GENERALLY

ENCOUNTERED DURING EXPLORATION AND ARE DISPERSED RANDOMLY

THROUGHOUTTHIS UNIT THE UNIT IS DESCRIBED AS FILL WHERE MANMADE
MATERIALS EG GLASS AND BRICKS AND OBVIOUS SIGNS OF DISTURBANCE

WERE ENCOUNTERED

BROWN CLAY THE BROWNOR REDDISHBROWN CLAY UNIT IS THOUGHT TO BE

PREDOMINANTLY GLACIAL TILL SOME LAMINATION OF THE CLAY AND

DEPOSITION OF SANDY OR GRAVELLY ZONES IN THE FORM OF SEAMS POCKETS
AND LENSES FOUND WITHIN THE CLAY RESULTED FROM MODIFICATION DURING

SUBMERGENCE BENEATH GLACIAL LAKE IROQUOIS CALKIN ET AL 1982
BENEATH THE SITE THE BROWN CLAY VARIES IN THICKNESS FROM TO

67 TO 23 FT THE CONSISTENCY OF THE CLAY WITHIN THE UNIT RANGES

FROM HARD TO MEDIUMSOFT THE CLAY IS DRY TO MOIST AND EXHIBITS LOW

TO MEDIUM PLASTICITY WITH INCREASING DEPTH THE UNIT VARIES IN

CLASSIFICATION FROM CLAYEY SILT TO SILTY CLAY THE SAND GRAVEL AND

SILT LENSES COMMON WITHIN THE BASAL PORTION OF THE BROWN CLAY

AVERAGE 03 TO TO FT THICK THE THICKNESS AND LATERAL

EXTENT OF THESE LENSES VARY ABRUPTLY THE SEDIMENTS IN THESE LENSES

ARE MOIST TO SATURATED AND VARY FROM LOOSE TO DENSE

GRAY CLAY THE GRAY CLAY UNIT IS OF LACUSTRINE ORIGIN AND WAS DEPOSITED IN THE

DEEPER PORTIONS OF GLACIAL LAKE IROQUOIS THE THICKNESS OF THIS UNIT

VARIES FROM LESS THAN FT TO ABOUT 30 FT THE UNIT IS

CHARACTERIZED BY GRAY CLAY THAT OCCASIONALLY GRADES VERTICALLY TO

SILT AND CLAY MIXTURE GRAVEL IS DISPERSED THROUGHOUTTHE UNIT AS ARE

POCKETS OF FINE TO MEDIUMGRAINED SAND SAND AND GRAVEL BECOME

THE PREDOMINANT CONSTITUENTS NEAR THE BASE OF THE UNIT THE OVERALL

CONSISTENCY OF THIS UNIT RANGES FROM SOFT TO MEDIUM SOFT THE CLAY

IS SATURATED AND SAND LENSES ARE WET TO SATURATED THE CLAY PORTION

OF THE UNIT IS SLIGHTLY TO HIGHLY PLASTIC LATERAL FACIES CHANGES WITHIN

THE UPPER 09 TO TO FT OF THE GRAY CLAY UNIT TYPICALLY

CONSIST OF AN INCREASE IN SILT AND SAND CONTENT

SAND AND THE UNIT CONSISTS OF MIXTURE OF SAND AND GRAVEL WITH SILT ONSITE

GRAVEL THE UNIT VARIES FROM CLEAN SILT TO SANDY GRAVEL IS COMMONLY WET

TO SATURATED AND IS OF LOOSE TO MEDIUM DENSITY THE THICKEST

PORTIONS OF THE UNIT ARE PRESENT WHERE DEPRESSIONS IN THE BEDROCK

SURFACE OCCUR THE SAND AND GRAVEL ARE CONSIDERED GLACIOFLUVIAL

DEPOSITS THIS UNIT IS THE MAJOR WATERBEARING ZONE ONSITE AND IS

DISCUSSED IN THE SECTION ON SITE GROUNDWATER
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UNIT DESCRIPTION

RED SILT THE RED SILT UNIT IS UNSTRATIFIED POORLY SORTED AND CLASSIFIED AS
TILL THE PRESENCE OF ANGULAR FRAGMENTS OF BEDROCK IN THE SANDY SILT

MATRIX SUGGESTS THAT THIS TILL WAS LOCALLY DERIVED AND EMPLACED AS
BASAL TILL THE RED SILT UNIT IS DISTINGUISHED FROM THE OTHER UNITS BY
ITS COLOR AND HIGH DENSITY TYPICALLY IT IS COMPOSED OF CLAYEY
GRAVELLY SILT WITH LESSER AMOUNTS OF SAND GRAVEL IS DISPERSED

THROUGHOUT THE UNIT AND CONSISTS OF BOTH ROUNDED GRAVEL AND ANGULAR
FRAGMENTS OF BEDROCK THIS UNIT IS DRY TO MOIST AND
OVERCONSOLIDATED AND RANGES FROM MEDIUM TO VERY DENSE THE RED

SILT VARIES IN THICKNESS AND IN SOME LOCATIONS IS ABSENT

QUEENSTON THE QUEENSTON FORMATION THE BEDROCK UNIT AT THE SITE CONSISTS OF

FORMATION BROWNISHRED SHALES AND SILTSTONE WITHIN THIS FORMATION OCCASIONAL
LENSES OF GREEN SILTSTONE AND SHALE OCCUR IN THE ROCK MASS THE
BEDROCK IS SLIGHTLY TO MODERATELY WEATHERED IN THE UPPER FEW FEET

FRACTURING IS PREDOMINANTLY ALONG BEDDING PLANES

SPECIAL FEATURES

DISCONTINUOUS SAND LENSES IN THE BROWN CLAY UNIT ON THE PERIMETER OF THE

WCS WERE MAPPED DURING CONSTRUCTION OF THE CLAY CUTOFF WALL FIGURES 45 AND

46 THE CUTOFF WALL WAS CONSTRUCTED TO ISOLATE CONTAMINANTS IN THE WCS BY

PROVIDING BARRIER TO PREVENT CONTAMINANT MIGRATION THROUGH SAND LENSES IN THE

BROWN CLAY UNIT THE SAND LENSES ALTHOUGH OF LIMITED SIZE HAD BEEN IDENTIFIED AS

POTENTIAL PATHWAYS FOR CONTAMINANT MIGRATION BNI 1987 THE CUTOFF WALL WAS

CONSTRUCTED BY COMPACTING LOWPERMEABILITY CLAY INTO AN EXCAVATION THAT

EXTENDED AT LEAST 06 FT INTO THE GRAY CLAY UNIT FIGURE 41 AS SPECIFIED IN

THE DESIGN REQUIREMENTS THE PERMEABILITY OF THE COMPACTED CLAY IS LESS THAN

I0 CMS WHICH WAS VERIFIED IN THE FIELD USING DOUBLE RING INFILTROMETER

SUMMARY OF THE TRENCHING LOGS IN WHICH THE DISCONTINUOUS SAND LENSES WERE

MAPPED CAN BE FOUND IN THE GEOTECHNICAL POSTCONSTRUCTION REPORT BNI 1987
THE SAND LENSES ARE SCHEMATICALLY PRESENTED IN CROSSSECTION IN FIGURES 45 AND

46 THE OCCURRENCE OF THE SAND LENSES IS RANDOM
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GEOLOGIC SUMMARY

THE SUBSURFACE MATERIALS BENEATH THE WCS ARE STRUCTURALLY STABLE

UNCONSOLIDATED DEPOSITS ARE COMPOSED PREDOMINANTLY OF STIFF CLAYS WITH VERY LOW

PERMEABILITIES THESE TYPES OF MATERIALS HAVE BEEN DEMONSTRATED TO BE EFFECTIVE IN

RETARDING THE MOVEMENT OF THE CONTAMINANTS OF CONCERN IN THE SUBSURFACE THE

UPPERMOST BEDROCK UNIT THE QUEENSTON FORMATION SHALE IS CLASTIC SEDIMENTARY

UNIT PRECLUDING THE FORMATION OF KARST GROUNDWATER FLOW SYSTEM THERE IS NO

KNOWN KARST GROUNDWATER FLOW CONDITION IN THE VICINITY OF NESS NOR IS ONE

EXPECTED TO EXIST TECTONICALLY THE REGION IS STABLE WITH NO MAJOR EARTHQUAKES

GREATER THAN MAGNITUDE 60 EXPECTED IN THE NEXT 10000 YEARS HISTORICAL

EARTHQUAKE ACTIVITY HAS BEEN OF ONLY MODERATE MAGNITUDE THE RESPONSE OF THE

LAND SURFACE TO ISOSTATIC REBOUND HAS FOR THE MOST PART ALREADY BEEN COMPLETED

THE ONLY ADDITIONAL BEDROCK DEFORMATION ANTICIPATED FROM ISOSTATIC REBOUND IS

RELIEF FRACTURING AND MINOR FAULTING IT IS UNLIKELY THAT THESE EVENTS WOULD AFFECT

SURFICIAL GEOLOGY STRUCTURALLY THERE IS NO KNOWN ACTIVE FAULT OR FAULTING WITHIN

160 KM 100 MI OF NFSS

412 GROUNDWATER
DL

OVERVIEW
DL

GROUNDWATER IS NOT READILY AVAILABLE AS SOURCE OF PUBLIC OR PRIVATE WATER

SUPPLY IN THE REGION SURROUNDING NESS IT IS ESTIMATED THAT GROUNDWATER SERVES

AS SOURCE OF WATER FOR ONLY 10 PERCENT OF THE POPULATIONS OF ERIE AND NIAGARA

COUNTIES LA SALA 1968 GROUNDWATER DOES NOT PROVIDE VIABLE SOURCE OF WATER

DL

SUPPLY FOR TWO REASONS GROUNDWATER IN THE EASILY ATTAINABLE SHALLOW

UNCONSOLIDATED DEPOSITS OF THE AREA IS OF POOR QUALITY AND THE BEDROCK UNITS

UNDERLYING THE AREA WHICH CONTAIN GROUNDWATER TYPICALLY HAVE LOW PERMEABILITY

MAKING IT DIFFICULT TO OBTAIN SOUTH OF THE NIAGARA ESCARPMENT GROUNDWATER IS

VIABLE SOURCE OF WATER BECAUSE OF ITS AVAILABILITY IN KARST SYSTEMS FORMED WITHIN

THE CARBONATE ROCK UNITS LA SALA 1968
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THREE WATERBEARING UNITS HAVE BEEN IDENTIFIED AT NFSS TWO OF THESE ARE

INCAPABLE OF PROVIDING GROUNDWATER AT ANY APPRECIABLE RATE BECAUSE OF THE LOW

PERMEABILITY OF THE GEOLOGIC UNITS WITHIN WHICH THE GROUNDWATER OCCURS THE

THIRD UNIT IS CAPABLE OF PROVIDING GROUNDWATER AT LIMITED FLOW RATE HOWEVER THE

GROUNDWATER QUALITY IS POOR AND THEREFORE IT IS NOT SUITABLE FOR CONSUMPTION

THESE FINDINGS ARE FURTHER VERIFIED BY THE ABSENCE OF WELLS IN THE AREA WELL

SURVEY CONDUCTED IN 1994 IDENTIFIED EIGHT REGISTERED WELLS IN THE AREA NONE WERE

USED FOR DRINKING WATER

BECAUSE OF THE PRESENCE OF THE LOWPERMEABILITY GRAY CLAY UNIT AT THE SITE

VERTICAL RECHARGE OF THE WATERBEARING UNITS IS MINIMAL CONSEQUENTLY VERTICAL

CONTAMINANT TRANSPORT TRAVEL TIMES WOULD BE EXTREMELY LENGTHY CONTAMINANT

TRAVEL TIMES ARE FURTHER LENGTHENED BY THE ADSORPTION OF CONTAMINANTS IN THE CLAY

UNITS PRESENT AT THE SITE RETARDATION EFFECTS RECHARGE OF THE MOST PERMEABLE

UNIT AT THE SITE PROBABLY OCCURS ALONG THE NIAGARA ESCARPMENT HORIZONTAL

GROUNDWATER GRADIENTS IN ALL THREE WATERBEARING UNITS INDICATE FLOW DIRECTION

TOWARD THE NORTHNORTHWEST PERPENDICULAR TO THE STRIKE OF THE PALEOZOIC ROCK

UNITS AT RATE OF LESS THAN 03 INYR FTYR

GROUNDWATER RESOURCES

GROUNDWATER IN THE BUFFALONIAGARA FALLS REGION OCCURS IN BOTH THE BEDROCK

AND UNCONSOLIDATED GLACIAL SEDIMENTS RECK AND SIMMONS 1952 HOWEVER

ACCORDING TO RECK AND SIMMONS 1952 AND LA SALA 1968 THE BEDROCK

FORMATIONS IN THE REGION ARE NOT HIGHLY PERMEABLE EXCEPT WHERE SOLUTION CAVITIES

HAVE FORMED IN THE LIMESTONE AND DOLOMITE LIMESTONES AND DOLOMITES ARE ABSENT

BENEATH NFSS THE UNCONSOLIDATED DEPOSITS OVERLYING THE BEDROCK ARE ALSO

CONSIDERED POOR SOURCE OF WATER BECAUSE OF THEIR HIGH CONTENT OF FINE SAND SILT

AND CLAY ALTHOUGH SAND AND GRAVEL LAYERS DO EXIST THEIR LITHOLOGY THICKNESS

DISTRIBUTION AND SPATIAL RELATIONSHIPS TO ONE ANOTHER ARE VARIABLE ACCORDINGLY

THEIR HYDROLOGIC CHARACTERISTICS ALSO VARY LA SALA 1968
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AS PREVIOUSLY MENTIONED THE GEOLOGIC FORMATIONS BENEATH NESS CONSIST OF

FINEGRAINED GLACIAL SEDIMENTS AND THE ORDOVICIANAGED QUEENSTON SHALE THESE

UNITS ARE CONSISTENT WITH THE REGIONAL GEOLOGY THEREFORE IT CAN BE PRESUMED

FROM GEOLOGIC DATA THAT NO AQUIFERS CAPABLE OF PRODUCING SIGNIFICANT QUANTITIES OF

GROUNDWATER EXIST BENEATH NESS AND THE SURROUNDING REGION

GROUNDWATER QUALITY

CHEMICAL ANALYSES OF THE GROUNDWATER IN THE AREA ACRES AMERICAN INC

1981 WEHRAN 1977 AND LA SALA 1968 SHOW THAT THE WATER IS OF POOR QUALITY

AND NOT SUITABLE AS POTABLE WATER SOURCE ACRES AMERICAN INC 1981 AND

WEHRAN 1977 INDICATE THAT THE GROUNDWATER IN THE SOIL AQUIFERS AND QUEENSTON

FORMATION IS HIGHLY MINERALIZED FROM HIGH CONCENTRATIONS OF CONSTITUENTS SUCH AS

SULFATE CHLORIDE CALCIUM SODIUM MAGNESIUM AND IRON THE CHLORIDE CONTENT

AND SPECIFIC CONDUCTANCE WERE ALSO SHOWN TO BE HIGH FIGURES 47 AND 48

MODIFIED FROM LA SALA 1968 SHOW THE SPECIFIC CONDUCTANCE AND CHLORIDE

CONTENT OF THE GROUNDWATER PRESENT IN THE BEDROCK IN THE AREA THE ORIGINAL

FIGURES FROM LA SALA WERE MODIFIED TO INCLUDE NESS USING WATER QUALITY DATA FROM

ACRES AMERICAN INC 1981 AND WEHRAN 1977 AS SHOWN THE SPECIFIC

CONDUCTANCE AND CHLORIDE CONTENT OF THE GROUNDWATER BENEATH NESS EXCEEDS

SECONDARY DRINKING WATER STANDARDS AND THE GROUNDWATER IS NOT SUITABLE AS

DRINKING WATER SUPPLY

GROUNDWATER USAGE

GROUNDWATER IS SOURCE OF WATER FOR APPROXIMATELY 10 PERCENT OF THE

POPULATION IN NIAGARA AND ERIE COUNTIES LA SALA 1968 THE PRIMARY USES ARE FOR

SMALL DOMESTIC AND FARM SUPPLIES IN RURAL AREAS THE DOMINANT SOURCE OF THIS

WATER THE LOCKPORT DOLOMITE AQUIFER IS ABSENT NORTH OF THE NIAGARA ESCARPMENT

WHERE NESS IS LOCATED WELLS IN THE NESS VICINITY GENERALLY HAVE LOW YIELD AND

SUPPLY WATER OF POOR QUALITY
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WELL CANVASS OF THE AREA WITHIN 48KM 3MI RADIUS OF NFSS CONDUCTED

IN 1987 AND 1988 YIELDED RECORDS FOR SIX WELLS BNI 1991 FOUR OF THESE WELLS

WERE USED FOR DOMESTIC PURPOSES THERE IS NO AVAILABLE INFORMATION ON WATER

USAGE FOR THE OTHER TWO WELLS NO PRIVATE WELLS WERE REPORTED FOR DRINKING WATER

PURPOSES BUT ONE OF THE WELLS DRILLED FOR IRRIGATION REPORTEDLY IS SOURCE OF WATER

SUITABLE FOR DRINKING NO PUBLIC WATER SUPPLY WELLS WERE FOUND WITHIN THE CANVASS

AREA WATER NEEDS FOR THE AREA ARE USUALLY MET BY COUNTYSUPPLIED TREATED WATER

FROM LAKE ERIE LAKE ONTARIO OR THE NIAGARA RIVER

WHEN THE 1988 WELL CANVASS WAS UPDATED IN 1994 EIGHT WELLS WERE

IDENTIFIED WITHIN 48KM 3MI RADIUS WELL LOCATIONS ARE PLOTTED IN FIGURE 49

ACCORDING TO INFORMATION OBTAINED FROM WELL OWNERS AND FROM PERSONNEL OF THE

LEWISTON AND PORTER WATER DISTRICT OFFICES THESE WELLS WERE DRILLED BETWEEN 866

AND 1993 THE MAXIMUM WELL DEPTH REPORTED IS 18 60 FT REPORTED YIELDS

RANGE FROM 76 TO 378 TO 10 GAL PER MINUTE NONE OF THE WELLS ARE KNOWN

TO HAVE BEEN USED FOR DRINKING WATER HOWEVER TWO ARE CURRENTLY BEING USED IN

RESIDENTIAL HEAT EXCHANGE SYSTEMS AS IN THE 1988 WELL CANVASSES NO PUBLIC

WATER SUPPLY WELLS WERE FOUND WITHIN THE 48KM 3MI RADIUS OF THE SITE

SITE GROUNDWATER SYSTEMS

THREE GROUNDWATER SYSTEMS OR WATERBEARING ZONES HAVE BEEN IDENTIFIED AT

NFSS THEY ARE DESCRIBED AS THE UPPER GROUNDWATER SYSTEM LOWER GROUNDWATER

SYSTEM AND THE BEDROCK SYSTEM WELLS CIRCLING THE WCS MONITOR THE UPPER

GROUNDWATER SYSTEM AND THE LOWER GROUNDWATER SYSTEM FIGURE 410 THE

HYDRAULIC CONDUCTIVITIES PERMEABILITIES OF THE STRATIGRAPHIC UNITS HAVE BEEN

ASSESSED FROM FIELD AND LABORATORY TESTS THESE DATA SHOW THAT THE SAND AND

GRAVEL ZONE IS THE MOST PERMEABLE UNIT AND FORMS THE UPPERMOST AQUIFER BENEATH

THE SITE THE AQUIFER DESIGNATION IS NOT REPRESENTATIVE OF THE WATER QUALITY BUT

REFLECTS THE FIRST ZONE WHERE WATER CAN BE EXTRACTED AT RATE ADEQUATE FOR

DOMESTIC WATER SUPPLY THE HYDRAULIC CONDUCTIVITY ESTIMATES AND WATER LEVELS FOR

ALL THREE WATERBEARING ZONES ARE DISCUSSED IN APPENDIX
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THE UPPER GROUNDWATER SYSTEM IS WATERBEARING ZONE THAT INCLUDES

DISCONTINUOUS SAND LENSES THAT PROVIDE LOCALIZED STORAGE WITHIN THE BROWN CLAY

UNIT OBSERVATIONS MADE DURING TRENCHING ACTIVITIES FOR THE CLAY CUTOFF WALL

INDICATE THAT THESE SAND LENSES RANGE IN SIZE FROM FEW CENTIMETERS TO FEW

METERS LONG HYDRAULIC TESTING OF THE UPPER GROUNDWATER SYSTEM REVEALS THAT THE

LARGEST SAND LENS OBSERVED IS CAPABLE OF YIELDING SUBSTANTIAL GROUNDWATER FLOW

RATE FOR SHORT PERIOD OF TIME HOWEVER THE ESTIMATED QUANTITY OF GROUNDWATER

CONTAINED WITHIN THE SAND LENS IS INSUFFICIENT FOR DOMESTIC USE BNI 1991

THE LOWER GROUNDWATER SYSTEM WELLS ARE COMPLETED IN THE ZONE FROM THE

SAND AND GRAVEL UNIT TO THE UPPER BEDROCK THIS ZONE TYPICALLY HAS HIGHER

PERMEABILITY THAN THE OVERLYING CLAY UNITS THE LOWER GROUNDWATER SYSTEM IS THE

FIRST REGULATORYDEFINED AQUIFER ENCOUNTERED BELOW THE SITE ALTHOUGH THE WATER IS

NOT POTABLE THE WATERBEARING ZONE IS CAPABLE OF PROVIDING MINIMAL QUANTITIES OF

GROUNDWATER FOR DOMESTIC USE

THE BEDROCK SYSTEM IS LOCATED IN THE QUEENSTON FORMATION AND DOES NOT

CONSTITUTE AN AQUIFER BECAUSE OF ITS VERY LOW PERMEABILITY

RECHARGE UP

THE HYDROLOGIC SYSTEM IN THE AREA HAS BEEN CHARACTERIZED IN THE HYDROLOGIC

REPORT FOR THE CHEMWASTE SITE IN WATER BUDGET ANALYSIS OF THE MAJOR HYDROLOGIC

COMPONENTS GOLDER AND ASSOCIATES 1985 THE ANALYSIS PROVIDES APPROXIMATIONS

OF REGIONAL METEOROLOGY RUNOFF AND EVAPOTRANSPIRATION DATA OF 81 CM 322

IN OF RAINFALL IN 1983 229 CM 90 IN WAS ACCOUNTED FOR BY DIRECT RUNOFF

36 CM IN SUBLIMATION OF SNOWAND 554 CM 218 IN EVAPOTRANSPORATION

DURING THE COOL MONTHS INFILTRATION CONTRIBUTES 178 CM TO 70 IN TO

CUMULATIVE STORAGE THAT IS REMOVED FROM THE SYSTEM BY EVAPOTRANSPIRATION THE

ANALYSIS PROVIDES REASONABLE ESTIMATE OF THE RELATIVE MAGNITUDE OF THE MAJOR

HYDROLOGIC COMPONENTS THIS ANALYSIS INDICATES THAT RECHARGE OF THE UPPER
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GROUNDWATER SYSTEM IS FROM SURFACE INFILTRATION AT THE SITE WHILE RECHARGE OF THE

LOWER GROUNDWATER SYSTEM IS PRIMARILY FROM INFILTRATION AT THE NIAGARA ESCARPMENT

HYDROGEOLOGIC CHARACTERISTICS

GROUNDWATER FLOW DIRECTION IS GENERALLY TO THE NORTH IN ALL THE ZONES

OBSERVED AT THE SITE WITH OCCASIONAL VARIATIONS TOWARD THE WEST OR EAST AS

EXPECTED FROM THE NEARLY FLAT PHYSIOGRAPHIC SETTING HORIZONTAL GRADIENTS ARE LOW

IN THE GLACIAL AQUIFER AND THE BEDROCK BECAUSE OF THE NEARHORIZONTAL CONFIGURATION

OF THE TOP OF ROCK AND GROUND SURFACE BETWEEN THE NIAGARA ESCARPMENT AND LAKE

ONTARIO HORIZONTAL GRADIENTS IN THE UPPER GROUNDWATER SYSTEM ARE LOW NEAR THE

SITE BUT STEEPEN LOCALLY AROUND THE SURFACE DRAINAGE FEATURES APPENDIX THE

GLACIOLACUSTRINE GRAY CLAY UNIT ACTS AS AN AQUITARD FOR DOWNWARD FLOW TO THE

LOWER GROUNDWATER SYSTEM THUS CREATING HIGH VERTICAL GRADIENT ACROSS THE UNIT

THE GROUNDWATER POTENTIOMETRIC CONTOURS IN THE LOWER GROUNDWATER SYSTEM

INDICATE FLOW TO BE GENERALLY TO THE NORTHNORTHWEST

THE PRIMARY CONTAMINANT TRANSPORT PARAMETER OF INTEREST WHEN SITING WCS

IS THE PERMEABILITY OF UNCONSOLIDATED MATERIALS AROUND THE SITE AS HAS BEEN

MENTIONED IN PREVIOUS SECTIONS THE PERMEABILITIES FOR THE UNCONSOLIDATED

MATERIALS ARE LOW GROUNDWATER MOVES SLOWLY BOTH HORIZONTALLY AND VERTICALLY

THROUGH THE SOILS AND BEDROCK

RETARDATION OF CONTAMINANT TRANSPORT

THE UNCONSOLIDATED SOILS BENEATH THE WCS ARE CLAYRICH MATERIALS HAVING

HIGH DISTRIBUTION COEFFICIENTS AND THUS SERVE TO RETARD THE MIGRATION OF

RADIONUCLIDES THE DISTRIBUTION COEFFICIENT IS AN INDICATOR OF ADSORPTION CAPABILITIES

OF THE SOIL THE ABILITY OF THE UNCONSOLIDATED MATERIALS TO HOLD THE CONTAMINANTS

AND RETARD THEIR MIGRATION IS REFERRED TO AS THE RETARDATION FACTOR THE RETARDATION

FACTOR IS UNITLESS VALUE THAT IS DERIVED FROM THE FOLLOWING ALGORITHM AND

INCORPORATES THE POROSITY THE BULK DENSITY AND THE RADIONUCLIDESPECIFIC
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DISTRIBUTION COEFFICIENT OF THE UNCONSOLIDATED MATERIAL THE RADIONUCLIDESPECIFIC

DISTRIBUTION COEFFICIENT IS DEFINED AS THE RATIO OF THE AMOUNT OF PARTICULAR

RADIONUCLIDE IN GROUNDWATER TO THE AMOUNT THAT IS ADSORBED TO THE UNCONSOLIDATED

MATERIAL

IN THE FOLLOWING CALCULATIONS MEASURED SOIL POROSITY OF 37 PERCENT BULK

DENSITY OF GCC AND APPROPRIATE DISTRIBUTION COEFFICIENTS ARE USED TO CALCULATE

RADIONUCLIDESPECIFIC RETARDATION FACTORS IN THE UNCONSOLIDATED MATERIALS

BULK DENSITYPOROSITY KD WHERE

RETARDATION FACTOR UNITLESS

KD DISTRIBUTION COEFFICIENT GCC

THE RETARDATION FACTOR PROVIDES AN INDICATION OF THE REDUCED CONTAMINANT

TRAVEL TIME RELATIVE TO UNCONTAMINATED GROUNDWATER RETARDATION FACTOR OF 100

INDICATES THAT THE CONTAMINANT IN QUESTION WOULD TRAVEL AT RATE THAT IS 100 TIMES

LESS THAN THE CALCULATED GROUNDWATER FLOW VELOCITY DATA ON THE GRAY CLAY ARE

NOT AVAILABLE HOWEVER THE PERFORMANCE OF THIS UNIT IS EXPECTED TO BE EQUAL TO OR

BETTER THAN THE BROWN CLAY RADIONUCLIDESPECIFIC DISTRIBUTION COEFFICIENTS

MEASURED FOR THE BROWN CLAY UNIT AND THEIR CORRESPONDING RETARDATION FACTORS ARE

PROVIDED IN THE FOLLOWING TABLE

DISTRIBUTION COEFFICIENT RETARDATION FACTOR

RADIONUCLIDE KD GCC UNITLESS

URANIUM GCC 10

RADIUM 318 GCC 1462

THORIUM 772 GCC 3548

DISTRIBUTION COEFFICIENT FROM 7DAY TEST CEP 1994
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GROUNDWATER SUMMARY

THE MIGRATION OF CONTAMINANTS FROM THE WCS TO THE LOWER GROUNDWATER

SYSTEM WILL REQUIRE SIGNIFICANT TRAVEL TIME BECAUSE OF THE PRESENCE OF THE

GLACIOLACUSTRINE GRAY CLAY UNIT THIS UNIT POSSESSES TWO SIGNIFICANT

CHARACTERISTICS PERTINENT TOLIMITING THE TRANSPORT OF CONTAMINANTS LOW

PERMEABILITY AND THE ABILITY TO ADSORB CONTAMINANTS THE POTENTIAL FOR

CONTAMINANT TRANSPORT FROM THE WCS TO THE LOWER GROUNDWATER SYSTEM IS FURTHER

REDUCED BY THE LACK OF APPRECIABLE VERTICAL RECHARGE HOWEVER IF CONTAMINATION

OF THE LOWER GROUNDWATER SYSTEM WERE TO OCCUR HORIZONTAL CONTAMINANT TRANSPORT

TIMES ARE ANTICIPATED TO BE RELATIVELY SLOW BECAUSE OF THE LACK OF SIGNIFICANT

PERMEABILITY AND THE LOW GROUNDWATER GRADIENTS OBSERVED AT THE SITE

ADDITIONALLY THE POTENTIAL FOR EXPOSURE TO GROUNDWATER CONTAMINATION IS LIMITED

BECAUSE THE LOCAL GROUNDWATER IS NOT USED FOR DOMESTIC OR PUBLIC WATER SUPPLY

413 SURFACE WATER

OVERVIEW

NFSS IS LOCATED ON THE ONTARIO PLAIN RELATIVELY FLAT GENTLY NORTHWARD

SLOPING AREA NORTH OF THE NIAGARA ESCARPMENT THE ONTARIO PLAIN IS DRAINED BY

SHORT LOWGRADIENT STREAMS WITH SMALL DRAINAGE BASINS SURFACE DRAINAGE FROM

NFSS ULTIMATELY IS DISCHARGED INTO LAKE ONTARIO

ONSITE AT NFSS DRAINAGE DITCHES HAVE BEEN CONSTRUCTED TO HANDLE SURFACE

WATER DISCHARGE AND TO ROUTE THE DRAINAGE TO FOURMILE CREEK FIGURE 41

FOURMILE CREEK DISCHARGES DIRECTLY INTO LAKE ONTARIO THE LARGEST ONSITE DRAINAGE

DITCH THE CENTRAL DRAINAGE DITCH IS APPROXIMATELY TO 10 TO 15 FT DEEP

TO 10 TO 20 FT WIDE AT THE BASE AND 12 TO 15 40 TO 50 FT WIDE AT THE

TOP THIS DITCH IS OF SUFFICIENT SIZE AND DEPTH TO AFFECT GROUNDWATER FLOW IN ITS

VICINITY
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REGIONAL PHYSIOGRAPHY

NFSS IS LOCATED ON THE ONTARIO PLAIN RELATIVELY FLAT LOWLAND AREA SITUATED

BETWEEN LAKE ONTARIO AND THE NIAGARA ESCARPMENT FIGURE 412 CROSS SECTION

AA SHOWN IN FIGURE 412 IS NORTHSOUTH GENERALIZED PROFILE THE GENERAL

TOPOGRAPHY OF THE ONTARIO PLAIN IS REPRESENTED IN CROSS SECTION AA IN

FIGURE 413 THE ONTARIO PLAIN SLOPES VERY GENTLY NORTHWARD AT APPROXIMATELY

03 PERCENT FROM ABOUT ELEVATION 114 375 FT AT THE BASE OF THE NIAGARA

ESCARPMENT TO ABOUT 84 275 FT NEAR THE LAKE ONTARIO SHORELINE THE

SHORELINE IS MARKED BY WAVECUT BLUFFS AND STEEPLY SLOPING GROUND WHERE THE

GROUND SURFACE DROPS FROM ABOUT 84 275 FT TO THE LAKE ONTARIO WATER LEVEL OF

ABOUT 75 245 FT ALONG THE LAKESHORE THE STREAM ESTUARIES AND VALLEYS OF

FOURMILE SIXMILE AND TWELVEMILE CREEKS CREEKS THAT DRAIN THE SITE AREA CUT INTO

THE PLAIN WITH STEEP BANKS UP TO 107 35 FT HIGH

THE NIAGARA ESCARPMENT WHICH MARKS THE SOUTHERN LIMIT OF THE PLAIN IS

BEDROCK FEATURE THAT RISES 76 250 FT TO 84 275 FT ABOVE THE PLAIN TO

CREST ELEVATION BETWEEN 190 AND 198 625 FT AND 650 FT SOUTH OF THE CREST

OF THE ESCARPMENT IS DRAINAGE DIVIDE SEPARATING THE WATERSHED OF THE UPPER

NIAGARA RIVER FROM THAT OF LAKE ONTARIO TO THE NORTH

THE GENTLE GROUND SURFACE SLOPE OF THE ONTARIO PLAIN CONTINUES OFFSHORE

BENEATH LAKE ONTARIO FOR DISTANCE OF ABOUT TO 56 KM 25 MI TO 35 MI

WHERE THE DROP INTO THE DEEP LAKE BASIN OCCURS THIS GROUND SURFACE EXTENDING

BENEATH LAKE ONTARIO IS DEPICTED IN FIGURE 413

SURFACE DRAINAGE

THE ONTARIO PLAIN WHERE NESS IS LOCATED IS AN AREA OF LOW RELIEF SURFACE

DRAINAGE IS GENERALLY NORTHWARD ON GENTLE SLOPE FROM THE ESCARPMENT TO LAKE

ONTARIO THE DISTANCE FROM THE BASE OF THE NIAGARA ESCARPMENT TO LAKE ONTARIO IS
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APPROXIMATELY 12 KM 75 ML AT THE SITE THE SITE IS LOCATED ABOUT MIDWAY

BETWEEN THE ESCARPMENT AND THE LAKESHORE

THE ONTARIO PLAIN NORTH OF THE NIAGARA ESCARPMENT IS DRAINED BY SERIES OF

SHORT STREAMS WITH SMALL DRAINAGE AREAS THESE STREAMS ARE CHARACTERIZED BY VERY

LOW FLOWS WHENEVERTHERE ARE PROLONGED PERIODS WITHOUT PRECIPITATION MOST

STREAMS THAT HAVE HEADWATERS ON THE LAKE PLAIN NORTH OF THE ESCARPMENT GO DRY

FOR SEVERAL MONTHS EACH YEAR THE AVERAGE NORTHWARD SURFACE GRADIENT AT NESS IS

BETWEEN 01 PERCENT AND 02 PERCENT THIS IS IN GENERAL AGREEMENT WITH THE

AVERAGE NORTHWARD GRADIENT FOR THE ONTARIO PLAIN OF 03 PERCENT

GENERAL SITE DRAINAGE PATTERNS

SURFACE DRAINAGE FROM THE SITE ORIGINALLY ENTERED FOURMILE SIXMILE AND

TWELVEMILE CREEKS WHICH ALL FLOW NORTHWARD TO LAKE ONTARIO IN THE 1940S

SYSTEM OF DITCHES WAS INSTALLED TO DRAIN SURFACE WATERS TO CENTRAL DRAINAGE DITCH

AEROSPACE CORPORATION 1982 SIXMILE CREEK WHICH ORIGINALLY FLOWED THROUGH

NFSS WAS DIVERTED JUST OUTSIDE THE SOUTHWESTERN CORNER OF THE NESS BOUNDARY

TO THE SOUTHWESTERN DRAINAGE DITCH SURFACE WATERS FROM THE AREA TO THE

SOUTHEAST OF NESS WHICH ORIGINALLY FLOWED EASTWARD INTO TWELVEMILE CREEK WERE

DIVERTED TO THE SOUTH31 DITCH FIGURE 41

CURRENTLY RUNOFF FROM NESS IS DIVERTED INTO THREE MAJOR DRAINAGE DITCHES

THE CENTRAL DRAINAGE DITCH THE WEST DITCH AND THE SOUTH31 DITCH THE WEST AND

SOUTH31 DITCHES DISCHARGE DIRECTLY INTO THE CENTRAL DRAINAGE DITCH WHICH FLOWS

NORTHWARD INTO FOURMILE CREEK AND ULTIMATELY INTO LAKE ONTARIO ACRES AMERICAN

INC 1981 SIXMILE AND TWELVEMILE CREEKS DO NOT PRESENTLY RECEIVE RUNOFF FROM

NFSS THE DRAINAGE PATTERN OF NFSS IS PRESENTED IN FIGURE 41

DEVELOPMENT AT MODERN DISPOSAL EAST OF NESS CAN BE EXPECTED TO ALTER THE

UPSTREAM HYDROLOGY OF THE SOUTH31 DITCH AND INCREASE OR DECREASE THE PEAK
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STORM DISCHARGE THE ACTUAL EFFECTS ON STORM DISCHARGE ARE CURRENTLY

UNDETERMINED

DRAINAGE DITCH DESCRIPTION

THE CENTRAL DRAINAGE DITCH IS CHANNELIZED DITCH APPROXIMATELY 34

1015 FT DEEP 36 1020 FT WIDE AT THE BASE AND 1215 4050 FT WIDE

AT THE TOP THIS DITCH IS 48 KM MI IN LENGTH FROM ITS ORIGIN AT THE SOUTHERN

END OF NFSS TO ITS CONFLUENCE WITH FOURMILE CREEK THE WEST DITCH RUNS PARALLEL

TO THE CENTRAL DRAINAGE DITCH AND DRAINS THE WESTERN PORTION OF NESS BEFORE

JOINING THE CENTRAL DRAINAGE DITCH NORTH OF THE SITE IT IS APPROXIMATELY KM

096 MI LONG THE ONLY MAJOR OFFSITE CONTRIBUTOR TO FLOW ACROSS THE SITE IS THE

SOUTH31 DITCH WHICH FLOWS INTO THE CENTRAL DRAINAGE DITCH THIS DITCH DRAINS AN

OFFSITE DRAINAGE AREA OF APPROXIMATELY 81 HA 200 ACRES AND IS ABOUT 421

1400 FT LONG ANDERSON ET AL 1981 FIGURE 411 SHOWS THE LOCATIONS OF THE

DRAINAGE DITCHES SURROUNDING NESS THE CENTRAL DRAINAGE DITCH WILL BE RELOCATED

APPROXIMATELY 90 300 FT TO THE EAST OF THE CURRENT LOCATION THE NEW LOCATION

WILL NOT ALTER SITE DRAINAGE CAPABILITIES

STREAM DESCRIPTION

BASED ON CURRENT AND PAST DRAINAGE PATTERNS ONLY THREE CREEKS FOURMILE

CREEK SIXMILE CREEK AND TWELVEMILE CREEK COULD HAVE RECEIVED RUNOFF FROM

NESS HOWEVER ONLY FOURMILE CREEK CURRENTLY RECEIVES SITE RUNOFF FOURMILE

SIXMILE AND TWELVEMILE CREEKS ARE ALL INTERMITTENT AT THEIR UPPER REACHES THEIR

STREAMF LOW CONSISTS OF NATURAL SURFACE RUNOFF AGRICULTURAL DRAINAGE AND TREATED

INDUSTRIAL AND INSTITUTIONAL WASTE DISCHARGES NYSDEC 1975 FOURMILE AND

SIXMILE CREEKS HAVE COMBINED DRAINAGE AREA OF 9001 HA 22226 ACRES AND

TWELVEMILE CREEK DRAINS 9599 HA 23701 ACRES ERIE AND NIAGARA COUNTIES

REGIONAL PLANNING BOARD 1978 FOURMILE SIXMILE AND TWELVEMILE CREEKS ARE

84 KM 52 MI 45 KM 28 MI AND 196 KM 122 MI LONG RESPECTIVELY WITH

SLOPES OF 021 PERCENT 030 PERCENT AND 013 PERCENT RESPECTIVELY FROM THEIR
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HEADWATERS TO DISCHARGE INTO LAKE ONTARIO ERIE AND NIAGARA COUNTIES REGIONAL

PLANNING BOARD 1978

CONTINUOUS FLOW RECORDS ARE NOT AVAILABLE FOR FOURMILE SIXMILE AND

TWELVEMILE CREEKS THE CONTINUOUS STREAMFIOW GAUGING STATION NEAREST NFSS IS

IN MANNING MUCKLAND CREEK BASIN NEAR BARRE CENTER 64 KM 40 MI EAST OF NFSS

ALTHOUGH THIS CREEK IS NOT LOCATED IN THE DRAINAGE BASIN CONTAINING NFSS

INFORMATION IS INCLUDED FOR COMPARATIVE PURPOSES

MANNING MUCKLAND CREEK DRAINS AN AREA OF ABOUT 137 KM 53 MI AT THIS

GAUGING STATION THE MEAN ANNUAL DISCHARGE IS ESTIMATED TO BE 73 CFS WITH

MANY DAYS OF NO FLOW THE MAXIMUM DISCHARGE FOR THE PERIOD OF RECORD IS 100 CFS

FLOOD FREQUENCY

THE GROUND ELEVATION OF NESS IS ABOVE THE 100YR FLOOD ELEVATION OF ANY

STREAM MAPS OF LEWISTON AND PORTER FROM THE FEDERAL EMERGENCY MANAGEMENT

AGENCY CONFIRM THAT THERE IS NO FLOOD ZONE BASED ON THE 100YR FLOOD ELEVATION

REPORTED FOR STREAMS IN THE VICINITY OF NFSS THE DESIGN CRITERIA FOR THE WCS ARE

BASED ON THE PROBABLE MAXIMUM FLOOD WHICH WAS CALCULATED FROM THE MAXIMUM

PROBABLE PRECIPITATION EVENT FOR THE SITE AS DOCUMENTED IN CORRESPONDENCE

INCLUDED IN APPENDIX THE FAILURE ANALYSIS SCENARIOS IN SECTION 60 WILL REFER TO

THE MAXIMUM PROBABLE FLOOD THAT MOST CLOSELY APPROXIMATES 10000YR EVENT

THE CURRENT 100YR FLOOD LEVEL WITHIN NESS IS ESTIMATED TO BE APPROXIMATELY 97

319 FT ACRES AMERICAN INC 1981 MORE DETAILED DESCRIPTION OF FLOOD

FREQUENCY AND MAXIMUM FLOOD POTENTIAL IS PROVIDED IN APPENDIX

RELATION TO WETLANDS

FIGURE 414 SHOWS THE APPROXIMATE LOCATION OF WETLANDS NEAR NESS AS

IDENTIFIED ON THE NEW YORK FRESHWATER WETLAND MAP NIAGARA COUNTY OF 18

AND THE NATIONAL WETLANDS INVENTORY RANSOMVILLE QUADRANGLE MAP
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HE

ALTHOUGH STATE AND FEDERAL WETLANDS ARE NEAR NFSS NO IDENTIFIABLE ADVERSE

EFFECTS ON ANY WETLAND FUNCTIONS ARE ANTICIPATED FROM THE PLANNED ABOVEGROUND
II

CONSTRUCTION ACTIVITIES THE HYDROLOGIC REGIMES SUPPORTING THE WETLANDS ARE ON

OPPOSITE SIDES OF THE ONSITE DRAINAGE DITCHES WHICH ISOLATE THEM FROM THE WCS

NO LONGTERM EFFECTS ON THE WETLANDS HYDROLOGIC REGIME ARE EXPECTED FROM THE

CONSTRUCTION OF THE COVER HOWEVER SHORTTERM EFFECTS MAY INCREASE THE DURATION

AND TIMING OF INUNDATION OR SATURATION IN THE CENTRAL DITCH THESE SHORTTERM

EFFECTS ON SURFACE WATER RUNOFF SHOULD NOT PERMANENTLY ALTER THE DISTRIBUTION OR

DIVERSITY OF VEGETATION AND WILDLIFE THAT DEPEND ON WETLANDS PLANNED RELOCATION

OF THE CENTRAL DITCH IDENTIFIED AS FEDERAL BUT NOT STATE WETLAND ON INVENTORY

MAPS IS NOT EXPECTED TO REQUIRE EXTENSIVE MITIGATION

THE IMPACT OF CONSTRUCTION ON ADJACENT WETLANDS WILL BE MINIMIZED BY

EMPLOYING EROSION AND SEDIMENT CONTROL IN ACCORDANCE WITH TEMPORARY SOIL

EROSION AND WATER POLLUTION CONTROL DETAILS OF THE NEW YORK STATE DEPARTMENT OF

TRANSPORTATION AND WITH THE NEW YORK STATE GUIDELINES FOR URBAN EROSION AND

SEDIMENT CONTROL BY THE SOIL AND WATER CONSERVATION SOCIETY STANDARD

CONSTRUCTION PRACTICES INCLUDE EROSION AND RUNOFF CONTROL USING SILT BARRIERS FENCES

ANDOR BALES TO MINIMIZE SEDIMENTATION OF WETLANDS AND OTHER WATER RESOURCES

CONSTRUCTION TECHNIQUES TO AVOID OR REDUCE ADVERSE EFFECTS ON WATER QUALITY MAY

INCLUDE SCHEDULING CONSTRUCTION DURING DRY PERIODS WHEN NO FLOW IS EXPECTED IN

DRAINAGEWAYS AND COMPLETION OF THE PROJECT BEFORE THE END OF THE GROWING

SEASON

SURFACE WATER SUMMARY

NESS IS LOCATED IN REGION THAT SLOPES GENTLY NORTHWARD TOWARD LAKE

ONTARIO SURFACE DRAINAGE IN THE AREA CONSISTS OF SHORT LOWGRADIENT STREAMS OR

CREEKS WITH SMALL DRAINAGE BASINS AT NFSS SERIES OF DRAINAGE DITCHES HAVE

BEEN CONSTRUCTED TO EFFECTIVELY ROUTE SURFACE WATERS FROM NESS ALL OF THESE

ONSITE DRAINAGE DITCHES EVENTUALLY DISCHARGE INTO THE CENTRAL DRAINAGE DITCH NORTH
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OF THE SITE WHICH DISCHARGES INTO FOURMILE CREEK FOURMILE CREEK ULTIMATELY

DISCHARGES DIRECTLY INTO LAKE ONTARIO

NFSS IS LOCATED AT AN ELEVATION ABOVE THE SURROUNDING 100YR FLOODPLAINS FOR

THE NEARBY CREEKS AND STREAMS CONSEQUENTLY THE WCS WILL NOT ADVERSELY AFFECT

DRAINAGE EVENTS DURING LARGESCALE RAIN EVENTS ADDITIONALLY THE LOCATION AND

ELEVATION OF THE WCS ARE SUCH THAT THE STRUCTURE IS NOT ANTICIPATED TO BE AFFECTED

BY FLOODING OF THE NEARBY CREEKS AND STREAMS

42 ENGINEERING DESIGN FEATURES

421 OVERVIEW

THE PRIMARY OBJECTIVE OF THE WCS IS TO PROTECT PUBLIC HEALTH AND THE

ENVIRONMENT BY MAINTAINING CONTROL OF THE STORED WASTE THE ENGINEERING DESIGN

TAKES ADVANTAGE OF THE NATURAL MATERIALS AROUND NFSS MAJOR COMPONENT OF

THE WCS IS THE CLAY COVER WHICH INHIBITS MIGRATION INTO AND OUT OF THE STRUCTURE

BECAUSE OF ITS LOW PERMEABILITY TO AIR AND WATER THE PERIMETER CUTOFF WALL AND

DIKE ARE ALSO CONSTRUCTED OF COMPACTED CLAY THAT ACTS AS NATURAL ENCLOSURE FOR

THE WASTE WITH THE ADDITION OF THE LONGTERM CAP OVER THE EXISTING CAP THE WCS

WILL ISOLATE THE WASTE FROM RADIOLOGICAL EMISSIONS FOR 10000YR PERIOD

422 DESIGN CONSIDERATIONS

THE PROPOSED LONGTERM CAP AT NFSS IS MODIFIED URANIUM MILL TAILINGS

REMEDIAL ACTION CAP DESIGN THAT

CONTAINS AND CONFINES THE WASTE

IS STRUCTURALLY STABLE

PREVENTS INADVERTENT INTRUSION

INHIBITS MIGRATION OF THE WASTE AND

REDUCES SURFACE WATER INFILTRATION
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THE DESIGN REQUIREMENTS FOR LONGTERM STORAGE AT THE WCS CAN BE FOUND IN

TABLE 41 FROM THE ADDENDUM TO THE DESIGN REPORT FOR THE INTERIM WASTE

CONTAINMENT FACILITY AT THE NIAGARA FALLS STORAGE SITE LONGTERM CONTAINMENT

OPTION LEWISTON NEW YORK BNI 1986 FURTHER DISCUSSION OF THE DESIGN

REQUIREMENTS PROTECTIVENESS AND PERFORMANCE OF THE CONTAINMENT STRUCTURE IS

INCLUDED IN SECTION OF THAT REPORT

THE PRIMARY PURPOSES OF THE WCS AT NFSS ARE TO

EXCLUDE SURFACE WATER FROM THE CONTAINED WASTE SO THAT IT DOES NOT

BECOME SATURATED AND POTENTIALLY PRODUCE LEACHATE

PROVIDE BARRIER TO RADIATION AND RADON EMANATION AND

PREVENT POTENTIAL CONTAMINATION POLLUTION OF GROUNDWATER BY MINIMIZING

OR ELIMINATING RADIONUCLIDE MIGRATION IF WATER INFILTRATION DOES OCCUR

423 FOUNDATIONS AND OUTER PERIMETER

THE BOTTOM OF THE WCS CONSISTS OF NATURALLY OCCURRING BROWN CLAY THE

BROWN CLAY IS UNDERLAIN BY THE GRAY CLAY UNIT BNI 1986 THE GRAY CLAY UNIT

WHICH EXHIBITS AN EXTREMELY LOW PERMEABILITY IS CONSIDERED THE PRIMARY BARRIER

AGAINST MIGRATION OF CONTAMINANTS FROM THE WASTE CONTAINMENT AREA THE

THICKNESS OF THE GRAY CLAY UNIT RANGES FROM TO 76 TO 25 FT IN THE

VICINITY OF THE WCS IN THE PORTION OF THE WCS WHERE THE K65 RESIDUES ARE

STORED THE GRAY CLAY IS APPROXIMATELY 16 FT THICK

IN ADDITION TO THE BARRIERS PROVIDED BY THE NATURAL MATERIALS OF THE WCS

FOUNDATION HIGHER ACTIVITY RESIDUES INCLUDING THE K65 RESIDUES ARE SURROUNDED

BY THE BASEMENT OF WHAT WAS FORMERLY BUILDING 411 THE BASEMENT HAS 30CM

12IN THICK WALLS AND 10CM 3IN THICK SLAB THIS BUILDING FOUNDATION WILL

NOT PREVENT MIGRATION OVER THE 10000YR DESIGN PERIOD BECAUSE THE CONCRETE WILL

NOT LAST THAT LONG HOWEVERTHE MATERIAL THAT THE CONCRETE IS COMPOSED OF WILL
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MITIGATE LEACHING OF THE K65 RESIDUES BY PROVIDING AND MAINTAINING CHEMICALLY

BASIC ENVIRONMENT SINCE THE RESIDUES WILL ONLY BECOME SOLUBLE UNDER ACIDIC

CONDITIONS

THE OUTER PERIMETER OF THE WCS IS FORMED BY CUTOFF WALL AND DIKE

CONSTRUCTED OF CLAY SELECTED AND COMPACTED TO ACHIEVE PERMEABILITY OF

I0 CMS OR LESS THE CUTOFF WALL IS AT LEAST 36 12 FT WIDE AND EXTENDS

MINIMUM OF 045 FT INTO THE GLACIOLACUSTRINE GRAY CLAY UNIT WHICH

UNDERLIES THE ENTIRE SITE THE DEPTH OF THE CUTOFF WALL RANGES FROM TO 66

10 TO 22 FT BELOW GROUND SURFACE VARYING WITH CHANGES IN THE TOP ELEVATION OF

THE GRAY CLAY UNIT THE CUTOFF WALL IS NOT NECESSARILY CENTERED UNDER THE DIKE

RATHER ITS LOCATION VARIES DEPENDING ON THE SUBSURFACE CONDITIONS THE MINIMUM

WIDTH OF THE DIKE IS 24 FT AND ITS HEIGHT ABOVE GRADE IS FT THE

GRAY CLAY UNIT AND THE CUTOFF WALLDIKE SERVE AS ADSORPTION BARRIERS TO VERTICAL AND

HORIZONTAL MIGRATION OF CONTAMINANTS FROM THE STRUCTURE

INTERIM COVER

THE INTERIM CLOSURE SYSTEM FOR THE WOS CONSISTS OF

COMPACTED CLAY BLANKET

SURFACE LAYER CONSTRUCTED OF GENERAL FILL AND

TOPSOIL MATERIALS

THE FOLLOWING TABLE PROVIDES BRIEF OVERVIEW OF THE CHARACTERISTICS AND

PURPOSE OF EACH COMPONENTOF THE INTERIM COVER

LAYER DESCRIPTION PURPOSE

TOPSOIL THE TOP LAYER IS 15 CM IN OF THE SURFACE LAYER SUPPORTS THE GROWTH OF

COMPACTED TOPSOIL SHALLOWROOTED GRASSES TO INHIBIT EROSION
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LAYER DESCRIPTION PURPOSE

FILL LAYER THE FILL LAYER CONSISTS OF 30 CM THE FILL LAYER IS USED TO

12 IN OF LOOSELY COMPACTED

GENERAL FILL MATERIAL PROVIDE PROTECTIVE COVER FOR THE LOW

PERMEABILITY CLAY BLANKET

FURNISH ADDITIONAL RESISTANCE TO

INFILTRATION OF SURFACE WATER AND

FORM AN INSULATING BLANKET TO REDUCE THE

EFFECTS OF FREEZING AND THAWING AND

PREVENT DRYING OF CLAY LAYER WHICH

COULD RESULT IN THE DEVELOPMENT OF

TENSION CRACKS

CLAY THE 09IN 3FT THICK COMPACTED THIS CLAY COVER IS THE PRINCIPAL BARRIER

BLANKET MINIMUM PERMEABILITY CMLS AGAINST WATER INFILTRATION RADON EMANATION

CLAY BLANKET PLACED IMMEDIATELY GAMMA RADIATION EROSION AND FROST HEAVE

OVER THE WASTE EXTENDS BEYOND THE DAMAGE
PERIMETER DIKE AND COMPLETELY

ENCLOSES THE WASTE

BY DESIGN THE SOIL LAYERS ARE LESS COMPACTED THAN THE CLAY THE UPPERMOST

LAYER OF THE SURFACE SOIL IS GRADED TO MINIMIZE WATER INFILTRATION AND PROMOTE

SURFACE DRAINAGE AND RUNOFF WITHOUT EXCESSIVE WATER RETENTION THEREBY PREVENTING

SATURATION AND PROLONGED WET CONDITIONS ON THE INTERIM COVER THE SURFACE LAYER

AND SHALLOWROOTED VEGETATION ABSORB THE NORMAL RAINFALL THAT DOES NOT LEAVE THE

SURFACE AS RUNOFF AND THEN TRANSMIT THE ABSORBED WATER TO THE ATMOSPHERE

THROUGH EVAPOTRANSPIRATION SURFACE DRAINAGE IS COLLECTED IN PERIMETER DITCH

WHICH IS ALSO SLOPED TO PROMOTE PROPER DRAINAGE

FOR THE INTERIM COVER SYSTEM NO SPECIFIC BARRIER TO DEEPROOTED PLANTS AND

BURROWING ANIMALS IS PROVIDED BECAUSE IT IS ASSUMED THAT ANY DAMAGE CAUSED BY

EITHER OF THESE WILL BE DETECTED AND REPAIRED DURING THE COURSE OF PERIODIC

INSPECTION AND MAINTENANCE ACTIVITIES
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CLOSURE SYSTEM FOR THE WCS

THE DESIGN FOR THE CLOSURE SYSTEM FOR THE WCS INCLUDES CONTROL AND

STABILIZATION FEATURES TO PROVIDE TO THE EXTENT REASONABLY ACHIEVABLE AN EFFECTIVE

LIFE OF Q00 YR AND MINIMUM SERVICE LIFE OF 200 YR THE CONSTRUCTION MATERIALS

AND METHODS SPECIFIED MEET OR EXCEED ESTABLISHED CRITERIA AND STANDARDS AND ARE

CONSISTENT WITH THE PASSIVE DESIGN CONCEPT ASSUMED FOR THE WCS DESIGN

REQUIREMENTS FOR PERMANENT WASTE CONTAINMENT FACILITIES REQUIRE UPGRADING THE

INTERIM WCS CLOSURE SYSTEM AT NFSS FOR LONGTERM CONTAINMENT OF THE WASTE IN

AN ENVIRONMENTALLY SAFE MANNER

THE FOLLOWING TABLE PROVIDES BRIEF OVERVIEW OF THE CHARACTERISTICS AND

PURPOSE OF THE UPGRADED COMPONENTS OF THE FINAL CLOSURE SYSTEM

LAYER THICKNESS DESCRIPTION

SURFACE 76 CM THE SURFACE LAYER WIJL CONSIST OF 30 CM FT OF SOIL OVERLAIN BY

30 IN 45 CM 18 IN OF TOPSOIL THE SURFACE LAYER WILL BE 45 CM 18 IN
THICK AND WILL BE PLANTED WITH SHALLOWROOTED GRASSES WHICH

REDUCE EROSION CAUSED BY RUNOFF THE TOPSOIL AND VEGETATION WILL

ALSO AUGMENT THE INSULATING EFFECT OF SAND AND GRAVEL LAYERS AND

RIPRAP

SAND AND 23 CM THE SANDANDGRAVEL MIXTURE WILL BE COMPOSED OF WELLGRADED

GRAVEL IN MEDIUMTOCOARSE MATERIALS WITH MAXIMUM SIZE OF 76 CM
IN

ROCK THE 1IN 3FT THICK LAYER OF ROCK MATERIAL BETWEEN THE SURFACE

FT SOIL LAYER AND LOWPERMEABILITY CLAY COVER IS PROVIDED AS BARRIER

TO PLANT ROOTS BURROWING ANIMALS AND SURFACE EROSION IT WILL

ALSO SERVE AS WARNING BARRIER TO THE INADVERTENT HUMAN INTRUDER

THE INTRUSION BARRIER WILL EXTEND BEYOND THE COMPACTED CLAY DIKE

TO PROTECT AGAINST LATERAL INTRUSION BY PLANTS HUMANS OR ANIMALS

THE INTRUSION BARRIER WILL CONSIST OF SOUND WELLGRADED QUARRYRUN
MATERIAL NOT EXCEEDING 05 IN FT IN MAXIMUM DIMENSION

THE BARRIER WILL BE EMPLACED IN TWO 05 IN 15 FT THICK LIFTS

COMPACTED USING VIBRATORY DRUM ROLLER THE STONES FOR THE

BIOHUMANINTRUSION BARRIER WILL BE QUARRYRUN DURABLE UN
WEATHERED AND RESISTANT TO CHEMICAL WEATHERING THE SURFACE OF

THE ROCK LAYER WILL BE FILLED WITH ROCKFILL CHOKE COURSE OF FINER

GRADATION TO PREVENT MOVEMENT OF THE TRANSITION LAYER SANDAND
GRAVEL INTO THE ROCK LAYER
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LAYER THICKNESS DESCRIPTION

SAND AND 23 CM THE SANDANDGRAVEL MIXTURE WILL BE COMPOSED OF WELLGRADED

GRAVEL IN MEDIUMTOCOARSE MATERIALS WITH MAXIMUM SIZE OF 76 CM
IN THE SANDANDGRAVEL LAYER WILL PREVENT PENETRATION OF ROCK

INTO THE COMPACTED CLAY BLANKET DURING PLACEMENT AND

COMPACTION OF THE RIPRAP LAYER

CLAY COVER THE 2IN 4FT THICK LOWPERMEABILITY CLAY COVER IS SUFFICIENTLY

FT IMPERMEABLE TO PREVENT SIGNIFICANT VOLUME OF WATER FROM

ENTERING THE WCS THE TOTAL THICKNESS WILL BE ACHIEVED BY ADDING

ANOTHER 30 CM FT OF CLAY TO THE FT OF EXISTING INTERIM 4B

CLAY COVER

IT

TO PROVIDE FOR PROTECTION AGAINST EROSION UNDER PROBABLE MAXIMUM FLOOD

CONDITIONS THE TOE OF THE SIDE SLOPES AROUND THE PERIMETER OF THE WCS WILL BE

COVERED WITH RIPRAP UP TO AN ELEVATION HIGHER THAN THE PROBABLE MAXIMUM FLOOD

LEVEL 998 327 FT ABOVE MEAN SEA LEVELL APPENDIX THE SUBSTRUCTURE

SYSTEM OF THE WCS CONSISTING OF THE COMPACTED CLAY CUTOFF WALL AND DIKES WILL

NOT BE DISTURBED DURING CONSTRUCTION OF THE FINAL COVER AND WILL CONTINUE TO WORK

AS AN ADSORPTION BARRIER TO HORIZONTAL MIGRATION OF RADIONUCLIDES

THE INTRUSION BARRIER AND SANDANDGRAVEL TRANSITION LAYERS WILL BE SLOPED TO

PROVIDE LATERAL DRAINAGE TO THE PERIMETER OF THE FINAL CAP THEY WILL EXTEND DOWN

THE SIDE SLOPES TO PERFORATED PIPE SUBSURFACE DRAIN THAT WILL DISCHARGE THROUGH

THE RIPRAP LAYER TO NATURAL SURFACE DRAINAGE IN ADDITION TO THE SUBSURFACE DRAIN

SANDANDGRAVEL OUTLETS TO THE TOE OF THE SLOPE WILL ALSO BE PROVIDED THESE OUTLETS

WILL DRAIN THE ROCK LAYER IF THE SUBSURFACE DRAIN BECOMES BLOCKED

SIDE SLOPES OF 5H1V 20 PERCENT WILL BE CONSTRUCTED TO FACILITATE MOWING

DISCING AND EROSION CONTROL DURING THE SURVEILLANCE AND MAINTENANCE PERIOD THE

20 PERCENT SIDE SLOPES ARE EXPECTED TO MAINTAIN LONGTERM STABILITY WITHOUT

MAINTENANCE AND MINIMIZE SURFACE EROSION SLOPES OF TO 10 PERCENT WILL BE

CONSTRUCTED ON TOP OF THE WCS TO PROMOTE POSITIVE RUNOFF WITH MINIMUM EROSION

POTENTIAL COMPLETE COVER OF SHALLOWROOTED GRASS WILL BE ESTABLISHED THE

GRASS COVER ESTABLISHED DURING THE INSTITUTIONAL CONTROL PERIOD IS EXPECTED TO BE
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GENERALLY SELFSUSTAINING OVER THE LONG TERM UNTIL SHRUBS ARE ESTABLISH AS DISCUSSED

UNDER PLANT SUCCESSION IN SECTION 43

WITH ITS TO 10 PERCENT SLOPE THE SURFACE SOIL LAYER WILL REMAIN STABLE

THROUGHOUT REPEATED CYCLES OF FREEZING AND THAWING SOME MINOR SURFACE CREEP

MAY OCCUR ON THE 20 PERCENT SIDE SLOPES BUT WILL NOT COMPROMISE THE INTEGRITY OF

THE WCS

IF THE GRASS COVER DIES BECAUSE OF DROUGHT DISEASE OR INSECT INFESTATION THE

SURFACE WILL NEED TO BE PROMPTLY REPAIRED THE POTENTIAL FOR EROSION AT THE TOE OF

THE SIDE SLOPES WILL BE SOMEWHAT LIMITED BY THE RIPRAP LAYER WHICH WILL HINDER

DOWNSLOPE WATER MOVEMENT THE 3IN 10FT THICK LONGTERM CAP OF THE WCS

WILL BE MORE THAN ADEQUATE TO KEEP RADIOACTIVE EMISSIONS BELOW GUIDELINE LEVELS

IN THE WORSTCASE SCENARIO COMBINATION OF LOSS OF INSTITUTIONAL CONTROLS AND

TEMPORARILY SEVERE CLIMATIC CONDITIONS COULD RESULT IN COMPLETE LOSS OF THE SURFACE

SOIL AND UPPER SANDANDGRAVEL LAYER LEAVING THE RIPRAP EXPOSED THE RIPRAP LAYER

AND COMPACTED CLAY BLANKET WOULD CONTINUE TO PROVIDE AN EFFECTIVE MEANS OF

REDUCING RADIATION EMISSIONS FROM THE CONTAINED WASTE

LIQUEFACTION

DESCRIPTIONS OF THE SOILS ENCOUNTERED IN THE BORINGS AT THE SITE INCLUDE LOOSE

SATURATED CLEAN SANDS WITHIN THE BROWNSAND AND GRAVEL MATERIAL AT DEPTH OF

ABOUT 105 35 FT BELOW THE ORIGINAL GROUND SURFACE WHEN SUBJECTED TO

10000YR DESIGN EARTHQUAKE 02 ACCELERATION THESE MATERIALS MAY BE

SUSCEPTIBLE TO LIQUEFACTION BUT LACK OF SUFFICIENT DATA PRECLUDES ACCURATE

ANALYSIS OF LIQUEFACTION POTENTIAL

LIQUEFACTION IS PHENOMENON RESULTING IN THE RAPID LOSS OF STRENGTH IN LOOSE

SANDS SUBJECTED TO SHAKING THIS TYPICALLY RESULTS IN INSTABILITY OF SLOPES NEAR THE

LIQUEFIED ZONE AND SETTLEMENT OF THE GROUND SURFACE
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FURTHER SOIL SAMPLING AND TESTING FOR GEOTECHNICAL STRENGTH AND SOIL PROPERTY

DATA ARE NEEDED IN CONJUNCTION WITH THE FINAL DESIGN OF THE PERMANENT WCS

PRELIMINARY SLOPE STABILITY

PRELIMINARY SLOPE STABILITY ANALYSES HAVE BEEN PERFORMED ON THE SIDE SLOPES

OF THE WCS THE FINAL COVER WILL BE CONSTRUCTED WITH SIDE SLOPES OF 20 PERCENT

5H1V THE STABILITY OF THE SLOPES WAS ASSESSED UNDER BOTH STATIC AND SEISMIC

LOADING CONDITIONS SOIL STRENGTH AND DENSITY PARAMETERS FOR THE SOILS AT THE SITE

WERE ESTIMATED BASED ON PUBLISHED CORRELATIONS WITH FIELD TEST DATA LABORATORY

INDEX PROPERTIES AND SOIL CLASSIFICATION ANALYSES WERE PERFORMED USING THE

SIMPLIFIED JANBU METHOD OF SLICES THE STATIC FACTOR OF SAFETY WAS FOUND TO BE

GREATER THAN 20 FOR BOTH LONG AND SHORTTERM ANALYSES

FOR STABILITY UNDER SEISMIC LOADING PSEUDOSTATIC ANALYSIS WAS PERFORMED

FOR THE 51 SLOPE ANY DESTABILIZING EFFECTS OF POTENTIAL LIQUEFACTION WERE IGNORED

AYIELDACCELERATIONTHATHORIZONTALACCELERATIONCAUSINGAFACTOROFSAFETYOF

UNITY OF 01 WAS CALCULATED FOR THE 51 SLOPE THE SLOPE DISPLACEMENT RESULTING

FROM 10000YR DESIGN SEISMIC EVENT 02 IS EXPECTED TO BE LESS THAN 03

FT

MORE COMPLETE ANALYSIS WILL BE PERFORMED FOR THE PROPOSED SLOPES WHEN

ADDITIONAL FIELD AND LABORATORY TEST DATA ARE AVAILABLE

43 BIOLOGICAL CONSIDERATIONS

OVERVIEW

IT IS IMPORTANT TO CONSIDER THE EFFECTS THAT ANIMALS AND PLANT LIFE WILL HAVE ON

THE LONGTERM EFFECTIVENESS OF THE WCS THEREFORE THIS SECTIQN WILL ADDRESS

WILDLIFE AND WILDLIFE HABITATS AT THE SITE
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ECOLOGICAL RESOURCES AND

THE NATURAL SUCCESSION OF PLANT LIFE

431 WILDLIFE HABITATS

WILDLIFE HABITAT ON AND AROUND THE SITE RANGES FROM THE PRODUCTIVE EMERGENT

HYDROPHYTIC VEGETATION OF WETLANDS TO SPARSE OPPORTUNISTIC HERBACEOUS GROWTH

LOCALLY UNIQUE RIPARIAN AND PALUSTRINE HABITATS ARE PRESENT IN THE CENTRAL DRAINAGE

DITCH AND THE FLOODPLAINS OF SIXMILE AND FOURMILE CREEKS THE LOWER PORTIONS OF

FOURMILE AND SIXMILE CREEKS ARE ESTUARIES WITH BACKWATER FROM LAKE ONTARIO

THE UPLAND WILDLIFE OF NESS CONSISTS OF SPECIES THAT ARE ASSOCIATED WITH

REVERTING FARMLAND AND INCLUDES WHITETAILED DEER COTTONTAIL RABBITS RACCOON

SKUNK OPOSSUM WOODCOCKAND VARIOUS SONGBIRDS REPTILES AND AMPHIBIANS

KNOWN TO OCCUR IN THE REGION INCLUDE SALAMANDERS TOADS FROGS AND TURTLES

NO ONSITE AQUATIC BIOTA SURVEYS HAVE BEEN PERFORMED FOR THE CENTRAL

DRAINAGE DITCH GENERAL INFORMATION ABOUT REGIONAL CONDITIONS IN WATERSHEDS SUCH

AS FOURMILE AND SIXMILE CREEKS INDICATES THAT WIDE DIVERSITY OF SPECIES IS

EXPECTED BECAUSE THE CENTRAL DRAINAGE DITCH IS AN INTERMITTENT DRAINAGE SYSTEM

IT IS NOT EXPECTED TO CONTAIN FISH AND INVERTEBRATE COMMUNITIES THERE IS PROBABLY

WIDE DIVERSITY OF AQUATIC SPECIES ASSOCIATED WITH THE LOWER ESTUARIES OF THE

FOURMILE AND SIXMILE CREEK WATERSHEDS

432 ECOLOGICAL RESOURCES

NESS IS LOCATED IN THE EASTERN LAKE SECTION OF THE CENTRAL LOWLAND

PHYSIOGRAPHIC PROVINCE THE CHARACTERISTIC LANDSCAPE OF THIS SECTION CONSISTS OF

DISSECTED AND GLACIATED LOWLANDS AND ESCARPMENTS THE NATURAL VEGETATION

INCLUDES ELM RED MAPLE AND NORTHERN HARDWOODS WITH BEECH WHITE ASH

BASSWOOD SUGAR MAPLE HICKORY HEMLOCK AND POPLAR TREES PREDOMINATING ON

WELLDRAINED REESTABLISHED FARMLAND UNDER THE INFLUENCE OF THE NATIVE DECIDUOUS
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FORESTS MOIST MINERAL SOILS WITH HIGH BASE SATURATION AND ALLUVIAL CLAY HORIZON

ALFISOLS WERE FORMED SOILS OF THE AREA ARE FORMED IN CLAYEY LACUSTRINE

SEDIMENTS THE SOILS ARE SHALLOW AND TYPICALLY SATURATED BY SEASONALLY HIGH

WATER TABLE OFFSITE HABITATS OF THE FOURMILE AND SIXMILE CREEK WATERSHEDS

REPRESENT LOCALLY UNIQUE ECOLOGICAL RESOURCE BECAUSE OF THEIR PROXIMITY TO THE

PUBLIC THESE HABITATS ARE CONTINUALLY ENCROACHED UPON AT THE LAKE ONTARIO

ESTUARY ONSITE AND OFFSITE HABITATS ARE NOT CONTAMINATED AND DO NOT PROVIDE

POTENTIAL EXPOSURE PATHWAY TO WILDLIFE FOURMILE CREEK RECEIVES WATER AND

SEDIMENTS FROM NFSS THROUGH VEGETATED DRAINAGEWAYS THAT MAY PRESENT

POTENTIAL EXPOSURE PATHWAY TO RESIDENTS AND WILDLIFE USING THOSE HABITATS IF

RADIONUCLIDES ARE TRANSPORTED FROM THE WCS

433 NATURAL PLANT SUCCESSION

AFTER INSTITUTIONAL CONTROLS HAVE BEEN REMOVED THE NATURAL PLANT SUCCESSION

AT THE SITE IS EXPECTED TO BE THE SAME AS THAT FOR OLD FIELDS ALTHOUGH PLANT

SUCCESSION IS CONSIDERED STOCHASTIC PROCESS IT IS POSSIBLE TO ESTIMATE

APPROXIMATELY WHAT PLANT COMMUNITIES WILL OCCUR AND WHEN THEY WILL BECOME

ESTABLISHED THE ECOLOGICAL COMMUNITIES OF NEW YORK STATE RESCHKE 990

DESCRIBES THREE APPLICABLE VEGETATION COMMUNITIES SUCCESSIONAL OLD FIELD

PROBABLY OCCURS IN LESS THAN 20 YR 1518 YR AFTER ABANDONMENT MELLINGER AND

MCNAUGHTON 1975 SUCCESSION OF VASCULAR PLANT COMMUNITIES IN OLD FIELDS WAS

STUDIED IN ONONDAGA COUNTY CENTRAL NEWYORK IN APPROXIMATELY THE SAME

ECOZONE AS NESS THE FOLLOWING TABLE SHOWS THE GENERAL SUCCESSION PROCESS
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TIME

YEARS TYPES OF PLANTS

20 MEADOW DOMINATED BY FORBS AND GRASSES OCCURS ON SITES THAT HAVE BEEN CLEARED

AND PLOWED FOR FARMING OR DEVELOPMENT AND THEN ABANDONED CHARACTERISTIC HERBS

INCLUDE

SMOOTH BROME BROMJS INERMIS QUACKGRASS AGROPYRON REP ENS
EVENING PRIMROSE OENOTHERA BIENNIS CALICO ASTER ASTER LATERIFLORUS

RAGWEED AMBROSIA ARTEMISIFOLIEL GAWKWEEDSHIERECIUM SPPL

DANDELION TAREXACUM OFFICINALEL OXTONGUE LPICRIS HIERACIOIDES

QUEENANNES LACE DAUCUS COROTAL TIMOTHY PHLEUM PRETENSE

SWEET VERNAL GRASS ANTHOXANTHUMODORATUM OLD FIELD CINQUEFOIL POTENTILLE SIMPLEX

WILD STRAWBERRYFRAGARIE VIRGINIENAL NEW ENGLAND ASTER ASTER NOVAEANGILEE

BLUEGRASSES POE PRATENSIS COMPRESSE ORCHARDGRASS DECTYLIS GLOMERETA

GOLDENRODS SOLIDEGO ELTISSIMA NEMORALIS

RUGOSA JUNCEE CENEDENSIS

END EUTHEMIA GRAMINIFOLIE

SHRUBS MAY BE PRESENT BUT COLLECTIVELY THEY HAVE LESS THAN 50 PERCENT COVER IN THE

COMMUNITY RESHKE 1990 CHARACTERISTIC SHRUBS INCLUDE

GRAY DOGWOODCORNUS FOEMINE SSP RECEMOSA SILKY DOGWOODCORNUS EMOMUM

40 IN APPROXIMATELY 925 MORE YEARS 3640 YR AFTER ABANDONMENT THE SUCCESSIONAL

OLD FIELD WILL BE SUCCEEDED BY SUCCESSIONAL SHRUBLAND MELLINGER AND MCNAUGHTON
1975 THIS COMMUNITY HAS AT LEAST 50 PERCENT SHRUB COVER CHARACTERISTIC SHRUBS

INCLUDE

RASPBERRIES RUBUS SPP HAWTHORNE CRETEEGUS SPP
SERVICEBERRIES AMELANCHIER SPP CHOKECHERRY PRUNUS VIRGINIANA

WILD PLUM PRUNUS AMERICANA SUMAC RHUS GLABRA TYPHINA

NANNYBERRY VIBURNUM LENTAGO ARROWWOOD VIBURNUM RECOGNITUM
EASTERN RED CEDER JUNIPERUS VIRGINIANE MULTIFLORA ROSE ROSA MULTIFLORA

GRAY DOGWOODCORNUS FOEMINE SSP RACEMOSA

00 IN THE HUMID SOUTHEAST THE MATURE FOREST PLANT COMMUNITY APPEARS 65 TO 50 YR AFTER

ABANDONMENT SUTER LUXMOORE AND SMITH 1993 THE SUCCESSIONAL SOUTHERN

HARDWOODS IN SOUTHERN NEWYORK STATE ARE MIXED HARDWOOD OR MIXED FOREST THAT

OCCURS ON SITES THAT HAVE BEEN CLEARED OR OTHERWISE DISTURBED RESCHKE 1990 THE

DOMINANT TREES ARE USUALLY ANY OF THE FOLLOWING

GRAY BIRCH BETULA POPULIFOLIA HAWTHORNS CRATEEGUS SPP
SASSAFRAS SASSAFRAS ALBIDUM BOX ELDER ACER NEGUN DO
AMERICAN ELM ULMUS AMERICANA SLIPPERY ELM RUBRA

RED MAPLE ACER RUBRUM SILVER MAPLE SACCHARINUM

EASTER RED CEDAR JUNPERUS VIRGINIANA

CERTAIN INTRODUCED SPECIES ARE COMMONLY FOUND IN SUCCESSIONAL FORESTS INCLUDING BLACK

LOCUST ROBINIA PSEUDOACACIA TREE OF HEAVEN AILANTHUS ALTISSIMA AND BUCKTHORN

RHAMNUS CATHARTICA THIS IS BROADLY DEFINED COMMUNITY DOMINATED BY LIGHT

REQUIRING WINDDISPERSED SPECIES WELLADAPTED TO ESTABLISHMENT FOLLOWING DISTURBANCE

SHRUBLAYER AND GROUNDLAYER DOMINANTS MAY INCLUDE MANY SPECIES CHARACTERISTIC OF

SUCCESSIONAL OLD FIELDS OR THEY MAY INCLUDE SPECIES THAT OCCURRED ON OR NEAR THE SITE

BEFORE DISTURBANCE
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434 SUMMARY

THE FOLLOWING TABLE IDENTIFIES THE POTENTIAL EFFECTS OF PLANT SUCCESSION AND

WILDLIFE ON THE NFSS WCS

TYPE EFFECT IMPACT ON THE WCS

DEEP ROOTS THE DEPTHS OF TREE ROOTS AVERAGE OVER THIS IS NOT CONSIDERED POTENTIAL EFFECT

10 FT WITH MAXIMUM DEPTHS OF BECAUSE UNLESS ROOTS PENETRATE THE CLAY

60 200 FT IF DEEP ROOTS PENETRATE THEY WILL NOT INCREASE THE INFILTRATION

THE WASTE OR RESIDUE THERE IS BECAUSE THE CLAY IS NOT COMPATIBLE

POTENTIAL FOR UPTAKE INTO THE TREE WATER SOURCE ROOTS WILL PROBABLY NOT

PENETRATE BELOW THE CLAY

WINDTHROW WINDTHROW TREE BLOWN DOWN BY THIS IS NOT CONSIDERED POTENTIAL EFFECT

HIGH WINDS CAN UPROOT LARGE AMOUNTS BECAUSE THE HOLE WILL BE FILLED BY BACKFILL

OF SOIL AND TEAR HOLES IN THE SURFACE OF RIPRAP OR TOPSOIL AND NOT CAUSE DAMAGE

LAYER OF SOIL TO THE INTEGRITY OF THE CLAY COVER

BURROWING THERE IS POTENTIAL FOR ANIMALS TO THIS IS NOT CONSIDERED PRACTICAL CONCERN

ANIMALS BURROW INTO THE WCS AND EXPOSE THE BECAUSE BURROWING ANIMALS SHOULD NOT

WASTE OR THE RESIDUES BURROWTHROUGH THE 09 FT OF BIO

BARRIER
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FIGURE 49
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IA

TABLE 41DESIGN REQUIREMENTS FOR THE NFSS WASTE CONTAINMENT STRUCTURE

ITEM DIKE AND

NO DESCRIPTION EXISTING INTERIM CAP LONGTERM CAP CUTOFF WALLS BOTTOM REMARKS

DESIGN SERVICE LIFE 2550 YEARS 2001000 YEARS 2001000 YEARS 2001000 YAARS

SAFETY FACTOR CUTOFF WALLS SLOPESTABILITY STATIC CONDITIONSEARTHQUAKESURFACE DRAINAGE SLOPETOP SURFACE 510 510SIDE SLOPES MAX 3H TO LV MAX 5H TO LV

SURFECE EROSION PROTECTION SHALLOW ROOTED GRASS SHALLOWROOTED GRASSRIPRAP TO ELEVATION984 323 FT

INTRUSION BARRIER REQUIRED NO YES

FROST PENETRATION 48 IN 48 IN

ASSUME BAREGROUND

RADON BARRIER REQUIRED YES 120 PCIM YES 20 PCIMRADIATION BARRIER REQUIRED YES 100 MREMYR YES 100 MREMLYRCOMPONENT CONSTRUCTION TOPSOILCLAY TOPSOILROCK LAYERCLAY CLAY NATURAL CLAY STRATA

10 CLAY PERMEABILITY 10 10 CMS APPROX 10 APPROX 10

11 CLAY ADSORPTION COEFFICIENTNATURAL URANIUM MLG MLG MLG MIGRADIUM226 500 MLG 500 MLG 500 MUG 500 MLGINSPECTION AND MAINTENANCE YES DESIGN LIFE YES NO NOREQUIRED
13 EARTHQUAKE PSEUDOSTATIC 01 015 015COEFFICIENT

14 DOE CONCENTRATION GUIDE FORRADIONUCLIDE MIGRATIONGROUNDWATER CONCENTRATIONUNCONTROLLED AREASNATURAL URANIUM 600 PCII 600 PCIIRADIUM226 228 30 PCII 30 PCII

15 TEMPERATURE EXTREMES 29O TO 34 29O TO

34 29O TO 34

TO

94 200 TO 94 TO

94



TABLE 41CONTINUED

ITEM DIKE ANDNO DESCRIPTION EXISTING INTERIM CAP LONGTERM CAP CUTOFF WALLS BOTTOM REMARKS

16 RAINFALL PER YEAR 74 CM 29 IN 74 CM 29 IN

17 WIND SPEED AND DIRECTION 80 MPH SOUTHWEST 80 MPH SOUTHWEST

18 ANNUAL DEEPINFILTRATION RATE 254CM 10 IN 254CM 10 IN

19 DESIGN FLOOD PLAIN ELEVATION ELEVATION 966 PROBABLE MAXIMUM PROBABLE MAXIMUM317 FT MSL FOOD PMF FOOD PMFPER 100 YEARS 984 323 FT 984 323 FT

20 GROUNDWATER ELEVATION HIGH ELEVATION 96315FT MSLEXCLUSIVE OF PMF

21 SNOWFALL PER YEAR 24 93 IN 24 93 IN

22 INTERNAL CAP DRAINAGE LAYER NONE YES

23 WASTE CONTAINMENT CONSOLIDATION MINIMIZE SETTLEMENT MINIMIZE SETTLEMENT 95 COMPACTION95 COMPACTION 95 COMPACTION

24 SHRINKAGE SWELLING AND FROST YES TO IN VOLUME YES TO IN VOLUME YES TO IN NOACTION REQUIREMENTS EXPANSION EXPANSION VOLUME EXPANSION

25 MIGRATION LIMITS NOT TO EXCEED EPA PRIMARY NOT TO EXCEED EPA PRIMARY NOT TO EXCEED EPA NOT TO EXCEED EPADRINKING WATER STANDARDS IN DRINKING WATER STANDARDS IN PRIMARY DRINKING PRIMARY DRINKINGOFFSITE GROUNDWATER OFFSITE GROUNDWATER WATER STANDARDS IN WATER STANDARDS INOFFSITE GROUNDWATER OFFSITE GROUNDWATER

26 BUFFER ZONE MEASURED FROM LATERAL 305 100 FT 305 100 FTLIMIT OF WASTE

27 GROUNDWATER HYDRAULIC GRADIENT 00015SATURATED ZONE

SOURCE ADDENDUM TO THE DESIGN REPORT FOR THE INTERIM WASTE CONTAINMENT FACILITY AT THE NIAGARA FALLS STORAGE SITE LONGTERM CONTAINMENT OPTION LEWISTON NEW YORKTABLE 31 BNI 1986

FILL 11 PU PU PILL II
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50 PATHWAY ANALYSIS

SITESPECIFIC PATHWAY ANALYSIS FOR THE FACILITY PERFORMANCE OF NFSS WAS

CONDUCTED IN ACCORDANCE WITH THE NUCLEAR REGULATORY COMMISSION GUIDANCE IN

NUREGCR5453 SHIPER AND HARLAN 1989 FOR NEARGROUND LOWLEVEL RADIOACTIVE

WASTE DISPOSAL FACILITIES THE PRIMARY OBJECTIVE OF THE ANALYSIS WAS TO DEVELOP

COMPREHENSIVE LIST OF REALISTIC SITESPECIFIC RELEASE SCENARIOS THAT COULD RESULT VIA

VARIOUS MIGRATION AND EXPOSURE PATHWAY CHAINS IN SIGNIFICANT HEALTH EFFECTS ON

MAXIMALLY EXPOSED INDIVIDUAL IN THIS ANALYSIS THE TERM SCENARIO REPRESENTS

RELEASE MECHANISM OR AN INITIATING EVENT THAT CAUSES RADIONUCLIDES FROM THE WASTE

MATRIX TO BE RELEASED TO THE SURROUNDING GEOLOGICAL OR BIOLOGICAL MEDIA EACH

SCENARIO CAN INCLUDE ONE OR MORE PATHWAYS OF HUMAN EXPOSURE THE MOST

PROBABLE PATHWAYS OF HUMAN EXPOSURE ARE IDENTIFIED LATER IN THIS SECTION

APPLICABLE SCENARIOS ARE PRESENTED IN SECTION INCLUDING THE SCENARIO DESCRIPTION

IMPACT ON THE FACILITY APPLICABLE PATHWAYS AND THE DOSE TO MAN THE DOSE TO

THE EXPOSED INDIVIDUAL IS CALCULATED AS THE SUM OF THE DOSES FROM PARALLEL

PATHWAYS FOR EACH SCENARIO

51 PATHWAY SCREENING

IN THE TRANSFER OF RADIONUCLIDES FROM THE WASTE SOURCE TO THE EXPOSED

INDIVIDUAL EACH OF THE ENVIRONMENTAL MEDIA INVOLVED IS CONSIDERED LINK FOR

EXAMPLE ZEROLINK PATHWAY CHAIN DOES NOT INVOLVE MEDIUM OF TRANSFER THUS

IT REPRESENTS DIRECT CONNECTION BETWEEN THE WASTE SOURCE AND THE EXPOSED

INDIVIDUAL ONELINK PATHWAY CHAIN REPRESENTS ONE MEDIUM BETWEEN THE SOURCE

AND THE MAN EG SOURCE TO GROUNDWATER TO MAN TWOLINK PATHWAY CHAIN

REPRESENTS TWO MEDIA BETWEEN THE SOURCE AND MAN SUCH AS SOURCE TO

GROUNDWATER TO SURFACE WATER TO MAN SIMILARLY PATHWAYS WITH MULTIPLE LINK

CHAINS CAN BE DEFINED

AS INDICATED IN NUREGCR5453 IF NINE ENVIRONMENTAL MEDIA AIR

GROUNDWATER SURFACE WATER SOIL SEDIMENT LAND PLANTS LAND ANIMALS AQUATIC
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PLANTS AND AQUATIC ANIMALS ARE CONSIDERED AS POSSIBLE LINKS INFINITECHAIN

PATHWAYS CAN BE DESCRIBED WHERE TRANSPORT OF RADIONUCLIDES CAN REACH MAN FROM

THE SOURCE HOWEVER BEYOND FOURLINK CHAINS SIGNIFICANT DILUTION OF

CONTAMINANTS CAUSES THE ADDITIONAL CONTRIBUTION TO THE DOSE TO THE EXPOSED

INDIVIDUAL TO BE INSIGNIFICANT CHAINS INVOLVING RECYCLED PATHS WHERE RADIONUCLIDES

CONTAMINATE THE SAME TRANSPORT MEDIUM TWICE FOR EXAMPLE DEPOSITION OF

AIRBORNE CONTAMINANT AT SECONDARY LOCATION AND RESUSPENSION OF IT SO THAT IT IS

AVAILABLE FOR FURTHER TRANSPORT IN AIR ALSO GENERATE INSIGNIFICANT ADDITIONAL DOSE

THEREFORE THIS ANALYSIS DID NOT CONSIDER CHAINS BEYOND FOURLINK CHAINS AND

ELIMINATED RECYCLED CHAINS THE APPLICABLE ZERO ONE TWO THREE AND FOUR

CHAIN PATHWAYS WERE FURTHER REDUCED CONSIDERING THE NATURE OF THE RECEPTOR THE

SITE THE WASTE AND THE FACILITY CHARACTERISTICS AND THE PRESENT AND FUTURE LAND

USE TWO PERFORMANCE CHARACTERISTICS OF THE FACILITY ARE CONSIDERED IN GROUPING

THE APPLICABLE PATHWAYS THE UNDISTURBED PERFORMANCE OF THE FACILITY AND THE

DISTURBED PERFORMANCE OF THE FACILITY

THE PATHWAYS UNDER THE UNDISTURBED PERFORMANCE CATEGORY ARE SELECTED ON

THE BASIS OF THE FOLLOWING ASSUMPTIONS

THE FACILITY STRUCTURE AND SOIL COVER REMAIN INTACT AND PERFORM AS

DESIGNED TO PROVIDE ADEQUATE SHIELDING AND MINIMIZE INFILTRATION

THE FACILITY DOES NOT CONTAIN LARGE AMOUNTS OF GASEOUS WASTE PRODUCT

ANDOR ORGANIC WASTE PRODUCTS EXCEPT RADON222 THAT COULD RESULT IN

RADIONUCLIDETAGGED DECOMPOSITION GASES

THE COVER DESIGN LIMITS ANIMAL AND PLANT INTRUSION INTO THE WCS

CONSERVATIVE ESTIMATE OF THE DOSE IS BASED ON THE ASSUMPTION THAT THE

RECEPTOR IS AN ADULT INDIVIDUAL WHO LIVES 250 820 FT FROM THE WCS IN THE

PREDOMINANT WIND AND GROUNDWATER FLOW DIRECTION AND INSTALLS WELL THERE HE OR

SHE IS EXPOSED TO RADIONUCLIDES BY DRINKING THE WELL WATER THE RECEPTOR DOES NOT

IRRIGATE PLOT WITH WELL WATER TO RAISE PLANTS AND ANIMALS FOR CONSUMPTION AND

DOES NOT CONSUME PLANT OR ANIMALS RAISED NEAR THE SITE CONSERVATIVELY IT IS
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ASSUMED THAT GROUNDWATER IS USED FOR DRINKING ALTHOUGH LOCAL GROUNDWATER IS HIGH

IN TOTAL DISSOLVED SOLIDS IS NOT SUITABLE FOR DRINKING AND IS NOT LIKELY SOURCE FOR

DRINKING WATER IN THE FUTURE HOWEVER FOR THIS REPORT THE GROUNDWATER PATHWAY

WILL BE CONSIDERED THEREFORE THE ONLY APPLICABLE UNDISTURBED PATHWAY CHAINS ARE

THE SOURCE TO GROUNDWATER TO MAN AND THE SOURCE TO AIR TO MAN RADON IN THE

PATHWAY FROM THE SOURCE TO GROUNDWATER TO MAN PRECIPITATION INFILTRATING THE CAP

AND THE WCS WILL LEACH OUT RADIONUCLIDES INTO THE GROUNDWATER AND THEN TO THE

HOMESTEADERS WELL

FOR DISTURBED PERFORMANCE THE PATHWAYS ARE ASSUMED TO BE CREATED BY AN

INITIATING EVENTEITHER NATURALLY OCCURRING EVENT OR AN EVENT RESULTING FROM THE

ACTIVITIES OF AN INTRUDERTHAT DISRUPTS THE INTEGRITY OF THE WCS OR EXPOSES THE

WASTE AT THE SURFACE NATURALLY OCCURRING EVENTS INCLUDE WIND AND WATER EROSION

EARTHQUAKES LANDSLIDES AND FLOODING THE DISRUPTIVE EVENTS FROM INTRUDERS

INCLUDE CONSTRUCTION DRILLING RESOURCE EXPLORATION AND EXPLOITATION OF THE

DISPOSAL FACILITY FOR DISTURBED PERFORMANCE IN ADDITION TO THE PATHWAYS FROM THE

SOURCE TO GROUNDWATER TO MAN AND FROM THE SOURCE TO AIR TO MAN ANOTHER

PATHWAY IS FROM THE SOURCE TO MAN THESE THREE PATHWAYS ARE DESCRIBED FURTHER

BELOW

52 APPLICABLE PATHWAYS

521 SOURCE TO GROUNDWATER TO MAN

THIS CHAIN CONSISTS OF THE GENERATION OF LEACHATE FROM THE WASTE SOURCE AND

ITS TRANSFER AND TRANSPORT THROUGH THE GROUNDWATER TO THE RECEPTOR AT THE SITE

BOUNDARY WELL THE WASTE SOURCE AT THE SITE INCLUDES TWO FORMS THE WASTES AND

THE K65 RESIDUES AVAILABLE SITE CHARACTERIZATION DATA INDICATE THAT BOTH FORMS

HAVE PH THAT IS NEUTRAL TO SLIGHTLY BASIC SEE SECTION 30 FOR THE WASTE

CHARACTERISTICS BUT THE RESIDUES HAVE MUCH HIGHER CONCENTRATION OF

RADIONUCLIDES AND METALS THAN THE WASTES THE CONTAMINANTS OF CONCERN IN THE

K65 RESIDUES ARE THE RADIONUCLIDES RADIUM226 AND THORIUM230 WHICH HAVE
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HIGH ADSORPTION CHARACTERISTICS AND LOW SOLUBILITY URANIUM WAS NOT CONSIDERED IN

THE GROUNDWATER MODELING OF THE K65 RESIDUES BECAUSE ONLY LOW CONCENTRATIONS

OF URANIUM REMAIN IN THE RESIDUES AND OTHER MATERIALS THAT WERE PROCESSED TO

EXTRACT URANIUM THE SOLUBILITY OF RADIUM AND THORIUM IS GREATER IN HIGHLY ACIDIC

ENVIRONMENT THE BUILDUP OF AN ACIDIC CONDITION INSIDE THE WCS WILL ALWAYS BE

UNLIKELY BECAUSE UNLIKE COMMERCIAL LANDFILLS THERE IS LITTLE ORGANIC MATTER IN THE

WASTE THAT COULD DECAY AND PRODUCE ORGANIC ACIDS THE CONCRETE CELL WHERE THE

RESIDUES ARE STORED THE BASEMENT OF BUILDING 411 SUSTAINS LONGTERM BASIC

ENVIRONMENT AROUND THE K65 RESIDUES AS CONCRETE AGES AND DECAYS THE

RESULTING MATERIAL CONTINUES TO PRODUCE BASIC ENVIRONMENT AROUND THE RESIDUES

AND TENDS TO NEUTRALIZE ANY ACIDIC WATER THAT MIGHT INFILTRATE THE WCS GIVEN THE

CHEMICAL FORM OF THE RADIONUCLIDES IN THE WASTE AND RESIDUES AND THE NEUTRAL TO

SLIGHTLY BASIC PH OF THE WASTE AND RESIDUES THE WASTE AND RESIDUES WOULD HAVE

TO BE EXPOSED TO VERY ACIDIC CONDITIONS TO INITIATE THE LEACHING PROCESS THAT WOULD

RESULT IN MIGRATION OF RADIONUCLIDES TO THE GROUNDWATER OR SURFACE WATER

ALTHOUGH THESE CONDITIONS IMPLY THAT THERE WILL BE NO RADIONUCLIDE LEACHATE

GENERATED IN THIS ANALYSIS THE WORST CASE IS ASSUMED THAT SOME LEACHATE WIIL

REACH THE GROUNDWATER THREEDIMENSIONAL GROUNDWATER FLOW AND TRANSPORT

MODEL HAS BEEN DEVELOPED TO QUANTIFY THE SOURCE TERM THE TRANSPORT AND THE

RESULTING CONCENTRATIONS IN THE RECEPTOR WELL WATER THE HYDROGEOLOGIC

CONCEPTUAL MODEL THE SOURCE TERM DEVELOPMENT AND THE FLOW AND TRANSPORT

MODEL ARE PRESENTED IN APPENDIX

THE GROUNDWATER FLOW AND TRANSPORT MODELING STUDY USED MODFLOW

MCDONALD AND HARBOUGH 1988 TO SIMULATE THE THREEDIMENSIONAL FLOW FIELD AND

MT3D ZHENG 1992 TO SIMULATE THE THREEDIMENSIONAL TRANSPORT OF THE

CONTAMINANTS THE CONCEPTUAL MODEL WAS DEVELOPED BASED UPON GEOLOGISTS

INTERPRETATION AND REVIEW OF LOCAL GEOLOGIC AND HYDROGEOLOGIC REPORTS BEFORE THE

TRANSPORT MODEL WAS IMPLEMENTED THE FLOW MODEL WAS CALIBRATED TO 1988 AND

1989 AVERAGE WATER LEVEL ELEVATIONS RECORDED IN NEARBY MONITORING WELLS
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THE CONTAMINANT TRANSPORT MODEL MT3D USED THE FLOW SOLUTION GENERATED

BY MQDFLOW AND SIMULATED THE MIGRATION OF THE K65 RADIOACTIVE RESIDUES

CURRENTLY STORED IN THE WCS AS CONSERVATIVE ASSUMPTION THE RESIDUES WERE

ASSUMED TO BE SATURATED AND IN DIRECT CONTACT WITH THE GROUNDWATER SURFACE THE

SOLUBILITY AND DISTRIBUTION COEFFICIENTS FOR RADIUM226 WERE USED IN THE TRANSPORT

SIMULATION BECAUSE THORIUM IS LESS SOLUBLE AND HAS HIGHER DISTRIBUTION COEFFICIENT

THAN RADIUM SOLUBILITYBASED CONTAMINANT CONCENTRATIONS WERE INTRODUCED INTO

THE TRANSPORT MODEL AS CONSTANT SOURCE THROUGHOUT THE SIMULATION RETARDATION

AND RADIOACTIVE DECAY EFFECTS WERE INCLUDED IN THE TRANSPORT SIMULATIONS

RESULTS OF THE GROUNDWATER FLOW AND TRANSPORT MODELING STUDY INDICATE THAT

BECAUSE OF THE LOW SOLUBILITY AND THE RELATIVELY HIGH RETARDATION FACTOR OF

RADIUM226 CONTAMINANT CONCENTRATIONS IN EXCESS OF PCIL WILL NOT MIGRATE

BEYOND THE BOUNDS OF THE WCS WITHIN THE 10000YR TIME FRAME FIGURE 51
FIGURE 52 PRESENTS CROSSSECTIONAL VIEWS OF THE EXTENT OF RADIUM226 MIGRATION

THE RESULTS ALSO INDICATE THAT DIFFUSION IS THE PRIMARY METHOD OF CONTAMINANT

TRANSPORT

BECAUSE THE MODEL ASSUMES THAT THE RESIDUES AND WASTE ARE SATURATED THE

RESULTING RISKS ARE INDEPENDENT OF THE PHYSICAL CONDITION OF THE WCS THEREFORE

THE CONTRIBUTION TO THE TOTAL DOSE BY THE GROUNDWATER PATHWAY WOULD BE THE

SAME FOR ALL SCENARIOS AS CAN BE SEEN FROM THE MODELING RESULTS IN APPENDIX

THE MAXIMUM DISTANCE FOR CONTAMINANT TRANSPORT FOR THE 10000YR PERIOD IS 66

200 II THEREFORE BECAUSE THE CONTAMINANTS WILL NOT REACH ANY RECEPTOR WELL

THE DOSE FROM GROUNDWATER WILL BE MREMYR

522 SOURCE TO AIR TO MAN

THE RADIUM226 IN BOTH THE WASTE AND THE RESIDUES ALLOWS FOR GENERATION OF

RADON222 BY RADIOACTIVE DECAY BECAUSE RADON IS NOBLE GAS IT POSES UNIQUE

PROBLEM IN CALCULATING RISK IT DOES NOT BOND WITH ANY OF THE MATERIAL AROUND IT

AND IS AVAILABLE TO TRANSPORT HOWEVER THE GAS IS HEAVIER THAN AIR AND MUST HAVE
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MECHANISM SUCH AS DIFFERENCES IN ATMOSPHERIC PRESSURE TO MOBILIZE IT AND THE

GAS HAS RELATIVELY SHORT HALFLIFE OF 386 DAYS BECAUSE OF THESE CHARACTERISTICS

THE GAS CAN BE EFFECTIVELY PREVENTED FROM REACHING THE ATMOSPHERE BY MINIMUM

OF FT OF SOIL AND IT IS SIGNIFICANTLY ATTENUATED BY SMALLER AMOUNTS OF SOIL

BECAUSE OF THE AMOUNT OF RADIUM226 PRESENT IN THE RESIDUES THIS PATHWAY IS

CONSIDERED CREDIBLE AND APPLICABLE FOR DOSE TO MAN THE MODELING APPROACH IS

PRESENTED IN APPENDIX AND THE RESULTS ARE PROVIDED IN SECTION WITH THE

APPROPRIATE SCENARIOS

523 SOURCE TO MAN

THIS PATHWAY CHAIN WHICH IS THE DIRECT EXPOSURE OF MAN TO WASTE IS

CONSIDERED CREDIBLE FOR SOME OF THE SCENARIOS INVOLVING THE DISTURBED PERFORMANCE

OF THE FACILITY THE DIRECT EXPOSURE PATHWAY BECOMES VIABLE ONLY IF RESIDUES HAVE

BEEN EXPOSED THE DIRECT EXPOSURE TO MAN INVOLVING DELIBERATE EXCAVATION INTO

THE K65 RESIDUES WAS NOT EVALUATED BECAUSE THERE IS NO WAY TO QUANTIFY

EXPOSURE TIME HOWEVER EXPOSURE FROM DIRECT CONTACT WOULD LIKELY BE FATAL

EXPOSURE IS PROBABLE ONLY IN THE GLACIATION AND INTRUSION SCENARIOS FURTHER

DISCUSSION AND QUANTIFICATION OF THIS PATHWAY WILL BE SCENARIOSPECIFIC AND

COVERED IN SECTION APPENDIX PROVIDES THE MODELING METHODS ASSUMPTIONS

AND RESULTS FOR THIS PATHWAY
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60 SCENARIOS

THE FOLLOWING SCENARIOS ARE CONSIDERED FOR POSTINSTITUTIONAL CONTROL WCS

PERFORMANCE

DESCRIPTION

EROSION OF THE CAP BASE CASE UNDISTURBED PERFORMANCE OF FACILITY WITH

NATURAL EROSION OF THE CAP BY WATER AND WIND

EARTHQUAKE DISTURBED PERFORMANCE NATURAL EVENT

DISTURBED PERFORMANCE NATURAL EVENT

PRECIPITATION FLOODS DISTURBED PERFORMANCE NATURAL EVENT

DAM BREAKS RESULTING IN FLOOD DISTURBED PERFORMANCE NATURAL EVENT

RISING OF LAKE ONTARIO DISTURBED PERFORMANCE NATURALEVENT

GLACIATION DISTURBED PERFORMANCENATURAL EVENT

INTRUDER EXPLORATORYDRILLING DISTURBED PERFORMANCE HUMANINTRUSION

THE ANALYSIS PRESENTED IN THIS SECTION DOES NOT ACCOUNT FOR DELIBERATE

DISMANTLEMENT OF THE WCS INSTEAD IT EXAMINES THE EFFECTS OF NATURAL FORCES

ONE INTRUDER SCENARIO DRILLING THROUGH THE WCS WAS ANALYZED BECAUSE IT

REPRESENTS THE TYPE OF EXPLORATORY INTRUSION THAT COULD OCCUR THE APPLICABLE

SCENARIOS ARE DESCRIBED BELOW ALONG WITH THE IMPACT TO THE FACILITY AND RESULTING

RISK HUMAN HEALTH EVALUATIONS WERE PERFORMED FOR THE 200 000 AND

10000YR TIME PERIODS CORRESPONDING WITH THE MINIMUM DESIGN LIFE AND

REGULATORY TIMES OF INTEREST THE ANALYSIS ASSUMES LOSS OF INSTITUTIONAL CONTROLS

AFTER 100 YR

61 SCENARIO EROSION OF THE CAP

611 DESCRIPTION

THIS SCENARIO ASSUMES UNDISTURBED PERFORMANCE OF THE FACILITY FOR ALL TIME

PERIODS OF CONCERN WITH NATURAL EROSION OF THE CAP BY WATER AND WIND THE

RECEPTOR IS AN INDIVIDUAL WHO LIVES 250 820 FT FROM THE WCS IN THE
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PREDOMINANT WIND AND GROUNDWATER FLOW DIRECTION AND DEVELOPS WELL FOR

DRINKING WATER SUPPLY

612 IMPACT ON THE FACILITY

THE CAP LAYERS AT THE WCS HAVE BEEN DESIGNED TO WITHSTAND LONGTERM

EROSION FROM RAINFALLRUNOFF AND WIND APPENDIX PROVIDES THE DETAILED EROSION

ANALYSIS FOR THE WCS THE RESULTS OF THIS ANALYSIS CONSERVATIVELY ESTIMATE THE

WATERINDUCED EROSION RATE AT 008 CM 003 INYR THE WIND EROSION RATE IS

CONSIDERED NEGLIGIBLE 0003 INYR SEE APPENDIX WITH TOTAL EROSION RATE OF

008 CM 003 INYR THE 46CM 18IN TOPSOIL LAYER WILL BE ERODED IN 600 YR

FIGURE 61 ONE CAN CONSERVATIVELY ASSUME THAT WITHIN 600700 YR THE RIPRAP

CONSISTING OF 46CM 18IN ROCKS WILL BE EXPOSED THE ROCK MOST LIKELY TO BE

USED AT NESS IS DOLOMITE OF THE LOCKPORT FORMATION

DOLOMITE IS CARBONATE CA MG C0 SUBJECT TO DISSOLUTION ALTHOUGH IT

MAY BE POSSIBLE TO CALCULATE THE RATE OF DISSOLUTION IT IS MORE REASONABLE TO

OBTAIN AN EVALUATION OF DISSOLUTION CAPABILITIES FROM GEOLOGIC HISTORY GLACIAL

STRIAE AND GLACIAL FLUTINGS IMPRESSIONS MADE ON THE TOP OF ROCK BY PASSING GLACIAL

ICE HAVE BEEN OBSERVED IN QUARRIES IN THE LOCKPORT DOLOMITE THESE MARKINGS

WHICH RANGE FROM FRACTION OF AN INCH TO SEVERAL FEET IN AMPLITUDE ARE AT LEAST

2000 YEARS OLD WHICH IS THE APPROXIMATE TIME OF THE END OF THE LAST GLACIATION

AND HAVE NOT BEEN SIGNIFICANTLY AFFECTED BY CHEMICAL WEATHERING BUEHLER AND

TESMER 1963

KARST TOPOGRAPHY WHICH TYPICALLY DEVELOPS IN MATURE CARBONATE TERRAIN

BECAUSE OF CHEMICAL WEATHERING HAS NOT DEVELOPED IN THE LOCKPORT FORMATION

THE BEDROCK SURFACE IN THE NIAGARA COUNTY AREA IS RELATIVELY FLAT WITH ONLY FEW

GENTLE UNDULATIONS FINALLY ALTHOUGH ALL CARBONATES ARE SUBJECT TO DISSOLUTION

DOLOMITE IS ONE OF THOSE LEAST AFFECTED BY WEAK ACIDIC SOLUTIONS THIS EVIDENCE

ALTHOUGH QUALITATIVE IN NATURE SUGGESTS THAT CHEMICAL WEATHERING WILL NOT

COMPROMISE THE INTEGRITY OF THE WCS DURING THE DESIGN LIFE
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THE BEST INDICATION OF ROCK QUALITY AND DURABILITY IS USUALLY PROVIDED BY PAST

SERVICE RECORDS ALTHOUGH RECORDS ARE NOT AVAILABLE FOR MATERIAL WITH 200 TO

I000 YR DESIGN LIFE THE DOLOMITE ROCK FOUND LOCALLY HAS BEEN SUCCESSFULLY USED IN

MANY CIVIL ENGINEERING APPLICATIONS IN THE NIAGARA COUNTY AREA

IT IS THEREFORE LIKELY THAT THIS 1IN 3FT LAYER OF RIPRAP WILL NOT BE ERODED NOR

WILL THE INTEGRITY OF THE WCS BE COMPROMISED FOR THE 10000YR PERIOD OF

CONCERN FIGURE 61 SHOWS THE CONFIGURATION OF THE WCS FOR THE TIME PERIODS OF

THE EVALUATION

613 APPLICABLE PATHWAYS AND DOSE TO MAN

THE APPLICABLE PATHWAYS FOR THIS SCENARIO ARE THE GROUNDWATER PATHWAY AND

THE AIR PATHWAY THE DOSE IS CALCULATED FOR EACH PATHWAY AND ADDED TOGETHER FOR

ALL THE RADIONUCLIDES OF CONCERN TO ARRIVE AT THE TOTAL DOSE FOR THIS SCENARIO THE

FOLLOWING TABLE PROVIDES THE DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL DURING THE

TIME PERIODS OF INTEREST

DOSE MREMLYR
TIME PERIOD GROUNDWATER RADON

OF INTEREST APPENDIX APPENDIX TOTAL

200 YR 46 1O 46 1O
1000 YR 57 1O 57 1O

10000 YR 53 10 53 I0

62 SCENARIO EARTHQUAKE

621 DESCRIPTION

THE INITIATING EVENT FOR THIS SCENARIO IS AN EARTHQUAKE WITH AN ACCELERATION OF

02 THAT DISTURBS THE FACILITY ANY TIME DURING THE 10000YR PERIOD OF CONCERN

THE RECEPTOR IS THE SAME HOMESTEADER AS IN SCENARIO
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622 IMPACT ON THE FACILITY

FAILURE MECHANISMS ATTRIBUTED TO EARTHQUAKE LOADING FROM THE 10000YR

MCE INCLUDE SLOPE INSTABILITY SLOPE DEFORMATION AND SEISMICALLY INDUCED

SETTLEMENT PRELIMINARY SLOPE STABILITY ANALYSES HAVE BEEN PERFORMED BASED ON

LIMITED STRENGTH DATA AND COMMON GEOTECHNICAL CORRELATIONS POTENTIAL EFFECTS OF

EXCESS PORE PRESSURES GENERATED BY SEISMIC EFFECTS ON SANDY MATERIALS TOTAL OR

PARTIAL LIQUEFACTION HAVE NOT BEEN INCLUDED

41

PRELIMINARY CALCULATIONS USING THE MAXIMUM EARTHQUAKE EXPECTED FOR THE

10000YR PERIOD PREDICT SLOPE MOVEMENT UNDER THE DESIGN EARTHQUAKE LOADING

THE MOVEMENT FROM THE MOE IS EXPECTED TO BE ABOUT 03 FT WHICH WILL

LIKELY CRACK THE CLOSURE CAP BUT NOT CAUSE COMPLETE BREACH OF THE CLAY MATERIAL

IF LIQUEFACTION OCCURS AT THE SITE THERE ARE PRESENTLY INSUFFICIENT DATA FOR

COMPLETE EVALUATION SIGNIFICANTLY LARGER SLOPE DISPLACEMENTS ARE POSSIBLE THE

PRELIMINARY CALCULATIONS ARE PRESENTED IN APPENDIX

SEISMICALLY INDUCED SETTLEMENT IS NOT EXPECTED IN THE COMPACTED FILL OR IN THE

COHESIVE SOILS BENEATH THE SITE SETTLEMENT CHARACTERISTICS OF THE SANDY MATERIALS

WILL BE ADDRESSED WHEN ADDITIONAL DATA ARE AVAILABLE FOR ANALYSIS ALTHOUGH

EXISTING DATA INDICATE THAT SUSCEPTIBLE AREAS EXIST ONLY LOCALLY IN THE RELATIVELY THIN

SANDY LAYER

3W

IF CONDITIONS ARE FOUND UNSTABLE FOR THE FACILITY STABILIZING MEASURES WILL BE

TAKEN THESE MEASURES MAY INCLUDE PLACEMENT OF STABILIZING BERMS AT THE TOE OF

THE STRUCTURE FLATTENING OF PERIMETER SLOPES OR OTHER REGRADING OF THE FACILITY TO

MORE STABLE CONFIGURATION FURTHER GEOTECHNICAL SAMPLING LABORATORY TESTING AND

ANALYSIS ARE RECOMMENDED BEFORE FINAL DESIGN OF THE STRUCTURE IS COMPLETED
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623 APPLICABLE PATHWAYS AND DOSE TO MAN

BECAUSE THE CONFIGURATION OF THE WCS WILL NOT CHANGE FROM SCENARIO THE

APPLICABLE PATHWAYS AND DOSE TO MAN WILL BE THE SAME AS SCENARIO

63 SCENARIO TORNADO

631 DESCRIPTION
44

THE INITIATING EVENT FOR THIS SCENARIO IS TORNADO HITTING THE FACILITY ANY TIME

DURING THE 10000YR OF PERIOD OF CONCERN THE AFFECTED RECEPTOR IS THE

HOMESTEADER OF SCENARIO

632 IMPACT ON THE FACILITY

THE POSSIBLE FAILURE MECHANISM OF THE TORNADO SCENARIO WOULD BE BY

WINDTHROW OF TREES WINDTHROW IS CAUSED BY THE TOPPLING OF TREES BY

HIGHVELOCITY WINDS THIS WILL NOT BE CONCERN UNTIL MATURE TREES HAVE BEEN

ESTABLISHED ON THE CAP PROBABLY 100 YR AFTER INSTITUTIONAL CONTROLS HAVE ENDED

SEE SECTION 43 SECTION 43 MENTIONS THAT WINDTHROW COULD CAUSE DAMAGE TO

THE CAP BY UPROOTING TREES WITHIN THE CAP MATERIAL AND EXPOSING THE LOWER CLAY

COVER MATERIAL HOWEVER THE EXCAVATION WOULD BACKFILL ITSELF AND NOT CAUSE

EXCESS EROSION BECAUSE THE MATERIALS PROTECTING THE CLAY COVER WILL NOT BE

PERMANENTLY DAMAGED BY THE OCCURRENCE OF TORNADOES THE IMPACT ON THE FACILITY

IS ASSUMED TO BE THE SAME AS SCENARIO

633 APPLICABLE PATHWAYS AND DOSE TO MAN

SINCE THE CONFIGURATION OF THE WCS WILL NOT CHANGE FROM SCENARIO THE

APPLICABLE PATHWAYS AND DOSE TO MAN WILL BE THE SAME AS FOR SCENARIO
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64 SCENARIO PRECIPITATION FLOODS

641 DESCRIPTION

THIS SCENARIO ADDRESSES THE PROBABLE MAXIMUM FLOOD PMF OCCURRING DURING

THE 10000YR PERIOD OF CONCERN PMF IS FLOOD CAUSED BY THE PROBABLE

MAXIMUM PRECIPITATION PMP EVENT THE PMF IS DEFINED AS THE FLOOD THAT MAY

BE EXPECTED FROM THE MOST SEVERE COMBINATION OF CRITICAL METEOROLOGICAL AND

HYDROLOGIC CONDITIONS THAT ARE REASONABLY POSSIBLE IN THE DRAINAGE BASIN UNDER

STUDY FERC 1987 THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION HAS

CONDUCTED STUDIES TO ESTIMATE THE PMP FOR THE UNITED STATES EAST OF THE 105TH

MERIDIAN SCHREINER ET AL 1982 THESE PRECIPITATION ESTIMATES ARE USED TO

ESTIMATE THE PMF FOR DRAINAGE AREAS THE RECEPTOR IS THE HOMESTEADER OF

SCENARIO

642 IMPACT ON THE FACILITY

APPENDIX PROVIDES DETAILS OF PMF STUDY CONDUCTED FOR NFSS WHICH

PROVIDES ESTIMATES OF MAXIMUM FLOOD LEVELS AND FLOW VELOCITIES THAT CAN OCCUR AT

THE SITE DURING PMF THIS STUDY ESTIMATED MAXIMUM FLOOD LEVEL OF 999

3276 FT ABOVE SEA LEVEL AND PEAK FLOW VELOCITY OF 45 MPS 15 FPS AT THE TOE

OF THE CAP SUGGESTED MODIFICATION OF THE LONGTERM WCS DESIGN WOULD BE TO

INCREASE THE SIZE OF THE PMF RIPRAP TO 60 CM 22 IN AND RAISE IT TO AT LEAST

100 328 FT ABOVE SEA LEVEL ASL ON THE BASIS OF THE REVISED PMF ESTIMATES

AND FLOW VELOCITIES THE FINAL NESS CAP DESIGN WILL REFLECT THE MODIFIED PMF TO

PREVENT EROSION OF THE CAP DURING PMF OR ANY OTHER FLOOD BECAUSE THE FACILITY

DESIGN REQUIRES PROTECTION AGAINST THE EROSIVE VELOCITIES OF THE PMF THE FACILITY

WILL NOT BE AFFECTED BY ANY MAGNITUDE OF PRECIPITATIONINDUCED FLOODS INCLUDING

THE PMP FLOOD
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643 APPLICABLE PATHWAYS AND DOSE TO MAN

BECAUSE THE CONFIGURATION OF THE WCS WILL NOT CHANGE FROM SCENARIO THE

APPLICABLE PATHWAYS AND DOSE TO MAN WILL BE THE SAME AS IN SCENARIO

65 SCENARIO DAM BREAKS RESULTING IN FLOOD

651 DESCRIPTION

THE INITIATING EVENT FOR THIS SCENARIO IS THE INUNDATION AND ASSOCIATED

SCOURING OF THE FACILITY CAUSED BY DAMBREAK FLOOD DIKE FAILURE AT LEWISTON

RESERVOIR WHICH CAN OCCUR ANY TIME DURING THE 10000YR PERIOD OF CONCERN

THE RECEPTOR IS THE HOMESTEADER OF SCENARIO

652 IMPACT ON THE FACILITY

POSSIBLE FLOODING SCENARIO IS FROM DIKE FAILURE OF LEWISTON RESERVOIR

APPROXIMATELY 97 KM MI SOUTH OF NESS SOUTH OF THE NIAGARA ESCARPMENT

INDICATED AS POWER RESERVOIR IN FIGURE 11 THE RESERVOIR IS APPROXIMATELY 90

300 FT HIGHER THAN NESS AND IS IMPOUNDED BY 2IN 40FT LEVEE THE LEVEE

IS ABOUT KM MI SOUTH OF THE ESCARPMENT THE LEWISTON RESERVOIR DIKES

CREATE MANMADE RESERVOIR EXTENDING NEARLY KM 25 MI EAST TO WEST AND

24 KM 15 MI NORTH TO SOUTH THE RESERVOIR HOLDS 70000 ACREFEET OF WATER

BETWEEN MAXIMUM NORMAL OPERATING LEVEL OF 1974 658 FT AND MINIMUM

OF 186 620 FT PARSONS MAIN OF NEW YORK 1993 THE DIKES ARE ROCKFILLED

WITH IMPERVIOUS EARTH CORES THEY ARE 73 KM 64 MI LONG WITH CREST WIDTH OF

123 41 FT AT ELEVATION 200 665 FT THE DOWNSTREAMPORTION OF THE CORE

AND ROCKFILL REST ON BEDROCK THE UPSTREAM PORTION LIES ON THE NATURAL GROUND OVER

BEDROCK THE NATURAL COURSES OF FISH AND GILL CREEKS HAVE BEEN INTERCEPTED BY THE

RESERVOIR AND THEY HAVE BEEN REROUTED IN ROCKCUT CHANNELS PARALLEL TO THE

DOWNSTREAMTOE OF THE NORTH AND SOUTH DIKES RESPECTIVELY DRAINAGES OF BOTH

CREEKS ARE SOUTH OF THE ESCARPMENT
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THE NEWYORK POWER AUTHORITY OPERATES THE RESERVOIR AS PART OF THE NIAGARA

POWERPROJECT IN 1993 THE AGENCY CONDUCTED DAM FAILURE INUNDATION ANALYSIS

AS PART OF THE REQUIRED FIVEYEAR REVISION OF THE EMERGENCY ACTION PLAN IN

ACCORDANCE WITH THE FEDERAL EMERGENCY REGULATORY COMMISSION GUIDELINES FOR

PREPARATION OF EMERGENCY ACTION PLANS PARSONS MAIN OF NEW YORK 1993 THE

NATIONAL WEATHER SERVICE DAMBREAK FLOOD FORECASTING MODEL DAMBRK WAS

USED TO DETERMINE THE FLOODING CONDITIONS FROM FAILURE OF THE LEWISTON RESERVOIR

DIKE THE PEAK OUTFLOWS FROM THE DIKE FAILURE SCENARIOS SOUTH EAST NORTHEAST

AND NORTH DIKE FAILURES WOULD BE BETWEEN 88000 CFS AND 100000 CFS THE

INUNDATION WOULD BE CONFINED TO THE GILL CREEK AND FISH CREEK DRAINAGES BOTH

SOUTH OF THE ESCARPMENT THEREFORE THERE WOULD BE NO IMPACT ON NFSS

653 APPLICABLE PATHWAYS AND DOSE TO MAN

BASED ON THE DATA PRESENTED THE FLOOD WATERS FROM THE DAM BREAK SCENARIO

WOULD NOT REACH THE WCS AND THEREFORE THERE IS NO DOSE TO MAN FROM THIS

SCENARIO

66 SCENARIO RISING OF LAKE ONTARIO

661 DESCRIPTION

THE INITIATING EVENT FOR THIS SCENARIO IS FLOODING OF THE FACILITY FROM CHANGES

IN LAKE ONTARIO WATER LEVELS RESULTING IN EXPOSURE OF THE WASTE CAUSED BY WAVE

ACTION THE AFFECTED RECEPTOR IS THE HOMESTEADER OF SCENARIO

662 IMPACT ON THE FACILITY

LITERATURE REVIEW WAS PERFORMED TO INVESTIGATE HISTORIC WATER LEVEL CHANGES

IN LAKE ONTARIO AND TO DETERMINE HOWTRENDS IN WATER LEVEL CHANGES CAN AFFECT

NFSS THREE SEPARATE MECHANISMS WERE IDENTIFIED THAT COULD CAUSE LAKE LEVELS TO

CHANGE
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CLIMATIC CHANGES

GEOLOGIC TRENDS AND

GLACIATION

SEVERAL STUDIES OF CLIMATIC AND GEOLOGIC CHANGES IN THE LAKE ONTARIO BASIN

WERE REVIEWED STUDIES OF WATER LEVEL DATA AND LAKE SEDIMENTS INDICATE THAT THE

LAKE HAS HAD ONLY MINOR LEVEL CHANGES CAUSED BY CLIMATIC VARIATION DURING THE LAST

3000 TO 4000 YR STUDIES OF GEOLOGIC CHANGES SINCE THE END OF THE LAST ICE AGE

INDICATE TRENDS AFFECTING THE ONTARIO BASIN OVER THE LAST 2000 YR FINALLY

STUDIES OF PERIODS OF GLACIATION BEFORE THE LAST ICE AGE INDICATE THAT GLACIATION

OCCURRED ONLY FOUR TIMES IN THE LAST 700000 YR

HISTORICAL WATER LEVEL VARIATIONS IN LAKE ONTARIO

THE CURRENT AVERAGE WATER SURFACE ELEVATION OF LAKE ONTARIO IS 750

2450 FT ASL SINCE 1860 LAKE WATERLEVEL READINGS HAVE BEEN SYSTEMATICALLY

RECORDED THE ANNUAL MAXIMUM WATER LEVEL WAS 752 2468 FT ASL AND THE

MINIMUM WAS 7385 ASL 2423 FT WITH STANDARD DEVIATION OF 027

09 FT QUINN 1988 THE AVERAGE SEASONAL VARIATION IN WATER LEVELS IS 037

FT WITH THE ANNUAL HIGH WATER GENERALLY OCCURRING IN THE EARLY SUMMER AND

THE ANNUAL LOW WATER IN THE WINTER WATER LEVELS IN THE GREAT LAKES ARE RELATIVELY

STABLE CONSIDERING THE LARGE SURFACE AREA AND VOLUME OF THE LAKES AND THE LARGE

OUTLET CAPACITY OF THE ST LAWRENCE RIVER VARIATIONS IN LAKE INFLOW FROM ANNUAL

VARIATIONS IN BASIN PRECIPITATION ARE LARGELY DAMPENED BY THE STORAGE CAPACITY OF

THE LAKE SINCE JULY 1958 LEVELS IN LAKE ONTARIO HAVE BEEN FURTHER REGULATED BY

THE INTERNATIONAL JOINT COMMISSION AS PART OF THE ST LAWRENCE SEAWAY AND

POWERPROJECT

CLIMATIC CHANGES

SIMPLE STATISTICAL EXAMINATION OF LAKE LEVEL RECORDS SHOWS THAT UNDER

CURRENT GEOLOGIC CONDITIONS LAKE LEVELS WILL NOT VARY SIGNIFICANTLY OVER THE LIFE OF
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NFSS FOR EXAMPLE ASSUMING THAT ANNUAL MAXIMUM LAKE LEVELS FOLLOW NORMAL

DISTRIBUTION THE MAXIMUM WATER LEVEL THAT WOULD OCCUR ON AVERAGE ONCE IN

10000 YR P00001 WOULD BE 7568 2483 FT ASL OR ABOUT 218

72 FT BELOW NFSS BRIEF REVIEW OF THE PHYSICAL CHARACTERISTICS OF LAKE ONTARIO

EXPLAINS THIS STABILITY IN LAKE LEVELS THE AVERAGE ANNUAL INFLOW TO THE LAKE IS ABOUT

7500 CMS 265000 CFS WHEREAS LAKE EVAPORATION AVERAGES ONLY ABOUT 400

CMS 14000 CFS USCOE 1984 THE DIFFERENCE BETWEEN INFLOW AND

EVAPORATION EQUALS THE OUTFLOW TO THE ST LAWRENCE RIVER WHICH IS CONTROLLED AT

THE MOSESSAUNDERS POWERHOUSES THE VOLUME OF LAKE ONTARIO IS ABOUT

1640 CUBIC KM 393 MI EQUIVALENT TO NEARLY YR OF THE AVERAGE INFLOW THE

LAKE IS THEREFORE ABLE TO ACCOMMODATE SIGNIFICANT CHANGES IN LAKE INFLOW WITH ONLY

MINOR VARIATION IN LAKE LEVEL

STUDIES OF SEDIMENTS IN LAGOONS AT THE EASTERN AND WESTERN ENDS OF LAKE

ONTARIO DAIRYMPLE AND CAREY 1990 FLINT ET AL 1989 HAVE BEEN CONDUCTED TO

DETERMINE PREHISTORIC LAKE LEVELS DURING THE LAST 3000 TO 4000 YR THESE STUDIES

INDICATE THAT LAKE ONTARIO HAS HAD FLUCTUATIONS IN LAKE LEVELS OF TO TO

FT FOR PERIODS OF SEVERAL HUNDRED YEARS THESE LONGTERM CHANGES IN LAKE LEVELS

ARE BELIEVED TO BE CAUSED BY CLIMATIC EFFECTS IF WE EXTRAPOLATE THE EFFECTS OF

CLIMATIC CHANGE IN THE PAST TO THE FUTURE WE SHOULD EXPECT THAT CLIMATIC CHANGES

WITHIN THE NEXT 10000 YR WOULD CAUSE LAKE LEVEL CHANGES NO GREATER THAN 275 TO

30 TO 10 FT WE CAN THEREFORE CONCLUDE THAT CLIMATIC CHANGES IN THE GREAT

LAKES BASIN WILL NOT CAUSE LAKE ONTARIO TO RISE ENOUGH TO AFFECT NESS WHICH IS

23 75 FT ABOVE CURRENT LAKE LEVELS

GEOLOGIC TRENDS

URN

GEOLOGICAL STUDIES OF CHANGES IN THE LAKE ONTARIO BASIN SINCE THE END OF THE

LAST ICE AGE ABOUT 12000 TO 14000 YR AGO HAVE REVEALED THAT THERE WERE

PERIODS WHEN LAKE LEVELS WERE MUCH HIGHER AND PERIODS WHEN LEVELS WERE MUCH

LOWER THAN CURRENT LEVELS BECAUSE OF THE EFFECTS OF RETREATING CONTINENTAL ICE

LEWIS 1994 THE GLACIERS OF THE ONTARIO BASIN REACHED THEIR MAXIMUM EXTENT OF
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THE LAST ICE AGE IN SOUTHERN NEWYORK AND PENNSYLVANIA ABOUT 18000 YR AGO AS

THE ICE RETREATED LAKES FORMED ALONG THE GLACIAL FRONT BORDERED ON THE SOUTH BY

THE APPALACHIAN PLATEAU

THE MELTING OF THE GREAT MASS OF ICE RESULTED IN SUCH SIGNIFICANT LOSS OF

WEIGHT PRESSING DOWNON THE CANADIAN SHIELD THE MASSIVE PRECAMBRIAN

CONTINENTAL ROCK FORMATION UNDERLYING MUCH OF CANADA THAT THE CONTINENT BEGAN

TO REBOUND ISOSTATICALLY THE GREATEST RATE OF REBOUND WAS CENTERED ON CENTRAL

QUEBEC WHERE THE ICE SHEET HAD BEEN THICKEST THE EFFECT OF THIS REBOUND ON

LAKE ONTARIO WAS TO TILT THE BASIN THIS IS EVIDENCED BY ANCIENT BEACHES FORMED

FROM GLACIAL LAKE IROQUOIS WHICH ARE HIGHER IN THE NORTHEAST THAN IN THE

SOUTHWEST BECAUSE THE OUTLET OF LAKE ONTARIO IS AT THE NORTHEASTERN END OF THE

LAKE THE RELATIVE LAKE LEVEL HAS RISEN WITH THE GREATEST RELATIVE RISE IN WATER LEVEL

AT THE SOUTHWESTERN END OF THE LAKE NEAR HAMILTON ONTARIO ALTHOUGH GEOLOGISTS

GENERALLY AGREE THAT ISOSTATIC REBOUND OCCURRED RAPIDLY AFTER THE RETREAT OF THE

GLACIERS THERE IS DISAGREEMENT AS TO WHETHER IT CONTINUES TODAY LAKE LEVELS AT

THE WESTERN END OF LAKE ONTARIO ROSE OVER 80 260 FT BETWEEN 11 000 AND

4000 YR AGO ANDERSON AND LEWIS 1985 SINCE 4000 YR AGO LAKE LEVELS HAVE

RISEN LESS THAN 10 33 FT SOME GEOLOGISTS CONTEND THAT ISOSTATIC REBOUND HAS

NOWEFFECTIVELY CEASED MACLEAN 1961 OTHERS BELIEVE THAT REBOUND CONTINUES

BUT AT AN EXPONENTIALLY DECREASING RATE SO THAT THE RATE OF INCREASE IS REDUCED BY

HALF EVERY 2500 YR WITH CURRENT RATE OF 03 CMYR 01 INYR EVEN WITH THE

CONSERVATIVE ASSUMPTION THAT ISOSTATIC REBOUND STILL IS OCCURRING THE MAXIMUM

LAKE LEVEL RISE OVER THE NEXT 10000 YR WOULD BE TO AN ELEVATION OF 85

280 FT ASL WELL BELOW THE ELEVATION OF NFSS AT 97 320 FT ASL

GLACIATION

APERIODOFRENEWEDGLACIATIONCOULDAFFECTWATERLEVELSINLAKEONTARIOBY

BLOCKING THE ST LAWRENCE RIVER SYSTEM IN MANNER SIMILAR TO THE WAY LAKE

IROQUOIS FORMED MORE THAN 12000 YR AGO THE LIKELIHOOD OF RETURN OF GLACIATION

IS IMPOSSIBLE TO ACCURATELY ESTIMATE GIVEN THE PRESENT STATE OF KNOWLEDGE
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CONCERNING THE FORCES DRIVING LONGTERM CLIMATE CHANGES THE LAST GLOBAL GLACIAL

MAXIMUM THE WISCONSIN GLACIAL PERIOD IS GENERALLY DATED AT ABOUT 18000 YR

AGO WITH RAPID DEGLACIATION OCCURRING BETWEEN 12000 AND 9000 YR AGO

HOWEVERTHE AVAILABLE EVIDENCE LEADS TO THE CONCLUSION THAT CONTINENTAL

GLACIATION WILL NOT RETURN FOR AT LEAST THE NEXT 10000 YR

663 APPLICABLE PATHWAYS AND DOSE TO MAN

BECAUSE LAKE ONTARIO WATER LEVELS ARE NOT ANTICIPATED TO REACH THE ELEVATION

OF THE WOS IN THE NEXT 10000 YR THERE WOULD BE NO IMPACT FROM LAKE FLOODING

THEREFORE THERE IS NO DOSE TO MAN FROM THIS SCENARIO

UP

67 SCENARIO GLACIATION

671 DESCRIPTION

THE INITIATING EVENT FOR THIS SCENARIO IS GLACIATION WHICH COULD AFFECT THE

FACILITY ANY TIME DURING THE 10000YR PERIOD OF CONCERN WITH RESULTANT FACILITY UP

SCOURING AND EXPOSURE OF THE WASTE AFTER THE GLACIERS RECEDE THE AFFECTED

RECEPTOR IS THE HOMESTEADER OF SCENARIO UP

672 IMPACT ON THE FACILITY

THE LIKELIHOOD OF RETURN OF GLACIATION IS IMPOSSIBLE TO ACCURATELY ESTIMATE

FROM PRESENT KNOWLEDGE CONCERNING THE FORCES THAT DETERMINE LONGTERM CLIMATE

CHANGES HOWEVER AS DISCUSSED IN SECTION 662 THE AVAILABLE EVIDENCE LEADS TO

THE CONCLUSION THAT CONTINENTAL GLACIATION WILL NOT RETURN FOR AT LEAST THE NEXT

10000 YR THEREFORE NO POSSIBLE GLACIATION IMPACTS ARE POSTULATED
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673 APPLICABLE PATHWAYS AND DOSE TO MAN

SINCE THE RETURN OF GLACIERS IS UNLIKELY WITHIN THE NEXT 10000 YR THE DOSE TO

MAN WAS NOT CALCULATED

68 SCENARIO INTRUDER EXPLORATORY DRILLING

681 DESCRIPTION

THE INITIATING EVENT FOR THIS SCENARIO IS DRILLING THROUGH THE K65 RESIDUES AT

THE FACILITY AND THE RESULTING DOSE DURING THE 10000YR PERIOD OF CONCERN THE

EXPLORATORY DRILLING SCENARIO IS CONSIDERED REASONABLE INTRUDER SCENARIO ACCORDING

TO NUREGCR4370 OZTUNALI 1986 EXPLORATORY DRILLING WOULD LIKELY PRECEDE

EXCAVATION ACTIVITIES THE RECEPTOR IS THE DRILLER WHOTAKES 48 TO DRILL AN

EXPLORATORY BOREHOLE

682 IMPACT ON THE FACILITY

APPENDIX CONTAINS THE ESTIMATED VOLUME OF MATERIAL THAT WOULD BE

BROUGHT TO THE SURFACE FROM DRILLING AND THE AMOUNT OF RADIUM AND THORIUM THAT

THE DRILLER WILL BE EXPOSED TO FROM THE DRILL SPOILS

683 APPLICABLE PATHWAYS AND DOSE TO MAN

THE APPLICABLE PATHWAYS FOR THIS SCENARIO ARE THE DIRECT EXPOSURE PATHWAY

AND THE AIR PATHWAY THE DOSE IS CALCULATED FOR EACH PATHWAY AND ADDED

TOGETHER FOR ALL THE RADIONUCLIDES OF CONCERN TO ARRIVE AT THE TOTAL DOSE FOR THIS

SCENARIO THE MAXIMUM EXPOSURE TO THE DRILLER WOULD OCCUR AT AND WOULD

BE 507 MREM FROM DIRECT EXPOSURE APPENDIX AND 13 MREM FROM

RADON INHALATION GIVING TOTAL DOSE OF 507 MREM
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APPENDIX GROUNDWATER FLOW AND TRANSPORT MODELING



A1O SUMMARY

GROUNDWATER FLOW AND TRANSPORT MODELING FOR NESS WAS CONDUCTED TO

EVALUATE THE LONGTERM IMPACT ASSOCIATED WITH THE GROUNDWATER PATHWAY OF

RADIUM226 AND THORIUM230 THE PRIMARY RADIONUCLIDES THAT CAN LEACH FROM THE

K65 WASTE CONTAINMENT AREA FULLY THREEDIMENSIONAL MODEL WAS DEVELOPED TO

SIMULATE THE MIGRATION OF THE K65 RADIONUCLIDES IN THE GROUNDWATER SYSTEM

DURING THE NEXT 10000 YR

FIELD GEOLOGICAL AND GROUNDWATER DATA COLLECTED AT NESS AND AT THE

NEIGHBORING FACILITIES MODERN LANDFILL INC AND CHEMICAL WASTE MANAGEMENT

CHEMWASTE INC PROVIDE THE BASIS FOR THE CONCEPTUAL MODEL OF THE SITE

HYDROGEOLOGY THE SPATIAL DISTRIBUTION OF THE SITE HYDROGEOLOGICAL PROPERTIES WAS

DELINEATED TO DEFINE THE SITESPECIFIC MODEL INPUT PARAMETERS REQUIRED FOR FLOW AND

TRANSPORT SIMULATIONS THE THREEDIMENSIONAL MODEL INCORPORATED THE HORIZONTAL

AND VERTICAL VARIABILITY OF THE HYDROGEOLOGICAL PROPERTIES AT THE SITE ENGINEERED

STRUCTURES SUCH AS THE CUTOFF WALLS SURROUNDING THE WASTE PILE AND THE CENTRAL

DRAINAGE DITCH TO THE EAST WERE ALSO INCORPORATED

STEADYSTATE FLOW MODEL CALIBRATED TO THE AVERAGE GROUNDWATER TABLE AND

HYDRAULIC GRADIENTS AT THE SITE FOR 988 989 WAS USED TO REPRESENT LONG

TERM AVERAGE FLOW FIELD RESPONSIBLE FOR THE TRANSPORT OF THE K65 RADIONUCLIDES

LEACHED TO THE GROUNDWATER TRANSPORT MODELING RESULTS INDICATE THAT RADIUM226

MIGRATES ONLY SHORT DISTANCE LESS THAN 60 200 FT FROM THE SOURCE AREA IN

0000 YR RETARDATION AND DIFFUSION APPEAR TO BE THE MAJOR FACTORS IN DEFINING

THE TRANSIENT EXTENT OF THE RADIUM PLUME SIMULATED RADIUM226 CONCENTRATIONS

IN 10000 YR AT THE SITE BOUNDARY AND AT POSSIBLE DISCHARGE POINTS TO THE SURFACE

WATER PATHWAY ARE FAR BELOW THE RESPECTIVE NYSDEC GROUNDWATER STANDARD OF

PCIL NYSDEC 1991 WHICH IS MORE STRINGENT THAN THE DOE GUIDELINE OF

00 PCIL FOR RADIUM226 IN WATER
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MIGRATION OF THORIUM230 WAS NOT SIMULATED BECAUSE IT IS PRACTICALLY

IMMOBILE IN THE SOIL CONDITIONS OF NFSS AND IS HIGHLY ADSORBABLE TO CLAY PARTICLES

AND SOILS WITH HIGH ORGANIC CONTENT LABORATORY DISTRIBUTION RATIO TESTS ON NFSS

SAMPLES CEP 994 SHOW THAT THE DISTRIBUTION COEFFICIENT KD FOR THORIUM232 IS

7223 MLG MORE THAN DOUBLE THE KD VALUE OF 318 MLG FOR RADIUM226 ON THE

BASIS OF THE GEOCHEMICAL PROPERTIES OF THORIUM AND THE TRANSPORT SIMULATION

RESULTS OF RADIUM226 IT MAY BE CONCLUDED THAT LEACHING AND MIGRATION OF

THORIUM230 IN 10000 YR WILL BE LESS THAN THAT OF RADIUM AND THAT THE

THORIUM230 CONCENTRATION LEVEL AT THE SITE BOUNDARY WILL BE BELOW THE RESPECTIVE

NYSDEC GROUNDWATER STANDARD OF 15 PCIL NYSDEC 1991

SENSITIVITY RUNS USING MORE CONSERVATIVE FLOW AND TRANSPORT MODEL

PARAMETERS SUCH AS HIGHER HYDRAULIC CONDUCTIVITY AND DISPERSIVITY BUT SMALLER KD

WERE PERFORMED TO ILLUSTRATE THE IMPACT OF THE LONGTERM MIGRATION OF THE

RADIONUCLIDE IN HYPOTHETICALLY STRESSED SYSTEM WITH MORE CRITICAL HYDROGEOLOGICAL

AND CHEMICAL PROPERTIES THE SIMULATION RESULT SUPPORTS THE CONCLUSION THAT THE

RADIONUCLIDE PLUME DOES NOT ADVANCE FAR FROM THE SOURCE AREA IN 10000 YEARS

AND CONCENTRATIONS AT THE SITE BOUNDARY ARE BELOW THE NYSDEC GROUNDWATER

CRITERIA

A2O MODELING APPROACH

THE OBJECTIVE OF THE GROUNDWATER FLOW AND TRANSPORT MODEL IS TO PREDICT THE

MIGRATION AND THE CONCENTRATION LEVEL IN THE GROUNDWATER OF THE K65

RADIONUCLIDES DURING THE NEXT 10000 YR FIELD DATA COLLECTED AT NFSS AND AT THE

NEIGHBORING CHEMWASTE AND MODERN LANDFILL FACILITIES PROVIDE THE BASIS FOR THE

DEVELOPMENT OF THE CONCEPTUAL HYDROGEOLOGIC MODEL THE DEFINITION OF SITESPECIFIC

MODEL INPUT PARAMETERS IS DISCUSSED IN SECTION A30 LONGTERM AVERAGE FLOW

FIELD WAS ESTABLISHED BY USING BEST ESTIMATES OF THE EXISTING HYDROGEOLOGICAL

PROPERTIES AND PARAMETERS CALIBRATED TO THE AVERAGE GROUNDWATER CONDITION OF

1988 TO 1989 BNI 1990
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THE CALIBRATION OF THE FLOW FIELD IS INTENDED TO REPLICATE THE OBSERVED

HORIZONTAL FLOW GRADIENT AND THE GROUNDWATER LEVEL IN THE VICINITY OF THE K65

CONTAINMENT AREA BECAUSE TRANSPORT IS EXPECTED TO BE CONFINED TO THE IMMEDIATE

SOURCE AREA THE TRANSPORT DISTANCE CAN BE ESTIMATED USING DARCYS LAW WHICH

CALCULATES SEEPAGE VELOCITY OF ABOUT 38 CMYR 15 INYR BASED ON HYDRAULIC

GRADIENT OF 0004 WITHIN THE RANGE OF THE OBSERVED GRADIENTS IN THE VICINITY OF

THE SITE HYDRAULIC CONDUCTIVITY FOR THE MOST PERMEABLE UNITS THE BROWN CLAY

AND THE SAND AND GRAVEL UNIT OF Q5 CMS AND AN EFFECTIVE POROSITY OF

USING THESE PARAMETERS IT IS ESTIMATED THAT WATER PARTICLE WILL MOVE

APPROXIMATELY 38 KM 24 MI IN 10000 YR ALTHOUGH DISPERSION AND DIFFUSION

ARE NOT CONSIDERED IN THIS SIMPLE CALCULATION RETARDATION RESULTING FROM ADSORPTION

OF THE RADIONUCLIDE TO THE SOIL PARTICLES WILL FURTHER IMPEDE MIGRATION

THE CENTRAL DRAINAGE DITCH WILL BE RELOCATED APPROXIMATELY 22 400 FT TO

THE EAST OF ITS PRESENT LOCATION WHEN THE FINAL CAP IS IN PLACE THE NEW LOCATION

OF THE DITCH WAS INCORPORATED IN THE CALIBRATED FLOW MODEL FOR LONGTERM TRANSPORT

SIMULATION WHICH IS REFERRED TO AS THE BASE CASE SIMULATION

MIGRATION OF RADIUM226 WAS MODELED BY ASSUMING THAT RADIUM WILL BE

READILY AVAILABLE FOR TRANSPORT IN THE GROUNDWATER THE SOLUBILITY LIMIT IN WATER OF

RADIUM SULFATE I0 GIL CRC 198182 THE WASTE FORM OF RADIUM226 IN

THE K65 RESIDUES WAS USED AS THE SOURCE CONCENTRATION TRAVEL IN THE

UNSATURATED ZONE WAS NOT TAKEN INTO ACCOUNT BECAUSE THE GROUNDWATER LEVEL

HISTORICALLY FLUCTUATES FROM 12 FT TO 37 12 FT BELOW GROUND SURFACE

AND THE K65 WOS IS BELOW THE WATER TABLE DURING THE HIGH GROUNDWATER

CONDITIONS THE USE OF CONSTANT CONCENTRATION TO REPRESENT THE SOURCE TERM IS

SIMPLER YET MORE CONSERVATIVE APPROACH THAT ALSO CIRCUMVENTS THE UNCERTAINTY

INVOLVED IN ESTIMATING THE RECHARGELEACHING RATE

SENSITIVITY RUNS WERE PERFORMED USING HIGHER VALUES OF RECHARGE RATE

HYDRAULIC CONDUCTIVITY AND DISPERSIVITY AND SMALLER DISTRIBUTION COEFFICIENT THE

PRIMARY PURPOSE OF THESE RUNS WAS TO ACCOUNT FOR THE UNCERTAINTY IN THE
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DELINEATION OF PRESENT HYDROGEOLOGICAL PROPERTIES AND IN THE ASSUMPTION THAT THESE

CONDITIONS CAN REASONABLY BE PROJECTED TO THE NEXT 10000 YR NORMALLY SINGLE

MODEL PARAMETER OF CONCERN IS VARIED AT TIME BUT THE SENSITIVITY RUN PRESENTED

IN THE FOLLOWING SECTION USES CONSERVATIVE VALUES FOR ALL SIGNIFICANT PARAMETERS TO

DEMONSTRATE THE IMPACT OF THE K65 RADIONUCLIDES IN THE WORST CASE SCENARIO

STOCHASTIC METHODS SUCH AS THE MONTE CARLO TECHNIQUE CAN BE USED TO ASSESS THE

PROBABILITY DISTRIBUTION OF MODELING RESULTS BECAUSE OF UNCERTAINTY IN THE INPUT

PARAMETERS BUT THE APPROACH OF USING SENSITIVITY RUNS IS MUCH SIMPLER

TRANSPORT OF THORIUM230 WAS NOT MODELED BECAUSE THORIUM OXALATE THE

FORM OF THORIUM IN THE K65 RESIDUES IS PRACTICALLY IMMOBILE IN THE GROUNDWATER

CONDITIONS AT NESS AND IT IS READILY ADSORBED TO CLAY PARTICLES PUBLISHED

CHEMICAL DATA EPA 978 SHOW THAT THE ACTIVITY OF TH IN EQUILIBRIUM WITH SOLID

COMPOUNDS IS VERY LOW IN THE NORMAL SOIL PH RANGE OF TO COMPARABLE TO THE

PH MEASURED AT NESS THORIUM IS ALSO STRONGLY ADSORBED BY CLAY PARTICLES AND BY

SOILS CONTAINING ORGANIC MATTERS LABORATORY ADSORPTION TESTS OF THORIUM ON NESS

SOIL SAMPLES MEASURED KD VALUE OF 722 MLG MORE THAN TWICE THAT OF RADIUM

WHICH HAS MEASURED KD OF 318 MLG CEP 1994 OTHER EXPERIMENTAL RESULTS ON

ADSORPTION OF THORIUM REPORT MUCH HIGHER KD QE MLG TO Q6 MLG IN THE SOIL PH

RANGE OF TO EPA 1978 BASED ON THE GEOCHEMICAL PROPERTIES OF THORIUM IT

IS SAFE TO POSTULATE THAT THE IMPACT OF MIGRATION OF THORIUM IN GROUNDWATER WILL BE

LESS THAN THAT OF RADIUM DESPITE THE LONGER HALFLIFE

A3O CONCEPTUAL MODEL

A31 OVERVIEW

CONCEPTUAL MODEL OF THE SITE HYDROGEOLOGY WAS DEVELOPED TO DEFINE
EM

REPRESENTATIVE SET OF HYDROGEOLOGIC PARAMETERS FOR INPUT INTO THE GROUNDWATER

FLOW AND TRANSPORT MODEL AND TO ESTABLISH SET OF GROUNDWATER LEVELS

REPRESENTATIVE OF LONGTERM FLOW CONDITIONS THESE LEVELS PROVIDE BASIS FOR

CALIBRATING THE GROUNDWATER MODEL
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THE FOLLOWING SECTIONS DESCRIBE THE METHODS AND RESULTS OF THE ANALYSES

PERFORMED TO DETERMINE THE HYDROGEOLOGIC PARAMETERS AND GROUNDWATER LEVELS

INCORPORATED INTO THE GROUNDWATER MODEL THESE ANALYSES EVALUATED BOREHOLE

LOGS THE RESULTS OF FIELD AND LABORATORY PERMEABILITY TESTS AND WATERLEVEL

MEASUREMENTS CONTAINED IN REPORTS OF STUDIES PERFORMED ON AREAS OF NFSS

CHEMWASTE AND MODERN LANDFILL INC THE BOREHOLE LOGS WERE EVALUATED TO MAP

THE HYDROGEOLOGIC UNITS PERMEABILITYTEST RESULTS WERE EVALUATED TO DETERMINE

HYDRAULIC CONDUCTIVITY VALUES REPRESENTATIVE OF THOSE UNITS AND WATERLEVEL

MEASUREMENTS WERE EVALUATED TO MAP WATER TABLE AND PIEZOMETRIC SURFACE

ELEVATIONS AND THEREBY DETERMINE DIRECTIONS OF GROUNDWATER FLOW

THE HYDROGEOLOGIC UNITS INCORPORATED INTO THE MODEL ARE ILLUSTRATED IN

FIGURES AI AND A2 THESE CONSIST OF THE BROWN CLAY UNIT THE GRAY CLAY UNIT

THE SAND AND GRAVEL UNIT THE RED SILT UNIT AND THE SHALLOW WEATHERED PORTION OF

THE QUEENSTON SHALE THE COMPACTEDCLAY CUTOFF WALL WHICH IS THE PORTION OF THE

SIDEWALL THAT EXTENDS BELOW THE GROUND SURFACE IS ALSO INCORPORATED INTO THE

MODEL AS HYDROGEOLOGIC UNIT TO SIMPLIFY THE MODEL THE FILL DEPOSITS OVERLYING

AND THE ALLUVIAL DEPOSITS CONTAINED IN THE BROWN CLAY UNIT WERE NOT DIFFERENTIATED

FROM THE BROWN CLAY DETAILED DESCRIPTIONS OF THE LITHOLOGY OF THESE UNITS ARE

CONTAINED IN SECTION 40 OF THIS REPORT

THE DEEPER UNWEATHERED PORTION OF THE QUEENSTON SHALE WAS NOT

INCORPORATED INTO THE GROUNDWATERFLOW MODEL BECAUSE INFORMATION IS INSUFFICIENT

TO QUANTIFY THE FLOW FROM THE DEEP BEDROCK INTO THE GLACIAL SEDIMENTS THE

ELIMINATION OF THE DEEP BEDROCK WAS DETERMINED TO BE REASONABLE BECAUSE

MEASURED WATER LEVELS IN THE BEDROCK AND THE SAND AND GRAVEL UNIT INDICATE THAT

GROUNDWATER FLOWS UPWARDS BETWEEN THESE UNITS THIS PRECLUDES ANY ADVECTIVE

TRANSPORT OF DISSOLVED RADIONUCLIDES INTO THE DEEP BEDROCK

THE SAND AND GRAVEL RED SILT AND WEATHERED SHALE UNITS ALL DISPLAY

DISTINCTLY HIGHER PERMEABILITY THAN THE OVERLYING GRAY CLAY UNIT THESE ADJACENT

UNITS ARE ALSO RELATIVELY THIN AND WELLS COMPLETED IN ONE GENERALLY PENETRATE ONE
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OR BOTH OF THE OTHERS FOR THESE REASONS THESE UNITS WILL BE COLLECTIVELY REFERRED

TO AS THE LOWER GROUNDWATER SYSTEM THE BROWN CLAY UNIT WHICH INCLUDES

ALLUVIUM AND FILL OVERLIES THE GRAY CLAY UNIT AND ALSO HAS MUCH HIGHER HYDRAULIC

CONDUCTIVITY THAN THE GRAY CLAY AND WILL BE REFERRED TO AS THE UPPER GROUNDWATER

SYSTEM THE WATER TABLE OCCURS WITHIN THE UPPER GROUNDWATER SYSTEM WHILE THE

LOWER GROUNDWATER SYSTEM IS CONFINED BY THE GRAY CLAY

A32 HYDROGEOLOGIC UNIT ELEVATIONS AND THICKNESSES

THE ELEVATIONS AND THICKNESSES OF THE HYDROGEOLOGIC UNITS BELOW THE WOS

ARE SUMMARIZED IN FIGURE AI THE ELEVATIONS OF THE TOPS OF FORMATIONS WERE

DETERMINED FROM PUBLISHED BOREHOLE DATA FOR NFSS CHEMWASTE AND MODERN

LANDFILL INC PROPERTIES ACRES AMERICAN INC 1981 APPENDIX GOLDER

ASSOCIATES 1985 APPENDIX AND MALCOLM PIRNIE INC 1992 APPENDIX

FIGURE SHOWS THE LOCATIONS OF THE BOREHOLES THE TOP ELEVATIONS AND

THICKNESSES DETERMINED FROM LOGS OF THE BOREHOLES ARE PROVIDED IN TABLE AI THE

CONTACTS BETWEEN THE UNITS WERE DETERMINED PRIMARILY FROM LITHOLOGIC DESCRIPTIONS

OF THE UNITS IN CHAPTER OF GOLDER ASSOCIATES 1985

CONTOUR MAPS OF THE ELEVATIONS OF THE TOPS OF THE QUEENSTON SHALE RED SILT

SAND AND GRAVEI AND GRAY CLAY UNITS ARE SHOWN IN FIGURES A4 THROUGH A7 FOR

THE REGION ADDRESSED BY THE GROUNDWATERFLOW AND TRANSPORT MODEL THE BASIS FOR

THE MODEL GRID BOUNDARIES IS DISCUSSED IN SECTION A5O OUTSIDE THE AREAS

CONTAINING BOREHOLE INFORMATION THE CONTOURS WERE PROJECTED N64 WHICH WAS

DETERMINED TO BE THE AVERAGE TREND OF THE CONTOURS WITHIN THE REGION THIS TREND

APPROXIMATELY PARALLELS THE REGIONAL STRIKE AS INDICATED BY THE NIAGARA ESCARPMENT

TO THE SOUTH AND THE SHORELINE OF LAKE ONTARIO TO THE NORTH ALTHOUGH THE BEDDING

PLANES OF THE QUEENSTON SHALE DIP SOUTHEASTWARD THE BEDROCK SURFACE AND THE

SURF ACES OF THE OVERLYING GLACIAL SEDIMENTS DIP NORTHWESTWARD IN DIRECTION

AVERAGING N25
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THE WEATHERED PORTION OF THE QUEENSTON SHALE WAS ASSUMED TO EXTEND

10 FT BELOW THE TOP OF ROCK THIS ASSUMPTION IS BASED ON DESCRIPTIONS OF

THE SHALE CONTAINED IN ACRES AMERICAN INC 1981 AND GOLDER ASSOCIATES

1985 WHICH DESCRIBE THE TOP 15 TO TO LOFT AS WEATHERED

THE RED SILT UNIT WHERE PRESENT RANGES IN THICKNESS FROM LESS THAN

03 FT TO AS MUCH AS 48 16 FT IT WAS INTERPRETED TO BE ABSENT IN MANY

OF THE BOREHOLES AT NFSS MOST FREQUENTLY NORTHEAST OF THE WCS BELOW THE

WCS THE RED SILT RANGES BETWEEN AND 21 AND FT IN THICKNESS

THE SAND AND GRAVEL UNIT WAS INTERPRETED TO BE PRESENT IN ALL BUT THREE

BOREHOLES BH67 NEAR THE WESTERN CUTOFF WALL OF THE WCS AND BH34 AND

BH36 NORTHEAST OF THE WOS BELOW BUILDING 411 THE UNIT AVERAGES 15 FT

IN THICKNESS ELSEWHERE BELOW THE WCS IT RANGES FROM TO 21 TO FT

THICK

THE PRESENCE OF THE GRAY CLAY UNIT IN ALL THE BOREHOLES INDICATES THAT IT IS

CONTINUOUS THROUGHOUT THE MODELED REGION ITS THICKNESS RANGES FROM FT

ALONG THE SOUTHERN PORTION OF THE MODERN LANDFILL PROPERTY TO APPROXIMATELY

30 FT ALONG THE NORTHERN BOUNDARY OF THE CHEMWASTE PROPERTY BELOW THE

WCS THE GRAY CLAY UNIT RANGES FROM 10 FT THICK BELOW THE SOUTHERN CUTOFF

WALL TO 84 28 FT NEAR THE NORTHERN CUTOFF WALL BELOW BUILDING 411 THE CLAY

IS APPROXIMATELY 54 18 FT THICK

BECAUSE THE BROWN CLAY UNIT WAS ALSO PRESENT IN ALL THE BOREHOLES IT IS

ASSUMED TO BE CONTINUOUS THROUGHOUT THE MODELED REGION IT RANGES IN THICKNESS

FROM FT IN THE SOUTHERN PORTION OF THE MODERN LANDFILL PROPERTY TO

84 28 FT IN THE NORTHERN PORTION OF THE CHEMWASTE PROPERTY BELOW THE

WCS ITS THICKNESS RANGES BETWEEN 36 AND 57 12 AND 19 FT BELOW

BUILDING 411 THE BROWN CLAY IS APPROXIMATELY 45 15 FT THICK
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THE CUTOFF WALLS FORM THE PORTION OF THE WCS SIDEWALLS THAT EXTEND BELOW

THE GROUND SURFACE FIGURE AI THEY WERE CONSTRUCTED TO PREVENT THE LATERAL

MIGRATION OF RADIONUCLIDES FROM WITHIN THE WCS THROUGH THE BROWN CLAY UNIT

THE WALLS EXTEND THROUGH THE BROWN CLAY UNIT AND APPROXIMATELY 05 15 FT

INTO THE GRAY CLAY AND RANGE IN WIDTH FROM APPROXIMATELY 36 12 FT IN THE GRAY

CLAY TO APPROXIMATELY 50 FT AT THE GROUND SURFACE

A33 HYDRAULIC CONDUCTIVITIES

REPRESENTATIVE HYDRAULIC CONDUCTIVITIES FOR THE HYDROGEOLOGIC UNITS WERE

DETERMINED FROM THE RESULTS OF FIELD AND LABORATORY PERMEABILITY TESTS PERFORMED AT

NESS WHERE TEST DATA WERE NOT AVAILABLE FOR NFSS HYDRAULIC CONDUCTIVITY VALUES

DETERMINED FROM FIELD AND LABORATORY TESTS PERFORMED AS PART OF HYDROGEOLOGIC
WB

INVESTIGATION AT THE CHEMWASTE PROPERTY GOLDER ASSOCIATES 985 WERE USED

FIELD TESTS AT BOTH NFSS AND CHEMWASTE CONSISTED OF RISING AND FALLING

HEAD TESTS PERFORMED IN MONITORING AND OBSERVATIONS WELLS ACRES AMERICAN INC

1981 BNI 1984 1992 IN THE UPPER AND LOWER GROUNDWATER SYSTEMS THE

LABORATORY TESTS CONSISTED OF TRIAXIAL PERMEABILITY TESTS PERFORMED PRIMARILY ON

UNDISTURBED SOIL SAMPLES HYDRAULIC CONDUCTIVITY WAS MEASURED IN THE VERTICAL

DIRECTION

A34 UPPER GROUNDWATER SYSTEM

HYDRAULIC CONDUCTIVITY OF IO CMS WAS DETERMINED TO BE

REPRESENTATIVE OF THE UPPER GROUNDWATER SYSTEM BASED ON GEOMETRIC MEAN OF

30 HYDRAULICCONDUCTIVITY VALUES DETERMINED FROM FALLING AND RISINGHEAD TESTS

PERFORMED IN NFSS WELLS THE LOCATIONS OF THESE WELLS AND THEIR CORRESPONDING

HYDRAULICCONDUCTIVITY VALUES ARE SHOWN IN FIGURE AS THE DATA DISPLAY

APPARENTLY RANDOM SPATIAL VARIATION AND HYDRAULIC CONDUCTIVITIES NEAR THE WCS

ARE NEITHER CONSISTENTLY HIGHER NOR CONSISTENTLY LOWER THAN THE REPRESENTATIVE

VALUE
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THE VERTICAL HYDRAULIC CONDUCTIVITY WAS ASSUMED TO BE Q7 CMS FOR THE

UPPER GROUNDWATER SYSTEM BASED ON AN ESTIMATE REPORTED IN GOLDER ASSOCIATES

1993 LABORATORY TESTS OF SOILS SAMPLES COLLECTED AT CHEMWASTE INDICATED

HYDRAULIC CONDUCTIVITY OF 108 CMS HOWEVER THOSE TESTS WERE CONDUCTED

PRIMARILY ON CLAY SAMPLES AND DO NOT REFLECT THE INFLUENCE OF LENSES OF ALLUVIUM OR

OF DESICCATION CRACKS IN THE BROWNCLAY REPORTED IN GOLDER ASSOCIATES 1985

A35 GRAY CLAY

HYDRAULIC CONDUCTIVITY OF 108 CMS WAS DETERMINED TO BE

REPRESENTATIVE OF BOTH THE HORIZONTAL AND VERTICAL PERMEABILITY OF THE GRAY CLAY

THIS VALUE IS THE GEOMETRIC MEAN OF SEVEN VALUES DETERMINED FROM TRIAXIAL

LABORATORY TESTS PERFORMED ON SAMPLES COLLECTED IN NFSS BOREHOLES AND IS

COMPARABLE TO THE I0 CMS VERTICAL AND 108 CMS HORIZONTAL HYDRAULIC

CONDUCTIVITIES REPORTED IN TABLE OF GOLDER ASSOCIATES 1985 THE LOCATIONS OF

THE BOREHOLES AND THE HYDRAULIC CONDUCTIVITIES MEASURED FROM SOIL SAMPLES

COLLECTED AT THESE BOREHOLES ARE SHOWN IN FIGURE A9

A36 LOWER GROUNDWATER SYSTEM

REPRESENTATIVE HYDRAULICCONDUCTIVITY VALUES FOR THE THREE HYDROGEOLOGIC

UNITS COMPRISING THE LOWER GROUNDWATER SYSTEM WERE DETERMINED FROM ANALYSES

OF FALLING AND RISINGHEAD TESTS PERFORMED AS PART OF THE HYDROGEOLOGIC STUDY AT

CHEMWASTE GOLDER ASSOCIATES 1985 GEOMETRIC MEANS OF THE HYDRAULIC

CONDUCTIVITIES DETERMINED FROM THESE TESTS ARE CMS FOR THE SAND AND

GRAVEL UNIT 108 CMS FOR THE RED SILT UNIT AND IO CMS FOR THE

WEATHERED ROCK UNIT TEST DATA FROM NFSS WERE NOT USED BECAUSE FIELD

PERMEABILITY TESTS WERE PERFORMED IN WELLS THAT PENETRATED MORE THAN ONE

HYDROGEOLOGIC UNIT WHEREAS THE TESTED CHEMWASTE WELLS WERE RESTRICTED TO ONE

UNIT
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FOR COMPARISON THE HYDRAULIC CONDUCTIVITIES DETERMINED FROM 28 SLUG TESTS

PERFORMED IN WELLS SCREENED THROUGH THE SAND AND GRAVEL UNIT THE RED SILT UNIT

ANDOR THE UPPER PORTION OF THE QUEENSTON SHALE ARE SHOWN ON FIGURE THE

GEOMETRIC MEAN OF THESE HYDRAULIC CONDUCTIVITIES IS I0 CMS WHICH IS

COMPARABLE TO THE REPRESENTATIVE HYDRAULIC CONDUCTIVITY SELECTED FOR THE SAND AND

GRAVEL UNIT

VI

A37 CUTOFF WALL

THE COMPACTEDCLAY CUTOFF WALL WAS CONSTRUCTED OF CLAY SELECTED AND

INSTALLED SO THAT IT WOULD HAVE HYDRAULIC CONDUCTIVITY OF IO CMS OR LESS

BNI 1986 DOUBLERING INFILTROMETER AND PROCTOR TESTS PERFORMED ON THE CLAY

DURING INSTALLATION OF THE CUTOFF WALL CONFIRMED THAT THIS HYDRAULIC CONDUCTIVITY

WAS NOT EXCEEDED BNI 1987

A38 GROUNDWATER FLOW PATTERNS
QE

TO PROVIDE BASIS FOR ALIGNMENT OF THE GROUNDWATERFLOW MODEL WATER TABLE

ELEVATIONS IN THE UPPER GROUNDWATER SYSTEM AND PIEZOMETRIC SURFACE ELEVATIONS IN

THE LOWER GROUNDWATER SYSTEM MEASURED BETWEEN OCTOBER 31 AND NOVEMBER

1989 WERE CONTOURED FIGURES AIL AND AI THIS TIME PERIOD WAS CHOSEN

BASED ON THE AVAILABILITY OF CONCURRENT WATERLEVEL DATA FOR BOTH NFSS AND

CHEMWASTE WATERLEVEL DATA FROM BOTH SITES WAS NEEDED TO DETERMINE GENERAL

GROUNDWATERFLOW DIRECTION AT THE SCALE OF THE GROUNDWATERFLOW AND TRANSPORT

MODEL THIS TIME PERIOD WAS ALSO SELECTED BECAUSE IT PRECEDES THE

COMMENCEMENT OF CONSTRUCTION DEWATERING AT THE MODERN LANDFILL IN 990

DEWATERING HAS ALTERED GROUNDWATERFLOW PATTERNS IN THE LOWER GROUNDWATER

SYSTEM CAUSING GROUNDWATER THROUGHOUT MUCH OF NESS TO FLOW EASTWARD TOWARD

MODERN LANDFILLS DEWATERING WELL DATA SHOW THAT DEWATERING HAS ALSO REVERSED

GROUNDWATERFLOW DIRECTIONS BELOW MUCH OF CHEMWASTE BECAUSE DEWATERING

ACTIVITIES ARE EXPECTED TO CONTINUE FOR SHORT PERIOD OF TIME RELATIVE TO THE

10000YR SIMULATION TIME WATER LEVELS MEASURED BEFORE 1990 WERE DETERMINED
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TO BE MUCH MORE REPRESENTATIVE OF LONGTERM GROUNDWATER FLOW PATTERNS THAN

LEVELS MEASURED AFTER 990

THE WATERLEVEL CONTOURS FIGURES AI AND AI SHOW NORTHWESTWARD

FLOW APPROXIMATELY PARALLEL TO THE DIP OF THE UNCONSOLIDATED GEOLOGIC DEPOSITS

N25 THE REGIONAL GRADIENT RANGES BETWEEN 0004 AND 0005 IN THE UPPER

GROUNDWATER SYSTEM AND 0003 AND 0004 IN THE LOWER GROUNDWATER SYSTEM

LOCAL DEVIATIONS SUPERIMPOSED UPON THE REGIONAL FLOW PATTERN ARE DUE IN PART TO

GEOLOGIC HETEROGENEITIES AND TO SURFACE FEATURES SUCH AS THE CENTRAL DRAINAGE

DITCH TO WHICH THE GROUNDWATER IN THE UPPER GROUNDWATER SYSTEM DISCHARGES

THE CENTRAL DRAINAGE DITCH ALSO AFFECTS THE LOWER GROUNDWATER SYSTEM CAUSING

WATER TO FLOW FROM THE LOWER TO THE UPPER GROUNDWATER SYSTEM NEAR THE DITCH

RATHER THAN DOWNWARDAS OCCURS ELSEWHERE ACROSS THE SITE

TO PROVIDE SET OF WATER LEVELS THAT WOULD BEST REPRESENT LONGTERM

GROUNDWATER CONDITIONS AVERAGE WATER LEVELS MEASURED BETWEEN 988 AND 989

AT NFSS WERE DETERMINED THESE DATA WERE THEN CONTOURED AS SHOWN IN

FIGURES A13 AND A14 WATER LEVELS DURING THIS PERIOD WERE MEASURED

APPROXIMATELY MONTHLY IN 22 WELLS IN THE UPPER GROUNDWATER SYSTEM AND IN 36

WELLS IN THE LOWER GROUNDWATER SYSTEM BECAUSE NO SIMILAR MONITORING PROGRAM IS

KNOWN TO HAVE EXISTED AT CHEMWASTE OR MODERN LANDFILL ONLY NESS WATER LEVELS

WERE AVERAGED AND CONTOURED

THESE DATA WERE CONSIDERED THE BEST AVAILABLE TO REPRESENT LONGTERM FLOW

CONDITIONS BECAUSE THEY WERE COLLECTED BEFORE 1990 WHEN DEWATERING

ACTIVITIES AT MODERN LANDFILL BEGAN CAUSING GROUNDWATER TO FLOW EASTWARD THROUGH

MUCH OF THE SITE WATERLEVEL MEASUREMENTS WERE EVENLY DISTRIBUTED

THROUGHOUT THE 2YR AVERAGING PERIOD WHICH MINIMIZED BIAS FROM SEASONAL HIGH

AND LOW WATER LEVELS THE DATA INCLUDE MEASUREMENTS FROM THE 36 WELLS

INSTALLED IN LATE 986 AND THEREFORE CONTAIN MANY MORE MEASUREMENT POINTS THAN

EXISTED DURING EARLIER PERIODS AND WATER LEVELS IN THOSE WELLS WERE MEASURED

FOLLOWING NEARLY IDENTICAL SCHEDULES SO THE AVERAGES COULD BE COMPUTED USING THE
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SAME MEASUREMENT DATES AND NUMBERS OF MEASUREMENTS IN ADDITION

PRECIPITATION RECORDS SHOW NO SIGNIFICANT DEPARTURE DURING THIS PERIOD FROM

AVERAGE CONDITIONS OVER THE PREVIOUS 60 YEARS NATIONAL OCEANIC AND ATMOSPHERIC

ADMINISTRATION 1990

AS WITH THE WATER LEVEL CONTOURS FOR OCTOBER NOVEMBER 989 THERE IS

PRONOUNCED CONVERGENCE OF FLOW IN BOTH THE UPPER AND LOWER GROUNDWATER

SYSTEMS TOWARDS THE CENTRAL DRAINAGE DITCH THE WATER TABLE IN THE UPPER

GROUNDWATER SYSTEM IS HIGHER THAN THE PIEZOMETRIC SURFACE OF THE LOWER

GROUNDWATER SYSTEM EXCEPT NEAR THE CENTRAL DRAINAGE DITCH WHERE THE HYDRAULIC

GRADIENT IS UPWARD BELOW BUILDING 411 DOWNWARD GRADIENT OF APPROXIMATELY

0009 ININ 003 FTFT EXISTS THROUGH THE GRAY CLAY ELSEWHERE BELOW THE WCS
THE GRADIENT THROUGH THE GRAY CLAY RANGES BETWEEN 002 ININ 007 FTFT

DOWNWARD ON THE WESTERN SIDE OF THE STRUCTURE AT WELLS OWLA AND OWLB TO

0036 ININ 012 FTFT UPWARD NEAR THE CENTRAL DRAINAGE DITCH AT OW7A AND

OW7B

A4O NUMERICAL CODES

THE COMPUTER CODE MODFLOW MODULAR FINITEDIFFERENCE GROUNDWATER

FLOW OF THE US GEOLOGICAL SURVEY MCDONALD AND HARBAUGH 988 IS USED FOR

THE FLOW SIMULATION MODFLOW IS ONE OF THE MOST WIDELY USED SIMULATION

PROGRAMS IN BOTH THE ACADEMIC RESEARCH COMMUNITY AND THE MODELING INDUSTRY FOR

GROUNDWATER FLOW VERIFICATION OF THE MODEL HAS BEEN PERFORMED BY BECHTEL

CORPORATION 1992 AND BY OTHER USERS OF THE CODE THE VERSION USED IN THIS

STUDY IS MODFLOW VERSION PROVIDED BY GERAGHTY MILLER INC

TRANSPORT SIMULATION IS PERFORMED WITH THE PROGRAM MT3D MODULAR THREE

DIMENSIONAL TRANSPORT VERSION 15 DEVELOPED BY SS PAPADOPULOS

ASSOCIATES INC ZHENG 1992 MT3D IS CAPABLE OF MODELING TRANSPORT PROCESSES

SUCH AS ADSORPTION DISPERSION DIFFUSION AND FIRSTORDER CHEMICALRADIOACTIVE

DECAY IT USES MODULAR STRUCTURE SIMILAR TO THAT OF MODFLOW AND IS DESIGNED

158 0037 212294 A12



TO IMPORT THE FLOW FIELD GENERATED BY MODELOW DIRECTLY FOR TRANSPORT SIMULATION

MIXED EULERIANLAGRANGIAN APPROACH IS ADOPTED BY SOLVING THE ADVECTION TERM

WITH THE METHOD OF CHARACTERISTICS ANDOR MODIFIED VERSION OF THE METHOD AND

SOLVING THE DISPERSION AND REACTION TERMS WITH THE FINITEDIFFERENCE METHOD THE

MODEL CODE HAS BEEN VERIFIED USING ANALYTICAL SOLUTIONS OF THE ADVECTIVEDISPERSIVE

EQUATIONS

A5O MODEL DOMAIN

FIGURE AI5 SHOWS THE FINITEDIFFERENCE GRID USED FOR BOTH THE FLOW AND

TRANSPORT SIMULATIONS IT COVERS AN AREA OF 22 KM BY 22 KM 7130 FT

7130 FT EXTENDING APPROXIMATELY 091 KM 3000 FT TO THE WEST 143 KM

4700 FT TO THE EAST 085 KM 2800 FT TO THE SOUTH AND 125 KM 4100 FT

TO THE NORTH OF THE K65 WASTE CONTAINMENT AREA THE MODEL GRID IS LARGER THAN

THE AREA OF CONCERN IN ORDER TO MINIMIZE THE INFLUENCE OF THE BOUNDARY THE GRID

IS ORIENTED AT N25 IN ALIGNMENT WITH THE OBSERVED DIRECTION OF THE REGIONAL

GROUNDWATER FLOW AS DISCUSSED IN SECTION A30 IN THE HORIZONTAL PLANE THE

MODEL AREA IS DEFINED BY 3136 RECTANGULAR CELLS 56 ROWS AND 56 COLUMNS WITH

ROWCOLUMN SPACING VARYING FROM 107 35 FT NEAR THE SOURCE AREA TO 61

200 FT AT THE MODEL BOUNDARY VERTICALLY THE FIVE GEOLOGICAL UNITS BROWN CLAY

GRAY CLAY SAND AND GRAVEL RED SILT AND WEATHERED QUEENSTON SHALE ARE

REPRESENTED BY SIX MODEL LAYERS ONE MODEL LAYER IS USED TO REPRESENT EACH UNIT

EXCEPT FOR THE GRAY CLAY THIS UNIT IS REPRESENTED BY TWO LAYERS TO SIMULATE THE

CUTOFF WALLS WHICH ARE KEYED 046 15 FT INTO THE GRAY CLAY UNIT

A6O MODEL PARAMETERS

TABLE A2 SUMMARIZES THE INPUT AND CALIBRATED MODEL PARAMETERS FOR THE

BASE CASE AND THE SENSITIVITY CASE SIMULATIONS THE FOLLOWING SECTIONS DISCUSS IN

DETAIL THE DEFINITIONS OF THE INDIVIDUAL PARAMETERS
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A61 LAYER THICKNESS

MODEL LAYER THICKNESSES ARE DEFINED BASED ON THE ELEVATION CONTOURS OF THE

GEOLOGICAL UNITS AT NFSS AS SHOWN IN SECTION A3O INCLUDING THE BOTTOM OF THE

BROWN CLAY THE GRAY CLAY AND THE SAND AND GRAVEL UNITS AND THE TOP OF THE

QUEENSTON SHALE THE WEATHERED QUEENSTON SHALE MODEL LAYER IS ASSUMED TO

BE 305 10 FT THICK AND THE UPPER GRAY CLAY MODEL LAYER IS ASSUMED TO BE

046 15 FT THICK TO ACCOUNT FOR THE KEY OF THE CUTOFF WALLS

A62 HYDRAULIC CONDUCTIVITY

M4I

SECTION A30 DISCUSSES THE COMPILATION OF THE CONDUCTIVITY TEST DATA AT NESS AND

AT THE ADJACENT MODERN LANDFILL AND CHEMWASTE FACILITIES ALTHOUGH THE FIELD DATA

SHOW SPATIAL VARIATION OF THE PERMEABILITY WITHIN EACH GEOLOGICAL UNIT NO

APPARENT TREND CAN BE CONSTRUCTED THE MODEL THEREFORE ADOPTS UNIFORM VALUES

FOR THE HORIZONTAL AND VERTICAL HYDRAULIC CONDUCTIVITIES IN EACH GEOLOGICAL UNIT AS

SHOWN IN TABLE A2 IN THE SENSITIVITY RUN THE HYDRAULIC CONDUCTIVITY VALUES IN

THE MODEL WERE INCREASED BY FACTOR OF 10 TO PRODUCE MORE CONSERVATIVE FASTER

TRANSPORT VALUES IN THE GROUNDWATER

A63 CUTOFF WALLS

THE CUTOFF WALLS SURROUNDING THE WASTE PILE WERE INCLUDED IN THE MODEL

USING THE HORIZONTAL FLOW BARRIER OPTION AVAILABLE IN MODELOW THE BARRIER

EXTENDS FROM THE BROWN CLAY UNIT TO 046 15 FT INTO THE GRAY CLAY UNIT THE

CUTOFF WALL IS APPROXIMATELY 152 50 FT THICK AT THE TOP AND ABOUT 37

12 FT THICK AT THE BOTTOM WITH 11 SLOPE ON BOTH SIDES BNI 1986 IN THE

MODEL THE CUTOFF WALL IS REPRESENTED BY HORIZONTAL FLOW BARRIER WITH AN AVERAGE

THICKNESS OF 945 31 FT IN MODEL LAYER AND THICKNESS OF 37 12 FT IN

LAYER THE HYDRAULIC CONDUCTIVITY ASSIGNED TO THE FLOW BARRIER IS I0 CMS THE

CUTOFF WALL DESIGN CONDUCTIVITY BNI 1989 THE PREFERENTIAL FLOW PATH IS

EXPECTED TO BE HORIZONTAL NEAR THE CUTOFF WALLS BECAUSE OF THE RELATIVELY
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IMPERMEABLE GRAY CLAY UNIT WITH HYDRAULIC CONDUCTIVITY OF 108 CMS

IMMEDIATELY UNDERLYING THE CUTOFF WALLS

AG4 DRAINAGE DITCH

THE CENTRAL DRAINAGE DITCH EAST OF THE WCS DESIGNED AS PART OF THE SURFACE

WATER DRAINAGE SYSTEM WAS MODELED USING THE DRAIN NODE OPTION IN MODFLOW

HIGH CONDUCTANCE OF 011 CM 10 FT WAS USED TO SIMULATE THE UNLINED

CHANNEL THE OTHER SURFACE WATER DRAINS SUCH AS THE WEST DRAINAGE DITCH WERE

NOT MODELED BECAUSE THEY ARE RELATIVELY SHALLOW AND ARE BELIEVED TO HAVE MINOR

INFLUENCE ON THE GROUNDWATER FLOW

A65 RECHARGE

NET RECHARGE WAS APPLIED UNIFORMLY OVER THE ENTIRE MODEL DOMAIN IT IS

CALIBRATION PARAMETER AND WAS DETERMINED DURING FLOW CALIBRATION TO BE

IO CMYR 00035 INYR THE RECHARGE VALUE IN THE SENSITIVITY CASE IS

INCREASED BY FACTOR OF 10 TO 10 CMYR 0035 INYR

A66 DISPERSIVITY

REVIEW OF FIELD EXPERIMENTS AT NUMBER OF SITES AROUND THE WORLD SUGGESTS

THAT DISPERSIVITY APPARENTLY INCREASES WITH THE SCALE OF SPREADING DOMENICO AND

SCHWARTZ 1990 THE SCALE OF TRANSPORT AT NFSS CAN BE ESTIMATED FROM THE

SEEPAGE VELOCITY IN THE MOST PERMEABLE UNITS WHICH IS ABOUT 38 CMYR 15 INYR

SECTION A20 WITH RETARDATION FACTOR OF 5409 FOR RADIUM226 KD OF

318 MLG BULK DENSITY OF 17 GCM AND EFFECTIVE POROSITY OF 01 THE TRANSPORT

DISTANCE WITH ADVECTION AND RETARDATION ONLY IS LESS THAN 07 23 FT IN

10000 YR IN VIEW OF SUCH SMALL MIGRATION SCALE DISPERSIVITY OF 152 CM

05 FT BOTH HORIZONTALLY AND VERTICALLY WAS CHOSEN FOR THE BASE CASE SIMULATION

THE DISPERSIVITY USED IN THE SENSITIVITY CASE IS INCREASED BY FACTOR OF 10
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A67 DIFFUSION

BECAUSE OF THE SMALL DISPERSIVITY AND SLOW ADVECTION MOLECULAR DIFFUSION

PLAYS RELATIVELY IMPORTANT ROLE IN THE MIXING OF THE RADIONUCLIDE IN GROUNDWATER

THE DIFFUSION COEFFICIENT OF RA IN WATER AT 2500 77 IS REPORTED TO BE

889 106 CM LI AND GREGORY 1974 WHICH IS COMPARABLE TO OTHER DATA ON

MOLECULAR DIFFUSION ISHERWOOD 1981 VALUE OF 11 IO CM IS USED IN THE

MODEL FOR BOTH BASE CASE AND SENSITIVITY CASE

A68 ADSORPTION

RECENT ADSORPTION TESTS OF RADIUM226 ON NESS SOIL SAMPLES INDICATE

DISTRIBUTION COEFFICIENT OF 31 MLG CEP 994 WHICH IS LOWER THAN THE KD VALUES

OF 1100 MLG TO 18000 MLG REPORTED FROM AN EARLIER STUDY WITH NESS SOIL

SAMPLES SEELEY AND KELMERS 1984 OTHER ADSORPTION TESTS REPORTED GENERALLY

HIGHER KD VALUES FOR RADIUM IN DIFFERENT MEDIA EPA 1978 THE LABORATORY VALUE

OF 318 MLG IS ADOPTED IN THE MODEL FOR RADIUM TRANSPORT AND IS DEEMED TO BE

CONSERVATIVE ESTIMATE THE LABORATORYMEASURED KD VALUE FOR THORIUM IN THE NESS

SOIL SAMPLES IS 722 MLG CEP 1994 WHILE OTHER PUBLISHED DATA REPORTED THORIUM

KD VALUES OF I0 TO 106 MLG IN SOILS WITH PH OF TO EPA 1978

A69 RADIOACTIVE DECAY

THE HALFLIVES OF RADIUM226 AND THORIUM230 ARE 1602 YR AND 80000 YR

RESPECTIVELY

A61O SOURCE DEFINITION

AN ACCURATE ESTIMATE OF THE RATE OF LEACHING OF RADIONUCLIDES FROM THE

SOURCE TO THE GROUNDWATER REQUIRES DETAILED LEACHATE MODEL IN COMBINATION WITH

VADOSE ZONE MODELING SIMPLER AND MORE CONSERVATIVE APPROACH IS TO REPRESENT

THE WASTE AS CONSTANT CONCENTRATION SOURCE THE SOURCE WAS PLACED IN THE TOP
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MODEL LAYER AND IN THE FINITEDIFFERENCE CELLS REPRESENTING THE K65 WASTE AREA

THE WASTE WAS ASSUMED TO BE BELOW THE WATER TABLE AND FULLY SATURATED THE

SOLUBILITY LIMIT OF RADIUM SULFATE IN WATER GIL ESSENTIALLY THE MAXIMUM

DISSOLVED CONCENTRATION WAS USED AS THE SOURCE STRENGTH THE USE OF CONSTANT

CONCENTRATION SOURCE INSTEAD OF FLUX SOURCE AVOIDS DEPENDENCY ON THE CALIBRATED

RECHARGE RATE WHICH INVOLVES MORE UNCERTAINTY

A7O BOUNDARY CONDITIONS

THE FINITEDIFFERENCE GRID WAS DESIGNED TO ALIGN WITH THE PREDOMINANT

DIRECTION OF THE OBSERVED REGIONAL GROUNDWATER FLOW APPROXIMATELY N25 TO

FACILITATE THE USE OF NOFLOW CONDITIONS ON THE NEAR EASTERN AND WESTERN

BOUNDARIES HYDRAULIC HEAD CONSTANT WITH TIME BASED ON OBSERVED AVERAGES OF

THE UPPER AND LOWER GROUNDWATER SYSTEMS FROM 988 TO 989 WAS IMPOSED

ALONG THE DOWNGRADIENT BOUNDARY NEAR NORTH VERTICAL GRADIENT OF ABOUT 005

AS OBSERVED FROM FIELD DATA WAS IMPOSED TO DEFINE THE CONSTANT HEAD ALONG THE

NORTHERN BOUNDARY OF THE OTHER UNITS IN THE SENSITIVITY RUN STRONGER VERTICAL

GRADIENT OF 01 WAS USED TO PRODUCE MORE TRANSPORT OF THE RADIONUCLIDE TO THE

LOWER UNITS

CONSTANT FLUX BOUNDARY CONDITION WAS USED ALONG THE UPGRADIENT BOUNDARY

NEAR SOUTH THE INFLUX DETERMINED AS PART OF THE FLOW CALIBRATION CORRESPONDS

TO FLOW INTO THE MODEL DOMAIN AS RESULT OF THE NET RECHARGE UPGRADIENT OF THE

MODEL BOUNDARY FROM THE GROUNDWATER DIVIDE NORTH OF THE NIAGARA ESCARPMENT

THE TOTAL INFLUX AT THE BOUNDARY WAS DISTRIBUTED AMONG THE DIFFERENT UNITS

ACCORDING TO THEIR RELATIVE TRANSMISSIVITY

A8O FLOW CALIBRATION

THE FLOW MODEL WAS CALIBRATED TO THE AVERAGE GROUNDWATER CONDITION OF

988 TO 989 WITH THE CENTRAL DRAINAGE DITCH IN ITS EXISTING LOCATION THE

CALIBRATION PARAMETERS ARE THE RECHARGE VALUES AND THE INFLUX AT THE UPGRADIENT

1580037 12 22 94 AI



BOUNDARY THE CALIBRATED NET RECHARGE RATE IS IO CMYR 00035 INYR AND

THE CALIBRATED INFLUX IS 412 108 CM 399 FT
WATER BALANCE CALCULATION OF SIMPLE SYSTEM WITH HYDRAULIC PROPERTIES

COMPARABLE TO THOSE AT NESS INDICATES THAT WITH AN AVERAGE HORIZONTAL GRADIENT

OF 0004 OVER DISTANCE OF 22 KM 14 MI ASSUMING THAT THE MOST PERMEABLE

UNITS HAVE COMBINED THICKNESS OF 61 20 FT AND HYDRAULIC CONDUCTIVITIES OF

I0 CMS THE MAXIMUM NET RECHARGE RATE THIS SYSTEM CAN ACCOMMODATE IS

APPROXIMATELY 001 CMYR 0004 INYR AN INDEPENDENT MODELING STUDY

CONDUCTED BY MODERN LANDFILL INC ON NEIGHBORING SITE ADOPTED HIGHER

RECHARGE VALUE OF 025 CMYR 01 INYR BUT THE HYDRAULIC CONDUCTIVITY VALUES

WERE INCREASED BY FACTOR OF 100 TO WARRANT GOOD MATCH BETWEEN SIMULATED

HEAD AND THE OBSERVED VALUES WEHRAN 1990

FIGURES A16 AND A17 SHOW THE COMPARISON OF THE SIMULATED HEADS OF THE

CALIBRATED FLOW FIELD AND THE OBSERVED AVERAGE HEADS IN THE UPPER AND LOWER

GROUNDWATER SYSTEMS NEAR THE SITE THE SIMULATED HEADS AND THE OBSERVED

AVERAGE WATER TABLE ARE IN GENERAL AGREEMENT THE SIMULATED HORIZONTAL FLOW

GRADIENTS ARE 0005 AND 00039 IN THE UPPER AND LOWER GROUNDWATER SYSTEMS

RESPECTIVELY WHICH COMPARE REASONABLY WELL WITH THE OBSERVED GRADIENTS

DEFLECTION OF THE REGIONAL FLOW FIELD AND INCREASE IN GRADIENT IN THE UPPER UNIT

RESULTING FROM THE INFLUENCE OF THE CENTRAL DRAINAGE DITCH ARE PROPERLY MODELED

THE SIMULATED FLOW GRADIENT IN THE LOWER SYSTEM NEAR THE DITCH IS NOT AS DISTINCT
URN

AS OBSERVED LOCAL VARIATIONS IN THE FIELD PERMEABILITY WHICH WERE NOT INCLUDED IN

THE MODEL MAY BE RESPONSIBLE FOR SUCH DIFFERENCES FIGURE A18 SHOWS

REASONABLE AGREEMENT BETWEEN THE SIMULATED HEADS AND THE OBSERVED AVERAGES IN

THE UPPER AND LOWER GROUNDWATER SYSTEMS

THE FLOW MODEL IS USED TO SIMULATE THE FLOW CONDITION AT THE FUTURE SITE

CONFIGURATION AT STEADY STATE WHEN THE CENTRAL DRAINAGE DITCH IS MOVED 22

400 FT EAST OF ITS PRESENT LOCATION WITH ALL THE OTHER INPUT AND CALIBRATED

PARAMETERS REMAINING THE SAME THIS SIMULATION GENERATES BASE CASE FLOW FIELD

EM
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FOR THE TRANSPORT OF RADIUM226 FOR 10000 YR FIGURES A19 AND A20 PRESENT

THE COMPUTED HEAD CONTOURS IN THE UPPER AND LOWER GROUNDWATER SYSTEMS FOR THE

BASE CASE SIMULATION

A9O TRANSPORT SIMULATIONS

TRANSPORT OF RADIUM226 FOR THE NEXT 10000 YR WAS SIMULATED WITH THE

STEADYSTATE FLOW FIELD GENERATED BY MODFLOW BASE CASE SCENARIO AND

SENSITIVITY CASE WERE EXAMINED THE BASE CASE USES AS MODEL PARAMETERS THE

BEST ESTIMATES OF THE EXISTING HYDROGEOLOGICAL AND GEOCHEMICAL PROPERTIES AND

ASSUMES THAT THESE PROPERTIES CAN REASONABLY BE PROJECTED THROUGH THE NEXT

10000 YR THE SENSITIVITY CASE USES HYPOTHETICAL MODEL PARAMETERS WHICH WILL

YIELD CONSERVATIVE MIGRATION PREDICTIONS THE INPUT PARAMETERS FOR BOTH THE BASE

CASE AND THE SENSITIVITY CASE TRANSPORT MODEL ARE SUMMARIZED IN TABLE A2 WITH

PECLET NUMBER HIGHER THAN 30 THE FORWARD TRACKING METHOD OF CHARACTERISTICS

WAS USED FOR MOST SIMULATIONS TRANSPORT TIME STEPS OF AND 10 YEARS WERE

USED THE DIFFERENCE IN THE RESULTS OBTAINED WITH THESE TWO TIME STEPS WAS

INSIGNIFICANT

A91 BASE CASE SIMULATION

FIGURES A21 TO A30 SHOW THE SIMULATED CONCENTRATION LEVELS OF

RADIUM226 IN THE GROUNDWATER IN THE FIVE GEOLOGICAL UNITS AT 5000 YR AND

10000 YR RESPECTIVELY IT CAN BE SEEN THAT THE PLUME DOES NOT TRAVEL FAR FROM

THE SOURCE AND APPARENTLY DIFFUSION IS THE MAIN TRANSPORT PROCESS BOTH

HORIZONTALLY AND VERTICALLY RETARDATION PLAYS AN IMPORTANT ROLE IN IMPEDING THE

SPREADING OF THE PLUME BEYOND THE IMMEDIATE VICINITY OF THE SOURCE MOST OF THE

LEACHED RADIUM226 STAYS IN THE TOP LAYER WHILE THE CONCENTRATION DECREASES

RAPIDLY IN THE VERTICAL DIRECTION THE CONCENTRATION LEVEL OF 1012 GIL

CORRESPONDING TO THE NYSDEC GROUNDWATER STANDARD OF PCIIL FOR RADIUM226

SPECIFIC ACTIVITY OF RADIUM226 IS 0988 CIG BUREAU OF RADIOLOGICAL

HEALTH 970 IS USED TO DEFINE THE EXTENT OF THE PLUME THE CONTOUR LEVEL OF
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1015 GIL ORDERS OF MAGNITUDE LOWER THAN THE NYSDEC STANDARD IS SHOWN

TO PROVIDE REFERENCE OF THE RATE OF DECREASE IN THE RADIUM226 CONCENTRATION

WITH DISTANCE

A92 SENSITIVITY CASE

NUMBER OF SENSITIVITY RUNS WERE PERFORMED BY VARYING ONE PARAMETER AT

TIME THE CASE PRESENTED HERE USES CONSERVATIVE VALUES OF ALL THE PARAMETERS IN

THIS RUN THE HYDRAULIC CONDUCTIVITIES AND THE RECHARGE RATE WERE INCREASED BY

FACTOR OF 10 AND THE VERTICAL HYDRAULIC GRADIENT BY FACTOR OF FIGURES A31
RN

AND A32 SHOW THE HYPOTHETICAL FLOW FIELD FOR THE SENSITIVITY CASE

THE TRANSPORT SIMULATION USES DISTRIBUTION COEFFICIENT THAT IS ONEHALF THE

BASE CASE VALUE AND 10 TIMES THE DISPERSIVITY THE SOURCE CONCENTRATION AND THE

MOLECULAR DIFFUSION COEFFICIENT REMAIN THE SAME AS IN THE BASE CASE THE RESULTING

RADIUM226 CONCENTRATIONS IN GROUNDWATER FOR THE FIVE UNITS AT 10000 YR ARE

SHOWN IN FIGURES A33 TO A37 THE RADIUM PLUME TRAVELS FARTHER AS EXPECTED

WITH STRONGER ADVECTION AND DISPERSION AND LESS RETARDATION AS IN THE BASE CASE

THE CONCENTRATION LEVELS OF RADIUM AT THE SITE BOUNDARY AND AT DISCHARGES TO

SURFACE WATER ARE STILL MUCH LOWER THAN THE NYSDEC WATER QUALITY STANDARD OF

PCIL

A1OO CONCLUSION

TRANSPORT MODELING OF RADIUM226 PREDICTS THAT ITS MIGRATION IN THE NEXT

10000 YR WILL BE VERY LIMITED AND THAT THE PLUME AS DEFINED BY THE PCIL LEVEL

IS CONFINED WITHIN THE SITE BOUNDARY THE ESTIMATED 10000YR CONCENTRATION

LEVEL OF RADIUM AT THE SITE BOUNDARY IS FAR BELOW THE NYSDEC WATER QUALITY

STANDARD OF PCIL ALTHOUGH TRANSPORT OF THORIUM IS NOT SIMULATED ON THE BASIS

OF THE RADIUM TRANSPORT RESULT AND THE PRACTICALLY IMMOBILE AND HIGHLY ADSORPTIVE

PROPERTIES OF THORIUM IT CAN BE CONCLUDED THAT LEACHING AND MIGRATION OF THORIUM

WILL NOT POSE PROBLEM TO THE GROUNDWATER QUALITY AT THE SITE BOUNDARY
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TABLE AITOP ELEVATIONS AND THICKNESSES OF HYDROGEOLOGIC UNTIS

FILL ALLUVIUMNEW YORK STATE BROWN QUCENSTONCOORDINATES CLAY GRAY CLAY SAND AND GRAVEL RED SILT SHALEBORHOLE GROUND TOP TOP TOP TOPLD PROPERTY EASTING NORTHING ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION

BH NFSS 393226 1172518 3187 120 3067 180 2887 40 2847 90 2757

BH5 NFSS 393184 1172066 3198 190 3008 180 2828 100 ABSENT 2728

BH NFSS 393372 1172573 3207 250 2957 150 2807 30 2752

BH7 NFSS 393931 1172288 3200 170 3030 200 2830 70 ABSENT 2760

BH8 NFSS 393366 1172348 3195 150 3045 240 2805 83 ABSENT 2722BH9 NFSS 392365 1170887 3212 190 3022 100 2922 70 ABSENT 2852BH10 NFSS 393396 1172123 3192 140 3052 220 2832 ABSENT 275BH13 NFSS 393536 1172303 3202 110 3092 270 2822 ABSENT 273

BH 14 NFSS 393530 1172148 3193 80 3113 285 2828 280 276RHIS NFSS 393467 1172209 3202 90 3112 250 2862 283 100 273

RH 16 NFSS 393989 1173148 3209 80 3129 265 2864 14 ABSENT 272

BH24 NFSS 393998 1172853 3203 220 2983 160 2823 277 274RH28 NFSS 394217 1172827 3204 140 3064 240 2824 278 276

13H29 NFSS 394633 1172612 3201 190 3011 140 2871 40 2831 65 2766BH30 NFSS 394147 1173068 3202 180 3022 190 2832 ABSENT 275BH32 NFSS 393634 1171818 3180 140 3040 200 2840 II 276

BH33 NFSS 393803 1172168 3190 170 3020 19 283 ABSENT 278013H34 NFSS 393816 1171933 3199 130 3069 24 ABSENT 2829 51 2778

RH 3S NESS 393976 1172123 3189 230 2959 11

JFL0 2819 50 2769BH36 NESS 394162 1172172 320S 200 300S 15 AHSENT 2855 80 2775BH37 NESS 394076 1172193 3198 150 3048 180

II ABSENT 2766



TABLE AI CONTINUEDTOP ELEVATIONS AND THICKNESSES OF HYDROGEOLOGIC UNITS

FILL ALLUVIUMNEW YORK STATE BROWN QUEENSTONCOORDINATES CLAY GRAY CLAY SAND AND GRAVEL RED SILT SHALEBORHOLE GROUND TOP TOP TOP TOP

ID PROPERT EASTING NORTHING ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION

BH38 NFSS 394101 1171838 3181 110 3071 220 2851 60 ABSENT 2791

BH39 NFSS 394173 1171770 3187 90 3097 260 2837 40 ABSENT 2797

BH40 NFSS 393823 1171790 3182 90 3092 220 2872 64 ABSENT 2808

BH42 NESS 393326 1172043 3175 140 3035 260 2775 20

32 2723

BH44 NFSS 393741 1172923 3207 140 3067 280 2787 10 2732

BH45 NFSS 394133 1172493 3206 135 3071 215 2856 80 ABSENT 2776

BH 46 NFSS 393691 1172353 3199 100 3099 265 2834 65 2769 30 2739

BH47 NFSS 394996 1169778 3196 60 3136 130 3006 20 2986 100 2886

BH48 NFSS 393770 1170480 3196 110 3086 170 2916 30 2886 60 2826

BH49 NFSS 392261 1172012 3188 130 3058 220 2838 20 2818 70 2748

BH50 NFSS 392714 1173187 3172 180 2992 150 2842 20 2822 30 2792

BH51 NFSS 395006 1173175 3192 100 3092 230 2862 130 ABSENT 2732

BH52 NFSS 396115 1173347 3193 140 3053 150 2903 60 2833

BH53 NFSS 395872 1173018 3209 190 3019 130 2889 50

FFI 2819

BH55 NFSS 395791 1173023 3206 120 3086 230 2856 60 ABSENT 2796

BH56 NFSS 392806 1173186 3174 140 3034 150 2884 50 2834 13 2821

BH 58 NFSS 394178 1171421 3197 120 3077 220 2857 60 2797 17 2780

BH59 NFSS 392907 1170552 3195 130 3065 180 2885 20 2865 20 2845

BH60 NFSS 395227 1172614 3204 150 3054 185 2869 35 2834 20 2814

BH61 NFSS 391631 1173158 3165 160 3005 160 2845 60 2785 30 2755

BH 63 NFSS 396318 1172910 3213 150 3063 220 2843 60 2783 20 2763



IT IT II
TABLE AI CONTINUEDTOP ELEVATIONS AND THICKNESSES OF

HYDROGEOLOGIC UNITS

FILL ALLUVIUMNEW YORK STATE BROWN ONEENSTONCOORDINATES CLAY GRAY CLAY SAND AND GRAVEL RED SILT SHALEBORHOLE GROUND TOP TOP TOP TOP

ID PROPERTF EASTING NORTHING ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION

BH64 NFSS 392540 1171974 3177 230 2947 125 2822 77 ABSENT 2745

BH 65 NFSS 392459 1171974 3179 100 3079 280 2799 55 ABSENT 2744

BH66 NFSS 392338 1171973 3182 110 3072 260 2812 63 ABSENT 2749

BH 67 NFSS 392251 1171484 3199 130 3069 240 ABSENT 2829 70 2759

BH68 NFSS 392257 1171344 3195 140 3055 205 2850 25 2825 80 2745

BH69 NFSS 392248 1171166 3204 200 3004 130 2874 40 2834 74 2760

BH70 NFSS 392818 1171399 3194 110 3084 210 2874 35 2839 40 2799

BH71 NFSS 392809 1171769 3185 130 3055 220 2835 20 2815 60 2755

G1 CWM 398156 1172846 3187 105 3082 165 2917 70 2847 75 2772

CO G2 CWM 398509 1174479 3197 110 3087 150 2937 125 ABSENT 2812

G3 CWM 397789 1175496 3185 150 3035 150 28R5 90 2715

CWM 397666 1177104 3147 220 2927 155 2772 13 ABSENT 264

05 CWM 396826 1176971 3143 190 2953 110 2843 85 2703

06 CWM 396274 1177274 3116 180 2936 295 2641 ABSENT 259

G7 CWM 394851 1176730 3107 120 2987 185 2802 18 261 NOT DRILLED INTO

08 CWM 394052 1177248 3089 225 2864 275 2589 250 248

09 CWM 393762 1176295 3128 247 288 133 2748 220 2528 65 2463

GIL CWM 394867 1175377 3161 120 3041 155 2886 90 2796 10 NOT
DRILLED INTO

12 CWM 393669 1174397 3165 100 3065 200 2865 60 2805 160 2645

013 CWM 393814 1173360 3191 100 3091 270 2821 65 2756 25 2731

15 CWM 395395 1173412 3205 137 3068 188 2880 140 2740 102 2638



TABLE AI CONTINUEDTOP ELEVATIONS AND THICKNESSES OF HYDROGEOLOGIC UNITS

FILL ALLUVIUMNEW YORK STATE BROWN QUEENSTONCOORDINATES CLAY GRAY CLAY SAND AND GRAVEL RED SILT SHALEBORHOLE GROUND TOP TOP TOP TOPID PROPERT EASTING NORTHING ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION THICKNESS ELEVATION

G16 CWM 396268 1174020 3187 245 2942 35 2907 50 2857 75 NOT DRILLED INTO

G17 CWM 394235 1174553 3203 150 3053 195 2858 135 2723 25 2698

G18 CWM 396311 1173414 3204 120 3084 190 2894 70 2824 10 2814

G19 CWM 395136 1174418 3208 140 3068 210 2858 147 NOT DRILLED INTO

G21 CWM 396117 1176022 3180 280 2900 100 2800 35 2765 56 2709

P50W1R ML 395897 1169877 3224 65 3159 110 3049 20 3029 65 2964

W2R ML 394588 1172570 3227 110 3117 210 2907 50 2807

W3 ML 397251 1171910 3201 143 3058 122 2936 35 ABSENT 2901

W4 ML

394219 1172024 3230 225 3005 132 2873 40 ABSENT 2833

W5 ML 394916 1172593 3257 155 3102 180 2922 70 2849

ML 396237 1172373 3233 170 3063 210 2853 ABSENT 282

W8R ML 395454 1169554 3223 100 3123 40 3083 303 302

W11 ML 396928 1169749 3228 50 3178 47 3131 299

W12 ML 394724 1169311 3231 117 3114 30 3084 38

2LI1I NOT

DRILLED INTO

ALL VALUES ARE IN UNITS OF FEET OR

FEET ABOVE MEAN SEA LEVELNFSS NIAGARA FALLS STORAGE SITECWM CHEMICAL WASTE MANAGEMENT INC

ML MODERN LANDFILL

158TB ALWPF 121994



TABLE A2

SUMMARY OF INPUT AND CALIBRATION PARAMETERS FOR THE FLOW AND TRANSPORT MODELS

FLOW PARAMETER BASE CASE SENSITIVITY CASE

GEOLOGICAL UNIT HORIZONTAL VERTICAL HORIZONTAL VERTICAL

BROWN CLAY IO IO 1O 1O

HYDRAULIC GRAY CLAY 1O 1O IO 1O

CONDUCTIVITY CMS
SANDGRAVEL 3XLCV 3X1Y 3XLO 3X1O

REDSILT 4XLO 3X108 4X1O 3X1O

QUEENSTON SHALE LO IO LOA LO

WEATHERED ZONE

HYD CONDUCTIVITY OF CUTOFF WALL CMLS 10

DRAIN CONDUCTANCE CMIS 011 011

VERTICAL HYDRAULIC GRADIENT 005 01

RECHARGE CMYR 9X10 9X10

CONSTANT FLUX AT SOUTHERN BOUNDARY CM 412 108 412 L0

TRANSPORT PARAMETER BASE CASE SENSITIVITY CASE

DIFFUSION COEFFICIENT CM 11 11 OA

LONGITUDINAL DISPERSIVITY CM 1524 1524

LATERALLONGITUDINAL DISPERSIVITY

VERTICALLONGITUDINAL DISPERSIVITY

DISTRIBUTION COEFF OF RADIUM226 MLG 318

EFFECTIVE POROSITY 01

BULK DENSITY GCM 17 17

RADIOACTIVE DECAY CONSTANT OF RADIUM226 000043268 000043268

YF

SOURCE CONCENTRATION OF RADIUM226 GL 10 L0

ARECHARGE AND CONSTANT FLUX ARE CALIBRATED FLOW PARAMETERS

BTHE HALFLIFE OF RADIUM226 IS 1602 YR

158 0037 122094
A85




endstream
endobj




APPENDIX PROBABLE MAXIMUM FLOOD CALCULATION



THIS APPENDIX CONTAINS THE DATA COMPILATION AND THE PROBABLE MAXIMUM

FLOOD CALCULATION FOR THE FLOOD ESTIMATION AND DESIGN REQUIREMENTS FOR THE NIAGARA

FALLS STORAGE SITE NFSS

FLOODING DUE TO PROBABLE MAXIMUM PRECIPITATION

PROBABLE MAXIMUM FLOOD PMF IS FLOOD CAUSED BY THE PROBABLE

MAXIMUM PRECIPITATION PMP THE PMF IS DEFINED AS THE FLOOD THAT MAY BE

EXPECTED FROM THE MOST SEVERE COMBINATION OF CRITICAL METEOROLOGICAL AND
DL

HYDROLOGIC CONDITIONS THAT ARE REASONABLY POSSIBLE IN THE DRAINAGE BASIN UNDER

STUDY FERC 1987 THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

PROVIDES THE PMP ESTIMATES FOR THE UNITED STATES EAST OF THE 105TH MERIDIAN IN

HYDROMETEOROLOGICAL REPORTS 51 52 HMR51 HMR52 SCHREINER AND RIEDEL

1978 HANSEN ET AL 1982 THESE PRECIPITATION ESTIMATES ARE USED TO ESTIMATE

THE PMF FOR DRAINAGE AREAS TABLE BI PRESENTS THE 5MI 15MM 30MM 1H

AND 6H DURATION PMP DERIVED FROM HMR51 AND HMR52 THE 2H AND 3H

DURATIONS NEEDED FOR HEC1 INPUT WERE DERIVED BY INTERPOLATION ON LOGLINEAR

SCALE

STUDY WAS CONDUCTED FOR NFSS TO PROVIDE ESTIMATES OF MAXIMUM FLOOD

LEVELS AND FLOW VELOCITIES THAT WOULD OCCUR AT THE SITE DURING PMF ON THE

BASIS OF THESE ESTIMATES OF FLOOD LEVELS AND FLOW VELOCITIES THE FINAL NESS CAP

WILL BE DESIGNED TO PREVENT EROSION OF THE CAP THUS PREVENTING ANY RELEASE OF

LOWLEVEL RADIOACTIVE WASTE LLRW FROM NESS DURING PMF OR ANY OTHER FLOODS

DEVELOPMENT OF PROBABLE MAXIMUM FLOOD

THE PRINCIPAL DRAINAGE THAT CAN AFFECT NESS IS SIXMILE CREEK ABOUT 300

900 FT SOUTHWEST OF NESS USGS TOPOGRAPHICAL MAPS OF THE AREA SHOW THAT

THE ORIGINAL CHANNEL OF SIXMILE CREEK FOLLOWED THE NATURAL TOPOGRAPHY MORE

CLOSELY THAN THE PRESENT CHANNEL IN THE VICINITY OF NESS SIXMILE CREEK LIES

WITHIN CONSTRUCTED CHANNEL THAT MAKES AN ABRUPT WESTWARD TURN JUST NORTH OF

1580037 122094 BI



PLETCHER ROAD TO DISCHARGE INTO FOURMILE CREEK NEAR CREEK ROAD ABOUT KM

ML NORTHWEST OF NFSS THIS CHANNEL APPEARS TO HAVE BEEN CONSTRUCTED TO

DIVERT THE CREEK AWAY FROM THE MILITARY RESERVATION AT THE SITE WHEN THE

RESERVATION WAS CONSTRUCTED THE LOWER PORTION OF THE ORIGINAL SIXMILE CREEK

WHICH IS NOWSEPARATED FROM ITS UPPER REACHES IS STILL EVIDENT ON MAPS NEAR

PORTER CENTER ABOUT KM MI NORTHEAST OF NFSS AND CONTINUES NORTH TO

DISCHARGE INTO LAKE ONTARIO FIGURE BI SHOWSTHE LIMITS OF THE SIXMILE CREEK

DRAINAGE

DURING AN EXTREME FLOOD SUCH AS PMF RIVERS AND STREAMS OFTEN LEAVE THEIR

BANKS AND FOLLOW THE PATH OF STEEPEST GRADIENT IN THE CASE OF SIXMILE CREEK THE

MOST CRITICAL FLOOD CONDITIONS AT NFSS WERE ASSUMED FOR ANALYSIS DURING THE

PMF THE CREEK WAS ASSUMED TO COMPLETELY LEAVE ITS BANKS AT THE POINT CLOSEST TO

NFSS SEEKING TO REESTABLISH ITS OLD CHANNEL TO LAKE ONTARIO IF THE PMF WERE TO

OCCUR TODAY THE EFFECT OF SIXMILE CREEK LEAVING ITS BANKS WOULD BE SMALL

BECAUSE THE LAND WEST OF NFSS IS UNDEVELOPED AND VERY FLAT PROVIDING AMPLE

SPACE FOR THE FLOOD TO SPREAD OUT HOWEVER THIS LAND IS ZONED LIGHT INDUSTRIAL

AND MAY BE DEVELOPED AT SOME TIME IN THE FUTURE ALSO THE LAND TO THE SOUTH

AND EAST OF NFSS HAS BEEN PURCHASED BY MODERN LANDFILL INC WHICH PLANS TO

RAISE THE LEVEL OF THIS LAND WELL ABOVE THE EXISTING ELEVATION

BECAUSE THE EXACT NATURE OF FUTURE DEVELOPMENT ON LANDS WEST OF NFSS

CANNOT BE ACCURATELY PREDICTED CONSERVATIVE ASSUMPTION WAS MADE THAT FLOOD

WATERS WOULD BE CONSTRAINED BY FUTURE DEVELOPMENT OF THE NFSS PROPERTY PLUS

31 100 FT CORRIDOR ADJACENT TO NFSS WHERE THERE IS AN EXISTING POWER LINE

EASEMENT STRIP OF LAND BETWEEN NFSS AND SIXMILE CREEK WAS ASSUMED TO

REMAIN UNDEVELOPED ALLOWING THE FLOOD WATERS TO ENTER NESS FIGURE B2 SHOWS

THE LIMITS OF THE FLOODWAY USED FOR WATER SURFACE PROFILE COMPUTATIONS

CONSIDERATION WAS ALSO MADE OF WHETHER TWELVEMILE CREEK WHICH LIES

ABOUT KM 13 MI EAST OF NFSS POSES SIMILAR RISK OF INUNDATING NFSS DURING

PMF TWELVEMILE CREEK FOLLOWS VERY NEARLY ITS ORIGINAL CHANNEL ON THE EASTERN

1W
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SIDE OF THE MODERN LANDFILL PROPERTY MODERN LANDFILL CURRENTLY HAS SCREENING

BERMS ABOUT 10 30 FT HIGH AROUND IT WHEN FINALLY CLOSED THE TOP OF THE

LANDFILL IS EXPECTED TO REACH AN ELEVATION ABOUT 30 90 FT ABOVE THE GROUND

ELEVATION FOR THESE REASONS IT WAS JUDGED THAT THE MODERN LANDFILL WOULD

EFFECTIVELY PREVENT TWELVEMILE CREEK FROM EVER AFFECTING NFSS

6H PMP FOR NFSS WAS DEVELOPED USING THE US NATIONAL OCEANIC AND

ATMOSPHERIC ADMINISTRATIONS HYDROMETEOROLOGICAL REPORTS 51 AND 52 SCHREINER

ET AL 1978 HANSEN ET AL 1982 THE PMP FOR NESS IS PRESENTED IN TABLE BI

THE MAXIMUM FLOOD FLOW AT NFSS WAS DETERMINED USING THE US ARMY CORPS OF

ENGINEERS FLOOD HYDROGRAPH PACKAGE HEC1 USCOE 1990 THE WATERSHED

BOUNDARIES FOR SIXMILE CREEK AND OTHER DRAINAGE AREAS AFFECTING NESS ARE SHOWN

IN FIGURE BI THE TOTAL DRAINAGE AREA AFFECTING NESS IS 169 KM 65 MI THE

HYDROLOGIC BASIN CHARACTERISTICS FOR SIXMILE CREEK DRAINAGE AND DRAINAGE

ARE PRESENTED IN TABLE B2 THESE TWO AREAS WERE MODELED USING THE SOIL

CONSERVATION SERVICE UNIT HYDROGRAPH METHOD ALL OTHER DRAINAGE AREAS WERE

MODELED USING THE KINEMATIC WAVE METHOD USCOE 1990 THEIR BASIN AND

CHANNEL CHARACTERISTICS ARE PRESENTED IN TABLE B3 CONSERVATIVE ASSUMPTION OF

ZERO INFILTRATION LOSS WAS ASSUMED FOR THE HYDROLOGIC MODEL

FIGURE BI ALSO SHOWS THE PRINCIPAL DRAINAGE PATH FOR EACH SUBCATCHMENT

FIGURE B3 IS SCHEMATIC OF THE FLOW ROUTING USED THE PMF HYDROGRAPHS FOR THE

SUBCATCHMENTS WERE COMBINED AT NFSS THE MAXIMUM COMBINED PMF FLOOD

FLOW WAS ESTIMATED TO BE 1314 CMS 46410 CFS

STEADYSTATE FLOW MODEL WAS DEVELOPED TO ESTIMATE MAXIMUM WATER

LEVELS AND FLOW VELOCITIES RESULTING FROM THE PMF THE US CORPS OF ENGINEERS

WATER SURFACE PROFILES PACKAGE HEC2 USCOE 1990 WAS USED THE WATER

SURFACE PROFILE WAS ESTIMATED WITH NINE SECTIONS ACROSS THE SITE BETWEEN

STREET AT THE DOWNSTREAMEND AND LINE BETWEEN NESS AND SIXMILE CREEK AT THE

UPSTREAM END AS SHOWN IN FIGURE B2 THE SITE WAS MODELED AS SINGLE CHANNEL

AND THE NESS CAP FORMS AN ISLAND WITHIN THE FLOODWAY TRIANGULAR AREA

II
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DOWNSTREAMOF THE CAP WAS ASSUMED TO BE AN INEFFECTIVE FLOW AREA SPREADING

OF THE FLOODWAY TO THE EAST OF THE CENTRAL DRAINAGE DITCH WAS ASSUMED TO OCCUR AT

RATE OF 15 AS SHOWN IN FIGURE B2 SECTION WIDTHS AND ELEVATIONS WERE

DERIVED FROM COMBINATION OF SITE LAYOUT DRAWINGS OF THE PROPOSED FINAL CAP

DESIGN AND SURVEY DRAWINGS OF THE CENTRAL DRAINAGE DITCH FLOW OVER STREET

WAS ASSUMED TO BE CRITICAL FLOW AND WATER ELEVATIONS UPSTREAM FROM STREET

WERE ASSUMED TO BE SUBCRITICAL CULVERTS UNDER STREET AND ALONG THE DITCH

WEST OF NFSS WERE ASSUMED TO BE BLOCKED BY DEBRIS

THE CHARACTERISTICS OF THE SECTIONS USED IN THE HEC2 MODEL ARE PRESENTED IN

TABLE B4 THE FLOODWAY WIDTH IN TABLE B4 REPRESENTS THE EFFECTIVE FLOODWAY

ONLY SINCE FUTURE SITE CONDITIONS ARE NOT KNOWN WITH CERTAINTY BOTH HIGH AND

LOW ROUGHNESS COEFFICIENTS WERE USED FOR TWO SEPARATE SCENARIOS HIGH

ROUGHNESS VALUE MANNING NO045 WAS USED TO REPRESENT CONDITIONS IF THE SITE

WERE TO BECOME OVERGROWN WITH VEGETATION THIS RESULTS IN RELATIVELY HIGH WATER

SURFACE ELEVATIONS BUT LOW FLOW VELOCITY LOW ROUGHNESS VALUE MANNING

NO025 WAS USED TO REPRESENT SITE WITH LITTLE VEGETATION THIS RESULTS IN

LOWER WATER SURFACE ELEVATIONS BUT HIGHER FLOW VELOCITIES THE RESULTS REPORTED

BELOW REPRESENT THE MORE EXTREME VALUES COMPUTED FROM EITHER SCENARIO HIGHEST

WATER SURFACE HIGHEST FLOW VELOCITY

THE ESTIMATED MAXIMUM WATER SURFACE ELEVATIONS AND FLOW VELOCITIES

ADJACENT TO THE NFSS CAP RESULTING FROM THE HEC2 WATER SURFACE PROFILE MODELS

ARE PRESENTED IN TABLE B5 THE MAXIMUM FLOOD LEVEL WAS ESTIMATED TO BE

998 ASL 3276 FT ASL AND THE MAXIMUM CHANNEL VELOCITY WAS ESTIMATED TO BE

457 MS 15 FTS THESE RESULTS ARE BASED ON THE COMBINED EFFECTS OF SEVERAL

VERY CONSERVATIVE ASSUMPTIONS CONCERNING INPUT PARAMETERS AND ARE JUDGED TO BE

THE WORST FLOOD CONDITIONS THAT COULD REASONABLY BE EXPECTED DURING THE LIFE

OF NFSS
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TABLE BI

PROBABLE MAXIMUM PRECIPITATION

AT NIAGARA FALLS STORAGE SITE

DURATION PROBABLE MAXIMUM PRECIPITATION

INCHES
MM 50

15 MM 79

30 MM 113

HOUR 148

HOURS 183

HOURS 203

HOURS 240

TABLE B2

PMF HYDROGRAPH PARAMETERS FOR

SIXMILE CREEK AND DRAINAGE

SIXMILE CREEK DRAINAGE

DRAINAGE AREA SQUARE MILES 513 085

MAIN CHANNEL LENGTH MILES 434 296

CHANNEL TO CENTROID MILES 182 138

WEIGHTED CHANNEL SLOPE 44 42

FTMILE

BASIN LAG HOURS 093 078

1580037 122094 BI



TABLE B3

PMF HYDROGRAPH PARAMETERS

FOR LOCAL DRAINAGE BASINS

SUBCATCHMENT AREA FLOW SLOPE

SQUARE MILES LENGTH FT FTFT

0072 1000 0001

CHANNEL 1430 0003

AREA 0130 500 002

AREA 780 0001

CHANNEL 2000 0003

0096 1000 0001

CHANNEL 1300 0003

ML1 0171 150 011

CHANNEL 600 004

CHANNEL 4400 0001

ML2 0058 300 011

CHANNEL 600 004

CHANNEL 3600 0001

TABLE B4

HEC1 OPEN CHANNEL FLOW MODEL

INPUT PARAMETERS

SECTION NUMBER FLOODWAY WIDTH DISTANCE UPSTREAM CHANNEL BOTTOM CHANNEL INVERT

FT FROM STREET FT WIDTH FT ELEVATION FT ASL

1850 10 3038

15 1785 300 10 3047

1511 600 10 3055

1056 1150 10 3070

1002 1200 10 3070

950 1500 10 3078

760 2200 10 3100

846 2950 3150

768 3250 3180

589 3500 3190

CENTRAL DRAINAGE DITCH RUNS FROM SECTION TO SECTION AND IS DESIGNED AS 10 FT DEEP WITH 10FT BOTTOM

WIDTH AND 251 SIDE SLOPES SIDE CHANNEL FROM SECTION TO SECTION IS FT DEEP WITH 5FT BOTTOM AND 251 SIDE

SLOPES
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TABLE B5

COMPUTED WATER LEVEL AND FLOW VELOCITY

ADJACENT TO NFSS

SECTION WATER CHANNEL FLOODPLAIN

LEVEL VELOCITY VELOCITY

FT ASI FPS FPS

3240 126 80

3249 126 82

3262 150 107

3276 102 93

WATER LEVEL COMPUTED USING MANNINGS OF 0045
MAXIMUM VELOCITY COMPUTED USING MANNINGS OF 0025
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CALCULATION FOR APPENDIX



TO

SUBJECT RECORDS RELEASE

CALCULATION NO REVISION DATE

64
REFERENCE CLIENT REQUEST FOR CALCULATION RELEASE

IN ACCORDANCE WITH YOUR REQUEST COPIES OF THE IDENTIFIED CALCULATIONS ARE FORWARDEDHEREWITH

USE OF THESE CALCULATIONS BY PERSONS WITHOUT ACCESS TO THE PERTINENT FACTORS ANDWITHOUT PROPER REGARD FOR THEIR PURPOSE COULD LEAD TO ERRONEOUS CONCLUSIONS

SHOULD IT BECOME NECESSARY TO USE ANY OF THESE CALCULATIONS IN YOUR WORK IN THE FUTUREIT IS SUGGESTED THAT THE CALCULATIONS BE REVIEWED WITH AUTHORIZED BECHTEL PERSONNEL TOENSURE THAT THE PURPOSES ASSUMPTIONS JUDGEMENTS AND LIMITATIONS ARE THOROUGHLYUNDERSTOOD BECHTEL CANNOT ASSUME RESPONSIBILITY FOR THE USE OF THESE CALCULATIONS NOTUNDER OUR DIRECT CONTROL

PROJECT ENGINEER



CALCULATION LOG PROJECT NFSS FUSRAPDISIPLINE HYDROLOGY JOB NUMBER 14501100

CALCULATION APPROVAL STATUS MICROHLMNUMBER REV DATE

SUBJECT PCSV REMARKS IDENTJDATE

HY1 OCT 251994 PMF CALCULATION WITH HEC1

HY2 OCT 251994 WATER SURFACE PROFILE OF PMFUSING HEC2

CALCULATIONLOG 102594



CALCULATION COVER SHEET

ECT JOBNO JCAI ISH
RI

SUBJ IPUNE

AL
CAU2ULATION STATUS PREUMINARY CONFIRMED SUPERSEDED VOIDEDDE

SCP MAINFRAME PC PROGRAM NO VERSIONRELEASE NO
COMPUTERPROGRAMJIYPE

IJES ONO

117

NO RE
TOTALOF

BY CHECKED
APPROVED

DATEOF SHE SHE NO



SHEET BECHTEL

CALCULATION SHEET CAIC NO HV1
ON INATOR TOM HOD JOB NO 14501100 REV NO

PROJECT NIAGARA FUSRAP DATE 11OCT94 CHECKED

SUBJECT PMP FOR NIAGARA AREA DATE CHECKED

PERTINENT REFERENCE VALUES VALUE UNITS SOURCE

ALL SEASON PMP FOR 6HR 10 SQ MI 24 IN HMR51 FIG 18

12HR 10 SQ MI PMP 2710 IN HMR51 FIG 19

24HR 10 SQ MI PMP 2900 IN HMR51 FIG 20

48HR 10 SQ MI PMP 3220 IN HMR51 FIG 21

72HR 10 SQ MI PMP 3350 IN HMR51 FIG 22

1HR SQ MILE PMP 162 IN HMR52 FIG 24

1HR 10 SQ MI PMP 134 IN HMR52 FIG 29

RATIO OF MM PMP TO 1HR PMP 0340 HMR52 FIG36

RATIO OF 15 MM PMP TO 1HR PMP 0534 HMR52 FIG37

RATIO OF 30 MM PMP TO 1HR PMP 0765 HMR52 FIG38

PMP IN INCHES

STORM AREA

DURATION SQ MILE 10 SQUARE MIE 52 SQUARE MILE

10 100 52
5MM 55 46 504
15MM 15 87 72 792
30 MM 30 124 103 1134

HOUR 60 162 134 1483

HOUR 360 240 2400
12 HOUR 720 271 271 2710
24 HOUR 290

INTERPOLATED HOUR 120 189 183
FROM CHART HOUR 180 208 203

NIAGRA PMP



SHEET BECHTEL

CALCULATION SHEET CAIC NO HY1
ORIGINATOR TOM HODGE JOB NO 14501100 REV NO
PROJECT NIAGARA FUSRAP DATE 11 OCT94 CHECKED

SUBECT PMP FOR NIA ARA AREA DATE CHECKED

DEPTHAREA CURVE FOR NFSS

DURATION IN
30

MINUTES

25

15
30

41

A360
10

720

1440

10

DRAINAGE AREA

INTERPOLATED 2HOUR 3HOUR DEPTHS

DURATION IN

30 MINUTES US

25 30

60 US

120

180

10

A720

1440

10 4P

DRAINAGE AREA SQ MILES

NIAGRA PMP



BECHTEL

CALCULATION SHEET

ORIGINATOR
DATE CAIC NO REV NO

PROJECT
AL JOB NO 40 CHECKED DATE

SUBJECT
12 SHEET NO

SC
TRAC

CRE

TE AC

10 2FTJ RTU 5YC
11

12

14

ZT

11
18

19 AB
20

21 C2
22 3S O72
23

24

25 2H 614
CT

27

28 ICCL
II

29 PH
30 IN

31

34
35

7AZ4310SFP ED



BECHTEL

CALCULATION SHEET

ORIGINATOR DATE LI CAIC NO REV NO

PROJECT AL FTC5 JOB NO LF KCO CHECKED DATE

SUBJECT AJ SHEET NO

10

11

12

13

14

16

17

18

19

20

21

22

23

YS RT
26 WOLLIT 44 1K
28

JR 4I
29

30

31

MIT

34

SFP O5 PE A24310



II

IJ
113

A7
4SL IKEIL4 II

IL11

II



BECHTEL

CALCULATION SHEET

ORIGINATOR DATE CAICNO LL REV NO

PROJECT
AL JOB NO CHECKED DATE

SUBJECT 7‰ SHEET NO

200TE
UAL CAA

L5

10

13 65YK
14 EF
16

18 1I
19 3I IO9

20

Q2T

22

23 7RIC 15
24 7F5
25

26

27 SUL

FR
IT

30

31

33

34

35

36

2O6 7A2431O



BECHTEL

CALCULATION SHEET

ORIGINATOR
DATE CAIC NO REV NO

PROJECT
IL JOBNO IOC CHECKED DATE

SUBJECT
AW SHEET NO

LA

4A

10

11

12

13

14

17
93

18

19 OIJ
20

JTTL

21

22 IA
23 LT IK LTX

24 AQ ‰1
25 IS

26 ILR
2728
29

30

34

35

36
AL431O

SFP 2O76A 69



BECHTEL

CALCULATION SHEET

ONGINATOR DATE CAIC NO REV NO

PROJECT AJF JOBNO IJ OLV CHECKED DATE

SUBJECT SHEET NO

2JYZ

A4 EF
29

ZK

13

14

CYO
17 UT7I 32
18 II
19

20
635

21 LER
22

23

24

67
25

26

VV
27 7S
28

29

31



BECHTEL

CALCULATION SHEET

ORIGINATOR
A4 DATE CAIC NO REV NO

PROJECT
JOBNO CHECKED DATE

SUBJECT
SHEET NO

BA

OO
10

11 II

17

18

21 LG 27
22

P23
LI 2A RO

24

25 AO 05Q 247
27

28

29

30

31

34

35

36
A243ID



BECHTEL

CALCULATION SHEET

ORIGINATOR DATE 22I4 CAIC NO REV NO

PROJECT JOB NO 4Z5I CHECKED DAT1OZ
SUBJECT 41 ZF

AEE 7RFBCZ LP 6GR

ALL U6DREE

2C

IIAJI IAKR
5DB

IT17 04

11

12

13 AL2 32
14

16

TRD
18 C1TQ4 7L

C2

21
4T

22
L4

23

NISCI

24
AIL

25
LL

26

27

28
KI

29
AV O3

30 GO OZ IR
1035

34

6AL
RA

25 L03

36



SN 343OC317 63 AZA FI SS
WXW WWXWX

KCCD HYDROGRAP PACKAGE HEC YS APMY CORPS ENGINEERS

MAY 1991 HYDROLOGIC ENGINEERING CENTER

VERSION 4DAE 609 SECOND STREET

DAVIS CALIFORNIA 95616

DATE 10111994 TIME 142306 916 7561104

UA

XXXXXXX XXXXX

XX

XX
XXXXXXX XXXX XXXXX

XX
XX

XXXXXXX XXXXX XXX

FULL IMPLEMENTATION

BY

HAESTAD METHODS INC

37 BIOOKSIDE ROAD WATEIOURY CONNECTICUT 06708 203 7551666

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC1 KNOWN AS HECI JAN 73 HECIGS HECLOB AND HEC1KW

THE DEFINITIONS OF VARIABLES RTIMP AND RTIOR HAVE CHANGED FROM THOSE USED WITH THE 1973STYLE INPUT STRUCTURE

THE DEFINITION OF AMSKK ON RMCARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81 THIS IS THE FORTRAN77 VERSION

NEW OPTIONS DAMBREAK OUTFLOW SUBMERGENCE SINGLE EVENT DAMAGE CALCULATION DSSWRITE STAGE FREQUENCY

DSSREAD TIME SERIES AT DESIRED CALCULATION INTERVA LOSS RATEGREEN AND AMPT INFILTRATION

KINEMATIC WAVE NEW FINITE DIFFERENCE ALGORITHM



EC1 INPJ 2AD

2NE

ID AZAA LS STCRAGE SITE DOE FUSRA

ID ATE SURFACE LEVEL

IT O1 0100 100

10

KK SUBA SIX CREEK

KM CREEK DRAINA
BA 513

PH 504 792 148 183 203 240

LU 100

10 UD 093

TI

11 KK SUBB SUBCATCR ADJACENT TO 6MILE CREEK

12 BA 085

13 PH 55 87 162 189 208 240

14 UD 078

15 KK SUBO SUOCATCNMENT AREA WEST OF CAP

16 BA 0130

17 UK 500 02 24 25

18 UK 780 001 24 75

19 RK 2000 003 003 TRAP 25 NO 10

20 KK RCH1 COMBINE FLOW FOR UPSTREAM REACH

21 KO

22 HC

23 KK SUBMI MOCEM LANDF CACHMENT

24 BA 171

25 UK 150 11 24 100 10

26 RK 600 04 03 0053 TRAP NO

27 RK 4400 001 015 TRAP NO

28 KK SUBC SUBCATCHMENT AREA EAST OF CAP

29 BA 072

30 UK 1000 001 015 100 10

31 RK 1430 0003 003 TRAP 25 YES 10

FT URN

32 KK RCH2 MIDDLE REACN OF CENTRAL CHANNEL

33 KO

34 HC

FT

43



LNE

35 KK MCDE CT
36 BA 058

37 UK 300 11 24 100 10

38 RK 600 00K 003 00053 TRAP NO

39 RK 3600 0001 0015 TRAP NO

40 KK SUBE SUBCATCR AREA EAST OF CAP

41 BA 096

42 UK 1000 001 24 100 10

43 RK 1300 0003 003 TRAP 25 YES 10

44 KK RCR DOWNSTREAM REACH OF CENTRAL DITCH

45 KO

46 HZ

47 KK OLD6 SIX NILE USING VEFAS DARAMETERS

48 BA 54

49 504 792 1483 183 203 240

50 100

51 075

52 ZZ

II



HE SN 343COC317 1MVE 633 FILE

FLOOD HYOROGRAPH PACKAGE FT US OF ENGINEERS

FT MAY 1991 HYDROLOGIC ENGINEERING CENTER

VERSION 4O1E 609 SECOND STREET

DAVIS CALIFORNIA 95616

RUN DATE 10111994 TIME 142306 916 756HOT

FTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFT FTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFTFT

NIAGARA FALLS STORAGE SITE DOE FUSRAP

PMF ANALYSIS WATER SURFACE LEVEL

410 OUTPUT CONTROL VARIABLES

IPRNT PRINT CONTRO

IPLOT PLOT CONTROL

OSCAL HYDROGRAPH POT SCALE

IT HYDROGRAPH TIME DATA
NMIN MINUTES IN COMPUTA2CN NTERVAL

IDATE LUAN STARTING DATE

ITIME 0100 STARTING TIME

NO 100 NUMBER OF HYDRDGRAP ORDINATES

NODATE IJAN ENDING DATE

NOTIME 0915 ENDING TIME

ICENT 19 CENTURY MARK

COMPUTATION INTERVAL 008 HOURS

TOTAL TIME BASE 825 HOURS

ENGLISH UNITS

DRAINAGE AREA SQUARE MILES

PRECIPITATION DEPTH INCHES

LENGTH ELEVATION FEET

FL CUBIC FEET PER SECOND

STORAGE VOLUME ACREFEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT FTFTFT

FTFTFTFTFTFTFTFTFTFTFTFTFT

FT FT

KK SUBA SIX MILE CREEK

FT FT

PMF FOR SIX MILE CEEK DRA
SUBBASIN RUNC DATA



AREA

RCIPI7AICN DATA

PH FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24IR 2DAY 4DAY 7DAY 10DAY

504 792 1483 1830 2030 2400 000 000 000 000 000 000

STORM AREA 513

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIOUS AREA

10 UD SCS DIMENSIONLESS UNITGRAPH

TLAG 093 LAG

UNIT HYOROGRAPH

58 ENDORPERIOO ORDINATES

66 204 387 908 1269 1685 2035 2293 2460

2536 2543 2502 2371 2218 2046 1842 1601 1353 1146

993 862 749 660 580 505 440 374 330 287

250 218 188 164 140 124 107 94 82 71

62 53 47 40 35 24 22 19

17 14 12

TAN ANN TAN TAN TT TNT TAT TAN TTN AAA TA TAT ANN TAA TNNNN NAN ANT TTT TNT TAN TAT ANT

NNANNAATTTTT

11 KK SUBB ADJACENT TO 6RNLE CREEK

SUBBASIN RUNOFF DATA

12 BA SUBBASIN CHARACTERISTICS

TAREA 085 SUBBASIN AREA

PRECIPITATION DATA

13 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40 TP49

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 000 000 000

STORM AREA 085

LU UNIFORM LOSS RATE

STRL 000 NTAL LOSS

CNSTL 000 UNFORM LOSS PKE

R2M DO AREA



14 UD SS DD LNITGRA

TLAD C7 LAD

UIT HVDROGRAPH

49 ENDOFPERIOD ORDINATES

15 51 98 159 242 337 415 468 495 499

490 459 422 380 327 269 221 187 158 135

116 99 84 70 60 51 43 36 31 26

22 19 16 14 12 10

AX ATA AN AN FLAX XX XXX XXX XXX XXX

XXXAXXXX

15 KK SUBO SUOCATCNMER AEA WEST OF CAP

SUBBASIN RUNOFF DATA

16 BA SUBBASIN CHARACTERISTICS

TAREA 013 SUBBASIN AREA

PRECIPITATION DATA

13 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP49

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 0DD 000 000

STORM AREA 013

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIOUS AREA

LOSS RATE VARIABLES FOR SECOND OVERLAND FLOW ELEMENT

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 000 PERCENT IMPERVIOUS AREA

KINEMATIC WAVE

17 UK OVERLANDFLOW ELEMENT NO

500 OVERLAND FLOW LENGTH

00200 SLOPE

0240 ROUGHNESS COEFFICIENT

PA 250 PERCENT OF SUBBASIN

DXMIN MINIMUM NUMBER OF DX INTERVALS

18 UK OVERLAND ELEMENT NO

780 OVERLAND FLOW LENGTH

00010 SLOPE

02 RC EFOIEN



PA 750 PERCENT SUBEASIN

DXMN ININY NU CF CX INTERVA

KINE WAVE

MAN CHANNEL

2000 CHANNE LENGTH

00030 SLOPE

0030 CHANNEL ROUGHNESS COEFFICIENT

CA 013 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 500 BOTTOM WIDTH OR DIAMETER

250 SIDE SLOPE

NDXMIN 10 MINIMUM NUMBER OF DX INTERVALS

RLJPSTO NO ROUTE UPSTREAM HYDROGRAPH

AN AA AA AN NFL TWA FLAT TAT FLAT AT TT TAT TT TAT TTT TAT FIST ATT TT WFT TAT FITS TT TAT TTT FITFI TTT

20 KK RCHL COMRNR FLOW FOR UPSTREAM REACH

OUTPUT CONTR0 VARIABLES

IPRNT PRINT CONTROL

IPLOT PLOT CONTROL

OSCAL HYDROGRAPH PLOT SCALE

22 HC HYDROGRAPH COMBINATION

ICOMP NUMBER OF HYDROGRAPHS TO COMBINE

HYDROGRAPH AT STATION RCHL

SUM OF HYDROGRAPHS

DA MON HRMN CR0 FL DA MON HRMN CR0 FLOW DA MON HRMN ORD FLOW DA MON HRMN ORD FLOW

JAN 0100 JAN 0305 26 4914 JAN 0510 51 42538 JAN 0715 76 6493

JAN 0105 JAN 0310 27 5177 JAN 0515 52 40409 JAN 0720 T7 6109

JAN 0110 27 JAN 0315 28 5463 JAN 0520 53 37919 JAN 0725 78 5729

JAN 0115 67 JAN 0320 29 5775 JAN 0525 54 35190 JAN 0730 79 5335

JAN 0120 131 JAN 0325 30 6123 0530 55 32308 JAN 0735 80 4933

JAN 0125 226 JAN 0330 6513 JAN 0535 56 29436 JAN 0740 81 4520

JAN 0130 360 JAN 0335 32 6976 LAN 0540 57 26811 JAN 0745 82 4109

JAN 0135 537 JAN 0340 33 7534 JAN 05 58 24507 JAN 0750 83 3706

JAN 0140 751 JAN 0345 34 8209 AN C5EC 59 22417 LAN 0755 84 3316

JAN 0145 10 993 JAN 0350 35 9059 JAN 0555 60 20536 JAN 0800 85 2947

JAN 0150 11 1256 JAN 0355 36 1016 JAN 0600 61 186 AN CEOS 86 2598

JAN 0155 12 1531 JAN 040C 37 11646 JAN 0605 62 17347 JAN 08 87 2276

JAN 0200 13 1811 JAN CACS 35 JAN 63 AN 85 95



JAN 02C5 14 209 JAN C4C 3J 1726 C63 463 AN 69 17
JAN O2 15 2365 JAN 0415 43 23217 0620 65 13527 625 90 1476
JAN 02 16 2631 AN 0420 2377 AN 0625 66 12522 33 1266

JAN 0220 17 2887 JAN 0425 42 27907 AN 0633 67 11599 UA 3835 92 1089
JAN 0225 18 3132 JAN 0430 43 32333 JAN 0635 68 0779 AN 38 93 935
JAN 0230 19 3363 JAN 0435 L4 36633 JAN 06 69 10336 AN 3S5 94 800
JAN 0235 20 3583 JAN 0440 45 40179 JAN 0645 70 9365 AN 0850 95 682
JAN 0240 21 3795 JAN 0445 46 42853 JAN 0650 71 8769 JAN 0855 96 587
JAN 0245 22 4006 JAN 0450 47 44520 JAN 0655 72 8222 JAN 0900 97 506
JAN 0250 23 4220 JAN 0455 48 45249 JAN 0700 73 7747 JAN 0905 98 437
JAN 0255 24 4439 JAN 0500 49 45091 JAN 0705 74 7302 JAN 0910 99 376
JAN 0300 25 4669 JAN 0505 50 44197 JAN 0710 75 6889 JAN 0915 100 325

PEAK FL TIME MAXIMUM AVERAGE FL
CFS HR 6HR 24HR 72HR 825HR

45249 392 CFS 15231 11321 11321 11321

INCHES 23177 23686 23686 23686

ACFT 7552 7719 7719 7719

CUMULATIVE AREA 611 SQ MI

23 KK SUBMI MODERN LANDFILL CATCHMENT

SUBBASIN RUNOFF DATA

24 BA SUBBASIN CHARACTERISTICS

TAREA 017 SUBBASIN AREA

PRECIPITATION DATA

13 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40 TP49
5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 000 000 000

STORM AREA 017

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIOUS AREA

KINEMATIC WAVE

25 UK OVERLANDFLOW ELEMENT NO

150 OVERLAND FLOW LENGTH

01133 SLOPE

0240 ROUGHNESS COE
PA 1330 ER3ENT SJE



OXHIN INM OF DX INTERVA

KINE WAVE

RK COLLECTCR CHANNEL

6CC CHANNE ENGT

00100 SLOPE

0030 CHANNEL RC C0EFFICIEN

CA 001 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 000 BOTTOM WIDTH OR DIAMETER

300 SIDE SLOPE

NDXMIN MINIMUM NUMBER OF DX INTERVALS

27 RK MAIN CHANNEL

4400 CHANNEL LENGTH

00010 SLOPE

0015 CHANNEL ROUGHNESS COEFFICIENT

CA 017 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 500 BOTTOM WIDTH OR DIAMETER

200 SIDE SLOPE

NOXMN MINIMUM NUMBER OF DX INTERVALS

RUPSTO NO ROUTE UPSTREAM HYDROGRAPH

NFL TAN NN AN AN FIN AN FLAT NFL NFL FIFE NFL FIT FLAFI FL FL TN

NNNTT

28 KK SUBO SUBCATCHMENT AEA EAST CAP

SUBBASIN RUNOFF DATA

29 BA SUBBASIN CHARACTERISTICS

TAREA 007 SUBBASIN AREA

PRECIPITATION DATA

13PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40 TP49

5MIN 15MIN 60 MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 000 000 000

STORM AREA 007

LU UNIFORM LOSS RATE

STRTL 000 INITIA LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIO AREA

KINEMATO WAVE

30 UK OVERLANDFLOW ELEMENT NO

1000 OVERLAND FLOW LEN2

00010 SLOE

0015 DNESS



PA 1COO PERCENT OR SUBBASIN

DXH MINIM NUMBER NTERVA

KINEMATIC WAVE

RK MAIN CHANNE

1430 CHANNE LENGTH

00030 SLOPE

0030 CHANNEL ROUGHNESS COEFFICIENT

CA 007 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 500 BOTTOM WIDTH OR DIAMETER

250 SIDE SLOPE

NDXMIN 10 MINIMUM NUMBER OF DX INTERVALS

RUPSTQ YES ROUTE UPSTREAM HYDROGRAPH

FDKRUT NEWTON RAPHSON FAILEOFIXED POINT ITERATION USED ITERATION

NX TAT TTT TAT TAT TAT TAT TAT TAT TAT AT TAT TT TAT TAT TT TAT TWA TAT TTT TAT TAT

KK RCH2 MIDDLE REACH OF CENTRAL CHA

AT WATTTA AT

33 KO OUTPUT CONTROL VARIABLES

IPRNT PRINT CONTROL

IPLOT PLOT CONTROL

OSCAL HYOROGRAPH PLOT SCALE

34 MC HYOROGRAPH COMBINATION

ICOMP NUMBER OF HYOROGRAPHS TO COMBINE

TAT

HYDROGRAPH AT STATION RCH2

SUM OF HYDROGRAPHS

DA MON HRMN ORD FLOW DA MON HRMN ORO FLOW DA MON HRMN ORO FLOW DA MON HRMN ORD FLOW

JAN 0100 JAN 0305 26 5223 JAN 0510 51 42899 JAN 0715 76 6589 UP
JAN 0105 JAN 0310 27 5501 JAN 0515 52 40753 JAN 0720 77 6183

JAN 0110 28 JAN 0315 28 5803 JAN 0520 53 38248 JAN 0725 78 578L

JAN 0115 69 JAN 0320 29 6135 JAN 0525 54 35503 JAN 0730 5376

JAN 0120 141 JAN 0325 30 6510 JAN 0530 55 32606 JAN 0735 80 4964

JAN 0125 266 JAN 0330 31 6937 JAN 0535 56 29718 JAN 0740 81 4544
JAN 0130 440 JAN 0335 32 7498 JAN 0340 57 27073 JAN 0745 82 4128
JAN 0135 65 JAN 0340 33 82 JAN 0545 55 24752 AN 0750 83



JA O1TC JAN 03L5 34 923 AN 055C 2265 255 3323

JAN 0145 10 1139 JAN 035C 35 10446 AN 0555 6D 20750 JA 0300 35 2957

JAN 0150 11 1406 JAN 0355 36 1224 JAN 0600 61 19063 JAN 0505 2606

JAN 0155 12 168W JAN 0400 37 14405 AN 0605 62 17544 JAN C5Z 2252

JAN 0200 13 1970 JAN 0405 35 21144 AN 0610 63 16146 AN 0515 53 1957

JAN 0205 14 2255 AN 0410 22954 JAN 06 64 14876 JAN 0520 59 1719

JAN 0210 15 2535 JAN 0415 40 23546 AN 0620 65 13704 JAN 0525 90 1450

JAN 0215 16 2806 JAN 0420 41 25970 JAN 0625 66 12694 JAN 0830 91 1271

JAN 0220 17 3068 JAN 0425 42 29565 JAN 0630 67 11765 JAN 0835 92 1092

JAN 0225 18 3319 JAN 0430 43 33657 JAN 0635 68 10941 JAN 0840 93 938

JAN 0230 19 3558 JAN 0435 44 37701 JAN 0640 69 10193 JAN 0845 94 802

AN 0235 20 3787 JAN 0440 45 41001 JAN 0645 70 9519 JAN 0850 95 654

JAN 0240 21 4013 JAN 0445 46 43480 AN 0650 71 8918 JAN 0855 96 589

JAN 0245 22 4244 JAN 0450 47 45034 AN 0655 72 8368 JAN 0900 97 508

JAN 0250 23 4478 JAN 0455 48 45702 0700 73 7889 JAN 0905 98 438

JAN 0255 24 4716 JAN 0500 49 45504 JAN 0705 74 7435 JAN 0910 99 378

JAN 0300 25 4962 JAN 0505 50 44580 JAN 0710 75 7007 JAN 0915 100 326

WFLT

PEAK FLOW TIME AVERAGE FLOW

CFS HR 6HR 24HR 72HR 825
45702 392 CFS 15840 11777 11777 1777

INCHES 23182 23698 23698 23698

A0 7855 8030 8030 8030

AREA 635 SO MI

35 KK SUBM2 MOCERN LARLDFLT CATCNMENT

SUBBASIN RUN0 DATA

36 BA SUBBASIN CHARACTERISTICS

TAREA 006 SUBBASIN AREA

PRECIPTATION DATA

13 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40 TP49

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 000 000 000

STORM AREA 006

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIOUS AREA

KINEMATC WAVE



37 UK OVERLANDFLOW ELEMENT NO

300 OVERLAND FLOW LENGTH

01100 SLOPE

0240 ROUGHNESS COERF
PA OOO PERCENT

DXMIN 10 MINIMUM NUMBER OX NTE

KINEMATIC WAVE

38 RK COLLECTOR CHANNEL

600 CHANNEL LENGTH

00400 SLOPE

0030 CHANNEL ROUGHNESS COEFFCIENT

CA 001 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 000 BOTTOM WIOTH OR DIAMETER

300 SLOE SLOPE

NDXMIN MINIMUM NUMBER OF OX INTERVALS

39 RK MAIN CHANNEL

3600 CHANNEL LENGTH

00010 SLOPE

0015 CHANNEL ROUGHNESS COEFFCIENT

CA 006 CONTRIBUTING AREA

SHAPE TRA CHANNEL SHAPE

WO 500 BOTTOM WIDTH OR DIAMETER

200 SLOE SLOPE

NDXMIN MINIMUM NUMBER OF DX INERVALS

RUPSTO NO ROUTE UPSTREAM HYDROGRAPH

NFL FIFIFI FIFIFI FL FLFL FIFIFI FIFIFI FL FITFI FL FIFIFI FIFIFI FIFIFI FIFIFI FIFIFI 55 555 SFLFL 55 55 FL 555

55

40 KK SUBE SUBCATCHMENT AR EAST OF CAP

SFLFLSFLFL5

SUBBASIN RUNOFF DATA

41 BA SUBBASIN CHARACTERISTICS

TAREA 010 SUBBASIN AREA

PRECIPITATION DATA

13 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYDRO35 TP40 TP49

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

550 870 1620 1890 2080 2400 000 000 000 000 000 000

STORM AREA 010

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE

RTIMP 10000 PERCENT IMPERVIOUS AREA



KINEMATIC WAVE

42 UK CVERLANCFL ELEMENT NC

10CC OVERLAND EL LENGTH

CCC1O SLOPE

0240 ROUGHNESS CGE
PA 1OCC PERCENT CF SUBBASIN

DXMIN 10 MINIMUM NUMBER OF DX INTERVALS

KINEMATIC WAVE

43 RK MAIN CHANNEL

1300 CHANNEL LENGTH

00030 SLOPE

0030 CHANNEL ROUGHNESS COEFFICIENT

CA 010 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE

WO 500 BOTTOM WIDTH OR DIAMETER

250 SIDE SLOPE

NDXMIN 10 MINIMUM NUMBER OF DX INTERVALS

RUPSTO YES ROUTE UPSTREAM HYDROGRAPH

ANT ANT NT TNT NN TAT TT ANN TT TAT AT TN TTT TAT AWN AN TNT

AATNNN

RCH2 DOWNSTREAM REAC OF CENTA DITCH

TAT NAN NA

45 KO OUTPUT CONTROL VARIABLES

IPRNT PRINT CONTROL

IPLOT PLOT CONTROL

OSCAL HYDROGRAPH PLOT SCALE

46 HO HYDROGRAPH COMBINATION

ICOMP NUMBER OF HYDROGRAPHS TO COMBINE

AAA

HYDROGRAPH AT STATION REH2

SUM OF HYDROGRAPHS

DA MON HRMN ORD FLOW DA MON HRMN ORO FLOW DA MON HRMN ORD FLOW DA MON HRMN CR0 FLOW

JAN 0100 JAN 0305 26 5336 JAN 0510 51 JAN 0715 76 6689

JAN 0105 JAN 0310 27 5618 JAN 0515 52 41188 JAN 0720 77 6276

JAN 0110 29 JAN 0315 28 5938 JAN 0520 53 38638 JAN 0725 78 5865

JAN 0115 70 JAN 0320 29 6274 JAN 0525 54 35861 JAN 0730 79 5452

JAN 012C 142 JAN 0325 30 6668 JAN 0530 55 32942 JAN 0735 80 5031

JAN 0125 269 JAN 0330 7108 JAN 0535 56 30024 JAN 0740 81 4606

JAN 0130 JAN 0335 32 7702 JAN 0540 57 2363 JAN 0745 82 4186

JAN 0135 670 JAN 034 33 852 JAN 0545 58 25 AN 07 83 3773



JAN 0140 914 JAN 0345 34 9594 AN 055 22857 JAN 0755 3378

JAN 0145 10 1176 JAN 0350 35 1091C AN 0555 60 208C JAN 0800 85 3003

AN 0150 11 1446 JAN 0355 36 12745 JAN 0600 19277 JAN 0805 86 12648
JAN 0155 12 1727 JAN 0400 37 15338 JAN 0605 62 17744 JAN 0810 87 2324

JAN 0200 13 203 JAN 0405 38 229611 JAN 0610 63 6334 AN 0815 88 2024

JAN 0205 14 2300 JAN 0410 39 25308 JAN 0615 64 15053 JAN 0820 89 1754

JAN 0210 15 2586 JAN 0415 40 25503 JAN 0620 65 13877 JAN 0825 90 1515

JAN 0215 16 2859 JAN 0420 41 27559 JAN 0625 66 12854 JAN 0830 1304

JAN 0220 17 3123 JAN 0425 42 31010 JAN 0630 67 11922 JAN 0835 92 1121

JAN 0225 18 3375 JAN 0430 43 JAN 0635 68 11088 JAN 0840 93 966

JAN 0230 19 3623 JAN 0435 44 38929 JAN 0640 69 10336 JAN 0845 94 830

JAN 0235 20 3854 JAN 0440 45 42089 JAN 0645 70 9655 JAN 0850 95 710

JAN 0240 21 4083 JAN 0445 46 44423 JAN 0650 71 9050 JAN 0855 96 612

JAN 0245 22 4322 JAN 0450 47 45851 JAN 0655 72 8494 JAN 0900 97 532

JAN 0250 23 4566 JAN 0455 48 46412 JAN 0700 73 8011 JAN 0905 98 461

JAN 0255 24 JAN 0500 49 46126 JAN 0705 74 7551 JAN 0910 99 398

JAN 0300 25 5067 JAN 0505 50 45128 JAN 0710 75 7117 JAN 0915 100 345

PEAK FLOW TIME MAXIMUM AVERAGE FLOW

CFS HR 24HR 72HR 825HR

46412 392 CFS 16219 12059 12059 12059

INCHES 23174 23691 23691 23691 IA
ACFT 8042 8222 8222 8222

CUMULATIVE AREA 651 SO MI

47 KK OLD6 SIX MILE USING VEFAS PARAMETENS

SUBBASIN RUNOFF DATA

48 BA SUBBASIN CHARACTERISTICS

TAREA 540 SUBBASIN AREA

PRECIPITATION DATA

49 PH DEPTHS FOR 0PERCENT HYPOTHETICAL STORM

HYORO35 TP40 TP49

5MIN 15MIN 60MIN 2HR 3HR 6HR 12HR 24HR 2DAY 4DAY 7DAY 10DAY

504 792 1483 1830 2030 2400 000 000 000 000 000 000

STORM AREA 540

LU UNIFORM LOSS RATE

STRTL 000 INITIAL LOSS

CNSTL 000 UNIFORM LOSS RATE 7CQI9
RTIMP 10000 PERCENT IMPERVIOUS AREA

51 US SNYDER UNIT0RA



C7S LAG

060 PEAKING CCE
SYNTHETIC ACCUMULATEDAREA VS TIME CURVE WILL BE USE

UNIT HYDROGRAPH PARAHETERS

CLARK TC 083 HR 075 HR

SNYDER TP 075 HR CP 061

UNIT HYDROGRAPH

53 ENDOFPERIOD ORDINATES

100 373 754 1193 1667 2125 2493 2740 2861 2824

2613 2336 2089 1868 1670 1493 1335 1194 1068 955

854 763 682 610 546 488 436 390 349 312

279 249 223 199 178 159 143 127 114 102

91 81 73 65 58 52 47 42 37 33

30 27 24

EN

EN

EN



RUNC SC
FLC CU FEET PER SECCND

IC AREA SC LES

PEAK TIME AVERAGE MAXP PERIOD BASIN MAX QF

SATON FLOW PEAK 6HOUR 24HOUR 72HOUR AREA STAOE MAX STAGE

HYDROGRAPH AT SUBA 37380 400 12758 9491 9491 513

HYDROGRAPH AT SUBB 7596 383 2154 1591 1591 085

HYOROGRAPH AT SUBO 1822 317 321 239 239 013

COMBINED AT RCHL 45249 392 15231 11321 11321 611

HYDROGRAPH SUBMI 5444 308 438 320 320 017

HYDROGRAPH AT SUBC 6844 308 623 456 456 024

COMBINED AT RCH2 45702 392 15840 11777 1777 635

HYDROGRAPH AT SUBM2 1541 308 148 109 109 006

HYDROGRAPH AT SUBE 2353 317 379 282 282 015

COMBINED AT RCH2 46412 392 16219 12059 12059 651

HYDROGRAPH AT OLD6 39505 375 13301 9930 9930 540



KNEMAUC WAVE USKINGU CJIG
KC4 IS RJNOFF WITHCJT BASE FLQW

INTERCO INTERVA

STAC ELEHEN PEAK VCLU CT PEAK VC
EAK PEAK

MIN CFS HIM IN MIN CFS CHIN IN

SUBO LANE 038 184671 18852 2346 500 182206 19000 2347

0NTINUITY SUMMARY ACFTC INFLCW0000OE EXCESS01663E03 0UTFL0W01627E03 BASIN ST0PAGE03093E PERCENT ERROR 03

SUBMI MANE 114 625834 18677 2395 500 544437 18500 2391

ONTINUITY SUMMARY ACFT INFL EXCESS02188E03 0UTF BASIN STOP 0E02695EC PERCENT ERROR 02

SUBC MANE 02 78081 18643 2392 500 684363 18500 2399

NTINUITY SJMMARY ACFTC INFLCWO2181E03 EXCESS0924E 0UTFLCW03100E BASIN STORAC01015E PERCENT ERROR 00

HANE 159 191913 18667 2396 500 154114 18500 2394

CONTINUITY SUMMARY ACFTC INFLOWOOOOOEOO EXCESSO7422E02 OUTFLOWO7411E02 BASIN STORAOEO2129E01 PERCENT ERROR 01

SUBE MANE 032 237616 19128 2344 500 235318 19000 2341

CONTINUITY SUMMARY ACFTC INFLOWO7406E02 EXCESSO1228E03 OUTFLOWO1925E03 BASIN STORAOEO3925E01 PERCENT ERROR 02

UU NORMAL END OF HEC1



CALCULATION COVER SHEET

PROJECT JOB NO CALC SHEET

SU5JE DISCIPUNE

CALCULALLON STATUS PRELIMINARY CONFIRMED SUPERSEDED VOIDED

SCP MIJNPRAVLE PC PROGRAMNO VERSIONRELEASE NO
ONO IC2

VKS

3I SDGB

DE

NO REASON FOR REVISION TOTAL NO LAST APPROVED
DATEOF SHEETS SHEETNO BY CHECKED

ACCCEPTED
RECORD OF REVISIONS



BECHTEL

CALCULATION SHEET

ORIGINATOR DATE CAIC NO 12 REV NO

PROJECT JOBNOIOJLLL CHECKED DATE

SUBJECT
115 SHEET NO

VLTIQTE

6O

10

11

12

13

14

17

18 UCO

19

20

21

23

25
26

27

26

29 1I

30 ILAN

34
35

36

SRP2O76 EO 1A243IOI



BECHTEL

CALCULATION SHEET

ORIGINATOR DATE CAIC NO REV NO

ROJECT JOB NO LF II CHECKED DATE

SUBJECT SHEET NO

NOIT CD

OOI
O3

LI

14
CAL 3OO3O

10

11

12

14

16

17

18

19

20

21 3E
TH

23 3O7
CFCO

24

TA 7CC
26 94

37 A4
27

20

26

30

31 TO CL IV

33 RP

35

36

7AZ431SFP 2O REV 69



BECHTEL

CALCULATION SHEET

ORIGINATOR
DATEI CAIC NO REV NO

ROJECT AJ JOB NO QT OE CHECKED DATE

SUBJECT
II SHEET

CR1CJ ZO

LA

11

12

14

17

18

19 TA CLY

20 JFCE 41

21
1UJIVPA

22

25
26

27

28

3C2
30

31

34

35

36 7424310P

SFP0 REV



BECHTEL

CALCULATION SHEET

ORIGINATOR 1C DATE CAIC NO REV NO

ROJECT FS JOB NO CHECKED DATE

SUBJECT HFC SHEET NO

F1 IIT
KI

CA

5L9J
10 OO

12 24
13

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

33

34

36

A24310



21 IIOF

IC
II

II

11
AL

IS

SI

T1
51300

7V
51400

SISCO L4

51100

IIL

EXS7NC ENCC

LUSTING PILE

0A1NHAP LINI13
FILIAL WASTE ST
ITN NASSCQYIRID SL

IT
OVX FYZ

200

30 60

IF024



NJ NJ NJNJ

CNNJO LFL NJ

IOLI

CD

CJ15 CD

QZZ

IL JL JOIO

CD
CD

C3

KU

3O3 XO
CD

CL FL

LI II II II II



CO WUCCD

CB

90

ICR CDCD70O 1OJ 5LNY

CD
CD7JR ‰1O FLIC SEC

II CI CD



BOSS HEC2 VERS 310 PACE

PROJECT TITLE FUSRAP

PRC NUMBER 14501100158 O25199A

BOSS HEC2TM

COPYRIGHT CCI 198892 BOSS CORPORATION

ALL RIGHTS RESERVEC

VERSION 310
SERIAL NUMBER 0020360250

LICENSED TO BECHTEL CORP

PROGRAM ORIGIN

BOSS HEC2 TIN IS AN ENHANCED VERSION OF THE US ARMY CORPS OF ENGINEERS

HYDROLOGIC ENGINEERING CENTER HEC2 PROGRAM FOR WATERSURFACE PROFILE

COMPUTATIONS PROGRAM BASED UPON THE SEPTEMOER 1990 VERSION UPDATED ON

AUGUST 1991

DISCLAIMER

BOSS HEC2 TIN IS COMPLEX PROGRAM WHICH REOUIRES ENGINEERING EXOERTISE

TO USE CORRECTLY BOSS CORPORATION ASSUMES ABSOLUTELY NO RESPONSIBILITY

FOR THE CORRECT USE OF THIS PROGRAM ALL RESULTS OBTAINED SHOULD BE

CAREFULLY EXAMINED BY AN EXPERIENCED PROFESSIONAL ENGINEER TO AETERMINE

IF THEY ARE REASONABLE AND ACCURATE

THOUGH BOSS CORPORATION HAS ENDEAVORED TO MAKE BOSS ICC ERROR FREE
PROGRAM IS NOT AND CANNOT BE CERTIFIED AS INFALLIBLE THEREFORE BOSS

PORATION MAKES NO WARRANTY EITHER IMPLICIT OR EXPLICIT AS TO THE

CORRECT PERFORMANCE OR ACCURACY OF THIS SOFTWARE

IN NO EVENT SHALL BOSS CORPORATION BE LIABLE TO ANYONE FOR SPECIAL

COLLATERAL INCIDENTAL OR CONSEQUENTIAL OAMAGES IN CONNECTION WITH OR

ARISING OUT OF PURCHASE OR USE OF THIS SOFTWARE THE SOLE AND EXCLUSIVE

LIABILITY TO BOSS CORPORATION REGARDLESS OF THE FORM OF ACTION SHALL

NOT EXCEED THE PURCHASE PRICE OF THIS SOFTWARE

DESCRIPTION

PROJECT TITLE NFSS FLISRAP

PROJECT NUMBER 14501100158
DESCRIPTION PMF ROUTING WITH SPLIT FLOW

ENCINEER THOMAS HODGE
DATE OF RUN 10251994
TIME OF RUN 1120 AM



BOSS HEC2 VERSICR 310 PA
PROJECT TITLE NESS

XJECT NUMBER 1450 CO158 DI2

TI 14501100158
T2 NFSS FUSRAP

T3 PMF ROUTING WITH FLOW

JOB PARAMETERS

JI ICHECK INO NINV IDIR STRT METRIC HVINS WSEL FO

00 03 464120 3225

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLOC IBW CHNIM ITRACE

00 00 00 00 00 60 00 15

USERDEFINED SUMMARY TABLES J3

150

REOUESTED CROSSSECTION PRINTOUTS 1J5

10 20 30 40 50 60 70 80 90

NC 0025 0025 0025 02 03
XL 10 8000 8600 00 00 00 00 00
X2 00 3224 00 00 00 00 00
X3 00 00 00 00 00 00 00 00
GR 3500 00 3156 10 3156 4000 3156 8000 303B 8250

3038 8350 3156 8600 3156 14000 3156 17600 3500 17610

15 8000 8600 3000 3000 3000 00 00
CR 3500 00 3160 10 3160 8000 3047 8250 3047 8350

OR 3160 8600 3160 17000 3500 17010

XL 12 8250 8850 3000 3000 3000 00 00
GR 3500 00 3164 10 3164 4500 3500 4550 3500 6700
OR 3164 6750 3164 8250 3055 8500 3055 8600 3164 8850

GR 3164 16400 3500 16410

XL 12 9150 9750 5500 5500 5500 00 00
GR 3500 00 3171 10 3171 2700 3500 2750 3500 7850
CR 3171 7900 3171 9150 3070 9400 3070 9500 3171 9750
OR 3171 15300 3500 15310

XL 12 9150 9750 500 500 500 00 00
OR 3500 00 3172 10 3172 2200 3420 3450 3420 7150
OR 3172 8400 3172 9150 3070 9400 3070 9500 3172 9750
OR 3172 14600 3500 14610

XL 12 9150 9750 3000 3000 3000 00 00
OR 3500 00 3175 10 3175 2200 3420 3450 3420 7150
OR 3175 8400 3175 9150 3078 9400 3078 9500 3175 9750

OR 3175 14600 3500 14610

XL 12 9150 9750 1500 7000 7000 00 00
OR 3500 00 3176 10 3176 2200 3420 3450 3420 7150
OR 3182 8400 3182 9150 3100 9400 3100 9500 3182 9750



BSS HEC VERSION 310 PACE
R0JECT TITLE NFSS USRAP

NUMBER 145010015A 10 251994

3182 13200 3500 13210

XL 12 12000 12250 1500 7500 7500 00 00
GR 3500 00 3178 10 3178 2200 3420 3450 3420 8950
OR 3189 10200 3189 12000 3150 12100 3150 12150 3189 12250
OR 3189 13800 3390 14000

XL 5000 5250 2500 3000 3000 00 00
OR 3500 00 3190 10 3190 5000 3180 5100 3180 5150
OR 3190 5250 3190 7600 3390 7800

XL 3000 3250 3000 2500 2500 00 00
OR 3500 00 3191 10 3191 3000 3190 3100 3190 3150
OR 3191 3250 3191 5800 3390 6000

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1000
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32250

STATION IFT 4000 8000 8600 14000 17600
FLOW 211 214 96 289 190
AREA FT 27538 27600 8270 37260 24840
VEL FTS 356 360 539 360 355
DEPTH FT 690 690 1378 690 690

STATION FT 17600 17602
FLOW

AREA FT
VEL FTSI 21
DEPTH FT 345

DISTRIBUTION

CROSSSECTION NUMBER SECNO 1500
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32256

STATION FT 8000 8600 17000 17002
FLOW 43 100 461

AREA FT 52410 7890 55092
VEL FTSI 388 590 389 23
DEPTH FT 656 1315 656 328

STATUS ANALYZING CROSSSECTION REACH 2000

STATUS 3265 DIVIDED FLOW



BOSS HEC VESI 320 PAGE

PROJECTVI KSRAP
PROJECT NU 14501100155 10251994

CROSS LE CR FLOW WATER CRITICAL KNOWN

SECTICN OVERBANK MANNING OVERBANK DEPTH SURFACE

NUMBER MANRNNG MANNING ELEVATION ELEVATION

SECNO XNL XNCH XNR DEPTH CWSEL CRIWS WSELK

FT FT MSL FT MSL FT MSL

ENERGY LEFT ONANNEL RIGHT ENERGY WEIGHTED FRICTION OTHER

GRADIENT OVERBANK LENGTN OVERBANK GRADIENT VELOCITY ENERGY ENERGY

LENGTH LENGTH ELEVATION HEAD LOSS LOSS

SLOPE XLOBL XLCH XLOBR EG HV HL OLOSS

FTFT FT FT FT FT MSL FT FT FT

CUNIIIUL LEFT CHANNEL RIGHT BRIDGE LEFT RIGHT NUMOER OF

ATIVE OVERBANK AREA OVERBANK DECK BANK BANK BALANCE

VOLUME AREA AREA AREA ELEVATION ELEVATION TRIALS

VOL ALOB ACM AROB CORAR LTBNK RTBNK TRIAL
ACREFT SQ FT SQ FT SQ FT SQ FT FT MSL FT MSL

TOTAL LEFT CHANNEL RIGHT COMPUTED LEFT RIGHT NUMBER OF

FLOW OVEROANK FLOW OVERBANK CRIT DPTH

FLOW FLOW TOP WIDTH STATION STATION TRIALS

OLOB 0CM OROB TO SSTA ENOST DC
CFS CFS CFS CFS FT FT FT

FLOW LEFT CNANNEL RIGHT LENGTH CUMUL MINIMUM NUMOER OF

TRAVEL OVERBANK MEAN OVERBANK WEIGHTED SURFACE OTHER

TIME VELOCITY VELOCITY VELOCITY MANNING AREA ELEVATION TRIALS

TIME VLOB VCH VROB WTN TWA ELMIN ICONT

HRS FTS FTS FTS ACRES FT MSL

OOO 025 025 025 1709 32259 00 00
J0597 300 300 300 32301 43 14 05

15418 3714 752 4674 00 31640 31640
46412 18033 5622 22755 14162 82 164018

04 485 747 487 000 226 30550

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 2000
TOTAL DISCNARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32259

STATION FT 4500 6750 8250 8850 16400
FLOW 291 98 121 490
AREA SQ FT 27803 57 9286 7529 46741
VEL FTS 485 86 490 747 487
DEPTH FT 619 03 619 1255 619

STATION FT 16400 16402
FLOW

AREA SQ FT
VEL FTS 30
DEPTH FT 310

STATUS ANALYZING CROSSSECTION REACH 3000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

300 BY 1000 FEET AND MULTIPLYING BY 983

STATUS 3265 DIVIDED FLOW



BSS HEC2 VE 310 PACE

PROJECT TITLE NFSS

JECT NUMBER 14501100155 2251994

STATUS 3301 THE VE NEAD DIFFERENCE FOR CURRENT ERA PREV
CROSSSECTIONS EXCEEDED TRE ALLOWEOLE SPEC OY HVINS

SEONO XNL XNCH XNR DEPTH CWSE CRIWS WSEL
SLOPE XLOBL XLCH XLOBR EG HV HL OLOSS

OL ALOB ACM AROB CORAR LTBNK RTBNK ITRIAL

OLOB 0CM OROB TOPWO SSTA ENOST IOC

RIME VLOB VCM VROB WTN TWA ELIIN ICONT

1010 025 025 025 1616 32246 00 00
001065 183 183 183 32327 81 14 11

18746 2474 723 3476 00 31610 31610
46412 16279 7141 22991 9941 79 150420

04 658 987 661 000 277 30600

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32246

STATION FT 2654 7766 8995 9584 15040
FLOW 238 112 154 495
AREA SQ FT 16854 61 7829 7233 34761
VEL FTS 656 117 667 987 661
DEPTH FT 637 01 637 1226 637

STATION FT 15040 15042
FLOW

AREA SQ FT
VEL FTSI 40
DEPTH FT 319

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1020
TOTAL DISCHARGE CFS 46412

CORIIPUTED WATER SURFACE ELEVATION FT MSL OWSEL 32261

STATION IFT 2677 7833 9072 9667 15170
FLOW 236 112 160 492
AREA SQ FT 16033 54 7448 7080 33068
VEL FTSI 685 123 695 1050 690
DEPTH FT 601 01 601 1190 601

STATION FT 15170 15172
FLOW

AREA SQ FT
VEL FTSI 42
DEPTH FT 300

DISTRIRUTION

CROSSSECTION NUMBER SECNO 3000
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL C4SEL 32280



BOSS HEC2 VERS 310 PAOE

PROJE0 TT JSS JSRAD
ROJEC NUMBER 45O 10251994

STATION FT 270C 7900 9150 9750 15300
FLOW 235 111 166 488
AREA SQ FT 15307 49 7111 6948 31572
VET FTS 712 129 722 1112 717
DEPTH FT 569 01 569 1158 569

STATION FT 15300 15302
FLOW

AREA SQ FT
VEL FTLS 44
DEPTH FT 284

STATUS ANALYZING CROSSSECTION REACH 4000

STATUS 1645 INTERNIEDIATE CROSSSECTION ADDED BY RAISING SECTION

400 BY 000 FEET AND MULTIPLYING BY 1001

STATUS 3265 DIVIDED FLOW

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PREVIOUS
CROSSSECTIONS EXCEEDED THE ALLOWABLE SPECIFIED BY HVINS

SECNO XNL XNCH XNR DEPTH C4SEL CRIWS WSELK

SLOPE XL0BL XLCH XLOBR EG MV ML OLOSS

VOL ALOB ACM AROB CORAR LTBNK RTBNK ITRIAL

OLOB 0CM OROB TOPWO SSTA ENOST 100

TIME VLOB VOM VR0B WTN TWA ELMIN ICONT

1010 025 025 025 1542 32242 00 00
002504 25 25 25 32401 159 05 18
4430 1673 670 2534 00 31720 31720

6412 14348 9552 22510 8932 84 146219
06 857 1424 888 000 367 30700

FLOW DISTRIBUTION

CROSSSECTION NUMBER SEONO 1010
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32242

STATION FT 2203 2466 8412 9163 9764
FLOW 217 76 206
AREA SQ FT 11446 687 687 3918 6710
VEL FTS 881 556 556 895 1424
DEPTH FT 522 261 12 522 1117

STATION FT 9764 14620 14622
FLOW 485
AREA SQ FT 25338
VEL FTS 888 55
DEPTH FT 522 261

FLOWDISTRIBUTION

CROSSSECTION NUMBER SECNO OCD
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32261



HEC2 VERS 32
PROJECT TITLE NFSS

RJECT NUMBER 145O C25294

FT 2200 2472 8400 9750
FLOW 218 76 201
AREA FT 11842 736 736 4051 6813
VE FTSI 856 541 541 870 1367
DEPTH UT 540 270 12 541 1136

ST UT 9750 14600 14602
FLOW 488
AREA FT 26216
VET FTSI 864 53
DEPTH UT 541 270

STATUS AR CROSSSECTION REACH 5000

STATUS 1645 INTERNEDATE CROSSSECT ADDED BY RAISING SECTION

500 OY 400 FEET AND MULTIPLYING BY 991

STATUS 3265 DIVICED FLOW

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PEVIOUS
CROSSSECTIONS EXCEEDED THE ALLOWABLE SPECIFIED OY HVINS

SECN0 XNL XNCH XNR DEPTH CRIWS WSELK

L0PE XL0BL XLCH XL0BR ED HV HL OLOSS
0L ALOB ACH AROB CORAR LTBNK RTBNK ITRIAL

OLOB OCH OROB T0 SSTA ENOST BC
TIME VLOB VCH VROB WTN TWA ELMIN ICONT

1010 025 025 025 1593 32333 00 00
001507 150 150 150 32444 111 27 07
6567 2015 707 2999 00 31710 31710

6412 14979 8175 23257 8947 80 144669
06 743 1156 775 000 403 30740

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32333

STATION FT 2180 2495 8322 9065 9660
FLOW P4 224 10 10 78 176
AREA SQ FT 13547 984 984 4637 7073
VEL FTSI 767 487 487 782 1156
DEPTH FT 624 312 17 624 1190

STATION UT 9660 14465 14467
FLOW 501
AREA SQ FT 29988
VEL FTSI 776 48
DEPTH UT 624 312

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECND 5000
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32352



BOSS HEO2 VESLCN 310 PAGE

PROJECT TITE NFSS FUSRA
OJEO NUMBER 1L5O1OO158 10251994

STATION 2200 2507 8400 9150 9750

FIOW 223 10 10 78 180

AREA SQ FT 13194 925 925 4517 7008

VEL FTS 785 497 497 799 1195

DEPTH UT 602 301 16 602 1168

STATION UT 9750 14600 14602
FLOW 499
AREA SQ FT 29208
VET TTS 793 49

DEPTH UT 602 301

STATUS ANALYZING CROSSSECTION REACH 6000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

600 BY 1100 FEET AND MULTIPLYING BY 975

STATUS 3265 DIVIDED FLOW

SECNO XNL XNCH XNR DEPTH CWSEL CRIWS WSELK

SLOPE XLOSL XLCH XLOBR EG HV ML OLOSS

VOL ALOB ACM AROB CORAR LTBNK RTBNK ITRIAL

OLOB 0CM OROB TOPWD SSTA ENOST 100

TIME VLOB VCM VROB WTN TWA ELMIN ICONT

1010 025 025 025 1496 32386 00 00
001600 75 350 350 32513 127 40 03

31521 2317 674 2273 00 31710 31710

46412 19390 7955 19065 7530 75 128668

08 837 1179 839 000 478 30890

DISTRIBUTION

CROSSSECTION NUMBER SEONO 1010

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32386

STATION FT 2144 2512 8187 8918 9502

FLOW 298 16 13 90 171

AREA SQ FT 15716 1352 1169 4941 6750

VEL FTLS 879 559 529 850 1179

DEPTH FT 736 368 21 676 1154

STATION FT 9502 12865 12867
FLOW 411
AREA SQ FT 22728
VET FTS 839 52
DEPTH UT 676 338

FLOW DISTRIBUTION

CROSSSECTION NUMBER SEONO 6000

TOTAL DISCNARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32407

STATION FT 2200 2532 8400 9150 9750

FLOW 298 14 11 88 186

AREA SQ FT 14183 1073 906 4405 6394

VET FTS 975 619 580 932 1348

DEPTH FT 647 324 15 587 1066



BOSS HEC VERSION 310
PROJECT TITLE NFSS FUSRAP

OJECT NUHBER 1L501100158 10251994

STATION FT 9750 13200 13202
FLOW 402
AREA FT 20262
VEL FTS 922 58
0E UT 587 29

STATUS ANALYZING CROSSSEOTION REACH 7000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

700 BY 2500 FEET AND MULTIPLYING DY 1522

STATUS 3265 DIVIDED FLOW

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PREVIOUS
CROSSSECTIONS EXCEEDED THE AITOWABLE SOECIFIED BY HVINS

WARNING 3302 CONVEYANCE CHANGE IS OUTSIDE OF ACCEPTABLE RANGE

UPSTREAM TO DOWNSTREAM CONVEYANCE RATIO KRATIO 258

SECNO XNL XNCH XNR DEPTH CWSEL CRIWS WSELK
SLOPE XLOBL XLCH XLOBR EG HV HL OLOSS
VOL ALOB ACH AROB COPAR LTBNK RTBNK ITRIAL

OLOB OCH OROB TOPWO SSTA ENOST DC
TIME VLOB VCH VROB WTN TWA ELMIN ICONT

1010 025 025 025 1321 32571 00 00
000348 75 375 375 32608 37 15 25
37228 6805 443 2261 00 31640 31640

46412 32978 2481 10951 10542 103 211424
09 485 560 484 000 556 31250

DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CVDSEL 32571

STATION FT 10 3348 4166 15523 18262 18643
FLOW 387 30 24 270 53
AREA FT 34720 4259 3569 25503 4432
VEL FTS 517 331 307 490 560
DEPTH FT 1040 520 31 931 1165

STATION IFT 18643 21001 21142
FLOW 232
AREA SQ FT 21961 656
VEL FTS 490 274
DEPTH FT 931 465

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 7000
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT SL 32434



BOSS HEC2 VERSRN 310 PAOE

R0JECT TITLE FUS
OECT 4501100158 101251994

ST CFT 2200 2538 0200 12000 12250

FLOW 420 21 13 259 63
AREA SQ FT 14330 1105 801 9793 1945

VEL FTSI 1360 863 764 1227 1499

DEPTH IFT 654 327 10 544 778

STATION FT 12250 13800 13854

FLOW 223
AREA SQ FT 8432 147
VEL FTSI 1227 612

DEOTH FT 544 272

STATUS ANALYZING CROSSSECTION REACH 8000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

800 TY 2250 FEET AND MULTIPLYING BY 903

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PREVIOUS

CROSSSECTIONS EXCEEDED TRIE ALLOWABLE SPECIFIED BY HVINS

WARNING 3302 CONVEYANCE CRIANGE IS OUTSIDE OF ACCEPTABLE RANGE

UOSTREAM TO DOWNSTREAM CONVEYANCE RATIO KRATIO 263
MS

SECNO XNL XNCH XNR DEPTH OWSEL CRIWS WSELK

SLOPE XLOBL XLCH XLOBR EG MV ML OLOSS

VOL ALOB ACM AROB CORAR LTBNK RTBNK ITRIAL

OLOB 0CM OROB TOPWD SSTA ENOST 100

TIME VLOB VCM VROB WTN TWA ELMIN ICONT MS

1010 025 025 025 1083 32658 00 00
0641 62 75 75 32731 72 09 36

0454 4430 235 2129 00 31675 31675

46412 30167 1686 14558 6944 62 69497

10 681 716 684 000 597 31575

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32658

STATION UT 4514 4739 6861 6950
FLOW 650 36 311
AREA SQ FT 44307 2355 20860 436
VEL FTSI 681 716 691 333
DEPTH FT 983 1043 983 492

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1020

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32658

STATION IFT 4676 4910 7107 7192
FLOW 650 37 310
AREA SQ FT 42403 2264 19964 386
VEL FTS 712 750 721 352

DEPTH FT 908 968 908 454



BOSS HEC2 VERS 320 PA
PROJECT TITE NESS USRA

OJECT NU 45O1 025

STRIBUTION

CNCSSSE NURN SEONO 1030
TOTAL DISCHARGE CFS 46412CCM WATER SURFACE ELEVATION FT MSL CWSEL 32658

STATION FT 4838 5080 7354 7434
FOW 651 37 310
AREA FT 40229 2160 18940 336
VET FTLS 750 793 759 375
DEPTH FT 833 893 833 416

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 8000
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CX4SEL 32657

STATION IFT 5000 5250 7600 7676
FLOW 651 37 310
AREA SP FT 37783 2042 17789 287
VEL FTS 799 847 808 404
DEPTH FT 757 817 757 378

STATUS ANALYZING CROSSSECTION REACH 9000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

900 BY 667 FEET AND MULTIPLYING BY 972

STATUS 3301 TNE VELOCITY HEAD DIFFERENCE FOR CURRENT AND OREVIOUS
CROSSSECTIONS EXCEEDED THE ALLOWA SPECIFIED BY HVINS

XNL XNCH XNR DEPTH CWSEL CRIWS WSELK
SLOPE XLOBL XLCH XLDBR ED HV OLOSS

V0L ALOB ACH AROB CORAR LTBNK RTBNK ITRIAL
GLOB OCH CR08 TOPWD SSTA ENDS
VLOB VCH VROB WTN TWA ELMIN ICONT

1010 025 025 025 788 32621 00 00
002086 100 83 83 32793 172 15 22

44455 2261 190 1957 00 31843 31843
46412 23670 2040 20701 5705 73 57125

11 1047 1071 1058 000 645 31833

DISTRIBUTION

CROSSSECTION NUMBER SEONO 1010
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32621

STATION FT 2915 3158 5637 5713
FLOW 510 44 443
AREA FT 22612 1904 19276 295
VEL FTSI 1047 1071 1066 529
DEPTH FT 778 784 778 389



BOSS EC2 VESICR 31C PAGE

PROJECT TT SS
NUHBER 14501100158 102511994

FL DISTRIBUTICN

CROSSSECTION SEGNO 1020
TOTAL OISCNARGE 46412

COMPUTED WATER SURFACE EIEVATION FT MSL OA4SEL 32639

STATION FT 2958 3204 5718 5794
FLOW 510 44 443
AREA SQ FT 22500 1895 19181 288
VEL FTS 1052 1076 1071 534

DEPTH FT 763 769 763 381

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 9000
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32658

STATION FT 3000 3250 5800 5875
FLOW 510 44 442
AREA SQ FT 22393 1887 19090 282
VET FTSI 1058 1081 1076 539
DEPTH FT 748 755 749 374

T1 14501100158
T2 NFSS FUSRAP

T3 PHF ROUTING WITH SPLIT FLOW

PARAMETERS

ICHECK INO NINV IDIR STRT METRIC HVINS WSEL FO

00 03 464120 3225
STATUS MULTIPLE PROFILE RUN WITH INTERPOLATED CROSSSECTIONS

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLOC IBW CHNIM TRACE

15 00 00 00 18 00 60 00 15

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1000
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32250

STATION FT 4000 8000 8600 14000 17600
FLOW 211 214 96 289 190
AREA SQ FT 27538 27600 8270 37260 24840
VET FTSI 356 360 539 360 355

DEPTH IFT 690 690 1378 690 690



BOSS HEC2 VERSIOR 310 PAGE 13
PROJECT NS FUSPAP
DROJECT NUMBER 14501100158 10251994

TAT UT 17600 17602
FLOW

MEA SQ FT
VEL FTS 21
DEPTH UT 345

FLOW DISTRIBUTION

CROSSSECTON NUMBER SECNO 1500
TOTAL DISCNARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32277
IG

STATION IFT 8000 8600 17000 17002
FLOW 440 98 462
AREA SQ FT 54051 8013 56817
VEL FTS 378 567 378 23
DEPTH FT 676 1336 676 338

STATUS ANALYZING CROSSSECTION REACH 2000

STATUS 3265 DIVIDED FLOW

SECNO XNL XNCH XNR DEPTH CWSEL CRIWS WSELK
SLOPE XLOBL XLCH XLOBR EG MV ML OLOSS

V0L ALOB ACM AROB CORAR LTBNK RTBNK TRIAL
OLOB 0CM OROB TOPWD SSTA ENOST DC

TIME VLOB VCM VROB WTN TWA ELMIN ICONT

2000 045 045 045 1756 32306 00 00
101535 300 300 300 32343 37 37 04

889 3998 781 5031 00 31640 31640
6412 18162 5330 22919 14164 80 164020

04 454 682 455 000 226 30550

FL DISTRIBUTION

CROSSSECTION NUMBER SECNOI 2000
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32306

STATION FT 4500 6750 8250 8850 16400
FLOW 293 99 115 494
AREA SQ FTL 29927 66 9996 7813 50311
VEL FTS 454 80 458 682 456
DEPTH FT 666 03 666 1302 666

STATION FT 16400 16402
FLOWV
AREA SQ FT
VEL FTS 28
DEPTH FT 333

STATUS ANALYZING CROSSSECTION REACH 3000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION
300 BY 750 FEET AND MULTIPLYING BY 988

STATUS 3265 DIVIDED FLOW



BOSS HEC2 VES IC PAGE 14

PROJECT TITLE NFSS JS
PROJECT NUMBER 145C 10251994

SELNO XNL XNCH XNR DEPTRI CWSE CRIWS WSELK

SLOPE XLOBL XLCH XLOBR EG HV HL

VOL ALOB ACH AROB CORAR LTBNK RTBNK ITRIAL

OLOB OCH OROB TOPWD SSTA ENOS ICC

TIME VLOB VCH VROB WTN TWA ELMIN ICONT

1010 045 045 045 1715 32340 00 00

002503 275 275 275 32405 65 53 08

21316 2750 766 3863 00 31635 31635

46412 16465 6686 23260 9990 78 151117

05 599 872 602 000 303 30625

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32340

STATION FT 2666 7802 9036 9629 15110

FLOW 241 114 144 501

AREA SQ FT 18730 75 8700 7667 38628

VEL FTSI 597 107 607 872 602

DEPTH FT 704 01 705 1294 705

STATION FT 15110 15112

FLOW

AREA SQ FT
VEL FTSI 37
DEPTH FT 352

DISTRIBUTION

CROSSSECTION NUMBER SECNO 3000

TOTAL DISCHARGE CFS DI
46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32409

STATION FT 2700 7900 9150 9750 15300

FLOW 241 114 145 501

AREA SQ FT 18813 74 8739 7730 38800

VEL FTSI 593 108 604 870 599

DEPTH FT 699 01 699 1288 699

STATION FTI 15300 15302
FLOW

AREA SQ FTI

VEL FTSI 37
DEPTH FTI 350

STATUS ANALYZING CROSSSECTION REACH 4000

STATUS 3265 DIVIDED FLOW

4000 045 045 045 1706 32406 00 00

003529 50 50 50 32496 89 15 07

26777 2256 768 3329 00 31720 31720

46412 15129 7912 23370 9086 79 146021

06 671 1029 702 000 377 30700



BOSS HEZ2 VERS 310
PROJECT TITLE NFSS FUSRAP
ROJECT NUMBER 145C 1C25199

DISTRIB

CROSSSECTION NUMBER SECNO 4000
TOTAL OISCRIARGE CFS 4641
CONIPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32406

STATION FT 2200 2546 8400 9150 9750
FLOW 225 11 11 79 170

AREA FT 15040 1187 1187 5148 7689
VEL FTSI 694 441 441 709 1029
DEPTH FT 686 343 20 686 1281

STATION FT 9750 14600 14602
FLOW 504
AREA SQ FT 33291
VET FTSI 702 44
DEPTH FT 686 343

STATUS ANALYZING CROSSSECTION REACH 5000

STATUS 3265 OIVIDED FLOW

ECN0 XNL XNCH XNR OEPTH CWSE CRIWS WSELK
L0PE XLOBL XLCH XLOBR EG HV HL OLOSS

ALOB ACH AROB CORAR LTBNK RTBNK ITRIAL
OLOB OCH CR08 TOPWD SSTA ENOST IOC

TIME VL0B VCH VROB WTN TWA ELMIN ICONT

5000 045 045 045 1738 32518 00 0022513 300 300 300 32588 71 89 04
405 2558 800 3724 00 31750 31750
S412 15504 7163 23743 9178 76 146024
08 606 895 637 000 440 30780

FL DISTRIBUTION

CROSSSECTION NUMBER SECNO 5000
TOTAL DISCHARGE CFS 46412
COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32518

STATION FT 2200 2592 8400 9150 9750
FLOW 228 13 13 80 154
AREA SQ FT 16824 1504 1504 5758 8002
VEL FTSI 629 401 401 644 895
DEPTH FT 767 384 26 768 1334

STATION FT 9750 14600 14602
FLOW 512
AREA SQ FT 37237
VEL FTSI 638 40
DEPTH FT 768 384

STATUS ANALYZING CROSSSECTION REACH 6000

STATUS 3265 DIVIDED FLOW



BOSS HEC2 VE 310 PAGE 16

OJECT TITE NFSS FUSRAP

ROJECT NUMBER 14501100158 1025199L

SEONO XNL XNCH XNR DEPT GWS CRIWS WSELK

SLOPE XLOBL XLCH EG HV ML GLOSS

VOL ALOB ACH AROB CORAR LTBNK RTBN ITRIAL

GLOB OCH OROB TOPWD SSTA ENDS IOC

TIME VLOB VOM VROB WTN TWA ELMIN ICONT

6000 045 045 045 1638 32638 00 00
002731 150 700 700 32720 82 129 03

38876 2911 777 2824 00 31820 31820

46412 19734 7201 19475 7875 73 132026

10 678 926 690 000 529 31000

FL DISTRIBUTION

6000CROSSSECTION NUMBER ISECNO

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CVJSEL 32638

STATION FT 2200 2650 8400 9150 9750

FL 297 19 17 93 155

AREA FT 19246 1976 1758 6137 7780

VEL FTSI 715 457 436 701 926

DEPTH FT 878 439 31 818 1297
LB

STATION IFT 9750 13200 13203
FLOW 420
AREA SQ FT 28230 11

VEL FTSI 690 44
DEPTH FT 818 409

STATUS ANALYZING CROSSSECTION REACH 7000

STATUS 3265 DIVIDED FLOW

7000 045 045 045 1249 32749 00 00

003416 150 750 750 32851 101 125 06
44601 4114 273 1369 00 31890 31890

46412 32970 2502 10939 6844 70 138855

11 801 916 799 000 596 31500

FL DISTRIBUTION

CROSSSECTION NUMBER SECNO 7000

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32749

STATION FT 2200 2701 10200 12000 12250

FLOW 390 29 22 270 54
AREA SQ FT 21247 2428 1999 15471 2734

VEL FTSI 852 546 505 810 916

DEPTH FT 969 485 27 860 1094

STATION FT 12250 13800 13886
FLOW 232
AREA SQ FT 13322 368
VEL FTSI 810 404
DEPTRI IFT 860 430

STATUS ANALYZING CROSSSECTION REACH 8000



BOSS HEO2 VERSCN 310 PACE 17

PROECT TVE NESS RUSRAP

R0JECT NUMBER 1L501100158 IC251994

STATUS 1645 INTERMEDIATE CROSSSECTION AODEC OY RAISING SECTION

800 BY 1500 FEET ANO RN 952

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PREVIOUS
CROSSSECTIONS EXCEEDED THE AL SPECIFIED BY HVINS

WARNINO 3302 CONVEYANCE CHANGE IS OUTSIDE OF ACCEOTABLE RANGE

UPSTREAM TO DOWNSTREAM CONVEYANCE RATIO RATIO 159

SECNO XNL XNCH XNR DEPTH SEL CRIWS WSELK

SUOPE XLOBL XLCH XLOBR EG MV HL GLOSS

VOL ALOB ACM AROB CORAR LTBNK RTBNK ITRIAU
GLOB 0CM OROB TOPWD SSTA ENOST IOC

TIME VLOB VCM VROB WTN TWA ELMIN ICONT

1010 045 045 045 1184 32834 00 00
001351 125 150 150 32887 54 27 10
46687 5151 272 2481 00 31750 31750

46412 30157 1672 14581 7333 62 73390
12 585 614 588 000 617 31650

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010
TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32834

STATION FT 4760 4998 7236 7339
FL 650 36 311
AREA SQ FT 51515 2723 24252 559
VEL FTSI 585 614 59 292
DEPTH FT 1084 1144 1084 542

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 8000
TOTAL DISCRIARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32848

STATION FT 5000 5250 7600 7695
FLOW 650 36 310
AREA SQ FT 47321 2520 22278 449
VEL FTSI 638 671 646 323
DEPTH FT 948 1008 948 474

STATUS ANALYZING CROSSSECTION REACH 9000

STATUS 1645 INTERMEDIATE CROSSSECTION ADDED BY RAISING SECTION

900 BY 500 FEET ANO MULTIPLYING BY 983

STATUS 3301 THE VELOCITY HEAD DIFFERENCE FOR CURRENT AND PREVIOUS
CROSSSECTIONS EXCEEDED THE ALLOWABLE SPECIFIED BY MVINS



BOSS HEC VERSION 310 PAGE 18

PROJECT TITLE NRSS FUSPA
NUMBER 14501100158 10251994

SECN0 XNL XNCH XNR 0EPT SEL CRIWS WSELK

SLOPE XLOB XLCH XLOBR EG HV ML GLOSS

VOL ALOB ACH AROB CORAR LTBNK RTBNK ITRIAL

OLOB OCH OROB TO SSTA ENOST IOC

TIME VLOB VCH VROB WTN TWA ELMIN ICONT

1010 045 045 045 1003 32853 00 00
002934 150 125 125 32956 103 33 12

51093 2920 245 2538 00 31860 31860
46412 23598 2037 20776 5791 67 57981

13 808 830 819 000 662 31850

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 1010

TOTAL DISCHARGE CFS 46412

COMPUTED WATER SURFACE ELEVATION FT MSL 32853

STATION FT 2948 3194 5700 5798

FLOW 508 44 443
AREA SQ FT 29204 2455 24893 487
VEL FTS 808 830 827 412
DEPTH FT 993 999 993 497

FLOW DISTRIBUTION

CROSSSECTION NUMBER SECNO 9000
TOTAL DISCHARGE ICTS 46412

NMPUTED WATER SURFACE ELEVATION FT MSL CWSEL 32896

ATION FT 3000 3250 5800 5899
FLOW 509 44 443
AREA SQ FT 29489 2479 25136 488
VEL FTS 800 822 818 410

DEPTH FT 985 992 986 493



BOSS HEC VE 310 PADE

PROJECT TITLE NFSS FUSRAP

PROJECT NUMBER 145011C0158 025199

AL NOTE

AN ASTERISK TO TRE LEFT OF THE CROSSSECT NUNTER INDICATES SOECIA

NOTE IS PRESENT IN TNE SUMMARY OF WARNING AND STATUS MESSAGES SECTION

SUMMARY PRINTOUT TABLE 150 NFSS FUSRAP

PMF ROUTING WITR SPLIT FLOW

14501100158

CROSS CHANNEL TOP OF MAX LOW MINIMUM COMPUTED CRITICAL ENERGY ENERGY CRIANNEL CROSS INDEX

SECTION REACH ROADWAY CHORD FLOW GRADIENT GRADIENT MEAN FLOW SECTION 001
NUMBER LENGTH ELEVATION ELEVATION ELEVATION ELEVATION ELEVATION ELEVATION SLOPE VELOCITY AREA CONVEY

UT FT MSL FT MSL FT MSL CFS FT MSL FT MSL FT MSL 10000 FTS SQ FT

SEONO XLCM ELTRO ELLC ELMIN CWSEL CRIWS EG 1OK VCH AREA 01K

2000 30000 00 00 30550 4641200 32259 00 32301 597 747 914217 1900269

2000 30000 00 00 30550 4641200 32306 00 32343 1535 682 981194 1184473

3000 55000 00 00 30700 4641200 32280 00 32378 1453 1112 609917 121T379

3000 55000 00 00 30700 4641200 32409 00 32474 2502 870 741627 927
4000 5000 00 00 30700 4641200 32261 00 32409 2258 1367 504018 976649

4000 5000 00 00 30700 4641200 32406 OC 32496 3529 1029 635496 781256

5000 30000 00 00 30780 4641200 32352 00 32470 1650 1195 557832 1142616

5000 30000 00 00 30780 4641200 32518 00 32588 2513 895 708377 925791

6000 70000 00 00 31000 4641200 32407 00 32568 2320 1348 472285 963593

6000 70000 00 00 31000 4641200 32638 00 32720 2731 926 651375 888188

7000 75000 00 00 31500 4641200 32434 00 32686 4452 1499 365528 695624

7000 75000 00 00 31500 4641200 32749 00 32851 3416 916 575685 794052

8000 30000 00 00 31800 4641200 32657 00 32757 1242 847 579005 1317109

8000 30000 00 00 31800 4641200 32848 00 32912 1907 671 725683 1062690

9000 25000 00 00 31900 4641200 32658 00 32834 2236 1081 436506 981486

9000 25000 00 00 31900 4641200 32896 00 32997 2905 822 575926 861055

SUMMARY PRINTOUT TABLE 150 NFSS FUSRAP

PMF ROUTING WITH SPLIT FLOW

14501100158

CROSS DISCHARGE COMPUTED WS ELEV WS ELEV WS ELEV WATER CHANNEL

SECTION FLOW DIFF PER DIFF PER DIFF PER SURFACE REACH

NUMBER ELEVATION PROF LE SECTION KNOWCOMP TOP WIDTH LENGTH

CFS FT MSL FT FT FT FT UT
SECNO CWSEL 0IF OIFWSX OIF TOPWID XLCH

2000 4641200 32259 00 02 00 141621 30000

2000 4641200 32306 48 29 00 141638 30000

3000 4641200 32280 00 18 00 101107 55000
3000 4641200 32409 129 69 00 101155 55000



BOSS HEC VERSION 310 PAGE 20
PROJECT TITLE NFSS FUSRAP
PROJECT NUMBER 14501100158 10251994

CROSS DISCHARGE CO WS ETEV WS ELEV WS ELEV WATER CHANNEL
SECTION FLOW DIFF PER DIFF PER DIFF PER SURFACE REACH
NUMBER ELEVATION PROFILE SECTION KNOWCOMPTOP WIDTH LENGTH

CFS FT MSL FT FT FT FT FT
SECNO DIFWSP DIFWSX DIFKWS TORWID XLCH

4000 4641200 32261 00 19 00 89382 5000
4000 4641200 32406 145 03 00 90861 5000

5000 4641200 32352 00 19 00 90082 30000
5000 4641200 32518 165 111 00 30000

6000 4641200 32407 00 22 00 76339 70000
6000 4641200 32638 231 121 00 78750 70000

7000 4641200 32434 00 137 00 64784 75000
7000 4641200 32749 315 111 00 68444 75000

8000 4641200 32657 00 01 00 76681 30000
8000 4641200 32848 191 14 00 76879 30000

9000 4641200 32658 00 19 00 58677 25000
9000 4641200 32896 237 43 00 58923 25000

SUMMARY OF WARNING AND STATUS MESSAGES

SECTION PROFDE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

FICTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

SECTION PROFILE INTERPOLATED CROSSSECTIONS USED

10 WARNING AND STATUS MESSAGES GENERATED

END OF OUTPUT

WI

II
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ANALYSIS OF THE ATMOSPHERIC PATHWAY

THE PRIMARY RADIONUCLIDE OF CONCERN IN THE K65 RESIDUES IS RADIUM226 WHICH

DECAYS TO RADON222 THE RADON222 IS OF CONCERN BECAUSE THIS RADIONUCLIDE EXISTS AS

NOBLE GAS AND CAN BE TRANSPORTED BY DIFFUSION RADON222 CAN MOVE THROUGH THE SOIL

MATRIX BUT RELEASES ARE LIMITED BY ITS SHORT HALFLIFE 38 DAYS THEREFORE THE AMOUNT OF

MATERIAL PLACED OVER THE RADIUMBEARING MATERIAL CAN SIGNIFICANTLY AFFECT THE AMOUNT OF

RADON222 RELEASED TO THE ATMOSPHERE

TO MODEL THE RELEASE OF RADON FROM THE K65 RESIDUES AND ITS IMPACT ON THE

MAXIMALLY EXPOSED INDIVIDUAL THE FOLLOWING CALCULATIONS WERE COMPLETED

CALCULATION PURPOSE

RADON DIFFUSION MODEL OF THIS CALCULATION MODELS THE RADON RELEASES FROM THE K65
NFSS WCS 158CV19 RESIDUES AND THE WASTE THROUGH THE CAP THE REST OF THE

RESIDUES WERE NOT INCLUDED IN THIS CALCULATION TO SIMPLIFY THE

ASSUMPTIONS AND CALCULATIONS THE DIFFERENCE INTRODUCED BY
THESE ASSUMPTIONS SHOULD BE SMALL BECAUSE 95 PERCENT OF THE

RADIUM IS CONTAINED IN THE K65 RESIDUES THE RELEASE WAS

CALCULATED FOR DIFFERENT COVER HEIGHTS AND AT TIME EQUALS

ZERO

DOSE MODELING OF AIRBORNE RADON THIS CALCULATION WAS DONE TO CALCULATE THE MAXIMALLY
EMISSIONS FROM THE NFSS WCS EXPOSED INDIVIDUAL DOSE FOR GENERIC RADON RELEASE RATE OF

V20 CIYR

THE RADON RELEASE RATE MODEL WAS SIMPLIFIED TO MODEL THE WCS AS TWO SOURCE TERMS

THE FIRST TERM CONSISTS OF THE K65 RESIDUES AND THE SECOND CONSISTS OF THE WASTE THAT

COMPOSES THE BULK OF THE PILE THIS SIMPLIFYING ASSUMPTION WAS MADE BECAUSE 95 PERCENT

OF THE RADIUM226 IS CONTAINED IN THE K65 RESIDUES AND THE WASTE COVERING THE RESIDUES

ACTS AS BARRIER FOR THE RADON PRODUCED IN THE RESIDUES

THE RADON RELEASE WAS THEN CALCULATED USING THE METHODOLOGY GIVEN IN RADON

ATTENUATION HANDBOOKFOR URANIUM MILL TAILINGS COVER DESIGN CALCULATION 158CV19

CONTAINS THE RADON RELEASE RATE AS FUNCTION OF THE HEIGHT OF THE COVER MATERIAL FOR

1580037122294
CI



THE FOLLOWING SECTIONS DESCRIBE HOWTHE MAXIMALLY EXPOSED INDIVIDUAL DOSE HAS BEEN

CALCULATED FOR THE FAILURE SCENARIOS

COMPUTATION OF DOSE FOR THE MAXIMALLY EXPOSED INDIVIDUAL

THE FOLLOWING EQUATION CAN BE USED TO CALCULATE THE DOSE DUE TO RADON AND ITS

DAUGHTERS TO THE MAXIMUM EXPOSED INDIVIDUAL

NCI NCI52 468 EXT
DMEI CD

520
NCI OW

WHERE

DMEI IS THE MAXIMUM EXPOSED INDIVIDUALS DOSE FROM RADON AND ITS DAUGHTERS

CORD IS THE CONCENTRATION OF RADON AT FOR THE RESIDUE MATERIAL AS

FUNCTION OF DEPTH OF COVER

DI IS THE MAXIMALLY EXPOSED INDIVIDUALS DOSE FROM RELEASE OF IYR OF

RADON

IS THE RADIUM226 DECAY CONSTANT 433 1OA YR

IS THE TIME OF INTEREST IN YEARS

IS THE CONCENTRATION OF RADON AT FOR THE WASTE MATERIAL AS FUNCTION

OF DEPTH OF COVER

520 NCIG IS THE INITIAL CONCENTRATION OF RADIUM226 IN THE K65 RESIDUES

52 NCIG IS THE AMOUNT OF RADIUM226 IN EQUILIBRIUM WITH THORIUM230 AND

468 NCIG IS THE AMOUNT OF RADIUM THAT WILL DECAY NOT IN EQUILIBRIUM WITH

THORIUM230

158 0037 122094

C2



THE FOLLOWING TABLE GIVES THE DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL FOR THE TIME

PERIOD OF INTEREST FOR SCENARIO USING THE ABOVE EQUATION

DOSE TO MAXIMALLY
TIME DEPTH OF COVER OVER K65 EXPOSED INDIVIDUAL

MREMYR
200 YR 12OM 46 1O

1000 YR 115M 57 10
10OOOYR 115M 53 10

158 0037 122094
C3



CALCULATION COVER SHEET

PROJECT FUSRAP NFSS

BECHTEL JOB NO 14501
NATIONAL INC

DISCIPLINE ENVIRONMENTAL TECHNOLOGY CAIC NO 58CV1

SUBJECT RADON DIFFUSION MODEL OF NESS WASTE CONTAINMENT STRUCTURE

COMPUTER PROGRAM NONE PROGRAM NO NA

COMMITTED CALCULATION PRELIMINARY SUPERSEDED

REV SHEETS ORIGINATOR CHECKER REVIEWER APPROVAL DATE

21
ERIC VON BUELOW 91994 WP

AS CARL VON 10 20 94

SUMMARY OF REVISION

CHANGED MODEL TO SEPARATE THE TWO SOURCES AND TO REDUCE THE AREA

OVER THE K65 RESIDUE TO THE ACTUAL VALUE

MICROFILMED REV DATE SPOOL NUMBER REV DATE SPOOL NUMBER



ORGCARL VON BUELOWXOLL94 CALC14501L58CVOL9REVL

PURPOSE

THIS CALCULATION MODELS THE DIFFUSION OF RADON THROUGH THE WASTE CONTAINMENT STRUCTURE

WCS AT THE NIAGARA FALLS STORAGE SITE NFSS

SCOPE

THIS CALCULATION USES THE US NUCLEAR REGULATORY COMMISSIONS NRC URANIUM MILL

TAILINGS COVER RADON DIFFUSION MODEL APPROXIMATING EXPRESSIONS FOR MULTILAYER SYSTEMS

ROGERS 1984 SECTION 262

REFERENCES

ROGERS AND NIELSON 1984 NRC RADON ATTENUATION HANDBOOK FOR URANIUM

MILL TAILINOS COVER DESIGN SALT LAKE CITY UT

ASSUMPTIONS

THE PLANNED WCS WILL CONSIST OF THE FOLLOWING LAYERS STARTING FROM THE BOTTOM K65
RESIDUE WASTE SOIL CLAY SAND GRAVEL SAND AND TOPSOIL

THE APPROXIMATE THICKNESS DRY BULK DENSITY MOISTURE CONTENT

POROSITY AND EMINATION COEFFICIENT ARE AS FOLLOWS THE EMINATION COEFFICIENT

APPLIES TO SOURCE LAYERS ONLY

XA R305CM PA 160 MA 16 PA O38 EA 035
CM

XB Z610CM PB ZJ44 MB R15 PB 045 EB 035

CM

XC 122CM PC R120 GM MC 16 PC 042
CM

XD 23CM PD 152 MD 215 PD 2043

CM

XE 91CM PE 160 ME 14 PE 2028

CM

XF 23CM PF 152 MF 15 PF 2043

CM

XG 46CM PG 136 MG 14 PG 045
CM

THE APPROXIMATE AREA ABOVE THE K65 RESIDUE AND THE CONTAMINATED SOIL ARE AS

FOLLOWS

AA 9935 FT AA9
AB 1894ACRE AB8LO

IN ORDER TO PRODUCE MODEL BASED ON UNIT WASTE CONCENTRATIONS THE RADIUM226
CONCENTRATIONS ARE SET AS FOLLOWS

PCI
RA 1000 RBI

GM GIN

PAGE
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THE DECAY CONSTANT OF RADON AND THE AIR TO WATER CNVERSION CONSTANT ARE AS

FOLLOWS

SEC

ZO26

TO ALLOW THE RESULTS OF THIS CALCULATION TO BE SCALABLE BY VARIOUS SOURCE STRENGTHS
THE K65 RESIDUE AND THE CONTAMINATED SOIL ARE MODELED SEPARATELY AS SOURCES OF RADON

FOR THE K65 MODEL THE CONTAMINATED SOIL LAYER IS TREATED AS COVER LAYER ONLYIE AS IF IT WERE UNCONTAMINATED SOIL FOR THE CONTAMINATED SOIL MODEL THE K65
LAYER IS NEGLECTED IE AS IF THE WCS STARTED WITH THE CONTAMINATED SOIL LAYER

FRACTION OF SATURATION

THE FRACTION OF SATURATION IN FOR EACH LAYER IS CALCULATED USING THE FOLLOWING
EQUATION ROGERS 1984 PAGE 24

PAMA CM
MA 10

PA

PBMB CM
MB ILO MBOGM

CM
MC

PC
MCO

PDMD
MD

CM
10 MDOGM

PEME
10ME

PB
2C1FL ME

MF
FM

2CM

PGMG CM
MG 10

GMI

MODEL FOR K65 RESIDUE SOURCE

THE RADON DIFFUSION COEFFICIENT FOR THE K65 RESIDUE LAYER IS CALCULATED AS
FOLLOWS ROGERS 1984 PAGE 44 EQUATION 12

DA Z007 4FINA MAPA2MA5 DA CM

SEC SEC

PAGE
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THE SUBEQUATIONS AND FOR THE K65 RESIDUE LAYER IS CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24
112 CM

PADALI NJMAJ AA 0000145
SEC

BA 00229 CM

DA

THE RADON FLUX AT 25 CM INTERVALS OF THE K65 RESIDUE LAYER IS CALCULATED AS

FOLLOWS ROGERS 1984 PAGE 22 EQUATION

10
AA XDAT PCI

IN AL SEC

AB 10RE XDANB25CIN AB PCIAT
IN IN SEC

4CIN J419
NTANH50CM

PCI
AC RAPAEA XD AC

SEC

CM XDTANH75CM PCI

DAIORAPAEAD IN

AE XDTANHI00CM 503 PCI
RAPAEA

IN

AE

PCI

JMZLO
CM RE

XDATANH125CM JM
IN DA IN SEC

RAPAEA
PCIDATANHI5OCM DA AGAG

IN SEC

PCIDAT
DA IN SECIN

4CM

XDATANH JAISI
PCIJAI

IN NI SEC

PCI4CM EXDTANH225CIN 514RAPAAA AJ
IN IN SEC

RAPABA DATANH 250CM PCI

IN INSEC

PAGE
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AL R1O DATANH JPD PCI

IN DA

CINJA XDAT PCI

IN SEC

THE RADON DIFFUSION COEFFICIENT FOR THE CONTAMINATED SOIL LAYER IS CALCULATE AS
FOLLOWS ROGERS 1984 PAGE 44 EQUATION 12

DB OO7 25JJ 00137
SEC SEC

THE SUBEQUATIONS FOR THE CONTAMINATED SOIL LAYER ARE CALCULATED AS FOLLOWS ROGERS
1984 PAGE 24

LA CMPBB MBJ AB O00115
SEC

BB
DB

BB 00124CM

THE RADON FLUX AT 25 CM INTERVALS OF THE CONTAMINATED SOIL LAYER IS CALCULATED AS
FOLLOWS ROGERS 1984 PAGE 22 EQUATION

BA
2JAEXPBB25CM BA PCI

AXA AXAEXP
2B B25CIN

BB
2JAEXPB BSOCM

PCIBB
ITANHBAXA ATANHBAXAEXP

IN SEC

AB

BC
2JAEXPBB75CM

BC 279 PCI

ATANHBAXAEXP

2JAEXP BB100CM PCI

TANHBY AA BD
AA

JAIIJ AB IN SECLAIU1
BE

2JAEXPB B125CIN
BE 158

PCI

AA AA
PAGE
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BF
2JAEXPBB150CM PCI

AA
SEC

TANHBAXA

BG
2JAEXPB 175CM

BG 861 PCI

TANHBX ABAABBAAI
BH 633BH

ITANHBAXA ITANHBAXAEXP 2BB200CM

2JAEXPBB225CM 465 PCIAA
ATANHB AX TANHBAXAEXP2BB225CM

SEC

2JAEXP BB250CM
342 PCI

TANHBAXA
SEC

2JAEXPBB275CM PCI

TANHBAXAEXP2BB275CM

SEC

2JAEXPBB300CM
184

PCI

TANHBAXA TANHBAXAEXP2BB3OOCM

SEC

2JAEXPBB325CM 135 PCI

AA AA SEC

TANHBAXA YAAK
2JAEXPB CM 990 PCI

TANH BAXA
AA TA 2B CM

SEC

AXAEXP

PAGE
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BO

2JAEXPBB375CM
BO 726 PCI

AXA ATANHB AX AEXP 2B B375CM

2JAEXP

SEC

BP

TANHBAXA

BB400CM BP PCI

TANHBAXAEXP

PCI

BQ
2JAEXPBB425CM BQ

ATANHBAXA
SEC

BR
PCIAA SEC

TANHBAXAJ

BS 210 PCI

SEC

TANHBAXA ITANHBAXA EXP 2B B475CM

BT
500 CM PCI

SEE

ITANHBAXA ITANHBAXAEXP
2B B500CM

2JAEXP BB525CM PCI
BU

ITANHBAXA ITANHBAXAEXP 2BB525CM

BV
2JAEXP BB550CM

BY 0830 PCI

TANHB B550CM
AA

AXA AX
AEXP2B

SEC

2JAEXPBB575CM 0609 PCIAAATA 2BB575CM

SEC

PAGE
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BXB23 EXP

0395 PCI

AA AA
2BBXBAB AXA TANH

AXAIEXPV
TANHB

THE RADON DIFFUSION COEFFICIENT FOR THE FIRST EQUIVALENT SOURCE TERM TI IS

CALCULATED AS FOLLOWS ROGERS 1984 PAGE 214 EQUATION

CM
DAEXPBBXB DB1 EXPBBXB

SEC

THE SUBEQUATIONS FOR THE FIRST EQUIVALENT SOURCE TERM IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 24

PT

SEC

BTI BTI
O0124CM

DTL

PG

THE RADON DIFFUSION COEFFICIENT FOR THE CLAY LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

11
PG

DC OO7 CP DC OO
SEC SEC

THE SUBEQUATIONS FOR THE CLAY LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE 24

AC PC KM 000111
CM

SEC EM

BC 00121 CM

DC PG

THE RADON FLUX AT 25 CM INTERVALS IN THE CLAY LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL

PREVIOUS LAYERS

2J MEXNB C25CM
CA 0290 PCI

XBLJ IT XBIIEXP CLCM

2JBEXPBC50CM PCI

AC
XB 50CM

ATIR
XBJ ITANHB TVXA

SEC

PAGE
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PCI
CC

2JBEXPB 75CM CC
ILTANH TV XA TL TV XA XB1IEXP 75CM

2JBEXPBCIOOCM PCI
CD

AT1 TVXA
XBLJ HB TLXAXB1 JEXP2B C100CM

JCD

O0893 PCI

THE RADON DIFFUSION COEFFICIENT FOR THE SECOND EQUIVALENT SOURCE TERM T2 IS

CALCULATED AS FOLLOWS ROGERS 1984 PAGE 214 EQUATION 10

DEXPBXBX CM
T2 ABB CCY T2

O0142
SECDC2

THE SUBEQUATIONS FOR THE SECOND EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24
CM

AT 000110PCDT2H11KMC
SEC

00122CM

THE RADON DIFFUSION COEFFICIENT FOR THE FIRST SAND LAYER IS CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 44 EQUATION 12

CM
ZOO7 EXPL MDP MDH DD

SEC SEC

THE SUBEQUATIONS FOR THE FIRST SAND LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE
24

CM
AD PI KMDL AD O000717LJLJ SEC

BD 00141 CM

DD

PAGE
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THE RADON FLUX FOR THE FIRST SAND LAYER IS CALCULATED AS FOLLOWS ROGERS 1984 PAGE 22
EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL PREVIOUS LAYERS

23 EXPB DXD

TANHBT
PCI

THE RADON DIFFUSION COEFFICIENT FOR THE THIRD EQUIVALENT SOURCE TERM T3 IS

CALCULATED AS FOLLOWS ROGERS 1984 PAGE 214 EQUATION 11

CM
DT DAEXPBBXBBCXCBDXD DT OOI32

DB1EXPB SEC

DC 1EXPBCXCEXPBDXD
DD EXP BDXD

IIK

THE SUBEQUATIONS FOR THE THIRD EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24

KM1 CM
AT PR T3 AT3 0000899DJ SEC

BT BT 00126CM
DT

THE RADON DIFFUSION COEFFICIENT FOR THE GRAVEL LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

CM
DE OO7CM EXP MEPE2 MEL DE O000989

SEC SEC

THE SUBEQUATIONS FOR THE GRAVEL LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE 24

CM
AE PEDELI KMEI AE 00000129

BE BE 00461 CM

DE

PAGE
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THE RADON FLUX AT 25 CM INTERVALS OF THE GRAVEL LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL
PREVIOUS LAYERS

23 DEXP E25CM

11
T3 XAXB EXP2BE25CM

T3

XD
AE XC

EA O00448
PCI

SEC

JDCXPB E50C

T3 XAXB EXP2BE50CM
XCXD XC XD

PCI

SEC

JDEXP E75CM

XAXB EXP2BF75CM
T3

T3

XCXDKXRXM

PCI

SEC

JDEXP EXE

AT3 XB XAXBT3

XCXD JJEXP

2B EXE

PCI

SEC

THE RADON DIFFUSION COEFFICIENT FOR THE FOURTH EQUIVALENT SOURCE TERM T4 IS
CALCULATED AS FOLLOWS ROGERS 1984 PAGE 214 EQUATION 11

CMDT DAEXPBBXB BEXE DT
DB 1JXP BDXDBEXE SEC

EXPBDXDBEXE
DD EXPBDXDDE1 EXPKBEXE

PAGE 10
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THE SUBEQUATIONS FOR THE FOURTH EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24
CM

AT4 AT4KMEPEDT41 SEC

BT T4
00423

DT

THE RADON DIFFUSION COEFFICIENT FOR THE SECOND SAND LAYER IS CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 44 EQUATION 12

MP2 00105Z007MTHEXP MFLL DF
CM

DF FE
SEC SEC

THE SUBEQUATIONS FOR THE SECOND SAND LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE

24
2R 12

CM

AF PFDF2I 1KM AF 0000717
SEC

BE BE 00141 CM

DF

THE RADON FLUX FOR THE SECOND SAND LAYER IS CALCULATED AS FOLLOWS ROGERS 1984 PAGE

22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL PREVIOUS

LAYERS

2JEEXP BFXF

TANHBT4XAXB XAXB
EXP 2B FX

AF

PCI

SEC

THE RADON DIFFUSION COEFFICIENT FOR THE FIFTH EQUIVALENT SOURCE TERM T5 IS

CALCULATED AS FOLLOWS ROGERS 1984 PAGE 214 EQUATION 11

DT DACXPBBXB BCXC BDXD BEXE BEXE DT

DB
SEC

EXP BCXCEXP BDXD BEXE BFXF

DD1 EXP BDXD EXPBEXE BEXE
DE 1EXPBEXE EXPBFXF
DF EXPBFXF

PAGE 11
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THE SUBEGUATIONS FOR THE FIFTH EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 204

CM
PFDFL NMFJ AT5 000077

SEC

TS
00236 CM

THE RADON DIFFUSION COEFFICIENT FOR THE TOPSOIL LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

R007 MGP MGJ
CM

SEC SEC

THE SUBEQUATIONS FOR THE TOPSOIL LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE24
CM

AG PG GJ NMGJ 000164
SEC

BGOOLLL CM

DG

THE RADON FLUX AT 25 CM INTERVALS OF THE TOPSOIL LAYER IS CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF
ALL PREVIPUS LAYERS

JFEXP G25CM

AT5 JEXP 2B25CM
AG XCTHXD

AG XCANHFBT5 XE XF
PCI0000146

SEC

JFEXP GX

AT
TAFLH UTS XA EXP2BGXG
AG

XB
AG XCEXF

PCI

SEC

THE ANNUAL RADON RELEASE RATE FOR EACH LAYER AND INCREMENT IS FOUND AS FOLLOWS

YR

PAGE 12
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JABAA

YR

ACA
YR

JADAA 14O
YR

JAEAA 147
YR

CI

JMAA 149
YR

JAGAA

CI

JAJIAA 150

YR

JJ PP

YR

JAJAA
15O

JJ 15O
YR

JAVAA 15O
YR

JAAA 15O

JBAAA 129A
YR

JBBAA
YR

JBCAA 811
YR

JBDAA 615
YR

JBEAA 459
YR

JBFAA34O
YR

BG
25P CI

YR

PAGE 13
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CI

JBHAA 184

JBIAA 136
YR

JBJAA
YR

JBKAA
YR

JBVAA 0536

YR

JBMAA
YR

JBNAA
YR

JBOAA 0212
YR

JBPAA
0155

YR

JBQAA
YR

BRA 00835
YR

JBSAA 00613 SI

YR

BT 00449 CL

YR

JBUAA 00330
YR

JBVAA 00242
CI

YR

CI

JBWAA 00177
YR

JBAA 00115
CI

YR

CAA 000846

YR

CBAA 000624
CI

YR

PAGE 14
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CC
000460

YR

CD
000340

YR

JCAA OOO26O
YR

JDAA 000178
CI

YR

JEAAA 0O00131

YR

JEBAA 00000383

YR

CI

EAA 00000120
YR

JEAA 000000575
YR

JFAA 000000522
YR

GA 000000426
CI

YR

CI

GAA 000000352
YR

MODEL FOR CONTAMINATED SOIL SOURCE

THE RADON DIFFUSION COEFFICIENT FOR THE CONTAMINATED SOIL LAYER IS CALCULATED AS

FOLLOWS ROGER 1984 PAGE 44 EQUATION 12

CM MP2 511
CMMN DB 00137

SEC
BB BJJ SEC

THE SUBEQUATIONS FOR THE CONTAMINATED SOIL LAYER ARE CALCULATED AS FOLLOWS ROGERS
1984 PAGE 42212 CM

AB AB 000115DDLIJJ SEC

BB BB 00124CM

THE RADON FLUX AT 25 CM INTERMALS OF THE CONTAMINATED SOIL LAYER IS CALCULATED AS

FOLLOWS ROGERS 1984 PAGE 22 EGUATION

BA
210 RE XDBTANH BA PCI

SEC

PAGE 15
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XDTANH25CM PCIJDK 1O BB O256

DBI

BC R1O
XDBTAFLH50CM BC 0470

PCI

SEC

PCI4CM O624
XDBTANH75CMRBPBEB BD

IN SEC

1O 0CM BE PCI
BE BK

IN SEC

RB PB EB XDBTANLI125CM BF PCI

IN SEC

4CM PCIBG BPBB BG
IN BJ SEC

DBTANH175CM PCI
BH RBPBEB O832

IN BJ IN SEC

BI PCIZ10 XDBTANH
IN IN SEC

BJ 0848 PCI

BJ 10 XDBIANHI22
IN IN SEC

CMBK RB PBEB XDBTANH250CM
PCI

IN IN SEC

RBPBEB DB CMBI TANH BI 0852 PCI

IN NI SEC

XDBTAITH 300 CM BM PCI

IN IN SEC

IUKBPBIZB

25CM 0853 PCIJBNIO DBTANH3
DBIIN NI SEC

50CM 0854
PCIJBOI0 DBIN IN SEC

PAGE 16
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PCI4CM DBTANH375 CM O854

DB
HP

SEC

BQ 1O4 CM
PCI

BTA1 BQ O8542

CM CM BR PCI
BPBEB BTA11TH

MSEC

O854 PCI
BS 1O

DB
BS

LA7C PCI1O BPBEB XD
DBBT BTWUIK

DT 0854 PCI

SEC

PCI
‰V DBTANH525CM BY 0854RDPDED

SEC

XI PCI

XDBTANH550CM 08541O
JBXIO 5CM 0854 PCI

XDTANHL57
SEC

PCI10 RBPBEB XDBTANHXB
0854

SEC

THE RADON DIFFUSION COEFFICIENT FOR THE CLAY LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

CM
DC OO7

EXPL CP C2 MC DC
SEC SEC

THE SUBEQUATIONS FOR THE CLAY LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE 24
CM

AC 000111PCDC
SEC

BC 00121 CM

PAGE 17
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THE RADON FLUX AT 25 CM INTERVALS OF THE CLAY LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 22 EQUATION

2JBEXPB C25CM
CA 0628 PCI

CA

TANHB
AB

2B 25CM
AB

BXB TANHB BXBEXP

SEC

CB
2JBEXPB C50CM

CB O463 PCI

TANHBBXB TANHBBXBEXP2B C50CM

CC
2JBEXPB C75CM

CC 0342
PCI

ATANHBBXB ATANHBBXBEXP2BC75CM

CD
2JBEXPB CLOOCM

CD 0252 PCI

AB SEC

PCI2JBEXP BCXC

SEC
AB TA
TANHBBXB CXC
AC

THE RADON DIFFUSION COEFFICIENT FOR THE FIRST EQUIVALENT SOURCE TERM IS CALCULATED AS

FOLLOWS ROGERS 1984 PAGE 214 EQUATION

DTI DEXPBXBCCCCC
SEC

THE MUBEQUATIONS FOR THE FIRST EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24
12

ATI CD TV KM
SEC

BTI
00122CM

BTL

DTL

THE RADON DIFFUSION COEFFICIENT FOR THE FIRST SAND LAYER IS CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 44 EQUATION 12

CM
EXP MDPD

CM
DD 007

SEC
LMD IMD DD 00105

SEC

PAGE 18
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THE SUBEQUATIORIS FOR THE FIRST SAND LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE24

LJLJL AD CMAD
SEC

BD 00141BD
DD

THE RADON FLUX FOR THE FIRST SAND LAYER IS CALCULATED AS FOLLOWS ROGERS 1984 PAGE 22
EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL PREVIOUS LAYERS

2JCEXPBDXD

SECT1T
PCI

THE RADON DIFFUSION COEFFICIENT FOR THE SECOND EQUIVALENT SOURCE TERM IS CALCULATED AS
FOLLOWS ROGERS 1984 PAGE 214 EQUATION 10 MIT

CM
BCXCBDXD DT 00132

SECDC1 EXPBCXCEXPBDXD
DD1 EXPBDXD

THE SUBEQUATIONS FOR THE SECOND EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24

AT 0000899AQ DT2 KMD CM

SEC

BT BT
THE RADON DIFFUSION COEFFICIENT FOR THE GRAVEL LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

CM007MI MEPEDE MELL 0000989
SEC SEC

THE SUBEQUATIONS FOR THE GRAVEL LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE 24

CM
AEOOOOOIPEDE11KME

SEC

BE BE 00461 CM
DE

PAGE 19
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THE RADON FLUX AT 25 CM INTERVALS OF THE GRAVEL LAYER IS CALCULATED AS FOLLOWS ROGERS

1984 PAGE 22 EQUATION MODIFIED OR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL

PREVIOUS LAYERS

EA
JDEXPB E25CM

XC XDIJ XDLJEXP2BE25CM

PCI

SEE

JDEXPB E50CM
EB

XDLJJEXP2BE50CM

EB 000270
PCI

SEC

2JDEXP BE75CM
EC

XC XDJ LI

TANHBT XDLJEXP2BF7SCM
AE

EC 0000848 PCI

SEC

2JDEXPB EXE

IAELJ TANNBT
PCI

SEC

THE RADON DIFFUSION COEFFICIENT FOR THE THIRD EQUIVALENT SOURCE TERM IS CALCULATED AS

FOLLOWS ROGERS 1984 PAGE 214 EQUATION 11

DT DBEXPBCXCBDXDBEXE
EXPB CXCEXPB XD BE XE

SECDD1 XE

THE SUBEQUATIONS FOR THE THIRD EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS

ROGERS 1984 PAGE 24
I2 CM

AT PET3 KM AT3 00000153
SEC

T3
00423 CM

BT
DT

PAGE 20
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THE RADON DIFFUSION COEFFICIENT FOR THE SECOND SAND LAYER IS CALCULATED AS FOLLOWS
ROGERS 1984 PAGE 44 EQUATION 12

CMOO7 RNFPFMFIIDF DFOOIO
SEC JJ

SEC

THE SUBEQUATIONS FOR THE SECOND SAND LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE24

K1 CM
AF PF JMFJ AF 0000717

SEC

BF BF 00141 CM
DF

THE RADON FLUX FOR THE SECOND SAND LAYER IS CALCULATED AS FOLLOWS ROGERS 1984 PAGE
22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF ALL PREVIOUS
LAYERS

JEEXPB FXF

T3

IXC
LTANHBT

XBXC EXP2BFXF
AF DE DE

0000368 PCI

SEC

THE RADON DIFFUSION COEFFICIENT FOR THE FOURTH EQUIVALENT SOURCE TERM IS CALCULATED AS
FOLLOWS ROGERS 1984 PAGE 214 EQUATION 11

MF CM
DT UCXC BDXD BEXE BFXF DT

DC1 BE XE SEC

BFXF
DD1 EXP BDXD EXPBEXE BFXF
DE1 EXPBEXEEXPBFXF
DF1 EXPBFXF

THE SUBEQUATIONS FOR THE FOURTH EQUIVALENT SOURCE TERM ARE CALCULATED AS FOLLOWS
ROGERS 1984 PAGE 24

2R
AT4 AT4 0000255NJMFJ

SEC

T4
00237 CM

DT

THE RADON DIFFUSION COEFFICIENT FOR THE TOPSOIL LAYER IS CALCULATED AS FOLLOWS ROGERS
1984 PAGE 44 EQUATION 12

CM
OO EXPK GP MG DGOOL72CM

SEC SEC

PAGE 21
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THE SUBEQUATIONS FOR THE TOPSOIL LAYER ARE CALCULATED AS FOLLOWS ROGERS 1984 PAGE

24
CM

AG
000164PGDG10KMGI SEC

BGOO111CM

THE RADON FLUX AT 25 CM INTERVALS OF THE TOPSOIL LAYER IS CALCULATED AS FOLLOWS

ROGER 1984 PAGE 22 EQUATION MODIFIED FOR THE EQUIVALENT SOURCE TERM CONSISTING OF

ALL PREVIOUS LAYERS

GA
JFJE G25CM

T4 2B
OG ANHBT4 7TANH XBXCXD

GA 0000320
PCI

SEC

2JFEXPB GXG

T4TANHBT XBXC EXP2BGXG
AG XD AG XDXEH

XF

0000274
PCI

SEC

THE ANNUAL RADON RELEASE RATE FOR EACH LAYER AND INCREMENT IS FOUND AS FOLLOWS

JBAAB

JBBAB O620

JBCAB

JBDAB 151 CI

YR

JBEA
YR

JBFAB

CI

JBGAB 197
YR

PAGE 22
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BH AB 20 CI

YR

CI

AB 204

JBJAB 2O5

JBKAB 2O6

CI

‰I AB 2O6
YR

JBMAB 2067

JBNAB
CI206
YR

CI
JBOAB 206

YR

JBPAB 2U
YR

JBQAB 2O7
YR

CI

JBRAB 207

IBSAB 207

JBTAB
VI

IBUAB 2O7
YR

JBAB 207
YR

JBWAB 207
YR

BV 2O

AB 207
YR

JCAA
CI

PAGE 23
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CI

CHAB 112
YR

JC
YR

JCDAB
YR

JCAB
YR

JDAB
YR

JEAAB OO2239
YR

CI

JEBAB 000654
YR

JECAB 000205
YR

JEAB 0000981
CI

AB

JGAAB

JGAR

SUMMARY OF RESULTS

THE RADON RELEASE RATES FOR THE PLANNED WCS AT APPROXIMATE 25 CM INTERVALS FROM THE

BOTTOM OF THE WCS BASED ON UNIT RADIUM SOURCE CONCENTRATION ARE SHOWN IN THE

ATTACHED GRAPH THE GRAPH PLOTS THE K65 RESIDUE AND CONTAMINATED SOIL SOUCES

SEPARATELY AND IN COMBINATION
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REV SHEETS ORIGINATOR CHECKER REVIEWER APPROVAL DATE

108

SUMMARY OF REVISION

MICROFILMED

REV

DATE SPOOL NUMBER

REV
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CALCULATION SHEET

CALC NO 158CV20 REV NO
RIGINATOR CARL ERIC VON BUELOW DATE 92094 CHECKED DATE QZ S9

PROJECT FUSRAP NFSS JOB NO 14501 SHT NO OF

SUBJECT DOSE MODELING OF AIRBORNE RADON EMISSIONS FROM NESS WASTE CONTAINMENT STRUCTURE

PURPOSE

THIS CALCULATION ESTIMATES THE DOSE FROM POSSIBLE RANGE OF AIRBORNE RADON EMISSIONS FROM THE PLANNED NFSS

WASTE CONTAINMENT STRUCTURE WCS

II SCOPE

THIS CALCULATION USES THE US ENVIRONMENTAL PROTECTION AGENCYS EPA CLEAN AIR ACT ASSESSMENT PACKAGE

1988 PERSONAL COMPUTER CAP88PC MODEL FOR ESTIMATING DOSES RESULTING FROM AIRBORNE EMISSIONS OF RADON

GAS OF CONCENTRATIONS VARYING FROM 0001 TO 1000 CIYR

ILL REFERENCES

PARKS 1992 EPA USERS GUIDE FOR CAP88PC VERSION 10 402B92001 LAS VAGAS NEVADA

DARBY 1993 BECHTEL NATIONAL INCORPORATED BNI LETTER TO HART JR US DEPARTMENT OF ENERGY

DOE CCN 099655 JANUARY 221993 OAK RIDGE TN

VON BUELOW 1994 BNI CAP88PC PODULATION FILE FOR UNIT PODULATION DENSITY CAIC 191 CV20 REV

OAK RIDGE TN

HADLER 1993 NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION NOAA LOCAL CLIMATOLOCICAL DATA FOR

NIAGARA FALLS NY ASHEVILLE NC

VON BUELOW 1994 BNI RADON DIFFUSION MODEL OF NESS WASTE CONTAINMENT STRUCTURE CAIC 158C VI

REV OAK RIDGE TN

IV CALCULATIONS

ASSUMDTIONS

RADON IS THE SOLE RADIONUCLIDE OF INTEREST IN THIS CALCULATION NEITHER THE PARENTS NOR DAUGHTERS OF RADON ARE

INCLUDED IN THE MODEL TO PROVIDE RANGE OF POSSIBLE RADON DOSES FROM THE NESS WCSTHE RADON RELEASE RATES

USED AS INPUT DATA ARE 000100101110 100 AND 1000 CIYR

THE MAXIMALLY EXPOSED INDIVIDUAL IS BASED ON THE MEAN DISTANCE OF THE INNER POPULATION GRID 250 METERS SINCE

THE PURPOSE OF THE MODEL IS TO ESTIMATE DOSE SCENARIOS UP TO 10000 YEARS INTO THE FUTURE IT WOULD BE OF LITTLE

BENEFIT TO MAKE SEPARATE INDIVIDUAL RUNS FOR THE CURRENT CLOSEST RESIDENT THE OCCUPANCYFACTOR USED FOR THE

MAXIMALLY EXPOSED INDIVIDUAL IS 100

THE EFFECTIVE DOSE EQUIVALENT IS CALCULATED FOR 50 YEAR EXPOSURE RISK IS ESTIMATED AS TOTAL LIFETIME RISK FOR

LIFETIME EXPOSURE OF 707565 YEARS

THE ASSUMPTIONS USED IN THE CAP88PC COMPUTER MODEL ARE FULLY DOCUMENTED IN REFERENCE

CAP88PC COMOUTERPROARAM

THE CAP88PC MODEL IS SET OF COMPUTER PROGRAMS DATABASES AND ASSOCIATED UTILITY PROGRAMS FOR ESTIMATION OF

DOSE AND RISK FROM RADIONUCLIDE EMISSIONS TO AIR THE EPAS NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR



CALCULATION SHEET

CALC NO 158CV20 REV NO

RIGINATOR CARL ERIC VON BUELOW DATE 92094 CHECKED DATE

PROJECT FUSRAP NFSS JOB NO 14501 SHT NO OF 108

SUBJECT DOSE MODELING OF AIRBORNE RADON EMISSIONS FROM NFSS WASTE CONTAINMENT STRUCTURE

POLLUTANTS NESHAPS COMPLIANCE PROCEDURES FOR RADIONUCHIDE EMISSIONS TO AIR FOR DOE FACILITIES 40 CFR 61 93A

REQUIRE THE USE OF THE CAP88PC MODEL OR OTHER APPROVED PROCEDURES TO CALCULATE EFFECTIVE DOSE EQUIVALENTS TO

MEMBERS OF THE PUBLIC THE DOE OAK RIDGE FIELD OFFICE HAS CONCURRED ON THE USE OF CAP88PC FOR USE ON THE

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM FUSRAP IN REFERENCE DETAILED DESCRIPTION OF CAP88PC

IS PROVIDED IN REFERENCE

COMOUTER HARDWARE CONFIGURATION

THIS CALCULATION WAS RUN ON COMPAQ PROLINEA 325ZS SERIAL NUMBER A239HCU301 19 WHICH IS 386

MICROCOMPUTER RUNNING AT 25 MHZ USING COMPAQ MSDOS VERSION 500 EQUIPPED WITH 387 MATH

COPROCESSOR AND NETWORKED THROUGH DIGITAL EQUIPMENT CORPORATION DEC VAX USING PCSALPATHWORKS FOR PRINT

AND FILE SERVICES

INOUTS

THE INPUT PARAMETERS ARE LISTED IN THE ATTACHED SYNOPSIS REPORTS THE CALCULATION WAS PERFORMED USING

POPULATION RUN TYPE THE UNITPOP POPULATION FILE GENERATED BY CALCULATION NUMBER 191 CV20 REFERENCE

MAXIMALLY EXPOSED INDIVIDUAL ASSUMPTION WIND FILE 1AG0905WND FOR THE NIAGARA FALLS INTERNATIONAL AIRPORT

REFERENCE TOTAL ANNUAL PRECIPITATION OF 1033 CMYR REFERENCE AVERAGE ANNUAL AMBIENT TEMPERATURE OF

892 REFERENCE ONE AREA SOURCE TYPE WITH HEIGHT OF ZERO METERS AND AREA OF 76647 1894 ACRES FROM

REFERENCE FIXED PLUME RISE WITH ZERO METERS FOR EACH PASQUILL CATEGORY THE DEFAULT URBAN AGRICULTURAL DATA FOR

THE NIAGARA FALLS NY AREA REFERENCE AND RADON RELEASE RATES OF 0001 001 01110100 AND 1000 CIYR

ASSUMPTION

THE CAP88PC OUTPUT IS ATTACHED TO THIS CALCULATION THE SYNOPSIS REPORTS GIVE AN OVERVIEW OF THE INPUT AND

SELECTED OUTPUT THE DOSE AND RISK EQUIVALENT SUMMARIES GIVE MORE DETAILED OUTPUT OF THE DOSE ASSESSMENT

THE MAXIMALLY EXPOSED INDIVIDUAL LISTED IN THE SYNOPSIS REPORT IS COMPUTER SELECTION BASED ON THE POPULATION

FILE ASSUMPTION WITH AN OCCUPANCYFACTOR OF 100 APPLIED

SAMOLE CALCULATION

SAMPLE CALCULATION USING THE REACTIVE METALS DATA SET PROVIDED WITH CAP88PC WAS SUCCESSFULLY COMPLETED

AND VERIFIED AGAINST THE RESULTS LISTED IN SECTION 62 OF REFERENCE REACTIVE METALS DATA SET USING WIND FILE

ERIO61OWND AND POPULATION FILE RMICOMPYPOP

SUMMARY OF RESULTS

THE EFFECTIVE INDIVIDUAL DOSE AND COLLECTIVE POPULATION DOSE FROM AIRBORNE RADON EMISSIONS FROM THE PLANNED

NFSS WCS FOR VARIOUS RADON RELEASE RATES ARE SHOWN IN THE TABLE BELOW AS INDICATED BY THE TABULATED RESULTS

THE DOSES ARE DIRECTLY RELATED TO THE RELEASE RATE BY THE CONVERSION FACTORS OF 00242 MREMYR PER CIYR AND

000601 PERSONREMYR PER CIYR RESPECTIVELY THESE ARE NOT ACTUAL DOSES AND ARE INTENDED FOR PLANNING

PURPOSES ONLY

RELEASE RATE INDIVIDUAL DOSE POPULATION DOSE

CIYR MREMYR PERSONREMYR

0001 242 I0 601 106



CALCULATION SHEET

CALC NO 158CV20 REV NO
RIGINATOR CARL ERIC VON BUELOW DATE 92094 CHECKED DATE 92 QY

PROJECT FUSRAP NESS JOB NO 14501 SHT NO OF

SUBJECT DOSE MODELING OF AIRBORNE RADON EMISSIONS FROM NFSS WASTE CONTAINMENT STRUCTURE

RELEASE RATE INDIVIDUAL DOSE POPULATION DOSE

CIYR MREMYR PERSONREMYR

001 242X10 601 X10

01 242X IO 601 I0

242X10 601X10

10 242X10 601 X10

100 242 601 101

1000 242X10 601



ORIG CE VON BUELOW DATE LZ
CNKD AV DATE

CALC 158CV20 REV
PAGE OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 311 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E05

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNA
DATASET DATE SEP 20 1994 309 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE I2LIL
SEP 20 1994 311 PM CHKD 6M1 DATE A4L4I SYN0PSI

CALC 158CV20 REV PAGE

PAGE OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCII 113E06

DECAY PRODUCT CONCENTRATION WL 313E09
LIFETIME FATAL CANCER RISK 439E09

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

1OE00 TO 1OE0L 0OOE00 0OOEO0
LOE0L TO LOE02 OOOE0Q 0OOE0O
LOE02 TO 1OE03 QOOE00 0OOE00
LOE03 TO 1OE04 0OOE00 0OOE00
LOE04 TO LOE05 0OOE00 0OOE00
LOE05 TO 1OE06 0OOE00 0OOE0O

LESS THAN 1OE06 776320 776320 319E08 319E08

COLLECTIVE EXPOSURE PERSON WORKING LEVELS L66E06

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 1OE03 LOE03

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CINY
MIXING HEIGHT 1000 IN



OR1G XQA DATE L2SL
SEP 20 1994 311 PTH CHKD DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE OF 108

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE

PASQUILL CAT

FIXED IN 0OE00 0OEOO 0OE00 0OE00 OOEO0 OQEOO 0OEOO
FIXED RISE



ORIG CE VON BUELOW DATE LI2L
SEP 20 1994 311 PM CHKD DATE SYNOPSIS

CALC 158CV20 REV PAGE
PACE OF 108

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569

NNW 23 38 53 68 569

NW 23 38 53 68 569

WNW 23 38 53 68 569
23 38 53 68 569

WSW 23 38 53 68 569

SW 23 38 53 68 569

88W 23 38 53 68 569
23 38 53 68 569

SSE 23 38 53 68 569

SE 23 38 53 68 569

ESE 23 38 53 68 569

23 38 53 68 569

ENE 23 38 53 68 569

NE 23 38 53 68 569

NNE 23 38 53 68 569

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372

NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372

WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372

88W 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372

ESE 2274 3791 5307 6823 8339 9855 11372
2274 3791 5307 6823 8339 9855 11372

ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372

NNE 2274 3791 5307 6823 8339 9855 11372



ORIG CE VON BUELOW 13 DATE

CHKD 4NK DATE

CALC 158CV20 REV
PAGE OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 311 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNA
DATASET DATE SEP 20 1994 309 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE

SEP 20 1994 311 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE OF 108

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E05 588E06
BREAST 237E05 588E06

MAR 709E06 L76E06
LUNGS 421E05 L04E05
THYROID 237E05 588E06
ENDOST 341E05 845E06
RI4NDR 237E05 588E06

EFFEC 242E05 6OLE06

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E09 L66E06

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE00 0OOE00
INHALATION 242E05 6OLE06
AIR IMMERSION 219E09 543EL0
GROUND SURFACE 0OOE00 0OOE00
INTERNAL 242E05 6O1E06
EXTERNAL 219E09 543E10

TOTAL 242E05 6OLE06

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E09 L66E06

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE

EXPOSURES FOR RN222



ORIG CE VON BUELOW DATE

SEP 20 1994 311 PIN CHKD DATE SUMMARY
CALC 158CV20 REV PAGE
PAGE 10 OP 108

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES INREMY PERSONREINY

RN222 242E05 6O1E06

TOTAL 242E05 6O1E06

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E09 L66E06



ORIG CE VON BUELOW DATE QZ
SEP 20 1994 311 PM CHKD AWK DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 11 OF 108

CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E12 18E11
BONE 241E12 845E12
THYROID 434E12 L52ELL
BREAST 374E1L L31EL0
LUNG LLOEL0 384E10
STOMACH 3LOELL L09EL0
BOWEL L55ELL 543ELL
LIVER 933E12 327E1L
PANCREAS 234ELL 819ELL
URINARY 350E12 123ELL
OTHER 286EL1 1OQEL0

TOTAL 274EL0 61EL0

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE09 309E08

TOTAL FATAL RISK
ALL EXPOSURES 439E09 319E08



ORIG CE VON BUELOW I3 DATE
SEP 20 1994 311 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 12 OF 108

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 OOOE00
INHALATION 274EL0 961EL0
AIR IMMERSION 523E14 L83E13
GROUND SURFACE 0OOE00 0OOE00
INTERNAL 274EL0 9ELEL0
EXTERNAL 523E14 L83E13

TOTAL 274EL0 961EL0

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE09 309E08

TOTAL FATAL RISK
ALL EXPOSURES 439E09 319E08

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK
PATHWAY PERSONREMY

INGESTION OOE00
INHALATION 8O1E07
AIR IMMERSION 534EL0
GROUND SURFACE 0OOE00
INTERNAL 8OLE07
EXTERNAL 534E10

TOTAL 02E07



ORIG CE VON BUELOW DATE

SEP 20 1994 311 PM CRN AAK DATE AI SUMMARY
CALC 158CV20 REV PAGE
PAGE 13 OF 108

MUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274EL0 961EL0

TOTAL 274ELQ 961EL0



ORIG CE VON BUELOW I2 DATE L2I
SEP 20 1994 311 PM CHKD AAII DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 14 OF 108

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 41LE09 309E08

TOTAL FATAL RISK
ALL EXPOSURES 439E09 319E08



ORIG CE VON BUELOW DATE L2QLII
SEP 20 1994 311 PM CRND AAFK DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 15 OF 108

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MREMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

15E05 23E06 69E07 3OE07 18E07 L2E07 58E08
NNW 11E05 71E07 2LE07 91E08 54E08 37E08 18E08

NW 1OE05 13E06 39E07 17E07 98E08 68E08 32E08
WNW 16E05 17E06 51E07 22E07 13E07 9OE08 43E08

17E05 3OE06 89E07 38E07 23E07 16E07 75E08
WSW 17E05 17E06 5LE07 22E07 L3E07 9OE08 43E08

SW 12E05 17E06 51E07 22E07 L3E07 89E08 42E08
55W 12E05 1LE06 33E07 L4E07 83E08 57E08 27E08

12E05 18E06 55E07 23E07 14E07 96E08 45E08
SSE 16E05 16E06 48E07 2OE07 L2E07 83E08 39E08

SE 17E05 26E06 76E07 33E07 19E07 13E07 62E08
ESE 2OE05 23E06 69E07 29E07 17E07 L2E07 57E08

2OE05 28E06 83E07 35E07 21E07 14E07 68E08
ENE 24E05 26E06 77E07 33E07 19E07 13E07 63E08

NE 24E05 38E06 11E06 49E07 29E07 2OE07 95E08
NNE 23E05 25E06 75E07 32E07 19E07 13E07 62E08

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E08 L2E08 82E09 6OE09 47E09 38E09 32E09
NNW 69E09 37E09 24E09 18E09 14E09 11E09 92E10

NW 13E08 67E09 44E09 32E09 25E09 2OE09 17E09
WNW 17E08 94E09 62E09 46E09 36E09 29E09 24E09

3OE08 16E08 11E08 8OE09 62E09 5OE09 42E09
WSW L7E08 91E09 6OE09 44E09 34E09 28E09 23E09

SW L7E08 89E09 59E09 43E09 33E09 27E09 23E09
SSW 11E08 55E09 36E09 26E09 2OE09 L6E09 L4E09

18E08 96E09 63E09 46E09 36E09 29E09 24E09
SSE 15E08 8OE09 53E09 38E09 3OE09 24E09 2QE09

SE 25E08 L3E08 85E09 62E09 48E09 39E09 32E09
ESE 22E08 12E08 77E09 56E09 43E09 35E09 29E09

27E08 L4E08 93E09 68E09 53E09 43E09 35E0
ENE 25E08 L3E08 85E09 62E09 48E09 39E09 32E09

NE 37E08 20E08 L3E08 95E09 74E09 6OE09 5OE09
NNE 25E08 L3E08 87E09 63E09 49E09 4OE09 3JE09



ORIG CE VON BUELOW I3 DATE LII
SEP 20 1994 311 PIN CHKD AM DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 16 OF 108

COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE08 14E08 16E08 11E08 93E09 83E09 33E08
NNW 23E08 43E09 49E09 35E09 28E09 25E09 1OE08

NW 20E08 78E09 9OE09 63EQ9 52E09 46E09 18E08
WNW 32E08 1OE08 12E08 84E09 69E09 61E09 25E08

35E08 18E08 2OE08 L5E08 12E08 11E08 43E08
WSW 34E08 1OE08 12E08 83E09 68E09 61E09 24E08

SW 24E08 1OE08 12E08 83E09 68E09 61E09 24E08
55W 25E08 66E09 76E09 53E09 44E09 39E09 15E08

25E08 11E08 13E08 89E09 73E09 65E09 26E08
SSE 32E08 96E09 11E08 77E09 63E09 56E09 22E08

SE 35E08 15E08 18E08 12E08 1OE08 9OE09 36E08
ESE 41E08 14E08 16E08 11E08 92E09 81E09 32E08

41E08 17E08 19E08 13E08 11E08 98E09 39E08
ENE 48E08 15E08 18E08 13E08 1OE08 91E09 36E08

NE 48E08 23E08 26E08 19E08 15E08 14E08 54E08
NNE 46E08 15E08 17E08 12E08 1OE08 89E09 35E08

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E08 47E08 43E08 41E08 39E08 37E08 36E08
NNW 16E08 14E08 13E08 12E08 L1E08 11E08 1OE08

NW 29E08 25E08 23E08 22E08 21E08 2OE08 L9E08
WNW 4OE08 36E08 33E08 31E08 3OE08 28E08 27E08

69E08 62E08 58E08 54E08 52E08 5OE08 48E08
WSW 39E08 34E08 32E08 3OE08 28E08 27E08 26E08

SW 38E08 34E08 31E08 29E08 28E08 27E08 26E08
SSW 24E08 21E08 19E08 L8E08 17E08 16E08 15E0B

41E08 36E08 34E08 32E08 3OE08 29E08 28E08
SSE 35E08 3OE08 28E08 26E08 25E08 24E08 23E08

SE 56E08 49E08 45E08 42E08 4OE08 38E08 37E08
ESE 51E08 44E08 41E08 38E08 3EE08 35E08 33E08

61E08 54E08 49E08 46E08 44E08 42E08 4OE08
ENE 57E08 49E08 45E08 42E08 4OE08 38E08 37E08

NE 85E08 75E08 69E08 65E08 62E08 59E08 57E08
NNE 56E08 5OE08 46E08 43E08 4LE08 39E08 38E08



ORIG CE VON BUELOW 12 DATE

SEP 20 1994 311 PM CHKD AAK DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 17 OF 108

INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E09 45E10 15E10 7OE11 45EL1 33E11 19E11

NW 18E09 26E1O 84E11 39E11 25E11 19E11 1OE11

31E09 58E10 19E10 91E11 58E11 43E11 24E11
WSW 31E09 33E10 11E10 52E11 33E11 25E11 14E11

SW 22E09 33E10 11E10 52E11 33E11 25E11 14E11
SSW 22E09 22E10 71E11 33E11 21E11 16E11 87E12

22E09 36E10 12E10 56EL1 35E11 26E11 15E11
SSE 29E09 31E10 1OE10 48E11 31E11 23E11 13E11

SE 31E09 5OE10 16E10 77E11 49E11 36E11 2OE11
ESE 37E09 45E10 15E10 7OE11 44E11 33E11 18E11

37E09 54E10 18E10 84E11 53E11 4OE11 22E11

NE 43E09 75E10 25E10 12E10 74E11 55E11 31E11
NNE 42E09 49E10 16E10 76E11 49E11 36E11 20E1

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95E12 54E12 36E12 26E12 21E12 17E12 14E12
NNW 29E12 16E12 11E12 77E13 6OE13 49E13 4OE13

NW 52E12 29E12 19E12 14E12 11E12 88E13 73E13
WNW 72E12 41E12 27E12 2OE12 16E12 13E12 11E12

12E11 72E12 48E12 35E12 27E12 22E12 19E12
WSW 7OE12 4OE12 26E12 19E12 15E12 12E12 1OE12

SW 69E12 39E12 26E12 19E12 15E12 12E12 1OE12
SSW 43E12 24E12 16E12 12E12 89E13 72E13 6OE13

74E12 42E12 28E12 2OE12 L6E12 13E12 11E12
SSE 63E12 3SE12 23E12 17E12 13E12 11E12 88E13

SE 1OE11 57E12 37E12 27E12 21E12 17E12 14E12
ESE 92E12 52E12 34E12 25E12 L9E12 15E12 13E12

11E1L 63E12 41E12 3OE12 23E12 19E12 16E12
ENE 1OE11 57E12 38E12 27E12 2LE12 17E12 14E12

NE 15E11 87E12 57E12 42E12 33E12 26E12 22E12
NNE 1OEL1 58E12 38E12 28E12 22E12 18E12 15E12



ORIG CE VON BUELOW DATE
SEP 20 1994 311 PM CHKD AK DATE SUMMARY

CALC 158CV20 REV PAGE 10

PAGE 18 OF 108

COLLECTIVE FATAL CANCER RATE DEATHSY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E11 38E11 48E11 38E11 34ELL 32EL1 15E10
NNW 58E1L 12E1L L5E11 12E11 1OE1L 98EL2 46E1L

NW 51E1L 22E11 27E11 21E11 19E11 18E1L 83E11
WNW 82E11 28E11 36E11 28E1L 25E11 24ELL 11EL0

89E11 49E11 62E11 49E11 43E11 42ELL 2OE10
WSW 87E11 28E11 36EL1 28EL1 25E11 24E11 11E10

SW 62E11 28E11 36E11 28E11 25E11 24E1L 11E10
55W 63E11 L8E11 23E11 18E11 L6EL1 15E11 7OE11

63E11 31E1L 38E11 3OE11 26E11 25EL1 12E10
SSE 82ELL 27E1L 33EL1 26EL1 23EL1 22EL1 1OE10

SE 89E11 42E11 53E11 41EL1 37E1L 35ELL 16EL0
ESE LOE10 38E11 48ELL 37E11 33E11 32E1L L5E10

1OEL0 46E1L 58E1L 45E11 4OEL1 38EL1 18EL0
ENE 12EL0 43E11 54E11 42E11 37EL1 35E11 17EL0

NE 12E10 63E11 8OE11 62EL1 55E11 53E11 25E10
NNE L2E10 42E11 52E11 41E11 36E11 35E11 16E10

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

3LEL0 29E10 27E10 25EL0 24EL0 23EL0 22E10
NNW 92ELL 86EL1 8OELL 75EL1 71EL1 68EL1 65EL1

NW 17EL0 16EL0 L4EL0 L4EL0 13EL0 L2EL0 L2E10
WNW 23EL0 22EL0 2LEL0 L9EL0 L8EL0 18E10 L7EL0

4OE10 39EL0 36EL0 34E10 32E10 31E10 3OEL0
WSW 23EL0 2LEL0 20E10 L9EL0 L8EL0 L7EL0 16EL0

SW 22EL0 21EL0 L9E10 L8EL0 L7EL0 L7E10 L6E10
55W 14E10 L3E10 L2E10 LLE10 L1E10 LOE10 96E1L

24EL0 23EL0 2LE10 2OEL0 L9E10 L8EL0 L7EL0
SSE 2OEL0 19E10 L7EL0 16EL0 L5EL0 15EL0 14E10

SE 33E10 31E10 28E10 26EL0 25E10 24E10 23E10
ESE 29E10 28E10 25EL0 24E10 23EL0 22EL0 21E10

36E10 33EL0 31E10 29EL0 27EL0 26E10 25E10
ENE 33EL0 3LEL0 28E10 26EL0 25EL0 24E10 23E10

NE 5OE10 47E10 43E10 4OE10 38EL0 37E10 35EL0
NNE 33E10 3LEL0 29E10 27E10 26E10 25EL0 24EL0



ORIG CE VON BUELOW S2 DATE JL2Q4II
CHKD ANI DATE

CALC 158CV20 REV
PAGE 19 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
URN

RADON POPULATION ASSESSMENT
SEP 20 1994 312 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E04

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNB
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW I2 DATE LZQL
SEP 20 1994 312 PM CHKD AN DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 20 OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCIL L13E05

DECAY PRODUCT CONCENTRATION WL 313E08
LIFETIME FATAL CANCER RISK 439E08

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

LOE00 TO LOEQL 0OOE00 0OQEG0
LOE0L TO LOE02 0OOE00 0OOE00
LOE02 TO LOE03 0OOE00 0OOE00
1OE03 TO LOE04 0OOE00 0OOE00
LOE04 TO LOE05 0OOE00 0OOE00
LOE05 TO LOE06 0OOE00 000E00

LESS THAN 1OE06 776320 776320 319E07 319E07

COLLECTIVE EXPOSURE PERSON WORKING LEVELS L66E05

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 1OE02 1OE02

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000



ORIG CE VAR BUELOW 13 DATE

SEP 20 1994 312 PM CIN BF DATE SYNOPSIS
CALC 158CV20 REV PAGE
PAGE 21 OF ICE

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE
PASQUILL CAT

GM

FIXED IN 0OE00 0OE00 0OE00 0OE00 0OE00 0OEQ0 0OE0O
FIXED RISE



ORIG CE VON BUELOW DATE LZQLIL
SEP 20 1994 312 PM CRN AAS DATE FA4 SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 22 OF 108

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569
NNW 23 38 53 68 569

NW 23 38 53 68 569
WNW 23 38 53 68 569

23 38 53 68 569
WSW 23 38 53 68 569

SW 23 38 53 68 569

55W 23 38 53 68 569
23 38 53 68 569

SSE 23 38 53 68 569

SE 23 38 53 68 569

ESE 23 38 53 68 569
23 38 53 68 569

ENE 23 38 53 68 569
NE 23 38 53 68 569

NNE 23 38 53 68 569

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372
NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372
WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372
SSW 2274 3793 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372
ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372
NNE 2274 3791 5307 6823 8339 9855 11372



ORIG CE VON BUELOW DATE

CHKD APB DATE GZSQ
CALO 158CV20 REV
PAGE 23 OF 106

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 312 PM

40

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNB
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE

SEP 20 1994 312 PM CH DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 24 OF 108

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E04 588E05
BREAST 237E04 588E05

MAR 709E05 L76E05
LUNGS 421E04 L04E04
THYROID 237E04 588E05
ENDOST 341E04 845E05
RMNDR 237E04 588E05

EFFEC 242E04 6OLE05

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E08 L66E05

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE00 0OOE00
INHALATION 242E04 6OLE05
AIR IMMERSION 219E08 543E09
GROUND SURFACE 0OQE00 0OOE00
INTERNAL 242E04 6OLE05
EXTERNAL 219E08 543E09

TOTAL 242E04 6OLE05

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E08 L66E05

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE

EXPOSURES FOR RN222



ORIG CE VON BUELOW DATE II
SEP 20 1994 312 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PACE 25 OF 105

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREMY PERSONREMY

RN222 242E04 6OLE05

TOTAL 242E04 6OLE05

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E08 L66E05



ORIG CE VON BUELOW I3 DATE

SEP 20 1994 312 PM CHED DATE I14 SUMMARY

CALC 158CV20 REV PAGE

PAGE 26 OF

CANCER RISK SUMMARY

TOTAL COLLECTIVE

SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E1L 318E10
BONE 241EL1 845EL1
THYROID 434E11 152E10
BREAST 374E10 131E09
LUNG 11OE09 384E09
STOMACH 31OEL0 L09E09
BOWEL 155E1O 543EL0
LIVER 933ELL 327EL0
PANCREAS 234EL0 819EL0
URINARY 350E11 L23E10
OTHER 286ELO LOOE09

TOTAL 274E09 961E09

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE08 09E07

TOTAL FATAL RISK
ALL EXPOSURES 439E08 319E07



ORIG CE VON BUELOW 13 DATE IZZ2L
SEP 20 1994 312 PM CHKD AIW DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE OF 108

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 0OOE00
INHALATION 274E09 961E09
AIR IMMERSION 523E13 183E12
GROUND SURFACE 0OOE0O 0OOE00
INTERNAL 274E09 961E09
EXTERNAL 523E13 183E12

TOTAL 274E09 961E09

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 41LE08 309E07

TOTAL FATAL RISK
ALL EXPOSURES 439E08 319E07

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK
PATHWAY PERSONREMY

INGESTION 0OOEO0
INHALATION 8OLE06
AIR IMMERSION 534E09
GROUND SURFACE 0OOE0Q
INTERNAL 8OLE06
EXTERNAL 534E09

TOTAL 02E06



ORIG CE VON BUELOW DATE 2L2
SEP 20 1994 312 PM CHKD DATE

SUMMARY

CALC 158CV20 REV PAGE

PAGE 28 OF 2I

NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE

SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E09 961E09

TOTAL 274E09 961E09



ORIG CE VON BUELOW DATE LJQ
SEP 20 1994 312 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 29 OF 108

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

ME

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE08 309E07

ME
TOTAL FATAL RISK

ALL EXPOSURES 439E08 319E07



ORIG CE VON BUELOW DATE AL2QL2I
SEP 20 1994 312 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 30 OF 108

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE INREINY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

L5E04 23E05 69E06 3OE06 L8E06 12E06 58E07
NNW 11E04 71E06 21E06 91E07 54E07 37E07 18E07

NW 1OE04 13E05 39E06 L7E06 98E07 68E07 32E07
WNW 16E04 17E05 5LE06 22E06 L3E06 9OE07 43E07

17E04 3OE05 89E06 38E06 23E06 L6E06 75E07
WSW 17E04 17E05 5LE06 22E06 13E06 9OE07 43E07

SW 12E04 17E05 5LE06 22E06 13E06 89E07 42E07
55W L2E04 11E05 33E06 14E06 83E07 57E07 27E07

12E04 18E05 55E06 23E06 14E06 96E07 45E07
SSE 16E04 16E05 48E06 2OE06 12E06 83E07 39E07

SE 17E04 26E05 76E06 33E06 19E06 L3E06 62E07
ESE 2OE04 23E05 69E06 29E06 17E06 12E06 57E07

2OE04 28E05 83E06 35E06 2LE06 14E06 68E07
ENE 24E04 26E05 77E06 33E06 19E06 13E06 63E07

NE 24E04 38E05 L1E05 49E06 29E06 2OE06 95E07
NNE 23E04 25E05 75E06 32E06 19E06 13E06 62E07

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E07 L2E07 82E08 6OE08 47E08 38E08 32E08
NNW 69E08 37E08 24E08 18E08 L4E08 LLE08 92E09

NW 13E07 67E08 44E08 32E08 25E08 2OE08 17E08
WNW 17E07 94E08 62E08 46E08 36E08 29E08 24E08

3OE07 16E07 LLE07 8OE08 62E08 5OE08 42E08
WSW L7E07 91E08 6OE08 44E08 34E08 28E08 23E08

SW L7E07 89E08 59E08 43E08 33E08 27E08 23E08
SSW LLE07 55E08 36E08 26E08 2OE08 L6E08 L4E08

18E07 96E08 63E08 46E08 36E08 29E08 24E08
SSE L5E07 8OE08 53E08 38E08 3OE08 24E08 2OE08

SE 2SE07 L3E07 8SE08 62E08 48E08 39E08 32E08
ESE 22E07 L2E07 77E08 56E08 43E08 35E08 29E08

27E07 14E07 93E08 6SE08 53E08 43E08 35E08
ENE 2SE07 L3E07 85E08 62E08 48E08 39E08 32E08

NE 37E07 2OE07 LJE07 95E08 74E08 6OE08 5OE08
NNE 2SE07 13E07 87E08 63E08 49E08 4OE08 33EO8



OR IG DATE LIL
SEP 20 1994 312 PM CHKD AFVK DATE 2I SUMMARY

CALC 258CV20 REV PAGE
PAGE 32 OF 208

COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE07 14E07 16E07 1LE07 93E08 83E08 33E07
NNW 23E07 43E08 49E08 35E08 28E08 25E08 1OE07

NW 2OE07 78E08 9OE08 63E08 52E08 46E08 18E07
WNW 32E07 1OE07 12E07 84E08 69E08 61E08 25E07

35E07 18E07 2OE07 15E07 12E07 L1E07 43E07
WSW 34E07 1OE07 12E07 83E08 68E08 61E08 24E07

SW 24E07 1OE07 L2E07 83E08 68E08 61E08 24E07
55W 25E07 66E08 76E08 53E08 44E08 39E08 15E07

25E07 11E07 13E07 89E08 73E08 65E08 26E07
SSE 32E07 96E08 11E07 77E08 63E08 56E08 22E07

SE 35E07 15E07 18E07 12E07 1OE07 9OE08 36E07
ESE 41E07 L4E07 16E07 1LE07 92E08 81E08 32E07

41E07 17E07 19E07 13E07 1LE07 98E08 39E07
ENE 48E07 15E07 18E07 13E07 1OE07 9LE08 36E07

NE 48E07 23E07 26E07 19E07 15E07 14E07 54E07
NNE 46E07 15E07 17E07 L2E07 1OE07 89E08 35E0

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E07 47E07 43E07 41E07 39E07 37E07 36E07
NNW 16E07 L4E07 13E07 12E07 L1E07 L1E07 1OE07

NW 29E07 2SE07 23E07 22E07 2LE07 2OE07 19E07
WNW 4OE07 36E07 3JE07 31E07 3OE07 28E07 27E07

69E07 62E07 58E07 54E07 52E07 5OE07 48E07
WSW 39E07 34E07 32E07 3OE07 28E07 27E07 26E07

SW 38E07 34E07 3LE07 29E07 28E07 27E07 26E07
SSW 24E07 2LE07 19E07 18E07 L7E07 16E07 L5E07

41E07 36E07 34E07 32E07 3OE07 29E07 28E07
SSE 35E07 3OE07 28E07 26E07 25E07 24E07 23E07

SE 56E07 49E07 45E07 42E07 4OE07 38E07 37E07
ESE 51E07 44E07 4LE07 38E07 36E07 35E07 33E07

61E07 54E07 49E07 46E07 44E07 42E07 4OE07
ENE 57E07 49E07 45E07 42E07 4OE07 38E07 37E07

NE 8SE07 75E07 69E07 6SE07 62E07 59E07 57E07
NNE 56E07 5OE07 46E07 43E07 4LE07 39E07 38E07



ORIG CE VON BUELOW I3 DATE

SEP 20 1994 312 PM CHKD AFTK DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 32 OF LOF

INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E08 45E09 15E09 7OELO 45EL0 33E10 L9E10
NNW 21E08 14E09 46E10 22E10 14EL0 1OEL0 57E1L

NW L8E08 26E09 84EL0 39EL0 25E10 19EL0 LOE10
WNW 29E08 33E09 1LE09 52E10 33E10 25E10 14EL0

31E08 58E09 L9E09 91EL0 58EL0 43EL0 24EL0
WSW 31E08 33E09 L1E09 52E10 33E10 25EL0 L4EL0

SW 22E08 33E09 LLE09 52EL0 33EL0 25EL0 14E10
55W 22E08 22E09 71EL0 33E10 21EL0 16EL0 87ELL

22E08 36E09 L2E09 56E10 35EL0 26EL0 L5EL0
SSE 29E08 31E09 1OE09 48E10 31E10 23E10 L3E10

SE 31E08 5OE09 L6E09 77EL0 49EL0 36EL0 2OEL0
ESE 37E08 45E09 15E09 7OEL0 44E10 33EL0 L8EL0

37E08 54E09 L8E09 84E10 53EL0 4OEL0 22E10
ENE 44E08 5OE09 L7E09 78E10 5OEL0 37EL0 21E10

NE 43E08 75E09 25E09 12E09 74E10 55E10 31E10
NNE 42E08 49E09 16E09 76E10 49EL0 36EL0 2OEL0

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95ELL 54E1L 3EE1L 26ELL 21EL1 L7E11 L4ELL
NNW 29ELL L6ELL LLE1L 77E12 6OE12 49E12 4OE12

NW 52E11 29E1L L9ELL L4EL1 L1ELL 88E12 73E12
WNW 72E1L 4LE11 27EL1 2OE11 L6EL1 L3ELL LLELL

12E10 72ELL 48ELL 35ELL 27E1L 22ELL L9ELL
WSW 7OE1L 4OE1L 26E1L 19E1L 1SE1L L2ELL LOELL

SW 69E11 39E11 26ELL L9E11 15E11 L2ELL LOELL
55W 43E11 24E11 L6E1L 12E11 89E12 72E12 6OE12

74E11 42ELL 28ELL 2OEL1 L6ELL L3E11 LLELL
SSE 63E11 3SELL 23ELL L7ELL L3ELL L1ELL 88E12

SE 1OEL0 57E1L 37ELL 27E1L 2LELL L7ELL L4E1L
ESE 92E11 52E1L 34ELL 25ELL L9ELL L5ELL L3ELL

11E10 63ELL 4LELL 3OELL 23ELL 19ELL L6ELL
ENE 1OEL0 57ELL 38ELL 27EL1 2LELL L7E12 L4ELL

NE 15E10 87E11 57E1L 42EL1 33ELL 26ELL 22ELL
NNE 1OE10 58ELL 38ELL 28ELL 22ELL 18ELL L5ELL



ORIG CE VON BUELOW DATE IQ
SUMMARYSEP 20 1994 312 PTH CHKD IZM DATE

PAGE 10CALC 158CV20 REV
PAGE 33 OP

COLLECTIVE FATAL CANCER RATE DEATHSY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E10 38EL0 48E10 38E10 34E10 32E10 15E09

NW 51E10 22E10 27E10 21E10 19EL0 18EL0 83EL0
WNW 82E10 28E10 36E10 28E10 25E10 24E10 LLE09

89E10 49E10 62E10 49E10 43E10 42EL0 2OE09
WSW 87E10 28E10 36E10 28EL0 25E10 24E10 LLE09

SW 62E10 28E10 36E10 28EL0 25E10 24EL0 L1E09
55W 63E10 18E10 23E10 18E10 16E10 15EL0 7OE10

63E10 31E10 38E10 3OE10 26E10 25E10 12E09
SSE 82E10 27E1O 33E10 26E10 23E10 22E10 1OE09

SE 89E10 42E10 53E10 41E10 37EL0 35E10 16E09
ESE 1OE09 38E10 48EL0 37E10 33E10 32E10 15E09

1OE09 46E10 58E10 45E10 4OE10 38E10 L8E09
ENE 12E09 43E10 54E10 42E10 37E10 35E10 17E09

NE 12E09 63E10 8OE10 62E10 55E10 53E10 25E09
NNE 12E09 42E1O 52E10 41E10 36E10 35E10 16E09

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

31E09 29E09 27E09 25E09 24E09 23E09 22E09
NNW 92E1Q 86E10 8OE10 75E10 7LE10 68E10 65EL0

NW 17E09 16E09 14E09 14E09 L3E09 L2E09 L2E09
WNW 23E09 22E09 2LE09 L9E09 L8E09 L8E09 17E09

4OE09 39E09 36E09 34E09 32E09 3LE09 3OE09
WSW 23E09 21E09 2OE09 19E09 18E09 17E09 16E09

SW 22E09 2LE09 L9E09 L8E09 L7E09 17E09 16E09
SSW 14E09 13E09 L2E09 11E09 11E09 1OE09 96EL0

24E09 23E09 2LE09 2OE09 19E09 18E09 17E09
SSE 2OE09 19E09 17E09 16E09 L5E09 15E09 L4E09

SE 33E09 3LE09 28E09 26E09 25E09 24E09 23E09
ESE 29E09 28E09 25E09 24E09 23E09 22E09 2LE09

36E09 33E09 3LE09 29E09 27E09 2GE09 25E09
ENE 33E09 3LE09 28E09 26E09 25E09 24E09 23E09

NE 5OE09 47E09 43E09 40E09 38E09 37E09 35E09
NNE 33E09 3LE09 29E09 27E09 26E09 25E09 24E09



ORIG CE VON BUELOW DATE

CHKD AAIK DATE 24LI
CALC 158CV20 REV
PAGE 34 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 312 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E03

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNC
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE AQLII
SEP 20 1994 312 PM CHKD DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 35 OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCII L13E04

DECAY PRODUCT CONCENTRATION WL 313E07
LIFETIME FATAL CANCER RISK 439E07

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

LOE00 TO LOE0L 0OOE00 0OOE00
LOE01 TO LOE02 0OOE00 0OOE00
LOE02 TO LOE03 0OOE00 0OOE00
LOE03 TO LOE04 000E00 0OOE00
1OE04 TO LOE05 0OOE00 0OOE0O
L0E05 TO 1OE06 0OOE00 0OOE00

LESS THAN 1OE06 776320 776320 319E06 319E06

COLLECTIVE EXPOSURE PERSON WORKING LEVELS L66E04

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 LOE0L LOE0L

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000 IN



20 1994 312
ORIG CE VON BUELOW LI DATE

SEP CEKD DATE
PAGECALC 158CV20 REV

PAGE 36 OF 108

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE
PASQUILL CAT

FIXED IN 0OE00 00E00 00E0Q 00E00 0OE00 0OE00 QOE00
FIXED RISE



ORIG CE VON BUELOW DATE
SEP 20 1994 312 PM CHKD DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 37 OF 108

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569
NNW 23 38 53 68 569

NW 23 38 53 68 569
WNW 23 38 53 68 569

23 38 53 68 569
WSW 23 38 53 68 569

SW 23 38 53 68 569
55W 23 38 53 68 569

23 38 53 68 569
SSE 23 38 53 68 569

SE 23 38 53 68 569
ESE 23 38 53 68 569

23 38 53 68 569
ENE 23 38 53 68 569

NE 23 38 53 68 569
NNE 23 38 53 68

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372
NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372
WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372
SSW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372
ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372
NNE 2274 3791 5307 6823 8339 9855 1137



CE VON BUELOW I2 DATE QJ
CHKD DATE

CALC 158CV20 REV

PACE 38 OF

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 312 PM

FACILITY NIAGARA FALLS STORAGE SITE

ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNC
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE
SEP 20 1994 312 PIN CHKD DATE SIJMI4ARY

CALC 158CV20 REV PAGE
PAGE 39 OF 108

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN INREINY PERSONREINY

GONADS 237E03 588E04
BREAST 237E03 588E04

MAR 709E04 176E04
LUNGS 421E03 104E03
THYROID 237E03 588E04
ENDOST 341E03 845E04
RMNDR 237E03 588E04

EFFEC 242E03 6OLE04

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

3LJE07 166E04

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREINY

INGESTION QOOE00 0OOEOO
INHALATION 242E03 6OLE04
AIR IMMERSION 219E07 543E08
GROUND SURFACE OOOE00 OOOEO0
INTERNAL 242E03 6O1E04
EXTERNAL 219E07 543E08

TOTAL 242E03 6OLE04

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E07 L66E04

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE
EXPOSURES FOR RN222



ORIG CE VON BUE1O DATE ILZQL2L
SEP 20 1994 312 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 40 CF

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREMY PERSONREMY

RN222 242E03 6OLE04

TOTAL 242E03 6OLE04

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

13E07 66E04



ORIG CE VON BUELOW DATE
SEP 20 1994 312 PM DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 42 OF 108

CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E10 318E09
BONE 241EL0 845EL0
THYROID 434EL0 L52E09
BREAST 374E09 L31E08
LUNG LLOE08 384E08
STOMACH 31OE09 L09E08
BOWEL L55E09 543E09
LIVER 933EL0 327E09
PANCREAS 234E09 819E09 ML

URINARY 350EL0 L23E09
OTHER 286E09 LQOE08

TOTAL 274E08 961E08 ML

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE07 309E06

TOTAL FATAL RISK
ALL EXPOSURES 439E07 319E06

ML

JU



ORIG CE VON BUELOW I2 DATE
SEP 20 1994 312 PM CHKD DATE I7I SUIIIMARY

CALC 158CV20 REV PAGE

PAGE 42 OF 108

PATHWAY RISK SUI4MARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 0OOE0O
INHALATION 274E08 61E08
AIR IMMERSION 523E12 183ELL
GROUND SURFACE 0OOE0O 0OOE00
INTERNAL 274E08 961E08
EXTERNAL 523E12 L83E11

TOTAL 274E08 961E08

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT

LUNG EXPOSURE 4LLE07 309E06

TOTAL FATAL RISK
ALL EXPOSURES 439E07 319E06

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK
PATHWAY PERSONREMY

INGESTION OOE00
INHALATION 8OLE05
AIR IMMERSION 534E08
GROUND SURFACE 0OOE00
INTERNAL 8OLE05
EXTERNAL 534E08

TOTAL 02E05



ORIG CE VON BUELOW I2 DATE LZQL2L
SEP 20 1994 312 PM CIW AIVK DATE SUMMARY

CALC 158C REV PAGE
PAGE 43 OF 108

NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E08 961E08

TOTAL 274E08 961E08



ORIG CE VON BUELOW DATE LAQL2I
SEP 20 1994 312 PM CHKD APA DATE I4 SUMMARY

CALC 158CV20 REV PAGE

PAGE 44 OF 108

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 411E07 09E06

TOTAL FATAL RISK
ALL EXPOSURES 439E07 319E06



ORIG CE VON BUELOW F5 DATE

SEP 20 1994 312 PM DHKD 4AK DATE SUMMARY
CALC 158CV20 REV PAGE
PAGE 45 OF 105

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MRERNY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

15E03 23E04 69E05 3OE05 18E05 12E05 58E06
NNW 11E03 71E05 21E05 91E06 54E06 37E06 18E06

NW LOE03 13E04 39E05 17E05 98E06 68E06 32E06
WNW 16E03 17E04 51E05 22E05 13E05 9OE06 43E06

17E03 3OE04 89E05 38E05 23E05 16E05 75E06
WSW 17E03 17E04 51E05 22E05 L3E05 9OE06 43E06

SW 12E03 17E04 51E05 22E05 L3E05 89E06 42E06
55W 12E03 11E04 33E05 14E05 83E06 57E06 27E06

12E03 18E04 55E05 23E05 14E05 96E06 45E06
SSE 16E03 16E04 48E05 2OE05 12E05 83E06 39E06

SE 17E03 26E04 76E05 33E05 19E05 13E05 62E06
ESE 2OE03 23E04 69E05 29E05 17E05 12E05 57E06

2OE03 28E04 83E05 35E05 21E05 14E05 68E06
ENE 24E03 26E04 77E05 33E05 19E05 13E05 63E06

NE 24E03 38E04 1LE04 49E05 29E05 2OE05 95E06
NNE 23E03 25E04 75E05 32E05 19E05 13E05 62E0E

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E06 12E06 82E07 6OE07 47E07 38E07 32E07
NNW 69E07 37E07 24E07 18E07 L4E07 1LE07 92E08

NW 13E06 67E07 44E07 32E07 25E07 2OE07 17E07
WNW 17E06 94E07 62E07 46E07 36E07 29E07 24E07

3OE06 16E06 LLE06 8OE07 62E07 5OE07 42E07
WSW 17E06 9LE07 6OE07 44E07 34E07 28E07 23E07

SW 17E06 89E07 59E07 43E07 33E07 27E07 23E07
55W 11E06 5SE07 36E07 26E07 2OE07 16E07 L4E07

18E06 96E07 63E07 46E07 36E07 29E07 24E07
SSE 1SE06 8OE07 53E07 38E07 3OE07 24E07 2OE07

SE 25E06 13E06 8SE07 62E07 48E07 39E07 32E07
ESE 22E06 12E06 77E07 56E07 43E07 35E07 29E07

27E06 14E06 93E07 68E07 53E07 43E07 35E07
ENE 25E06 13E06 85E07 62E07 48E07 39E07 32E07

NE 37E06 2OE06 13EO6 95E07 74E07 6OE07 5OE07
NNE 25E06 13E06 87E07 63E07 49E07 4OE07 33E07



ORIG CE VON BUELOW DATE 2LAQL2L
SEP 20 1994 312 PM CHKD I4NK DATE J4 SUMMARY

CALC 158CV20 REV PAGE

PAGE 46 OF 108

COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE06 14E06 16E06 11E06 93E07 83E07 33E06
NNW 23E06 43E07 49E07 35E07 28E07 25E07 1OE06

NW 2OE06 78E07 9OE07 63E07 52E07 46E07 18E06
WNW 32E06 1OE06 12E06 84E07 69E07 61E07 25E06

35E06 18E06 2OE06 15E06 12E06 11E06 43E06
WSW 34E06 1OE06 12E06 83E07 68E07 61E07 24E06

SW 24E06 1OE06 12E06 83E07 68E07 61E07 24E06
55W 25E06 66E07 76E07 53E07 44E07 39E07 15E06

25E06 11E06 13E06 89E07 73E07 65E07 26E06
SSE 32E06 96E07 11E06 77E07 63E07 56E07 22E06

SE 35E06 15E06 18E06 12E06 1OE06 9OE07 36E06
ESE 41E06 14E06 16E06 11E06 92E07 81E07 32E06

41E06 17E06 19E06 13E06 11E06 98E07 39E06
ENE 48E06 15E06 18E06 13E06 1OE06 91E07 36E06

NE 4BE06 23E06 26E06 19E06 15E06 14E06 54E06
NNE 46E06 15E06 17E06 12E06 1OE06 89E07 35E06

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E06 47E06 43E06 41E06 39E06 37E06 36E06
NNW 16E06 14E06 13E06 12E06 11E06 11E06 LOE06

NW 29E06 25E06 23E06 22E06 21E06 2QE06 19E06
WNW 4OE06 36E06 33E06 31E06 3OE06 28E06 27E06

69E06 62E06 58E06 54E06 52E06 5OE06 48E06
WSW 39E06 34E06 32E06 3OE06 28E06 27E06 26E06

SW 38E06 34E06 31E06 29E06 28E06 27E06 26E06
SSW 24E06 21E06 19E06 18E06 L7E06 16E06 15E06

41E06 36E06 34E06 32E06 3OE06 29E06 28E06
SSE 35E06 3OE06 28E06 26E06 25E06 24E06 23E06

SE 56E06 49E06 45E06 42E06 4OE06 38E06 37E06
ESE 51E06 44E06 41E06 38E06 36E06 35E06 33E06

61E06 54E06 49E06 46E06 44E06 42E06 4OE06
ENE 57E06 49E06 45E06 42E06 4OE06 38E06 37E06

NE 85E06 75E06 69E06 65E06 62E06 59E06 57E06
NNE 56E06 5OE06 46E06 43E06 4LE06 39E06 38E06



ORIG CE VON BUELOW DATE I2
SEP 20 1994 312 PM CHKD AMI DATE SUI4MARY

CALC 158CV20 REV PAGE
PAGE 47 OF 108

THDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE 111

DIRECTION 250 750 1500 2500 3500 4500 7500

27E07 45E08 15E08 7OE09 45E09 33E09 19E09
NNW 21E07 14E08 46E09 22E09 14E09 1OE09 57ELO

NW 18E07 26E08 84E09 39E09 25E09 19E09 1OE09
WNW 29E07 33E08 11E08 52E09 33E09 25E09 14E09

31E07 58E08 19E08 91E09 58E09 43E09 24E09
WSW 31E07 33E08 L1E08 52E09 33E09 25E09 14E09

SW 22E07 33E08 11E08 52E09 33E09 25E09 14E09
55W 22E07 22E08 7LE09 33E09 2LE09 16E09 87E10

22E07 36E08 L2E08 56E09 35E09 26E09 L5E09
SSE 29E07 3LE08 1OE08 48E09 3LE09 23E09 13E09

SE 31E07 5OE08 16E08 77E09 49E09 36E09 2OE09
ESE 37E07 45E08 L5E08 7OE09 44E09 33E09 18E09

37E07 54E08 18E08 84E09 53E09 4OE09 22E09
ENE 44E07 5OE08 17E08 78E09 5OE09 37E09 21E09

NE 43E07 75E08 25E08 12E08 74E09 55E09 31E09
NNE 42E07 49E08 16E08 76E09 49E09 36E09

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95E10 54E10 36E10 26E10 2LE10 17E10 14E10
NNW 29E10 16EL0 L1E10 77ELL 6OE11 49ELL 4OE11

NW 52E10 29EL0 19E10 14E10 1LEL0 88E1L 73E11
WNW 72E10 41E10 27E10 2OE10 16E10 13E10 11E10

12E09 72E10 48E10 35E10 27E10 22EL0 19E10
WSW 7OE10 4OE10 26E10 19ELO 15E10 12E10 LOE10

SW 69E10 39EL0 26E10 L9E10 L5E10 12EL0 1OE10
SSW 43EL0 24E10 16E10 12E10 89E11 72E11 6OE1L

74E10 42ELO 28E10 2OE10 L6E10 13EL0 1LEL0

SE LOE09 57E10 37E10 27EL0 2LEL0 17EL0 14EL0
ESE 92E10 52E10 34E10 25E10 19E10 15EL0 L3E10

11E09 63E10 41E10 3OE10 23E10 19EL0 L6EL0
ENE 1OE09 57EL0 38EL0 27EL0 2LEL0 17E10 L4E10

NE 15E09 87E10 57E10 42E10 33E10 26E10 22E10
NNE 1OE09 58E10 38EL0 28E10 22E10 18E10 L5ELO



ORIG CE VON BUELOW DATE

SEP 20 1994 312 PM CRNN AA DATE SUMMARY

CALC 158CV20 REV JJ PAGE 10

PAGE 48 OF I2
COLLECTIVE FATAL CANCER RATE DEATHSY

ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E09 38E09 48E09 38E09 34E09 32E09 15E08
NNW 58E09 12E09 15E09 12E09 1OE09 98E10 46E09

NW 51E09 22E09 27E09 21E09 L9E09 L8E09 83E09
WNW 82E09 28E09 36E09 2BE09 25E09 24E09 11E08

89E09 49E09 62E09 49E09 43E09 42E09 2OE08
WSW 87E09 28E09 36E09 28E09 25E09 24E09 11E08

SW 62E09 28E09 36E09 28E09 25E09 24E09 11E08
SSW 63E09 18E09 23E09 18E09 16E09 15E09 7OE09

63E09 31E09 38E09 3OE09 26E09 25E09 L2E08
SSE 82E09 27E09 33E09 26E09 23E09 22E09 1OE08

SE 89E09 42E09 53E09 41E09 37E09 35E09 16E08
ESE 1OE08 38E09 48E09 37E09 33E09 32E09 15E08

1OE08 46E09 58E09 45E09 4OE09 38E09 18E08
ENE 12E08 43E09 54E09 42E09 37E09 35E09 17E08

NE 12E08 63E09 8OE09 62E09 55E09 53E09 25E08
NNE 12E08 42E09 52E09 41E09 36E09 35E09 16E08

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

31E08 29E08 27E08 25E08 24E08 23E08 22E08
NNW 92E09 86E09 8OE09 75E09 7LE09 68E09 65E09

NW 17E08 16E08 14E08 14E08 13E08 12E08 12E08
WNW 23E08 22E08 21E08 L9E08 18E08 18E08 L7E08

4OE08 39E08 36E08 34E08 32E08 31E08 3OE08
WSW 23E08 21E08 2OE08 19E08 18E08 17E08 16E08

SW 22E08 21E08 19E08 L8E08 17E08 17E08 16E08
SSW 14E08 13E08 12E08 1LE08 1LE08 1OE08 96E09

24E08 23E08 2LE08 2OE08 L9E08 18E08 17E08
SSE 2OE08 19E08 17E08 L6E08 15E08 L5E08 14E08

SE 33E08 31E08 28E08 26E08 25E08 24E08 23E08
ESE 29E08 28E08 25E08 24E08 23E08 22E08 21E08

36E08 33E08 31E08 29E08 27E08 26E08 25E08
ENE 33E08 31E08 28E08 26E08 25E08 24E08 23E08

NE 5OE08 47E08 43E08 4OE08 38E08 37E08 35E08
NNE 33E08 31E08 29E08 27E08 26E08 25E08 24E08



ORIG CE VON BUELOW FL DATE
CHKD DATE

CALC 158CV20 REV
PAGE 49 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 313 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E02

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRND
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE

SEP 20 1994 313 PM CHKD 5MK DATE SYNOPSIS

CALC 258CV20 REV PAGE
PAGE 50 OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCIL 113E03

DECAY PRODUCT CONCENTRATION WL 313E06
LIFETIME FATAL CANCER RISK 439E06

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

1OE00 TO 1OE0L 0OOE00 0OOE00
LOE01 TO LOE02 0OOE00 OOQE00
LOE02 TO LOE03 0OOE00 0OOE00
LOE03 TO LOE04 0OOE00 0OOE00
LOE04 TO LOE05 0OOE00 0OOE00
LOE05 TO LOE06 32 32 L37E06 L37E06

LESS THAN LOE06 776288 776320 305E05 319E05

COLLECTIVE EXPOSURE PERSON WORKING LEVELS L66E03

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 1OE00 10EO0

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000 IN



ORIG CE VON BUELOW 13 DATE L2
SEP 20 1994 313 PM CRNO AIV DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 52 OF 108

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE

PASQUILL CAT

FIXED IN 0OE00 0OE00 0OE00 0OE00 0OE00 0OE00 0OE00
FIXED RISE

II



ORI ILQA DATE

SEP 20 1994 313 PM CHKD AM DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 52 OF 108

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569

NNW 23 38 53 68 569

NW 23 38 53 68 569

WNW 23 38 53 68 569
23 38 53 68 569

WSW 23 38 53 68 569

SW 23 38 53 68 569

SSW 23 38 53 68 569
23 38 53 68 569

SSE 23 38 53 68 569

SE 23 38 53 68 569

ESE 23 38 53 68 569

23 38 53 68 569

ENE 23 38 53 68 569

NE 23 38 53 68 569

NNE 23 38 53 68 569

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372
NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372

WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372
WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372

SSW 2274 3791 5307 6823 8339 9855 11372
2274 3791 5307 6823 8339 9855 11372

SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372

ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372

NNE 2274 3791 5307 6823 8339 9855 11372



ORIG CE VON BUELOW TH DATE LIQ4AI
CHKD TWK DATE

CALC 158CV20 REV
PAGE 53 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 313 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRND
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE

SEP 20 1994 313 PM CHKD AAJK DATE STM
CALO 158CV20 REV PAGE
PAGE 54 OF 108

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E02 588E03
BREAST 237E02 588E03

MAR 709E03 L76E03
LUNGS 421E02 L04E02
THYROID 237E02 588E03
ENDOST 341E02 845E03
RMNDR 237E02 588E03

EFFEC 242E02 6QLE03

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E06 L66E03

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE0O 0OOE00
INHALATION 242E02 6OLE03
AIR IMMERSION 219E06 543E07
GROUND SURFACE 0OOE0O OOOE0O
INTERNAL 242E02 6O1E03
EXTERNAL 219E06 543E07

TOTAL 242E02 6OLE03

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E06 L66E03

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE

EXPOSURES FOR RN222



ORIG CE VON BUELOW DATE AZI2L2L
SEP 20 1994 313 PM CHKD AA DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 55 OF 108

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREMY PERSONREMY

RN222 242E02 6OLE03

TOTAL 242E02 OLE03

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E06 L66E03

URN

UP



ORIG CE VON BUELOW I3 DATE ILIQL2I
SEP 20 1994 313 PM CHKD AAK DATE LL SUMMARY

CALC 258CW20 REV PAGE
PAGE 5E OF 108

CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E09 18E08
BONE 241E09 845E09
THYROID 434E09 152E08
BREAST 374E08 L31E07
LUNG LLOE07 384E07
STOMACH 3LOE08 L09E07
BOWEL 155E08 543E08
LIVER 933E09 327E08
PANCREAS 234E08 819E08
URINARY 350E09 L23E08
OTHER 286E08 LOOE07

TOTAL 274E07 61E07

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 41LE06 309E05

TOTAL FATAL RISK
ALL EXPOSURES 439E06 319E05



ORIG CE VON BUELOW 13 DATE LII
SEP 20 1994 313 PM CHKD 4AK DATE 4L SUMMARY

CALC 156CV20 REV PAGE
PAGE 57 OF 108

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 OOOE0O
INHALATION 274E07 961E07
AIR IMMERSION 523E1L 183E1O
GROUND SURFACE 0OOE00 0OOEO0
INTERNAL 274E07 961E07
EXTERNAL 523ELL L83EL0

TOTAL 274E07 961E07

DI

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4L1E06 309E05

TOTAL FATAL RISK
ALL EXPOSURES 439E06 319E05

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK

PATHWAY PERSONREMY

INGESTION OOE00
INHALATION OLE04
AIR IMMERSION 534E07
GROUND SURFACE 0OOE00
INTERNAL 8OLE04
EXTERNAL 534E07

TOTAL 02E04



ORIG CE VON BUELOW I3 DATE ILAALIL
SEP 20 1994 313 PM CHKD AMN DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 58 OF 108

NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E07 961E07

TOTAL 274E07 961E07



ORIG CE BUELOW DATE

SEP 20 1994 313 PM CHKD 4W2 DATE SUMMARY
CALC 158CV20 REV PAGE
PAGE 59 OF 108

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE06 309E05

TOTAL FATAL RISK
ALL EXPOSURES 439E06 319E05

MI

MI



ORIG GE VON BUELOW 13 DATE LI2Z
SEP 20 1994 313 PM CHKD DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 60 OF 108

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MREMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

15E02 23E03 69E04 3QE04 18E04 12E04 58E05
NNW 11E02 71E04 21E04 9LE05 54E05 37E05 18E05

NW 1OE02 13E03 39E04 L7E04 98E05 68E05 32E05
WNW 16E02 17E03 51E04 22E04 13E04 9OE05 43E05

17E02 3OE03 89E04 38E04 23E04 L6E04 75E05
WSW 17E02 17E03 51E04 22E04 13E04 9OE05 43E05

SW 12E02 17E03 51E04 22E04 L3E04 89E05 42E05
55W 12E02 11E03 33E04 14E04 83E05 57E05 27E05

12E02 18E03 55E04 23E04 14E04 96E05 45E05
SSE 16E02 16E03 48E04 2OE04 12E04 83E05 39E05

SE 17E02 26E03 76E04 3JE04 19E04 13E04 62E05
ESE 2OE02 23E03 69E04 29E04 17E04 12E04 57E05

2OE02 28E03 83E04 35E04 2LE04 14E04 68E05
ENE 24E02 26E03 77E04 33E04 19E04 13E04 63E05

NE 24E02 38E03 11E03 49E04 29E04 2OE04 95E05
NNE 23E02 25E03 75E04 32E04 19E04 13E04 62E05

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E05 12E05 82E06 60E06 47E06 38E06 32E06
NNW 69E06 37E06 24E06 18E06 L4E06 1LE06 92E07

NW 13E05 67E06 44E06 32E06 25E06 2OE06 L7E06
WNW 17E05 94E06 62E06 46E06 36E06 29E06 24E06

3OE05 16E05 LLE05 80E06 62E06 5OE06 42E06
WSW 17E05 91E06 6OE06 44E06 34E06 28E06 23E06

SW L7E05 89E06 59E06 43E06 33E06 27E06 23E06
55W 11E05 55E06 36E06 26E06 2OE06 16E06 14E06

18E05 96E06 63E06 46E06 36E06 29E06 24E06
SSE 1SE05 8OE06 53E06 38E06 3OE06 24E06 2OE06

SE 25E05 13E05 85E06 62E06 48E06 39E06 32E06
ESE 22E05 12E05 77E06 56E06 43E06 35E06 29E06

27E05 14E05 93E06 68E06 53E06 4JE06 35E06
ENE 25E05 L3E05 85E06 62E06 48E06 39E06 32E06

NE 37E05 2OE05 13E05 95E06 74E06 6OE06 5OE06
NNE 25E05 13E05 87E06 63E06 49E06 4OE06 33E06



ORIG CE VON BUELOW 13 DATE JL
SEP 20 1994 313 PM CHKD APII DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 61 OF 108

COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE05 14E05 16E05 1LE05 93E06 83E06 33E05
NNW 23E05 43E06 49E06 35E06 28E06 25E06 1OE05 IM

NW 2OE05 78E06 9OE06 63E06 52E06 46E06 18E05
WNW 32E05 LOE05 12E05 84E06 69E06 61E06 25E05

35E05 18E05 2OE05 L5E05 12E05 11E05 43E05
WSW 34E05 1OE05 12E05 83E06 68E06 61E06 24E05

SW 24E05 1OE05 12E05 83E06 68E06 61E06 24E05
55W 25E05 66E06 76E06 53E06 44E06 39E06 15E05

25E05 11E05 13E05 89E06 73E06 65E06 26E05
SSE 32E05 96E06 11E05 77E06 63E06 56E06 22E05

SE 35E05 15E05 18E05 12E05 1OE05 9OE06 36E05
ESE 4LE05 14E05 16E05 11E05 92E06 81E06 32E05

4LE05 17E05 19E05 13E05 11E05 98E06 39E05
ENE 48E05 15E05 18E05 L3E05 1OE05 91E06 36E05

NE 48E05 23E05 26E05 19E05 15E05 14E05 54E05
NNE 46E05 15E05 17E05 12E05 1OE05 89E06 35E0

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E05 47E05 43E05 41E05 39E05 37E05 36E05
NNW 16E05 14E05 13E05 12E05 L1E05 11E05 1OE05

NW 29E05 25E05 23E05 22E05 21E05 2OE05 19E05
WNW 4OE05 36E05 33E05 31E05 3OE05 28E05 27E05

69E05 62E05 58E05 54E05 52E05 5OE05 48E05
WSW 39E05 34E05 32E05 3OE05 28E05 27E05 26E05

SW 38E05 34E05 31E05 29E05 28E05 27E05 26E05
55W 24E05 21E05 19E05 18E05 17E05 16E05 15E05

41E05 36E05 34E05 32E05 3OE05 29E05 28E05
SSE 35E05 3OE05 28E05 26E05 2SE05 24E05 23E05

SE 56E05 49E05 45E05 42E05 4OE05 38E05 37E05
ESE 51E05 44E05 41E05 38E05 36E05 35E05 33E05

61E05 54E05 49E05 46E05 44E05 42E05 4OE05
ENE 57E05 49E05 45E05 42E05 4OE05 38E05 37E05

NE 85E05 75E05 69E05 65E05 62E05 59E05 57E05
NNE 56E05 5OE05 46E05 43E05 41E05 39E05 38E05



ORIG CE VON BUELOW DATE AQL2I

SEP 20 1994 313 PM CHKD SAII DATE 4444L SUMMARY
CALC 158CV20 REV PAGE
PAGE 62 OF 108

INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E06 45EQ7 15E07 7OE08 45E08 33E08 19E08
NNW 21E06 14E07 46E08 22E08 14E08 1OE08 57E09

NW 18E06 26E07 84E08 39E08 25E08 19E08 1OE08
WNW 29E06 33E07 11E07 52E08 33E08 25E08 14E08

31E06 58E07 19E07 91E08 58E08 43E08 24E08
WSW 31E06 33E07 11E07 52E08 33E08 25E08 14E08

SW 22E06 33E07 11E07 52E08 33E08 25E08 14E08
55W 22E06 22E07 71E08 33E08 21E08 16E08 87E09

22E06 36E07 12E07 56E08 35E08 26E08 15E08
SSE 29E06 31E07 1OE07 48E08 31E08 23E08 13E08

SE 31E06 5OE07 16E07 77E08 49E08 36E08 2OE08
ESE 37E06 45E07 15E07 7OE08 44E08 33E08 18E08

37E06 54E07 18E07 84E08 53E08 4OE08 22E08
ENE 44E06 5OE07 17E07 78E08 5OE08 37E08 21E08

NE 43E06 75E07 25E07 12E07 74E08 55E08 31E08
NNE 42E06 49E07 16E07 76E08 49E08 36E08 2OE08

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95E09 54E09 36E09 26E09 21E09 17E09 14E09
NNW 29E09 16E09 11E09 77E10 6OE10 49E10 4OE10

NW 52E09 29E09 19E09 14E09 11E09 88E10 73EL0
WNW 72E09 41E09 27E09 2OE09 16E09 13E09 11E09

12E08 72E09 48E09 35E09 27E09 22E09 19E09
WSW 7OE09 4OE09 26E09 19E09 15E09 12E09 1OE09

SW 69E09 39E09 26E09 19E09 15E09 12E09 LOE09
SSW 43E09 24E09 16E09 12E09 89E10 72E10 6OE10

74E09 42E09 28E09 2OE09 16E09 13E09 11E09
SSE 63E09 35E09 23E09 17E09 L3E09 11E09 88EL0

SE 1OE08 57E09 37E09 27E09 21E09 17E09 14E09
ESE 92E09 52E09 34E09 25E09 19E09 15E09 1JE09

11E08 63E09 41E09 3OE09 23E09 19E09 L6E09
ENE 1OE08 57E09 38E09 27E09 21E09 17E09 L4E09

NE 15E08 87E09 57E09 42E09 33E09 26E09 22E09
NNE 1OE08 58E09 38E09 28E09 22E09 L8E09 15E09



ORIG CE VON BUELOW IC DATE LIQL
SUMMARYSEP 20 1994 313 PM CHKD AAK DATE

CALC 158CV20 REV PAGE 1O
PAGE 63 OF 102

COLLECTIVE FATAL CANCER RATE DEATHSY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E08 38E08 48E08 38E08 34E08 32E08 15E07
NNW 58E08 12E08 15E08 12EO8 1OE08 98E09 46E08

NW 51E08 22E08 27E08 21E08 19E08 18E08 83E08
WNW 82E08 28E08 36E08 28E08 25E08 24E08 1LE07

89E08 49E08 62E08 49E08 43E08 42E08 2OE07
WSW 87E08 28E08 36E08 28E08 25E08 24E08 11E07

SW 62E08 28E08 36E08 28E08 25E08 24E08 11E07
55W 63E08 18E08 23E08 18E08 16E08 15E08 7OE08

63E08 31E08 38E08 3OE08 26E08 25E08 12E07
SSE 82E08 27E08 33E08 26E08 23E08 22E08 1OE07

SE 89E08 42E08 53E08 41E08 37E08 35E08 1EE07
ESE LOE07 38E08 48E08 37E08 33E08 32E08 L5E07

1OE07 46E08 58E08 45E08 4OE08 38E08 18E07
ENE 12E07 43E08 54E08 42E08 37E08 35E08 17E07

NE 12E07 63E08 8OE08 62E08 55E08 53E08 25E07
NNE 12E07 42E08 52E08 41E08 36E08 35E08 16E0

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

31E07 29E07 27E07 25E07 24E07 23E07 22E07
NNW 92E08 86E08 8OE08 75E08 71E08 68E08 65E08

NW 17E07 16E07 14E07 14E07 13E07 L2E07 12E07
WNW 23E07 22E07 21E07 19E07 L8E07 18E07 L7E07

4OE07 39E07 36E07 34E07 32E07 3LE07 3OE07
WSW 23E07 21E07 2OE07 19E07 18E07 17E07 1GE07

SW 22E07 21E07 19E07 L8E07 17E07 L7E07 L6E07
SSW 14E07 13E07 12E07 11E07 11E07 1OE07 96E08

24E07 23E07 21E07 2OE07 L9E07 18E07 17E07
SSE 2OE07 19E07 17E07 16E07 L5E07 15E07 14E07

SE 33E07 31E07 28E07 26E07 25E07 24E07 23E07
ESE 29E07 28E07 25E07 24E07 23E07 22E07 2LE07

36E07 33E07 31E07 29E07 27E07 26E07 25E07
ENE 33E07 31E07 28E07 26E07 2SE07 24E07 23E07

NE 5OE07 47E07 43E07 4OE07 38E07 37E07 35E07
NNE 33E07 3LE07 29E07 27E07 26E07 25E07 24E07



ORIGSE VON BUELOW 13 DATE

CHKD AMA DATE

CALC 158CV20 REV
PAGE 64 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 313 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E0L

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNE
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE

SEP 20 1994 313 PM DATE SYNOPSIS

CALC 158CV20 REV PAGE

PAGE 65 OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST

RADON CONCENTRATION PCII 113E02
DECAY PRODUCT CONCENTRATION WL 313E05

LIFETIME FATAL CANCER RISK 439E05

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHE

LOE00 TO 1OE0L Q00E00 0OOE00
LOE01 TO LOE02 0OOE00 0OOE00
1OE02 TO LOE03 0OOE00 0OOE00
LOE03 TO 1OE04 0OOE00 0OOE00
LOE04 TO 1OE05 32 32 L37E05 137E05
LOE05 TO 1OE06 433 465 L25E05 262E05

LESS THAN 1OE06 775855 776320 292E04 319E04

COLLECTIVE EXPOSURE PERSON WORKING LEVELS 166E02

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RTH222 000 1OE01 1OE0L

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000 IN



ORIG CE VON BUELOW LJQZJJ
SEP 20 1994 313 PM CHKD 4AIK DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 66 OF 1O

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE
PASQUILL CAT

FIXED IN 0OE00 0OE00 0OE00 0OE00 0OE00 0QE00 0OE00
FIXED RISE



1994 313
ORIG CE VON BUELOW DATE

SYNOPSI
SEP 20 CHKD 4AK DATE

PAGECALC 158CV20 REV
PAGE 67 OF J08

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569

NNW 23 38 53 68 569

NW 23 38 53 68 569

WNW 23 38 53 68 569

23 38 53 68 569

WSW 23 38 53 68 569

SW 23 38 53 68 569

55W 23 38 53 68 569

23 38 53 68 569

SSE 23 38 53 68 569

SE 23 38 53 68 569

ESE 23 38 53 68 569

23 38 53 68 569

ENE 23 38 53 68 569

NE 23 38 53 68 569

NNE 23 38 53 68 569

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372

NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372

WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372

SSW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372

ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372

NNE 2274 3791 5307 6823 8339 9855 11372



ORIG CE VON BUELOW DATE AZ2QL
CHKD DATE 4LL
CALC 158CV 20 REV
PAGE 68 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 313 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNE
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



SEP 20 1994 313 PM
ORIG CE VON BUELOW I3 DATE 1L2QL2L SUMMARY
CHKD DATE

PAGE
CALC 158CV20 REV
PAGE 69 OF 108

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E0L 588E02
BREAST 237E0L 588E02

MAR 709E02 L76E02
LUNGS 421E0L L04EQL
THYROID 237E0L 588E02
ENDOST 341E0L 845E02
RMNDR 237E0L 588E02

EFFEC 242E0L 6OLE02

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E05 L66E02

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE00 0OOE00
INHALATION 242E0L 6OLE02
AIR IMMERSION 219E05 543E06
GROUND SURFACE 0OOE00 0OOE00
INTERNAL 242EO1 6OLE02
EXTERNAL 219E05 543E06

TOTAL 242E0L 6OLE02

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E05 L66E02

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE

EXPOSURES FOR RN222



SEP 20 1994 313
ORIG CE VON BUELOW 13 DATE LZ

SUMMARY
CHKD AWK DATE

CALC 158 CV20 REV PAGE

PAGE 70 OF 108

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREXNY PERSONREMY

RN222 242E0L 6OLE02

TOTAL 242E0L 6OLE02

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E05 166E02



SEP 20 1994 313 PM
ORIG CE VON BUELOW DATE

SUMMARYCHKD DATE

CALC 158CV20 REV PAGE

PAGE 71 OF 108

CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E08 318E07
BONE 241E08 845E08
THYROID 434E08 L52E07
BREAST 374E07 L31E06
LUNG LLOE06 384E06
STOMACH 31OE07 109E06
BOWEL L55E07 543E07
LIVER 933E08 327E07
PANCREAS 234E07 819E07
URINARY 350E08 123E07
OTHER 286E07 1OOE06

TOTAL 274E06 961E06

COLLEC
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE05 309E04

TOTAL FATAL RISK
ALL EXPOSURES 439E05 319E04

URN

IU



ORIG CE VON BUELOW FI DATE
SEP 20 1994 313 PM CHKD AAIK DATE

CALC 158CV20 REV
PAGE

PAGE 72 OF

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 0OOE00
INHALATION 274E06 61E06
AIR IMMERSION 523E10 183E09
GROUND SURFACE 0OOE00 0OOE00
INTERNAL 274E06 961E06
EXTERNAL 523ELO L83E09

TOTAL 274E06 961E06

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT

LUNG EXPOSURE 4L1E05 309E04

TOTAL FATAL RISK
ALL EXPOSURES 439E05 319E04

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK

PATHWAY PERSONREN

INGESTION OOEQ0
INHALATION OLE03
AIR IMMERSION 534E06
GROUND SURFACE 0OOE00
INTERNAL 8OLE03
EXTERNAL 534E06

TOTAL 02E03



ORIG CE VON BUELOW DATE
SEP 20 1994 313 PIN CHKD AA DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 73 OF 108

NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E06 961E06

TOTAL 274E06 961E06



ORIG CE VON BUELOW DATE ILIQL
SEP 20 1994 313 PM DATE LL SUMMARY

CALC 158CV20 REV PAGE

PAGE 74 OF 108

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 411E05 309E04

TOTAL FATAL RISK
ALL EXPOSURES 439E05 319E04



SEP 20 1994 313 PM
ORIG CE VON BUELOW DATE

SUMMARYCHKD DATE

CALC 158CV20 PAGEREV
PAGE 75 OF 108

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MREMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

15E0L 23E02 69E03 3OE03 L8E03 L2E03 58E04
NNW 11E0L 71E03 2LE03 91E04 54E04 37E04 L8E04

NW LOE0L L3E02 39E03 L7E03 98E04 68E04 32E04
WNW L6E01 L7E02 5LE03 22E03 L3E03 9OE04 43E04

L7E0L 3OE02 89E03 38E03 23E03 L6E03 75E04
WSW L7E01 L7E02 5LE03 22E03 L3E03 9OE04 43E04

SW L2E0L L7E02 5LE03 22E03 L3E03 89E04 42E04
55W L2E0L 11E02 33E03 L4E03 83E04 57E04 27E04

12E0L 18E02 55E03 23E03 L4E03 96E04 45E04
SSE 16E01 16E02 48E03 2OE03 L2E03 83E04 39E04

SE 17E01 26E02 76E03 33E03 L9E03 L3E03 62E04
ESE 2OE0L 23E02 69E03 29E03 L7E03 L2E03 57E04

2OE0L 28E02 83E03 35E03 2LE03 L4E03 68E04
ENE 24E01 26E02 77E03 33E03 L9E03 L3E03 63E04

NE 24E0L 38E02 1LE02 49E03 29E03 2OE03 95E04
NNE 23E01 25E02 75E03 32E03 L9E03 L3E03 62E04

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E04 L2E04 82E05 6OE05 47E05 38E05 32E05
NNW 69E05 37E05 24E05 18E05 L4E05 LLE05 92E06

NW L3E04 67E05 44E05 32E05 25E05 2OE05 L7E05
WNW L7E04 94E05 62E05 46E05 36E05 29E05 24E05

3OE04 L6E04 LLE04 8OE05 62E05 5OE05 42E05
WSW L7E04 9LE05 6OE05 44E05 34E05 28E05 23E05

SW L7E04 89E05 59E05 43E05 33E05 27E05 23E05
SSW LLE04 55E05 36E05 26E05 2OE05 L6E05 L4E05

L8E04 96E05 63E05 46E05 36E05 29E05 24E05
SSE L5E04 8OE05 53E05 38E05 3OE05 24E05 2OE05

SE 25E04 L3E04 85E05 62E05 48E05 39E05 32E05
ESE 22E04 12E04 77E05 56E05 43E05 35E05 29E05

27E04 14E04 93E05 68E05 53E05 43E05 35E05
ENE 25E04 L3E04 85E05 62E05 48E05 39E05 32E05

NE 37E04 2OE04 L3E04 95E05 74E05 6OE05 5OE05
NNE 25E04 L3E04 87E05 63E05 49E05 4OE05 33E05



ORIG VON BUELOW DATE 2LIL
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COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE04 14E04 16E04 11E04 93E05 83E05 33E04
NNW 23E04 43E05 49E05 35E05 2SE05 25E05 1OE04

NW 20E04 78E05 9OE05 63E05 52E05 46E05 18E04
WNW 32E04 1OE04 12E04 84E05 69E05 61E05 25E04

35E04 18E04 2OE04 15E04 12E04 11E04 43E04
WSW 34E04 LOE04 12E04 83E05 68E05 61E05 24E04

SW 24E04 1OE04 12E04 83E05 68E05 61E05 24E04
55W 25E04 66E05 76E05 53E05 44E05 39E05 15E04

25E04 L1E04 13E04 89E05 73E05 65E05 26E04
SSE 32E04 96E05 11E04 77E05 63E05 56E05 22E04

SE 35E04 L5E04 18E04 12E04 1OE04 9OE05 36E04
ESE 41E04 14E04 16E04 11E04 92E05 81E05 32E04

41E04 17E04 19E04 L3E04 11E04 98E05 39E04
ENE 48E04 15E04 L8E04 13E04 LOE04 91E05 36E04

NE 48E04 23E04 26E04 19E04 15E04 L4E04 54E04
NNE 46E04 15E04 17E04 12E04 1OE04 89E05 35E04

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E04 47E04 43E04 41E04 39E04 37E04 36E04
NNW 16E04 14E04 13E04 12E04 11E04 1LE04 1OE04

NW 29E04 25E04 23E04 22E04 21E04 2OE04 19E04
WNW 4OE04 36E04 33E04 31E04 3OE04 28E04 27E04

69E04 62E04 58E04 54E04 52E04 5OE04 48E04
WSW 39E04 34E04 32E04 3OE04 28E04 27E04 26E04

SW 38E04 34E04 31E04 29E04 28E04 27E04 26E04
55W 24E04 21E04 19E04 18E04 17E04 16E04 15E04

41E04 36E04 34E04 32E04 3OE04 29E04 28E04
5SF 35E04 3OE04 28E04 26E04 25E04 24E04 23E04

SE 56E04 49E04 45E04 42E04 4OE04 38E04 37E04
ESE 51E04 44E04 41E04 38E04 36E04 35E04 33E04

6LE04 54E04 49E04 46E04 44E04 42F04 4OF04
ENE 57E04 49E04 45E04 42E04 4OE04 38F04 37F04

NE 85E04 75E04 69E04 65E04 62E04 59E04 57E04
NNE 56E04 5OE04 46E04 43E04 41E04 39F04 38F04



ORIG CE VON BUELOW DATE
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INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E05 45E06 15E06 70E07 45E07 33E07 19E07
NNW 21E05 14E06 46E07 22E07 14E07 1OE07 57E08

NW 18E05 26E06 84E07 39E07 25E07 19E07 1OE07
WNW 29E05 33E06 LLE06 52E07 33E07 25E07 L4E07

31E05 58E06 19E06 91E07 58E07 43E07 24E07
WSW 31E05 33E06 11E06 52E07 33E07 25E07 14E07

SW 22E05 33E06 11E06 52E07 33E07 25E07 14E07
55W 22E05 22E06 71E07 33E07 2LE07 16E07 87E08

22E05 36E06 12E06 56E07 35E07 26E07 15E07
SSE 29E05 31E06 1OE06 48E07 31E07 23E07 13E07

SE 31E05 5OE06 16E06 77E07 49E07 36E07 2OE07
ESE 37E05 45E06 15E06 7OE07 44E07 33E07 18E07

37E05 54E06 18E06 84E07 53E07 4OE07 22E07
ENE 44E05 5OE06 17E06 78E07 5OE07 37E07 21E07

NE 43E05 75E06 25E06 12E06 74E07 55E07 31E07
NNE 42E05 49E06 16E06 76E07 49E07 36E07 2OE07

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95E08 54E08 36E08 26E08 2LE08 17E08 14E08
NNW 29E08 16E08 L1E08 77E09 6OE09 49E09 4OE09

NW 52E08 29E08 19E08 14E08 1LE08 88E09 73E09
WNW 72E08 41E08 27E08 2OE08 16E08 L3E08 1LE08

12E07 72E08 48E08 35E08 27E08 22E08 19E08
WSW 7OE08 4OE08 26E08 L9E08 15E08 L2E08 1OE08

SW 69E08 39E08 26E08 L9E08 L5E08 12E08 LOE08
SSW 43E08 24E08 16E08 L2E08 89E09 72E09 6OE09

74E08 42E08 28E08 2OE08 L6E08 13E08 11E08
SSE 63E08 35E08 23E08 17E08 13E08 1LE08 88E09

SE LOE07 57E08 37E08 27E08 2LE08 L7E08 L4E08
ESE 92E08 52E08 34E08 25E08 19E08 15E08 L3E08

1LE07 63E08 4LE08 3OE08 23E08 19E08 16E08
ENE 1OE07 57E08 38E08 27E08 2LE08 L7E08 14E08

NE 1SE07 87E08 57E08 42E08 33E08 26E08 22E08
NNE 1OE07 58E08 38E08 28E08 22E08 18E08 15E08



SEP 20 1994 313
ORIG CE VON BUE1OWJ DATE

SUMMARY
CHKD AAIK DATE TII
CALC 158CV20 REV PAGE 10

PAGE 78 OF 12L
COLLECTIVE FATAL CANCER RATE DEATHSY

ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E07 38E07 48E07 38E07 34E07 32E07 L5E06
NNW 58E07 12E07 15E07 12E07 10E07 98E08 46E07

NW 51E07 22E07 27E07 2LE07 19E07 18E07 83E07
WNW 82E07 28E07 36E07 28E07 25E07 24E07 11E06

89E07 49E07 62E07 49E07 43E07 42E07 2OE06
WSW 87E07 28E07 36E07 28E07 25E07 24E07 11E06

SW 62E07 28E07 36E07 28E07 25E07 24E07 11E06
55W 63E07 18E07 23E07 18E07 16E07 15E07 7OE07

63E07 31E07 38E07 3OE07 2EE07 25E07 12E06
SSE 82E07 27E07 33E07 26E07 23E07 22E07 LOE06

SE 89E07 42E07 53E07 41E07 37E07 35E07 16E06
ESE 1OE06 38E07 48E07 37E07 33E07 32E07 15E06

1OE06 46E07 58E07 45E07 4OE07 38E07 L8E06
ENE 12E06 43E07 54E07 42E07 37E07 35E07 17E06

NE 12E06 63E07 8OE07 62E07 55E07 53E07 25E06
NNE 12E06 42E07 52E07 41E07 36E07 35E07 16E06

DISTANCE CM

DIRECTION 15000 25000 35000 45000 55000 65000 75000

31E06 29E06 27E06 25E06 24E06 23E06 22E06
NNW 92E07 86E07 8OE07 75E07 71E07 68E07 65E07

NW 17E06 16E06 14E06 14E06 13E06 12E06 12E06
WNW 23E06 22E06 2LE06 19E06 L8E06 18E06 L7E06

4OE06 39E06 36E06 34E06 32E06 31E06 3OE06
WSW 23E06 21E06 2OE06 19E06 L8E06 L7E06 L6E06

SW 22E06 21E06 19E06 L8E06 17E06 17E06 16E06
55W 14E06 13E06 12E06 I1E06 11E06 1OE06 96E07

24E06 23E06 2LE06 2OE06 19E06 L8E06 L7E06
SSE 2OE06 19E06 L7E06 16E06 15E06 15E06 L4E06

SE 33E06 31E06 28E06 26E06 25E06 24E06 23E06
ESE 29E06 28E06 25E06 24E06 23E06 22E06 2LE06

36E06 33E06 3LE06 29E06 27E06 26E06 25E06
ENE 33E06 3LE06 28E06 26E06 25E06 24E06 23E06

NE 5OE06 47E06 43E06 4OE06 38E06 37E06 3SE06
NNE 33E06 31E06 29E06 27E06 26E06 25E06 24E06



ORIG CE VON BUELOW DATE JLI2L
CHKD AAIK DATE

CALC 158CV20 REV
PAGE 79 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 314 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E0Q

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNF
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE IL2QL
SEP 20 1994 314 PM CHKDA DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 80 OF

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCII 113EQ1

DECAY PRODUCT CONCENTRATION WL 313E04
LIFETIME FATAL CANCER RISK 439E04

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

1QE00 TO 1OE01 0OOE00 0OOE00
1OE0L TO LOE02 0OOE00 0OOE00
LOE02 TO LOE03 0OOE00 0OOE00
LOE03 TO LOE04 32 32 137E04 137E04
1OE04 TO LOE05 433 465 L25E04 262E04
LOE05 TO LOE06 24185 24650 578E04 840E04

LESS THAN 1OE06 751670 776320 235E03 319E03

COLLECTIVE EXPOSURE PERSON WORKING LEVELS 166E0L

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 1OE02 1OE02

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000 IN



ORIG CE VON BUELOW 13 DATE L2QJ
SEP 20 1994 314 PM CIKD DATE L4 SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 81 OF 108

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE
PASQUILL CAT

FIXED IN 0OE00 0OE00 0OE00 0OE00 0OE00 00E00 0OE00
FIXED RISE

QI
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POPULATION DATA

DISTANCE ID

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569

NNW 23 38 53 68 569

NW 23 38 53 68 569

WNW 23 38 53 68 569

23 38 53 68 569

WSW 23 38 53 68 569

SW 23 38 53 68 569

55W 23 38 53 68 569

23 38 53 68 569

SSE 23 38 53 68 569

SE 23 38 53 68 569

ESE 23 38 53 68 569

23 38 53 68 569

ENE 23 38 53 68 569

NE 23 38 53 68 569

NNE 23 38 53 68 569

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372

NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372

WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372

SSW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372

ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372

NNE 2274 3791 5307 6823 8339 9855 11372



ORIG CE VON BUELOW J3 DATE JQ
CHKD DATE

CALC 158CV20 REV
PAGE 83 OF 108

CAP88PC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 314 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNF
DATASET DATE SEP 20 1994 310 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP

II
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ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E0Q 588E01
BREAST 237E00 588E01

MAR 709E0L 176E01
LUNGS 421E0O L04E00
THYROID 237E00 588EOL
ENDOST 341EQ0 845E0L
RMNDR 237E00 588EOL

EFFEC 242E0O 6OLE0L

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E04 L66E0L

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE00 0OOE00
INHALATION 242E00 6OLE0L
AIR IMMERSION 219E04 543E05
GROUND SURFACE OOOE00 0OOE00
INTERNAL 242E0O 6OLE0L
EXTERNAL 219E04 543E05

TOTAL 242EOO 6O1E0L

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E04 L66EOL

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE
EXPOSURES FOR RN222



ORIG CE VON BUELOW DATE 2QLI4

SEP 20 1994 314 PM CH DATE SUMMARY

CALC 158CV20 REV PAGE
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NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREMY PERSONREMY

RN222 242E00 6OLE0L

TOTAL 242E00 6OLE0L

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E04 L66E01



ORIG CE VON BUELOW DATE L2
SEP 20 1994 314 PM AMK DATE SUMMARY
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CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E07 318E06
BONE 241E07 845E07
THYROID 434E07 L52E06
BREAST 374E06 L31E05
LUNG LLOE05 384E05
STOMACH 3LOE06 L09E05
BOWEL L55E06 543E06
LIVER 933E07 327E06
PANCREAS 234E06 19E06
URINARY 350E07 L23E06
OTHER 286E06 LOOE05

TOTAL 274E05 961E05

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE04 309E03

TOTAL FATAL RISK
ALL EXPOSURES 439E04 319E03



ORIG CE VON BUELOW DATE
SUMMARYSEP 20 1994 314 AAI DATE 2L‰L
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PAGE 87 OF 108

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 0OOE00
INHALATION 274E05 961E05
AIR IMMERSION 523E09 183E08
GROUND SURFACE 0OOE0O 0OOE00
INTERNAL 274E05 961E05
EXTERNAL 523E09 183E08

TOTAL 274E05 961E05

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE04 309E03

TOTAL FATAL RISK
ALL EXPOSURES 439E04 319E03

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK

PATHWAY PERSONREINY

INGESTION OOE00
INHALATION OLE02
AIR IMMERSION 534E05
GROUND SURFACE 0OOE0O
INTERNAL 8O1E02
EXTERNAL 534E05

TOTAL 02E02

NP



ORIG CE VON BUELOW DATE L2QLIL
SEP 20 1994 314 PM CIUA AWR DATE II SUMMARY
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NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E05 961E05

TOTAL 274E05 961E05



ORIG CE VON BUELOW DATE

SEP 20 1994 314 PM CHKD BAK DATE JLIJL SUMMARY

CALC 158CV20 REV PAGE
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NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE04 309E03

TOTAL FATAL RISK
ALL EXPOSURES 439E04 319E03



ORI DATE

SEP 20 1994 314 PM DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 90 OF 108

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MREMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

L5E00 23EOL 69E02 3OE02 L8E02 L2E02 58E03
NNW LLE00 7LE02 2LE02 9LE03 54E03 37E03 L8E03

NW LOE00 L3E0L 39E02 L7E02 98E03 68E03 32E03
WNW L6E00 17E01 5LE02 22E02 13E02 9OE03 43E03

L7E00 3OE01 89E02 38E02 23E02 L6E02 75E03
WSW L7E00 L7E01 5LE02 22E02 13E02 9OE03 43E03

SW L2E00 L7EOL 5LE02 22E02 L3E02 89E03 42E03
55W L2E00 L1E01 33E02 14E02 83E03 57E03 27E03

12E00 L8E01 55E02 23E02 14E02 96E03 45E03
SSE L6E00 16E01 48E02 2OE02 12E02 83E03 39E03

SE L7E00 26E01 76E02 33E02 19E02 13E02 62E03
ESE 2OE00 23E01 69E02 29E02 17E02 12E02 57E03

2OE00 28E01 83E02 35E02 21E02 14E02 68E03
ENE 24E00 26E01 77E02 33E02 19E02 13E02 63E03

NE 24E00 38E01 LLE01 49E02 29E02 2OE02 95E03
NNE 23E00 25E01 75E02 32E02 19E02 13E02 62E03

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E03 12E03 82E04 6OE04 47E04 38E04 32E04
NNW 69E04 37E04 24E04 L8E04 14E04 1LE04 92E05

NW L3E03 67E04 44E04 32E04 25E04 2OE04 17E04
WNW L7E03 94E04 62E04 46E04 36E04 29E04 24E04

3OE03 16E03 11E03 8OE04 62E04 5OE04 42E04
WSW 17E03 9LE04 6OE04 44E04 34E04 28E04 23E04

SW L7E03 89E04 59E04 43E04 33E04 27E04 23E04
55W L1E03 5SE04 36E04 26E04 2OE04 16E04 L4E04

L8E03 96E04 63E04 46E04 36E04 29E04 24E04
SSE L5E03 8OE04 53E04 38E04 3OE04 24E04 2OE04

SE 25E03 13E03 85E04 62E04 48E04 39E04 32E04
ESE 22E03 12E03 77E04 56E04 43E04 35E04 29E04

27E03 L4E03 93E04 68E04 53E04 43E04 35E04
ENE 25E03 L3E03 S5E04 62E04 48E04 39E04 32E04

NE 37E03 2OE03 L3E03 95E04 74E04 6OE04 5OE04
NNE 25E03 L3E03 87E04 63E04 49E04 4OE04 33E04
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COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE03 14E03 16E03 11E03 93E04 83E04 33E03
NNW 23E03 43E04 49E04 35E04 28E04 25E04 1OE03

NW 2OE03 78E04 9OE04 63E04 52E04 46E04 18E03
WNW 32E03 LOE03 12E03 84E04 69E04 61E04 25E03

35E03 18E03 2OE03 15E03 12E03 11E03 43E03
WSW 34E03 1OE03 12E03 83E04 68E04 61E04 24E03

SW 24E03 1OE03 12E03 83E04 68E04 61E04 24E03
55W 25E03 66E04 76E04 53E04 44E04 39E04 15E03

25E03 1LE03 13E03 89E04 73E04 65E04 26E03
SSE 32E03 96E04 11E03 77E04 63E04 56E04 22E03

SE 35E03 15E03 18E03 12E03 1OE03 9OE04 36E03
ESE 41E03 14E03 L6E03 11E03 92E04 81E04 32E03

41E03 17E03 19E03 13E03 1LE03 98E04 39E03
ENE 48E03 15E03 18E03 13E03 1OE03 91E04 36E03

NE 48E03 23E03 26E03 19E03 15E03 L4E03 54E03
NNE 46E03 1SE03 17E03 12E03 1OE03 89E04 35E03

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E03 47E03 43E03 41E03 39E03 37E03 36E03
NNW 16E03 14E03 13E03 12E03 11E03 11E03 1OE03

NW 29E03 25E03 23E03 22E03 21E03 2OE03 19E03
WNW 4OE03 36E03 33E03 31E03 3OE03 28E03 27E03

69E03 62E03 58E03 54E03 52E03 5OE03 48E03
WSW 39E03 34E03 32E03 3OE03 28E03 27E03 26E03

SW 38E03 34E03 31E03 29E03 28E03 27E03 26E03
SSW 24E03 21E03 19E03 18E03 17E03 16E03 15E03

41E03 36E03 34E03 32E03 3OE03 29E03 28E03
SSE 3SE03 3OE03 28E03 26E03 25E03 24E03 23E03

SE 56E03 49E03 4SE03 42E03 4OE03 38E03 37E03
ESE 51E03 44E03 41E03 38E03 36E03 35E03 33E03

61E03 54E03 49E03 46E03 44E03 42E03 4OE03
ENE 57E03 49E03 45E03 42E03 4OE03 38E03 37E03

NE 85E03 75E03 69E03 65E03 62E03 59E03 57E03
NNE 56E03 5OE03 46E03 43E03 41E03 39E03 38E03 IS
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PAGE 92 OF 108

INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E04 45E05 L5E05 7OE06 45E06 33E06 19E06
NNW 21E04 14E05 46E06 22E06 L4E06 1OE06 57E07

NW 18E04 26E05 84E06 39E06 25E06 L9E06 LOE06
WNW 29E04 33E05 1LE05 52E06 33E06 25E06 L4E06

31E04 58E05 L9E05 9LE06 58E06 43E06 24E06
WSW 31E04 3JE05 L1E05 52E06 33E06 25E06 L4E06

SW 22E04 33E05 1LE05 52E06 33E0E 25E06 14E06
55W 22E04 22E05 7LE06 33E06 2LE06 16E06 87E07

22E04 36E05 12E05 56E06 35E06 26E06 L5E06
SSE 29E04 31E05 LOE05 48E06 31E06 23E06 13E06

SE 31E04 5OE05 16E05 77E06 49E06 36E06 2OE06
ESE 37E04 45E05 15E05 7OE06 44E06 33E06 L8E06

37E04 54E05 L8E05 84E06 53E06 4OE06 22E06
ENE 44E04 5OE05 17E05 78E06 5OE06 37E06 21E06

NE 43E04 75E05 25E05 12E05 74E06 55E06 31E06
NNE 42E04 49E05 16E05 76E06 49E06 36E06 2OE06

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

95E07 54E07 36E07 26E07 21E07 17E07 14E07
NNW 29E07 16E07 11E07 77E08 6OE08 49E08 4OE08

NW 52E07 29E07 L9E07 L4E07 LLE07 88E08 73E08
WNW 72E07 41E07 27E07 2OE07 16E07 13E07 L1E07

12E06 72E07 48E07 35E07 27E07 22E07 19E07
WSW 7OE07 4OE07 26E07 L9E07 L5E07 12E07 LOE07

SW 69E07 39E07 26E07 L9E07 L5E07 12E07 1OE07
SSW 43E07 24E07 L6E07 L2E07 89E08 72E08 6OE08

74E07 42E07 28E07 2OE07 L6E07 L3E07 LLE07
SSE 63E07 35E07 23E07 L7E07 L3E07 11E07 88E08

SE 1OE06 57E07 37E07 27E07 21E07 17E07 L4E07
ESE 92E07 52E07 34E07 25E07 L9E07 L5E07 L3E07

1LE06 63E07 41E07 3OE07 23E07 19E07 L6E07
ENE LOE06 57E07 38E07 27E07 2LE07 L7E07 14E07

NE 15E06 87E07 57E07 42E07 33E07 26E07 22E07
NNE LOE06 58E07 38E07 28E07 22E07 L8E07 L5E07



ORIG CE VON BUELOW 11 DATE 2L2QLIL
SEP 20 1994 314 PM CH DATE SUMMARY

CALC 158CV20 REV PAGE 10

PAGE 93 OF 108

COLLECTIVE FATAL CANCER RATE DEATHSY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E06 38E06 48E06 38E06 34E06 32E06 15E05
NNW 58E06 12E06 L5E06 12E06 10E06 98E07 46E06

NW 5LE06 22E06 27E06 21E06 L9E06 18E06 83E06
WNW 82E06 28E06 36E06 28E06 25E06 24E06 LLE05

89E06 49E06 62E06 49E06 43E06 42E06 2OE05
WSW 87E06 28E06 3EE06 28E06 25E06 24E06 LLE05

SW 62E06 28E06 36E06 28E06 25E06 24E06 11E05
55W 63E06 18E06 23E06 L8E06 16E06 15E06 7OE06

63E06 31E06 38E06 3OE06 26E06 25E06 12E05
SSE 82E06 27E06 33E06 26E06 23E06 22E06 1OE05

SE 89E06 42E06 53E06 4LE06 37E06 35E06 L6E05
ESE 1OE05 38E06 48E06 37E06 33E06 32E06 15E05

1OE05 46E06 58E06 45E06 4OE06 38E06 L8E05
ENE 12E05 43E06 54E06 42E06 37E06 35E06 17E05

NE 12E05 63E06 8OE06 62E06 55E06 53E06 25E05
NNE 12E05 42E06 52E06 41E06 36E06 35E06 16E05

II

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

3LE05 29E05 27E05 25E05 24E05 23E05 22E05
NNW 92E06 86E06 8OE06 75E06 7LE06 68E06 65E06

NW 17E05 L6E05 14E05 L4E05 L3E05 12E05 12E05
WNW 23E05 22E05 2LE05 L9E05 18E05 18E05 L7E05

4OE05 39E05 36E05 34E05 32E05 31E05 3OE05
WSW 23E05 21E05 2OE05 19E05 18E05 L7E05 16E05

SW 22E05 2LE05 19E05 L8E05 L7E05 L7E05 16E05
SSW L4E05 13E05 12E05 LLE05 LLE05 1OE05 96E06

24E05 23E05 2LE05 2OE05 19E05 1BE05 L7E05
SSE 2OE05 L9E05 L7E05 L6E05 L5E05 15E05 L4E05

SE 33E05 3LE05 28E05 26E05 25E05 24E05 23E05
ESE 29E05 28E05 25E05 24E05 23E05 22E05 2LE05

36E05 33E05 3LE05 29E05 27E05 26E05 25E05
ENE 33E05 3LE05 28E05 26E05 25E05 24E05 23L05

NE 5OE05 47E05 43E05 4OE05 38E05 37E05 35E05
NNE 33E05 31E05 29E05 27E05 26E05 25E05 24E05



ORIG CE VON BUELOW I3 DATE L2CHKD DATE

CALC 158CV20 REV
PAGE 94 OF 108

CAP8BPC
VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

SYNOPSIS REPORT
RADON POPULATION ASSESSMENT

SEP 20 1994 314 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

EFFECTIVE DOSE EQUIVALENT
MREMYEAR

42E01

AT THIS LOCATION 250 METERS EAST NORTHEAST
SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES

SOURCE TYPE AREA
EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNG
DATASET DATE SEP 20 1994 311 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE Z2QL
SEP 20 1994 314 PM CHKD AA DATE SYNOPSIS

CALC 158CV20 REV PAGE
PAGE 95 OF 108

RN222 MAXIMALLY EXPOSED INDIVIDUAL

LOCATION OF THE INDIVIDUAL 250 METERS EAST NORTHEAST
RADON CONCENTRATION PCII 113EO0

DECAY PRODUCT CONCENTRATION WL 313E03
LIFETIME FATAL CANCER RISK 439E03

FREQUENCY DISTRIBUTION OF LIFETIME FATAL CANCER RISKS

NUMBER OF PEOPLE DEATHSYEAR DEATHSYEAR
NUMBER OF IN THIS RISK IN THIS IN THIS RISK

RISK RANGE PEOPLE RANGE OR HIGHER RISK RANGE RANGE OR HIGHER

LOE00 TO 1OE0L 0OOE00 0OOE00
LOE01 TO 1OE02 000E00 0OOE00
1OE02 TO 1OE03 32 32 137E03 L37E03
1OE03 TO 1OE04 433 465 L25E03 262E03
1OE04 TO 1OE05 24185 24650 578E03 840E03
LOE05 TO 1OE06 641744 666394 223E02 307E02

LESS THAN 1OE06 109926 776320 L12E03 319E02

COLLECTIVE EXPOSURE PERSON WORKING LEVELS L66E00

RADIONUCLIDE EMISSIONS DURING THE YEAR 1993

SOURCE
TOTAL

NUCLIDE CLASS SIZE CIY CIY

RN222 000 LOE03 LOE03

SITE INFORMATION

TEMPERATURE DEGREES
PRECIPITATION 103 CMY
MIXING HEIGHT 1000



SEP 20 1994 314 PM ORIG CE VON BUELOW F3
DATE L2

SYNOPSI
CHKD DATE

CU 158CV20 REV PAGE

PAGE 96 OF

SOURCE INFORMATION

SOURCE NUMBER

SOURCE HEIGHT IN 000
AREA SQ IN 766E04

PLUME RISE
PASQUILL CAT

FIXED IN 0OE00 0OE00 00E00 0OE00 0OE00 0OEQ0 0OE00
FIXED RISE



ORIG CE VON BUELOW DATE L22L
DATE SYNOPSIS

SEP 20 1994 314 PM

CALC 158CV20 REV PAGE

PAGE 97 OF

POPULATION DATA

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

23 38 53 68 569

NNW 23 38 53 68 569

NW 23 38 53 68 569

WNW 23 38 53 68 569

23 38 53 68 569

WSW 23 38 53 68 569

SW 23 38 53 68 569

SSW 23 38 53 68 569

23 38 53 68 569

SSE 23 38 53 63 569

SE 23 38 53 68 569

ESE 23 38 53 68 569

23 38 53 68 569

ENE 23 38 53 68 569

NE 23 38 53 68 569

NNE 23 38 53 68

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

2274 3791 5307 6823 8339 9855 11372

NNW 2274 3791 5307 6823 8339 9855 11372

NW 2274 3791 5307 6823 8339 9855 11372

WNW 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

WSW 2274 3791 5307 6823 8339 9855 11372

SW 2274 3791 5307 6823 8339 9855 11372

55W 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

SSE 2274 3791 5307 6823 8339 9855 11372

SE 2274 3791 5307 6823 8339 9855 11372

ESE 2274 3791 5307 6823 8339 9855 11372

2274 3791 5307 6823 8339 9855 11372

ENE 2274 3791 5307 6823 8339 9855 11372

NE 2274 3791 5307 6823 8339 9855 11372

NNE 2274 3791 5307 6823 8339 9855 1137



ORIG CE VON BUELOW IL DATE

CHKD AIVT DATE J4D4
CALC 158CV20 REV

PAGE 98 OF 12I
CAP88PC

VERSION 100

CLEAN AIR ACT ASSESSMENT PACKAGE 1988

DOSE AND RISK EQUIVALENT SUMMARIES
RADON POPULATION ASSESSMENT

SEP 20 1994 314 PM

FACILITY NIAGARA FALLS STORAGE SITE
ADDRESS 1397 PLETCHER ROAD

CITY LEWISTON
STATE NY ZIP 14092

SOURCE CATEGORY AIRBORNE RADIOLOGICAL PARTICULATES
SOURCE TYPE AREA

EMISSION YEAR 1993

COMMENTS BECHTEL NATIONAL INC
CALCULATION NO 14501158CV20

DATASET NAME NFSSRNG
DATASET DATE SEP 20 1994 311 PM

WIND FILE WNDFILES1AG0905WND
POPULATION FILE POPFILESUNITPOP



ORIG CE VON BUELOW DATE ILIQL2I
SEP 20 1994 314 PM CH DATE SUMMARY

CALC 158CV20 REV PAGE
PAGE 99 OF

ORGAN DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

ORGAN MREMY PERSONREMY

GONADS 237E0L 588E00
BREAST 237EOL 588E00

MAR 709E00 176E00
LUNGS 421E0L L04E0L
THYROID 237E0L 588E0Q
ENDOST 341E0L 845E00
RMINDR 237E0L 588EO0

EFFEC 242E0L 6O1EQ0

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E03 L66E00

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

PATHWAY MREMY PERSONREMY

INGESTION 0OOE00 OOOE00
INHALATION 242EO1 6OLE00
AIR IMMERSION 219E03 543E04
GROUND SURFACE 0OOE00 0OOE00
INTERNAL 242E01 6O1E00
EXTERNAL 219E03 543E04

TOTAL 242E0L 6OLEO0

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E03 166E00

NO GROUND SURFACE CONCENTRATION OR INGESTION RATE

EXPOSURES FOR RN222



ORIG CE VON BUELOW DATE 92094
SEP 20 1994 314 PM CHKD DATE SUMMARY

CALO 158CV20 REV PAGE
PAGE 100 OF 108

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY

SELECTED COLLECTIVE
INDIVIDUAL POPULATION

NUCLIDES MREMY PERSONREMY

RN222 242E0L 6OLE00

TOTAL 242E0L 6QLE00

RADON DECAY PRODUCT CONCENTRATION WORKING LEVEL

313E03 L66E00



ORIG CE VON BUELOW 13 DATE ALIQL2L
SEP 20 1994 314 PM CHKD AN DATE SUMMARY

CALC 158CW2O REV PAGE

PAGE 102 OF

CANCER RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
CANCER FATAL CANCER RISK DEATHSY

LEUKEMIA 907E06 318E05
BONE 241E06 845E06
THYROID 434E06 L52E05
BREAST 374E05 L31E04
LUNG LLOE04 384E04
STOMACH 3LQE05 L09E04
BOWEL L55E05 543E05
LIVER 933E06 327E05
PANCREAS 234E05 819E05
URINARY 350E06 L23E05
OTHER 286E05 LOOE04

TOTAL 274E04 961E04

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE03 309E02

TOTAL FATAL RISK
ALL EXPOSURES 439E03 319E02



ORIG VON BUELOW DATE AL2QL2L
SEP 20 1994 314 PM CHKD AA4Z DATE

CALC 158CW20 REV PAGE
PAGE 102 OF 108

PATHWAY RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK
PATHWAY FATAL CANCER RISK DEATHSY

INGESTION 0OOE00 0OOE0O
INHALATION 274E04 961E04
AIR IMMERSION 523E08 L83E07
GROUND SURFACE 0OOE00 0QOE0Q
INTERNAL 274E04 961E04
EXTERNAL 523E08 L83E07

TOTAL 274E04 961E04

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 4LLE03 309E02

TOTAL FATAL RISK
ALL EXPOSURES 439E03 319E02

PATHWAY GENETIC RISK SUMMARY
COLLECTIVE POPULATION

GENETIC RISK
PATHWAY PERSONREMY

INGESTION OOE00
INHALATION 8OLE0L
AIR IMMERSION 534E04
GROUND SURFACE 0OOEO0
INTERNAL 8QLE0L
EXTERNAL 534E04

TOTAL 02E0L



ORIG CE VON BUELOW DATE ILZQLII

SEP 20 1994 314 PM CHKD ANK DATE UL SUMMARY

CALC 158CV20 REV PAGE
PAGE 103 OF

NUCLIDE RISK SUMMARY

TOTAL COLLECTIVE
SELECTED INDIVIDUAL POPULATION FATAL

TOTAL LIFETIME CANCER RISK

NUCLIDE FATAL CANCER RISK DEATHSY

RN222 274E04 961E04

TOTAL 274E04 961E04



ORIG CE VON BUELOW DATE

SEP 20 1994 314 AAR DATE 4I44J SUMMARY
CALC 1S8CV20 REV PAGE
PAGE 104 OF

NUCLIDE RISK SUMMARY
CONTINUED

COLLECTIVE
SELECTED POPULATION

INDIVIDUAL CANCER RISK
CANCER RISK DEATHSY

RADON DECAY PRODUCT
LUNG EXPOSURE 41LE03 309E02

TOTAL FATAL RISK
ALL EXPOSURES 439E03 319E02



ORIG CE VON BUELOW DATE ILIQL
SEP 20 1994 314 PM DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 105 OF QL
INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE MREMY

ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

15E0L 23E00 69E01 3OE01 L8E01 12E0L 58E02
NNW 1LE01 7LE01 21E01 91E02 54E02 37E02 L8E02 EQ

NW 1OE0L L3E00 39E0L 17E01 98E02 68E02 32E02
WNW L6E0L L7E00 51E0L 22E0L L3E0L 9OE02 43E02

L7E01 3OE00 89E0L 38E0L 23E0L L6E0L 75E02
WSW L7E0L L7E00 5LEOL 22E0L L3E01 9OE02 43E02

SW 12E0L 17E00 5LE01 22E0L L3E0L 89E02 42E02
55W 12E0L 1LE00 33E0L L4E0L 83E02 57E02 27E02

12E01 L8E00 55E0L 23E0L L4E0L 96E02 45E02
SSE L6E01 16E00 48E0L 2OE01 L2E0L 83E02 39E02

SE 17E0L 26E00 76E0L 33E01 L9E0L L3E0L 62E02
ESE 2OE01 23E00 69E0L 29E01 L7E03 12E01 57E02

2OE01 28E00 83E01 35E01 21E0L L4E0L 68E02
ENE 24E01 26E00 77E0L 33E0L L9E0L L3E0L 63E02

NE 24E01 38E00 1LE00 49E01 29E0L 2OE01 95E02
NNE 23E0L 25E00 75E01 32E01 L9E0L L3E0L 62E02

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

23E02 L2E02 82E03 6OE03 47E03 38E03 32E03
NNW 69E03 37E03 24E03 L8E03 14E03 L1E03 92E04

NW L3E02 67E03 44E03 32E03 25E03 2OE03 L7E03
WNW L7E02 94E03 62E03 46E03 36E03 29E03 24E03

3OE02 L6E02 LLE02 8OE03 62E03 5OE03 42E03
WSW L7E02 9LE03 6OE03 44E03 34E03 28E03 23E03

SW L7E02 89E03 59E03 43E03 33E03 27E03 23E03
SSW 1LE02 55E03 36E03 26E03 2OE03 L6E03 L4E03

18E02 96E03 63E03 46E03 36E03 29E03 24E03
SSE 15E02 8OE03 53E03 38E03 3OE03 24E03 2OE03

SE 25E02 L3E02 85E03 62E03 48E03 39E03 32E03
ESE 22E02 L2E02 77E03 56E03 43E03 35E03 29E03

27E02 L4E02 93E03 6BE03 53E03 43E03 35E03
ENE 25E02 L3E02 85E03 62E03 48E03 39E03 32E03

NE 37E02 2OE02 L3E02 95E03 74E03 6OE03 5OE03
NNE 25E02 L3E02 87E03 63E03 49E03 4OE03 33E03



ORIG CE VON BUELOW DATE L2
SEP 20 1994 314 PTH CHKD 4KK DATE U4 SUMMARY

CALC 158CV20 REV PAGE
PAGE 106 OF 108

COLLECTIVE EFFECTIVE DOSE EQUIVALENT PERSON REMY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

3OE02 14E02 16E02 11E02 93E03 83E03 33E02
NNW 23E02 43E03 49E03 35E03 28E03 25E03 1OE02

NW 2OE02 78E03 9OE03 63E03 52E03 46E03 18E02
WNW 32E02 1OE02 L2E02 84E03 69E03 6LE03 25E02

35E02 18E02 2OE02 15E02 12E02 11E02 43E02
WSW 34E02 1OE02 L2E02 83E03 68E03 6LE03 24E02

SW 24E02 1OE02 L2E02 83E03 68E03 61E03 24E02
SSW 25E02 66E03 76E03 53E03 44E03 39E03 L5E02

25E02 1LE02 L3E02 89E03 73E03 65E03 26E02
SSE 32E02 96E03 11E02 77E03 63E03 56E03 22E02

SE 35E02 15E02 L8E02 12E02 LOE02 9OE03 36E02
ESE 4LE02 14E02 L6E02 L1E02 92E03 81E03 32E02

41E02 17E02 L9E02 13E02 1LE02 98E03 39E02
ENE 48E02 L5E02 18E02 L3E02 1OE02 91E03 36E02

NE 48E02 23E02 26E02 L9E02 15E02 14E02 54E02
NNE 46E02 15E02 17E02 12E02 1OE02 89E03 35E02

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

53E02 47E02 43E02 41E02 39E02 37E02 36E02
NNW 16E02 14E02 13E02 12E02 11E02 11E02 1OE02

NW 29E02 25E02 23E02 22E02 21E02 2OE02 19E02
WNW 4OE02 36E02 33E02 31E02 3OE02 28E02 27E02

69E02 62E02 58E02 54E02 52E02 5OE02 48E02
WSW 39E02 34E02 32E02 3OE02 28E02 27E02 26E02

SW 38E02 34E02 31E02 29E02 28E02 27E02 2GE02
55W 24E02 2LE02 19E02 18E02 17E02 16E02 15E02

41E02 36E02 34E02 32E02 3OE02 29E02 28E02
SSE 35E02 3OE02 28E02 26E02 25E02 24E02 23E02

SE 56E02 49E02 45E02 42E02 4OE02 38E02 37E02
ESE 51E02 44E02 4LE02 38E02 36E02 35E02 33E02

61E02 54E02 49E02 46E02 44E02 42E02 4OE02
ENE 57E02 49E02 45E02 42E02 4OE02 38E02 37E02

NE 85E02 75E02 69E02 65E02 62E02 59E02 57E02
NNE 56E02 5OE02 46E02 43E02 4LE02 39E02 3BE02



ORIG CE VON BUELOW DATE 2QL2I
SEP 20 1994 314 CHKD DATE SUMMARY

CALC 158CV20 REV PAGE

PAGE 107 OF 106

INDIVIDUAL LIFETIME RISK DEATHS
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

27E03 45E04 L5E04 7OE05 45E05 33E05 L9E05
NNW 21E03 L4E04 46E05 22E05 L4E05 LOE05 57E06

NW 18E03 26E04 84E05 39E05 25E05 19E05 1OE05
WNW 29E03 33E04 11E04 52E05 33E05 25E05 14E05

31E03 58E04 19E04 91E05 58E05 43E05 24E05
WSW 31E03 33E04 11E04 52E05 33E05 25E05 14E05

SW 22E03 33E04 11E04 52E05 33E05 25E05 14E05
SSW 22E03 22E04 71E05 33E05 21E05 16E05 87E06

22E03 36E04 12E04 56E05 35E05 26E05 L5E05
SSE 29E03 31E04 1OE04 48E05 31E05 23E05 L3E05

SE 31E03 5OE04 1EE04 77E05 49E05 36E05 2OE05
ESE 37E03 45E04 15E04 7OE05 44E05 33E05 18E05

37E03 54E04 18E04 84E05 53E05 4OE05 22E05
ENE 44E03 5OE04 17E04 78E05 5OE05 37E05 21E05

NE 43E03 75E04 25E04 12E04 74E05 55E05 31E05
NNE 42E03 49E04 16E04 76E05 49E05 36E05 20E0E

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

9SE06 54E06 36E06 26E06 2LE06 L7E06 14E06
NNW 29E06 16E06 L1E06 77E07 6OE07 49E07 4OE07

NW 52E06 29E06 19E06 14E06 11E06 88E07 73E07
WNW 72E06 41E06 27E06 2OE06 16E06 13E06 1LE06

12E05 72E06 48E06 35E06 27E06 22E06 19E06
WSW 7OE06 4OE06 26E06 19E06 L5E06 12E06 1OE06

SW 69E06 39E06 26E06 L9E06 15E06 12E06 LOE06
SSW 43E06 24E06 16E06 12E06 89E07 72E07 6OE07

74E06 42E06 28E06 2OE06 16E06 13E06 11E06
SSE 63E06 35E06 23E06 17E06 13E06 11E06 88E07

SE 1OE05 57E06 37E06 27E06 21E06 17E06 14E06
ESE 92E06 52E06 34E06 25E06 19E06 15E06 L3E06

1LE05 63E06 41E06 3OE06 23E06 19E06 16E06
ENE 1OE05 57E06 38E06 27E06 21E06 17E06 14E06

NE L5E05 87E06 57E06 42E06 33E06 26E06 22E06
NNE 1OE05 58E06 38E06 28E06 22E06 18E06 15E06



ORIG CE VON BUELOW I2 DATE

SEP 20 1994 314 PM CHKD 4AI DATE SUMMARY

CALC 158CV20 REV PAGE 10

PAGE 108 OF

COLLECTIVE FATAL CANCER RATE DEATHSY
ALL RADIONUCLIDES AND PATHWAYS

DISTANCE IN

DIRECTION 250 750 1500 2500 3500 4500 7500

76E05 38E05 48E05 38E05 34E05 32E05 15E04
NNW 58E05 12E05 15E05 12E05 10E05 98E06 46E05

NW 51E05 22E05 27E05 21E05 19E05 18E05 83E05
WNW 82E05 28E05 36E05 28E05 25E05 24E05 11E04

89E05 49E05 62E05 49E05 43E05 42E05 2OE04
WSW 87E05 28E05 36E05 28E05 25E05 24E05 11E04

SW 62E05 28E05 36E05 28E05 25E05 24E05 11E04
SSW 63E05 18E05 23E05 18E05 16E05 15E05 7OE05

63E05 31E05 38E05 3OE05 26E05 25E05 12E04
SSE 82E05 27E05 33E05 26E05 23E05 22E05 1OE04

SE 89E05 42E05 53E05 41E05 37E05 35E05 16E04
ESE 1OE04 38E05 48E05 37E05 33E05 32E05 15E04

1OE04 46E05 58E05 45E05 4OE05 38E05 18E04
ENE 12E04 43E05 54E05 42E05 37E05 35E05 17E04

NE 12E04 63E05 8OE05 62E05 55E05 53E05 25E04
NNE 12E04 42E05 52E05 41E05 36E05 35E05 16E04

DISTANCE IN

DIRECTION 15000 25000 35000 45000 55000 65000 75000

31E04 29E04 27E04 25E04 24E04 23E04 22E04
NNW 92E05 86E05 8OE05 75E05 71E05 68E05 65E05

NW 17E04 16E04 14E04 14E04 13E04 12E04 12E04
WNW 23E04 22E04 21E04 19E04 18E04 1BE04 17E04

4OE04 39E04 36E04 34E04 32E04 31E04 3OE04
WSW 23E04 21E04 2OE04 19E04 1BE04 17E04 16E04

SW 22E04 21E04 19E04 18E04 17E04 17E04 16E04
SSW 14E04 13E04 12E04 11E04 11E04 1OE04 96E05

24E04 23E04 21E04 2OE04 19E04 18E04 17E04
SSE 2OE04 19E04 17E04 16E04 15E04 15E04 14E04

SE 33E04 31E04 28E04 26E04 2SE04 24E04 23E04
ESE 29E04 28E04 25E04 24E04 23E04 22E04 21E04

36E04 33E04 31E04 29E04 27E04 26E04 25E04
ENE 33E04 3LE04 28E04 26E04 25E04 24E04 23E04

NE 5OE04 47E04 43E04 4OE04 38E04 37E04 35E04
NNE 33E04 31E04 29E04 27E04 26E04 25E04 24E04



APPENDIX



APPENDIX ANALYSIS OF HYPOTHETICAL EXPOSURE FROM DRILLING THROUGH

THE K65 RESIDUES



SCENARIO ADDRESSES THE EXPOSURE THAT AN INDIVIDUAL WOULD RECEIVE FROM DRILLING

THROUGH THE K65 RESIDUES CALCULATION 158CV022 PROVIDES THE CALCULATED DOSE FROM

DIRECT GAMMA EXPOSURE AND RADON INHALATION THE FOLLOWING KEY ASSUMPTIONS WERE USED IN

THE CALCULATION

THE DRILLING TIME IS 48

THE INDIVIDUAL IS FT FROM THE DRILL SPOILS AND

THERE IS NO DOSE REDUCTION FROM THE RESTRICTED AIR MOVEMENT IN THE BOREHOLE

THE CALCULATION WAS DONE FOR AND REPRESENTS THE WORST CASE BECAUSE THE RADIUM

CONCENTRATION IN THE K65 RESIDUES WILL DECAY OVER TIME THE CALCULATION WAS PERFORMED TO

PROVIDE AN ORDER OF MAGNITUDE DOSE ESTIMATE THE EXPOSURE FROM THE WASTE AND OTHER

RESIDUES IN THE WCS WAS NOT INCLUDED IN THE CALCULATION BECAUSE THE MOST OF THE ACTIVITY IS

ASSOCIATED WITH THE K65 RESIDUES

THE CALCULATED DOSES ARE

507 MREM FOR DIRECT EXPOSURE TO GAMMA RADIATION FROM THE DRILL SPOILS

1278 IO MREM FOR EXPOSURE TO RADON AND

507 MREM FOR TOTAL EXPOSURE TO THE DRILLER

158 0037 122094
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CALCULATION COVER SHEET

PROJECT FUSRAP NFSS

BECHTEL JOB NO 14501
NATIONAL INC

DISCIPLINE ENVIRONMENTAL TECHNOLOGY CAIC NO 58CV022

SUBJECT HYPOTHETICAL EXPOSURE FROM DRILLING THROUGHTHE K65 RESIDUE

COMPUTER PROGRAM NONE PROGRAM NO NA

COMMITTED CALCULATION PRELIMINARY SUPERSEDED

REV SHEETS ORIGINATOR CHECKER REVIEWER APPROVAL DATE

AR1 BLOW 1012494 KL 4LE 4AX

SUMMARYOF REVISION

MICROFILMED

REV

DATE SPOOL NUMBER

REV

DATE SPOOL NUMBER



ORGCARL VON BUELOW CALC145O1L58 CHK AIINI

PURPOSE

THIS CALCULATION ESTIMATES THE DOSE FROM HYPOTHETICAL EXPOSURE RESULTING FROM
PERSON DRILLING WELL THROUGH THE K65 RESIDUE IN THE NIAGARA FALLS STORAGE SITENFSS WASTE CONTAINMENT STRUCTURE WCS

SCOPE

THIS CALCULATION CONSIDER EXPOSURE PATHWAYS OF DIRECT EXPOSURE TO CONTAMINATED DRILL
TAILINGS AND INHALATION OF RADON GAS EMISSIONS FROM THE OPEN WELL

REFERENCES

COWHERD ET AL 1985 MIDWEST RESEARCH INSTITUTE RAPID ASSESSMENT OF EXPOSURE TOPARTICULATE EMISSIONS FROM SURFACE CONTAMINATION SITES EPA600885002 KANSASCITY MO

KAPOOR 1994 BECHTEL NATIONAL INC RADIUM226 AND THORIUM230 INVENTORY INCURIES IN THE NFSS WASTE CONTAINMENT STRUCTURE CALCULATION NUMBER 14501158CVO16REVISION OAK RIDGE TN

ROGERS AND NIELSON 1984 US NUCLEAR REGULATORY COMMISSION NRCRADON ATTENUATION HANDBOOK FOR URANIUM MILL TAILINGS COVER DESIGN NUREGCR3533SALT LAKE CITY UT

SHLEIENB 1992 SCINTA INC THE HEALTH PHYSICS AND RADIOLOGICAL HEALTH HANDBOOKREVISED EDITION SILVER SPRING MD

VON DUELOW 1994 BECHTEL NATIONAL INC RADON DIFFUSION MODEL OF NFSS WASTECONTAINMENT STRUCTURE CALCULATION NUMBER 14501158CV0L9 REVISION OAK RIDGE TN

YU ET AL 1993 ARGONNE NATIONAL LABORATORY MANUAL FOR IMPLEMENTING RE6IDUALRADIOACTIVE MATERIAL GUIDELINES USINE RESRAD VERSION 50 WORKING DRAFT ARGONNEIL

ASSUMPTIONS

THE K65 RESIDUE IS ASSUMED TO BE 3FOOT THICK LAYER OF WET SLUDGE WITH DRY BULK
DENSITY OF 1200 KGRN AND AN ACTIVITY OF 520 NCIGM KAPOOR 1994
THE WELL IS ASSUMED TO HAVE DIAMETER OF INCHES PENETRATING THROUGH THE FULL3FOOT THICKNESS OF THE K65 RESIDUE

THE EXPOSED INDIVIDUAL IS ASSUMED TO BE AN AVERAGE OF FEET FROM THE WELL OVERCONTINUOUS 48 HOUR PERIOD THE DRILL TAILING ARE TREATED AS POINT SOURCE

NO CREDIT IS TAKEN FOR RESTRICTION OF AIR MOVEMENT IN THE WELL SO ALL OF THE RADONRELEASED FROM THE K65 RESIDUE IS ASSUMED TO REACH THE EXPOSED INDIVIDUAL AT THE TOP OFTHE WELL

DIRECT EXPOSURE TO THE DRILL TAILINGS

THE RADIUS AND HEIGHT OF THE K65 DRILL TAILINGS ARE
Z3IN

THE VOLUME OF THE K65 DRILL TAILINGS ARE

V166810 CM

PAGE



ORGCARL VON BUELOW 102494 CALC14501158CVO22REVO CHK

THE THE DRY BULK DENSITY AND ACTIVITY CONCENTRATION OF THE K65 DRILL TAILINGS

ARE KAPOOR 1994

THE MASS MT OF THE DRILL TAILINGS IS

MT MT200210 GM

THE RADIUM ACTIVITY IS

00104CI

THE SPECIFIC ACTIVITY OF RADIUM IS SHLEIEN 1992 PAGE 265 TABLE 841
CI366101O 0989

GIN GIN

THE MASS OF RADIUM MR IS

MR MROOI

THE DISTANCE TO EXPOSED INDIVIDUAL IS

3FT 91440CM

THE EXPOSURE RATE FROM POINT SOURCE OF RADIUM CAN BE ESTIMATED AS SHLEIEN 1992
PAGE 58 TABLE 32 EQUATION

8400
MNRCM2 LO
HRMG D2 HR

THE DIRECT DOSE DD FOR THE 48HOUR DURATION OF EXPOSURE IS

DD E48HR DDSO7INR

INHALATION OF RADON GAS FROM THE WELL

THE MAXIMUM OUTDOOR RADON FLUX FOR THE K65 RESIDUE IS VON BUELOW 1994 PAGE

JO 514 PCI 5140106 PCI

CM SEC SEC

THE OUTDOOR HEIGHT INTO WHICH THE PLUME IS UNIFORMLY MIXED IS YU 1993 PAGE 156

2M

THE CONTAMINATED SURFACE AREA OF THE SIDES OF THE WELL IN THE 3FOOT SECTION

PENETRATING THE K65 RESIDUE IS

0438

THE EFFECTIVE LENGTH OF CONTAMINATED SURFACE AREA IS YU 1993 PAGE 156

066

PAGE



ORGCARL VON BUELOILO2494 CALC145O1158CVO22REVO CHK
THE OUTDOOR AREA FACTOR FAO IS YU 1993 PAGE 156

FAA AO
000438

LOOM

THE ANNUAL AVERAGE WIND SPEED FOR BUFFALO IS COWHERD 19B5 PAGE 32 TABLE 41
55

SEC

THE HALFLIFE TN OF RADON AND ITS PROGENY ARE SHLEIEN 1992 PAGE 283 TABLE 89
WHERE THE INDEX REPRESENTS RADON222 NL POLONIUM218 N2 LEAD214 N3 AND
BISZNUTH214 N4

3823DAY 33O3IO SEC

Z305MIN 183OOOSEC

268MIN L6O8LO SEC

1I941O SEC

THE DECAY CONSTANT XE OF RADON AND ITB PROGENY ARE SHLEIEN 1992 PAGE 283 TABLE
32 EQUATION WHERE THE INDEX REPRESENTS RADON222 NL POLONIUM218 N2
LEAD214 N3 AND BISMUTH214 N4

0693
2098106

TI

0693
0004SEC

0693
431010

0693
580410 SEC

THE OUTDOOR CONCENTRATION CON OF THE RADON AND ITS PROGENY IS YU 1993 PAGE 165
EQUATIONS C17 AND C18 WHERE THE INDEX REPRESENTS RADON222 NL POLONIUM218N2 LEAD214 N3 AND BISMUTH214 N4

FL

AO
CAL 676779

11 O1

PAGE
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12
1001

12

1001
22 22

O2

AO
020077

I1

KX 1005

23 0128
23 23

1134
KX 33

AO 6183I0

I1

1009

0023
24 24

4404
KK 34

234 3418

II2U
O4

488810AO

11 I1

PAGE
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THE WORKING LEVEL WL FOR RADON PROGENY IS YU 1993 PAGE 164 EQUATION C15 WHEREONLY THE SHORTLIVED PROGENY ARE INCLUDED IN THE DEFINITION OF WL BECAUSE THEYCONTRIBUTE MOST OF THE DOSE TO THE LUNGS THE DOSE DUE TO RADON ITSELF IS MINIMAL

10310 6C O2 507 IOA1TH O3 373 10 WL 939

THE WORKING LEVEL MONTH WLM FOR THE 48HOUR DURATION OF EXPOSURE NORMALIZED TO170HOUR WORKING MONTH IS YU 1993 PAGE 164 SECTION C5
WLM WL

WLM22421O
170HR

THE INHALATION DOSE DI FOR AN AVERAGE MALE OUTDOORS IS YU 1993 PAGE 168 SECTIONC51
WLM570NR 127810 MR

SUMMARY OF RESULTS

THE TOTAL DOSE FROM THE DIRECT AND INHALATION PATHWAYS TO THE K65 RESIDUE DISTURBED BYTHE HYPOTHETICAL DRILLING OF WELL THROUGH THE WCS AT NFSS IS

DDDI DT507MR




endstream
endobj




APPENDIX POTENTIAL CAP SOIL EROSION CALCULATIONS



APPENDIX CONTAINS THE POTENTIAL SOIL EROSION CALCULATIONS FOR THE CAP OF THE WASTE

CONTAINMENT STRUCTURE AT THE NIAGARA FALLS STORAGE SITE THE CALCULATIONS INCLUDE SOIL LOSSES

CAUSED BY WATER AND WIND EROSION PROJECTED OVER THE LIFE OF THE STRUCTURE USING THE DESIGNED

COVER MATERIALS

158 0037 22094



CALCULATION COVER SHEET
SHEET

PROJECT
JOBNO CALCNO

SUBJECT
VILE NO

PROJECT
QUALITY CLASS DISCIPLINE

RECORD OF ISSUES

TOTAL LAST

NO DESCRIPTION NO OF SHEET ORIG CKR GL GS CHIEF DATE

SHEETS NO
APP79

ABS
FILM

APPR

FILM

APP

FILM

APPR

FILM

APPR

FILM

APPR

FILM

INFORMATION ENTERED IN THIS SPACE SILOW PROFESSIONAL ENGINEER STAMP IF REQUIRED

ENTER REFERENCE TO INCLUSION OF CHECKERS ALTERNATE
CALCULATIONS IF USED

PROVIDE ANY NOTES TO ASSIST CHECKING AND APPROVAL

LAO3995 685



CALCULATION SHEET

PROJECT JOB NO CALC NO

SUBJECT EAP
SHEET NO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATEI3 IHH14 OQJA

SC

BPFOR
SODS SALT LA SIL

10

II

LUIT 1Z

12

14

15

16
3E

17

18

19

20
YJ C2LC RC L2Z FL JR

26

27

28

30

31

32

33

34



CALCULATION SHEET

PROJECT
JOBNO CALC NO

SUBJECT CAJ 1C4W5 CAT SHEETNO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
10

01
IO WZ

PVR
ST1A ECJ3 WAKCR

ASSUHPRK

LE PASS

C8B OIQ IE CF
13

IOPIA LL4 SRALS

JA CK
UT SA 4I CCA

16

17

19
LCCJEF

21
EL 3AC

22
1L5IC

23 SIS IL5
24

4EM NER SO
25

26

27

28

29

30

32 SC LO AI

35

36



CALCULATION SHEET

PROJECT JOBNO CALCNO

SUBJECT SHEET NOCI
REV ORIGINATOR DATE

CHECKER
DATE REV ORIGINATOR DATE EC ER DATE

1142V FL IQI

T7RE OBWI UCR A¾5B1

AI

13 LL CAL
14

15

16
5T TL

17

18

19
IU OT4 OTLC

20

21
CJ KL

22

IJ LLA RJLI
25

26 41B4

27

28 CE OP RT ITJ CE 4C
29 73 US
30

31

32

33

34

II35

36



CALCULATION SHEET

PROJECT
JOBNO CALCNO

SUBJECT
SHEET NO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

IJJZ

3JF

OF

E4UERA PIE

10 RZ 7S
11

12

13 R5 A4A
14

16 LSLA TCNOS37
17

18

20

21
A7 A7U

22
LCC

24

25

26

27 USE
28

29

30

31

32

33

34

35

36



CALCULATION SHEET

PROJECT JOBNO CALCNO

SUBJECT SHEET NO
REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATEIKX IKIR IPIAIAI

EW

CO A4 SCS OI GIS

IA

6ERALCJ RAVE OW
7I44344

10 II
II

12 LA J4
13

RR LUCR

14
BCFTLJ LADC4

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34



CALCULATION SHEET

PROJECT
JOBNO CALCNO

SUBJECT
SHEET NO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
10F4 WZ

SLQ

OIT
OO

LAWS PILUP4S GP4

SC
IC

10

17

3C
18

20

22
S4G

3C IC
23

24

25

26

27

29

30 TK3EO
31

32 F3SZ2 3C TK3C
31

34 24
36



CALCULATION SHEET

PROJECT JOBNO CALCNO

SUBJECT SHEET NO
REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

IS7

SEG 4F TORA JW
10

11

12

13 LJUII
14

LS

I5
16

17
CC3

18
75

19

20

21

24

25 C4

27 JL
28

29 CZ

30

31

32

33

34

LI35

36



CALCULATION SHEET

PROJECT JOB NO CALC NO

SUBJECT
SHEET NO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

WZIOIBK

TOSSTH 14

CP
¾C493W CCK5TOI

TO 5F
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4CTC 73
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14
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CALCULATION SHEET

PROJECT XIA6YITJA JOBNO CALC NO

SUBJECT SHEETNO
REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

FR IIF

II

IGI

II JIL
16

17

IS 11 JL 77
19

20

21

22

23

24

25

26 HV

27

28

29

31

32

34

33

35

36
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CALCULATION SHEET

PROJECT IAX JOB NO CALC NO

SUBJECT SHEET NO

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
LO

97 6C3

10 7277 76 FL
11

12 7SI7
13

14

15

16 1FFJJ IOO J2
17

18
IV 7JFII 94 P7

20 2L 49 CJ7 QP2
21

22 12
23

24

25

26

27

28

29

30

31

32

33

34

35

36



CALCULATION SHEET

PROJECT
XJ VP JOB NO CALCNO

SUBJECT SHEET NO
REV ORIGINATO DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

OC CG C3

10 UV CO7 DI5 VZ
11

12 21 O34 O9
13

15

16 NCI Q2 2L

CJJ CY7

20

21

22

23

24

25

26

27

2B
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30

31

32

33

34

35

RI
36
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REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATEAI IP IVIAI WZ
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II 04S ER4I
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13
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16

17

18
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PROJECT CALCNO

SUBJECT SHEET NO 11
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QBR VBVK AL

FCI FTR T1 4E AT LH

RS LMA CI I3 IC AP

4D AZ 1K

IL LV
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11
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SC13
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24 CL
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01WZ
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4A DESIGN OF DHE LONGTERM CONTAINMENT FACILITY

THE DESIGN OF THE EXISTING CONTAINMENT STRUCTURE IS DESCRIBED IN
DETAIL IN REFERENCE THE DESCRIPTION INCLUDES DISCUSSION OF
MATERIALS SLOPE STABILITY DRAINAGE MECHANISMS SOIL PROPERTIES
FROST ACTION AND RADIATION BARRIER CHARACTERISTICS

41 LONGTEAM CAP

DEVELOPMENT OF THE LONGTERM WASTE CONTAINMENT FACILITY AT THE NFSS
WILL REQUIRE THAT THE EXISTING CAP BE UPGRADED AS DESCRIBED BELOW

IONOFT
UPGRADING OF THE EXISTING WASTE CONTAINMENT STRUCTURE WILL BE
ACCOMPLISHED BY MODIFYING THE EXISTING CAP THE EXISTING TOPSOIL
LAYER WILL BE COMPLETELY REMOVED AND 03 CL FT OF CLAY WILL BE
ADDED AND COMPACTED ON TOP OF THE EXISTING CLAY LAYER TO PROVIDE
TOTAL THICKNESS OF 12 IN FT 23CM 9IN SAND AND GRAVEL
LAYER WILL BE PLACED OVER THE CLAY TRANSITION BETWEEN THE CLAY
AND AN INTRUSION BARRIER OF ROCK THE INTRUSION LAYER WILL CONSIST
OF 09 IN FT OF WELLGRADED LARGE ROCK THE SURFACE OF THE ROCK
LAYER WILL BE FILLED WITH SMALLER ROCK AS CHOKE COURSE AND
ANOTHER 9IN SANDAND LAYER WILL BE PLACED ABOVE THE
ROCK LAYER TO FUNCTION AS TRANSITION BETWEEN THE INTRUSION BARRIER
AND THE OVERLYING LAYER THE SOIL LAYER WILL CONSIST OF 015

FT OF TOPSOIL AND 03 ML0 FT OF SOIL MATERIALSHALLOW GRASSES WILL BE PLANTED IN THIS SOILLAYER EACH OF
THESE LAYERS IS DISCUSSED IN THE FOLLOWING SECTIONS AND ILLUSTRATED
IN FIGURE 41 THE JOP OF THE CONTAINMENT STRUCTURE WILL HAVE
SLOPES OF TO 10 PERCENT AND THE EIDES OF THE STRUCTURE WILL HAVE

OF 20 DERCENT FIGURE 42 SHOWS SECTIONS OF THE LONGTERM
COVER THE LOWER SLOPES OF THE CAP WOULD BE COVERED WITH RIPRAP TO
AN ELEVATION OF 984 323 FT MSL TO PROVIDE FOR EROSION
PROTECTION
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THE MAXIMUM 30MINUTE INTENSITY FOR GIVEN RAINSTORM IS SOIL WHERE IS THE AVERAGE INTENSITY OF THE STORM HUDSON 1971 FOUNDERODIBILITY TONSACRE UNIT LS IS DIMENSIONLESS LENGTH SLOPE THAT THIS RELATIONSHIP WORKED WELL FOR TEMPERATE AREAS BUT OVERFACTOR FOR ACCOUNTING FOR VARIATIONS IN LENGTH AND SLOPE IS DIMEN PREDICTED RAINFALL ENEREY DJJXJ RAINSTORMS IN THE TROPICSSIONLESS COVER FACTOR RELATING THE EFFECTIVENESS OF VEGETAL COVER INREDUCING EROSION AND IS DIMENSIONLESS CONSERVATION PRACTICE FACTOR EACH OF THESE FACTORS WILL BE DISCUSSED IN DETAIL IN SUBSEQUENT AVERAGE ANNUAL VALUES OFSECTIONS AVERAGE ANNUAL VALUES ARE NEEDED WHEN COMPUTING LONG TERMEROSION THESE VALUES OF CAN BE OBTAINED BY TWO DI FFERENTPGROSS EROSION AS PREDICTED BY THE LISLE IS THE ESTIMATED SEDI DURES THE BASIC METHOD IS SIMPLY TO UTILIZE THE AVERAGE ANNUAL ISOEROMENT PRODUCED BY NIL PLUS INTERRILL EROSION FROM FIELD SIZED AREA DENT MAP DEVELOPED BY WISCHMEIER AND SMITH 1965 1978 AS

SHOWNTO OBTAIN SEDIMEJIT YIEIDIT SOME FIIIIIIR UEYOND THE FIELD AREA JU IN FIGURE 53 THE ISOERODENT MAP IS BASED UPON AN

EVALUATION OFTIONAL EROSION FROM GULLIES AND STREAM BANKS MUST BE ADDED AND RECORDING RAINGAUGE RECORDS COVERING 22YEAR PERIOD FOR MORE THANDEPOSITION SUBTRACTED VALUES CAN BE PREDICTED FOR AVERAGE ANNUAL 180 LOCATIONS EAST OF THE ROCKY MOUNTAINS ALSO CORRELATION TECHAVERAGE MONTHLY AVERAGE STORM RETURN PERIOD ANNUAL OR RETURN NIQUE WAS USED BY WISCHMEIER TO ESTIMATE THE EROSION INDEX FOR ANPERIOD SINGLE STORM EROSION ADDITIONAL 1700 LOCATIONS WISCHMEIER 1962 DETERMINED THAT THEPRODUCT OF THE AVERAGE ANNUAL RAINFALL AND THE 2YEAR IHOUR INTENSITYRAINFALL FACTOR EXPLAINED 954 PERCENT OF THE TOTAL VARIATION IN EROSION INDEX VALUESTHIS CORRELATION PROCEDURE WAS USED BY WISCHMEIER TO ESTIMATE THEBASIC RELATIONSHIP AVERAGE ANNUAL EROSION INDEX FOR AN

ADDITIONAL 1700 LOCATIONS

THE RAINFALL FACTOR MUST ACCOUNT FOR THE INTERRELATIONSHIP BE THE SECOND METHOD TO APPROXIMATE THE AVERAGE ANNUAL RAINFALLTWEEN THE EROSIVE FORCES OF FALLING RAINFALL AND RUNOFF SINCE THE USLE EROSIVITY FACTOR IS TO UTILIZE THE 2YEAR 6HOUR STORM HOTES ET ALIS LUMPED PREDICTOR OF NIL AND INTERRILL EROSION WISCHMEIER 1959 1973 THE 2YEAR 6HOUR PRECIPITATION AMOUNTS CAN BE OBTAINEDEVALUATED THE RELATIONSHIPS BETWEEN 10 INDICATORS OF THE FORCE AND

FROM FIGURE 54 THE AVERAGE ANNUAL RAINFALL EROSIVITY FACTOR CAN

THENENERGY OF RAINFALL AND WHAT IS KNOWN AS RAINFALL EROSIVITY INCLUDED BE CALCULATED BY ONE

OF THE FOLLOWING EQUATIONS FOR TYPE ANDIN THE ANALYSIS WERE MOMENTUM KINETIC ENERGY MAXIMUM 30MINUTE TYPE II STORMINTENSITY AVERAGE DROP VELOCITY AND DROP DIAMETER AS

WELL AS

INTER 22ACTIONS AMONG THE TERMS HE FOUND THAT THE BEST PREDICTOR WAS THE TYPE AVERAGE ANNUAL EL 1655 54PRODUCT OF RAINFALL ENERGY TIMES THE MAXIMUM 30MINUTE INTENSITYOF RAINFALL OTHERWISE KNOWN AS

THE EL INDEX OR TYPE II AVERAGE ANNUAL 27 55EL 52100 WHERE IS THE 2Y 6HOUR PRECIPITATION IN INCHES PLOT OFDIVISION BY 100 SIMPLY REDUCES THE MAGNITUDE TO MANAGEABLE SIZE EQUATIONS 54 AND 55 IS GIVEN IN FIGURE 55RAINFALL ENERGY ON STORM BASIS WAS SHOWN BY WISCHMEIER EXCEPTIONS TO THE USE OF THE EI INDEX TO ESTIMATE THE959 TO BE GIVEN ON

THE AVERAGE BY THE RELATIONSHIP PARAMETER NEED TO BE NOTED ONE EXCEPTION IS FOR LONG DURATIONRAINFALL FROM CLOUDS FORMED AT LOW ALTITUDES AND FROM WARM CLOUDSEXAMPLE ABUSE AREA OF

1OG 53 ASSOCIATED WITH DOWNSLOPE WINDS FOREASTERN WASHINGTON AND WESTERN LDAHN IN TH

E91623L LBT JINII II II II



FIGURE 53 AVERAGE ANNUAL VALUES OF THE RAINFALLEROSIVITY FACTOR STEWART ET AL 1975

2YEAR 6HOUR RAINFALL INCHES

FIGURE 54 DEPTHS OF THE YEAR 6HOUR RAINFALL INCHES HOTES ET AL 1973
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SINGER ET AL 1978 INVESTIGATED ENGINEERING PROPERTIES OF SOIL ASTHEY AFFECT ERODIBILITY AND FOUND THAT THE RATE OF EROSION WAS HIGHLY TABLE 56 TYPICAL SUBSOIL VALUES SCS 1978RELATED TO THE CRITICAL TRACTIVE FORCE OF SOILS THE DATA PRESENTED WERE

TOO LIMITED TO PREDICT VALUES BUT HOLD PROMISE FOR RELATING TO

SUBSOIL TEXTURE ESTIMATED VALUEMEASURABLE SOIL PROPERTIES OUTWASH SOILS

SAND 17ESSENTIALLY IS AVAILABLE ON THE OF EXPOSED LOAMY SAND 24SPOIL MATERIAL OR FOR TOPSOIL THAT HAS BEEN RECONSTRUCTED AT THE SANDY LOAM 43PRESENT IT WILL BE NECESSARY TO ESTIMATE USING EITHER THE WISCH GRAVEL FINE TO MOD FINE 24
49MEIER ET AT ERODIBILITY NOMOGRAPH OR THE ROMKENS ET AT 1975 1977 MOD COARSEEQUATION RESEARCH IS PRESENTW UNDERWAY TO DETERMINE VALUES FORTHESE MATERIAS

37
28THE USDA SCS 1978 HAS DEVELOPED VALUES AS FUNCTION CLAY ABD SILTY CLAY 28

OF SOIL TEXTURE TABLES 55 AND 56 CAN BE USED FOR APPROXIMATE GLACIAL TUIEROSIVITY ESTIMATES OF AND EXPPSED SUBSOIL MATERIALS RESPEC FINE SUBSOIL 32TO MODTIVELY LOAM FINE SUBSOIL 37ESTIMATES OF HAVE BEEN MADE BY THE SOIL CONSERVATION SERVICE LOAM 32

SILTY CLAYBASED ON EXPERIENCE AND SOIL CLASSIFICATION FOR SUBSOILS FOR MOST AREAS

37OF THE UNITED STATES LOCAL AND STATE SCS OFFICES SHOULD BE CON LOESSSUITED FOR FURTHER INFORMATION RESIDUAL SANDSTONE 49SILTSTONE NONCHANNERY 43SILTSTONE CHANNERY 32

ACID CLAY SHALE 28

TABLE 55 TYPICAL TOPSOIL SCS 1978 CALCAREOUS CLAY SHALE OR LIMESTONE RESIDUUM 24VALUES

SURFACE LAYER TEXTURE ESTIMATED VALUE NOTE THESE VALUES ARE TYPICAL BASED ONLY ON TEXTURAL INFORMATION VALUES FOR

AN ACTUAL SOIL CAN BE CONSIDERABLY DIFFERENT DUE TO DIFFERENT STRUCTURE

AND INFILTRATIONCLAY CLAY LOAM LOAM SILTY CLAY 32FINE SANDY LOAM LOAMY VERY FINE SAND SANDY LOAM 24LOAMY FINE SAND LOAMY SAND 17SAND 15

SILT LOAM SILTY CLAY LOAM VERY FINE SANDY LOAM 37 EXAMPLE PROBLEM 55

SOIL SERIES IS ANALYZED BOTH PHYSICALLY AND MINERALOGICALLY THE RESULTS ARENOTE THESE VALUES ARE TYPICAL BASED ONLY ON TEXTURAL INFORMATION VALUES FOR SHOWN BELOW ESTIMATE THE ERODIBIITY OF THE SURFACE SOIL AND SUBSOIL USING THE

AN ACTUAL SOIL CAN BE CONSIDERABLY DIFFERENT DUE TO DIFFERENT STRUCTURE WISCHMEIER ET AL NOMOGRAPH AND THE ROTH ET AL NOMOGRAPHAND INFILTRATION



YTEI ON SLIZT4
1430X 30X 043PROPERTY SURFACE SUBSOIL LS 6613

510

SILT AND VERY FINE SAND 38SAND 25

WHERE IS SLOPE LENGTH IS SIN IS SLOPE ANGLE AND IS AN EXCLAY 30 37 PONENT DEPENDENT UPON SLOPE GIVEN BYORGANIC MATERIALFEA1 05 SLOPE

SI 02 02 SLOPESTRUCTURE FINE GRANULAR SLOPE M5PERMEABILITY SLOW TO MODERATE USING THESE VALUES LS NOMOGRAPH HAS BEEN DEVELOPED BY THE SOILCONSERVATION SERVICE 1977 AS

SHOWN IN FIGURE 515 THE DASHEDPERCENT SILT AND VERY FINE SAND PERCENT SAND PERCENT CLAY 100

LINES ARE

FOR PROJECTIONS BEYOND THE RANGE OF EXPERIMENTAL DATAEXCEE AND SMITH 1978 NOTED THAT IN MAY APPRECIABLYSOLUTION STEEV SLOPES THAT ARE HIGHLY SUSCEPTIBLE TO
NH FORMATIONMINED LANDS CURRENT FIELD INVESTIGATIONS BY BARFIELDSURFACE ERODIBIITY USING FIGURE 513 FOLLOW EXAMPLE ET AL 1980 ARE

BEING CONDUCTED TO IN ESTIGATE RULING AND ALSO TO

K31 EXTEND THE SLOPE FACTOR UP TO 100 PERCENTSUBSURFACE ERODIBIITY USING FIGURE 514 FOLLOW EXAMPLE IRREGULAR SLOPES

42

THE CONVEXITY OR

CONCAVITY OF SLOPE IS SIGNIFICANT FACTORINFLUENCING SEDIMENT PRODUCTION AND SUBSEQUENT POTENTIAL OFFSITELENGTH SLOPE FACTOR LS

IMPACTS THREE SLOPES ARE

SHOWN IN FIGURE 516 TO DEMONSTRATE THE

THE EFFECT OF SLOPE SHAPE OTHER FACTORS BEING EQUAL THE CONVEX SLOPEUNIFORM SLOPES CONFIGURATION WILL YIELD THE HIGHEST SEDIMENT LOADINGS SINCE THE STEEPESTSLOPE SEGMENT IS AT THE BASE OF THE SLQP RE BOTH UPSLOPEFLJFLOFF

THE PLOTS USED FOR THE ORIGINAL EROSION STUDIES WERE FEET 18 IN

AND SEDIMENT AND HAS HIGH SEDIMENT TRANSPORT CAPACITY THE LOWEST

WIDE AND 726 FEET 22 IN LONG ON AN

APPROXIMATE SLOPE OF PER

SEDIMENT YIELD IS EXPECTED FROM THE CONCAVE SLOPE SHAPE SINCE THE

CENT IN THE USLE THE LS FACTOR IS GIVEN VALUE OF UNITY FOR THESE TRANSPORT CAPACITY OF THE LOWEST SLOPE SEGMENT IS GREATLY REDUCED DUECONDITIONS THE LS FACTOR IS THE RATIO OF SOD LOSS AT ANY LENGTH AND

TO

FLATTENED SLOPE AND THUS DEPOSITION IS LIKELY AT THE TOE OF THE

SLOPE RELATIVE TO THE STANDARD OF 726 FEET AND PERCENT SLOPE FOSTER AND WISCHINEIER 1974 PROPOSED METHODOLOGY TO DETER

SLOPE LENGTH HAS BEEN DEFINED SMITH AND WISCL 1957 MINE THE LS FACTOR FOR NONUNIFORM SLOPE SHAPE GIVEN SLOPE IS

AS

THE DISTANCE FROM THE POINT OF ORIGIN OF OVERLAND FLOW UNTIL THE

TO BE DIVIDED INTO SEGMENTS AND THE LS FACTOR CALCULATED FROM

POINT THAT THE SLOPE DECREASES SUCH THAT DEPOSITION OCCURS OR

UNTIL LMTHE FLOW ENTERS DEFINED CHANNEL BASED ON

DATA FOR SLOPES BETWEEN LS JL

LS 511AND 20 PERCENT AND LENGTHS UP TO 400 FEET WISCHMEIER AND SMITH XE726M1965 PROPOSED THAT THE LS FACTOR COULD BE GIVEN BY
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WHERE IS THE SLOPE FACTOR FOR THE SEGMENT OF THE SLOPE GIVEN

BY IS THE SLOPE LENGTH FROM THE TOP OF THE SLOPE TO THE BOTTOM OF THE043 30X 430X

JT SEGMENTX IS THE OVERALL SLOPE LENGTH AND MIS THE EXPONENT GIVEN512 IN EQUATION 510 BASED ON
THE OVERALL AVERAGE SLOPE EQUATION 511 WAS6613 VERIFIED ON

LIMITED BASIS BY FOSTER AND WISCHMEIER 1974 THE BASIC

OC ASSUMPTION FOR THIS METHODOLOGY TO BE VALID IS THAT NO

DEPOSITIONOCCURS DUE TO CHANGES IN GRADIENT ALONG THE LAND PROFILE

IL

TT

CONVEX

40 UNIFORM01

CO CAVE

CV

FIGURE 516A SEVERAL SLOPE SHAPES TO WHICH LAND MAY BE FORMED

IF THE SLOPE CAN LOGICALLY BE SEPARATED INTO APPROXIMATELY UNIFORM SEGMENTS OF EQUAL LENGTH THEN SIMPLER PROCEDURE DESCRIBED06 BY WISCHMEIER AND SMITH 1978 BASED ON

LS ADJUSTMENT FACTORSCAN

BE EMPLOYED TO DETERMINE SEDIMENT PRODUCTION TABLE 57 LISTS LS

TABLE 57 LS ADJUSTMENT FACTORS FOR SUCCESSIVE EQUALLENGTH SEGMENTSOF UNIFORM SLOPE WISCHMEIER AND SMITH 1978SEQUENCE NUMBER ADJUSTMENT FACTOR

01

NUMBER OF SEGMENTS OF SEGMENT 05 04 03

10 20 40 60 100 200 400 600 1000 035 038 041SLAPE LENGTH FEET 65 62 5919 22 24THE DASHED LINES REPRESENT ESTIMATES TAR SLOPE DIMENSIONS BEYOND THE RANGE OF 35 35 35LENGTHS AND STEEPNESSES FOR WHICH DATA AVAILABLE THE CURVES WERE DERIVED 46 43 41BY THE FORMULA 12 14 17

23 24 24430X2 30X 043 WHERE AFIELD SLOPE LENGTH IN FEET AND 30 29 28726 6613 M415 IFS OR

GREATER 04 IF 35 33 31AND 03 IF 53 OR

LESS AND XSRNU 09 11 12OIS THE ANGLE OF SLOPE IN

DEGREES 16 17 18

21 21 21
23

FIGURE SLOPEEFFECT CHART TOPOGRAPHIC FACTOR LS SCS 1977 25
28 25



ILTHAI ILK336

FROM TABLE 57 FOR SEGMENTS ANDADJUSTMENT FACTORS FOR SUCCESSIVE SEGMENTS ALONG SLOPE CONFIGURATION

ALSO SHOWN IS THE PROPORTIONATE AMOUNTS OF SOIL PRODUCED FROM COLUMNSUCCESSIVE SEGMENTS OF EQUAL LENGTH AND UNIFORM SLOPE PROCEDUREILLUSTRATING THE CALCULATION OF SEDIMENT PRODUCTION FROM IRREGULAR CONTROL PRACTICE FACTOR CPSHAPED SLOPES IS GIVEN IN EXAMPLE PROBLEM 56

THE CONCEPT OF THE CP FACTOREXAMPLE PROBLEM 56 WISCHMEIER AND SMITH 1965 ORIGINALLY PROPOSED THAT THESEDETERMINE THE LS FACTOR FOR THE SLOPES SHOWN IN FIGURE 516A THE TOTAL

SLOPE LENGTH IS 300 FT FOR THE CONVEX AND CONCAVE SLOPES ASSUME EQUAL SLOPE FACTORS BE SEPARATED INTO COVER AND PRACTICE FACTOR THE COVER FAC

TOR ACCOUNTED FOR THE EFFECTS OF PLANT COVER AND THE PRACTICE FACTORSEGMENT LENGTHS THE SLOPES FOR THE SEGMENTS ARE SHOWN IN THE SOLUTION ACCOUNTED FOR THE EFFECTS OF CONSERVATION PRACTICES THE CP FACTOR

REQUIRED IS DEFINED AS

THE RATIO OF SEDIMENT LOSS FROM FIELD WITH GIVEN COVER

LS ADJUSTMENT FACTOR METHOD EQUAL SLOPE LENGTHS AND CONSERVATION PRACTICE TO THAT OF FIELD IN CONTINUOUS FALLOW

CONVEX SH4PE FOR SURFACE MINING OPERATIONS OR

CONSTRUCTION SITES IN GENERAL

SEGMENT SLOPE UNIFORM ADJUSTMENT SEGMENT THE PRIMARY OBJECTIVE IS TO REDUCE OFFSITE SEDIMENT IMPACTS THUSVALUE FACTOR 53 CONSIDERATION IN THIS CHAPTER WILL FOCUS UPON THE SURFACE STABILIZATIONNO

25

101 19

19 OF THE CP FACTOR AND THE REDUCTION OF SEDIMENT DUE TO STRUC

40

217 35

76 TURAL CONTROLS WILLBE ADDRESSED IN CHAPTER SURFACE STABILIZATION

55

353 46

162 CONSISTS OF SURFACE PROTECTIVE TREATMENTS SUCH AS

MULCHES OR

CHEMICALCONVEX SLOPE 257 BINDERS

FOR TOTAL SLOPE LENGTH IE 300 FT AND CORRESPONDING SEGMENT PERCENT SLOPE SURFACE STABILIZATION TREATMENTSFROM FIGURE 515 OR

EQUATION 510

FROM TABLE 57 FOR SEGMENTS AND WHEN SITE IS DENUDED THE UNDERLYING SOIL IS EXPOSED TO THE ERO

COLUMN SIVE FORCES OF RAINFALL RESULTING IN SEDIMENT PRODUCTION THE MOSTLOGICAL WAY TO ALLEVIATE SEDIMENT PRODUCTION IS TO STABILIZE THE EXPOSEDUNIFORM SHAPE FROM EQUATION 510 MATERIAL AS

RAPIDLY AS

POSSIBLE TYPICAL VALUES OF FOR VARIOUS SURFACE

217 SLOPE 40 LENGTH 300 FT TREATMENTS ARE GIVEN IN TABLE 58 COMPREHENSIVE LISTING IS CONTAINEDCONCAVE SHAPE IN TABLE 5AL IN APPENDIX 5A

UNIFORM ADJUSTMENT SEGMENT ANOTHER ALTERNATIVE METHOD FOR STABILIZING SOIL IS TO APPLY MULSEGMENT SLOPE

NO

VALUE FACTOR CHES TYPICAL VALUES FOR STRAW AND WOOD CHIP MULCHES ARE

GIVEN IN

55 353 19

67

FIGURE 516B IN ADDITION TO

REDUCING EROSION MULCHES USED IN CON

40 217 35

76

JUNCTION WITH SEEDING HELP TO RETAIN TNOISTURE AND THUS ASSIST IN VEGE

25

101 46

46 TAL ESTABLISHMENT VALUES FOR MECHANICALLY PREPARED WOODLAND SITESCONCAVE SLOPE 189 NEW PLANTINGS ARE GIVEN IN TABLE 5A2 AND VALUES FOR PASTURE

AND NATURAL FOREST IN TABLE 5A3 AND 5A4 RESPECTIVELY IN APPEN

LS FOR TOTAL SLOPE LENGTH IE 300 FT AND CORRESPONDING SEGMENT PERCENT SLOPE DIX SAFROM FIGURE 515 OR

EQUATION 510
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WHEN CONSIDERING LIMITATIONS TO THE TIME THAT DENUDED AREAIS EXPOSED IT IS NECESSARY TO USE WEIGHTED VALUE FOR CALCULATING07 AVERAGE ANNUAL EROSION THE VALUE FOR EACH STAGE OF EXPOSURE IS06 WEIGHTED ACCORDING TO THE FRACTION OF AVERAGE ANNUAL RAINFALL INDEX05 RECEIVED DURING THAT STAGE AN EXAMPLE WILL SERVE TO ILLUSTRATE THEPROCESS04
03 STRAW WOODCHIPS EXAMPLE PROBLEM 5702

OR

SC9 FOR NEAR

SURFACE MINE SITE UNDERGOING BLOCKEUT OPERATION MIDDLESBORO KENTUCKY CALCULATE WEIGHTED VALUE FOR SECTION OF THE MINE SITE THATHAS THE FOLLOWING SEQUENCE OF OPERATIONS10 II 12MULCH RATE TONSACRE JAN TO APRIL DENSE FOREST 75 EFFECTIVE CANOPYFIGURE 516B CONTROL FACTOR OF SURFACE MULCHING CHEN 1974 APRIL ITO JUNE STRIPPED OF VEGETATION NO COVER POOR SOIL BURNEDJUNE TO AUG ACTIVE MININGAUG TO SEPT REGRADED NO COVER DISKED POOR SOILCHEMICALS ARE ALSO AVAILABLE FOR STABILIZING THE SOIL SURFACE SEPT TO NOV PERMANENT SEEDING 1ST 60 DAYSVALUES FOR SELECTED CHEMICALS ARE

TABULATED IN TABLE 58 MORE CORN NOV TO JAN PERMANENT SEEDING REMAINDER OF YEARPLETE LISTING CAN
BE FOUND IN TABLE 5AL SOLUTION

TABLE 58 SELECTED VALUES REPORTED IN THE LITERATURE COMPREHENSIVE LIST IS

THE SOLUTION IS TABULATED BELOWGIVEN IN APPENDIX 5ACONDITION FACTOR CUMULATIVE OF AVERAGE WEIGHTEDOF ANNUAL ANNUALRARE SOIL CONDITIONS TIME PERIOD ACTIVITY DURING PERIODCOMPACTED BULLDOZER SCRAPED UP
AND DOWN 130 II 4I DENSE FOREST 14 14 0012 01COMPACTED FILL 124 171 41 6I BARE SOIL 27 13 453 585ASPHALT EMULSION 6I 8I ACTIVE MINING 62 35 L00 35001250 GALLONSACRE 002 81 9I REGRADED 79 17 943 1598151 GALLONSACRE 065 070 91 ILI PERMANENT SEEDINGOTHER CHEMICALS 1ST 60 DAYS 92 13 40 520PETROSET SB 040 066 ILI 1231 PERMANENT SEEDINGWOOD FIBER SLURRY 1000 LBACRE FRESH OOS REMAINDEROFYEAR 100 05 40SEEDINGS TOTAL 6244PERMANENT TO 60 DAYS 040

ER NENT AFTER MONTH OO TABLE 51 GEOGRAPHIC REGION 20EXCELSIOR BLANKET WIT PLASTIC NET 004 010 TABLE 5A4TABLE 5A2IF PLANTINGS ARE USED WITH MULCHES USE THE MINIMUM VALUES TABLE 5A1IF DRY WEATHW URS AT PLANTING AND EMERGENCE IS PROBLEM EXTEND THE CONSTRUCTION ACTIVITY VALUE 100

OR CURS SU 11 V1



FINAL WASTE CONTAINMENT STRUCTURE 51 SIDE SLOPESCOVERED WITH GRASS

FC PROPOSEDBUOY 323

UE TOPSOIL GENERAL FILLSANDGRAVEL FILTER LAYER WASTE MATERIAL

RIPRAP 3O EXISTING SOIL

CLAY DIKE AND CUTOFF WALLCOMPACTED CLAY 4O
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NRI

EFRV 320

TOPSOIL 16 GENERAL FILLSANDGRAVEL FILTER LAYER WASTE MATERIALRIPRAP 3O EXISTING SOIL

CLAY DIKE AND CUTOFF WALLCOMPACTED CLAY 4O KB
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IN THE
CHAPTER

SOIL EROSION CAUSED BY WIND

FACTOR

100 WIND EROSION POTENTIAL WOODRUFF AND SIDDOWAY 58 HAVE GIVEN MEANS TO

CORRECT FOR THIS KNOLL EFFECT THEIR CURVE WAS
389

IN MOST AREAS OF THE UNITED STATES THE AMOUNT OF EXTRAPOLATED TO PRODUCE THE CURVE IN FIGURE 30
390

EROSION ATTRIBUTABLE TO WIND AS OPPOSED TO THAT FROM BECAUSE NO BETTER DATA WERE AVAILABLE ONLY THEIR
380
130 VATER MAY BE EQUAL TO OR NEAR ZERO HOWEVER IN SOME CURVE IS GIVEN BECAUSE IT PERTAINS MORE NEARLY TO

120 1ACES IT IS SIGNIFICANT AND WAYS AND MEANS ARE HIGHWAY CUTS AND FILLS

NEEDED FOR ITS CONTROL THE READER WILL GET BETTER
120

UNDERSTANDING OF WIND EROSION PROBLEMS BY STUDYING THE IF SLOPES ARE LONGER THAN 500 FEET IS AS
390 MP1ES PRESENTED IN APPENDIX AUMED TO BE 10 FOR SLOPES SHORTER THAN 500 FEET
390 THE FOLLOWING PROCEDURE IS USED FIGURE 30 IS
364 WIND EROSION POTENTIAL MAY BE ESTIMATED IN ENTERED AT THE BOTTOM WITH SLOPE GRADIENT VALUE

ANNER SIMILAR TO THAT FOR WATER BY THE USE OF SOIL DETERMINED AT THE MIDPOINT OF THE SLOPE FACING THE
338

LOSE EQUATION THE WIND EROSION EQUATION SELECTED BY WIND MOVE VERTICALLY TO THE CURVE THENCE TO THE
301

T2IE PRESENT STUDY FOR ESTIMATING SOIL LOSS DUE TO WIND LEFT SCALE WHERE THE VALUE IS READ THIS VALUE
302

MI HIGHWAY CONSTRUCTION SITES RESULTED FROM YEARS OF IS MULTIPLIED BY THE ERODIBILITY INDEX TO OBTAIN
171 RK BY THE LATE CHEPIL HIS ASSOCIATES AND MODIFIED VALUE CALLED THE ERODIBILITY FACTAR
130

BTHERS 57 1226 3840 58 THE EQUATION AS DESCRIBED PREVIOUSLY WHICH IS USED IN THE SOIL
131

DEVELOPED BY THESE RESEARCHERS AND AN EXPLANATION OF LOSS EQUATION
361

ITS USE FOR DETERMINING WIND EROSION ON HIGHWAY
CONSTRUCTION SITES IS AS FOLLOWS PRIMES HAVE BEEN TONSACREYR

02 ADDED TO EACH OF THE FACTORS SO THAT THEY WILL NOT

10019 BECOME CQNFUSED WITH THOSE FOR WATER EROSION LOCAL WIND EROSION CLIMATIC FACTOR

O57
O60 ICKVL 31 THE MONTHLY ISOVALUES OF THE LOCAL WIND EROSION

070 CLIMATIC FACTOR ARE GIVEN ON APPROPRIATE MAPS
WHICH FIGURES D1 THROUGH D14 IS THE CUBE OF THE

SOIL LOSS BY WIND IN TONSACREYR MEAN WIND VELOCITY FOR EACH MONTH DIVIDED BY THE

105 SOIL WIND ERODIBILITY FACTOR SQUARE OF THE ANNUAL PRECIPITATION EFFECTIVENESS
78 LOCAL WIND EROSION CLIMATIC FACTOR INDEX PE DEVELOPED BY THORNTHWAITE 46 IT IS

SOIL SURFACE ROUGHNESS FACTOR COMPUTED FROM THE EQUATION

VEGETATIVE FACTOR

1005 LENGTH OF THE UNSHIELDED DISTANCE 34483 32
368 PARALLEL TO WIND IN THE DIRECTION OF PE
394 THE WIND FETCH

3048 IF

3066
IN WHICH

1090 MEAN MONTHLY WIND VELOCITY AT HEIGHT

366 WIND ERODIBILITY FACTOR OF 30 FEET FOR ALL WINDS IN EXCESS OF

073 12 MILES PER HOUR

036 THE SOIL WIND ERODIBILITY INDEX IS THE FE THORNTHWAITES PRECIPITATION EFFECTIVE

OIO 4OTENTIAL SOIL LOSS IN TONSACREYR FROM WIDE NESS INDEX

UNSHELTERED ISOLATED BARE AND SMOOTH CRUSTED OR PE INDEX 115 PT10 IN WHICH

313 ONCRUSTED SOIL EXPANSE IS THE MEAN ANNUAL PRECIPITATION AND

3006 IS THE MEAN ANNUAL TEMPERATURE
THE VALUE IS DETERMINED IN THE FIELD BY DRY

P1EVING SOIL SAMPLE THROUGH 20MESH 084 MM MONTHLY VALUES OF HAVE BEEN PLOTTED AS ISO
340 SCREEN KNOWING THE PERCENTAGE OF PARTICLES LARGER LINES ON MAPS OF THE CONTINENTAL UNITED STATES FIG
305 HAN 20MESH AND IF THERE IS NO CRUSTING THE VALUE URES D1 THROUGH D6 HAWAII FIGURES D7 THROUGH

340 IN TONS PER ACRE CAN BE READ FROM TABLE 31 IF THE 10 PUERTO RICO FIGURES D11 AND D12 AND ALASKA

305 HAS WELL DEVELOPED CRUST ANOTHER VALUE OF FIGURES 013 AND D14
301 FROM TABLE 31 IS USED INSTEAD THE TONSACRE VALUE

READ FROM THE TABLE BECOMES IN THE WIND SOIL WIND DIRECTION AND PREPONDERANCE
335

ZOOS EQUATION WHENEVER THERE IS NO CORRECTION REQUIRED THESE TERMS ARE ACTUALLY THE PREVAILING WIND
4010 FOR THE WINDVARD KNOLL EFFECT IF CORRECTION IS

DIRECTION AND PREVALENCE AND ARE OBTAINED FROM THE
EQUIRED IT IS DONE ACCORDING TO THE PROCEDURE WIND EROSION FORCE VECTOR SEE MAPS OF WIND DIREC

IINDWARD KNOLL ERODIBILITY FACTOR IF THE VALUE OF PREPONDERANCE IS 10 THERE IS NO

FLUTLINED IN THE FOLLOWING PARAGRAPHS
TION AND PREPONDERANCE IN APPENDIX

WHENEVER ANY DIRECTION WITH EQUAL RESULTS VALUE OF 20RENT RE THE SLOPE IS FACING THE DOMINANT WIND
PREPONDERANT DIRECTION SO BARRIER COULD BE PLACED IN

RESEARCH AIRECTION SO THAT THE WIND IMPINGES AGAINST THE SLOPE INDICATES THAT THE PREPONDERANCE IS TWICE AS GREAT IN

RCPOR ROSION IS ACCELERATED THIS ACCELERATION IS KNOWN AS TOTAL WIND FORCE AS FOR 10
APHY OF HE WINDWARD KNOLL EFFECT AND THE KNOLL ERODIBILITYBOARD

CCTOR IS USED TO MODIFY THE SOIL WIND ERODIBILITY TO USE THE MAPS IN FIGURES 07 THROUGH D20
NDEX FOR THIS EXPOSURE DETERMINE THE DOMINANT WIND DIRECTION FOR THE PERIOD

15
CE



TABLE 3I SOIL WIND ERODIBILITY INDEX

MD

PERCENT OF DRY SOIL

NOT PASSINGA2O
MESH SCREEN

UNITS NONCRUSTED SOIL SURFACE TONSACRE

310 250 220 195 180 170 160 150 140

10 134 131 128 125 121 117 113 109 106 102

20 98 95 92 90 88 86 83 81 79 76

30 74 72 71 69 67 65 63 62 60 58

40 56 54 52 51 50 48 47 45 43 41
50 38 36 33 31 29 27 25 24 23 22

60 21 20 19 18 17 16 16 15 14 131
70 12 11 10

80

CRUSTED SOIL SURFACE TONSACRE

517 Q417 367 325 300 283 267 250 233
10 223 218 12FL 202 195 188 182 177 170
20 163 158 153 150 147 143 138 135 132 127
30 123 120 118 115 112 108 105 103 100 97
40 93 90 87 85 83 80 78 75 72 68
50 63 60 55 52 48 45 42 40 38 37
60 35 33 32 30 28 27 27 25 23 22
70 20 18 17 13 12 10 07 05 05 03
80 03

000
800

600

400

806040

21 32

2468I0I2I4 24 28 32 36 40 44 48 52 56 60

PERCENT SLOPE GRADIENT

FIGURE 30 SLOPE STEEPNESS VS
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TIME REQUIRED BY ASSUMING THAT AN EAST DOMINANT SCALE WHERE IS READ THE VALUES OF AND

4ND IS THE ZERO DIRECTION FROM THIS POINT MEASUTE ARE MULTIPLIED TOGETHER TO OBTAIN THE VALUE OF

ANTS ARE MADE IN COUNTERCLOCKWISE DIRECTION THROUGH TAKE SAMPLE OF SOIL PLUS LITTER TO

6O DEGREES THE DIRECTION NUMBER IS MULTIPLIED BY INCH DEPTH INCLUDING STANDING LITTER AND WASH IT ON

HE MAGNITUDE OF THE PREPONDERANCE AND FINALLY THE
20 MESH SCREEM DRY AND WEIGH THE ORGANIC PORTION

OF THE PRODUCTS IS DIVIDED BY THE SUM OF THE
OF THE SAMPLE DETERMINE THE PERCENT BY WEIGHT OF

REPONDERANCE
VALUES TO ARRIVE AT WEIGHTED AVERAGE

ORGANIC MATTER MULTIPLY THIS PERCENTAGE BY I0 TO

41
RESULTANT WIND DIRECTION THIS DIRECTION IS THE

OBTAIN THE POUNDS OF ORGANIC MATTER PER ACRE IN

PREVAILING WIND DIRECTION THE SURFACE INCHES OF SOIL APPROXIMATELY 1000000

THE SCALES AND ARROWS ON FIGURES D7 THROUGH 020 LBS IN ACRE DEEP WITH THIS VALUE OF ENTER

INDICATE
THE NUMBER OF TIMES THE WIND VALUE EXCEEDS THE LEFT HAND SCALE OF FIGURE 32 MOVE TO THE RIGHT

RHE UNIT VALUE FOR GIVEN DIRECTIONS THE ARROWS POINT TO THE APPROPRIATE CURVE FLAT OR STANDING THENCE

THE DIRECTION FROM WHICH THE WIND IS COMING VERTICALLY DOWNWARD TO THE BASE WHERE THE VALUE OF THE

FACTOR IS READ

IL SURFACE ROUGHNESS FACTOR DETERMINE THE WEIGHTED WIND DIRECTION FOR THE

THIS FACTOR IS MEASURE OF THE NATURAL OR APPROPRIATE PERIOD OF THIS IS ACCOMPLISHED BY

ROUGHNESS OF THE SOIL SURFACE IN THE FORM ENTERING FIGURES THROUGH D20 AND FOR THE PROPER

RIDGES OR SMALL UNDULATIOTIS IT CAN BE DETERMINED LOCATION READ THE DIRECTION BY INTERPOLATION BETWEEN

KNOWING THE HEIGHT OF THE INDIVIDUAL ROUGHNESS ARROWS AND THE PREPONDERANCE FOR EACH MONTH INVOLVED

ILEMENTS AND THEN USING FIGURE 31 THE VALUE FOR THE THE DIRECTION IN DEGREES COUMTERCLOCK FROM ZERO

TAN HEIGHT OF ELEMENTS IS LOCATED ON THE BOTTOM OF EAST IS READ WITH PROTRACTOR OR OTHER SCALE THIS

THE FIGURE MOVE VERTICALLY TO THE CURVE AND THENCE VALUE IS MULTIPLIED BY THE MAGNITUDE OF THE PREPON

TO THE LEFT SCALE WHERE THE VALUE IS TEAD DERANCE AS READ OR SCALED FROM THE MAP THIS PROCE

DURE IS REPEATED FOR EACH MONTH INVOLVED AND THE

PRODUCTS SUMMED THE SUM IS THEN DIVIDED BY THE SUM

GETATIVE FACTOR OF THE PREPONDERANCE VALUES TO OBTAIN THE RESULTANT

13 FACTOR REPRESENTS EQUIVALENT POUNDS OF VEGE DIRECTION THE MEAN OF THE PREPONDERANCE VALUES IS THE

TATIVE MATTER AS ROUGHNESS ELEMENT THE VALUE IS
NET PREPONDERANCE THE HIGHER THE PREPONDERANCE VALUE

BTAINED BY WET SIEVING THE AIR DRIED SOIL TO SEPARATE THE MORE NEARLY THE WIND IS UNIDIRECTIONAL

THE ORGANIC MATERIAL FROM THE MINERAL PORTION

BE ORGANIC MATTER IS THEM DRIED AND WEIGHED THE DETERMINE THE VALUE OF BY READING FIGURES

EIGHT IN THOUSANDS OF POUNDS PER ACRE IS ENTERED ON 01 TO D14 FOR THE APPROPRIATE TIME PERIOD BY MONTHLY

THE LEFT SCALE OF FIGURE 32 MOVE HORIZONTALLY VALUES ADD THE RESPECTIVE VALUES AND USE THE SUM AS

TO THE PROPER CURVE THENCE DOWN TO THE SCALE THE VALUE FOR THE EQUATION

MEASURE THE HEIGHT OF THE ROUGHNESS ELEMENTS
TO READ THE FACTOR

THESE CONSIST OF LARGE CLODS RIDGES LEFT BY EQUIP

MENT EQUIPMENT TRACKS AND OTHER SMALL BARRIERS
UNSHIELDED WIND FETCH DI

THIS IS DEFINED AS THE DISTANCE PARALLEL TO THE ACROSS THE DIRECTION OF WIND FLOW CALCULATE THE MEAN

PREPONDERANT WIND DIRECTION IN EXCESS OF THE SHIELDED HEIGHT OF THESE ELEMENTS IN INCHES THIS MEAN HEIGHT

JISTANCE IN THE FIELD THE PREPONDERANT DIRECTION IS VALUE IS KR AND SHOULD BE ENTERED ON THE BOTTOM OF

LAYED OUT WITH COMPASS OR TRANSIT THEN THE DIS FIGURE 31 MOVE VERTICALLY TO THE CURVE THENCE LEFT

TANCE ACROSS THE EXPOSED AREA IN EXCESS OF 10 TIMES TO THE SCALE WHERE IS READ

DETERMINE IKBY MULTIPLYING FROM AND
THE HEIGHT OF ANY BARRIERS IS RECORDED IN FEET AS THE

FROM THEN FROM AND
VALUE OF

PROCEDURE FOR DETERMINING WIND SOIL EROSION MEASURE THE DISTANCE PARALLEL TO THE

THE FOLLOWING STEPBYSTEP PROCEDURES WILL LEAD PREVAILING WIND DIRECTION ACROSS THE DISTURBED AREA IN

ONE THROUGH THE PROPER USE OF THE WIND SOIL LOSS QUESTIOM IN FEET AND SUBTRACT FROM THIS VALUE 10

EQUATION AND APPROPRIATE TABLES MAPSAND GRAPHS FOR TIMES THE HEIGHT OF ANY MAJOR BARRIERS SUCH AS TREES

DETERMINING EROSION CAUSED BY WIND FROM OR ONTO HEDGES BOARD FENCES ETC

CONSTRUCTION SITE INCLUDED AT THE END OF THE CHAPTER ENTER THE NOMOGRAPH FOR WIND EROSION FIGURE

WIND SOIL LOSS EQUATION EXAMPLES OF WIND EROSION
IN TONS PER ACRE THE PRODUCT OF THIS VALUE AND THEIA MOMOGRAPHIC CHART FIGURE 33 FOR SOLVING THE 33 WITH ICKV AND AND ESTIMATE EROSION

CALCULATIONS ARE GIVEN IN APPENDIX DISTANCE ALONG THE HIGHWAY TIMES DIVIDED BY 43560

SCOOP UP 250 ML SAMPLE OF THE EXPOSED GIVES THE TOTAL TONS OF SOIL LOSS PER ACRE OF RIGHT

THEN SIEVE THE DRY SAMPLE WITH 20 MESH SIEVE
EURFACE SOIL ALLOW THE SAMPLE TO DRY IN THE AIR OFWAY

MEASURE THE VOLUME OF THE MATERIAL REMAINING ON THE DETERMINING WIND SOIL LOSS SUSCEPTIBILITF

SCREEN DETERMINE THE PERCENT REMAINING BY VOLUME IN AREAS WHERE WIND SOIL LOSSES MAY BE SIGNIFI

VOL REMAINING
CANT THE FOLLOWING SIMPLE FIELD TEST MAY BE APPLIED TO

DETERMINE WHETHER OR NOT EROSION CONTROL PRACTICES ARE

VOL TOTAL 100 NEEDED

THE VALUE OF THIS QUOTIENT PERCENT IS ENTERED INTO COLLECT FOUR CUPS OF SOIL FROM AN OPEN EXPOSED

THE SCALE OF TABLE 31 AND THE VALUE OF READ SITE ALLOW THE SAMPLE TO DRY OVERNIGHT IN AM OVEN

DETERMINE THE SLOPE IN PERCENT OF THE EXPOSED AND THEM SIFT IT THROUGH 20MESH SIEVE IF MORE

WHICH ARE NOT PARALLEL TO THE WIND MOVEMENT THAN ONE CUP OF SOIL PASSES THROUGH THE SCREEN

THI SLOPE PERCENT IS LOCATED ON THE BOTTOM OF FIGURE EROSION CONTROL MEASURES SHOULD BE IMPLEMENTED AT THAT

30 MOVE VERTICALLY TO THE CURVE THENCE LEFT TO THE PARTICULAR SITE

17
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II ITTI III
KEY EPCTED SOIL LOS TOOIOCINDO4J ABS HNKWODOOS

STEP LOCATE VALUE ON
VERTICAL SCALE TO THE LEFT OF TURNING AXIS AND CONSTRUCT CURVED DOTTED STEP DRAW LINE FROM LK VALUE STEP TO

IKC VALUE STEP AND MARK INTERCEPT ON

LINE AS
INDICATED TURNING AXIS

STEP MOVE VERTICALLY UPWARD FROM VALUE TO INTERCEPT CURVED LINE STEP THEN HORIZONTALLY STEP DRAW LINE FROM VALUE ON

SCALE STEP THROUGH POINT ON TURNING AXIS STEP 410

SCALE THEN DIAGONALLY TO

SECOND HORIZONTALLY TO INTERCEPT WITH APPROPRIATETO

SCALE

STEP MARK KC VALUE ON
VERTI SCALE TO THE RIGHT OF TURNING AXIS

VALUE AND THEN VERTICALLY DOWNWARD TO READ EXPECTED SOIL LOSS ONE SCALE

FIGURE 33 NOMOGRAPHIC CHART FOR THE SOLUTION OF WIND SOIL LOSS EQUATIONMJIII L8 IA

XI



APPENDIX

SU EXA2 OF WIND EROSION CALCULATIONS
ENT

TXAMPLE NO OTHER DIRECTION THIS IS THE DIRECTION FROM WHICH
KNOLL EROSION IS TO BE EVALUATED THE SLOPE GRADIENTAT SIOUX CITY IOWA HIGHWAY 129 CROSSES THE OF THE CONE FACE ON WHICH THE WIND IMPINGES IS 403S5 FOR ISSOURI RIVER SEE FIGURE DA THE FILL FOR THE PERCENT ON 251 SEE FIGURE 0A AND THE EXPOSED

BRIDGE APPROACH IS DREDGED FROM THE RIVER TO FORM THE LENGTH OF THE CONE FACE FROM TOE TO TOP IN THE
BRIDGE CONES AT 251 SLOPE THE CONE IS TO BE DIRECTION THE WIND IS TRAVELING IS 100 FEET FROM THE

TIPOSED DURING THE MONTHS OF JANUARY FEBRUARY MARCH CLIMATIC FACTOR MAPS FIGURES 01 AND 02 THE
DII AND APRIL WHAT IS THE WIND EROSION POTENTIAL DURING FACTORS ARE JANUARY 15 FEBRUARY 35 MARCH 60ASFT

THIS TIME AND WHAT CAN BE DONE TO DECREASE IT AND APRIL 45 OR TOTAL OF 155 PERCENT OF THE VALUEGROSS
OF GARDEN CITY KANSAS FOR THE SAME FOUR MONTHS THE

YEAI SAMPLE OF THE SURFACE SOIL IS SCREENED WITH SITE IS SMOOTH BUT HAS SUFFICIENT NUMBER OF 1INCHMESH SIEVE AND ALL BUT PERCENT PASSES THROUGH HIGH ROCKS TO GIVE FACTOR OF 062 SEE FIGURESEVENTYFIVE PERCENT OF THE AREA IS CRUSTED 31 THERE IS CONCENTRATION OF 01 PERCENT IN
INCORPORATED WATER WEEDS DRIFT WOOD AND OTHERTHE WIND DIRECTION AND PREPONDERANCE MAPS SHOW VEGETATIVE COMPONENTS WHICH PRODUCE FACTOR OF

THE PREVAILING EROSIVE WIND DIRECTION AND PREPONDER 3350 SEE FIGURE 32 THE RIVER AT THIS POINT IS
ANCE TO BE AS FOLLOWS 1220 FEET WIDE SO NO UPWIND BARRIERS NEED TO BE

CONSIDERED
LURES DIRECTION

COUNTERCLOCKWISE PREPONDERANCE PRODUCT DATA
FROM EAST

C8 SOIL PARTICLES LARGER THAN 084 MM
JANUARY 135 250 33750 AREA COWERED BY CRUST 75
FEBRUARY 135 167 22545 AREA NOT COVERED BY CRUST 25
LARCH 135 167 22545 SLOPE GRADIENT 251 40
APRIL 135 167 22545 INCORPORATED LITTER 01

751 101385 HEIGHT OF ROUGHNESS ELEMENTS 10 IN
WIND DIRECTION SSE

101385751 135 FOR MEAN DIRECTION AND 7514 WIND PREPONDERANCE 188BED 188 FOR THE MEAN PREPONDERANCE EXPOSED SLOPE LENGTH ON SLOPE 100 FTCON
FOR JAN 15 FEB 35 MAR 60ICULAR IS SAYS THAT NEARLY TWICE AS MUCH EROSIVE WIND COMES APRIL 45

IOU THE NORTHWEST DURING THE FOUR MONTHS AS FROM ANY TOTAL 155

TL

1220

RIVER

0A SKETCH OF WIND EROSION EFFECT ON HIGHWAY BRIDGE CONE

01



COMPUTATION SEEDBED TH VALUE OF THESE MATERIALS IS 47S
POUNDS PER ACRE THE TOTAL NOW BECOMES 1000 FROM

ENTER TABLE 31 IN COLUMN AND READ FOR NON LITTER 3500 FROM MULCH AND 1250 FROM ASPHALT
CRUSTED ERODIBILITY 250 TONSAC AND FOR FOR TOTAL OF 5750 POUNDS PER ACRE ENTERING FIG
FULLYCRUSTED 417 TONSAC TO OBTAIN 32 WITH THIS VALUE MOVING HORIZONTALLY TO

WEIGHTED APPROPRI ND DROPPI TO THE LOWER SC
GIVES VALUE OF 26000 POUNDA EQUIVALENT PER

250 025 417 075 9378 ACRE ENTERING THE NOMOGRAPHIC CHART FIGURE 33 WITH
94 TONSAC THIS NEW VALUE WE FIND EROSION TO AGAIN BE OFF THE

SCALE OR LESS THAN 05 TONS PER ACRE PER YEAR
ENTER FIGURE 30 ON THE BASE SCALE WITH 40 PER
CENT SLOPE GRADIENT MOVE VERTICALLY TO NOTE THAT EITHER OF THE SUGGESTED SOLUTIONS WOULD

CURVE THENCE LEFT TO SCALE AND READ REDUCE EROSION TO SATISFACTORY LEVEL
97

94 97 9118 TONSAC
EXAMPLE NO

ENTER FIGURE 31 WITH INCH FOR KR ON THE BOTTOM ECOND EXAMPLE SITE IS LOCATED ON 180 NEAR

SCALE PROCEED VERTICALLY TO CURVE THENCE LEFT OASIS NEVADA NE CORNER OF THE STATE WHERE WIND IS

TO SCALE AND READ 061 PICKING UP SEDIMENT FROM GRUBBED AREA AND DEPOSITING
IT IN CUT AREA AND ONTO TWO TRAFFIC LANES

MULTIPLY PERCENT OF LITTER 01 BY 106 TO FIND SKETCH OF THE SITE IS SHOWN IN FIGURE DB
APPROXIMATELY 1000000 LBS IN AREA

DEEP DATA

0001 1000000 1000 POUNDSAC SOIL PARTICLES LARGER THAN 084 MM 72Z

SLOPE GRADIENT OF GRUBBED AREA TO WINDWARD 17
ENTER FIGURE 32 ON LEFT HAND SCALE WITH THIS STANDING LITTER 0023
VALUE MOVE RIGHT TO FLAT CURVE THENCE DOWN TO ROLLER CORRUGATIONS KR IN
THE BASE AND READ V3350 POUNDSAC EQUIVALENT UNSHIELDED FETCH 500 FT

THE LENGTH OF THE SLOPING SURFACE IS 100 FEET

MEAN WIND DIRECTION FEB TO MAY FROM 1330

MEASURED COUNTERCLOCKWISE FROM EAST
WITH SLOPE GRADIENT OF 40 PERCENT AND THE VALUE PREPONDERANCE FEB TO MAY 28
OF BECOMES FOR FEBRUARY 200 MARCH 640 APRIL 520

MAY260 11
100 COS TAN 040 9285 OR 93 FEET

COMPUTATION
TOTAL 1620

9118 061 556198 OR

5562 TONSAC ENTER TABLE 31 IN COLUMN LINE 70 AND

FROM NONCRUSTED ERODIBILITY 10 TON

II IK IK 556198 155
862107 OR 8621 TONSAC

ENTER FIGURE 30 ON THE BASE SCALE WITH SLOPE

CURVE THENCE TO LEFT SCALE AND READ
NOTE THAT 8621 TONS PER ACRE IS WAY BEYOND THE 440

GRADIENT 17 PERCENT AND PROCEED VERTICALLY TO

13
TONS THAT CAN BE READ FROM THE NOMOGRAPH FIGURE 33
FOR ICK AND 5562 ALSO EXCEEDS THE VALUES OF IK 10 13 13 TONSAC

IION ITS SCALE THUS THIS HUGE LOSS CAN ONLY BE

ESTIMATED BY EXTRAPOLATING USING PROPORTIONAL ENTER FIGURE 31 ON THE BASE WITH KR OF

IS OBVIOUSLY

DIVIDER ON BOTH SCALES OF THE NOMOGRAPH AND IT IS INCHES MOVE VERTICALLY TO CURVE THENCE LEFT TO

FOUND TO BE APPROXIMATELY 993 TONSACRE THIS TONNAGE SCALE AND READ 049
EXCESSIVE

MULTIPLY PERCENT OF LITTER 0023 BY 106 TO GET
TREATMENTS

0023
100 1000000

REDUCED IF THE SURFACE WERE ALWAYS WET WHEN THE WIND VALUE AND MOVE RIGHT TO STANDING CURVE DROP TO

IF THE OBVIOUS TREATMENT WERE TO BE FOLLOWED
230 POUNDSACTHAT OF SPRINKLING THE FILL FROM THE RIVER DURING

PERIODS WHEN THE WIND BLOWS THE EROSION WOULD BE ENTER THE LEFT SCALE OF FIGURE 32 WITH THIS

BLEW IT WOULD BE EQUIVALENT TO REDUCING THE TO THE BASE AND READ V1050 POUNDSAC EQUIVALENT

VERY SMALL VALUE PERHAPS IN THE ORDER OF 001 USING
NEW VALUE OF THE REDUCED LOSS CAN BE CALCULAT 500 FEET MEASURED IN FIELD

ED MULTIPLYING THE IK VALUE OBTAINED ABOVE OF

13 049 6375562 TONS PER ACRE BY 001100 FOR EACH OF THE FOUR IK
OR 64 TONSACMONTHS GIVES THE TOTAL EROSION FOR THE PERIOD OF LESS

THAN TONSACRE
ISK IK 637 1620

IF

001100 5562 22248 TONSACRE 10319 OR 103 TONSAC

MULCH WERE APPLIED AT THE RATE OF 175 TONS EROSION IS READ WITH IKC AND FROM THEL
PER ACRE AND TACKED WITH 1250 POUNDS OF ASPHALT PER NOMOGRAPH FIGURE 33 AT 35 TONSAC 1ACRE SOURCE

ACRE THIS WOULD BE SUFFICIENT TO CONTROL WATER AREA 500 FEET LONG WOULD HAVE WIDTH OF 43560500
EROSION SEE FIGURE 25 AND PROVIDE AN ADEQUATE 87 FEET CUT STRIP SOURCE 400 FEET LONG WOULD HA

D2
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TOTAL AREA OF 40087 OR 46 ACRES AND WOULD PRODUCE DATA

46 35 161 TONS OF SEDIMENT IF THE SOIL AT THIS
SOIL PARTICLES LARGER THAN 084 MM

SITE WEIGHS 125 TONSYD THIS WOULD BE 161125
CRUSTED 100

129 YDS OF MATERIAL BETWEEN THE CREST OF THE CUT
SLOPE GRADIENT TO WINDWARD PLAIN 03

WHICH IS 32 FEET HIGH AND POINT 320 FEET 10 32
STANDING LITTER 25 TALL 005

DOWNWIND THIS WOULD PLACE THE TOE OF THE DEPOSIT AT
HILLOCKS AND HUMMOCKS 25 INCH

ABOUT THE MIDDLE OF THE EASTBOUND LANE AND ITS
UNSHIELDED FETCH 850 FEET

AVERAGE DEPTH WOULD BE MORE THAN FOOT
MEAN EROSIVE WIND DIRECTION FROM 510

COUNTER CLOCKWISE FROM EAST

PREPONDERANCE MARCH TO AUGUST 15
POSSIBLE TREATMENTS VALUES MAR 150 APRIL 190 MAY 180

JUNE 150 JULY 75 AUG 30
APPLY 1000 POUNDSAC OF HYDROMULCH WHICH TOTAL 775

FORMS CRUST FROM TABLE 31 THE VALUE WOULD
BECOME 17 INSTEAD OF 10 THE NOW INCREASES FROM COMPUTATION

230 POUNDS PER ACRE TO 230 1000 1230 POUNDS PER ENTER TABLE 31 COLUMN LINE 10 IN CRUSTED
ACRE ENTERING FIGURE 32 AT 1000 POUNDS PER

ACRE PROCEEDING HORIZONTALLY TO THE MULCH CURVE AND
SURFACE SECTION AND READ 223 TONSAC

THEN DOWN TO THE SCALE WE READ VALUE OF 3250 SINCE THE SOURCE AREA IS PLAIN 10
ADDING THE ORIGINAL 1050 TO THIS AMOUNT GIVES

MULTIPLY 10 223 223 TONSAC
VALUE OF 4300 EQUIVALENT POUNDS PER ACRE THE CHANGE

IN THESE TWO FACTORS REDUCES THE EROSION TO LESS THAN
ENTER FIGURE 31 WITH 25 INCHES AND READ 05 FOR

TONS PER ACRE THE ROUGHNESS FACTOR

SEED THE AREA AND APPLY STRAW MULCH AT THE
I4C MULTIPLY 223 05 1115 TONSAC

RATE OF 075 TONSAC TACKED WITH 1250 POUNDS OF MULTIPLY LITTER 00005 BY 106 TO GET 500 FOR

ASPHALT WHICH IS THE AMOUNT NEEDED FOR SEEDBED AND

TEMPORARY WATER EROSION CONTROL COMBINING THE THEN ENTER FIGURE 32 WITH 500 STANDING TO GET

VALUES OF THE MULCH AND ASPHALT 1500 AND 3150
1250 AND ENTERING FIGURE 32 WITH 2750 WE GET

AW VALUE OF 12700 POUNDS EQUIVALENTS ADDING MULTIPLY BY

HIS TO ME IU POUNDS EQUIVALENT OBTAINED PREVIOUS
WE GET TOTAL VALUE OF 13750 POUNDS EQUIVA IKSC 1115 775 8641

ENT THIS FACTOR WOULD REDUCE THE WIND EROSION TO

BELOW THE REQUIRED TONSACYR MEASURED IN FIELD 850 FEETWELL

INSTALL FIBER GLASS ROVING AT 1000 POUNDSAC
EROSION IS READ FROM THE NOMOGRAPHIC CHART

WITH 125 GALSAC ASPHALT RELATIVELY
FIGURE 33 TO GET 19 TONSAC

PERMANENT TREATMENT WOULD REDUCE ITO 03 AND TO

039 TONSAC IF THE ASPHALT WEIGHS 1250 POUNDSAC
TREATMENTS

THE WOULD BE 1250 AND 4400 ADDING THIS TO ADD 075 TONSAC OF GRASS OR STRAW MULCH

OF 5450 POUNDS EQUIVALENT USING NOMOGRAPHIC CHART ASPHALT THIS WILL RAISE THE FROM 3150 TO
THE 1050 OBTAINED PREVIOUSLY GIVES TOTAL VALUE PUNCHED IN SEEDED AND TACKED WITH 1250 POUNDS OF

33 WE FIND THE WIND EROSION TO BE REDUCED TO POUNDS EGU1V 2750 AND FIGURE

VALUE BELOW THE 05 TONSAC MINIMUM ON THE SCALE 32 GIV 12800 12800 3150 15950 THE

EROSION WOULD NOW 1T TO JESS THAN 05

TONACRE WHICH IS THE MINIMUM ON THE NOMOGRAPHIC

EXAMPLE NO SCALE

THE THIRD EXAMPLE SITE IS ONE LOCATED ON 110 ROCK MULCH COULD BE SPREAD FROM THE NEARBY

EAR LORDSBURG HIDALGO COUNTY NEW MEXICO WHERE THE PYRAMID HILLS WHICH COULD CHANGE THE COMPOSITION OF
WIND BLOWS UNRESTRAINED ACROSS PLAYALIKE AREA THE SOIL SURFACE SO 80 PERCENT WOULD NOT PASS THE 20

WHEN THE WIND IS LADEN WITH DUST IT SERIOUSLY IM MESH SCREEN WITH THE SOIL CRUSTED THS WOULD
AIRS VISIBILITY PRECIPITATION IS HIGH ENOUGH TO CHANGE FROM 223 TO 03 TONAC WOULD THEN

IL SUPPORT DESERT GRASSLAND VEGETATION FROM THE MONSOONAL BECOME 015 TONAC AND 116 TONSAC THIS

IT SUMMER RAINS SKETCH OF THE SITE IS SHOWN IN FIGURE WOULD REDUCE EROSION ALSO TO VALUE LESS THAN THE 05
0B TONSAC MINIMUM ON THE NOMOGRAPH SCALE

D4
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FIGURE WIND EROSION FACTOR ISOMAPS FOR THE UNITED STATES JANUARY AND FEBRUARY
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FIGURE D2 WIND EROSION FACTOR ISOMAPS FOR THE UNITED STATES MARCH AND APRIL
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FIGURE D3 WIND EROSION FACTOR ISOMAPS FOR THE UNITED STATES MAY AND JUNE
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FIGURE D4 WIND EROSION FACTOR ISOMAPS FOR THE UNITED STATES JULY AND AUGUST
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FIGURE 15 WIND DIRECTION AND PREPONDERANCE FOR THE UNITED STATES JANUARY AND FEBRUARY
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FIGURE D16 WIND DIRECTION AND PREPONDERANCE FOR THE UNITED STATES MARCH AND APRIL

D20



SOLW
MAY SCALE

FIGURE D17 WIND DIRECTION AND PREPONDERANCE FOR THE UNITED STATES MAY AND JUNE
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INRERNATIONAL STATION METEOROLOGICAL CLWATE SUMMARY

STA 725280 KBUF AP NYU
42 56N LONG 078 44W ELEV 705FT 215M TYPE NOAA SMOS V21 07021992

STATION CLIMATIC SUMMARY

POR HOURLY 19461990

TEMPERATURE DEC FI PRECIPITATION CINCHES IREL HUMIVAPIDEWI PR WIND KTS MEAN NO OF DAYS WITH

MEANS EXTREMEI PRECIP ISNO4FALL IPTI ALT ISKYIPRECIPISN TEMP DEG

124H1 124H1 LST IINIFI FTIPREVAILIMAXICVRIINCHES IFALLITH IFOGIMAXIMAXIMINIM1

MAXIMINIAVGIMAXIMINIME MAXI MINIMAXIMEANIMAXIMAXI AMI PMIHGI IDIRISPDIGSTI ISTMI

071 161 IO1I5011OI15I 901 651 321

JAN 31 18 25 72 16 29 69 10 18 24 68 18 79 73 09 18 145 WSW 16 62 OVR 20 17 12 28

FEB 32 18 26 65 20 25 59 21 18 54 18 80 70 10 18 150 WSW 15 71 OVR 17 14 12 26

MAR 41 26 34 79 29 56 1220 11 29 15 80 6514 25 145 SW 14 630VR 16 10 14 24

APR 55 36 46 94 12 30 59 1317 15 77 5720 34 140 SW 13 640VR 14 13 10

MAY 66 46 57 90 26 31 72 1234 76 5529 44 120 SW 12 560VR 12 14 18

JUN 76 56 66 96 36 31 84 50 77 55 43 54 115 SW 12 69 OVR 10 13 28

JUL 81 62 71 97 46 29 64 934 78 5351 59 105 SW 11 51SCT 10 13 31

AUG 79 60 70 99 38 39 107 11 39 83 56 50 59 100 SW 11 70 OVR 11 15 31

SEP 71 53 62 98 23 33 90 849 83 5940 53 110 SW 11 540VR 11 13 23

OCT 61 43 52 87 20 30 91 325 82 6027 42 125 S5OVR 12 13 11

NOV 47 34 41 80 39 98 1521 11 31 19 80 7019 33 140 13 590VR 16 13 14

DEC 36 23 30 7410 35 87 1717 22 68 18 80 7412 23 145 13 600VR 20 14 13 26

56 40 48 99 285 50 90176 19 80 6223 39 130 71 OVR 169 44129 36 30158 4152131

P0R4545454545 4545454545454545454545

TRACE AMOUNTS 05 INCHES

MEAN NO DAYS DAYS

PRESSURE ALTITUDE IN TENS OF FEET IE 50 500 FEET

NAVY STATIONS REPORT HAIL AS SN ALSO PEWS FROM JULY1948 DEC 1955

THE PREDOMINANT SKY CONDITIONPRECIP LISTED AMOUNT AND NEXT WHOLE INCH

VISIBILITY IS NOT CONSIDERED

ANN TOTALS MAY NOT EQUAL SUM OF MONTHLY VALUES DUE TO ROUNDING

24 HR MAX PRECIP AND SN ARE DAILY TOTALS MIDNIGHT TO MIDNIGHT

EXCESSIVE MISSING DATA VALUE NOT COMPUTED

INCHES

FEDERAL CLIMATE COMPLEX ASHEVILLE
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FIGURE 33 NOMOGRAPHIC CHART FOR THE SOLUTION OF WIND SOIL LOSS EQUATION IKCLV



ECD
121968

CV

WIND EROSION FORCES IN THE

UNITED STATES AND THEIR USE

PREDICTING SOIL LOSS

AGRICULTURE HONDBOOI NO 346

AGRICULTURCI RESEARCH SERVICEUN STATES DEPARTMENT OF AGRICULTURE
II

IN COOPERATION WITH

KANSO AGRICULTURAL EXPERIMENT STATION



AGRICLLTURE HANDBOOK 346 US DERT OF AGBICU1

METHOD OF ANALYSIS

THE ANALYSIS IS BASED ON THE PRINCIPLE THAT THE ARBITRARILY TAKEN AS THE INITIAL SIDE OF THE CO

CAPACITY OF WIND TO CAUSE OIL MOVEMENT ORDINATE SYSTEM HENCE RJ AND ARE WIND

PROPORTIONAL TO NNDSPEED CUBED TIMES THE DURA EROSION FORCE VECTORS POINTING EAST AND EAST THE

TION AT THE WIND NORTHEAST RESPECTIVELY JNCRE

SEVERAL INVESTIGATORS 12 FOUND THAT WHEN THE SUM OF THE MAGNITUDES OF THE WIND EROSION NEC

WINDSPEED WAS REATER THAN THAT REQUIRED BARELY FORCE VECTORS FOR ALL DIRECTIONS GIVES THE TOTAL ALOI

TO MOVE THE SOIL THE RATE OF SOIL MOVEMENT WAS MAGNITUDE OF WIND EROSION FORCES FOR THE LOCATION

DIRECTLY PROPORTIONAL TO FRICTION VELOCITY CUBED AND IS EXPRESSED BY EQUATION THE VALUE OB OF

FRICTION VELOCITY IS RELATED TO VELOCITY PROFILE TAINED BY EVALUATING EQUATION FOR SOME LOCATION TO

AS EXPRESSED BY
INDICATES THE RELATIVE CAPACITY OF THE WIND TO SEN

CAUSE SOIL BLOWING AT THE PARTICULAR LOCATION SIDE

AOLOG ZK II

FTZ THET

TRA
WHERE IS THE WINDSPEED AT HEIGHT AND IS

ROUGHNESS LENGTH OVER SPECIFIED TYPE OF SURFACE

AND HEI AND ARE CONSTANT THEREFORE EVAILING WIND EROSION DIRECTION FOR

IS PROPORTIONAL TO AND RATE OF SOIL MOVE THE MAGNITUDE OF EROSION FORCES PARALLEL TO THEPW

MENT IS PROPORTIONAL TO WINDSPEED CUBED ALTER THE PARTICULAR DIRECTION CAN BE OBTAINED FROM THE WIND THE

VINDSP EED ATTAINS SOME MINIMUM OR THRESHOLD EROSION FORCE VECTORS IF IS AN IMA STRAIGHT ACR

SPEED REQUIRED TO INITIATE SOIL MOVEMENT LINE INTERSECTING AT THE ORIGIN OF POLAR COORDINATE COSE

THRESHOLD SPEEDS WERE REPORTED BY QHEPIL SYSTEM AND IS THE ANGLE BETWEEN AND THE UN
OF

RANGE TO AT THE AMOUNT OF EROSION FORCES
TO FROM 13 30 MILES PER HOUR IFOOT LINE

HEIGHT DEPENDING ON THE HISTORY OF THE FIELD 5USED BY THAT OCCUR ARALLEL TO IS COS

THRESHOLD SPEED OF ABOUT 11 MILES PER HOUR AT 12 THE TOTAL WIND EROSION FORCES ARALIEL TO AS

FEET WAS INDICATED FOR THE CONDITIONS OF ANOTHER FUNCTION OF THE ORIENTATION OF ARE

INVESTIGATION MALINA REPORTED DATA OF

OBRIEN AND RINDLAUB IN WHICH THE AMOUNT OF
RACOS JX225OI

SAND TRANSPORTED WAS PROPORTIONAL TO WINDSPEED CO
CUBED AFTER WUNDSPEED REACHED CRITICAL VELOCITY

OF 134 FEET PER SECOND 91 MILES PER HOUR WHERE IS THE ANGLE BETWEEN AND THE INITIAL SIDE

WIND DATA ARE COMMONLY REPORTED IN CHINA SIMILARLY THE SUM OF THE WIND EROSION FORCES

TOLOGICAL RECORDS BY SPEED GROUPS ONE COMMON PERPENDICULAR TO IS
DIRE

DIVISION IS BETWEEN 12 AND 13 MILES PER
HOUR 21

THAT CORRESPONDS CLOSELY TO THE REPORTED MINIMUM FI RYLSIN JX225 RE
SOIL MOVEMENT JO

ARE CONSID AND WERE NOT USED IN OBTAINING AN ORIENTING LINE 50 THE RATIO OF THE

COIN UTATIONS RE ORTED HERE WIND EROSION FORCES PA TO LINE TO THOSE GR

PERPENDICULAR TO LINE SYMBOLIZED BY IS

MAGNITUDE OF WIND EROSION FORCES
MAXIMUM TENDS TO MAXIMIZE WIND EROSION FORCES OG
PARALLEL TO AND TO MINIMIZE WIND FORCES PERPEN OT1

THE MAGNITUDE OF WIND EROSION FORCE VECTOR DICULAR TO HENCE WHEN IS MAXIMUM IS AN

IS OBTAINED BY SUMMING OR AIL SPEED GROUPS ORIENTED IN THE PREVAILING WIND EROSION DIRECTION

WITH WINDSPEEDS GREATER THAN 12 MILES PER HOAR THE

THE PRODUCT OF MEAN WINDSPEED CUBED AND IS

DURATION FACTOR FOR SPECIFIED DIRECTION AS EX
PREPONDERANCE OF WIND EROSION FORCES IN PREVAILING WE

LA
PRESSED BY EQUATION WIND EROSION DIRECTION

THE VALUE OF MAXIMUM INDICATES THE

I1 PREPONDERANCE OF WIND EROSION FORCES IN THE

PREVAILING WIND EROSION DIRECTION THE GREATER THE OR
WHERE IS THE MEAN WINDSPEED WITHIN THE ITH VALUE OF RM THE GREATER THE PREVALENCE OF THE CONT

SPEED GROUP CUBED IS DURATION FACTOR EXLRESSED IREVAILIUR WIND EROSION DIRECTION VALUE FOR

AS THE PERCENTAGE OF TOTAL OBSERVATIONS THAT OCCUR RM OF 10 INDICATES NO PREVAILING WIND EROSION
FOI

IN THE JTH DIRECTION WITHIN THE ITH SPEED GROUP DIRECTION AND WIND BARRIER WOULD BE EQUALLY OR
THE SUB JS INDICATE DIRECTION AND TAKE VALUES EFFECTIVE IN ANY DIRECTION WHEREAS AN OF 20

FROM TO 15 INCLUSIVE REPRESENTING THE 10 PRINCI INDICATE PREVAILING WIND EROSION DIRECTION WITH DI
PA COINILASS DIRECTIONS THEY ARE NUMBERED WIND EROSION FORCES AS REAT PARALLEL

COUNTERCLOCKWISE STARTINR WITH EAST WHICH IS PERPENDICULAR TO PREVAILING WIND DIRECTION
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APPENDIX SLOPE STABILITY ANALYSIS



THE STABILITY OF THE SLOPES AT THE NIAGARA FALLS STORAGE SITE WAS EVALUATED FOR SHORT

AND LONGTERM STATIC AND SEISMIC LOADING CONDITIONS THE CALCULATION PRESENTED IN THIS

APPENDIX IS FOR THE FINAL PLANNED CONFIGURATION THE PRESENT FACILITY CONFIGURATION IS NOT

ADDRESSED HERE

THIS PRELIMINARY CALCULATION IS BASED ON SOIL PROPERTIES THAT HAVE BEEN ASSUMED OR

ESTIMATED BASED ON ESTABLISHED CORRELATIONS DATA ON THE STRENGTH OF THE SITE SOILS ARE AN

INSUFFICIENT BASIS FOR PERFORMING MORE CONCISE CALCULATION ADDITIONAL FIELD EXPLORATION

AND GEOTECHNICAL LABORATORY TESTING OF SITE SOILS ARE RECOMMENDEDFOR PERFORMING THE FINAL

DESIGN CALCULATIONS

UNDER SEISMIC LOADING LIQUEFACTION OF SOME OF THE UNDERLYING NATURAL DEPOSITS IS

POSSIBLE SUCH BEHAVIOR WOULD HAVE SIGNIFICANT EFFECTS ON THE STABILITY OF THE FACILITY

BECAUSE DATA ARE INSUFFICIENT FOR EVALUATING LIQUEFACTION THIS PHENOMENONHAS NOT BEEN

INCLUDED IN THE CALCULATION IN THIS APPENDIX

158 0037 122094
FI
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BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 14501100158 CHECKED DATE
SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO

10 PURPOSE

THE PURPOSE OF THIS CALCULATION IS TO PERFORM SLOPE STABILITY
ANALYSIS ON THE PROPOSED FINAL CLOSURE CAP FOR THE NIAGARA FALLS
STORAGE SITE NFSS WASTE PILE CURRENTLY THE WASTE PILE AT THE
NFSS IS COVERED WITH AN INTERIM CAP THE CALCULATION IS
PRELIMINARY AS SOIL STRENGTHS ARE ESTIMATED BASED ON
CORRELATIONS RATHER THAN BASED ON STRENGTH TEST DATA

20 BACKGROUND

THE NFSS WASTE PILE CONSISTS OF CONTAMINATED SOILS GRADED TO FORM
THE SHAPE OF THE PILE THE INTERIM CAPPED WASTE PILE HAS 31
SIDE SLOPES BREAKING TO CROWN SLOPE

CONTAMINATED SOILS WERE PLACED AND MINIMALLY COMPACTED DURING
PILE CONSTRUCTION THE INTERIM CAP CONSISTS OF FT LAYER OF
COMPACTED CLAY COVERED WITH AN ADDITIONAL FT OF COVER SOIL AND05 FT OF TOPSOIL INTERIM CAP CONSTRUCTION WAS COMPLETED IN
1985

IN 1991 35 FT OF THE INTERIM CAP WAS REMOVED FROM THE NORTH
HALF OF THE WASTE PILE ADDITIONAL CONTAMINATED MATERIALS WERE
PLACED WITHIN THIS EXCAVATION AND THE EXCAVATED CAP MATERIAL WAS
REPLACED OVER THE NEW WASTE

SLOPE STABILITY ANALYSIS WAS PERFORMED TO SUPPORT THE
CONSTRUCTION OF THE INTERIM CAP THIS SLOPE STABILITY ANALYSIS
IS DISCUSSED IN DESIGN REPORT FOR THE INTERIM WASTE CONTAINMENT
FACILITY AT THE NIAGARA FALLS STORAGE SITE PAGES 40 41 THIS
CALCULATION IS BEING PERFORMED TO SUPPORT THE CONSTRUCTION OF THE
FINAL CAP WHICH IS TO HAVE DESIGN LIFE OF 10000 YEARS AND
CONSIDERS LOADING FROM THE MAXIMUM CREDIBLE EARTHQUAKE 20G
HORIZONTAL ACCELERATION MAGNITUDE EVENT

IN GENERAL SOIL CONDITIONS WITHIN AND BENEATH THE WASTE PILE
SHOULD HAVE IMPROVED SINCE THE CONSTRUCTION OF THE WASTE PILE AND
INTERIM CAP AS THE SOILS HAVE CONSOLIDATED UNDER THE SURCHARGE
LOADING FROM THE PILE THE CONFIGURATION OF THE FINAL CAP
CONSISTS OF MODERATE SIDE SLOPES 51 SEE FIGURE FOR AN
ELEVATION OF THE NFSS WITH FINAL CAP

30 DISCUSSION

31 SOIL PROPERTIES

THE SOIL PROFILE FOR THE NFSS AS SHOWN IN FIGURE CONSIST OF 10
SOILS LABORATORY SOILS STRENGTH TESTING FOR THE FOUNDATION
SOILS AT THE NFSS WERE NOT FOUND THEREFORE CORRELATIONS WERE



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAR SHEET NO

MADE BETWEEN AVAILABLE LAB AND FIELD DATA FOR CHOOSING
CONSERVATIVE STRENGTH PARAMETERS SEE TABLE FOR COMPLETE
LIST OF THE SOIL PROPERTIES USED BRIEF DISCUSSION OF THE SOIL

PROPERTIES CHOSEN FOR EACH LAYER IS GIVEN BELOW

TOPSOIL THE TOPSOIL IS ASSUMED TO BE CLAYEY MATERIAL

COMPACTED TO 85 OF MODIFIED PROCTOR SOIL STRENGTHS WERE
ASSUMED

SAND THE SAND IS ASSUMED TO BE POORLY GRADED CLEAN SAND SP
SOIL VALUES WERE OBTAINED NAVFAC DM72 TABLE

RIPRAP THE RIPRAP IS ASSUMED TO BE SIMILAR TO WELL GRADED

GRAVEL GW NAVFAC DM72 TABLE GIVES SOME TYPICAL VALUES FOR

COMPACTED GW MATERIALS

GENERAL FILL THE FILL IS ASSUMED TO BE CL MATERIAL SIMILAR TO

THAT USED FOR THE CLAY CAP COMPACTED TO 85 OF MODIFIED PROCTOR
STRENGTH PROPERTIES FOR THE FILL WERE CONSERVATIVELY ASSUMED TO

BE HALF THOSE GIVEN FOR THE CLAY CAP MATERIAL

CLAY STRENGTHS FOR THE CLAY CAP MATERIAL WERE TAKEN FROM THE

DESICRN REPORT FOR THE INTERIM WASTE CONTAINMENT FACILITY AT THE

NIAAARA FALLS STORAQE SITE PAGE 40 NAVFAC DM72 TABLE WAS
USED FOR UNDRAINED PARAMETERS FOR THE CLAY MATERIAL CL FOR

SHORTTERM STABILITY ANALYSIS

WASTE THE WASTE MATERIAL IS SIMILAR TO THE GENERAL FILL

MATERIAL STRENGTH PROPERTIES FOR THE WASTE WERE
CONSERVATIVELY ASSUMED TO BE HALF THOSE GIVEN FOR THE CLAY CAP
MATERIAL

BROWN CLAY UPPER CLAY TILL THE UNDRAINED SHEAR STRENGTH WAS
CORRELATED TO SPT BLOW COUNTS USING TABLE 452 IN SOILS MECHANICS
IN ENCRINEERINCR PRACTICE BY TERZAGHI AND PECK THE HVDROLOCDCAL
CHARACTERIZATION BY CHEMICAL WASTE MANAGEMENT WAS USED TO FIND AN

AVERAGE SPT BLOW COUNT FROM BORING G18 OF APPROXIMATELY 25 THE

AVERAGE PLASTICITY INDEX FROM THE HYDROLOGICAL CHARACTERIZATION

OF 13 WAS USED TO FIND THEEFFECTIVE FRICTION ANGLE USING FIGURE
42 IN SHEAR STRENGTH CORRELATIONS BY JM DUNCAN THE EFFECTIVE

COHESION INTERCEPT WAS CONSERVATIVELY ASSUMED

GRAY CLAY GLACIOLACUSTRINE CLAY THE UNDRAINED SHEAR

STRENGTH WAS CORRELATED TO SPT BLOW COUNTS USING TABLE 452 IN

SOILS MECHANICS IN ENGINEERING PRACTICE BY TERZAGHI AND PECK
THE HYDROLOGICAL CHARACTERIZATION BY CHEMICAL WASTE MANAGEMENT

WAS USED TO FIND AN AVERAGE SPT BLOW COUNT FROM BORING G18 OF

APPROXIMATELY THE AVERAGE PLASTICITY INDEX FROM HYDROLOGICAL

CHARACTERIZATION OF 16 WAS USED TO FIND THE FRICTION ANGLE USING



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CA174 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE
SUBJECT SLONE STABILITY ANALYSIS OF PROPOSED FINAL CAC SHEET NO

FIGURE 42 IN SHEAR STRENCRTH CORRELATIONS BY JM DUNCAN THE
EFFECTIVE COHESION WAS ASSUMED

SILTSAND GLACIOLACUSTRINE SILTSAND THE UNDRAINED SHEAR
STRENGTH WAS CORRELATED TO SPT BLOW COUNTS USING TABLE 452 IN
SOILS MECHANICS IN ENCRINEERINQ PRACTICE BY TERZAGHI AND PECK
THE HYDROLOQICAL CHARACTERIZATION BY CHEMICAL WASTE MANAGEMENT
WAS USED TO FIND AN AVERAGE SPT BLOW COUNT FROM BORING G18 OF
APPROXIMATELY 40 THE SILTSAND HAS NO COHESION INTERCEPT IN
DRAINED CONDITIONS THE ANGLE OF INTERNAL FRICTION WAS
CONSERVATIVELY ASSUMED

RED SILT BASAL RED TILL THE UNDRAINED SHEAR STRENGTH CAN BE
CORRELATED TO SPT BLOW COUNTS USING TABLE 452 IN SOILS MECHANICS
IN EN PRACTICE BY TERZAGHI AND PECK THE HYDROLOCRICAL
CHARACTERIZATION BY CHEMICAL WASTE MANAGEMENT WAS USED TO FIND AN
AVERAGE SPT BLOW COUNT FROM BORING G18 OF APPROXIMATELY 180
STRENGTHS FOR LONGTERM CONDITIONS WERE ASSUMED

32 SLOPE STABILITY ANALYSIS

THE NONCIRCULAR FAILURE ANALYSIS WAS PERFORMED ON THE
FOUNDATION SOILS THE WASTE MATERIAL AND THE FINAL CAP BOTH
LONGTERM OR DRAINED CONDITIONS AND SHORTTERM OR UNDRAINED
CONDITIONS WERE EXAMINED SEISMIC LOADINGS WERE APPLIED TO THE
SLOPE TO DETERMINE THE YIELD ACCELERATION KY THE YIELD
AGGEISRATION IS USED TO CALCULATE MOVEMENT OF THE SLOPE DURING
SEISMIC EVENT THE WATER TABLE IS MODELED AT THE TOP OF THE DIKE
WHICH IS CONSERVATIVE SEE FIGURE FOR THE SOIL PROFILE AND
NFSS CONFIGURATION WHICH WAS MODELED IN THE COMPUTER PROGRAM

33 COMPUTER PROGRAM

THE COMPUTER PROGRAM STABL4 WAS USED TO CALCULATE FACTORS OF
SAFETY BY THE SIMPLIFIED JANBU METHOD OF SLICES STABL4 USES AN
ITERATIVE PROCESS TO FIND THE MINIMUM FACTOR OF SAFETY BY
GENERATING TRIAL FAILURE SURFACE IN RANDOM FASHION WITH SOME
CONSTRAINTS THE CONSTRAINTS FOR THE RANDOM GENERATION OF TRIAL
FAILURE SURFACES CAN BE ADJUSTED USING EXPERIENCE AND JUDGEMENT
UNTIL THE PROGRAMMER IS ASSURED THE PROGRAM HAS GENERATED THE
SURFACE WHICH YIELDS THE MINIMUM FACTOR OF SAFETY THEREFORE
THE RESULTS PRESENTED IN THIS CALCULATION ORIGINATED FROM MANY
TRIALS AND RUNS THE COMPUTER PROGRAM USES PSEUDOSTATIC DESIGN
FOR EARTHQUAKE LOADINGS SEE NAVFAC DM73 PG 31 FOR MORE
INFORMATION

40 RESULTS

THE RESULTS OF THE SLOPE STABILITY ANALYSIS ARE SHOWN BELOW THE



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAD SHEET NO

DESIGN REQUIREMENTS CAME FROM TABLE 32 PAGE 27 OF THE DESIQN

REPORT FOR THE INTERIM WASTE CONTAINMENT FACILITY AT THE NIAQARA

STORAAE SITE SEE FIGURES 23 AND FOR THE PROFILES SHOWING THE
CRITICAL FAILURE SURFACES FOR THE THREE ANALYSIS APPENDIX
CONTAINS THE COMPUTER OUTPUTS FOR THE THREE ANALYSIS

ANALYSIS FACTOR OF SAFETY DESIGN REQUIREMENT

SHORTTERM 201 15

LONGTERM 279 15

THE YIELD ACCLERATION KY WAS FOUND TO BE 1G USING THE
MAKDISI AND SEED 1978 PAPER IT WAS CALCUATED THAT LESS THAN
FT OF MOVEMENT CAN BE EXPECTED DURING FAILURE CAUSED BY AN

EARTHQUAKE SEE PAGE FOR THE CALCULATION ANY EFFECTS OF

LIQUEFACTION WERE NOT INCLUDED

50 CONCLUSION

THE FOLLOWING CONCLUSIONS AND RECOMMENDATIONS ARE MADE BASED ON
THE STABILITY ANALYSIS

THE STABILITY ANALYSIS PERFORMED IN THIS CALCULATION IS

BASED ON ASSUMED SUBSOIL PARAMETERS ASSUMPTIONS WERE BASED

ON STRENGTH CORRELATIONS WITH BLOW COUNTS AND SOIL INDEX

PARAMETERS NO LABORATORY STRENGTH TESTING WAS FOUND FOR

SUBGRADE MATERIALS SOIL SAMPLING AND TESTING PROGRAM
SHOULD BE PERFORMED TO ESTABLISH STRENGTH PARAMETERS FOR ALL

SUBGRADE MATERIALS BELOW THE NFSS WASTE PILE

THE PRESENTED SATIC SAFETY FACTORS EXCEED THE RECOMMENDED

SAFETY FACTORS FROM THE DESIQN REPORT FOR THE INTERIM WASTE
CONTAINMENT FACILITY AT THE NIAC FALLS STORAAE SITE

FINAL SLOPE STABILITY ANALYSIS SHOULD BE PERFORMED ON THE

PROPOSED CAP AT THE NFSS FINAL ANALYSIS SHOULD REFLECT
SOIL STRENGTH PARAMETERS DETERMINED FROM THE LABORATORY
TESTING PROGRAM
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BECHTEL

CALCULATION SHEET

RIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO

TABLE
SOIL PARAMETERS FOR

SLOPE STABILITY ANALYSES

YMOIST YSAT PCF SU
MATERIAL PCF PSF PSF DEGREES

TOPSOIL 120 NA NA 100 10

SAND 115 NA NA 35

RIPRAP 130 NA NA 40

FILL 120 NA 900 100 10

CLAY 130 NA 1800 200 25

WASTE 120 125 900 200 25

BROWN CLAY 130 135 2000 300 25

GRAY CLAY 125 130 500 300 20

SILTYSAND 125 130 2000 35

RED SILT 130 135 4000 200 45
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ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
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SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAD SHEET NO

FIGURE

NFSS PROFILE
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SUBJECT SLOOE STABILITY ANALYSIS OF PRODOSED FINAL CAO SHEET NO
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CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLONE STABILITY ANALYSIS OF PROOOSED FINAL CAD SHEET NO 11

FIGURE
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SHORTTERM CASE

14

SU



NFSS 3HORTTERH HIM FS 201

MO RTLJCU
10CU

CE

10LI RR1

10

7854 15708 23562 31416 39270 47124 54978 62832LENGTH FT



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLODE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO 13

FIGURE

CRITICAL FAILURE SURFACE
FOR

LONGTERM CASE

US

US

US



NFSS LONGTERM FS 279

CU
RJ

CN

IF

II
LI

LI

IF
QJ

7854 15708 23562 31416 39270 47124 54978 62832LENGTH FT



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CAI 74 REV NO
PROJECT NFSS JOB NO 14501100158 CHECKED DATE
SUBJECT SLOPE STABILITY ANALYSIS OF PROPOSED FINAL CA SHEET NO

APPENDIX

BTABL4 COMPUTER OUTPUT

ANALYSIS

YIELD ACCELERATION

SHORTTERM

LONGTERM 15



BECHTEL

CALCULATION SHEET

URIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CA174 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROCOSED FINAL CAO SHEET NO

PCSTABL4

BY
PURDUE UNIVERSITY

SLOPE STABILITY ANALYSIS
SIMPLIFIED JANBU METHOD OF SLICES

OR SIMPLIFIED BISHOP METHOD

RUN DATE 11994

TIME OF RUN
RUN BY BCN

INPUT DATA FILENAME SDAT
OUTPUT FILENAME SOUT
PLOTTED OUTPUT FILENAME SPLT

PROBLEM DESCRIPTION NFSS YIELD ACCLERATION

BOUNDARY COORDINATES

TOP BOUNDARIES
18 TOTAL BOUNDARIES

BOUNDARY XLEFT YLEFT XRIGHT YRIGHT
SOIL TYPE

NO FT FT FT FT
BELOW BND

00 31900 11000 31900

11000 31900 21800 34060

21800 34060 42300 35700

11750 31900 21800 33910

21800 33910 42300 35550

15770 31900 21800 33910



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL GAO SHEET NO

16010 31900 21800 33830

21800 33830 42300 35470

16910 31900 21800 33530

10 21800 33530 42300 35170

11 17150 31900 21800 33450

12 21800 33450 42300 35090

13 18350 31900 21800 33050

14 21800 33050 42300 34690

15 11000 31900 42300 31900

16 00 30200 42300 30300

17 00 28900 42300 29000
II

18 00 28400 42300 28500
10

HI

ISOTROPIC SOIL PARANETERS

10 TYPES OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE
PRESSURE PIEZ

TYPE UNIT WT UNIT WT INTERCEPT ANGLE PRESSURE
CONSTANT SURFACE

NO PCF PCF PSF DEG PARAM
PSF NO

1200 1000 100 00

1150 350 00

1300 400 00

1200 9000 00

1300 18000 00



BECHTEL

CALCULATION SHEET

RIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501 100158 CHECKED DATE

SUBJECT SLODE STABILITY ANALYSIS OF PROOOSED FINAL CAD SHEET NO

1200 1250 9000 00

1300 1350 20000 00

1250 1300 5000 00

1250 1300 20000 00

10 1300 1350 40000 00

PIEZOMETRIC SURFACES HAVE BEEN SPECIFIED

UNIT WEIGHT OF WATER 6240

PIEZOMETRIC SURFACE NO SPECIFIED BY COORDINATE

POINTS

POINT XWATER YWATER
NO FT FT

00 31900
18350 31900
19850 32400
42300 32400

HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF 100 HAS BEEN ASSIGNED

VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF OOO HAS BEEN ASSIGNED

CAVITATION PRESSURE PSF

CRITICAL FAILURE SURFACE SEARCHING METHOD USING
RANDOM

TECHNIQUE FOR GENERATING SLIDING BLOCK SURFACES HAS
BEEN



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO

SPECIFIED

500 TRIAL SURFACES HAVE BEEN GENERATED

BOXES SPECIFIED FOR GENERATION OF CENTRAL BLOCK BASE

LENGTH OF LINE SEGMENTS FOR ACTIVE AND PASSIVE PORTIONS
OF

SLIDING BLOCK IS 100

BOX XLEFT YLEFT XRIGHT YRIGHT
HEIGHT

NO FT FT FT FT
FT

5000 29550 11000 29550
1300

11100 29550 42300 29550
13 00

FOLLOWING ARE DISPLAYED MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED THEY ARE ORDERED MOST
CRITICAL FIRST

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED JANBU
METHOD

FAILURE SURFACE SPECIFIED BY 15 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

5595 31900
6131 31452
6867 30776
7578 30072
8562 29895
9428 29395

38253 29174
38452 30154
39156 30864

10 39856 31579



BECHTEL

CALCULATION SHEET

URIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLODE STABILITY ANALYSIS OF PROOOSED FINAL CAN SHEET NO

11 40170 32528
12 40873 33239
13 41330 34128
14 41807 35007
15 42161 35689

1039

FAILURE SURFACE SPECIFIED BY 15 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

2230 31900
2322 31825
3049 31139
3834 30519
4566 29838
5371 29245
6311 28902

36669 30103
37280 30894

10 37665 31817
11 38316 32577
12 38862 33414
13 39558 34132
14 40011 35024
15 40119 35525

1093

FAILURE SURFACE SPECIFIED BY 15 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

4312 31900
4332 31881
5193 31371
6001 30783
6709 30077
7595 29612



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PRODOSED FINAL CAR SHEET NO

8446 29088
38634 30050
39335 30764

10 39896 31592
11 40518 32374
12 40956 33273
13 41170 34250
14 41481 35200
15 41646 35648

1104

FAILURE SURFACE SPECIFIED BY 14 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

5908 31900
6599 31272
7540 30933
8368 30373
9094 29685
9820 28998

38101 29863
38639 30706
39060 31613

10 39690 32390
11 40053 33321
12 40264 34299
13 40961 35017
14 41475 35634

1105



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO

PCSTABL4

BY
PURDUE UNIVERSITY

SLOPE STABILITY ANALYSIS
SIMPLIFIED JANBU METHOD OF SLICES

OR SIMPLIFIED BISHOP METHOD

RUN DATE 11994

TIME OF RUN
RUN BY BCN

INPUT DATA FILENAME STNCDAT
OUTPUT FILENAME STNCOUT
PLOTTED OUTPUT FILENAME STNCPLT

PROBLEM DESCRIPTION NFSS SLOPE STABILITY SHORTTERM

BOUNDARY COORDINATES

TOP BOUNDARIES
18 TOTAL BOUNDARIES

BOUNDARY XLEFT YLEFT XRIGHT YRIGHT
SOIL TYPE

NO FT FT FT FT
BELOW BND

00 31900 11000 31900

11000 31900 21800 34060

21800 34060 42300 35700

11750 31900 21800 33910

21800 33910 42300 35550



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLODE STABILITY ANALYSIS OF PRODOSED FINAL CAD SHEET NO

15770 31900 21800 33910

16010 31900 21800 33830

21800 33830 42300 35470

16910 31900 21800 33530

10 21800 33530 42300 35170

11 17150 31900 21800 33450

12 21800 33450 42300 35090

13 18350 31900 21800 33050

14 21800 33050 42300 34690

15 11000 31900 42300 31900

16 00 30200 42300 30300

17 00 28900 42300 29000

18 00 28400 42300 28S00
10

ISOTROPIC SOIL PARAMETERS

10 TYPES OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE
PRESSURE PIEZ

TYPE UNIT WT UNIT WT INTERCEPT ANGLE PRESSURE
CONSTANT SURFACE

NO PCF PCF PSF DEG PARAIN

PSF NO

1200 1000 100 00

1150 350 00

1300 400 00



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CA174 REV NO
PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT STOOE STABILITY ANATYSIS OF PROOOSED FINAL GAO SHEET NO 10

1200 9000 00

1300 18000 00

1200 1250 9000 00

1300 1350 20000 00

1250 1300 5000 00

1250 1300 20000 00

10 1300 1350 40000 00

PIEZOMETRIC SURFACES HAVE BEEN SPECIFIED

UNIT WEIGHT OF WATER 6240

PIEZOMETRIC SURFACE NO SPECIFIED BY COORDINATE
POINTS

POINT XWATER YWATER
NO FT FT

00 31900
18350 31900
19850 32400
42300 32400

CRITICAL FAILURE SURFACE SEARCHING METHOD USING RANDOM
TECHNIQUE FOR GENERATING SLIDING BLOCK SURFACES HAS BEEN

SPECIFIED

500 TRIAL SURFACES HAVE BEEN GENERATED

BOXES SPECIFIED FOR GENERATION OF CENTRAL BLOCK BASE

LENGTH OF LINE SEGMENTS FOR ACTIVE AND PASSIVE PORTIONS OF

SLIDING BLOCK IS 100



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PRODOSED FINAL CAO SHEET NO 11

BOX XLEFT YLEFT XRIGHT YRIGHT
HEIGHT

NO FT FT FT FT
FT

5000 29550 16000 29550
13 00

16100 29550 42300 29550
1300

FOLLOWING ARE DISPLAYED THE MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED THEY ARE ORDERED MOST CRITICAL
FIRST

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED JANBU METHOD

RNQ

FAILURE SURFACE SPECIFIED BY 14 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

7608 31900
8083 31433
8821 30758
9529 30052

10319 29439
11206 28976
38851 29709
39473 30492
39974 31357

10 40330 32292
11 40562 33265
12 41192 34041
13 41691 34908
14 42103 35684

2014

FAILURE SURFACE SPECIFIED BY 15 COORDINATE POINTS



BECHTEL

CALCULATION SHEET

URIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PRODOSED FINAL CAR SHEET NO 12

POINT XSURF YSURF
NO FT FT

11898 32080
12354 31630
13069 30931
13925 30413
14632 29706
15411 29080
37712 29605
38389 30340
38972 31153

10 39569 31955
11 39770 32935
12 40280 33795
13 40942 34544
14 41621 35279
15 41912 35669

2051

FAILURE SURFACE SPECIFIED BY 15 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

5388 31900
5881 31567
6607 30879
7334 30192
8271 29845
9252 29649
9962 28945

31642 29944
31982 30885

10 32654 31625
11 33192 32468
12 33613 33375
13 34243 34152
14 34606 35084
15 34606 35084

2283



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO 13

WI

AM

AM

AM

AM

AM

AM

AM

AM

AM

AM



BECHTEL

CALCULATION SHEET

IGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100 158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PRODOSED FINAL CAO SHEET NO 14

PCSTABL4

BY
PURDUE UNIVERSITY

SLOPE STABILITY ANALYSIS
SIMPLIFIED JANBU METHOD OF SLICES

OR SIMPLIFIED BISHOP METHOD

RUN DATE 11994

TIME OF RUN
RUN BY BCN

INPUT DATA FILENAME LTNCDAT

OUTPUT FILENAME LTNCOUT
PLOTTED OUTPUT FILENAME LTNCPLT

PROBLEM DESCRIPTION NFSS SLOPE STABILITY LONGTERM

BOUNDARY COORDINATES

TOP BOUNDARIES
18 TOTAL BOUNDARIES

BOUNDARY XLEFT YLEFT XRIGHT YRIGHT
SOIL TYPE

NO FT FT FT FT
BELOW BND

00 31900 11000 31900

11000 31900 21800 34060

21800 34060 42300 35700

11750 31900 21800 33910



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 158CA174 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL GAO SHEET NO 15

21800 33910 42300 35550

15770 31900 21800 33910

16010 31900 21800 33830

21800 33830 42300 35470

16910 31900 21800 33530

10 21800 33530 42300 35170

11 17150 31900 21800 33450

12 21800 33450 42300 35090

13 18350 31900 21800 33050

14 21800 33050 42300 34690

15 11000 31900 42300 31900

16 00 30200 42300 30300

MK17 00 28900 42300 29000

18 00 28400 42300 28500
10

ISOTROPIC SOIL PARAMETERS

10 TYPES OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE
PRESSURE PIEZ

TYPE UNIT WT UNIT WT INTERCEPT ANGLE PRESSURE
CONSTANT SURFACE

NO PCF PCF PSF DEG PARAM
PSF NO

1200 1000 100 00

1150 350 00



BECHTEL

CALCULATION SHEET

URIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLOOE STABILITY ANALYSIS OF PROOOSED FINAL GAO SHEET NO 16

1300 400 00

1200 1000 100 00

1300 2000 250 00

1200 1250 2000 250 00

1300 1350 3000 250 00

1250 1300 3000 200 00

1250 1300 350 00

10 1300 1350 2000 450 00

PIEZOMETRIC SURFACES HAVE BEEN SPECIFIED

UNIT WEIGHT OF WATER 6240

PIEZOMETRIC SURFACE NO SPECIFIED BY COORDINATE

POINTS

POINT XWATER YWATER
NO FT FT

00 31900
18350 31900
19850 32400
42300 32400

CRITICAL FAILURE SURFACE SEARCHING METHOD USING RANDOM

TECHNIQUE FOR GENERATING SLIDING BLOCK SURFACES HAS BEEN

SPECIFIED

1000 TRIAL SURFACES HAVE BEEN GENERATED

BOXES SPECIFIED FOR GENERATION OF CENTRAL BLOCK BASE

LENGTH OF LINE SEGMENTS FOR ACTIVE AND PASSIVE PORTIONS OF



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO
PROJECT NFSS JOB NO 145011001 58 CHECKED DATE
SUBJECT SLOOE STABILITY ANALYSIS OF PROPOSED FINAL CAO SHEET NO 17

SLIDING BLOCK IS 50

BOX XLEFT YLEFT XRIGHT YRIGHT
HEIGHT

NO FT FT FT FTFT

8000 29550 18300 29550
1300

18350 29550 25000 29550
1300

FOLLOWING ARE DISPLAYED THE MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED THEY ARE ORDERED MOST CRITICAL
FIRST

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED JANBU METHOD

FAILURE SURFACE SPECIFIED BY 21 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

10671 31900
10846 31740
11222 31410
11658 31166
12016 30817
12471 30609
12885 30329
13360 30171
13838 30027

10 19558 30077
11 19881 30458
12 20233 30814
13 20557 31195
14 20874 31581
15 21224 31939
16 21577 32292
17 21898 32675
18 22061 33148
19 22390 33524
20 22742 33880
21 23016 34157



BECHTEL

CALCULATION SHEET

ORIGINATOR BEN NEMEC DATE 111094 CAIC NO 58CAI 74 REV NO

PROJECT NFSS JOB NO 14501100158 CHECKED DATE

SUBJECT SLODE STABILITY ANALYSIS OF PROOOSED FINAL CAO SHEET NO 18

2794

FAILURE SURFACE SPECIFIED BY 23 COORDINATE POINTS

POINT XSURF YSURF
NO FT FT

7246 31900
7604 31794
8103 31768
8600 31712
8955 31359
9318 31016
9784 30834

10228 30604
10584 30253

10 10938 29900
11 11294 29548
12 20772 30035
13 21125 30389
14 21396 30810
15 21650 31240
16 21902 31672
17 22095 32133
18 22440 32494
19 22772 32868
20 23105 33242
21 23196 33733
22 23434 34173
23 23439 34191

2974
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