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ESTES L. ~FILL, PHOENIX, ARIZONA @ AU,
APPENDIX M-1 DATA VALIDATION ACCURACY, SENSITIVITY, & HOLDING TIMES RESULTS; LANDFILL SOIL BORING SAMPLES
ESTES LANDFILL, PHOENIX, ARIZONA
ACCURACY SENSITIVITY HOLDING TIMES
SAMPLE ID VOC |SVOC{MET | OCP | PCB | OPP| CH | TOC} VOC |[SVOC| MET | OCP | PCB | OPP | CH | TOC |} VOC |SVOC| MET | OCP | PCB | OPP | CH | TOC
LABORATORY SAMPLE BATCH PIE00103 TO PIE0O110
QST-B2-S/8 X o] X X 0 X X |NA]J] O [0) X X X X X |NAL X X X X X X X | NA
JQST-B2-8/65 X X X X X X X |]NAJ O X X X X X X | NAL X X X X X X X | NA
QST-B3-S/45 X X X X X X X |NAjJ O X X X X X X | NAL X X X X X X X | NA
QST-B3-S/75 X X X X X X X |NAJ O X X X X X X | NAJ X X X X X X X | NA
TRIP BLANK B2 X INA|NAINA| NA|NAINJNA|] X [ NA{NA|NA|NA|JNA|NA|NA| X |NA|NA|NA|NA|NA|NA| NA
TRIP BLANK B3 X {NA|INAINA|INAI NA|NA|NA|] X [ NAINA|NA[NA|NA|NA|NA|J X |NA|NA|NA|NA| NA| NA| NA
LAB BLANKS & SPIKES X X X X X X X | NA] O X X X X X X |NA] X X X X X X X | NA
LABORATORY SAMPLE BATCH PIE00761 TO PIE00772
QST-B8-S/45 X X X X X X X |NA] O X X X X X X | NA] X X X X X X X | NA
QST-B8-S/35 (o] X X X X X X|NA]J O X X X X X X | NAYJ X X X X X X X | NA
QST-B7-S/55 o X X X X X X X o X X X X X X X X X X X X X X X
QST-B7-8/37 0] X X X X X X |NJ O X X X X X X INA] X X X X X X X | NA
QST-B33-GW/65 (RINSATE) X X X X X X X |NAJ X X X X X X X |NA] X X X X X X X | NA
TRIP BLANK B8 X | NAINAINA| NI NI NA|INAJ X INA|NA| N | NA|NA|NA|NAJ X | NA|NA|INA|NA|NA| NA| NA
TRIP BLANK B7 X | NA|INA|NA| NA| NA|INAINA] X I NA| NA|NAINA| NAJNA|NAJ] X | NA|NA|NA|NA|NA| NA| NA
TRIP BLANK B33 X | NA|NA| NA| NA| NA N [NAJ] X {NA| NAINAINA| NINA|NA|] X | NA|NA|NA| NA|NA|NA|NA
LAB BLANKS & SPIKES X X X X X X X X X X X X X X X X X X X X X X X X
LABORATORY SAMPLE BATCH PIE01672 TO PIE01675
QST-B50-GW/45 (RINSATE) X X X X X X X |NAJ O X o X X X X | NA] X X X X X X X | NA
EW-24-5/40 X X X X X X X |NA|] O X X X X X X INAL X X X X X X X | NA
EW-24-S/50 X X X X X X X |NA] O X X X X X X | NAJ X X X X X X X | NA
TRIP BLANK X | NA|INA| NA|NA| NA|NA|NAJ O I NA| NAINA|NA|NA|NA|NA] X |NAJNA|NA|NA|[NA|NA]| NA
LAB BLANKS & SPIKES X X X X X X X |NAJ O X X X X X X [ NAJ X X X X X X X | NA
LABORATORY SAMPLE BATCH PIE01492 TO PIE01495
EW-26-S/40 X [ NA|NA|NA|NAJNA|INAJ| X O [ NA|NAINA[NA|JNA|INA| X X | NAINAINA|NA|INA|INA| X
EW-26-S/50 X | NA|NA|INA|INAINA|NA| X O INAINAINA|NAINAINA| X X | NAINA|NA| NA|NA|NA| X
EW-25-S/35 X X X X X o X |NAJT O X X X X X X {NAJT X X X X X X X | NA
EW-25/S-45 X X X X X 0 X | NA] O X X X X X X | NA}L X X X X X X X | NA
LAB BLANKS & SPIKES X X X X X X X X 0 X X X X X X X X X X X X X X X
NOTES X Within acceptable range OoCP Organochlorine Pesticides
o Outside acceptable range PCB Polychlorinated Biphenyls
DUP Field Duplicate OPP Organophosphorus Pesticides
voc Volatile Organic Compound CH Chlorinated Herbicides
svocC Semi-Volatile Organic Compound TOC Total Organic Carbon
MET Total Metals
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ESTES Ly _JFILL, PHOENIX, ARIZONA W/ 45
APPENDIX M-1 DATA VALIDATION ACCURACY, SENSITIVITY, & HOLDING TIMES RESULTS; LANDFILL SOIL BORING SAMPLES
ESTES LANDFILL, PHOENIX, ARIZONA
ACCURACY SENSITIVITY HOLDING TIMES
SAMPLE ID VOC [SVOC|MET | OCP| PCB | OPP | CH | TOC |} VOC |SVOC{ MET | OCP | PCB | OPP | CH | TOC | VOC |SVOC| MET | OCP | PCB | OPP| CH | TOC
LABORATORY SAMPLE BATCH PIE00259 TO PIE00263
QST-B5-S/20 X X X 0 0 X X |NAJ O X X X X X X [NA} X X X X X X X | NA
QST-B5-S/43 X X X X X X X |[NA] O X X X X X X [ NA] X X X X X X X | NA
QST-B6-S/36 X X X X X X X |NAJ] O X X X X X X |NA] X X X X X X X | NA
QST-B6-S/55 X X X X X X X |[NA] O X X X X X X | NA] X X X X X X X | NA
TRIP BLANK X INAINA| NAINA| NAINAINA|] X | NA|INAINAINAINA|NAJNA] X |NA|NA|NA[NAJNA|NA|NA
LAB BLANKS & SPIKES X X X X X X X |NA] O X X X X X X INA X X X X X X X | NA
LABORATORY SAMPLE BATCH PIE00322 TO PIE00327
QST-B14-5/50 (6] 0 X 0 0 X X | NA} O X o) X X X X |NAT X X X X X X X | NA
QST-B14-8/76 X X X X X X X [NA} O X X X X X X |NA] X X X X X X X | NA
QST-B15-S/39 X X X 0 X X X NA (o) X X X X X X NA X X X X X X X NA
QST-B15-S/66 X X X X X X X |NA] O X X X X X X INA| X X X X X X X | NA
TRIP BLANK X {NAINA|INA | NA| NN N NAJ X INAINA| NA| NA| NA| NAINA] X | NA|NA| NA|NAINA| NAJ] NA
LAB BLANKS & SPIKES X X X X X X X |NA] O X X X X X X |NA] O X X X X X X | NA
LABORATORY SAMPLE BATCH PIE00350 TO PIE00354
QST-B17-5/15 X o) X o o X X INAJ O X X X X X X | NA] X X X X X X X | NA
QST-B17-S/65 X (o) X X X X X INAJ O X X X X X X |NAL X X X X X X X | NA
QST-B16-5/26 X o} X o 0 X X |NAJ O o] X X X X X |NA] X X X X X X X | NA
QST-B16-S/30 (DUPLICATE) | X (o) X o o) X X |NAJ O X X X X X X |NAJ X X X X X X X | NA
QST-B16-S/75 X o) X X X X X |NAJ O X X X X X X |NA] X X X X X X X | NA
LAB BLANKS & SPIKES X X X X X X X |NAJ O X X X X X X INA] X X X X X X X | NA
LABORATORY SAMPLE BATCH PIE00391 TO PIEC0400
QST-B19-5/40 X X X X X X X |NAJ O X X X X X X |NA] X X X X X X X | NA
QST-B19-S/70 X X X X X X X |NAJ O X X X X X X [NA| X X X X X X X | NA
FIELD BLANK X I NAINAINAINA|NA|NA|JNAJ X |NAINA|NA|NA|NA|NA|NA|] X | NA|NA|INA|INA| NA|NA| NA
QST-B18-S/40 X X X X X X X |NAJ O X X X X X X |NA] X X X X X X X | NA
QST-B18-S/74 X | NAJNA|NAJNA|NA|NAINA] O |NAINA|INA|NA|NA|NA|NA|] X | NAINAJNA| NA|NAJ|NA| NA
FIELD BLANK/B19 X |NAINA| NA{ NA| NA| NA|NAJ] X INA|NA|NAINA|JNA|NAINAJ X | NA|NA|NA|NA]JNA|NAJ|NA
TRIP BLANK X | NA|NA| NA{NA| N |NAINA] X |NAINA|NA|NA|NA|NAINAJ] X | NA|JNA| NA| NA| NA| NA | NA
LAB BLANKS & SPIKES X X X X X X X |NA] O X X X X X X | NAJ X X X X X X X | NA
NOTES X Within acceptable range OCP Organochlorine Pesticides
(o} Outside acceptable range PCB Polychlorinated Biphenyls
DUP Field Duplicate OPP Organophosphorus Pesticides
voc Volatile Organic Compound CH Chlorinated Herbicides
Svoc Semi-Volatile Organic Compound TOC Total Organic Carbon

MET

Total Metals
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Estes La\. _.ill, Phoenix, Arizona

APPENDIX M-2 DATA VALIDATION PERCISION RESULTS; LANDFILL SOIL BORING SAMPLES
ESTES LANDFILL, PHOENIX, ARIZONA

PERCISION ANALYSES (RPD GOAL < 30%)

SAMPLE ID 4,4-DDE | Chlorobenzene 1,4-DCB Naphthalene | Fluoranthene Barium Cadmium Chromium
QST-B16-5/26 93.00 240.00 200.00 690.00 4,400.00 95.00 2.90 26.00
QST-B16-S/30 DUP 50.00 100.00 140.00 320.00 2,400.00 85.00 2.00 20.00
RPD (%) 60 82 35 73 59 11 37 26

PERCISION ANALYSES (RPD GOAL < 30%)

SAMPLE ID Copper Lead Manganese Mercury Nickle Thallium Zinc
QST-B16-S/26 99.00 78.00 240.00 0.29 29.00 5.50 200.00
QST-B16-S/30 DUP 40.00 30.00 190.00 0.40 15.00 5.00 260.00
RPD (%) 85 89 23 32 64 10 26
NOTES RPD Relative Percent Difference

DUP Duplicate

F:AWPS1\USK\ESE_LAND\166ACRE\DATAVALD.TBL
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Estes Landfill, Phoenix, Arizona

APPENDIX M-3 RESULTS OF BLANK (REPRESENTATIVENESS) ANALYSES, LANDFILL SOIL BORING S
R\ ESTES LANDFILL, PHOENIX, ARIZONA

-

S

ANALYTICAL
BATCH TRIP RINSATE FIELD METHOD

IDENTIFICATION BLANKS BLANKS BLANKS BLANKS
PIE00103 - PIE0O110 ND NA NA ND
PIE00761 - PIE00772 ND D (VOC) NA ND
PIE01672 - PIE01675 ND D (VOC) NA ND
PIE01492 - PIE01495 NA NA NA ND
PIE00259 - PIE00263 ND NA NA ND
PIE00322 - PIE00327 ND NA NA ND
PIE00350 - PIE00354 NA NA NA ND
PIE00391 - PIEQ0400 ND NA D (VOC) ND

NOTES:

NA Not Analyzed

ND Below Method Detection Limit

D Constituent(s) Detected

1 of 1 Environmental, Science Engineering, Inc,



Estes Landfill, Phoenix, Arizona

APPENDIX M-4 RESULTS OF COMPARABILITY ANALYSES, LANDFILL SOIL
BORING SAMPLES, ESTES LANDFILL, PHOENIX, ARIZONA
ANALYTICAL
BATCH DAILY CHAIN- ANALYTICAL

IDENTIFICATION FIELD LOGS OF-CUSTODY METHODS
PIE00103 - PIE0O0110 Yes Yes Yes
PIE00761 - PIEO0772 Yes Yes Yes
PIE01672 - PIE01675 Yes Yes Yes
PIEQ1492 - PIE01495 Yes Yes Yes
PIE00259 - PIE00263 Yes Yes Yes
PIE00322 - PIE00327 Yes Yes Yes
PIE00350 - PIE00354 Yes Yes Yes
PIE00391 - PIE00400 Yes Yes Yes

NOTES:

Yes Compare w/analytical standards

No Does not compare to appropriate analytical standards

1 ofl
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APPENDIX M-S DATA VALIDATION ACCURACY, SENSITIVITY, & HOLDING TIMES RESULTS; GROUNDWATER SAMPLES
ESTES LANDFILL, PHOENIX, ARIZONA
ACCURACY SENSITIVITY
SAMPLE ID voc|svod mEr| oce| pc | orp| cu | Toc] ons | arxlver| s | o mcvoclsvﬁm'ocphcn'omlculmclcm
LABORATORY: SAMPLE BATCH PIF00940 TO PIR09
X1 X X)X IX]IXIX|XIX|X]|XTX[x[XJ]oJolx]ololXx[X]xI[zx
X INAINAINAINAINAINAINAINAINATNATNATNA|NAT O | NA| NA| NA | NA | NA | NA | Na NA
X1 X1 X1 XIXI x| x| x| XTI X X[ x[ X[ x]olo[xlololxIlxIx|x
X {NAINAINAINAINAINAINATNATNATNATNATNATNAT O | NA|NA| NA|NA|NA|NA|NA NA
X1 X1 X1 X X[ X]| x| XTI X|x[x[|[x|x[xloJolxlololxIxIlx
X INAINAINAINAINAJINAINATNATNAINAINAINATNAT O | NA| NA| NA | NA | NA | NA|NA | NA
XixX I XIxlololx x| x| Al X[ XINMA[X]o]lolx|ololxX|XIxXx
: LABORATORY SAMPLE BATCH PIF01002 TO FIFO100
XTXTXTXTX X[ x| x| XX xTx[xJloJo]xloJolxIx[XxXIx
X ' NAINAINAINAINAINAINAINAINA|NA|NA|NATNA| O [NA|NA|NA|NA|NA|NA NA | NA|
X1 X X I X XTI XIXIXIXTX|X|x|x[xloJolxlololxlx|xI[xX
X |NAINAINAINAINAINAINAINATNAINAINATNATNAT O | NA| NA| NA|NA|NA|NA|NA|NA
X1 X X X1 xIx | X]xIx x| X X/ xIxJolo|lx|oJo[x|xXx[x[x
X {NAINAINAINAINAINAINAINA|NA|NATNA|NA|NA| O | NA| NA| NA | NA | NA | NA | NA | 3A
xx_f'xxoxit_X'NAxmeoox_'_oox"‘_xxTc'
LABORATORY SAMPLE BATCH PTF01040 TO PIFD104
X1 X X | X| X[ X[ X]TX[X[ x| x| xIx|[XJoJolxJ]oJolXx][Xx][=x
X | NAINAINAINAINAINAINAINAINAINA[NATNAINA| O |NA[NA|NA | NA | NA | NA | NA | NA
xIx I xIxIx]lolol x T x N x| X INA]l x| o0l o[ x| o] O Ix [ xTxTx
RATORY. SAMPLE BAT 21088 TO PIF0109
X XA X1 X1 XX X| X X XTI XX x[xJoJlo[x[oJo[X[xXx[xX[X
X INAINAINAINAINA|INAINA|NA|NATNA|NA[NA|NA| O | NA| NA | Na | NA | NA | Na | A [NA
X X X I X1 xIx Xl x| xIxTx x| xxJojlo|lx|olo|xXx|X|x[X
X {NAINAINAINAINAINAINAINATNAINATNATNAINA] O | NA| NA|NA|NA NA | NA|NA|NA
accxxxgo'o'i_xmxxmxoo&_ooxxx"x
= ORATORY SAMPLE BATCH PIF01201 TO PIFO120:
XIXIxlxlx]lol X X]TXT XTI X[ x| x| xJloJo[x]lololxI]lx[x][x
X INAINAINAINA|NATNAINAINATNAINATNA|NA|NA| O | NA|NA|NA|NA|NA|NA NA | NA
XIx I X X1 x| x| x| XTI xXxXIxIX|x[x[x|lolo[x]ololxlx|xIx
X {NAINAINAINAINAINAINAINAINA[NATNATNATNA] O [ NA|NA|NA|NA|NA|NA|NA [ NA
X I X X IXIX]olX]| XTXINAI X[ X[ NA|lX]olo[xlololxIxlxTx
— Sy ey " - e ——
LABORATORY SAMPLE BATCH PIR1217 TO PIFO121.
X[ X[ XTx[xJo [ X[ XTI X X[ XIXTX[X ol XJ]ololx]x[x]xXx
X INAINAINAINAINA[NAJNATNAINATNATNAITNAINA] O | NA| NA| NA| NA | NA | NA | NA | NA
X INAINAINAINAINAINATNAINATNATNATNATNATNAT O I NA|NA|NA|NA|NA|NA|NA NA
L o x lxlximixTxmlx oLABOEAﬂDB)fYSAMPIO E:A'ICH mfa mxmmfjs
X X1 x I x| X! X xTXTxTXTX]I x| x| x]oJlo[x|]oJolXx|Xx][XxX]|x
X | NAINAINAINAINA|NAINA|INA|NATNA|NA|NA|NA|] O | NA| NA| NA| NA | NA | NA | NA | VA
X {NAINAINAINAINAYNAVTNAINAINATNAINATNATNA| O | NA| NA| NA|NA|NA|NA|NAINA
xjxjpxixjolxixix|ixim|x|x|na]lx]ololx|ololx[x[x]|x
NOTES X Within acceptable range ocp Organochlorine Pesticides ALK Total & Bicarbonate Alkalinity
o Outside acceptable range PCB Polychlorinated Biphenyls MEE Dissolved Methene, Ethane, & B
DUP Field Duplicate OPP Organophospharus Pesticides s Sulfide
voc Volatile Organic Compound CH Chlorinated Herbicides cD Carbon Dioxide
svoc Semi-Volatile Organic Compound . ToC Total Organic Carbon boc Dissalved Organic Carbon
MET Total Metals . CNN Chloride, Nitrate/Nitrite, Sulfate

lofl
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Estes Lané. ;' Phoenix, Arizona S i

APPENDIX M-6 DATA VALIDATION PERCISION RESULTS; GROUNDWATER SAMPLES
ESTES LANDFILL, PHOENIX, ARIZONA
PERCISION ANALYSES (RPD GOAL < 30%

SAMPLE ID Benzene Chlorobenzene |  1,2-DCB cis-1,2-DCE | trans-1,2-DCE | Vinyl Chioride Barium Manganese Alkalinity
EW-5-GW 2.50 26.00 26.00 120.00 2.90 230.00 0.61 3.30 430.00
EW-31-GW (DUP) 2.50 22.00 25.00 110.00 2.70 270.00 0.61 3.30 430.00
RPD (%) 0 17 4 9 7 16 0 0 0

PERCISION ANALYSES (RPD GOAL < 30%)

SAMPLE ID Bi-Alkalinity |Carbon Dioxid Chloride Sulfate D Methane D Ethene TKN DOC TOC
EW-5-GW 430.00 55.00 140.00 70.00 0.24 0.011 6.70 3.70 4.20
EW-31-GW (DUP) 430.00 95.00 150.00 69.00 0.31 0.012 9.50 3.90 4.30
RPD (%) 0 53 7 1 25 9 35 5 2

PERCISION ANALYSES (RPD GOAL < 30%)

SAMPLE ID Chlorobenzene 1,2-DCB cis-1,2-DCE | trans-1,2-DCE | Vinyl Chloride | Vinyl Chloride Barium Manganese Alkalinity Bi-Alkalinity
EW-15-GW 5.60 16.00 120.00 2.80 100.00 230.00 0.058 0.051 280.00 280.00
EW-33-GW (DUP) 6.10 18.00 160.00 3.30 120.00 270.00 0.063 0.05 290.00 290.00
RPD (%) 9 12 29 16 18 16 8 2 4 4

PERCISION ANALYSES (RPD GOAL < 30%

SAMPLE ID Carbon Dioxid Chloride Nitrate Nitrate/Nitrite Sulfate TKN DOC D Methane D Ethene
EW-15-GW 9.70 210.00 1.10 1.10 73.000 2.20 1.30 0.038 0.011
EW-33-GW (DUP) 17.00 220.00 1.50 1.50 73.000 2.80 1.30 0.041 0.0025
RPD (%) 55 5 31 31 0 24 0 8 126
NOTES RPD Relative Percent Difference 1,2-DCB 1,2-Dichlorobenzene

DUP Duplicate cis-1,2,-DCE cis-1,2-Dichloroethene
TKN Total Kjeldahl Nitrogen trans-1,20DCE trans-1,2-Dichloroethene
TOC Total Organic-Carbon

FAWPSIUSK\ESE_LAND\I66ACRE\DATAVALD.TBL
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Estes Landfill, Phoenix, Arizona

APPENDIX M-7 RESULTS OF BLANK (REPRESENTATIVENESS) ANALYSES, GROUNDWATER SAMPLE
' ESTES LANDFILL, PHOENIX, ARIZONA
ANALYTICAL
BATCH TRIP RINSATE FIELD METHOD

[DENTIFICATION BLANKS BLANKS BLANKS BLANKS
PIF00940 - PIF00943 ND NA NA ND
PIF01002 - PIF01007 ND D (VOC & OTHERS) NA ND
PIF01040 - PIF01041 ND NA NA ND
PIF01088 - PIF01091 ND D (VOC & OTHERS) NA ND
PIF01201 - PIF01204 ND NA NA ND
PIF01217 - PIF01219 ND D (VOC) NA ND
PIF01461 - PIF01463 ND ND NA ND

NOTES:

NA Not Analyzed

ND Below Method Detection Limit

D Constituent(s) Detected

1 of 1 Environmental, Science Engineering, Inc.




Estes Landfill, Phoenix, Arizona

e APPENDIX M-8 RESULTS OF COMPARABILITY ANALYSES, GROUNDWATER
\ 4 SAMPLES, ESTES LANDFILL, PHOENIX, ARIZONA
ANALYTICAL
BATCH DAILY CHAIN- ANALYTICAL
IDENTIFICATION FIELD LOGS OF-CUSTODY METHODS
PIF00940 - PIF00943 Yes Yes Yes
PIF01002 - PIF01007 Yes Yes Yes
PIF01040 - PIF01041 Yes Yes Yes
PIF01088 - PIF01091 Yes Yes Yes
PIF01201 - PIF01204 Yes Yes Yes
PIF01217 - PIF01219 Yes Yes Yes
PIF01461 - PIF01463 Yes Yes Yes
NOTES:
Yes Compare w/analytical standards
No Does not compare to appropriate analytical standards

1of 1
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Estes Landfill, Phoenix, Arizona

p _APPENDIX M-9

A

EVALUATION OF PERFORMANCE EVALUATION
SAMPLES, ESTES LANDFILL, PHOENIX, ARIZONA

SPIKED LABORATORY PERFORMANCE RELATIVE

ANALYTICAL ANALYTICAL CONCENTRATION RESULTS ACCEPTANCE PERCENT

PARAMETER METHOD (ug/) (ug!) LIMITS DIFFERENCE
Trichloroethene 8260 6.98 4.3 5.18-845 47.52
Cis 1,2,-Dichloroethene " 15 9.6 9.21-20.5 43.90
Vinyl Chioride " 45 30 27-63 40
Arsenic 6010B 70 58 52.5-82.6 18.75
Chromium " 125 120 102 - 148 4.08
Pentachlorophenol 8270 14.5 Detection Limit too high 4.51-182 Not applicable
Arcolor 1254 8082 2.61 29 1.56-3.28 10.53
Endosulfan 8081A 20.2 0.1 9.1-31.0 198.03
4,4-DDE " 15.4 0.1 8.95-19.2 197.42
Toxaphene " 10 4 4.12-12.6 85.71
Dimethoate 8141A 7.95 0.5 Not Available 176.33
Fensulfothion " 354 2.5 21.2-453 173.61
Chlorpyrifos " 1.89 0.5 1.65-2.08 116.32
NOTES: Results in "Bold" exceeds performance acceptance limits.

©
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Appendix _
Calculation of Retardation Factors for Vinyl Chloride, Cis-1,2-DCE and Trichloroethene in

Units F1/F3 and F4
Fraction Organic Carbon Content (F.)
Stratigraphic Unit Average f,. Content ©
F-1/F-3 0.0017
F4 0.0009%

(1) Fo values calculated from TOC analyses, June 1999.

(2) Fo values <0.001 invalid for calculating retardation factor as other sorption processes predominate
(i.e., sorption to mineral sites) at low organic carbon content (Karickhoff et al., 1979). Therefore, a
retardation factor for Unit F4 was not calculated.

Retardation Factor (Ry)

R, =1+[——p” +K5°+f°°}

where:

Py = soil bulk density [g/cm’]

K. = soil sorption coefficient [ml/g]
Fo = fraction soil organic carbon

0 = soil porosity

Assumptions

1)  Soil bulk density (py ) of 2.65 g/cm® (Freeze and Chenry, 1979)

2) Soil sorption coefficient (K,): vinyl chloride = 2.45; cis-1,2-DCE = 49; TCE = 137 (USEPA, 1998)
3) Soil porosity (8) = 0.3 (Freeze and Cherry, 1979)

Calculations
R o1s (2.650.0017)137)] 3.05
dres (0.3) _J— '
R, = 1+[ (2.65)(0.0017)2.45)] —loa
. (0.3) ]

2.65)0.0017
R, .. =1+[( X(o.s)l X49)J=1.74




——
Q J
&

Contaminant Transport Velocity

Contaminant transport velocity (v.) taking into consideration retardation factor is given by:

j— vx
Vc = _R
d
where:

v, = retarded contaminant transport velocity
vy = groundwater velocity due to advection

Advective groundwater velocity
_ Ah

v, =—K—

Al
where:

K = hydraulic conductivity
Ah/Al = hydraulic gradient

Assumptions:

1) Hydraulic conductivity of F1/F3 assumed to be 2.6 x 10 cov/s (7.3 x 10° fi/day) (HLA, 1997).
2) Representative mean hydraulic gradients calculated from low flow conditions: 0.008 fi/ft.

Calculations -

Advective Groundwater Velocity
v, =7.3x10° 7/ (0.008)= 584/

Retarded Contaminant Transport Velocity
58.4%
—==19.1 ft/d

chCE = 3 05
58.4% .,
= /d _s64
Vere =71 04 7
58.4f’/d
vca'x—DCE =T=336ﬁ/d
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1.0 INTRODUCTION

This baseline health risk assessment for the Estes Landfill has been prepared by Harding Lawson
Associates (HLA) on behalf of the City of Phoenix (the City) and Bank Ons, N.A.| The Estes Landfill (the
Site), which is located in Phoenix, Arizona, consists of a former privately-owned landfill used by
commercial trash haulers, septic tank haulers, and other users. Currently, the Site is vacant. The
purpose of the risk assessment (RA) is to assess the nature and extent of potential human health risks

associated with current conditions and future uses of the Site and adjacent areas.

The risk assessment has been prepared in a manner consistent with EPA’s Risk Assessment Guidance for
Superfund, Volume I (EPA, 1989a), and uses a very conservative approach to provide a large margin of
safety in the estimation of potential human health risks. The Arizona Department of Health Services
(ADHS) has also conducted a risk assessment for the Site as a component of the remedial
investigation/feasibility study (RI/FS). A baseline RA is a multidisciplinary data interpretation tool used
to evaluate potential threats to human health and the environment that may result from chemical
releases. RAs generally proceed through a four-step process: hazard identification, toxicity assessment,
exposure assessment, and risk characterization. In the hazard identification step, potentially toxic
substances present at a site are identified as chemicals of potential concern. This step includes
evaluation of site data, identification of toxic chemicals, and comparison of site concentrations with
background (non-site related) concentrations. Following the identification of chemicals of potential
concern, the subsequent steps of the RA evaluate whether the identified chemicals pose a potential

health concern under reasonable potential exposure scenarios.

The second step of the RA is the toxicity assessment. In this step, the relationship between chemical
dose (i.e., the amount of chemical absorbed in the body) and a specific health effect is characterized.
The toxicity assessment considers (1) the types of adverse health effects associated with chemical

exposurs, (2) the relationship between the magnitude of exposure and adverse effects, and (3) related

uncertainties (such as the weight of evidence that a particular chemical causes cancer in humans).

The third step, exposure assessment, is the process of estimating the frequency and duration of human
exposure to a chemical currently present in the environment and/or estimating hypothetical exposures
that might result from future site conditions. Conducting an exposure assessment involves identifying
potentially exposed populations (e.g., future onsite and present and future offsite workers) and all
reasonable potential pathways of exposure (e.g., ingestion and inhalation), estimating potential exposure

concentrations based on sampling data and/or predictive chemical modeling, and estimating potential
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chemical intake (dose) for each exposure pathway. By estimating potential chemical doss, the risk

assessor can evaluate the possibility of adverse health effects.

Risk characterization is the final step of the RA process. In this step, the likelihood of potential adverse

effects is estimated, based on the results of the toxicity and exposure assessments. Risk characterization

includes the evaluation of noncancer hazard as well as incremental lifetime cancer risk associated with

site-related exposures.

The remainder of this document is organized into the following sections:

. Section 2.0
. Section 3.0
. Section 4.0
. Section 5.0
* Section 6.0
. Section 7.0

Site characterization - the history of the Site and characterization of soil,

groundwater, and soil gas data considered for the RA are presented.

Identification of chemicals of concern - chemical selection criteria for identifying

chemicals of concern in soil and groundwater are presented.

Toxicity assessment - the toxicity values used to evaluate potential risks are

discussed.
Exposure assessment - the exposure assumptions and equations used to assess
chemical uptake are presented, including the fate and transport methodologies

used to estimate air exposure concentrations.

Risk characterization - the toxicity and exposure assessments are summarized and

integrated into quantitative and qualitative descriptions of risk.

References

A probabilistic evaluation was used to assess the risks associated with groundwater ingestion for the

potential future offsite worker. EPA Risk Assessment Guidance for Superfund specifies that risk

assessments should contain a separate discussion of the uncertainty in the exposure and risk estimates.

This recommendation was intended to improve upon the "Reasonable Maximum Exposure (RME)"

approach of characterizing risk, which is recognized to lead to significant overestimations in risk. In

1992, EPA revised its policies for performing exposure and risk assessments. This policy revision was

announced by EPA Deputy Administrator Henry Habicht in a memorandum dated February 26, 1992

(EPA, 1992). EPA’s revised policy identifies the need for a full and complete presentation of risk. It

32036\EST0O09RP.w51
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states that numerical risk assessments should always be accompanied by a full characterization of the
uncertainties, limitations, and assumptions in the risk assessment. These EPA guidelines endorse the use
of a probabilistic approach to exposure assessment where appropriate data are available, and recognize
that probabilistic evaluations provide a risk characterization data in a format which is most valuable for
use by the risk manager. Under the 1992 guidelines, EPA endorses probabilistic risk assessment as an

appropriate means of determining potential individual and population risks.

This Risk Assessment was prepared by using methods and assumptions developed by the EPA for use in the Superfund program.
The methods are generally recognized to lead to overestimates in predicted health risks (rather than best estimates), which may

actually be as low as zero (EPA, 1986). These assumptions and methods may not be appropriale in any other context.
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2.0 SITE HISTORY AND CHARACTERIZATION

This section presents a review of the Site setting and conditions relevant to the risk assessment. The

information presented is excerpted from the following reports prepared by HLA:

. Remedial Data Acquisition, Estes Landfill, Phoenix, Arizona, April 5, 1995
. Estes Landfill, Phase II Groundwater Quality Investigation, Draft Report, December 24, 1992
. Groundwater Database of Data from Quarterly Groundwater Monitoring Reports, September, 1988

through September, 1994

. Surface Soil Sampling, Estes Landfill, Phoenix, Arizona, March 17, 1995

. Characterization of Background Arsenic Groundwater Concentrations for Use in the Estes Landfill
Human Health Risk Assessment, July, 1995

241 Site Description

The Site is located on the south bank of the Salt River between 40th and 45th Streets in Phoenix,
Arizona (Plate 1). The Site presently occupies approximately 40 acres along the river in an area
dominated by newer commercial developments and older light industrial properties. Most of the Site
surface is relatively flat, with a slight westerly slope, and lies at an elevation between 1,120 and 1,130
feet above mean sea level. The relocated portion of the landfill (see Section 2.2 for description) lies at an

elevation of between 1,150 and 1,160 feet above mean sea level.

Phoenix Sky Harbor International Airport is located to the north directly across the Salt River. The site
is bordered to the south by the active Bradley Landfill and to the Southwest by the Waste Management
Facility (Plate 2). Property to the east is presently vacant, although future State Route 153 willrunin a

north-south direction immediately to the east.

2.2 Site History

The Site was owned by various individuals until it was placed in trust with Valley National Bank of
Arizona, predecessor to Bank One. In 1982, the Site was acquired through the exercise of eminent
domain by the City of Phoenix (the City), which is the current owner of the property.

32036\ESTO09RP.w51 Harding Lawson Associates 4
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The Site property was privately operated by Garbage Service Company, a commercial refuse collection
and disposal company, from the early 1950s until February 1972, when it was closed. The Site was used
by commercial trash haulers, septic tank effluent haulers, and other users. Among the materials disposed
at the Site were substancss later defined as hazardous under the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA). Portions of the landfill were also used for
agricultural purposes for several years during the 1950s and 1960s.

From 1972 to 1982, the Site was inactive. In 1982, a partial landfill relocation effort was completed by
the City in conjunction with several other state and local agencies to prevent future flooding problems
along the Salt River (shown on Plate 2). Approximately 30 acres of the landfill, located in the riverbed,
wers excavated. Excavated materials were screened for RCRA hazardous constituents, and any
hazardous wastes found were properly disposed of offsite. The nonhazardous materials were ultimately

relocated onto the remaining portion of the original landfill property.

Between 1980 and 1982, groundwater contamination by volatile organic compounds (VOCs) was
discovered in two industrial supply wells located near the Site, including the Bradley production well
(BW-P, Plate 2) Under an agreement with the Arizona Department of Health Services (ADHS), the City
installed four monitoring wells on and around the Site (EW-NE, EW-E, EW-W, and EW-NW) to further

characterize groundwater quality.

Groundwater samples collected from these wells by ADHS between 1982 and 1986 revealed that elevated
concentrations of vinyl chloride, 1,2-dichloroethene, as well as other VOCs, were present in groundwater
beneath the Site.

Previous Investigations

Several investigations related to the area around the Estes and Bradley Landfills have been described
elsewhere (HLA, 1990); excerpts from these reports that relate to the RA are described further.

In 1987, a Phase I groundwater quality investigation was initiated by the City to evaluate the magnitude
and extent of groundwater contamination and to perform a preliminary assessment of potential source
areas, both on and offsite. Six monitoring wells (EW-1 through EW-6) (Plate 2) were installed during the
investigation. The results of the Phase I investigation confirmed the presence of groundwater
contamination by VOCs above federal Safe Drinking Water Act Maximum Contaminant Levels (MCLs),
which have since been adopted as Aquifer Water Quality Standards (AWQS) in the State of Arizona. .
Vinyl chloride was detected above the AWQS of 2 micrograms per liter (ug/l) in wells at and near the
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Site. Trichloroethene was also present above the current AWQS of 5 ug/l in select wells. Concentrations
of some inorganics, such as iron, manganess, and total dissolved solids, were also detected above

background levels in several wells.

Subsequent to these investigations, HLA has conducted several studies: a Phase II groundwater quality

" investigation (1992), quarterly sampling of groundwater monitoring wells (September, 1988 through

September, 1994), a remedial data acquisition study (1995), and characterization of site surface soils
(1995). Data from these studies were used in the RA and are described further in Section 2.3.

2.3 Site Characterization

A number of site investigations have been conducted at the Site. Site data relevant to the risk

assessment are presented below.

2.3.1 Hydrogeologic Characterization

The Site is located on the eastern margin of the Western Salt River Valley Basin, an alluvial basin within
the Basin and Range Physiographic Province. The Site and the local vicinity are underlain by alluvial
sediments that range from 0 to 200 feet thick. Bensath these upper alluvial sediments is bedrock
composed of either sedimentary or igneous rocks. Aquifer characteristics vary substantially within the
alluvium and between the alluvium and bedrock sequences. Generally, the upper alluvium is
characterized as having the highest horizontal hydraulic conductivity values (e.g., 180 to 1,700 ft/day
[Brown and Pool, 1989]). Groundwater quality within the Salt River basin also varies significantly both
areally and with depth.

Directly beneath the Site, the alluvium ranges from approximately 115 to 160 feet thick and is underlain
by sedimentary sandstones, siltstones, and conglomerates. A low-permeability lens exists within the
upper alluvium, which yields between 1 to 5 gallons per minute (gpm) to wells completed within it.

This is in contrast to over several hundred gpm from wells completed in other portions of the alluvium
beneath the Site. This layering effect causes a complex three dimensional hydrogeologic system beneath
the Site. Depth to water ranges from 25 to 65 feet below ground surface and flows in a westerly
direction. The depth to water, flow direction and water quality are strongly influenced by flow in the
adjacent Salt River. Because of the natural complexity of the hydrogeologic system coupled with the
sporadic but substantial effects of the adjacent Salt River, thers is a relative degree of uncertainty with
respect to the locations of contaminant sources both onsite and offsite and the transport mechanisms that

affect contaminant migration.
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2.3.2 Surface Soil Characterization

In 1994, HLA characterized the concentrations of chemicals in surface soils at the Site, the results of
which are contained in Surface Soil Sampling, Estes Landfill, Phoenix, Arizona, March, 1995. Surfacs
soil sample locations were randomly selected within a grid system and were analyzed for total metals
(including antimony by EPA Test Method 7041, arsenic by EPA Test Method 7060, beryllium by EPA
Test Method 7091, barium, boron, copper, manganese, and nickel by EPA Test Method 6010, cadmium
by EPA Test Method 7131, chromium by EPA Test Method 7191, lead by EPA Test Method 7740, silver
by EPA Test Method 7761, and thallium by EPA Test Method 7841), semivolatile organic compounds
(SVOCs) (EPA Test Method 8270), organochlorine pesticides and PCBs (EPA Test Method 8080), and
volatile organic compounds (EPA Test Method 8010/8020). Concentrations of SVOCs, organochlorine
pesticides, and PCBs were very low to below detection. Concentrations of organochlorine pesticides and
metals, with the possible exception of copper and lead, were consistent with background soil
concentrations in Arizona (HLA, 1995; Earth Technology, 1991). The maximum copper and lead
concentrations detected onsite were 258 mg/kg and 109 mg/kg, respectfully. VOCs were not detected in
surface soils at the Site. The surface soil data are summarized in Table 1.

2.3.3 Soil Gas Characterization

HLA conducted a preliminary soil gas survey in 1991, the results of which were presented in Estes
Landfill Phase IT Groundwater Quality Investigation (HLA, 1992). There were 16 sampling locations on
the western portion of the landfill, downgradient from the suspected source area at the southeast corner
of the Site. Chemical analysis selection was largely based on groundwater quality data. Using EPA
Method 502.2, samples were analyzed for vinyl chloride, cis 1,2-dichlorosthene, 1,1-dichloroethens,
trichloroethene, 1,2 dichlorobenzene, tetrachlorosthene, benzene, and chlorobenzene. All analytes were
detected in at least one sample. Concentrations of the VOCs ranged from less than 0.01 to 60 ug/l for
1,2-dichlorobenzene. The results of the Phase I soil gas survey are presented in Appendix A.

In 1994, HLA conducted a Phase II soil gas survey in order to evaluate areas outside the Phase I survey.
Some of the areas sampled during the preliminary survey were resampled during the Phase II survey for
comparison. Soil-gas concentrations were generally lower in the Phase II survey compared to the Phase I
survey; the differences may have been related to a 16 foot decrease in the depth to groundwater at the
time of the Phase II survey. Soil gas samples were collected at approximately 10 feet below ground
surface (bgs) on the at-grade portion of the Site and at 25 to 30 feet bgs on the relocated refuse. The
relocated refuse is approximately 25 to 30 feet above grade. A total of 46 soil gas locations were sampled

and analyzed for halogenated and aromatic VOCs.
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Concentrations of halogenated VOCs over the entire area surveyed were generally less than 1 ug/l. All
results for carbon tetrachloride, chloroform, 1,2-dichloroethane, Freon 11, Freon 113, methylene chloride,
tetrachloroethylene, and 1,1,1-trichloroethane were below detection. The highest concentrations of vinyl
chloride and total 1,2-dichloroethylene were 2 ug/l, at locations near the northwest corner of the
relocated refuse and near the pit area. The highest concentration of halogenated VOCs was reported at
38 pg/l for 1,1-dichloroethane. The highest soil gas concentrations reported were for methane, (<1,000 to
190,000 pg/1), suggesting that substantial methane production is occurring at the Site despite the age of
the landfill. The results of the Phase II soil gas survey are summarized in Appendix A.

The results of the soil gas surveys suggest that aromatic VOCs are present in soil gas onsite as well as
offsite. Concentrations of some of the constituents analyzed increased with proximity to the Bradley
landfill. These results could indicate additional offsite sources, including the Bradley Landfill.

2.3.4 Characterization of Chemical Concentrations in Groundwater

HLA has conducted quarterly monitoring of wells located onsite and at adjacent offsite areas (Plate 2)
from September, 1988 through the present (with the exception of June, 1993 and March, 1995).
Validated data available for review were from September, 1988 though September, 1994. Samples from
all groundwater wells were analyzed for volatile organic compounds (EPA Method 601/602). Samples
from all groundwater wells, with the exception of South Bank (SB) wells, (Plate 2) were also analyzed
periodically for metals using EPA Series 200/7000. Since the entire groundwater database is extensive,
and has previously been released to ADHS, no full compilation of groundwater data is appended to this
report. The database can be supplied electronically upon request.
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3.0 HAZARD IDENTIFICATION

This section describes the selection of chemicals evaluated for defined exposure areas at the Site (i.e.,
onsite and adjacent offsite areas). All chemicals detected at the Site or in adjacent offsite areas were
initially evaluated for inclusion in the RA. Hazard identification determines those chemicals that need to
be evaluated further in the RA. The hazard identification process was conducted by evaluating the
available data by media and location (e.g., onsite or offsite). Media and locations evaluated include:

. Onsite Soils

. Onsite Soil Gas

. Onsite Groundwater
. Offsite Groundwater

3.1 Chemicals of Concern in Onsite Soils

Portions of the landfill were used for agricultural purposes for several years during the 1950s and 1960s.
Accordingly, surface soils at the Site were evaluated quantitatively for metals and chlorinated pesticides
that may have been applied during the period of agricultural use. PCBs, metals and VOCs were also
evaluated in soils. The concentrations of metals in soils were similar to Arizona native soil
concentrations reported by Earth Technology (1991), with the possible exception of copper and lead
(Table 1). The concentrations of metals, PCBs, and chlorinated pesticides were well below EPA Region
IX Preliminary Remediation Goals* (PRGs) (EPA Region IX, 1995) for industrial soils, as shown in
Table 1. Therefore none of the chlorinated pesticides, PCBs, metals, or VOCs were identified as

chemicals of concern in Site soils.
3.2 Chemicals of Concern in Onsite Soil Gas
As discussed in Section 2.0 and summarized in Appendix A, various VOCs were detected in soil gas

collected from onsite sampling locations. EPA Region IX guidance suggests that chemicals present in less

than 5% of the samples from any one media or area can be eliminated from further assessment (EPA,

! Using PRGs as a screening method for identifying chemicals that do not pose a risk is an
appropriate and valid method. A risk based PRG, as defined by EPA, is a concentration of a
chemical in media (i.e., soil, water, or air) that would not result in adverse noncarcinogenic
health effects or a cancer risk greater than 1 x 10* (one in one-million) under a set of defined
(default) exposure assumptions. EPA Region IX has published PRGs based on conservative
exposure assumptions associated with either residential or industrial uses of a property.
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1989b). Accordingly, if a chemical was detected in less than 5 percent of samples, it was eliminated as a
chemical of concern. Chemicals found in more than 5 percent of the samples were selected for
evaluation in the RA and are shown in Table 2. The chemicals selected are benzene, chlorobenzens, 1,2-
dichlorobenzene, 1,3/1,4-dichlorobenzene, 1,1-dichloroethane, 1,1-dichlorosthene, total 1,2-
dichloroethene, ethylbenzene, Freon 11, Freon 113, toluene, tetrachloroethens, 1,1,1-trichloroethane,

trichloroethens, vinyl chloride, and total xylenes.
3.3 Chemicals of Concern in Onsite Groundwater

Onsite groundwater wells (i.e., at the Estes Landfill) have been sampled on a quarterly basis since 1988
and analyzed for VOCs and metals. Since it is highly unlikely that a drinking water well would ever be
drilled on the Estes Landfill (EPA, 1989a; EPA, 1991a), chemicals of concern were not evaluated
specifically for this location and medium. However, determination of chemicals of concern for offsite
wells, especially metals, is highly dependent on whether the chemicals were detected in onsite wells and
were therefore possibly site-related. Therefore, chemicals detected in onsite groundwater are among the
criteria used to identify chemicals of concern in offsite groundwater. Additionally, VOCs in groundwater
may migrate as vapor to the soil surface. This potential transport pathway was evaluated using soil gas

data discussed in Section 3.2, which reflect movement of vapors from groundwater to soil.
3.4 Chemicals of Concern in Offsite Groundwater

Groundwater monitoring data collected by HLA during site investigations conducted from September,
1988 to September, 1994 were considered in the selection of chemicals of concern. Chemicals of concern
were identified for evaluation in the RA for offsite groundwater potentially impacted by the Site at the
nearest downgradient and crossgradient monitoring wells: EW-1, EW-4, EW-7, EW-10, EW-12, EW-13,
EW-14, EW-17, EW-18, TW-1, TW-2, TW-3, TW-4, SB-4, SB-6, and production well TW-P. Chemicals
were also evaluated for the Bradley production well (BW-P). The locations of these groundwater wells
are shown in Plate 2. Initially, any chemical detected in these offsite wells was evaluated as a potential

chemical of concern.

As discussed previously, the presence of a chemical in onsite groundwater was one criterion in selecting
a chemical of concern in offsite groundwater. If a chemical detected in offsite wells was never detected in
any onsite wells, it was eliminated as a chemical of concern in offsite wells. Additional criteria for
selection of chemicals of concern are dependent on whether the chemical is a VOC or a metal. Since
metals are naturally occurring constituents in environmental media, the selection of a metal as a

chemical of concern requires a more extensive analysis than selection of VOCs (see below).
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3.4.1 Selection of VOCs as Chemicals of Concern in Offsite Groundwater

If a VOC was detected in the evaluated offsite wells, and was also detected at least once in an onsite
well, it was retained as a chemical of concern if detection frequency exceeded 5 percent. Table 3
exhibits the selection process, and identifies the selected VOCs of concern. These chemicals are
benzene, chlorobenzens, chloroform, 1,2-dichlorobenzene, 1,4-dichlorobenzens, 1,1-dichloroethane, 1,2-
dichloroethane, 1,1-dichloroethens, cis-1,2-dichloroethene, trans-1,2-dichloroethene, Freon 11, Freon 113,
methylene chloride, tetrachloroethene, 1,1,1-trichloroethane, trichloroethens, and vinyl chloride.

3.4.2 Selection of Metals as Chemicals of Concern in Offsite Groundwater

Many metals occur naturally in groundwater. EPA risk assessment guidance suggests the elimination of
naturally occurring chemicals that are not elevated due to anthropogenic sources (EPA, 1989a).
Accordingly, screening criteria were used to identify metals which may have elevated groundwater
concentrations potentially associated with a source at the Estes Landfill. Metals potentially associated
with site-related impacts to groundwater were distinguished from naturally occurring metals using the
following criteria. If a metal was detected in offsite wells and maximum concentrations in onsite wells
exceeded maximum concentrations detected in offsite wells, and the detection frequency 4t offsite wells
exceeded 5 percent, it was initially retained as a chemical of concern. If the concentrations of a metal in
groundwater at the landfill were not higher than in the wells upgradient to the landfill, or the maximum
offsite chemical concentrations did not exceed the EPA Region IX Preliminary Remediation Goals? for
drinking water ingestion (EPA, 1995), the metal was eliminated as a chemical of concern. Table 4
presents the selection process for metals, and identifies the selected metals of concern as arsenic and

manganese.
3.4.3 Selection of Chemicals of Concern for the Bradley Production Well

The Bradley production well (BW-P) is located on the Bradley landfill, near the boundary of the site
property. As the only use of the Bradley well has been for dust control measures, chemicals of concern
were selected based on this exposure scenario only (e.g., potential VOC volatilization during spray use)
(see Section 5.1.2)°. All VOCs detected in the Bradley production well were considered chemicals of

concern. Selected chemicals are presented in Table 5.

*  The PRG for tap water is associated with a hazard index of 1.0 or a cancer risk of 1 x 10® based

on ingestion of 2 liters per day over a course of 30 years.

3t should be noted that the Bradley production well is no longer used for any purpose.
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4.0 TOXICITY ASSESSMENT

This section presents the toxicity assessment for the chemicals of concern evaluated in this RA. Toxicity
assessment includes identification of the types of potential toxicities associated with each chemical of
concern (e.g., cancer and/or noncancer toxicity) and the chemical-specific dose-response relationships.
The dose-response relationship characterizes the relationship between the dose of a chemical and the
probability of an adverse health effect in an exposed population. A summary of chemicals of concern for
each exposure scenario is provided in Tables 2-5. Sections 4.1 and 4.2 discuss the basis for the

noncancer and cancer toxicologic criteria, respectively.
4.1 Noncancer Health Effects

It is widely accepted that noncancer health effects from chemical substances occur only after a threshold
dose is reached. For the purposes of establishing health criteria, this threshold dose is usually estimated
by regulatory agencies from the non-observed adverse effect level (NOAEL) or the lowest-observed
adverse effect level (LOAEL) determined from chronic (i.e., long-term) animal studies. The NOAEL is
defined as the highest dose at which no adverse effects are observed, while the LOAEL is defined as the

lowest dose at which adverse effects are observed.

Uncertainty factors or safety factors are applied to the NOAEL or LOAEL observed in animal studies or
human epidemiologic studies to establish "reference doses" (RfDs). The RfD is an estimate of a dose level
that is not expected to result in adverse health effects in persons exposed for a lifetime, even among the

most sensitive members of the population. The RfDs for the chemicals of concern are listed in Table 6.
4.2 Cancer Risk

In contrast to noncancer effects, agents considered to be carcinogenic (i.e., cancer-causing) are treated by
regulatory agencies as if any dose, no matter how small, is associated with some risk for developing
cancer. In other words, the dose-response curve for carcinogens used for regulatory purposes only
predicts zero risk when there is zero dose, thereby implying a non-threshold mechanism for all potential
carcinogens. The dose-response curve used by regulatory agencies is derived using the linearized multi-
stage (LMS) model, which extrapolates the .response in animals (e.g., observed tumors) exposed to high
doses of a chemical to a thecretical cancer risk to humans exposed to low doses, orders of magnitude

lower than that administered to the laboratory animals.

The LMS model is considered highly conservative, for many reasons, including the following: 1) it does

not allow for adjustments for metabolism or known DNA repair mechanisms that may prevent tumor
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formation at low doses, thus providing a threshold for the carcinogenic effect, and 2) it does not account
for species differences that may result in chemical carcinogenicity by a mechanism only relevant to the
specific laboratory animal. The LMS model provides policymakers with an upper-bound risk estimate
that assures them that the actual risks are likely to be lower. Accordingly, EPA acknowledges, that the
estimates are likely to greatly overestimate cancer risks (EPA, 1986):

"It should be emphasized that the linearized multistage procedure leads to a plausible upper limit
to risk that is consistent with some proposed mechanisms of carcinogenesis. Such an estimate,
however, does not necessarily give a realistic prediction of the risk. The true value of the risk is
unknown, and may be as low as zero. The range of risks defined by the upper limit given by the
chosen model and the lower limit which may be as low as zero, should be explicitly stated. An
established procedure does not yet exist for making "most likely" or "best" estimates of risk
within the range of uncertainty defined by the upper and lower limit estimates."

Cancer risks for exposure to carcinogens are defined in terms of probabilities. The probabilities identify
the likelihood of a carcinogenic response in an individual who receives a given dose of a particular
chemical (based on mathematical modeling of the animal or human data). These probabilities are
expressed in terms of the slope factor (SF). The SF represents the probability of a carcinogenic response
(per unit dose) and is usually expressed as (mg/kg-d)*. The slope factor, multiplied by the predicted

chemical dose, provides an estimate of the upperbound incremental potential cancer risk.

An important component of the toxicity assessment is an evaluation of the weight of evidence for human
toxicity of each chemical of concern. In assessing the carcinogenic potential of a chemical, the Human
Health Assessment Group (HHAG) of EPA currently classifies the chemical into one of the following
groups, according to the weight of evidence from epidemiologic and animal studies:

. Group A - Human carcinogen (sufficient evidence of carcinogenicity in humans)

. Group B - Probable human carcinogen (B1-limited evidence of carcinogenicity in humans; B2-

sufficient evidence of carcinogenicity in animals with inadequate or lack of evidence in humans)

. Group C - Possible human carcinogen (limited evidence of carcinogenicity in animals and

inadequate or lack of human data)

. Group D - Not classifiable as to human carcinogenicity (inadequate or no evidence)
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Group E - Evidence of noncarcinogenicity for humans (no evidence of carcinogenicity in adequate

studies).

Generally, quantitative carcinogenic RAs are performed for chemicals in Groups A and B and on a case-

by-case basis for chemicals in Group C. The cancer slope factors and EPA classifications for chemicals

evaluated in the RA are presented in Table 6.
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5.0 EXPOSURE ASSESSMENT

Exposure assessment is the estimation of the timing (frequency and duration), route, and magnitude of
exposure to chemicals. These factors determine the total chemical intake of the exposed populations.
This section defines the nature of potentially exposed populations at the Site, discusses the relevant

routes of exposure, and describes the methods used to estimate these exposures.
51 Potential Exposure Scenarios

Both onsite and offsite exposure scenarios have been developed for actual and potential receptors in this
analysis. These exposure scenarios incorporate the relevant environmental transport media, point of
potential human contact, and route of exposure necessary to demonstrate that the exposure pathways are

complste.
5.1.1 Current Potential Onsite Exposure

The Site is currently vacant. Because Site access is restricted by a metal fence and a locked gate
entrance, no individuals can trespass onto the Site. Accordingly, it is assumed that thers are no current

onsite receptors.
5.1.2 Current Potential Offsite Exposure

The area around the Site is used for commercial and light industrial purposes only. A review of the
Arizona Department of Water Resources (ADWR) well inventory indicates that the two closest domestic
use wells are located south of Van Buren Street and north of the Sky Harbor International Airport,
approximately 1.5 miles north-northwest of the landfill, and between 22nd and 40th Strests between
Broadway Road and Southern Avenue, approximately 2 miles south-southwest of the Site (HLA, 1995a).
Neither of these wells is considered close enough to be impacted by chemicals associated with the Site.
Accordingly, it is assumed that there are no current residential groundwater receptors in the immediate
area. The gray shaded area in Plate 2 outlines the adjacent downgradient area evaluated in this risk
assessment. This area was selected for the evaluation or potential offsite exposure as it is (1)
immediately adjacent to, and downgradient from, the Estes Landfill (future exposure scenario for
groundwater ingestion suggested by EPA (1989a) and (2) has groundwater characterization data which
meets the data requirements for risk assessment. From the southwestern corner of the Site, the area

extends approximately 1/2 mile south and west.
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HLA conducted a survey of current industrial use of groundwater in the area near the Site. The only
industrial use wells wers found to be at the former Tanner facility site and the Bradley landfill. The well
at the former Tanner facility site is inactive and as of September, 1994, has been officially listed as
abandoned (S. Ramirez, Arizona Department of Water, 1995). The Tanner site itself is vacant (D.
Hanson, HLA, 1995). There was an active industrial production well at the Bradley landfill, located
adjacent to the Site. Although the well is not officially listed as abandoned, ADEQ has notified the City
of Phoenix that the well is no longer in use (D. Hanson, HLA, 1995). The production well at the Bradley
Landfill was installed prior to conversion of the site to a landfill. VOCs have been detected in
groundwater at this well. The water did not serve as a drinking water source at the facility (the facility is
connected to the City of Phoenix water supply and also receives bottled water) but served an industrial
use. Specifically, the water has been pumped into a 5,000 gallon water truck and sprayed on roads at
the landfill to suppress dust. Because the groundwater from the production well was used for dust
suppression and not as a potable water source, ingestion of groundwater was excluded as a potential
exposure pathway. However, VOCs may volatilize from water during spray activities. Accordingly, there
was a potential for inhalation exposure for individuals at the Bradley landfill. . Therefors, this worker was

evaluated to estimate potential health risks associated with exposure to chemicals found in groundwater.
5.1.3 Potential Future Onsite Exposure

The Site is located in an area zoned for commercial, as well as light and heavy industrial use. The
immediate surroundings of the Site consist of the currently operating Bradley Landfill, a waste transfer
business, and the Phoenix Sky Harbor International Airport. An airport use map indicates that the Estes
Landfill falls within a buffer zone for the proposed third runway, which limits the use to single story
parking. Therefore, future residential use of the Site was not evaluated in the risk assessment. The
decision not to evaluate residential exposure at the Site is supported by EPA guidance for Superfund
(EPA, 1989a) which states, "future residential land use may not be justifiable if the probability that the
site will support residential use in the future is exceedingly small."

It is extromely unlikely that the restriction associated with the airport buffer zone will be lifted, based on
the likelihood of future airport expansion and the surrounding land uses. This restriction prevents the
development of the Site as a commercial/industrial facility with buildings. Without a building, the Site
would have limited industrial commercial uses (e.g., outdoor scenarios such as parking lot, salvage yard).
Alternatively, the landfill may be converted to a park (not uncommon for former landfills). The most
highly exposed individual in either of these scenarios would be a full-time outdoor worker at the Site.

Accordingly, a future onsite worker scenario was evaluated in the risk assessment.
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5.1.4 Potential Future Offsite Exposure

Current uses are commercial and light industrial. The area surrounding the landfill is zoned for
commercial, as well as light and heavy industrial use. Based on existing zoning information, current
land uses, proximity to the airport, and projected future development plans, no future residential use is
anticipated for the evaluated area. Therefore, a future offsite residential receptor was not evaluated in
the risk assessment, in accordance with EPA guidance (EPA, 1989). Although it is extremely unlikely,
there is potential for installation of an offsite well by current or future businesses. Groundwater near the
Site is part of an aquifer that has sufficient production capacity to support installation of a well.
Analyses of groundwater in offsite monitoring wells have indicated that total dissolved solid (TDS)
concentrations exceed the recommended secondary MCL of 500 milligrams per liter (mg/L), but are below
the upper level for the secondary MCL (1,000 mg/L). Water containing less than 500 mg/L TDS is
considered to be of good quality, and water containing above 500 mg/L but below 1,000 mg/L is
considered to be acceptable (National Health and Medical Research Council, Australia, 1994). Because
the level of TDS in offsite monitoring wells is considered acceptable, future potable use of groundwater

was evaluated for an offsite worker.
5.2 Exposure Pathways

Pathways of exposure are the means by which an individual may come into contact with a chemical.
Determinants of complete exposure pathways include environmental/geographic considerations,
location(s) and activity patterns of the potentially exposed populations, and the potential for a chemical

to move in the environment.

For an exposure pathway to be complets, each of the following components must be present (EPA, 1989):

. A source and mechanism for chemical release

. An environmental transport medium

. A point of potential human contact with the medium
. A route of exposure (e.g., inhalation, ingestion)

Each of these components will be discussed in the following sections in the context of exposure

scenarios, which will combine the point of contact with the route of exposure.
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5.2.1 Soil

If the Site remains unpaved, an individual at the Site may have direct contact with surface soil. If
chemicals are present in soil, they may be absorbed through inadvertent soil ingestion, dermal contact

with soil, or inhalation of particulates resuspended from site soils.

As noted in Section 3.0 (Hazard Identification), none of the chemicals detected in onsite surfacs soils
were selected as chemicals of concern, based on comparison with background soil concentrations or
comparison with EPA Region IX preliminary remediation goals for industrial land use (EPA, 1995).

Therefore, exposure to onsite soils was not evaluated as an exposure pathway.
5.2.2 Air

The primary constituents detected in groundwater at the Site are VOCs. Additionally, VOCs may be
present in solid waste and subsurface soils. These chemicals may volatilize from water, soil, and solid
waste and migrate through solid waste and soil as vapor. Biodegradation of solid waste at a landfill
results in the production of gases such as methane and carbon dioxide. Although these gases themselves
are nontoxic, the presence of the gases may produce a convective flow that increases the emissions of
VOCs at the Site. Accordingly, an individual at the Site may be exposed to VOCs present in air that
originated from groundwater and/or soil. Nearby offsite populations could also be exposed to VOCs in
air that originated from onsite sources. As discussed in Section 6.0, the health risks associated with
vapor emissions onsite were negligible, and therefore characterization of offsite exposures to airborne

chemicals (which would be considerably less) was deemed unnecessary.
5.2.3 Groundwater

Because the Site is a former landfil], it is unreasonable to assume that a production well will be installed
at the Site. Even if chemicals were not detected in groundwater underlying the landfill, it would be
highly unlikely that a production well would be installed, because other landfill components would
impact groundwater at a landfill. The potential presence of pathogenic organisms (i.e., bacteria, viruses)
and solid waste biodegradation products would result in water unacceptable for potable use. Landfills
are a known source of enteric pathogens (Powelson and Gerba, 1995). The use of cc;ntaminated
groundwater was responsible for 51 percent of all waterborne disease outbreaks in the U.S. from 1971-

1982. (Craun, 1985)
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EPA guidance also indicates that it is unreasonable for a well to be installed at a former landfill. For
example, EPA (1989a) states that "in a few situations it may not be reasonable to assume that water will
be drawn directly beneath a specific source (e.g., a waste management unit such as a landfill) in the
future." Another EPA guidance document (EPA, 1991a), specific to conducting remedial investigations/
feasibility studies at landfill sites, also suggests that hypothetical future exposure to groundwater would
not normally be evaluated in a risk assessment, as this pathway is highly unlikely.

Both current and future offsite exposures to groundwater were evaluated in the RA and are discussed in

Sections 5.1.2 and 5.1.4.

5.3 Dose Equations

Dose is defined as the amount of chemical absorbed into the body over a given period of tims. For
noncarcinogenic effects, the dose is averaged over the period of exposure and is referred to as the average
daily dose (ADD). For carcinogenic effects, the dose is averaged over a lifetime and is referred to as the
lifetime average daily dose (LADD). The exposure concentrations are input into the dose equations to

yield a dose estimate.

Consistent with EPA guidancs, the following dose equation was used to assess uptake for each complete

exposure pathway considered in this assessment:

ADD = CxIRxEFxEDxB
BW x AT
Where:
ADD = Average daily dose (mg/kg-day)
c = Chemical concentration in environmental medium (mg/m? mg/l)
IR = Intake rate (m*/day, mg/l)
EF = Exposure frequency (fraction of year exposed)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (years)

For noncarcinogenic effects, AT = exposure duration
For carcinogenic effects, AT = 70 years, and the dose calculated is a Lifetime Average Daily Dose

(LADD)
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( 5 Dose equations for each pathway evaluated are presented below.

5.3.1 Vapor Inhalation

Chemical uptake via inhalation of vapors is calculated according to the following equation:

Dose = C x IR x EF x ED
BW x AT
Where:
C = Chemical concentration in air {mg/m®) (modeled)
IR = Inhalation rate (Ave: 10 m¥/day, RME: 20m®/day)
EF = Exposure frequency (8 hr/day, 250 days/yr)
ED = Exposure duration (Ave: 4.2 yr; RME: 25 yr)
BW = Body weight (70 kg)
AT = Noncarcinogen: ED; Carcinogen: 70 yr
| Q * 5.3.2 Groundwater Ingestion

-

Chemical uptake via ingestion of groundwater is calculated according to the following equation:

Dose = C x IR x EF x ED
BW x AT

Where:

= Chemical concentration in groundwater (measured)

= Groundwater ingestion rate (Ave: 0.65 L/day; RME: 1 L/day)
Exposure frequency (250 days/yr)

= Exposure duration (Ave: 4.2 yr; RME: 25 yr)

w = Body weight (70 kg)

AT = Noncarcinogen: ED; Carcinogen: 70 yr

BH=EC
I

ec]
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54 Deterministic Dose Estimates

The deterministic evaluation uses single point estimates for each of the input parameters to develop
single point dose estimates for each scenario. Doses were calculated by using exposure parameters
associated with reasonable maximum exposure (RME) and average exposure scenarios. This approach
provides a crude measure of the range of potential risks. An RME, as defined by EPA, is the "highest
exposure that is reasonably expected to occur” and is estimated by using upperbound values of human
exposure factors (EPA, 1989). An average exposure scenario provides an estimate of the central tendency
for exposure at the Site by using average or median values for human exposure factors. EPA has not
provided guidance on estimating central tendency exposures in Superfund, but has been aware of the
need to develop such guidance (EPA, 1992). In lieu of such guidance, the EPA Exposure Factors
Handbook (EPA, 1990) was used to select appropriate values for the average exposure scenario. The
exposure parameters used to calculate contaminant uptake via potential exposure pathways are described
below and summarized in Tables 7 and 8. Spreadsheets showing calculations for dose estimates are

provided in Appendix D.

5.4.1 Exposure Concentrations
Based on the exposure scenarios described above, exposure point concentrations were developed for

groundwater and air.
5.4.1.1 Groundwater Exposure Concentrations

The only receptor assumed to be directly exposed to chemicals in groundwater is the potential future
offsite worker. It is assumed that this worker will use groundwater as a source of drinking water. Offsite
monitoring well data obtained downgradient and cross gradient to the Estes landfill, were used
conservatively to characterize future concentrations of chemicals in groundwater. The monitoring wells
were grouped to determine representative exposure concentrations based on EPA guidance, which states,
"it generally should be assumed that water could be drawn from anywhere in the aquifer” (EPA, 1989a).
The grouped wells consist of EW-1, EW-4, EW-7, EW-10, EW-12, EW-13, EW-14, EW-17, EW-18, TW-1,
TW-2, TW-3, TW-4, TW-P, SB-4, and SB-6 (highlighted on Plate 2). Wells within the boundary of the
Bradley Landfill were not included in the groundwater ingestion scenario because, as described above, it
is inappropriate to assume that a groundwater production well would be installed at a landfill. Wells in
the Salt River were also not included in the determination of representative exposure concentrations, as

drinking water would not be drawn from below-the river.
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Groundwater characterization data obtained from 1988 to 1994 were used to estimate the average and 95
percent UCL concentrations of the arithmetic mean chemical concentrations that were employed to
evaluate the average, and RME exposure concentrations, respectively. Field duplicates and laboratory
duplicates were not included in the data set, as these data were considered only as part of the analytical
laboratory quality control. Where a chemical was not detected in a sample, half the value of the
detection limit was used in deriving the average and 95 percent UCL concentrations. Wherse half the
sample detection limit exceeded the maximum concentration of a groundwater sample in the data set, the
sample was excluded from the derivation of representative concentrations (EPA, 1989a). Based on EPA
default guidance for deriving exposure concentrations, the one-tailed 95% UCL was calculated using the
Student’s t-distribution (EPA, 1989a). Representative groundwater exposure concentrations are

summarized in Table 9.
5.4.1.2 Air Exposure Concentrations

It was assumed that the potential futurs onsite worker and the current Bradley landfill worker were
exposed to air containing VOCs through inhalation. For estimation of chemical concentrations in air,
conservative environmental fate and transport modeling was used. Environmental fate and transport
models are often used to predict chemical concentrations in air, which may arise from volatile chemicals

present in environmental media (e.g., water and soil).

Potential Future Onsite Worker

Environmental fate and transport modeling was used in this risk assessment to estimate the emissions of
volatile chemicals from groundwater and soil at the Site. In estimating vapor emissions, the average and
95 percent upper confidence limit soil vapor concentration for each chemical was input into an EPA
approved equation for estimating vapor emissions from soil vapor measurements obtained at a landfill
(EPA, 1988). Where a chemical was not detected in a sample, half of the detection limit was used to
derive average and 95 percent UCL concentrations. Where half of the detection limit exceeded the
maximum concentration for any soil vapor sample, the value was excluded from the derivation of
exposure concentration. Subsequently, estimated vapor emissions for each chemical were input into a

simple air dispersion equation to estimate air concentrations in air above the Site.
A discussion of the data inputs and spreadsheets that were used to estimate air concentrations is

presented in Appendix B. Air exposure concentrations for the future onsite worker are summarized in

Table 10.
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Current Offsite Worker (Bradley landfill)

Environmental fate and transport modeling was also used to estimate the emissions of volatile chemicals
from groundwater used to suppress dust at the Bradley landfill. Estimates of emission rates were based
on the use of representative exposure concentrations of VOCs that were found in groundwater at the
Bradley landfill. Groundwater characterization data obtained from 1988 to 1994 were used to estimate
the average and 95 percent upper confidence limit of the arithmetic mean of chemicals in the Bradley
landfill production well. Where a chemical was not detected in a sample, half the value of the detection
limit was used in deriving the average and 95 percent UCL concentrations. Where half of the detection
limit exceeded the maximum concentration of the sample in groundwater, the sample was excluded from

the derivation of representative concentrations.

Some proportion of chemicals detected in groundwater at the Bradley Production well may be related to
sources at the Bradley landfill. Accordingly, risks associated with exposure to groundwater at the
Bradley Landfill cannot be completely attributed to migration of chemicals from groundwater beneath the
Estes Landfill. A review of the Bradley Landfill APP file suggests, with a high degree of confidence, that
the landfill accepted domestic and liquid wastes prior to 1986 (HLA, 1995). These types of wastes often
contain chlorinated organic compounds. Soil gas sampling conducted by SH&B at the Bradley Landfill in
1987 and 1988 found detectable concentrations of both halogenated and aromatic VOCs (HLA, 1995).
These data suggest that the Bradley Landfill may be impacting groundwater.

A detailed description of the exposure scenario, the model, a summary of data inputs, and the
spreadsheets used to estimate air concentrations are presented in Appendix C. Groundwater

concentrations used to estimate air concentrations are presented in Table 11. Air exposure

concentrations, derived from modeling, are presented in Table 12.

5.4.2 Exposure Parameters

5.4.2.1 Body Weight

The standard body weight given in EPA risk assessment guidance is 70 kilograms for adults (EPA, 1991).

This value represents the average of the median (50th percentile) body weight for an adult male or

female and was used to represent all adult workers.
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5.4.2.2 Exposure Frequency

Exposure frequency represents the rate at which an individual may come into contact with chemicals in
environmental media. For the purposes of this assessment, a working individual was assumed to be
present at the worksite for 8 hours per day, 5 days per week, 50 weeks per year, during job tenure in

both the RME and the average exposure scenarios.
5.4.2.3 Exposure Duration

Exposure duration is a measure of the length of time that an individual may be in contact with a
contaminated medium. For the purposes of this assessment, occupational tenure for the RME and the
average exposure scenarios was based on data from the Bureau of Labor Statistics (1987). These data
indicate that the 90th and 50th percentile of joB tenure with an employer is 25 years and 4.2 years,
respectively.

5.4.2.4 Inhalation Rate

The Toxics Integration Board of Superfund (TIBS) calculated inhalation rates from time/use activity level
data (EPA, 1985) to develop a RME for occupational settings. An analysis of the data by TIBS indicated
that the highest daily inhalation rate for the workplace was 18 cubic meters per day (m%/day). EPA risk
assessment guidance (1991b) recommends the use of a 20 m? per day (2.5 m%hr) inhalation rate for an 8-
hour workday, as this value represents a reasonable upperbound inhalation rate for the occupational
setting. Because driving a water truck is light physical activity and would not be associated with high
inhalation rates, this value was not used for the Bradley worker RME scenario. For the average onsite
worker scenario and the Bradley RME scenario, an inhalation rate of 10 m%day (1.25 m%hr) was
assumed. This value approximates the mean of the inhalation rates for adult males engaged in moderate
activity (EPA, 1990). For the average Bradley scenario, an inhalation rate of 6.4 m¥day (0.8 m%hr) was
used. This value represents the mean of inhalation rates for adult males engaged in light activity (EPA,
1990).

5.4.2.5 Pulmonary Bioavailability
For this assessment, all the VOCs of concern were assumed to be 100-percent bioavailable via inhalation.

This is a conservative assumption because significant percentages of inhaled vapors are immediately
exhaled.
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5.4.2.6 Groundwater Ingestion Rate

Exposure to groundwater chemicals for the potential offsite worker was evaluated deterministically to
estimate risks associated with the EPA RME and average exposure scenarios. A probabilistic evaluation
was also conducted to obtain a full distribution of risks based on scientifically defensible parameters and

to provide a more complete description of the range and probability of occurrence of potential risks.

A tap water consumption rate of 2 liters per day for drinking water is currently used by the EPA Office of
Water when setting drinking water standards. This value is close to the 90th percentile value for tap
water consumption by adults (EPA, 1990). Tap water consumption, as defined in the study upon which
this value is based, includes direct tap water (i.e., plain water consumed directly as a beverage) and
indirect tap water (i.e., water added to foods and beverages during preparation). The 2 liters per day
value was adopted by EPA as a default assumption for the residential RME. For the commercial/
industrial worker, EPA conservatively assumes that half of an individual's daily water intake occurs at
work (8 hours per day at the workplace is half of the day's waking hours), which results in an estimate of
a consumption rate of 1 liter per day for the RME worker. In this RA, it was assumed that the
groundwater consumption rate for the average worker was 0.65 liters per day, which is half of the 50th
percentile of daily water consumption for an adult resident in the western United States (Ershow and
Cantor, 1989). Because food preparation activities are uncommon in the workplacs, the assumption that

half of the daily tap water intake is associated with the workplace is conservative.
5.4.2,7 Oral Bioavailability

For this assessment, all chemicals were conservatively assumed to be 100-percent bioavailable via

ingestion.
5.5 Probabilistic Dose Estimates

A probabilistic dose estimate was developed to reduce uncertainty when estimating chemical exposure
by future ingestion of offsite groundwater. Probability distributions were developed for the following
industrial-based exposure parameters: groundwater exposure concentrations, groundwater {tap water)
ingestion rate, exposure duration (job tenure), and body weight. Probabilistic dose estimates are

presented in Appendix E.
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5.5.1 Groundwater Exposure Concentrations

The arithmetic mean is a statistically unbiased estimator of the true mean, no matter what the underlying
distribution may be (Gilbert, 1987). Accordingly, for the probabilistic analysis, arithmetic mean
concentrations were initially calculated for each individual well that was included in the grouped well
analysis. Then, for each chemical, a discrete probability distribution of the groundwater concentration
was developed from the arithmetic mean concentrations for each well in the immediate offsite area.

With a discrete uniform distribution, each input concentration has an equal probability. This approach
to characterizing a representative exposure concentration is more accurate than assuming a data

distribution, such as normal or lognormal.

The deterministic evaluation of the health effects associated with offsite groundwater consumption was
initially used to identify chemicals that contributed most significantly to the potential health risk. Based
on the results of the deterministic evaluation, arsenic and vinyl chloride were evaluated in the

probabilistic analysis.

To account for pessible associations (e.g., covariation) between the chemical concentrations, a
correlation analysis (Spearman Rank test) was conducted prior to conducting the probabilistic analysis.
The analysis revealed a non significant, weak positive correlation between vinyl chloride and arsenic
(r=0.24). Accordingly, the correlation coefficient for vinyl chloride and arsenic was entered in the

probabilistic program.

The exposure parameter distributions used to calculate contaminant uptake through potential exposure

pathways in the probabilistic analysis are described below and summarized in Table 13.
5.5.2 Exposure Parameter Distributions

For the probabilistic analysis, probability distributions were developed for key exposure parameters.
Distributions were developed by using data presented and referenced in EPA’s Exposure Factors
Handbook (EPA, 1990) to ensure consistency with EPA guidance. Some of the distributions have been
applied to regulatory risk assessments and have been published elsewhere (Ershow and Cantor, 1989;
Roseberry and Burmaster, 1992; Copeland et al., 1993, 1994; Finley et al., 1994).
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5.5.2.1 Body Weight

Data obtained in the second National Health and Nutrition Examination Survey (NHANES II), which was
conducted between 1976 and 1980, were utilized. In this study, 20,322 individuals, ranging in age from
6 months to 74 years, were examined. Cumulative distributions for adult body weights by sex from this
study are presented in the EPA Exposure Factors Handbook (EPA, 1990). The American Industrial
Health Council (ATHC) has combined the distributions to obtain a cumulative adult body weight
distribution for both sexes (AIHC, 1994). This distribution was used in the assessment.

5.5.2.2 Exposure Duration

To calculate the lifetime average daily dose (LADD) for an occupational scenario, it is necessary to
determine the distribution of the duration of time spent at a particular job location. The Bureau of Labor
Statistics (BLS) provides recent data describing tenure for U.S. workers (U.S. Department of Labor, 1992).
In this publication, years with current employer for workers older than 16 years are described in
intervals of <1, 2-5, 6-9, 10-14, 15-19, and >20 years. Finley, et al. (1994) used this data to develop a
cumulative distribution of exposure duration with an arithmetic mean of 7.3 years; the 50th and 95th
percentiles of the distribution are 3.8 and 29 years, respectively. The authors note that the survey
conducted by BLS did not provide information on the maximum length of time worked at one location,
and suggest that a reasonable maximum worklife expectancy of 30 years be used. The peer-reviewed

published distribution was used in the probabilistic analysis.
5.5.2.3 Groundwater (Tapwater) Consumption Rate

The probabilistic analysis used a modification of the distribution of tapwater consumption rates
developed by Ershow and Cantor (1989). This analysis of tapwater consumption is based on the results
of 30,000 interviews of individuals and provides the best characterization of tapwater consumption
currently available. These data provide separate distributions based on age and gender, as well as
geographic region. Western U.S. water consumption values were used in the probabilistic analysis as
these best represent potential consumption rates in Arizona (western consumption rates are the highest

regional rates).

The Ershow and Cantor study provided daily tapwater consumption rates which were not segregated as
to home or workplace. For the commercial/industrial scenario, EPA provides a default assumption that
half of an individual’s daily water intake occurs at work. Accordingly, this assumption was used to

modify the exposure distribution based on total daily intake of tapwater.
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5.5.3 Model Runs

The Latin Hypercube sampling (LHS) method was used to generate possible values from probability
distribution functions. LHS is a recent development in sampling technology designed to accurately
recreate the input distribution through fewer iterations than with the traditional Monte Carlo method.
Each simulation was conducted twice, with 5,000 iterations in each simulation. The software used to

perform the simulations was @Risk, Version 3.1 (Palisade Corporation, 1995).

Input and output distributions obtained from the model runs were saved. Individual dose calculation

iterations were also saved and QC/QA evaluated. Model simulation results are presented in Section 6.0.
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6.0 RISK CHARACTERIZATION

This section of the RA provides an evaluation of the potential health risks posed by chemicals associated
with the Site. Noncancer hazard and cancer risk were evaluated for each exposure scenario by using a
deterministic analysis. Additionally, cancer risk associated with vinyl chloride and arsenic in offsite
groundwater was evaluated by using a probabilistic analysis. Spreadsheets for the deterministic
assessment are presented in Appendix D. Model output for the probabilistic assessment are presented in
Appendix E.

6.1 Noncancer Hazard

A hazard quotient is calculated to evaluate each chemical individually, for each exposure pathway. The
hazard quotient is the average daily chemical dose divided by the EPA reference (i.e., acceptable) dose.
The hazard quotients are then added for all chemicals and all relevant pathways for each scenario
evaluated. The sum of hazard quotients is referred to as the “hazard index” (HI). If the total is less
than 1, thers are no noncancer hazards for any potential receptor, including the most sensitive members
of the population. At the same time, a hazard index greater than 1.0 does not mean that adverse effects
are likely, since the reference dose contains a substantial measure of conservatism, becauses it is derived
by applying multiple safety factors to a level at which no adverse effects have been observed or to the
lowest level at which effects have been observed. Further, summing hazard quotients for all chemicals
assumes that all chemicals affect the same target organ, which is not the case. In this assessment, if a
total HI exceeded 1.0, then organ-specific (e.g., nervous system, skin) hazard indices were evaluated by
chemical (EPA, 1989a).

6.1.1 Potential Future Onsite Worker

Inhalation of vapors released from soil gas into the atmosphere was considered the only route of
exposurs to chemicals for the future onsite worker. The estimated RME and average Hls associated with
this pathway were 0.070 and 0.024, respectively (Table 14 and Appendix B). These values are 14 and 41
fold lower than the acceptable HI of 1.0. Accordingly, there is not a potential for adverse noncancer
health effects for a full-time worker at the Site. Because there are no noncancer hazards associated with
the hypothstical full-time worker, the Site would not present a noncancer hazard for intermittent use

associated with recreational use or visits to a commercial establishment.
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6.1.2 Bradley Worker

Workers at the Bradley landfill, located adjacent to the Site, used groundwater from a production well for
dust suppression. Specifically, the water was pumped into a 5,000 gallon water truck and sprayed on
roads at the landfill to suppress dust. [Use of groundwater from the production well has been
discounted. However, this scenario was still evaluated in the risk assessment.] VOCs may volatilize
from water during spray activities. Accordingly, the potential exposure to VOCs was evaluated for the
individual driving the truck. The estimated RME and average HI values associated with this pathway
were 0.094 and 0.032, respectively (Table 15 and Appendix C). These values are 10 and 32 fold lower
than the acceptable HI of 1.0.

6.1.3 Potential Future Offsite Worker

The potential future offsite worker was assumed to work offsite of both the Bradley and Estes landfills,
but within the adjacent downgradient area shown on Plate 2 (shaded area). It was assumed that the
worker consumed untreated groundwater contained anywhere within the area, but not within the Estes or
Bradley landfills. In the deterministic evaluation, the HI associated with the RME and average scenarios
were 1.4 and 0.73, respectively. Manganese was found to account for 76 percent of the HI, and arsenic
for 20 percent of the HI in the RME scenario. Where the hazard index exceeds 1.0, it is appropriate to
segregate hazard indices for each potential target organ (EPA, 1989a). The EPA risk assessment database
IRIS defines the most sensitive target organ for manganese as the central nervous system, whereas the
most sensitive target organ for arsenic in relation to noncancer effects is the skin (hyperkeratosis). The
RfD values are based on the toxicity associated with these target organs or tissues. Because manganese
and arsenic exert primary toxic effects on different tissues, the hazard quotients for the two chemicals
were segregated. When segregated, the HI associated with arsenic is 0.3, and the HI associated with
manganese is 1.1 for the RME scenario (Table 16). The HI associated with manganese for the average
exposure scenario is 0.54. It should be noted that EPA is currently reevaluating the RFD for manganese
as it is not considered to be scientifically defensible, and potentially overestimates the potency of

manganese.
6.2 Cancer Risk

For potential carcinogens, risks are estimated as the incremental probability of an individual developing
cancer over a lifetime as a result of exposure to a chemical. For all evaluated scenarios, the LADD is
multiplied by the chemical-specific slope factor to determine the incremental risk of cancer. For

estimating total cancer risk for an identified scenario, the cancer risks for each chemical and each

32036\EST009RP.w51 Harding Lawson Associates 30



Lo

Risk Characterization

exposure pathway are summed. The results of quantitative risk estimates for carcinogens are expressed
as the additional risk, over the course of a 70 year lifetime, of contracting cancer above the background
rate of 3 in 10. Because of the uncertainties associated with low dose extrapolation, the estimated risks

are speculative; as noted by EPA, "the actual risks may be as low as zero" (EPA, 1986).

Incremental cancer risks (i.e., the risk above the normal background cancer incidence of one in three)
were derived for the three scenarios by using standard deterministic methods. Additionally, a
probabilistic risk characterization was conducted for arsenic and vinyl chloride in offsite groundwater to
more accurately characterize risks associated with these two chemicals. Per EPA guidances, total
incremental cancer risk associated with each scenario is expressed with one-significant digit.

Discussions of the incremental cancer risks for each evaluated scenario are presented below.
6.2.1 Potential Future Onsite Worker

Inhalation of vapors released from soil gas into the atmosphere was considered to be the only route of
exposure to potential carcinogens for the hypothetical onsite worker. The estimated RME and average
cancer risks associated with this pathway were 1 x 10° (one in one-hundred thousand) and 8 x 107 (eight
in ten-million), respectively (Table 17 and Appendix B). These values represent the acceptable range for
cancer risk in the state of Arizona and by the EPA. Accordingly, there is not significant cancer risk for a
full-time worker at the Site. Because thers is not a significant cancer risk associated with the
hypothetical full time worker over a duration of 25 years onsite, the Site would not present a hazard for

intermittent use associated with recreational use or visits to a commercial establishment.
6.2.2 Bradley Landfill Worker

Workers at the Bradley landfill, which is located adjacent to the Site, used groundwater from a
production well for dust suppression. The water was pumped into a 5,000 gallon water truck and
sprayed on roads at the landfill to suppress dust. VOCs may volatilize from water during spray activities.
Accordingly, the potential exposure to VOCs was evaluated for the individual driving the truck. The
incremental cancer risk associated with the RME and average exposure scenarios were 4 x 10°° and

3 x 10°, respectively (Table 18 and Appendix C). Because of the extremely conservative nature of the
screening model used to estimate exposure to VOCs associated with spraying, it is likely that exposures

to VOCs were overestimated for this worker by an order of magnitude or more.
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6.2.3 Potential Future Offsite Worker

The potential future offsite worker was assumed to work offsite of both the Bradley and Estes landfills,
but within the adjacent downgradient area shown on Plate 2 (shaded area). The worker was assumed to
consume untreated groundwater contained anywhere within the area but not within the Estes or Bradley
landfills. Because there is currently no potable use of groundwater within the area, this exposure
pathway is incomplete for a current exposure scenario. In the deterministic assessment, the incremental
cancer risks associated with the future RME and the average scenarios were 2 x 10° (two in one hundred
thousand) and 3 x 107, respectively (Table 19). Vinyl chloride contributed to 79 percent and arsenic to
18 percent of the total cancer risk (which account for a total of 97 percent of the risk) in the RME
scenario. In the probabilistic analysis, the incremental cancer risks were 7 x 10* (seven in one million)
for the 50th percentile individual, 6 x 10** for the 90th percentile individual, and 1 x 10 for the 95th
percentile individual (Table 20).

6.3 Acceptable Risk

Regulatory agencies in the United States, including the EPA, the Occupational Safety and Health
Administration (OSHA), and the Food and Drug Administration (FDA), adopted a cancer risk range of
one in one-million (1 x 10°) to one in ten-thousand (1 x 10*) as de minimis or of negligible concern.

ADEQ has recently identified this risk range as acceptable for risk-based cleanups (OTIC, 1995).

EPA guidance also supports a no action alternative when estimated risks exceed 10*. According to EPA
guidance on using the baseline risk assessment for remedial decisions (EPA, 1991), the upper boundary
of the risk range is not a discrete line at 1 x 10*. The guidance states, "A specific risk estimate around
10" may be considered acceptable if justified based on site-specific conditions, including any remaining
uncertainties on the nature and extent of contamination and associated risks.” Therefore, in certain cases

EPA may consider risk estimates slightly greater than 1 x 10™ to be protective.

In making risk management decisions, EPA relies on risk estimates associated with the 90th to 95th
percentile value. For example, in setting criteria for drinking water, EPA relies on an assumed tap water
consumption rate associated with the 90th percentile. While interim guidance for soil cleanup of
Arizona target the 95th percentile risk reported in a probabilistic risk assessment, it should be
recognized that the entire risk distribution (e.g., all data reported in the risk characterization) should be
considered by the risk manger (EPA, 1992).
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Travis et al {1987) examined the results of 132 decisions made by regulatory agencies throughout the
country on the basis of site-specific risk assessments. For small populations (less than 1,000 potentially
exposed individuals), regulatory action never resulted for a theoretical risk below 1 x 10" (one in ten-
thousand). Above the risk level of 4 x 10 (four in one-thousand), federal agencies always acted to

reduce risk.
6.4 Conservatism In the Risk Assessment

This risk assessment is based on the application of conservative methods and assumptions throughout
the analysis. Because direct measurements were not used for many of the criteria upon which the risk
estimates are dependent (e.g., air concentrations, human exposure parameters, and low dose toxicity
criteria), conservative assumptions and methodologies were employed to eliminate the possibility of
underestimating risk. Examples of some of the points of conservatism in this assessment are described

below:

. All Potential Receptors

The cancer slope factors used in this assessment are derived using one of the most
conservative low-dose extrapolation models (i.e., the linearized multistage model) in terms of
assumptions regarding proposed carcinogenic mechanisms. The model does not account for
metabolic adjustments or known DNA repair mechanisms that may prevent tumor formation

at low doses.

. Future Offsite Worker
The highest incremental cancer risk and noncancer hazard were predicted for a hypothetical
offsite receptor. The health risks associated with the offsite worker are based on hypothetical
future exposure to impacted groundwater. This exposure is highly unlikely for the following

reasons:

- The area downgradient and crossgradient from the Estes landfill is fully developed, and

there is no current groundwater use.

- There is a municipal water supply in the area that provides potable water.

Municipal water is extraordinarily inexpensive for quantities associated with potable use.
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- The costs associated with the installation of a well can be significant.

- At the workplace, the Safe Drinking Water Act would require the monitoring of drinking

water quality. The costs associated with monitoring water quality are substantial.

- A workplacs that installs such a well may be liable for any illness that may be associated
with use of the groundwater.

Additionally, the reference dose for manganese is overly conservative. The value of the

reference dose is expected to change soon (EPA, 1995), resulting in a lower hazard index than

that calculated in this risk assessment.

. Bradley Landfill Worker

The conservative assumptions used for evaluating exposures for the Bradley worker were as

follows:

- For the RME scenario, it is assumed that the same worker is assigned to drive the truck

used to suppress dust for an average of three times per day over a period of 25 years.

- All VOCs present in water were assumed to immediately volatilize and become 100

percent available for inhalation once the water was released as spray.

- The air dispersion model employed to estimate airborne chemical concentrations
assumed that the wind was always blowing in the direction of the driver. Additionally, it
was assumed that the vehicle was stationary, rather than moving, which allowed for a

significantly higher proportion of vapors to reach the driver.

- The use of groundwater from the production well has been discontinued, thus precluding

any further exposurs.
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. Future Onsite Worker

The conservative assumptions used for evaluating exposures for the hypothetical future onsite

worker were as follows:

- The landfill emissions model used in the risk assessment does not account for the
reduced VOC emissions likely to be associated with the compacted soil at the Estes
Landfill.

- The dose (and concomitant risk) for the onsite worker is based on a breathing rate
associated with a high level of physical activity. It is highly unlikely that this level of

activity would be sustained for a period of 8 hours.

- VOCs are conservatively assumed to be 100 percent absorbed by inhalation.
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Table 1

Summary of Surface Soil Data

Range of Onsite®
Concentrations

Background* Sample

(mg/kg)

Concentration

,,

Average Arizona®
Soil Concentrations

msta)

EPA Region IX
PRG

<0.3 <0.3 1.7 680 I

Arsenic 2.6 -4.3 2.9 9.4 2.0
Barium 47.5 - 126 61.9 161 100,000
Beryllium <0.3 - 0.38 0.25 1.1 1.1
Baron <5 <5 NP 61,000 B
Cadmium 0.06 - 0.80 0.08 0.4 850 I
Chromium 2.6 -9.7 4.3 17.5 1,600
Copper 11.3 - 258 9.5 16.6 63,000 I
Lead 7.9 -109 5.3 7.7 1,000
Manganese 18.4 - 269 162 NP 8,300
Mercury <0.1 <0.1 0.05 510
Nickel 8.1 -18.1 15.4 18.2 34,000
Selenium <03 <0.3 0.6
Silver <0.03 - 0.14 <0.03 0.5
Thallium <0.3 <0.3 0.7
Beta-BHC <0.005 - 0.038 <0.005 NA
4,4-DDD <0.01 - 0.06 <0.01 NA
4,4-DDE <0.01-0.7 <0.01 NA 5.6
4,4-DDT <0.01-0.6 <0.01 NA 5.6
Aroclor 1254 <0.03 - 0.08 <0.03 NA 19

Notes:

. Source: Surface soil sampling; HLA, 1995

b Earth Technology, 1991

¢ Commercial/Industrial use

NA  Not applicable - Not found in native soil

NP Not provided
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Table 2

Selection Chemicals of Concern - Onsite Soil Gas

ll Chemical Frequency of Chemical of
Detection >35%7? Concern?
| Benzene Yes Yes
Carbon Tetrachloride No No
Chlorobenzsne Yes Yes
1,2-Dichlorobenzene Yes Yes
II 1,3/1,4-Dichlorobenzene Yes Yes
Il 1,1-Dichloroethane Yes Yes
" 1,2-Dichloroethane No No
“ 1,1-Dichloroethene Yes Yes
Il 1,2-Dichloroethene (mixed isomers) Yes Yes
Ethylbenzene Yes Yes
Freon 11 Yes Yes
Freon 113 Yes Yes
Methylene Chloride No No
II Tetrachlaroethene Yes Yes
Toluene Yes Yes
1,1,1-Trichloroethane Yes ' Yes
Trichlorosthene Yes Yes
" Vinyl Chloride Yes ) Yes
Il Xylenes 1 Yes Y Yes
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Selection of Chemicals of Concern - VOCs in Offsite Groundwater

Table 3

Chemical Detected In Onsite Frequency of Chemical of
Groundwater? Detection >5%7 In Concern?
Offsite Groundwater
Benzene Yes Yes Yes
" Bromodichloromethane No NA No
" Carbon Tetrachloride Yes No No
II Chlorobenzene Yes Yes Yes
Chloroform Yes Yes Yes
Chloromsthane Yes No No
1,1-Dichloroethane Yos Yes Yes
1,2-Dichlorobenzene Yes Yes Yes
1,4-Dichlorobenzene Yes Yes Yes
1,2-Dichloroethane Yes Yes Yes
1,2-Dichloroethene (cis) Yes Yes Yes
1,2-Dichloroethene (trans) Yes Yes Yes
Freon 11 Yes Yes Yes
Freon 12 Yes Yes Yes
Methylene Chlaride Yes Yes Yes
1,1,2,2-Tetrachloroethane Yes No No
Tetrachloroethene Yes Yes Yes
1,1,1-Trichlorosthane Yes Yes Yes
Trichloroethene Yes Yes Yes
Vinyl Chloride Yes Yes Yes
Note:

NA = Not further analyzed

32036\EST009TB.w31




Lo

Table 4
Selection of Chemicals of Concern - Metals in Offsite Groundwater
Detected Frequency of g Upgradient Well _'ITnp Water PRE Chemical of
Offsite? Onsite? Concentrations Detection® Concentrations Exceeded"*? Concern?
Greater Than Offsite? >5%7? Exceeded?
Antimony Yes No NA NA NA NA No
Arsenic Yes Yes Yes Yes Yes Yes Yes
Barium Yes Yes Yes Yes Yes No No
Boron Yes Yes Yes Yes Yes No No
Cadmium Yes Yes No NA NA NA No
Chromium Yes Yes Yes No NA NA No
Copper Yes Yes No NA NA NA No
Lead Yes Yes No NA NA NA No
Mangansse Yes Yes Yes Yes Yes Yes Yes
Nickel Yes Yes Yes No NA NA No
Zinc Yes Yes No NA NA NA No
Notes:

[
b
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Offsite downgradient wells
At maximum concentration detected
NA = Not further analyzed
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Table 5

Selection of Chemicals of Concern - Bradley Production Well

Chemical Detection Chemical of
Frequency >5% Concern
Benzene Yes Yes
Chlarobenzene Yes Yes
Chloroform Yes Yes
1,2-Dichlorobenzene Yes Yes
1,1-Dichloroethene Yes Yes
H 1,2-Dichlorosthene (cis) Yes Yes
H 1,2-Dichloroethene (trans) Yes Yes
H Tetrachloroethene Yes Yes
H Trichloroethene Yes Yes
Vinyl Chloride Yes Yes




| Arsenic ; IRIS, 1995 IRIS, 1995
| Benzene IRIS, 1995 IRIS, 1995
Chlorobenzane NA NA IRIS, 1995 0.02 0.0057 IRIS, 1995
HEAST, 1994
Chloroform 0.0061 0.082 IRIS, 1995 0.01 0.01* IRIS, 1995
1,2-Dichlorobenzena ' NA NA IRIS, 1995 0.09 0.057 IRIS, 1995
1,3-Dichlorobenzene | NA NA IRIS, 1995 NA NA IRIS, 1995
1,4-Dichlorobenzene 0.024 0.024* HEAST, 1994 0.23* 0.23 IRIS, 1995 H
1,1-Dichloroethane NA NA IRIS, 1995 0.1 0.14 HEAST, 1994
1,2-Dichloroethane : 0.091 0.091 IRIS, 1995 ND ND IRIS, 1995 ﬂ
1,1-Dichlorosthene 0.6 0.18 IRIS, 1995 0.009 0.009* IRIS, 1995
1,2-Dichloroethene (trans) ' NA NA IRIS, 1995 0.02 0.02 IRIS, 1995 ||
| 1,2-Dichloroathene (cis) NA NA IRIS, 1995 0.01 0.01 HEAST, 1994 “
1,2-Dichlorosthene (mixed) NA NA IRIS, 1995 0.009 0.009* HEAST, 1994
Ethylbenzene NA NA IRIS, 1995 0.1 0.29 IRIS, 1995 ﬂ
Freon 11 NA NA IRIS, 1995 0.3 0.2 IRIS, 1995
: HEAST, 1994
Freon 12 NA NA IRIS, 1995 0.2 0.057 IRIS, 1995
HEAST, 1994
Freon 113 NA NA IRIS, 1995 30 8.6 IRIS, 1995 ﬂ
HEAST, 1994

-
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Table 6 (continued)

Toxicity Criteria for Chemicals of Concern

|| Manganase IRIS, 1995 0.005 0.000014 IRIS, 1995
Methylene Chloride 0.0075 0.0016 IRIS, 1995 0.06 0.86 IRIS, 1995
HEAST, 1994
Tetrachloroethene (PCE) 0.052 0.002 ECAO, 1995 0.01 0.01* IRIS, 1995
Toluene NA NA IRIS, 1995 0.2 0.11 IRIS, 1995
' HEAST, 1994
1,1,1-Trichloroethane (TCA) NA NA IRIS, 1995 0.09 0.09* HEAST, 1994
Trichloroethene {TCE) 0.011 0.006 ECAO, 1995 0.006 0.006* ECAQ, 1995
Vinyl Chloride 1.9 0.3 HEAST, 1994 ND ND IRIS, 1995
Xylenes NA NA IRIS, 1995 2.0 0.2 IRIS, 1995
EPA REGION IX, 1995
Notes:
NA Not applicable (not a relevant toxicological endpoint)
ND No toxicity criteria derived
IRIS Integrated Risk Information System Database

ECAO  EPA Environmental Criteria Assessment Office
HEAST  Health Effects Assessment Summary Tables
. Route-to-route extrapolation; oral value used for inhalation

A Human carcinogen (sufficient evidence of carcinogenicity in humans)

B2 Probable human carcinogen (sufficient evidence of carcinogenicity in animals with inadequate of lack of human data)
C Possible human carcinogen (limited evidence of carcinogenicity in animals and inadequate of lack of human data)

D Not classifiable as to human carcinogenicity
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Table 7

Reasonable

"3

Deterministic Exposure Parameters For Future Onsite Worker and Bradley Landfill Worker

Exposurs (RME)_

General Pardn
Body Weight (BW) Value; 70 kg Value: 70 kg
Rationale: USEPA, 1989 Rationale: USEPA, 1989
Exposure Time Value: 8 hours/day Value: 8 hours/day
Rationale: Standard workday Rationale: Standard workday
Exposure Frequency (EF) Value: 250 days/year Value: 250 days/year
Rationale: 5 days per week; 50 weeks per year | Rationale: 5 days per week; 50 weeks per year
Exposure Duration (ED) Value: 4.2 years Value: 25 years
Rationale: 50th percentile (Bureau of Labor Rationale: 95th percentile (Bureau of Labor
Statistics, 1990) Statistics, 1990)
Averaging Time (AT) Value: Value:

Carcinogenic Effects: 70 years (25,550 days)
Noncarcinogenic Effects:

AT = 4.2 years (1,530 days)

Carcinogenic Effects: 70 years (25,550 days)
Noncarcinogenic Effects:

AT = 25 years (9,130 days)

Inhalation: . i i e iy
Breathing Rate (BR) Value: Onsite Worker - 10 m¥day Value: Onsite Worker - 20 m%day
Bradley Worker - 6.4 m%day Bradley Worker - 10 m¥%day
Rationale: Average inhalation rates for heavy Rationale: Upperbound inhalation rates for heavy
and moderate activity (USEPA, and moderate activity (USEPA, 1991)
1989)
Absorption Factor (ABS) Value: 1.0 Value: 1.0
Rationale: Maximum assumed

T T

e e e ey

Maximum assumed
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Deterministic Exposure Parameters For Future Offsite Worker

(o

Table 8

venga Exposure

Reasonable M

: - S —
| Body Weight (BW) Value: 70 kg Value: 70 kg
1
Rationale: USEPA, 1989 Rationale: USEPA, 1989
Exposure Time Value: 8 hours/day Value: 8 hours/day
Rationale: Standard workday Rationale: Standard workday
Exposure Frequency (EF) Value: 250 days/year Value: 250 days/year
Rationale: 5 days per week; 50 weeks per year | Rationale: 5 days per week; 50 weeks per year
Exposure Duration (ED) Value: 4.2 years Value: 25 years
Rationale: 50th percentile (Bureau of Labor Rationale: 95th percentile (Bureau of Labor
Statistics, 1990) Statistics, 1990)
Averaging Time (AT) Value: Value:
Carcinogenic Effects: 70 years (25,550 days) Carcinogenic Effects: 70 years (25,550 days)
Noncarcinogenic Effects: Noncarcinogenic Effects:

.

AT = 4.2 years (1,530 days)

“ Groundwater Ingestion:

AT = 25 years (9,130 days)

Value:

Value:

1 L/day

32036\EST008TB. w51

Ingestion Rate (IR) 0.65 L/day

Rationale: Ershow and Cantaor, 1989 Rationale: EPA, 1991
Absorption Factor (ABS) Value: 1.0 Value: 1.0

Rationale: Meaximum assumed Rationale: Maximum assumed




—F,

7

32038\EST009TB.wS1

Table 9

Representative Groundwater Concentrations to Evaluate

Drinking Water Exposures to Offsite Workers

95% UCL
(n8/l)

Arsenic 7.73 9.02
Benzene 1.04 3.56
Chlorobenzene 1.25 2.24
| chlaroform 0.99 1.3
1,2-Dichlorobenzene 2.57 3.76
1,4-Dichlorobenzene 0.80 1.06
1,1-Dichlorosthans 1.39 2.27
1,2-Dichloroethane 0.39 0.46
1,1-Dichloroethene 2.45 2.82
1,2-Dichloroethene (cis) 11.5 16.9
1,2-Dichloroethene (trans) 0.42 0.63
Freon 11 0.57 0.67
Freon 12 0.66 0.80
Manganese 424 566
Methylene Chlaride 1.73 2.27
Tetrachlorosthene 0.79 0.94
1,1,1-Trichloroethane 0.88 1.04
Trichloroethene 12.6 " 15.0
Vinyl Chleride 15.2 31.2




- Table 10

Estimated Air Concentrations - Future Onsite Worker

Average Air

Concentration (rg/m?)

Benzene 0.654 0.867 |
Chlorobenzene 1.05 1.45 ||
1,2-Dichlorobenzene 0.973 1.51 H
1,3/1,4-Dichlorobenzene 1.28 2.26 i
1,1-Dichloroethane 0.289 0.701
1,1-Dichlorosthene 0.0581 0.115 H
1,2-Dichloroethene (total) 0.105 0.153

I Ethylbenzene 0.501 0.826

H Freon 11 0.00247 0.00492
Freon 113 0.00289 0.00619 "
Tetrachloroethene 0.00639 0.00106
Toluene 0.163 0.264

I 1,1,1-Trichloroethane 0.0014 0.00227
Trichloroethene 0.0341 0.05385
Vinyl Chleride 0.271 0.374 |

| Zyienes tota)

32036\EST009TB.wS51
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Table 11

Representative Groundwater Concentrations - Bradley Worker

Il Chloroform 0.30 0.44 It
I 1,2-Dichlorobenzene 25.1 40.0
I 1,1-Dichloroethene 0.32 0.44
1,2-Dichloroethene (cis) 88.1 171.7
1,2-Dichloroethene (trans) 1.0 2.0
Tetrachlarosthene 0.17 0.21
Trichloroethene 3.04 41
H Vinyl Chleride 61.2 99.3
R
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Table 12

Estimated Air Concentrations - Bradley Worker

Chemical Air Air
Concentrations Concentrations
for Average for RME Worker
_ [ Worker (ug/m?) (ug/m?)
Benzene M I 0.0113 0.0126
Chlorobenzense 0.284 0.49
Chloroform 0.0126 0.0184
n 1,2-Dichlorobenzsne 1.05 1.67
1,1-Dichloroethene 0.0134 0.0184
1,2-Dichloroethene (cis) 3.69 7.19
1,2-Dichloroethene (trans) 0.042 0.0825
Tetrachlorosthene 0.00712 0.0088
Trichloroethene 0.127 0.171
Vinyl Chleride 2.56 4.16
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Table 13
Exposure Parameter Distributions Used in Probabilistic Risk Assessment
F—— — e =r=me S
Exposure Distribution Values Study/Reference
Parameters
Groundwater Discrete Arsenic: 4.58, 8.18, 6.23, 6.13, 6.81, 7.13, 6.08, 10.3, 12.3, 8.67, 6.00, Based on site
Concentration Uniform 5.50, 5.17, 6.40 monitoring data
(ng/L)
Vinyl Chloride: 1.52, 53.8, 0.40, 0.48, 0.10, 0.10, 13.0, 0.10, 390, 0.58, 0.22,
0.75, 5.80, 5.71, 4.57, 3.79
Body Weight Cumulative Min Max 5% 15% 50% 85% 95% NHANES II: EPA,
I (kg) 44 107 523 576 68.7 844 97 1990; AIHC, 1994
Exposure Cumulative Min Max 5% 10% 25% 50% 75% 90% 95% U.S. Dept. Labor,
Duration (yrs) 0.01 30 1 1 1 3.8 11 19 29 1992; Finley et al.,
1994
Groundwater Cumulative Min Max 1% 5% 109 25% 50% 75% 90% 95% 99% Moadified from
Ingestion 0.0565 2.1 0.057 0.200 0.274 0.444 0.661 0.95 1.245 1.493 2.076 | Ershow and Cantor,
Rate (L/day") 1989; EPA, 1991
Arthmetic Mean Concentration (ug/L)
EW-1 EW-4 EW-7 EW-10 EW-12 EW-13 EW-14 EW-17 EW-18
Arsenic 4.58 8.18 6.23 6.13 6.81 713 6.08 10.3 12.3
Vinyl Chloride 1.52 53.8 - 0.40° 0.48 0.10 0.10 13.0 0.10 390
Arthmetic Mean Concentration (ug/L)
SB-4 SB-6 TW-1 TW-2 TW-3 TW-4 TW-P
Arsenic NA NA 8.67 6.00 5.50 5.17 6.40
Vinyl Chloride 0.58 0.22 0.75 5.80 5.71 4.57 3.79

Note: a = at worksite

cemmsimATanaTe @
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Table 14

Non-Cancer Hazard Summary for Average and RME Onsite Worker from Inhalation Exposure

Avaerage Worker

RME Worker

Hazard Quotient Ha:-ard Quotiont

‘ Chlorobenzene 1.80 x 107 4.98 x 10

{1,2-Dichlorobenzene 1.67 x 107 5.18 x 10°

T1,3/1.4-Dichlorobenzane 5.45 x 10* 1.92 x 10°

! 1,1-Dichloroethanse 2.02 x 10™ 9.8 x 10*

l 1,1-Dichloroethene 6.32 x 10" 2.50 x 10°
1,2-Dichloroethene (total) 1.14 x 107 3.33x 10°
Ethylbenzene 1.69 x 10 5.57 x 10* i
Freon 11 1.21 x 10 4.81 x 10

ﬂ_Freon 113 3.29 x 10® 1.41 x 107
Tetrachloroethene 6.25 x 10 2.07 x 10*

Toluene 1.45 x 10™ 4.79 x 10*
1,1,1-Trichloroethane 4.72 x 107 1.53 x 10°
Trichloroethene 5.56 x 10™* 1.94 x 10°
Xylenes (total) 1.02 x 107 2.91 x 10° "
TOTAL HAZARD INDEX: 0.024 0.070 |

32036\ESTO0STB.wS1
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Table 15

Non-Cancer Hazard Summary for Average and RME
Bradley Landfill Worker from Inhalation Exposure

Chemical Average Worker RME Workor_J
Hazard Quotient Hazard Quotient
Chlarobenzene 0.00314 0.00847 ]
" Chloroform 0.0000795 0.000181
| 1.2-Dichlorcbenzene 0.00116 0.002898
1,2-Dichloroethene (cis) 0.0259 0.0787
Tetrachlarosthene 0.0000449 0.0000867 |
Trichlaroethene 0.00134 0.00281 “
Total Hazard Indax: 0.032 0.094 ll
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Table 16
Non-Cancer Hazard Summary for Average and RME Offsite Worker
from Groundwater Ingestion
Chemical Average Worker Percent Contribution RME Worker Percent ,
Hazard Quotient : Hazard Quotient Contribution

Arsenic 1.64 x 10 22.5 2.94 x 10* 20.3 J
Chlorobenzene 3.98 x 10" 0.05 1.10 x 107 0.08 "
Chloroform 6.30 x 10 0.09 1.33 x 10° 0.09
1,2-Dichlorobenzene 1.82 x 10™* 0.02 4.09 x 10* 0.03
1,4-Dichlorobenzene 2.21 x 10° 0.003 4.51 x 10® 0.003
1,1-Dichlorosethane 1.20 x 10* 0.02 2.22 x 10* 0.02
1,1-Dichloroethene 1.73 x 10? 0.24 3.07 x 10° 0.21
1,2-Dichloroethene (cis) 7.31 x 10°? 1.0 1.65 x 10° 1.14
1,2-Dichlorosethens (trans) 1.34 x 10* 0.02 3.08 x 10 0.02
Freon 11 1.21 x 10°® 0.002 2.19x10°® 0.002
Freon 12 2.10 x 10°® 0.003 3.91 x 10°® 0.003
Manganese 5.39 x 10" 74.1 1.11 76.4
Methylene Chloride 1.83 x 10" 0.03 3.70 x 10 0.03
Tetrachloroethene 5.02 x 10° 0.07 9.20 x 10° 0.06 |
1,1,1-Trichlorosthane 6.22 x 10° 0.01 1.13 x 10 0.01
Trichlorosthene 1.34 x 10° 1.8 2.45 x 10 1.7
TOTAL HAZARD INDEX: 0.73 100 1.45 100 h

32036\ESTOO8TB.wi1



Table 17

Non-Cancer Hazard Summary for RME Offsite Worker

Chemical HaznrdﬁQuotient Percent Contribution
Arsenic 3.61 x 10-1 28
Bromodichloromethane 3.45 x 10-4 0.026
Chlorobenzene 5.62 x 10-4 0.044
Chloroform 1.22 x 10-3 0.095
1,2-Dichlorobenzene 2.81 x 10-4 0.02
1,1-Dichloroethene 2.73 x 10-3 0.21
1,2-Dichloroethens (cis) 1.13 x 10-2 0.88
1,2-Dichloroethene (trans) 1.73 x 10-4 0.013
Manganese 8.87 x 10-1 68.8
Methylene Chlaride 3.83 x 10-4 0.03
i Tetrachloroethene 8.77 x 10-4 0.07
1,1,1-Trichloroethane 1.16 x 10-4 0.009
Trichloroethene 2.17 x 10-2 1.7
TOTAL HAZARD INDEX: 1.29 100

32038\ESTO0STB. w51
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Table 18

Cancer Risk Summary for Average and RME Onsite Worker from Inhalation Exposure

Average Worker RME Worker "
Chemical
Cancer Risk Percent Contribution Cancer Risk Percent Contribution l
— ] el e GBSk | PoosiiCobetsy
Benzene 1.1 x 107 13.2 1.76 x 10® 11.8
1,3/1,4-Dichlorobenzene 1.8 x 107 21.6 3.79 x 10°® 25.4
1,1-Dichloroethene 6.14 x 10* 7.4 1.45 x 10°® 9.7
Methylene Chloride 2.02 x 101 0.024 3.37x 10" 0.023 Lﬂ
Tetrachloroethene 7.5 x 10" 0.009 1.48 x 10° 0.010
Trichloroethene 1.2 x 10° 0.14 2.50 x 10°® 0.17
Vinyl Chloride 4.77 x 107 5§73 7.84 x 10* 52.6
TOTAL CANCER RISK: 8 x 107 1x10°

32036\EST009TB.wS1



Table 19
Cancer Risk Summary for the Average and RME Offsite Worker
from Groundwater Ingestion (Deterministic)
e —
Chemical Average Worker Cancer Risk | Percent Contribution | RME Worker Cancer Risk Percent
Contribution
Arsenic 4.43 x 10°* 27.5 4.73 x 10°® 18.1
Benzene 1.15 x 10° 0.07 3.61 x 107 0.14
Chloroform 2.30 x 10° 0.01 2.90 x 10* 0.01
1,4-Dichlorobenzene 7.33 x 10° 0.05 8.89 x 10 0.03
1,2-Dichloroethane 1.35 x 10°® 0.08 1.46 x 107 0.06
1,1-Dichloroethene 5.61 x 107 3.5 5.91 x 10 2.3
Mesthylene Chloride 4.95 x 10° 0.03 5.95 x 10* 0.02
Tetrachloroethene 1.57 x 10°® 0.10 1.75 x 107 0.07
Trichlorosthene 5.29 x 10°® ' 0.33 5.77 x 107 0.22
Vinyl Chloride 1.10 x 10°* 68.4 2.07 x 10 79.13
TOTAL CANCER RISK: 2x10° 100 3 x10 100

32038\ESTO0OTB.w3}
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Table 20

Probabilistic Cancer Risk Estimates
for the Future Offsite Worker

32036\EST009TB.w51

Percentile
50th 90th 95th
Total Cancer Risk 7 x 10°® 6 x 10° 1x10*
Individual Cancer Risks:
Arsenic 3 x10* 2x10° 3x10°®
Vinyl Chlaride 1x10* 4x10° 1x 10
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APPENDIX A

SOIL GAS DATA FROM PHASE | AND PHASE 1l INVESTIGATIONS



Table 1
Phase II Solt Gas Results
Estes Landfiil
SAMPLE TOTAL CHLORO- ETHYL. TOTAL

DEPTH DATE CH2CL2 FREONI1 1,-DCE 1,I-DCA 12-DCE CHCLI FREON(I3 12-DCA TCA oClA T8 PCE BENZENE TOLUENE -BENZENE BENZENE XYLENES TVHC
SAMPLEID (FEET) SAMPLED ua/L uanL Ua/L uain. Ua/L uan UaL uanL Ua/L uan, UaL uanL UatL uan. uat UaL uai UaL
SG-1014 9.5 08/08/94 <0.02 0.001 «<0.01 <0.1 <0.1 «<0.0003% 0.001 «<0.05 <0.0002 <0.00007 0.001 0.0008 1" 9 <03 20 66 1300
$S3-102 95 08/08/94 «<0.02 0.0006 <0.01 <0.1 <0.1 «<0.0005 «0.0005 «<0.03 «<0.0002 <0.00007 0.009 0.004 2 2 <03 1 " 28
$3-103 9.5 083/08/94 <l 0.001 0.10 <0.1 2 <0.0005  <0.0003 <005 «<00002 «000007 02 0.002 0.08 02 <03 0s <0.1 23
SQ-104 9.5 08/08/94 <0.02 0.0004 [ X} 0s 02 «<0,0005 «<0.0003 «<0.05 <0.0002 <0.00007 0008 0.002 3 09 <03 s 3 30
S$G-105 9.5 08/08/94 <0.02 0.1 <001 0s 0.1 «<0.0005 03 <0.03 <0.0002 <0.00007 004 0.02 16 1 2 2 10 n
SG-106 9.5 08/08/94 <0.02 0.003 <0.01 8 0.1 <0.0003 «<0.0005 «<0.05 0.05 «<0.00007 002 0.08 0s 2 <03 1 41 1600
$G-107 9.5 08/09/94 <0.03 02 «<0.02 04 2 <0.001 0.04 «<0.1 0.02 «<0.0002 09 03 2 2 <08 3 b ] 25
SQ-107A 9.5 08/11/94 <00l 0.003 <02 02 <0.5 0.1 «<0.002 «<0.07 <0003  <0.0004 08 0.01 «<0.1 11 ] <1 <1 18 S0
$G-1078 9.5 09/02/94 <0.1 <0.1 <0.1 03 ol <0.1 <0.1 «<0.} <0.1 <0.1 02 0.1 20 10 <0.] <0.} 2 <0.1
5Q-108 9.5 08/09/94 <0.08 0.002 <0.02 <03 <03 <0.00t «<0,001 <0.} <0.0005 <0.0002 <0.001 0.002 04 0s <03 2 2 135
SG-108A. 9.3 08/10/94 <02 «<0.0003 <0.06 <0.5 <04 <0.002 <0.02 <1 <0.02 <0.004 002 0.002 <3 03 <3 <02 3 84
Sa-109 95 08/09/94 <0.08 0.002 <002 <03 <03 <0.001 «<0.001 <0.1 <0,0005 <00002 <0.001 0.001 <0.7 <} <3 <l <1 1
SG-109A 95 08/10/94 <01 «<0.0003 «<0.06 <2 <2 «0.007 «<0.006 <0.6 «<0.004 «<0.00) 0.01 0.03 «<0.} 02 <03 03 n 15
SG-109B 9.5 08/10/94 <0.07 0.003 <0.02 <0.8 <0.6 «<0.003 <0.002 <02 <0002 <0.0004 <0.0006 0.02 <0.1 <02 <03 <0.2 <0.2 <02
S0-110 9.5 08/09/94 <0.02 0.0005 <0.01 <0.1 <0.1 «<0.0005  <0.0005 <0.04 «<0.0002 <0.00007 0.01 0.0003 <0.04 <0.08 <03 <0.07 3 i
50-111 95 08/10/94 <0.07 «<0.0005 <002 <08 <0.6 <0.003 «<0.002 <02 «<0.002 <0.0004 0.007 0,008 <0.} <02 «<0.3 <02 <0.2 <02
SG-112 9.5 08/10/94 <0} <0.0005 <0.1 <08 <06 <0.003 «<0.002 <02 <0002 <0.0004 007 <0.003 <0.1 <02 <03 F] <0.2 6
SO-113 9.5 08/14/94 <0.04 <0.0006 <0.1 <0.1 <0.5 <0.003 <0.002 <0.07 «<0.003 <0.0004 ol 0.008 1 «<0.2 <3 <0.2 6 10
SO-114 9.3 08/14/94 <0.01 <0.0006 «<0.1 <0.1 <0.5 «<0.003 <0002 «<0.07 «<0.003 «<0.0004 0.02 0.003 o8 <0.2 <) <0.2 12 16
SG-115 95 08/14/94 <0.01 <0.0006 <0.1 «<0.| <03 <0.003 «0.002 <0.07 «<0.003 <0.0004 007 0.004
SG-116 25 08/11/94 <0.01 «<0.0006 <0.1 <0.2 <0.5 «<0.0003 «<0.002 «<0.06 <0.003 <0.0004 [ 3] «<0.001 <01 <02 <03 <02 1 3
SG-117 9.3 08/11/94 030 «<0.001 <0.2 «<0.2 <} «<0.0008 <0.004 «<0.1 <0.003 <0.001 0s <0.003 <0.1 04 <03 2 09 14
SQ-118 935 08/11/94 030 0.0003 «<0.1 <0.] <02 <0.000} «<0.001 «<0.03 «<0.001 <0.0002 06 0.008 <0.1 <03 2 09 17
SG-119 95 08/51/94 <0.01 «<0.0006 <02 <0.2 <0.3 <0.0003 «<0.002 <0,07 «<0.003 «0.0004 <0.1 «<0.001 <0.1 <02 <0.} <02 <02 <0.4
SQ-120 9.5 08/51/94 <0.01 «<0.0006 <0.2 <0.2 «<0.5 «<0.0003 «0.002 «<0.07 «0.003 «0,0004 5 0.03 <0.1 <0.2 <03 <4 2 9
5G-121 95 o8/11/94 <001 0.001 <0.2 <0.2 <0.5 «<0.0003 0.008 «<0.07 «<0.003 0.0003 <01 <0.001 «<0.1 <02 <03 <02 <02 <0.4
$G-122 30 oB/11/94 0.20 <0.0006 «<0.1 <0.1 <0.2 <0.0004 «<0.001 <0.03 <0.001 «<0.0002 04 0.001 <0.1 <0.2 <03 <02 <02 k)
50-123 30 08/1194 <0.01 «<0.0006 <02 <0.2 <03 «<0.000) «<0.002 <0.07 «<0.003 «<0.0004 <0.1 <0.001 4 <02 <03 <0.2 20 64
SQ-124 30 08/12/94 0.10 0.002 <0.1 <0.1 <0.3 «<0.0003 «0.002 0.07 0.04 <0.0004 0.02 001 «<0.03 <08 <1 <l <] <t
5Q-125 30 08/12/94 020 0.0008 <0.03 «<0.06 «<0.3 <0.0001 «<0.001 <0.03 «<0.001 «0.0002 0.02 0.002 4 «<0.2 1T <02 <0.2 6
5Q-126 30 08/12/94 020 «<0.0006 <0.1 <0.1 <0.5 «<0.0003 «<0.002 <0.07 <0.003  <0.0004 0.02 0.004 9 <0.2 1] <02 2 20
Sa-127 30 08/12/94 0.40 <0.0006 <0.1 <0.1 <0.5 «<0.0003 «<0.002 <0.07 <0003 «<0.0004 0.02 0.003 9 <0.2 21 <02 " 2
SO-128 25 08/12/94 <0.01 <0.0006 «<0.1 <0.1 <0.5 «<0.0003 «<0.002 «<0.07 <0.003 <00004 <0003 <0.001 <0.1 <02 <0} <02 <02 <02
SQ-129 30 08/12/94 0.20 <0.0006 «<0.1 <0.1 <0.5 «<0.0003 «<0.002 «<0.07 <0.003  <0.0004 0.02 001 3 <02 <4 ] 3 13
5G-130 25 08/12/94 0.20 <0,0008 <0.} <0.1 <0.5 <0.0003 «<0.002 «<0.07 <0003 <0.0004 <0.003 «<0.00} 13 <0.2 0 <02 10 21
SG-131 23 08/12/94 0.08 <0.0006 <0.1 <0.1 <0.5 <0.0003 «<0.002 <0.07 <0003  <0.0004 001 00 8 <0.2 26 <0.2 6 13
SG-132 25 08/1394 <0.006 «<0.000) <0.03 <0.06 <02 «<0.001 «<0.00 «<0.03 «<0.001 «<0.0002 0.007 0.003 29 «<0.2 39 <02 3 u
SG-133 25 08/13/94 <0.01 <0,0005 <0.1 <0.1 <03 <0.003 «<0.002 <0.07 <0003 <0.0004 0.03 001 2 <02 6 [ ] 12 12
Sa-134 25 08/13/94 «<0.01 «<0.0006 «<0.1 <0.1 <0.3 «<0.003 «<0.002 <0.07 <0003 <0.0004 0.01 0.003 07 <02 1 05 3 4
$G-133 25 08/13/94 <0.01 «<0.0006 <0.1 <0.} <05 «<0.003 «<0.002 «<0.07 <0003  <0.0004 002 0.004 09 <02 [ X1 <02 <0.7 1
SG-136 pi} 08/13/94 <0.01 <0.0006 <0.1 <0.1 <03 <0.003 «<0.002 «<0.07 <0003 <0.0004 0.04 0.01 3 <0.2 4 3 10 kil
$SG-137 3 08/13/94 «<0.0L «<0.0006 <0.} <0.1 <0.5 «<0.003 «<0.002 «<0.07 <0.003 <0.0004 0.0t 0.004 os <0.2 8 3 15 3
SO-138 20 08/1394 «<0.01 <0.0006 <0.} «<0.4 <0.3 «<0.003 <0.002 «<0.07 «0.00) <0.0004 «<0.003 «<0.00} 1 «<0.2 <02 2 4
SO-139 25 08/13/94 <0.01 <0.0006 <0.1 «<0.1 <0.$ <0.003 «<0.002 <007 <0.003 <0.0003 002 0.005 1 «<0.2 <03 «<0.2 6 20
SO-140 25 08/13/94 <0.01 <0.0006 <0.1 <0.1 <0.3 <0.003 «<0.002 <0.07 <0003 «<0.0004 0.02 0.02 04 «<0.2 <03 <0.2 <0.2 n
SG-141 19 08/13/94 <0.01 «<0.0006 <0.} <0.1 <05 <0.003 «<0.002 «<0.07 <0.003 <0.0004 «<0.003 <0.001 <0 «<0.2 <03 <02 <0.2 «<0.2
FBIIMAR «<0.01 <0.01 <0.08 <0.01 <0.01 <0.01
FBIIMAR «<0.01 <0.01 <0.01 <0.0t <0.01 <0.01
FBI3IMAR <0.01 <0.01 <0.04 <0.01 <0.01 «<0.0t
FB14MAR <0.01 <0.01 <0.01 <0.01 «<0.0) <0.01
SO01-08 <0.01 <001 <001 <0.0) 049 <0.01
SQ01-10 0.13 <0.01 <0.01 <001 16 072
SQ0t-1S <0.0l <0.01 <0.01 <0.01 0.84 0.06
$001-20 020 0.1 «<0,01 «<0.01 098 1.03
500205 <00} <0.0t «<0.01 <0.0} 075 081
SQ02-10A <0.01 <0.01 «<0.0) <0.01 139 1.7
$Q02-108 <0.01 <0.0) <0.01 <0.01 236 123
SQ02-13 <0.01 «<0.01 «<0.01 «0.01 p At} .M
$002-20 <0.01 0.0S 003 <0.01 227 329
5003-10 <0.01 0.03 <0.01 <0.01 0.57 44
S004-10 L.22 «<0.01 <001 <0.01 66 213
5005-10 120 0.07 <0.01 0.07 636 134
$006:10 135 836 o 02 0.87 072
5G07-10 <0.01 omn <0.01 <0.01 1.6 536
SO08-10 <0.01 <0.01 <0.01 <0.01 045 43
SO09-10A 02 004 0.03 142 04l
SO09-108 a3 0.08 0.04 0.03 127 042
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/ Tablel \
Phase H Sofl Gas Results
- Estes Landfill
SAMPLE TOTAL CHLORO- ETHYL TOTAL
DEPTH DATE CHICL? FREONII I I-DCE LI-DCA 12-DCE CHCLY FREONII3 12-DCA TCA CClA TCE PCE  BENZENE TOLUENE -BENZENE BENZENE XYLENES TVHC

SAMPLE ID _ (FEET) SAMPLED UaL UL Ua/L uan UL uaL uan uanL UaL Ua/L UOL von. UaL uan, uaL uoa, vani, uan

SG10-10 <0.01 074 005 <001 119 008

SO11-10 037 4.57 034 <0.01 027 <0.01

SG12-10 <0.01 «<0.01 <001 <0.01 0.0s <001

S313-10 <0.01 <0.01 <0.01 <001 037 <0.01

SQ14-10A <0.01 <001 <001 «<0.01 [ ] <001

Sal4-10B <001 <001 <0.01 <0.04 0.17 <0.01

SQ1S-10A <0.01 0.01 <0.01 <0.01 03 0.04

SQ1s-108 4 <0.01 <0.01 <0.01 <001 <0.01

SQ16-10A <0.0t 0.03 0.01 <0.01 0.86 0.43

SQ16-10B~ <0.01 <0.01 <0.01 0.77 28

sa17-10 <0.01 001 <001 004 134 29

SQ18-10 0.07 0.64 <0.01 <001 112 4

Sq19-10 <0.01 <0.01 0.0l <0.01 022 0.09

SQ20-10A <0.01 0.02 <001 <0.01 09 075

S020-108 <0.01 0.02 <0.01 <0.01 0.74 <001

S021-10A 0.04 151 0.33 <001 051 0.6l

5321-108 0.04 158 034 <001 048 0.47

$Q22-10 «<0.01 <0.01 «<0.01 «<0.01 .14 013

$G23-10 <0.01 0.06 <0.01 <0.01 69 132

S024-10 «<0.01 0.03 0.02 <0.0) 0.51 0.06

SQ25-10 <001 o1l 0.0 <0.01 037 0.08

SQ26-10 0.04 L4 o.18 <0.01 009 003

$027-10 <0.01 0.08 0.02 0.02 054 012

SO28-10 <0.01 0.03 <0.01 <001 13.8 2.6

SG29-10 017 0.01 «<0.01 <0.01 038 63

S330-10 <001 0.12 0.02 <001 181 128

SQ3L-10 0.02 022 02 <0.01 897 238

SG32-10 «<0.0} 0.07 X <0.01 0.9} 427

§033-10 <0.01 021 0.09 <0.01 3.09 128

SO34-10A <001 <0.01 <0.0L <001 <001 <001

$Q34-10B <0.01 «<0.01 «<0.01 <0.01 «<0.01 <0.01

5Q35-10 <001 <001 <001 <001 <001 <00l

SQ36-10 0.03 <001 <0.01 <0.01 «<0.0} <0.0t

$037-10 <001 021 ool <0.01 144 33

Calculations

# of detectod samples 10 16 16 6 3 1 4 1 3 1 ss 9 72 13 H] 17 3 37

% detected 22 35 16 13 36 2 9 2 7 2 54 [}] ” 30 2 i 69 82

# of samples (N) 46 46 100 46 101 46 46 46 46 46 101 {1} 98 “ 99 43 45 43
|Average 720B-02 8.28E-03 1.93E-01 9.69E-01 )ISIE-O1 9.68E-03 4.1E-03 1.J4B-01 2.14E-02 2.19E+00 S.46E-01 3.34E+00 1.6BE+00 7.02E400 8.20E+0}

t distr. 1.68E+00 1.68E+00 1.66E+00 1.6BE+00 1.66E+00 1.68E+00 1.68E+00 1.66E+00 1.66E+00 1.66E+00 1.6BE+00 1.66E+00 1.6BE+00 1.68E+00 1.68E+00
fstandard deviation LITE-01 331E-02 1.1SE+00 5.5BE+00 9.88E-0) 447E-02 1.17E-02 S.J4E-01 846E-02 4.26E+00 1.40E+00 791E+00 436E+00 1.18E+01 3.01E+02

95% UPL J0IE-0) 1.65E-02 386E-01 233E+00 S.)J4E-01 208802 7.608-03 1.998-01 334E-02 291E+00 9.01E-01 4.86E+00 2.77E+00 997E+400 1.37E+02

Max.(] S.00E-0l 200E-01 1.12E+01 3.80E+01 8.36E+00 3.00E-01 3.00E-02 S.00E+00 7.70E-01 2.90E+0l $.00E+00 5.90E+01 2.20E+01 6.60E+0l 1.60E+0)

Ci (UQ/L, mg/m3) 10IE-0! 1.65E-02 3.86B-01 2.3SE+00 $.14E-01 2.08E-02 7.60E-03 199E-01 3.54E-02 291E+00 9.01E-OL 4.86E+00 2.77E400 9.97E+00 [1.STE+02

Lalag 95% UCL:

Ei (mg/sec),(if V=1.63B-3 cm/oec, A=175950.3 m2) 2189E-01 4.73B-02 1.1IE+00 G.T4E+00 147E+00 5.9SE-02 2.18E-02 S72B-01 1.02B-01 834E+00 2.59E+00 1398401 T94E+00 2.86E+0l 4.51E+02

Ca{mg/m3), (if Ve=2.25m/s, MH=2m, L§=419.46m) 153E-04 230B-05 S86E-04 337E-03 7.80B-O4 3. 15B-08 1.16B-03 3.03E-04 5.3BE-0S 4.42B-03 137E-03 7.38E-03 421E-03 1.51E-02 2.39E-01

Ca{mg/m3), (if Vo=2.25m/s, MH=)0m, LS=419.46m) | I.0TE-0S S5.01E-06 L.I7E-04 7.14B-04 1356B-04 631BE-06 231E-06 SO06E-05 1.08E-05 883E-04 2.74E-04 1.48E-03 8.42E-04 3.0E03 4.7BE-02

Using Average

Ei (mg/sec)(if V=1 63E-3 cu/sec, A=175950.5 n2) 207B-01 238E02 S.39B-01 2.78E+00 |.01E+00 278802 1.35E-02 328E-01 6.15E-02 6.29E+00 1.S7E+00 1.01E+0} 4.82E+00 201E+01 2.)3SE+02
Ca(mg/m3), (f Ve=2.25m/s, MH=10m, LS=419.46m) | 2.19E-05 2.52E-06 S.92E-05 2.94E-0¢ L.O7E-04 2.94E-06 1.43E-06 3.4BE-05 6.51E-06 666E-04 1.66E-04 1.07E-03 S.J0E-04 2.13E-03 2.49E-02




“-\ .': Table 1 Notes: C’QQS\QBIE UGA. = MICROGRAMS PER LITER
CHCL3 s CHLOROFOR

Phase 11 Soll Gas Results INT = INTERFERENCE
Estes Landfill CCL4 = CARBON TETR NA = NOT ANALYZED
SAMPLE VINYL
DEPTH DATE 11,4-DCB 1,2-DCB  CHLORIDE  METHANE FB = FIELD BLANK
SAMPLEID (FEET) SAMPLED vaaL Ua/L UaL uan, ND* NO DATA DUE TO INTEGRATION DIFFICULTIES
[X] 08/08/94 10 <08 <0.02 61000 AB DENOTE SERIAL DUPLICATES
9.5 08/08/94 <1 <0.8 «<0.02 120000 A DENOTS SAMPLES ANALYZED FOR THE 601 SUITE
9.5 08/08/94 <1 <08 2 <1000 NA = NOT PART OF THE 601 SUITE THEREFORE NOT ANALYZED
93 08/08/94 <1 <08 0.6 42000
95 08/08/94 <] <08 03 44000
95 08/08/94 <08 2 <1000 FUNCTIONS
95 08/09/94 <3 <2 0.6 26000
93 o8/11/94 <0} <02 06 49000 # of detected sample =COUNT(C7.C108)
[ X] 09/02/94 <0.1 <0.1 <0.1 % detected ={C110/C112)*100
9.5 08/09/94 < <3 <0.02 32000 # of samples (N) =COUNTA{CT:C108)
95 . 08/10/94 <02 1 29000 Average . =AVERAGE(D7:0108)
[X] 08/09/94 <20 <13 <0.02 <2600 t distr. =If(C112<47 IF(C112<43,1.684,1.678),1.66)
9.5 01094 06 <7 03 22000 standard deviation  =STDEW(D7.D108)
9.5 08/10/94 <03 <0.2 <0.02 <2600 95% UPL =C1214{C122°C123%(1/C120)*0.5)
9.5 08/09/94 < <2 0.06 43000 Max{} =MAX{#REFI)
9.5 08/10/94 <l <02 <0.02 <2600 cluen) ={F(AW20>AW19,AW19,AW20)
95 08/10/94 <02 El (mg/sec) =AV21'0.00163°176850.5°0.01
93 08/14/94 <03 <02 04 46000 Ca(mg/m3 (H=2m) =AV22/(419.46°2.25°2)
9.5 08/14/94 <03 <02 0.2 46000 Ca(mg/m3 (H=10m) =BF18/419.46°2.25°10)
9.5 08/14/94 <03 <02 <0.02 47000 Using Average
95 o8/11/94 <03 <032 «<0.02 <2600 El (mg/sec), =BF11°0.00163°1756850.6°0.01
95 08/11/94 <03 <0.6 <0.02 120000 Ca{mg/n3) =AY274419.46°2.25°10)
93 08/11/94 3 08 «<0.02 47000
9.5 08/11/%4 <0.3 <0.3 <0.02 <2600 ‘ PARAMETERS
95 08/11/94 <6 <04 «<0.02 20000
95 [T 1] <0.3 <02 <0.02 <2600 Area of Emission = 1,893,877.8494 ft2 = 175,850.8 m2
30 08/11/94 <03 <0.2 0.07 64000 Mean Landfill Gas Velocity = 1.63 E-3 cm/sec.
30 08/1194 <03 «<0.2 02 66000 Lenght of box ( Square root of area of emissions) = 419.46 m
30 08/12/94 <l <t 004 50000 Bax Height = 2 m or 10m
30 08/12/94 34 48 0.1 32000 Average Wind = 2.25 m/sec.
30 o&/1294 <03 " 02 65000
30 08/12/94 2 <02 0.4 57000
25 012594 <03 <0.2 <0.02 <2600
30 08/12/94 20 17 02 73000
b1} 08/12/94 <3 <2 <0.02 61000
23 08/1294 i 51 «<0.02 50000
15 08/13/94 <03 sl <002 37000
25 08/13/94 <03 «<0.2 <0.02 37000
25 08/1394 <0.} 34 «<0.02 190000
23 08/13/94 <03 7 <0.02 62000
b3 08/13/94 02 62000
15 o8/13/94 <2 <8 0.1 44000
20 08/13/94 <02 «<0.02 58000
5 08/13/94 <11 <8 02 64000
23 08/13/94 <03 <02 06 51000
19 OR/13/94 <0.3 <0.2 <02 <2600
<0.01 <0.01
<0.01 <0.01
«<0.0% «<0.01
<0.0§ <0.01
<0.0t
022 4.76
<00l 1.7
0.56 8.1
<001 0.1
0.09 0.3
6001 <0.01
«<0.01
033 0.78
0.59 0.69
139 0.79
081 to.n
<0.01 3.8
0.06 226
<001 036
<0.01 92.04
<00} (AY)




Table 1
Phase II Soil Gas Results
Estes Landilil L
SAMPLE VINYL
DEPTH DATE 1314-DCB 1,2-DCB  CHLORIDE ~ METHANE

SAMPLEID (FEET) SAMPLED van. UG/L UQ/L uvaL

<001 187

«<0.01 116

<0.01 <0.0l

<001 <0.0}

<00t <0.01

<0.01 <001

<0.01 <0.01

<0.01 <0.01

0.24

<0.01 <0.01

0.03 <0.0]

0.12 2.3

0.13 0.1l

0.04 <0.01

0.08 <0.01

<0.01 0.64

<0.01 0.62

0.1 <0.01

0.54 <0.01

<0.01 <0.01

<0.01 148

<0.01 012

033 L19

1.03 097

1.24 0.89

4.18 084

032 1.06

036 023

0.08 0.47

<0.01 <0.01
S034-10B «<0.01 <0.01
SQ35-10 <0.01 <001
SQ3s-10 <0.0} <001
$Q37-10 031 1.57
Calculations .
¥ of delecied samples 7 33 52 M
% detected 1 3 34 n
# of sasmples (N) 41 100 97 44
Average 428E+00 3.26B+00  9.07E-01 43BE+4
¢ distr. 1.68E+00  |.66E+00  1.66E+00 1.68E+00
standard deviation L2SE+01  L.O9E+0l  2.06E+00 3.66E+04
95% UPL 7.38E+00 S.08E+00  1.25E+00 SILE+4
Max [} 7.20E+0]1 6.00E+01  1.0IE+01 1.90E+05
Ci (UQ/L, mg/m3) 7.58E+00 5.08E+00  1.25E+00 SJIE+04
Uslng 95% UCL:
Ei (mg/oec),(if V1.63B-3 c/sec, A=175950.5 m2) 217E+01  1.46B+01  3.60B+00 1.52E+03
Ca{mg/m}), (if Vo=2.25m/s, MH=2m, L§=419.46m) LISE-01  7.71E-03 1.91E-03 8.07E+01
Ca(mg/m3), (if Ve=2.25m/e, MH=10m, LS~419.46m) | 230E-03 1.54E-03 38I1B-04 1L6IE+OL
Lhing Average
Ei (mg/sec),(if V=1.63E-3 cm/sec, A~175950.5 m2) L23E+01  9.35E+00  2.60E+00 1.26E+05
Ca(mp/m3), Gf Ve=2 25m/s, MH=10m, LS=419.46m) | 1I0E-03 _9.91E-04 2.76E-4 1.33E+0t

Lo

Notes: CH2CL2=\._AVLENE UGA = MICROGRAMS PER LITER
CHCLY = CHLOROFOR INT = INTERFERENCE
CCL4 = CARBON TETR NA = NOT ANALYZED
FB = FIELD BLANK

ND* NO DATA DUE TO INTEGRATION DIFFICULTIES
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APPENDIX B

ESTIMATED AIR CONCENTRATIONS FOR A FUTURE ONSITE WORKER
FROM SOIL GAS DATA

Emissions Characterization

Due to biogenic processes (anaerobic biodegradation) within a solid waste landfill, landfill gas (mostly
CO,, H,, and CH,) is produced and moves upward toward the surface. In these cases, the upward
movement of the landfill gas becomes the significant controlling factor for organic vapor emissions,
accelerating the upward migration and subsequent release to the atmosphere of the codisposed VOCs.
Thibodeaux (1981) developed a method for estimating toxic vapor releases where volatile organic
chemicals have been codisposed with solid wastes. Thibodeaux estimated convective velocity for three
landfills. The average of the estimated values was 0.0016 meters per second. Although, this velocity was
found to vary considerably with time, with location within the landfill, internal gas generation, with
temperature, moisture content, and type and age of refuse in the landfill, EPA guidance recommends the
use of this average value (EPA, 1988).

The following equation is recommended for estimating the volatilization of VOCs from codisposal
landfills (EPA, 1988):

Ei = (Ci)(Vy)(A)
where:

emission rate, g/sec
concentration of compound in soil gas, g/cm®
mean landfill gas velocity, cm/sec

A = area, cm?

som
L ]

According to Thibodeaux, this equation is expected to overestimate the emissions of volatile compounds
from a landfill because compacted soil and soil moisture will lower the actual emission rates. (It should
be noted that the soil at the Site appears to be highly compacted.) Field studies have not been
conducted to attempt to validate this model (Thibodeaux, 1981).

Estimated Air Concentrations From Volatile Emissions

To evaluate potential human exposure via inhalation, air concentrations for the chemicals of concern
were determined from the emission rates. A “box model” was used to estimate air concentrations in a
"breathing zone" for outdoor air.

A box model is a simple mass-balance equation that uses the concept of a theoretically enclosed space, or
box, over the area of interest. The model assumes the emission of compounds into a box, with the
dilution of the compounds based on wind speed. Airborne concentrations are calculated and used to
represent onsite exposure concentrations in air. It is recognized that the box model fails to fully take
into account the various processes of dispersion and leads to the prediction of relatively high exposure
concentrations, even with relatively low emission rates. The exposure concentration in the theoretical
box is calculated using the following equation:

Ca = E
LS x VxMH

32036\ESTO09RP.w51 Harding Lawson Associates ‘B-1
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Estimated Air Concentrations for a Future Onsite Worker from Soil Gas Data

Where:
Ca = concentration in air, mg/m®
E = emission rate over Site (mg/sec) (from landfill emission model)
LS = length of box, perpendicular to the wind, meters (m)
\Y = average wind speed within the box (m/sec)
MH = mixing height (maximum vertical diffusion height of VOCs within the

box)

In this assessment, the box was conservatively assumed to have an area equal to the total outdoor area of
the Site. The length of each box was estimated as the square root of the area of the box. The site-
specific model input parameters for estimating emissions and air concentrations are presented in

Table B1.

32036\ESTO09RP.w51 Harding Lawson Associates B2
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Estimation of Air Concentrations of VOCs (Average Concentrations)

Volatile emissions rate (mg/sec) = (Cg)(Vy)(A)

TABLE B1

. Cg Cg Vy A J !
Chemical (ug/L) (gm/cm3) {em/sac) (cm2) (gm/sac) (mg/sac)
Freon 11 8.28E-03 8.28E-12 1,60E-03 1.70E+00 2.33E-05 2,33E-02
1,1-Dichloroethens 1.05E-01 1.05E-10 1,60E-03 1.70E+00 5.40E-04 $.40B-01
1.1-Dichlorosthane 0.60E-01 0.80E-10 1.80E-03 1.76E+08 2.73E-03 2,73E+00
1,2-Dichloroethena (total) 3.51E-01 3.51E-10 1.80E-03 1.76E+00 0.87E-04 0.87E-01
Freon 113 0.88B-03 0.08E-12 1,80E-03 1.76E+00 2.72E-08 2.72B-02
1,1,1-Trichlorosthane 4.71E-03 4.71B-12 1.00E-03 1.76E+00 1,33E-08 1.33E-02
Trichlorosthene 1.14B-01 1.14E-10 1.60E-03 1.76E+00 3,22E-04 322801
Tetrachlorosthene 2.14E-02 2.14E-11 1.60E-03 1.70E+00 8.03E-05 6.03E-02
Benzene 2.10E+00 2.105-00 1.60E-03 1.76E+00 6.17E-03 6.17E+00
Toluene 5.40E-01 5.46E-10 1.60E-03 1.76E+00 1.54E-03 1.54E+00
Chlorobenzene 3.54E+00 3.54E-00 1.60B-03 1.76E+00 0.08E-03 0.00E+00
Ethylbenzene 1.68E+00 1.68E-00 1.60E-08 1.76E+00 4.73B-03 4.738+00
Xylenes (total) 7.02E+00 7.02E-00 1.60E-03 1.76E+09 1.08E-02 1.08E+01
1,3/1.4-Dichlorobenzane 4,28E+00 4.28E-00 1.60E-03 1.76E+00 1.21E-02 1.21E+01
1.2-Dichlorcbenzene 3.20E+00 3,26E-00 1.80E-03 1.76E+00 0.18E-03 0.18E+00
Vinyl Chloride 0.07E-01 0.07E-10 1.60E-03 1.76E+09 2.55E-03 2.55B+00
Outdoor Air Concantration(OAC) = (i)/(w)(h)(u)
)i w h u OAC
Chemical desec) (m) (m) {m/sec) (mg/m ~3)
Freon 11 2.336-02 410,46 10 2.25 2.475-00
1.1-Dichlorosthene 5.49E-01 410,40 10 2.2 5.81E-05
A.1-Dichloroaethane 2.73E+00 410,40 10 2.2 2.80E-04
1.2-Dichlorosthene (total) 9.87E-01 410,48 10 2.23 1.05E-04
Freon 113 2.728-02 410.40 10 2.28 2.80E-06
1,1,1-Trichloroethana 1.33E-02 410,46 10 2.25 1.40E-06
Trichlorosthene 3.22E-01 410,48 10 2.2 3.41E-05
Tetrachlorosthene 6.03E-02 410,46 10 2.23 8,30E-00
Benzene 6.17E+00 410.46 10 2.25 0.54E-04
Toluene 1.54E+00 410.40 10 2.28 1.63E-04
Chlorobenzane 0.96E+00 410.40 10 2.25 1.0SE-03
Ethylbenzsne 4.73E+00 410,40 10 2.2% 3.01E-04
Xylanes (total) 1.08E+01 410,48 10 2.25 2.00E-03
1,3/1,4-Dichlorobenzane 1.21E+01 410.40 10 2.2 1.28E-03
1,2-Dichlorobenzens 0.18E+00 410,40 10 2.25 0.73E-04
Vinyl Chloride 2.35E+00 410,48 10 2.25 2.71E-04

Cg = soil gas concentration

Vy = convective valocity, (Thibodeaux, 1681)
A = area of site

Ji = vapor {lux emission rate

w = square root of sile area

h = mixing height

u = average wind speed, Phoenix

OAC = estimated outdoor concentration



Volatile emissions rate (mg/sec) = (Cg)(Vy)(A)

Estimation of Air Concentrations of VOCs (5% UCL)

TABLE B1

Cg Cg Vy A i R
Chemical (up/L) (gm/cm3) (cm/sec) (cm2) (gm/sec) (mg/sec)
Freon 11 1.65E-02 1.88E-11 1.60E-03 1,76E+09 4.04E-03 4.84E-02
1,1-Dichlorosthene 3.86E-01 3.86E-10 1.60E-03 1.76E+00 1.00E-03 1.00E+00
1.1-Dichloroethane 2.35E+00 2.33E-00 1.60E-03 1.70E+00 0.62E-03 8.62E+00
1,2-Dichlorosthens (total) 5.14E-01 5.14E-10 1.60E-03 1.70E+00 1.45E-03 1.45E+00
Freon 113 2.08B-02 2.08E-11 1.60E-03 1.76E+00 5.84E-03 3.84E-02
1,1,1-Trichloroethane 7.60E-03 7.60E-12 1.860E-03 1.76E+00 2.14E-0% 2,14E-02
Trichloroethene 1.00E-01 1.00E-10 1.60B-03 1.76E+00 $.01E-04 $.818-01
Tatrachlorosthene 3.94E-02 3.54E-11 1.60E-03 1.76E+00 0.97E-03 0.07E-02
Benzsne 2.01E+00 2.01E-08 1.60E-03 1.76E+00 8.18E-03 8,18E+-00
Taluens 9.01E-01 9.01E-10 1.60E-03 1.76E+00 2.34E-03 2.54E+00
Chlorobenzene 4,86E+00 4,80E-00 1.60E-03 1.70E+00 1.37E-02 1.37E+01
Ethylbenzene 2778400 2.77E-00 1.80E-03 1.76E+00 7.80E-03 7.80E+00
XylenQi (total) 9.07E+00 0.07E-00 1.60E-03 1.76E+00 2.81E-02 2.81E+01
1,3/1,4-Dichlorobenzane 7.58E+00 7.58E-00 1.60E-03 1.76E+00 2.13E02 2.13E+01
1,2-Dichlorobenzane S.08E+00 S.08E-00 1.60E-03 1.76E+00 1.43E-02 1.43E+01
Vinyl chioride 1,25E+00 1.25E-00 1.60E-08 1.76E+00 3.53E-03 3,53E+00
Outdoor Air Concantration(QAC) = (Ji)/(w)(h)(u)

)i w h u 0AC
Chemical (mg/ssc) {m) (m) {m/sec) (mg/m ~3)
Freon 11 4.04E-02 410.48 10 223 4.02E-00
1,1-Dichlorosthens 1.00E+00 410.46 10 2.23 1.13E-04
1,1-Dichlorosthane 6.02E+00 410,40 10 2.25 7.01E-04
1,2-Dichlorosthene (total) 1.45E +00 410.48 10 2.25 1.53E-04
Freon 113 5.848-02 410.46 10 2.25 6.19E-00
1,1,1-Trichloroethane 2.14E-02 410,46 10 2.25 2.27E-06
Trichlorosthene S.61E-01 410.46 10 2.25 5.03E-05
Tetrachlorosthene 9.07E-02 410,408 10 2.25 1.06E-03
Benzene 8.18E+00 410,48 10 2.25 8.67E-04
Toluene 2.54E+00 410,40 10 2.2 2.00E-04
Chlorobenzane 1.37E+01 410.48 10 225 1.45E-03
Bthylbenzene 7.80E+00 410,40 10 2,23 8.20E-04
Xylones (total) 2.81E+01 410,40 10 2.28 2.07E-03
1,3/1,4-Dichlorobenzane 2.13E+01 410.40 10 .25 2.20E03
1,2-Dichlorcbenzene 1.43E+01 410.40 10 2.23 1.31E-03
Vinyl chioride 3.33E+00 410.40 10 2,23 3.74E-04

Cg = soil gas concentration

Vy = conveclive velocity, (Thibodeaux, 1081)
A = area of sita

Ji = vapor flux emission rate

w = square root of site area

h = mixing height

u = average wind speed, Phoenix

OAC = estimated outdoor concentration
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APPENDIX C

ESTIMATION OF AIR CONCENTRATIONS FOR BRADLEY WORKER BASED ON
VOLATILIZATION OF GROUNDWATER

Model Description

The SCREEN2 dispersion model (EPA, 1992) was used to conservatively estimate volatile emissions from
production well water sprayed for dust control at the Bradley landfill. This EPA-approved model has the
capability of simulating dispersion from single point sources, as well as from area and volume sources.

The model uses a matrix of 54 combinations of wind speed and atmospheric stability to provide a range
of worst-case meteorological conditions. The model assumes that the wind is blowing toward the
receptor for the duration of the simulation.

Model Input Parameters

For the release (stack) height, a value of 3 feet (0.9144 meters) was used. This value is the estimated
height of release of water from the truck. Based on site-specific information, it was assumed that all
water is released from the back of the truck. A value of 8 feet (2.44 meters) was used as the receptor
height, which represents the approximate height of the driver from the ground. The downwind distance
to the receptor of 20 feet (6.096 meters) represents the approximate distance from the driver to the point
of release of water. The values for the exit velocity (0.5 meters per second) and stack diameter (0.25
meters) were chosen as a best approximation to source conditions as they have been adapted to this
modeling scenario. An emission rate of 1.0 gram per second was used so that model results could be
multiplied by actual chemical emission rates to estimate airborne chemical concentrations at the
receptor.

Results

The output of the SCREEN2 modeling is provided in the appendix. Using the emission rate of 1 gram
per second, a maximum downwind concentration of 19,220 micrograms per cubic meter of air was
calculated by the model. This concentration was then multiplied by the actual emission rates of the
chemicals present in the water to determine airborne concentrations of chemicals at the receptor.

Model Application and Scenario Description

The purpose of this model is to estimate the concentration of chemicals that might be found in the air
over the landfill as a result of the spraying of groundwater on the dirt roads of the landfill for dust
suppression. For dust control purposes, a 5,000 gallon water truck is filled with groundwater. Filling
the truck takes approximately 15 to 20 minutes. This truck is fitted with front and rear sprayers which
apply the water to the ground surface. For the purpose of this assessment, it is assumed that the
sprayers consist of a single line approximately 20 ft wide. The rate of application can be varied, so the
range of the truck is unknown. However, dust control may be performed 4 to 6 times a day during the
summer. During the winter, the spraying operations may only be performed 1 to 3 times per day.

32036\ESTOO9RP.w51 Harding Lawson Assoclates " C-1
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P

Estimation of Air Concentrations for Bradley Worker Based on Volatilization of Groundwater

It has been estimated that to spread and refill one truckload of water would take no more than one hour.
Since filling the truck takes approximately 15 to 20 minutes, a conservative estimate of the time that the
truck is actually spreading the water would be 40 minutes. In the assessment, it was conservatively
assumed that 100 percent of the volatile organic compounds present in the water would immediately
volatilize when released as spray.

Woeighted average exposure concentrations (for an 8-hour workday) in air were generated based on
average and 95 percent UCL concentrations of organic compounds detected in groundwater at the
Bradley production well. The calculational spreadsheet used to derive exposure concentrations is

presented in this appendix.

32036\ESTO09RP.w51 Harding Lawson Assoclates ‘c-2



Computer Printout:

Alr Dispersion Model



07/26/95
09:34:38
***x SCREEN2 MODEL RUN ***
*** VERSION DATED 95178 ***

ESTES LANDFILL - WATER TRUCK MODELING

SIMPLE TERRAIN INPUTS:
SOURCE TYPE =  POINT
EMISSION RATE (G/S) =  1.00000
STACKHEIGHT M) = .9144
STK INSIDEDIAM (M) =  .2500

STK EXIT VELOCITY (M/S)=  .5000
STK GAS EXIT TEMP (K) = 293.0000

AMBIENT AIR TEMP (K) = 293.0000
RECEPTORHEIGHT (M) =  2.4400
URBAN/RURAL OPTION =  RURAL
BUILDING HEIGHT (M) =  .0000
MIN HORIZ BLDGDIM (M)=  .0000
MAX HORIZBLDGDIM M) =  .0000

C THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED.
THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS
ENTERED.

BUOY.FLUX = .000 M**4/S**3; MOM. FLUX = .004 M**4/S**2,

*** FULL METEOROLOGY ***

% 3k e 3 e 3¢ 3 3 o o e e ke 2 o e e e ok e e e s ook ke sle ke e s ke ok

*** SCREEN DISCRETE DISTANCES ***

KRR RRRE KR RRRR R R KRR ERRR KRR R R R EE

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING
DISTANCES ***

DIST CONC UlOM USTK MIXHT PLUME SIGMA SIGMA
(M) (UG/M**3) STAB M/S) M/S) M) HTM) Y(M) Z(M) DWASH

6. .1922E+05 1 1.0 1.0 3200 .79 214 .99 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED



)

DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

3 30 35 2k ke 3k 3k 3 3 3 3k 3 2k ok s 3k ok ok 3 o e o 3 o e ok okl ok o ok ok ke ko ok ok ok

*** SUMMARY OF SCREEN MODEL RESULTS ***

Wk g R kR Ak Rk Rk ke ko ke k ok Rk kok

CALCULATION MAXCONC DISTTO TERRAIN
PROCEDURE  (UG/M**3) MAX (M) HT M)

SIMPLE TERRAIN  .1922E+05 6. 0.

3 3 256 2k 2 3 ok 2k e 2 e e ke g 3k o 3 e 3 e ke 3 e 3K ok e 3 e sk i ok e ok e e ok ok ol ae ke ok o de e ok ok ok ok ke ok

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **

25 35 3k ok 20 2 e e 3 o ok e e 3 ke ske 3 ok ok 3 e 3K 3k e ke o e ke e e ke k2 ke o o e ke ok o ke ofe ok ook ak ok ok ok ok ok



Alr Concentration Spreadsheet



RME

mg/m3 = ((mg/L x gal/40 min x L/gal)/sec/40 min)*gm/mg *mg/m3/gm/sec

Compound

1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene )
Chlorobenzene
Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Average

Compound

1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene

Chiorobenzene
Chioroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Conc
(ug/L)

0.44
39.98
1717

1.97

03
11.69

0.44

0.21

4.09

99.3

Conc
(uglL)

0.32
25.12
88.1
1.02
0.27
6.77
03
0.17
3.04
61.2

CF
(10-3)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

CF
(10-3)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

Conc
(mg/L)

4.40E-04
4.00E-02
1.72E-01
1.97E-03
3.00E-04
1.17€-02
4,40E-04
2.10E-04
4.09E-03
9.93E-02

Conc
(mg/L)

3.20E-04
2.51E-02
8.81E-02
1.02E-03
2.70E-04
6.77e-03
3.00E-04
1.70E-04
3.04E-03
6.12E-02

Spray
(gal/40 min)

5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000

Spray
(gal/40 min)

5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000

=
|
Estimated 40 Minute Air Concetiii._hs for the Bradley Worker

CF
(Vg)

3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875

CF

(V) (sec/40 min)

3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875
3.875

Page 1

CF

(sec/40 min)

2400
2400
2400
2400
2400
2400
2400
2400
2400
2400

CF

2400
2400
2400
2400
2400
2400
2400
2400
2400
2400

CF
(gm/mg)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

CF
(gm/mg)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

Ratio
mg/m3 per gram/sec

18.22
18.22
18.22
19.22
19.22
18.22
18.22
19.22
19.22
19.22

Ratio
mg/m3 per gram/sec

19.22
19.22
19.22
19.22
19.22
19.22
19.22
19.22
19.22
19.22

Conc
(mg/m3)

6.83E-05
6.20E-03
2.66E-02
3.06E-04
4.65E-05
1.81E-03
6.83E-05
3.26E-05
6.35E-04
1.54E-02

Conc
(mg/m3)

4.97E-05
3.90E-03
1.37E-02
1.58E-04
4.19E-05
1.05E-03
4.65E-05
2.64E-05
4.72E-04
9.50E-03

Weighting
Factor

(u)

0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27

Weighted
Factor

(u)

0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27

O

Avg
Conc

{(mg/m3)

1.84E-05
1.67E-03
7.19€-03
8.25E-05
1.26E-05
4.90E-04
1.84E-05
8.80E-06
1.71€-04
4.16E-03

Avg
Conc

(mg/m3)

1.34E-05
1.05E-03
3.69E-03
4.27E-05
1.13E-05
2.84E-04
1.26E-05
7.12E-06
1.27E-04
2.56E-03






APPENDIX D

SPREADSHEETS FOR DOSE ESTIMATES AND RISK CHARACTERIZATION



ONSITE WORKER



Estimated Hazard Index Associated with Inhalation of VOCs for an Onsite RME Worker

Ca IR EF ED BW AT Dose RID HQ
Chemical (mg/m3) (m3/day) (u) (yrs) (kg) (yrs) (mpg/kg-d) (mg/kgd) (u)
Benzene ’ 8.67E-04 20 069 25 70 25 1.70E-04 ' ND
Chlorobenzene 1.45E-03 20 069 25 70 25 264E-04 0.0057 4.98E-02
1,2-Dichlorobenzene 1.51E-03 20 069 25 70 25 2.98E-04 0.057 5.18E-03
1,3/1,4-Dichlorobenzene 2.26E-03 20 089 25 70 25 4.42E-04 0.23 1.92E-03
1,1-Dichloroethane 7.01E-04 20 0688 25 70 25 1.37E-04 0.14 9.80E-04
1,1-Dichloroethene 1.15E-04 20 089 25 70 25 2.25E-05 0.009 2.50E-03
1,2-Dichloroethene (total) 1.53E-04 20 069 25 70 25 2.99E-05 0.009 3.33E-03
Elhylbenzene 8.26E-04 20 069 25 70 25 1.82E-04 0.29 5.57E-04
Freon 11 4.92E-06 20 069 25 70 25 9.83E-07 0.2 4.81E-08
Freon 113 6.19E-08 20 069 25 70 25 1.21E-06 8.8 1.41E-07
Tetrachloroethene 1.06E-05 20 069 25 70 25 2.07E08 0.01 207E-04
Toluene 2.69E-04 20 069 25 70 25 5.26E-05 0.11 4.79E-04
1,1,1-Trichloroethane 2.27E-06 20 089 25 70 25 4.44E-07 0.29 1.53E-06
Trichloroethene 5.95E-05 20 060 25 70 25 1.18E-05 0.008 1.94E-03
Vinyl chloride 3.74E-04 20 069 25 70 25 7.32E-05 ND
Xylenes (lotal) 2.97E-03 20 0689 25 70 25 5.81E-04 0.2 2.91E-03

Total  6.88E-02



-«

L
Estimated Hazard Index Associated with Inhalation of VOCs for an Average Onsite Worker

Ca IR EF ED BW AT Dose RfD HQ
Chemical (mgm3) (m3/day) (u) (yrs) (kg) (yrs) (mg/kgd) (mghkgd)  (u)
Benzene 6.54E-04 10 0.685 4.2 70 4.2 6.40E-05 ND
Chlorobenzene 1.05E-03 10 0.685 4.2 70 4.2 1.03E-04 0.0057 1.80E-02
1,2-Dichlorobenzene 9.73E-04 10 0685 4.2 70 4.2 9.52E-05 0.057 1.67E-03
1,3/1,4-Dichlorobenzene 1.28E-03 10 0685 4.2 70 4.2 1.25E-04 0.23 5.45E-04
1,1-Dichloroethane 2.89E-04 10 0.685 4.2 70 4.2 2.83E-05 0.14 2.02E-04
1,1-Dichloroethene 5.81E-05 10 0685 4.2 70 4.2 5.60E-08 0.009 6.32E-04
1,2-Dichloroethene (total) 1.05E-04 10 0.685 4.2 70 4.2 1.03E-05 0.009 1.14E-03
Ethylbenzene 5.01E-04 10 0685 4.2 70 4.2 4.90E-05 0.29 1.69E-04
Freon 11 2.47E-06 10 0.685 4.2 70 4.2 242E-07 0.2 1.21E-06
Freon 113 2.89E-08 10 0.685 4.2 70 4.2 2.83E-07 8.6 3.29E-08
Tetrachloroethene 6.39E-06 10 0.885 4.2 70 4.2 8.25E-07 0.01 8.25E-05
Toluene 1.83E-04 10 0685 4.2 70 4.2 1.80E-05 0.11 1.45E-04
1,1,1-Trichloroethane 1.40E-08 10 0685 4.2 70 4.2 1.37E-07 0.29 4.72E-07
Trichloroethene 3.41E-05 10 0.685 4.2 70 4.2 3.34E-08 0.006 5.56E-04
Vinyl chloride 2.71E-04 10 0685 4.2 70 4.2 2.85E-05 ND
Xylenes (total) 2.09E-03 10 0.685 4.2 70 4.2 2.05E-04 0.2 1.02E-03
Total 2.42E-02
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Estimated Cancer Risk Associated with Inhalation of VOCs for a RME Onsite Worker

Ca IR EF ED BW AT Dose SF Cancer Risk
Chemical (mg/m3) (m3/day) (u) (yrs) (kg) (yrs) (mg/kg-d) (mg/kg-d)-1 (u)
Benzene 8.67E-04 20 069 25 70 70 6.06E-05 2.90E-02 1.76E-08
1,3/1,4-Dichlorobenzene 2.26E-03 20 069 25 70 70 1.58E-04 240E02 3.70E-08
1,1-Dichloroethene 1.15E-04 20 069 25 70 70 8.04E-08 1.80E-01 1.45E-08
Methylene chloride 3.01E-05 20 069 25 70 70 2.10E-08 1.60E-03 3.37E-09
Tetrachloroethene 1.06E-05 20 069 25 70 70 7.41E-07 2.00E-03 1.48E-09
Trichloroethene 5.95E-05 20 069 25 70 70 4.16E-068 6.00E-03 2.50E-08
Vinyl chloride 3.74E-04 20 069 25 70 70 2.B1E-05 3.00E-01 7.84E-08
Total 1.49E-05



Estimated Cancer Risk Associated with Inhalation of VOCs for a Average Onsite Worker
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Ca IR EF ED BW AT Dose SF Cancer Risk
Chemical (mg/m3)  (m3/day) (u) (yrs) (kg) (yrs) (mg/kg-d) (mg/kg-d)-1 (u)
Benzene 6.54E-04 10 0.685 4.2 70 70 3.84E-08 2.80E-02 1.11E-07
1,3/1,4-Dichlorobenzene 1.28E-03 10 0.685 4.2 70 70 7.52E-08 2.40E-02 1.80E-07
1,1-Dichloroethene 5.81E-05 10 0.685 4.2 70 70 3.41E-07 1.80E-01 6.14E-08
Methylene chloride 2.15E-05 10 0.685 4.2 70 70 1.26E-07 1.60E-03 2.02E-10
Tetrachloroethene 6.39E-08 10 0.685 4.2 70 70 3.75E-08 2.00E-03 7.50E-11
Trichloroethene 3.41E-05 10 0.685 4.2 70 70 2.00E-07 6.00E-03 1.20E-09
Vinyl chloride 2.71E-04 10 0.685 4.2 70 70 1.59E-06 3.00E-01 4.77E-07
Tolal 8.32E-07



BRADLEY WORKER



RME

RME

Carcinogenic Effects
Compound

1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene

Chiorobenzene
Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Noncarcinogenic Effects
Compound

_1,1-Dichloroethene

1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene

Chlorobenzene
Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Ca
(mg/m3)

1.84E-05
1.67E-03
7.19E-03
8.25E-05
1.26E-05
4.90E-04
1.84E-05
8.80E-06
1.71E-04
4.16E-03

Ca
(mg/m3)

1.84E-05
1.67E-03
7.19E-03
8.25E-05
1.26E-05
4.90E-04
1.84E-05
8.80E-06
1.71E-04
4.16E-03

IR
{m3/day)

IR
(m3/day)

10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10

RME Hg.jﬂisks

EF

()

0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69

EF

(u)

6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01

Page 1

ED
(yrs)

ED
(yrs)

BW
(kg)

25
25
25
25
25
25
25
25
25
25

BW
(kg)

25
25
25
25
25
25
25
25
25
25

AT
(yrs)

70
70
70
70
70
70
70
70
70
70

AT
(yrs)

70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70

25
25
25
25
25
25
25
25
25
25

Dose SF
(mg/kg-d) (mg/kg-d)-1
6.48E-07 0.18
5.88E-05
2.53E-04
2.90E-06
4.44E-07 0.029
1.73E-05
6.48E-07 0.082
3.10E-07 0.002
6.02E-06 0.006
1.46E-04 0.3
Total
Dose RfD
(mg/kg-d)  (mg/kg-d)
1.81E-06 0.009
1.65E-04 0.057
7.09E-04 0.009
8.13E-06 0.009
1.24E-06
4 83E-05 0.0057
1.81E-06 0.01
8.67E-07 0.01
1.69E-05 0.006
4.10E-04
Total

Cancer risk

1.17E-07
0.00E+00
0.00E+00
0.00E+00
1.29E-08
0.00E+00
5.31E-08
6.20E-10
3.61E-08
4.39E-05

4.42E-05

HQ

2.02E-04
2.89€-03
7.87E-02
9.04E-04

8.47€-03
1.81E-04
8.67E-05
2.81E-03

9.43E-02



Ave

Ave

Carcinogenic Effects
Compound

1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene

Chlorobenzene
Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Noncarcinogenic Effects
Compound

1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethene (cis)
1,2-Dichloroethene (trans)
Benzene

Chlorobenzene
Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride

Ca
(mg/m3)

1.34E-05
1.05E-03
3.69e-03
4.27E-05
1.13E-05
2.84E-04
1.26E-05
7.12E-06
1.27E-04
2.56E-03

Ca
(mg/m3)

1.34E-05
1.05E-03
3.69E-03
4.27E-05
1.13E-05
2.84E-04
1.26E-05
7.12E-06
1.27E-04
2.56E-03

Average I(i Risks

IR
(m3/day)

6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4

IR
{(m3/day)

6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4
6.4

EF ED
(u) (yrs)

0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69
0.69

EF ED
(u) (yrs)

6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01
6.90E-01 -
6.90E-01
6.90E-01
6.90E-01
6.90E-01

Page 1

BW
(kg)

4.2
42

4.2
42
4.2
4.2
4.2
4.2
4.2

BW
(ka)

4.2
4.2
4.2
4.2
4.2
4.2
4.2
4.2
42
42

AT
(yrs)

70
70
70
70
70
70
70
70
70
70

AT
(yrs)

70
70
70
70
70
70
70
70
70
70

Cancer risk

9.13E-09
0

0

.0
1.24E-09
0
3.91E-09
5.39E-11
2.88E-09
2.91E-06

2.92E-06

Dose SF
(mg/kg-d) (mg/kg-d)-1
70 5.07E-08 0.18
70 3.97E-06
70 1.40E-05
70 1.62E-07
70 4.28E-08 0.029
70 1.07E-06
70 4.77E-08 0.082
70 2.70E-08 0.002
70 4.81E-07 0.006
70 9.69E-06 0.3
Total
Dose RfD

(mg/kg-d) (mg/kg-d)

4.2 8.45E-07 0.009
42 6.62E-05 0.057
4.2 233E-04 0.009
42 2.69E-06 0.009
42 7.13E-07

42 1.79E-05 0.0057
4.2 7.95E-07 0.01
4.2 4.49E-07 0.01
4.2 8.01E-06 0.006
4.2 1.61E-04

Total

HQ

9.39E-05
1.16E-03
2.59E-02
2.99E-04

3.14E-03
7.95E-05
4.49E-05
1.34E-03

3.20E-02



FUTURE OFFSITE WORKER
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Estimated Hazard Index Associated with Groundwater Inéeétion for an Average Hypothetical Future Offsite Worker

Cs IR EF ED BW AT ADD RfD HQ  Percentage

Chemical (mg/l) (L/d) (u) (yrs) (kg) (yrs) (mg/kg-d) (mg/kg-d)  (u) (u)
Arsenic 7.73E-03 0.65 0685 4.2 70 4.2 4.92E-05 0.0003 1.84E-01 22,51
Benzene 1.04E-03 085 0885 4.2 70 4.2 6.62E-08 NA

Chlorobenzene 1.25E-03 0.65 0.685 4.2 70 4.2 7.95E-06 0.02 3.98E-04 0.05
Chloroform 9.90E-04 0.65 0.685 4.2 70 4.2 6.30E-06 0.01 6.30E-04 0.09
1,2-Dichlorobenzene 2.57E-03 0.65 0.685 4.2 70 4.2 1.83E-05 0.09 1.82E-04 0.02
1,4-Dichlorobenzene 8.00E-04 0.65 0.685 4.2 70 4.2 5.09E-06 0.23 2.21E-05 0.003
1,1-Dichloroethane 1.69E-03 0.65 0.685 4.2 70 4.2 1.20E-05 0.1 1.20E-04 0.02
1,2-Dichloroethane 3.90E-04 065 0685 4.2 70 4.2 2.48E-06 NA

1,1-Dichloroethene 2.45E-03 065 0.685 4.2 70 4.2 156E-05 0.009 1.73E-03 0.24
1,2-Dichloroethene (cis) 1.15E-02 0.85 0.685 4.2 70 4.2 7.31E-05 0.01 7.31E-03 1.00
1,2-Dichloroethene (trans) 4.20E-04 0.65 0.685 4.2 70 4.2 2.87E-08 0.02 1.34E-04 0.02
Freon 11 5.70E-04 0.65 0.685 4.2 70 4.2 3.63E-08 0.3 1.21E-05 0.002
Freon 12 6.60E-04 0.685 0685 4.2 70 4.2 4.20E-06 0.2 2.10E-05 0.003
Manganese 4.24E-01 0685 0685 4.2 70 4.2 2.70E-03 0.005 5.39E-01 74.10
Methylene chloride 1.73E-03 0.65 0685 4.2 70 4.2 1.10E-05 0.08 1.83E-04 0.03
Tetrachloroethene 7.90E-04 085 0.685 4.2 70 4.2 5.02E-06 0.01 6.02E-04 0.07
1,1,1-Trichloroethane 8.80E-04 0.85 0.685 4.2 70 4.2 5.60E-06 0.09 6.22E-05 0.01
Trichlorosthene 1.26E-02 085 0.685 4.2 70 4.2 8.01E-05 0.0086 1.34E-02 1.83
Vinyl chloride 1.52E-02 0.65 0.685 4.2 70 4.2 9.87E-05 NA

Total 0.73



Estimated Cancer Risk Associated with Groundwater Ingestion for a RME Hypothetical Future Offsite Worker

Cw IR EF ED BW AT LADD SF Cancer Risk Percentage

Chemical (mg/Ll) (L/d) (u) (yrs) (kg) (yrs) (mg/kg-d) (mg/kg-d)-1 (u) (u)

Arsenic 9.02E-03 1 068 25 70 70 3.15E-05 15 4.73E-05  18.08
Benzene 3.56E-03 1 069 25 70 70 1.24E-05 0.029 3.61E-07 0.14
Chloroform 1.36E-03 1 069 26 70 70 4.75E-08 0.0081 2.80E-08 0.01
1,4-Dichlorobenzene 1.06E-03 1 069 25 70 70 3.70E-08 0.024 8.89E-08 0.03
1,2-Dichloroethane 4,60E-04 1 068 25 70 70 1.61E-08 0.091 1.46E-07 0.08
1,1-Dichloroethene 2.82E-03 1 0689 25 70 70 9.86E-08 0.6 5.91E-08 2.26
Methylene chloride 2.27E-03 1 0689 25 70 70 7.93E-08 0.0075 5.95E-08 0.02
Tetrachloroethene 9.40E-04 1 089 25 70 70 3.29E-08 0.052 1.71E-07 0.07
Trichloroethene 1.50E-02 1 069 25 70 70 5.24E-05 0.011 5.77E-07 0.22
Vinyl chloride 3.12E-02 1 069 25 70 70 1.09E-04 1.9 2.07E-04 79.13

Total 2.62E-04



Estimated Cancer Risk Associated with Groundwater Ingés{ion for an Average Hypothetical Future Offsite Worker

“r.

Cw IR EF ED BW AT LADD SF Cancer Risk Percentage
Chemical (mg/L) (L/d) (u) (yrs) (kg) (yrs) (mg/kg-d) (mgkgd)1  (u) ()
Arsenic 7.73E-03 0.85 0685 4.2 70 70 2.95E-06 1.5 4.43E-06 27.46
Benzene 1.04E-03 065 0.685 4.2 70 70 3.97E-07 0.028 1.15E-08 0.07
Chloroform 0.00E-04 0.65 0.885 4.2 70 70 3.78E-07 0.0061 2.30E-09 0.01
1,4-Dichlorobenzene 8.00E-04 0.85 0.685 4.2 70 70 3.05E-07 0.024 7.33E-09 0.05
1,2-Dichloroethane 3.90E-04 0.85 0.685 4.2 70 70 1.49E-07 0.091 1.35E-08 0.08
1,1-Dichloroethene 2.45E-03 0.65 0.685 4.2 70 70 9.35E-07 0.6 5.61E-07 3.48
Methylene chloride 1.73E-03 0.65 0.685 4.2 70 70 6.60E-07 0.0075 4.95E-09 0.03
Tetrachloroethene 7.90E-04 0.65 0.685 4.2 70 70 3.01E-07 0.052 1.57E-08 0.10
Trichloroethene 1.26E-02 0.65 0.685 4.2 70 70 4.81E-06 0.011 5.268E-08 0.33
Vinyl chloride 1.52E-02 0.85 0685 4.2 70 70 5.80E-06 1.9 1.10E-05 68.39
Total 1.61E-05
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Variable Type
Name
Description
Cell
Minimum =
Maximum =
Mean =

Std Deviation =
Variance =
Skewness =
Kurtosis =
Errors Calculated =
Mode =

5% Perc =
10% Perc =
15% Perc =
20% Perc =
25% Perc =
30% Perc =
35% Perc =
40% Perc =
45% Perc =
50% Perc =
55% Perc =
60% Perc =
65% Perc =
70% Perc =
75% Perc =
80% Perc =
85% Perc =
90% Perc =
95% Perc =

Deta(Mstics

Arsenic Vinyl chloride  Total

Risk
F79
5.84E-09
1.61E-04
8.17E-06
1.21E-05
1.46E-10
3.71365
25.60597
0
4.04E-06
3.48E-07
5.53E-07
7.57E-07
9.71E-07
1.21E-06
1.49E-06
1.81E-06
2.20E-06
2.72E-06
3.44E-06
4.27E-06
5.54E-06
6.87E-06
8.42E-06
1.04E-05
1.32E-05
1.62E-05
2.11E-05
3.02E-05

Risk
Fo1
5.48E-10
5.57E-03
4.40E-05
2.42E-04
5.85E-08
10.88547
159.6749
0
1.39E-04
2.02E-08
4.02E-08
7.17E-08
1.13E-07
1.73E-07
2.55E-07
3.66E-07
5.46E-07
7.60E-07
1.08E-06
1.51E-06
2.11E-06
2.99E-06
4.36E-06
6.74E-06
1.14E-05
1.93E-05
3.95E-05
1.33E-04

Risk
F94
6.83E-09
5.64E-03
5.21E-05
2.45E-04
6.01E-08
10.84759
159.1809
0
1.41E-04
5.06E-07
8.34E-07
1.18E-06
1.56E-06
2.04E-06
2.55E-06
3.20E-06
4.10E-06
5.27E-06
6.67E-06
8.54E-06
1.07E-05
1.35E-05
1.70E-05
2.18E-05
2.80E-05
3.85E-05
6.12E-05
1.46E-04

Page 1

Body Water Exposure
Weight (kg) Consumption (L/d) Duration (yrs)
G30 G31 G33
44.03133 5.65E-02 1.07E-02
106.9845 2.099601 29.99676
70.96748 0.7362598 7.605209
13.56883 0.4126834 8.126957
184.1132 0.1703076 66.04743
0.5098163 0.9556738 1.361402
2.746547 4.002302 3.950731
0 0 0
64.49111 0.5162089 0.7603227
52.29869 0.1998366 0.9967395
54.94976 0.2737974 1.00999
5§7.5977 0.3305235 1.01333
§9.18203 0.3871565 1.016659
60.7662 0.4438341 1.019996
62.35517 0.4873261 1.573913
63.93675 0.5306973 2.129903
65.5285 0.5741885 2687942
67.10999 0.6175126 3.243546
68.69744 0.66097 3.799362
70.94012 0.7186725 5.237109
73.18129 0.7763907 6.679086
75.42008 0.8343203 8.117139
77.66408 0.8920282 9.556803
79.90672 0.9498407 10.99931
82.15582 1.047955 13.66296
84.39707 1.146445 16.33293
90.6952 1.244642 18.99906
96.99828 1.492186 28.97494



Estimated Hazard Index Associated with Groundwater Ingestion for a RME Hypothstical Future Offsite Worker

Cs IR EF ED BW AT ADD RMD HQ Percentage

Chemical (mg/L) (L/d) (u) (yrs) (kg) (yrs) (mg/kg-d) (mp/kg-d) (u) (u)
Arsenic 902503 1 069 25 70 25 8.83E-05 0.0003 2.94E-01 20.28
Benzene 356E-03 1 068 25 70 25 348E05 NA

Chlorobenzene 224E-03 1 069 25 70 25 219E05 0.2  1.10E-03 0.08
Chloroform 1.36E03 1 069 25 70 25 1.33E05 001 1.33E-03 0.09
1,2-Dichlorobenzene 376E-03 1 069 25 70 25 3.68E-05 0.09 4.00E-04 0.03
1,4-Dichlorobenzene 106E-03 1 069 25 70 25 1.04E05 0.23 4.51E-05 0.003
1,1-Dichloroethane 227E-03 1 069 25 70 25 2.22E-05 0.1 2.22E-04 0.02
1,2-Dichloroethane 460E04 1 069 25 70 25 4.50E06 NA

1,1-Dichloroethene 282E-03 1 069 25 70 25 276E-05 0.0009 3.07E-03 0.21
1,2-Dichloroethene (cis) 1.69E02 1 0698 25 70 25 1.65E-04 001 1.85E-02 1.14
1,2-Dichloroethene (trans) 6.30E04 1 0690 25 70 25 6.17E-08 0.02  3.08E-04 0.02
Freon 11 670E04 1 069 25 70 25 6.56E-08 0.3 2.19E-05 0.002
Freon 12 BOOEO4 1 060 26 70 25 7.83E08 0.2  3.91E05 0.003
Manganese 566E01 1 069 25 70 25 5.54E-03 0.005 1.11E+00  76.35
Methylene chloride 227E03 1 069 256 70 25 222E05 0.08 3.70E-04 0.03
Tetrachloroethene 940E-04 1 069 25 70 25 ©O.20E068 001 9.20E-04 0.06
1,1,1-Trichloroethane 1.04E03 1 069 25 70 25 1.02E05 0.9 1.13E-04 0.01
Trichloroethene 150E02 1 069 25 70 25 1.47E-04 0008 245E-02 1.89
Vinyl chloride 312E02 1 069 25 70 25 3.05E04 NA

Total 1.45



=

Detail\ucatistics

Variable Type

Name Arsenic  Vinyl chloride  Total Body Water Exposure
Description Risk Risk Risk  Weight (kg) Consumption (L/d) Duration (yrs)
Cell F79 F91 F94 G0 G31 G33
Minimum = 3.14E-09 1.19E-09 5.66E-09 44.01759 5.65E-02 1.20E-02
Maximum = 1.13E-04 8.28E-03 8.38E-03 106.9881 2.099589 29.99692
Mean = 8.16E-06 4.72E-05 5.54E-05 70.96746 0.7362552 7.605277
Std Deviation = 1.18E-05 297E-04 3.01E-04 13.56904 0.4126657 8.126974
Variance = 1.39E-10 8.83E-08 9.03E-08 184.1189 0.170293 66.04771
Skewness = 2.897543 13.90733 13.87819 0.509796 0.9554618 1.361369
Kurtosis = 14.26665 264.514  263.9855 2.746622 4.001552 3.950612
Errors Calculated = 0 0 0 0 0 0
Mode = 2.83E-06 2.07E-04 2.09E-04 61.33448 0.5161991 0.7616413
5% Perc = 3.60E-07 2.05E-08 5.10E-07 52.28555 0.1996499 0.9991615
10% Perc = 5.75E-07 3.89E-08 8.34E-07 54.94429 0.2737577 1.009996
15% Perc = 7.60E-07 6.80E-08 1.14E-06 57.59411 0.3306493 1.013327
20% Perc = 9.48E-07 1.06E-07 1.52E-06 59.18429 0.3872821 1.016655
25% Perc = 1.17E-06 1.58E-07 1.95E-06 60.76655 0.443898 1.019997
30% Perc = 1.45E-06 2.38E-07 2.50E-06 62.35349 0.4873382 1.575496
35% Perc = 1.80E-06 3.62E-07 3.19E-06 63.94027 0.5307866 2.130343
40% Perc = 2.21E-06 5.33E-07 4.02E-06 65.52324 0.574095 2687205
45% Perc = 2.76E-06 7.73E-07 5.12E-06 67.11214 0.6174406 3.241853
50% Perc = 3.45E-06 1.10E-06 6.50E-06 68.69878 0.6608395 3.799496
55% Perc = 431E-06 1.51E-06 8.56E-06 70.93893 0.7186103 5.234635
60% Perc = 5.24E-06 2.09E-06 1.06E-05 73.18224 0.776472 6.676726
65% Perc = 6.43E-06 3.07E-06 1.31E-05 75.42527 0.8343148 8.119433
70% Perc = 8.13E-06 4.72E-06 1.68E-05 77.66422 0.8919953 9.558237
75% Perc = 1.00E-05 7.31E-06 2.15E-05 79.90917 0.949909 10.99557
80% Perc = 1.26E-05 1.17E-05 2.85E-05 82.15171 1.04828 13.66043
85% Perc = 1.64E-05 1.97E-05 4.06E-05 84.39143 1.146466 16.32914
90% Perc = 2.17E-05 3.78E-05 6.09E-05 90.6855 1.24486 18.99936
95% Perc = 3.31E-05 1.29E-04 1.44E-04 96.98125 1.492189 28.97065
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
- Fife Symington, Governor Edward Z. Fox, Director

RPU95-605 E-5161
September 1, 1995
Mr. Donald P. Hanson, R.G.
Harding Lawson Associates
2800 North 44th Street, Suite 500
Phoenix, Arizona 85008
Re: Draft Risk Assessment for the Estes Landfill
Dear Don:
Enclosed for your review and comment is the draft human health
risk assessment for the Estes Landfill prepared by the Arizona

Department of Health Services.

If you have any questions regarding this matter please feel to
contact me at 207-4575.

Sincerejz%2q£21_

Ed Pond
Project Manager
Remedial Projects Section

Enclosure

3033 North Central Avenue, Phoenix, Arizona 83012, (602)207-2300
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EXECUTIVE SUMMARY

The goal of this risk assessment is to provide risk information necessary to assist decision-making
within the risk management process. The objectives of this risk assessment are to provide an evaluation
of health risks and the threat to public health that may result from exposure to contaminants present in
various media in the area of the Estes Landfill.

This rxsk assessment evaluatw exposure to contaminants from soil gas, fugm e dust, surface

downgradient of the landfill, such an occurrence is considereds
The Bradley production well is located on the Br
Bradley property boundary. The well is used to fill a
has determined that use of this well water for dus
unacceptable health risk to workers.
The reasonable maximum occupatiog 1§

exposure ELCR would present a negligil _lthealﬂﬁ Both exposure scenarios indicated that non-cancer

health effects would not be expecte _m occur as"&result ognhalanon of vapors escaping from the Estes
Landfill as it currently exists . £ : S

levels ]°w§+ than the US h Cf."r”for TCE. Additional analytlcal water quality and exposure data from

ot

the lafé would be reqmred?htorder to quantitatively characterize risk at Southbank Lake.
‘5?:' In addition to health risks from currently complete exposure routes, potential health risks were
eva]uated for occupanonal ingestion of groundwater underneath and downgradient of the Estes Landfill.

‘Blese risk esnmatesaare ‘made in order to provide additional information for decision making within the

LTy

%ﬁk:mapagement proc&ss, and because there are no institutional controls preventing the installation of
wélls within“the plume area. Groundwater data from the monitor and piezometric wells in the
mvestxgimon were used to measure hypothetical potential future health risk. All of the monitor and
piezometric wells are locked and are not used as drinking water.
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Total potential ELCR for the entire groundwater data set (using all qualified analytical results
from all water samples) ranged from 3E~4 (three-in-ten-thousand) for 4.2 years of occupational exposure
to 2E-3 (two-in-one-thousand) for 25 years of occupational exposure. Both of these risk estimates are
in excess of the acceptable range of risk of 1E-4 (one-in-ten-thousand) to 1E-6 (one-in-one-million)
established by the USEPA. The majority of total potential future carcinogenic risk is presented by vinyl

chloride.

This risk assessment supports the following conclusions:

No current risk is known to exist from exposure to confdmin

registered private domestic wells within the portxon,~
Estes/Bradley Landfills.

Use of the Bradley Landfill production well for dustgo ol u
a negligible health risk.

Estes Landfill presents a neghgth health g =

If unregistered private domelmc wells eﬂﬁn the area'of contaminated groundwater, then
some xxsk may be pmen% by conmmn' 1S '_m the landfill. However gwen the

onitor wells at concen Frations that would be of public health concern if the water were

~: used for drmkmg;;%!n %e absence of effective risk management actions, it is possible that

migration of th g ntaminants to the southwest and west of the landfills could impact
domestic use4d production wells in the future. Such an impact would have the potential
; “affect public health.
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1.0 INTRODUCTION

The purpose of this risk assessment is to evaluate potential exposure and risk from contaminants
present in various media in and adjacent to the Estes Landfill.

1.1 Authority
Pursuant to Arizona Revised Statutes §§ 49-282, this risk assessment is prepar%’n accordance

with the requirements of Contract Number 2217-000000-3-3-AB-2001 for the 1208 Department of
Environmental Quality (ADEQ). This document was prepared usmg guid escribed by the U.S.
Environmental Protection Agency (USEPA) Risk Assessment Gundince fo

Glidi nd (RAGS), Volume
1, Human Health Evaluation Manual: Part A’ and RAGS Hyffian Health Syfip 5

1.2  Overview e =
Water quality analyses have indicated that there ish er contamination underneath and
downgradient of the Estes Landfill, located in southeast Phoemix, Arizina. The nature and location of
the contaminants indicate that the landfill is one source o ek
The Bradley Landfill is located adjacent to the I

; " n Ljandﬁll that occupies about 40 acres south of Sky Harbor
Internationale&rpo _ Arizona. The Estes Landfill is bounded on the west by 40th Street,
on the mﬁy the Salt K the south by the Waste Management Regional Waste Transfer Station
and t;he ‘Bradley Landfill -on the east by vacant land.* Figure 1.1 displays a map of the area.

f The Estes Landf'lll.‘ﬂ\/:?r operated by a commercial refuse collection and dlsposal company from

- ﬂwm“’ io-the Estes Landfill, began commercial operatlons in the early 19705 The Bradley landfill
is still in operation.
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Figure 1.1 - Detailed Map of Estes Landfill Area
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The Estes Landfill was primarily a municipal waste landfill, however, liquid wastes that would
now be classified as hazardous waste were also accepted. Bulk liquids were discharged into ponds
excavated in the refuse pits. Septic tank haulers in the Phoenix area were a primary source of the liquid
waste disposed of at the landfill.> Coring data collected in the Estes Landfill indicate that the maximum
pit depth was about 50 feet, with approximately 40% of the landfill within the 35 to 50 foot depth range.

The depth to groundwater in the vicinity of the landfill ranges from approximately 20 tgz80 feet.’

Groundwater contamination was discovered in two industrial supply me cdted downgradient
of the Estes/Bradley Landfills between 1980 and 1982. Subsegnt grou ' " amples collected in
fill, leachate.

together the background information needed to understand | scope oigmundw _ :?"- inatic g and
to coordinate additional remedial work at the Bradley :Fw _Llﬁﬁlls In 198 COP began
conducting a Phase I investigation of the Estes Landfili-which- evaluated the magmtude of the

contamination and provided a preliminary assessment of potéiitia Source areas. The COP mstalled 6
monitor wells in and downgradient of the landﬁll during th igation. Thi

a large pit in the southeast corner of the Estes 15 e
groundwater.* Ramps for trucks were d£ bserved:ir g‘ﬁfbs. The location of the pit is
immediately upgradient of the monitor y éﬁ w1t.h the&highest Gﬁnceutranons of VOCs.

the Phase II study was to further d%
in the vicim of the landﬁ]ls‘ :

f This section 1dennﬁes the chemicals of potential concern in groundwater, soil gas and soil for the
E:}tes Landfill area. The ‘chemicals of concern are selected based on data compiled during the Phase 1
ind Phase II mvestx_guhons.

: ~ Sources of Contamination

" A number of VOCs have been detected in the groundwater underlying the landfills, including
tetrachloroethylene (PCE), trichloroethylene (TCE), 1,1 dichloroethylene (DCE), and vinyl chloride. The
nature and location of the contaminants indicate that the primary source of the contamination is the Estes

94 ADHS-35 DRAFT 8/95 3

"‘-



and/or Bradley Landfills.” This risk assessment does not attempt to determine the source of the
groundwater contamination.

2.2  Data Collection and Evaluation
Groundwater
Groundwater samples ‘were obtained from monitor and pimmetric wells on the landﬁll

for 2 upgradient monitor wells. This risk assessment uses data from grouf
between 1988 and early 1995.
Groundwater data from 1988 include sample analyses
EW-E, EW-N, EW-W and EW-NW) and the former Tann
became available for 8 additional monitor wells (BW-SE, 3
Bradley production well (BW-P). Data from 1988 and
methods 601/602 and 624, SVOCs using EPA method
polychlorinated bi-phenyls (PCBs) using EPA method 608

the Tanner property. These wells were sampl £ Ty
a pilot testing/recovery well (EW-RW1) anﬂ’8 additignial T
completed in February, 1991. These wel@were sanipled quarte

Additional monitor and plaometnc wellgiwere const:fgéted and sampled after March, 1991. As
of June, 1995 data were avaxlableﬁfor a tots of 49 m_gj%or, piezometric, recovery, or industrial
production wells =

G_go*ﬁﬁdwater d % provided to the k_IPley Harding Lawson.Associates in electronic format
and were'd HS soﬂware program. Mean and 95% upper confidence limit (UCL) of

3

concentranonsgggo;game and inorganic eﬁ‘mﬂments were calculated using ADHS software. Calculations
were made usmgj:e’ eported concen%u_gen’ or one-half of the limit of detection for each compound (<
or N), in ance; A guid’faﬁ'ce.‘ Analytes that were detected in the method blank of a
paruculat sample were ided.

calculate the 95% UCL:

mean == 4-average concentration

Rt Sty .
tey = student’s t test statistic with n-1 degrees of freedom
n = number of samples in data set
g = standard deviation of data set

94 ADHS-35 DRAFT 8/95 4



Surface Water

Two surface water samples were collected from Southbank Lake, which is located just east of
Interstate 10 and the Salt River by Harding Lawson Associates on June 6, 1989. The samples were
analyzed for VOCs using EPA method 601. TCE was detected in the 2 samples at concentrations of 1.8
pg/L and 2.3 pg/L. No other VOCs were detected during the 1989 sampling.

One sample from Southbank Lake was collected by Kenneth D. Smith and Associates on January
14, 1994 and analyzed for VOCs using EPA method 601. TCE was detected at a concgutratxon of 1.7
pg/L. No other VOCs were detected during the 1994 sampling. =

Soil 15
Analytical results from the Phase II surface soil mvescfl%‘t;on were e ate the poteg___t‘ial
health risks from exposure to fugitive dust from surface seﬁat the l ndi
investigation consisted -of 11 composite surface s011 samp%fin;l_ i

gfind SVOEE wers.all rgported 10 be less than method

3 FETRED

Arsenic, barmm cadmium, copper, manﬁ:me, -*‘ 1, and l 'ére detected in 100% of composite
samples. A few pesticides mcludmgs‘DDD DDE.%DT werﬁso detected in surface soil.

Data were converted into dﬁ;:tromc fotmat by Qgs staff, and calculations were made using
commercxallyavaxlable software. ge mean afid95%=HCE of organic constituents were calculated using

“iﬂ‘"—“"“i‘*"’l"— 7

-half of the limit of detection for each compound.

Zec forél organic constituents using the Modified EPA Test Method 8021.
Sample locations were predommantly in the east portion of the Estes Landfill. Soil gas sample results
aﬁﬁ a map indicating the 2 sample locations are displayed in Appendix Table E.
: The most frequently detected analytes were TCE, PCE, trichloroethane (TCA), vinyl chloride,
Einm toluene, ethylbenzene, xylenes, and methane. The mean and 95% UCL of each constituent were
ci!culaga across all sample locations. Calculations were made using the reported concentration of the
consntueni or one-half of the limit of detection for each compound.! Data were converted into electronic

format by ADHS staff, and calculations were made using commercially available software.

94 ADHS-35 DRAFT 8/95 5
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23 Selection Criteria

Groundwater

Constituents were removed as chemicals of concern for a well if there were no positive detections
in the data set; or the highest detected value was less than the USEPA Maximum Contaminant Level
(MCL) or the June, 1995 Arizona Health Based Guidance Level (HBGL) and the chemical is not
recognized by the USEPA on-line Integrated Risk Information System (IRIS)* as a possible (C), probable
(B1,B2), or known human (A) carcinogen. Chemicals of concern were selected independently for each
well. é‘é f‘”

An analysis conducted by Harding Lawson Associates has detemun@atmemc concentrations
in the other monitor wells are at regional background concepitstions. 1 ance with EPA risk
assessment guidance', background risk from naturally occu? arsenic he B aated separa:ely
from site-related risk. Arsenic has been selected as a site-re: chemgf con i 1.2y

Appendix Table B.
Tables 2.1 and 2.2 display the inorganic and<pr;
underneath and downgradient of the landfills. :

2.5 and 2.6 list the inorganic and organic constiti¥ents th [ wers
upon the criteria described above. A totalﬁ?ﬁ constih
groundwater (Tables 2.7 and 2.8). -

Surface Water

= =_4—

Arseni? barmm cadnnum"‘mgper, manganese, mckel and lead were detected in 100% of eomposxte

sampl&s A few pestxcxdes mcludmg DDD, DDE, DDT were also detected in composite surface soil

samples All metals an’aL pesticides with positive detections during the surface soil investigation were
écted as chemxcals:bf concern in surface soil, even though many of these compounds are likely present

ﬁ})aquround w‘n’i:%:?ramus VOCs and SVOCs, with the exception of bis(2-ethylhexyl)phthalate, have

be;f;imunated as chemicals of concern in surface soil.

Appendxx Table D displays the 95% UCL of metal and pesticide concentrations found in surface

soil at the Estes Landfill.
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Soil Gas
All VOCs detected in the Phase II soil gas investigation conducted by Tracer Research® are
included as COCs. Appendix Table E displays the COCs in soil gas.
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Table 2.1 - Inorganic chemicals detected in groundwater samples,

Estes Landfill Risk Assessment

Chemical Name CASRN Detects Det &
INORGANIC

1. Ammonia (NH3) 7664-41-7 192/362. 53.0%
2. Antimony (Sb) 7440-36-0 3/361 0.8%
3. Arsenic, inorganic (As) 7440-38-2 284/361 78.7%
4. Barium (Ba) 7440-39-3 188/347 54.2%
5. Beryllium (Be) 7440-41-7 4/361 1.1%
6. Boron and borates only (B) 7440-42-8 330/337 97.9%
7. Cadmium (Cd) 7440-43-9 18/361 5.0%
8. Calcium (Ca) 7440-70-2 365/365 100.0%
9. Chloride (C1)- 365/365 100.0%
10. Chromium(III) 16065-83-1 - 22/361 6.1%
11. Copper (Cu) 7440-50-8 23/361 6.4%
12. Cyanide (Cn) 5§7-12-5 5/183 2.7%
13. Fluoride (F) 7782-41-4 277/343 80.8%
14. Iron (Fe) 7439-89-6 179/347 51.6%
15. Lead and compounds (inorganic) 7439-92-1  82/361 22.7%
16. Magnesium (Mg) 7439-95-4 354/365 97.0%
17. Manganese (Mn) 7439-96-5 280/369 75.9%
18. Mercury (inorganic) (Hg) 7439-97-6 2/361 0.6%
19. Nickel, soluble salts (Ni) 7440-02-0 39/361 10.8%
20. Nitrate/Nitrite (total) 82/113 - 72.6%
21. Nitrite 14797-65-0 8/158 5.1%
22. Potassium (X) 7440-09-7 326/365 89.3%
23. Selenium and ccmpounds (Se) 7782-49-2 1/361 0.3%
24, Sodium (Na) 7440-23-5 365/365 100.0%
25. Sulfate (S04) 14808-79-8 352/365 96.4%
26. Total Dissolved Solids (TDS) 365/365 100.0%
27. Zinc and compounds (Zn) 7440-66-6 321/361 88.9%

94ADHS35
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Table 2.2 - Organic chemicals detected in groundwater samplas,

Estes Landfill Risk Assessment

Draft 8/95

Chemical Name CASRN Detects Det %
ORGANTIC
1. Benzene (BNZ) 71-43-2 51/518 9.8%
2. Bramodichloromethane (THM) 75-27-4 25/516 4.8%
3. Bromomethane (BMM) 74-83-9 1/516 0.2%
4. Carbon tetrachloride (CCL4) §6-23-5 4/518 0.8%
5. Chlorobenzene (monochlorobenzene) 108-90-7 351/904 38.8%
6. Chloroethane (CE) 75-00-3 26/516 5.0%
7. Chloroform (THM) 67-66-3 135/519 26.0%
8. Chloromethane (CM) 74-87-3 13/517 2.5%
9. Dibromochloromethane (THM) 124-48-1 3/517 0.6%
10. 1,2-Dichlorcbenzene (DCB2) 95-50-1 .366/846 43.3%
11. 1,3-Dichlorcbenzene (DCB3) 541-73-1 35/846 4.1%
12. 1,4-Dichlorobenzene (DCB4) 106-46-7 148/846 17.5%
13. Dichlorodifluoromethane 75-71-8 49/432 11.3%
14. 1,1-Dichlorocethane (DCA) 75-34-3 208/517 40.2%
15. 1,2-Dichlorocethane (DCA2) 107-06-2 28/519 5.4%
16. 1,1-Dichloroethylene (DCE) 75-35-4  178/519 34.3%
17. 1,2-Dichloroethylene (TOTAL) 59/ 86 68.6%
18. cis-1,2-Dichloroethylene 156-59-2 305/432 70.6%
19. trans-1,2-Dichlorcethylene 156-60-5 116/432 26.9%
20. Dichloromethane (DCM) 75-09-2 31/517 6.0%
21, 1,2-Dichloropropane (DCP2) 78-87-5 2/503 0.4%
22. cis-1,3-Di orcopropene (cDCP3) 10061-01-5 1/517 0.2%
23. Di(2-ethylhexyl) Phthalate (DEHP) 117-81-7 5/ 14 35.7%
24. Ethylbenzene (ETB) 100-41-4 28/517 5.4%
25. Parachlorophenyl methyl sulfide 123-09-1 4/ 23 17.4%
26. Phenol 108-95-2 4/ 14 28.6%
27. 1,1,2,2-Tetrachlorcethane (TET) 79-34-5 3/517 0.6%
28. Tetrachloroethylene (PCE) 127-18-4 123/519 23.7%
29. Toluene (TOL) 108-88-3 §3/517 10.3%
30. 1,1,1-Trichloroethane (TCA) 71-55-6 100/517 19.3%
31. Trichloroethylene (TCE) 79-01-6 275/519 53.0%
32. Trichlorofluorcmethane (TCFM) 75-69-4 83/432 19.2%
33. Trichlorotrifluorcethane 76-13-1 114/502 22.7%
34. Vinyl chloride (VC) 75-01-4 268/519 51.6%
35. Xylenes (total) 1330-20-7 36/433 8.3%
94ADHS35
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Table 2.3 - Inorganic chemical summary for all groundwater samples,
Estes Landfill Risk Assessment

Chemical Name CASRN Units Mean 95% UCL Deviation Lowest Highest Detects Det X WoE HBGL MCL
INORGANIC

1. Ammonia (NH3) 7664-41-7 mg/L 1.3 1.5 2.4 0.03 15 192/362 53.0X / D 7E+00

2. Antimony (Sb) 7440-36-0 mg/L 0.022 0.024 0.02 0.005 0.05 37361 0.8%J/ D 3E-03 1E-02
3. Arsenic, inorganic (As) 7440-38-2  mg/L 0.015 0.017 0.017 0.005 0.14 2847361 78.7%X J A 2E-05 5E-02
4, Barium (Ba) 7440-39-3  mg/L 0.24 0.28 0.38 0.013 2.8 188/347 54.2% J D SE-01 2E+00
5. Beryllium (Be) 7440-41-7 mg/L 0.0024 0.0026 0.0016 0.003 0.003 47361 1.1X J/ B2 BE-06 1E-03
6. Boron and borates only (B) 7440-42-8 mg/L 0.39 0.41 0.18 0.08 1.1 330/337 97.9X J D 6E-O1

7. Cadmium (Cd) 7440-43-9  mg/L 0.0026 0.0028 0.0023 0.0006 0.035 18/361 5.0Xx / B1 4E-03 S5E-03
8. Calcium (Ca) 7440-70-2  mg/L 51 53 19 4 130 365/365 100.0X -- ND

9. Chloride (Cl)- mg/L 160 170 39 44 340 3657365 100.0%X -- ND

10. Chromium(Il1) 16065-83-1 mg/L 0.0084 0.01 0.016 0.01 0.12 22/361 6.1% -- NA TE+00 1E-01
11. Copper (Cu) 7440-50-8 - mg/L 0.024 0.051 0.27 0.01 5.1 23/361 6.4%J D 3E-O01

12. Cyanide (Cn) 57-12-5 mg/L 0.0054 0.0058 0.0029 0.01 0.06 5/183 2.7% -- D 1E-01 2€-01
13. Fluoride (F) 7782-41-4 mg/L 0.46 0.52 0.52 0.2 3.2 277/343 B0.8% -- D 4E-01 4E+00
14. Ilron (Fe) 7439-89-6 mg/L 0.65 0.83 1.7 0.022 15.6 1797347 51.6% -- ND

15. ‘Lead and compounds (inorganic) (Pb) 7439-92-1 mg/L 0.0044 0.0052 0.0077 0.002 0.11 82/361 22.7% J/ B2 5£-03

16. Magnesium (Mg) 7439-95-4 mg/L 23 24 9.6 0.6 69 3547365 97.0% -- ND

17. Manganese (Mn) 7439-96-5 mg/L 1.2 1.4 1.5 0.005 8.6 280/369 75.9% J D 4E-02

18. Rercury (inorganic) (Hg) 7439-97-6 mg/L 0.00011 0.00012 0.00012 0.0002 0.0021 2/361 0.6X 4 D 2E-03 2E-03
19. Nickel, solubte salts (Ni) 7440-02-0 mg/L 0.024 0.027 0.032 0.02 0.48 397361 10.8X / D 1E-01 1E-01
20. Nitrate/Nitrite (total) ma/L 1.8 2.3 2.5 0.05 12 B2/113 72.6%x J D 1E+01 1E+01
21. Nitrite 14797-65-0 mg/L 0.015 0.017 0.014 0.01 0.09 8,158 5.1%X -- D 7E-01 1E+00
22. Potassium (K) 7440-09-7 mg/L 7.1 7.7 6.2 1.5 59 326/365 89.3% -- ND

23. Selenium and compounds (Se) 7782-49-2 mg/L 0.004 0.0046 0.0052 0.006 0.006 17361 0.3X -- D 4E-02 S5E-02
24. Silver (Ag) 7440-22-4 mg/L 07361 0.0% -- D 4E-02 5E-02
25. Sodium (Na) 7440-23-5  mg/L 160 170 37 68 270 3657365 100.0% -- ND

26. Sulfate (S04) 14808-79-8 mg/L 62 64 23 5.4 150 352/365 96.4% -- D 4E+02

27. Thallium (T1) 7440-28-0 mg/L 07361 0.0% -- ND SE-04

28. Total Dissolved Solids (TDS) mg/L 670 690 170 218 1620 365/365 100.0% -- ND

29. Zinc and compounds (Zn) 7440-66-6 mg/L o1 0.15 0.3 0.01 4.6 321/361 88.9%X/ D 2E+00

-- Chemical removed from risk analysis because there were no positive detections in the data set or the highest detected value was less than the HBGL or
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Table 2.4 - Organic chemical summary for all groundwater samples,
Estes Landfill Risk Assessment

Chemicat Name CASRN Units Mean 95X UCL Deviation Lowest Highest Detects Det X WoE HBGL  MCL
ORGANIC

1. Acenaphthene (PAN) 83-32-9 ug/L 0/ 14 0.0% -- ND 4E+02

2. Acenaphthylene (PAH) 208-96-8 pg/L 0/ 14 0.0% -- D 4E+02

3. Acetone 67-64-1 pug/L 0/114 0.0% -- D 7E+02

4. Aldrin 309-00-2 ug/L 0/ 8 0.0 -- B2 2E-03

S. Anthracene (PAH) 120-12-7 pg/L 0/ 14 0.0X -- D 2E+03

6. Benzlalanthracene (PAH) 56-55-3 pg/L 0/ 14 0.0X -- 82 3E-02 2E-01
7. Benzene (BN2) 71-43-2  pg/L 2.3 3.4 13 0.5 93 51/518 9.8X J A 1E+00 SE+00
8. Benzo[alpyrene (PAH) 50-32-8 pg/L 0/ 14 0.0% -- B2 5E-03 2E-01
9. Benzolb) fluoranthene (PAH) 205-99-2  pg/L 0/ 14 0.0% -- B2 3E-02 2E-01
10. Benzolg,h, i}perylene (PAN) 191-24-2  ug/L 0/ 14 0.0% -- D

11.-Benzo[k] fluoranthene (PAH) 207-08-9 ug/L 0/ 14 0.0% -- B2 3E-02 2E-01
12. Benzoic acid 65-85-0 pg/sL 0/ 14 0.0% -- D 3E+04

13. B8enzyl alcohol 100-51-6 pg/L 0/ 14 0.0X -- ND 2E+03

14. Bis(2-chloroethoxy)methane 111-91-1  ag/L 0/ 14 0.0% --D

15. bis(2-chloroethyl) ether (BCEE) 111-464-4  pg/L 0/ 14 0.0%X -- B2 3E-02

16. Bis(2-chloroisopropyl) ether 39638-32-9 ug/L 0/ % 0.0% -- ND SE-01

17. ‘Bromodichloromethane (THM) (BDCM) 75-27-4  pg/L 1.1 1.6 5.3 0.21 10- 25/516 4.8% J B2 6E-01 1E+02
18. p-Bromodiphenyl ether 101-55-3  pg/L 0/ 14 0.0% --D

19. Bromoform (THM) (BRFM) 75-25-2  pug/L 0/516 0.0X -- B2 4E+00 1E+02
20. Bromomethane (BMM) 74-83-9 pug/L 2.1 2.7 7.4 2.5 2.5 1/516 0.2%X -- p 1E+O1

21. Buty! benzyl phthalate 85-68-7 pg/L 0/ 14 0.0X -- C 1E+02 1E+02
22. Carbon disul fide 75-15-0 pg/L 07 14 0.0% -- D T7E+02

23. Carbon tetrachloride (CCL4) 56-23-5 pug/L 1.1 1.6 5.3 0.5 9.1 4/518 0.8% J/ B2 3E-01 5E+00
24. Chlordane 57-74-9 pug/L 0/ 8 0.0X -- B2 3E-02 2E+00
25, p-Chloroeniline 106-47-8  pg/L 0/ 14 0.0% -- NA 3E+01

26. Chlorobenzene (monochlorobenzene) (MCB) 108-90-7 pug/L 10 12 33 0.2 290 351/904 38.8% J/ D 1E+02 1E+02
27. Chloroethane (CE) 75-00-3  aug/L 2.2 2.8 7.4 0.2 9 26/516 5.0% -- WD

28. 2-chloroethylvinyl ether (CEVE) 110-75-8 pg/L 07444 0.0% -- ND

29. Chloroform (THM) (CLFM) 67-66-3 pg/L 1.4 1.9 5.4 0.2 22 135/519 26.0% J B2 6E+00 1E+02
30. Chloromethane (CM) 74-87-3  pg/L 2.1 2.7 7.4 0.24 7.7 13/517 2.5% 4 € 3E+00

31. 4-Chloro-3-methylphenol 59-50-7 ag/L . 0/ 14 0.0% -- ND

32. beta-Chtoronsphthalene 91-58-7 pg/L 0/ 14 0.0% -- NA 6E+02

33. 2-chtorophenol 95-57-8 pug/L 0/ 14 0.0X -- D 4E+01

34. Chrysene (PAH) 218-01-9  pg/L 0/ 14 0.0X -- B2 3E+00 2E-01
35. 00D (p,p'-dichtorodiphenyldic (DDD) 72-54-8 pg/L 0/ 8 0.0X -- B2 2E-01

36. DDE (p,p'-dichlorodiphenyldic (DDE) 72-55-9  pag/L 0/ 8 0.0% -- B2 1E-01

37. DT (p,p'-dichlorodiphenyltri (DDT) 50-29-3  pug/L 0/ 8 0.0X -- B2 1E-01

-~ Chemical removed from risk analysis because there were no positive detections in the data set or the highest detected value was less than the HBGL or
was less than the MCL and the WoE is not “A" or "B2v,
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Table 2.4 - Organic chemical summary for all groundwater samples,
Estes Landfill Risk Assessment
Chemical Name CASRN Units Mean 95% UCL Deviation Louest Highest Detects Det X WoE HBGL MCL
ORGANIC
38. Dibenzia,hlanthracene (PAK) 53-70-3 pg/L 0/ 14 0.0% -- B2 3E-03 2E-01
39. Dibenzofuran 132-64-9 pg/L 0/ %4 0.0% --D
40. Dibromochloromethane (THM) (DBCM) 124-48-1  pg/L 1.3 1.9 6.6 0.26 0.34 3/517 0.6% -- C 4E-01 1E+02
41. Dibutyl phthalate B4-74-2 pg/L 0/ 14 0.0% -- D 7E+02
42. 1,2-Dichiorobenzene (DCB2) 95-50-1 pug/L 30 40 140 0.6 2500 366/846 43.3X / D 6E+02 6E+02
43. 1,3-Dichlorobenzene (DCB3) 541-73-1 g/l 6.7 12 85 0.8 1900 35/846 4.1X J D 6E+02
44, 1,4-Dichlorobenzene (DCB4) 106-46-7 pg/L 7.5 13 87 0.8 1900 148/846 17.5% 4 C 2E+00 8E+01
45. 3,3'-dichlorobenzidine 91-94-1  pg/L 0/ 14 0.0x -- B2 8E-02
46. Dichlorodifluoromethane (DCOFM) 75-71-8  pug/L 1.7 2.5 8.19999999 0.22 83 497432 11.3% -- D 1E+03
47. 1,1-Dichloroethane (DCA) 75-34-3  pg/L 1.9 2.4 5.5 0.2 17 208/517 40.2% -- C 7E+01
48. 1,2-Dichloroethane (DCA2) 107-06-2 pg/L 1.2 1.6 5.3 0.2 6.4 2B/519 5.4X% J B2 4E-01 SE+00
49. 1,1-Dichloroethylene (DCE) 75-35-4 pug/L 2.1 2.6 5.6 0.2 18 178/519 34.3X / C 6E-02 7E+00
50. 1,2-Dichloroethylene (TOTAL) #a/L 27 41 66 0.6 509.999999 59/ 86 68.6X J/ D T7E+01
51. cis-1,2-Dichloroethylene 156-59-2 pg/L 200 290 940 0.2 12000 305/432 70.6X J D 7E+01 7E+0)
52. trans-1,2-Dichloroethylene 156-60-5 pg/L 3 4 10 0.21 100 1167432 26.9% -- D 1E+02 1E+02
53. Dichloromethane (DCM) 75-09-2  ug/L 8.1 12 48 2.2 150 31/517 6.0X 4 B2 SE+00 5E+00
54. 2,4-Dichlorophenol 120-83-2 pug/L 0/ %4 0.0X -- D 2E+01
55. 1,2-Dichloropropane (DCP2) 78-87-5 pg/L 1 1.5 5.3 0.3 0.4 2/503 0.4X J B2 SE-01 SE+00
56. cis-1,3-Dichloropropene (cDCP3) 10061-01-5 pg/L 1.5 2.1 6.7 0.5 0.5 1/517 0.2xJ B2
57. trans-1,3-Dichloropropene (tDCP3) 10061-02-6 pug/L 0/517 0.0X -- B2
58. Dieldrin 60-57-1  pg/L 0/ 8 0.0% -- B2 2E-03
59. Diethyl phthalate B4-66-2 pa/L 0/ 14 0.0% -- D 6E+03 SE+03
60. Di(2-ethylhexyl) Phthalate (DEHP) 117-81-7 pg/L 19 3 21 22 87 5/ 14 35.7X J B2 3E+00 4E+00
61. Dimethyl phthalate 131-11-3  pg/L 0/ % 0.0X -- D T7E+04
62. 2,4-Dimethylphenol 105-67-9 pg/L 0/ 14 0.0X -- NA 1E+02
63. 2,4-dinitrophenol 51-28-5 pug/L 0/ 14 0.0X -- ND 1E+01
64. 2,4-dinitrotoluene 121-14-2  pug/L 0/ 14 0.0X -- B2 5E-02
65. 2,6-dinitrotoluene 606-20-2 pg/L 0/ 14 0.0X -- ND 7E+00
66. Dioctylphthalate. 117-84-0  pg/L 07 14 0.0% -- ND 1E+02
67. Endosutfan i 959-98-8 pug/L 0/ 8 0.0% -- D 4E-01
68. Endosulfan {i 33213-65-9 ug/L 0/ 8 0.0% -- ND
69. Endosul fan sulfate 1031-07-8  pug/L 0/ 8 0.0X -- ND
70. Endrin 72-20-8  pg/L 0/ 8 0.0X --D 2E+00 2E+00
71. Ethylbenzene (ET8) 100-41-4  pug/L 4.3 6.6 26 1.1 330 28/517 5.4X -- D T7E+02 7E+02
72. Ethylene dibromide (EDB) 106-93-4 pug/L 0/ 72 0.0% -- B2 4E-04 SE-02
73. Fluoranthene (PAH) 206-44-0 pg/lL 0/ 14 0.0% -- D 3E+02
74. Fluorene (PAH) 86-73-7  pg/L 0/ 14 0.0% -- D 3E+02
-- Chemical removed from risk analysis because there were no positive detections in the data set or the highest detected value was less than the HBGL or
was less than the MCL and the WoE is not “A" or "82",
94ADHS35
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Table 2.4 - Organic chemical summary for all groundwater samples,
Estes Landfill Risk Assessment

Chemical Name CASRN Units MHean 95% UCL Deviation Lowest Highest Detects Det X WoE HBGL  MCL
ORGANIC

75." Heptachlor 76-44-8 pg/L 0/ 8 0.0X -- B2 BE-03 4E-01
76. Heptachlor epoxide 1024-57-3  pg/L 0/ 8 0.0X -- B2 4E-03 2E-01
77. Hexachlorobenzene 118-74-1  pg/L 0/ 14 0.0X -- B2 2E-02 1E+00
78. Hexachlorobutadiene 87-68-3 pg/L 0/ 14 0.0% -- C SE-01

79. alpha-Hexachlorocyclohexane (alpha-HCH) 319-84-6 pg/L 0/ 8 0.0X -- B2 66-03

80. beta-Hexachtorocyclohexane (beta-HCH) 319-85-7 ug/L 0/ 8 0.0X% -- Cc  2E-02

81. Delta-hexachlorocyclohexane 319-86-8 pg/L 0/ 8 0.0X --0

82. Hexachlorocyclopentadiene (HCCPD) T7-47-4  pg/L 0/ 14 0.0X -- D SE+01 SE+01
83. Hexachloroethane 67-72-1  pg/L 0/ 14 0.0X -- C 3E+00

84. 2-Hexanone 591-78-6 pg/L 0/ 14 0.0X -- NA

85. Indeno(1,2,3-cd)pyrene (PAH) 193-39-5 pug/L 0/ 14 0.0% -- 82 3E-02 2E-01
86. Isophorone 78-59-1  ug/L 0/ 14 0.0% -- C 4E+01

87. Lindane (gamma-hexachlorocycl (gamma-HCH) 58-89-9 ug/L 0/ 8 0.0 -- C 3E-02 2E-01
88. Hethoxychlor 72-43-5 pug/L 0/ 8 0.0% -- D 4E+01 4E+01
89. Methyl Ethyl Ketone (MEK) 78-93-3  pg/L 0/ 14 0.0X -- D 4E+03

90. Methyt isobutyl ketone 108-10-1  pg/L 07 14 0.0X -- NA 6E+02

91. 2-methylnaphthalene 91-57-6 pug/L 0/ 14 0.0X -- ND

92. 2-Methylphenol (o-Cresol) 95-48-7 gg/L 0/ 14 0.0X -- C 4E+01

93. 4-methylphenol 106-44-5  pg/L 0/ 14 0.0% -- C 4E+01

94. Naphthalene (PAH) 91-20-3  ug/L 0/ 14 0.0% -- D 3E+02

95. 2-Nitroaniline 88-74-4 pg/L 0/ 14 0.0%X -- NA 4E-01

96. m-Nitroaniline 99-09-2 pug/t 0/ 14 0.0X -- ND

97. Nitrobenzene 98-95-3 pug/L 0/ 14 0.0X% -- D 4E+00

98. p-Nitrophenol 100-02-7 pg/L 0/ 14 0.0% -- NA

99. 2-NITROPHENOL (UG/L) 88-75-5 pg/L 0/ %4 0.0% -- ND

100. n-Nitroso-di-n-propylamine 621-64-7 pg/L 0/ 14 0.0% -- B2 SE-03

101. n-Nitroso-diphenylamine 36-30-6 pug/L 0/ 14 0.0X -- B2 7E+00

102. Parachlorophenyl methyl sulfide 123-09-1 mg/L 0.23 0.55 0.74 0.07 3.62 4/ 23 17.44 -- D

103. Pentachlorophenol 87-86-5 pug/L 0/ 14 0.0X -- B2 3E-01 1E+00
104. Phenanthrene (PAH) 85-01-8 pug/L 0/ t& 0.0% --D

105. Phenol 108-95-2 pug/L 19 30 20 37 . 76 &7 14 28.6X -- D 4E+03

106. Polychlorinated biphenyls (PCBs) 1336-36-3 pg/L 0/ 40 0.0X -- B2 5E-03 SE-01
107. Polychlorinated biphenyl - ar 12674-11-2  pug/L 0/ 8 0.0X -- ND 5E-01

108, Pyrene (PAH) 129-00-0  pug/L 0/ 14 0.0X -- D 2E+02

109. Styrene 100-42-5 gug/L 0/ 14 0.0X -- C 1E+02 1E+02
110, 1,1,2,2-Tetrachloroethane (TET) 79-34-5  pug/t 1.1 1.5 5.3 0.59 .l. 3/517 0.6XJ C 2E-01

111. Tetrachloroethylene (PCE) 127-18-4 pg/tL 1.3 1.7 5.3 0.2 6.7 123/519 23.7Xx / B2 7E-01 SE+00

-~ Chemical removed from risk analysis because there were no positive detections in the data set or the highest detected value was less than the HBGL or
was less than the MCL and the WoE is not “A" or “B2Y,

94ADHS3S

Draft 8/95

© D

o Ly 23



e O

Table 2.4 - Organic chemical summary for all groundwater samples,
Estes Landfill Risk Assessment

Chemical Name CASRN Units Mean 95% UCL Deviation Lowest Highest Detects Det X WoE HBGL  MCL
ODRGANRIC

112. Toluene (TOL) 108-88-3 pg/L 2 3.1 12 0.51 28 53/517 10.3X -- D 1E+03 1E+03
113. Toxaphene 8001-35-2 pg/L 0/ 8 0.0X -- B2 3£-02 3E+00
114. 1,2,4-Trichlorobenzene 120-82-1 apg/L 0/ 14 0.0X -- D 7E+01 9€+00
115. 1,1,1-Trichloroethane (TCA) 71-55-6 ug/L 1.4 1.9 5.7 0.2 50 100/517 "19.3% -- D 6E+02 2E+02
116. 1,1,2-Trichloroethane (TCA2) 79-00-5 pg/L 0/517 0.0%X -- C 6E-01 SE+00
117. Trichloroethylene (TCE) 79-01-6  pug/L 7.8 9.1 15 0.23 120 275/519 53.0X / B2 3E+00 SE+00
118. Trichlorofluoromethane (TCFM) 75-69-4 pg/L 2.2 2.9 8.4 0.2 29 837432 19.2% -- D 2E+03

119. 2,4,5-Trichlorophenol 95-95-4  pug/L 0/ 14 0.0X -- D T7E+02

Y20. 2,4,6-Trichlorophenol 88-06-2 pug/L 0/ 14 0.0% -- B2 3E+00

121. Trichlorotrifluorocethane (F113) 76-13-1  pg/L 16 14 1147502 22.7X -- D 2E+05

122. Vinyl acetate 108-05-4 pg/L 0/ 14 0.0% -- NA 7E+03

123. Vinyl chloride (VC) 75-01-4 po/L 840 10000 268/519 51.6% J/ A 2E-02

124. Xylenes (total) (XYL) 1330-20-7 ug/L 53 1000 367433 B8.3% -- D 1E+04

-- Chemical removed from risk anslysis because there were no positive detections in the data set or the highest detected value was less than the HBGL or
was less than the MCL and the WoE is not “A“ or "@2",
94ADHS3S
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Table 2.5 - Inorganic chemicals eliminated as COCs in groundwater,
Bastes Landfill Risk Assessment

Draft 8/95

Chemical Name CASRN Detects Det &
INORGANTIC

1. Calcium (Ca) 7440-70-2 365/365 100.0%

2. Chloride (C1)- 365/365 100.0%

3. Chromium(III) 16065-83-1 22/361 6.1%

4. Cyanide (Cn) 57-12-5 5/183 2.7%

5. Fluoride (F) 7782-41-4 277/343 80.8%

6. Iron (Fe) 7439-89-6 179/347 51.6%

7. Magnesium (Mg) 7439-95-4 354/365 97.0%

8. Nitrite 14797-65-0 8/158 5.1%

9. Potassium (K) 7440-09-7 326/365 89.3%

10. Selenium and compounds (Se) 7782-49-2 © 1/361 0.3%

11. Silver (Ag) 7440-22-4 0/361 0.0%

12. Sodium (Na) 7440-23-5 365/365 100.0%

13. Sulfate (SO4) 14808-79-8 352/365 96.4%

14. Thallium (T1) 7440-28-0 0/361 0.0%

15. Total Dissolved Solids (TDS) 365/365 100.0%

94ADHS3S



Table 2.6 - Organic chemicals eliminated as COCs in groundwatar,

Estes Landfill Risk Assessment

Chemical Name CASRN Detects Det &
ORGANTIC
1. Acenaphthene (PAH) 83-32-9 0/ 14 0.0%
2. Acenaphthylene (PAH) 208-96-8 0/ 14 0.0%
3. Acetone 67-64-1 0/114 0.0%
4. Aldrin 308-00-2 0 8 0.0%
5. Anthracene (PAH) 120-12-7 0/ 14 0.0%
6. Benz[a]anthracene (PAH) 56-55-3 0/ 14 0.0%
7. Benzo[a]p¥rene {PAH) 50-32-8 0/ 14 0.0%
8. Benzo[b]fluoranthene (PAH) 205-99-2 0/ 14 0.0%
9. Benzolg,h,ilperylene (PAH) 191-24-2 0/ 14 0.0%
10. Benzo[k] fluoranthene (PAH) 207-08-9 - 0/ 14 0.0%
11. Benzoic acid 65-85-0 0/ 14 0.0%
12. Benzyl alcochol 100-51-6 0/ 14 0.0%
13. Bis (2-chloroethoxy)methane 111-91-1 0/ 14 0.0%
14. bis(2-chlorcethyl} ether (BCEE) 111-44-4 0/ 14 0.0%
15. Bis(2-chloroisopropyl) ether 39638-32-9 0/ 14 0.0%
16. p-Bromodiphenyl ether 101-55-3 0/ 14 0.0%
17. Bromoform (THM) (BRFM) 75-25-2 0/516 0.0%
18. Bromomethane (BMM) 74-83-9 1/516 0.2%
19. Butyl benzyl phthalate 85-68-7 0/ 14 0.0%
20. Carbon disulfide 75-15-0 0/ 14 0.0%
21. Chlordane 57-74-9 0o/ 8 0.0%
22. p-Chloroaniline 106-47-8 0/ 14 0.0%
23. Chloroethane (CE) 75-00-3 26/516 5.0%
24. 2-Chloroethylvinyl ether (CEVE) 110-75-8 0/444 0.0%
25. 4-Chloro-3-methylphenol 59-50-7 0/ 14 0.0%
26. beta-Chloronaphthalene 91-58-7 0/ 14 0.0%
27. 2-Chlorocphenol 95-57-8 0/ 14 0.0%
28. Chrysene (PAH) 218-01-9 0/ 14 0.0%
29. DDD (p,p'-dichlorodiphenyldic (DDD) 72-54-8 0/ 8 0.0%
30. DDE (p,p'-dichlorodiphenyldic (DDE) 72-55-9 0/ 8 0.0%
31. DDT (p,p'-dichlorodiphenyltri (DDT) 50-29-3 0/ 8 0.0%
32. Dibenz[a,hlanthracene (PAH) 53-70-3 0/ 14 0.0%
33. Dibenzofuran 132-64-9 0/ 14 0.0%
34. Dibromochloromethane (THM) (DBCM) 124-48-1 3/517 0.6%
35. Dibutyl phthalate 84-74-2 0/ 14 0.0%
36. 3,3'-dichlorobenzidine 91-94-1 0/ 14 0.0%
37. Dichlorodifluoromethane (DCDFM) 75-71-8 49/432 11.3%
38. 1,1-Dichlorocethane (DCA) 75-34-3 208/517 40.2%
39. trans-1,2-Dichlorocethylene 156-60-5 116/432 26.9%
40. 2,4-Dichlorophencl 120-83-2 0/ 14 0.0%
41. trans-1,3-Dichlorcpropene (tDCP3) 10061-02-6 0/517 0.0%
42. Dieldrin 60-57-1 0o/ 8 0.0%
43. Diethyl phthalate 84-66-2 0/ 14 0.0%
44 . Dimethyl phthalate 131-11-3 0/ 14 0.0%
45. 2,4-Dimethylphenocl 105-67-9 0/ 14 0.0%
46. 2,4-dinitrophenol 51-28-5 0/ 14 0.0%
47. 2,4-dinitrotoluene 121-14-2 0/ 14 0.0%
48. 2,6-dinitrotoluene 606-20-2 0/ 14 0.0%
49. Dioctylphthalate 117-84-0 0/ 14 0.0%
50. Endosulfan i 959-98-8 o/ 8 0.0%
51. Endosulfan ii 33213-65-9 o/ 8 0.0%
52. Endosulfan sulfate 1031-07-8 0/ 8 0.0%
S3. Endrin 72-20-8 0/ 0.0%
54. Ethylbenzene (ETB) 100-41-4 28/517 5.4%
55. Ethylene dibromide (EDB) 106-93-4 0/ 72 0.0%
56. Fluoranthene (PAH) 206-44-0 0/ 14 0.0%
57. Fluorene (PAH) 86-73-7 0/ 14 0.0%
58. Heptachlor 76-44-8 o/ 8 0.0%
59. Heptachlor epoxide 1024-57-3 0o/ 8 0.0%
94ADHS35
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Table 2.6 - Organic chemicals eliminated as COCs in groundwater,

Estes Landfill Risk Assessment

Chemical Name CASRN Detects Det %
ORGANIC
60. Hexachlorobenzene 118-74-1 0/ 14 0.0%
61. Hexachlorobutadiene 87-68-3 0/ 14 0.0%
62. alpha-Hexachlorocyclohexane (alpha-HCH) 319-84-6 0o/ 8 0.0%
63. beta-Hexachlorocyclohexane (beta-HCH) 319-85-7 o/ 8 0.0%
64. Delta-hexachlorocyclohexane 319-86-8 0/ 8 0.0%
65. Hexachlorocyclopentadiene (HCCPD) 77-47-4 0/ 14 0.0%
66. Hexachloroethane 67-72-1 0/ 14 0.0%
67. 2-Hexanone : 591-78-6 0/ 14 0.0%
68. Indeno(l,2,3-cd)pyrene (PAH) 193-39-5 0/ 14 0.0%
69. Iscphorone 78-59-1 0/ 14 0.0%
70. Lindane (gamma-hexachlorocycl {gamma-HCH) 58-89-9 o/ 8 0.0%
71. Methoxychlor 72-43-5 0/ 8 0.0%
72. Methyl Ethyl Ketone (MEK) 78-93-3 0/ 14 0.0%
73. Methyl isobutyl ketcne 108-10-1 0/ 14 0.0%
74. 2-methylnaphthalene 91-57-6 0/ 14 0.0%
75. 2-Methylphenol (o-Cresol) 95-48-7 0/ 14 0.0%
76. 4-methylphenol 106-44-5 0/ 14 0.0%
77. Naphthalene (PAH) 91-20-3 0/ 14 0.0%
78. 2-Nitroaniline 88-74-4 0/ 14 0.0%
79. m-Nitroaniline 99-09-2 0/ 14 0.0%
80. Nitrobenzene 98-95-3 0/ 14 0.0%
81. p-Nitrophenol 100-02-7 0/ 14 0.0%
82. 2-NITROPHENOL (UG/L) 88-75-5 0/ 14 0.0%
83. n-Nitroso-di-n-propylamine 621-64-7 0/ 14 0.0%
84. n-Nitroso-diphenylamine 86-30-6 0/ 14 0.0%
85. Parachlorophenyl methyl sulfide 123-09-1 4/ 23 17.4%
86. Pentachlorophenol 87-86-5 0/ 14 0.0%
87. Phenanthrene (PAH) 85-01-8 0/ 14 0.0%
88. Phenol 108-95-2 4/ 14 28.6%
89. Polychlorinated biphenyls (PCBs) 1336-36-3 0/ 40 0.0%
90. Polychlorinated biphenyl - ar 12674-11-2 0/ 8 0.0%
91. Pyrene (PAH) 129-00-0 0/ 14 0.0%
92, Styrene 100-42-5 0/ 14 0.0%
93. Toluene (TOL) 108-88-3 53/517 10.3%
94. Toxaphene 8001-35-2 0/ 8 0.0%
95. 1,2,4-Trichlorobenzene 120-82-1 0/ 14 0.0%
96. 1,1,1-Trichlorcethane (TCA) 71-55-6 100/517 19.3%
97. 1,1,2-Trichloroethane (TCA2) 79-00-5 0/517 0.0%
98. Trichlorofluoromethane (TCFM) 75-69-4 83/432 19.2%
99. 2,4,5-Trichlorophenol 95-95-4 0/ 14 0.0%
100. 2,4,6-Trichlorophenol 88-06-2 0/ 14 0.0%
101. Trichlorotrifluorocethane (F113) 76-13-1 114/502 22.7%
102. Vinyl acetate 108-05-4 0/ 14 0.0%
103. Xylenes (total) (XYL) 1330-20-7 36/433 8.3%
94ADHS35
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Table 2.7 - Inorganic chemicals of concern in groundwater,
Estes Landfill Risk Assessment

Chemical Name CASRN Units Mean 95% UCL Deviation Lowest Highest Detects Det X WoE HBGL  MCL
INORGANIC

1. Ammonia (NH3) 7664-41-7 mg/L 1.3 1.5 2.4 0.03 15 192/362 53.0X 4/ D T7E+00

2. Antimony (Sb) 7440-36-0  mg/L 0.022 0.024 0.02 0.005 0.05 3/361 0.8%xy D 3E-03 1E-02
3. Arsenic, inorganic (As) 7440-38-2 mg/L 0.015 0.017 0.017 0.005 0.14 284/361 78.7% J/ A 2E-05 SE-02
4. Barium (Ba) 7440-39-3  mg/t. 0.24 0.28 0.38 0.013 2.8 188/347 54.2% J D SE-01 2E+00
5. Berytlium (Be) 7440-41-7 mg/L 0.0024 0.0026 0.0016 0.003 0.003 47361 1.1% J/ B2 BE-06 1E-03
6. Boron and borates only (B) 7440-42-8 mg/L 0.39 0.41 0.18 0.08 1.1 330/337 97.9Xx J D 6&E-O1

7. Cadmium (Cd) 7440-43-9 mg/L 0.0026 0.0028 0.0023 0.0006 0.035 18/361 5.0X / B1 4E-03 SE-03
8. Copper (Cu) 7440-50-8 mg/L 0.024 0.051 0.27 0.01 5.1 237361 6.4X J D 3E-01

9. Lead and compounds (inorganic) (Pb) 7439-92-1 mg/L 0.0044 0.0052 0.0077 0.002 0.11 B82/361 22.7% J B2 5E-03

10. Manganese (Mn) 7439-96-5 mg/L 1.2 1.4 1.5 0.005 8.6 280/369 75.9X J D 4E-02

11. Mercury (inorganic) (Hg) 7439-97-6 mg/L 0.00011 0.00012 0.00012 0.0002 0.0021 2/361 0.6X 4/ D 2E-03 2E-03
12. Nickel, soluble salts (Ni) 7440-02-0 mg/L 0.024 0.027 0.032 0.02 0.48 39/361 10.8% / D 1E-01 1E-01
13. Nitrate/Nitrite (total) mg/L 1.8 2.3 2.5 0.05 12 827113 72.6% 4 D 1E+01 1E+01
14. Zinc and compounds (Zn) 7440-66-6 mg/L 0.11 0.15 0.3 0.01 4.6 321/361 B88.9X J D 2E+00
Q4LADHS3S

Draft 8/95



Table 2.8 - Organic chemicals of concern in groundwater,
Estes Landfill Risk Assessment

Chemical Name CASRN Units Mean 95% UCL Deviation Lowest Highest Detects Det % WoE HBGL  MCL
ORGANIC
1. Benzene (BNZ) 71-43-2  ug/L 2.3 3.4 13 0.5 93 51/518 9.8% / A 1E+00 5€E+00
2. Bromodichloromethane (THM) (BDCM) 75-27-4 pg/L 1.1 1.6 5.3 0.21 10 25/516 4.8% J B2 6E-01 1E+02
3. Carbon tetrachloride (CCL4) 56-23-5 pug/L 1.1 1.6 5.3 0.5 9.1 4/518 0.8% J/ B2 3E-01 SE+00
4. Chlorobenzene (monochlorobenzene) (MCB) 108-90-7 po/L 10 12 3 0.2 290 351/904 38.8%X / D 1E+02 1E+02
S. Chloroform (THM) (CLFM) 67-66-3 pug/L 1.4 1.9 5.4 0.2 22 135/519 26.0X / B2 6E+00 1E+02
6. Chloromethane (CM) 74-87-3  pg/L 2.1 2.7 7.4 0.24 7.7 13/517 2.5% J C 3E+00
7. 1,2-Dichlorobenzene (DCB2) 95-50-1 pug/L 30 40 140 0.6 2500 366/846 43.3%X / D 6E+02 6E+02
8. 1,3-Dichlorobenzene (DCB3) 541-73-1 pg/L 6.7 12 85 0.8 1900 35/846 4.1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>