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APPENDIX A. CHEMICAL SPECIATION MODELS FOR EXAMPLE CASES
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Table A-1.

Chemical Speciation Fingerprint for Coal Combustion Fly Ash

Chemical Speciation Fingerprint - Municipal Solid Waste Landfill LeachXS 2012
Prediction case LtoF MSW DOC/DHA data Polynomial coeficients
Speciation session Landgraaf mix pH [DOC] (kg/l) DHA fraction [DHA] (kg/l) co -3.446E+00
Material Mixed organic waste DS NL (P,1,1) 1.00 4.539E-04 0.55 2.496E-04 c1 -8.161E-02
2.75 2.810E-04 0.40 1.124E-04 c2 -7.705E-02
Solved fraction DOC 3.69 1.790E-04 0.30 5.370E-05 c3 1.349E-02
Sum of pH and pe 6.37 1.470E-04 0.25 3.675E-05 ca -5.311E-04
L/s 10.0000 I/kg 6.81 1.730E-04 0.20 3.460E-05 C5 0.000E+00
Clay 1.000E-01 kg/kg 7.48 1.740E-04 0.20 3.480E-05
HFO 1.000E-02 kg/kg 8.78 3.330E-04 0.25 8.325E-05
SHA 4.000E-02 kg/kg 10.32 6.195E-04 0.35 2.168E-04
Percolation material  Mixed organic waste DS NL(C,1,1) 11.66 8.380E-04 0.55 4.609E-04
Avg L/S first perc. fracti 0.1240 I/kg 14.00 9.574E-04 0.90 8.617E-04
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured CrO4-2 5.273E+01 Mg+2 1.632E+03 S04-2 2.769E+03
Al+3 3.076E+03 Cu+2 2.342E+02 Mn+2 3.392E+02 Sb[OH]6- 1.813E+00
H3As04 6.116E-01 F- 1.680E+02 MoO4-2 7.673E+00 Se04-2 5.495E-01
H3BO3 7.289E+01 Fe+3 1.341E+04 Na+ 2.079E+03 H4Si04 1.973E+03
Ba+2 1.567E+01 H2CO3 3.010E+04 NH4+ not measured Sr+2 6.760E+01
Br- 9.010E+00 Hg+2 not measured Ni+2 8.473E+01 Th+4 not measured
Ca+2 2.272E+04 I- not measured NO3- not measured Uo2+ not measured
Cd+2 1.695E+01 K+ 1.584E+03 PO4-3 7.881E+01 VO2+ 4.727E+00
Cl- 2.330E+03 Li+ 2.670E+00 Pb+2 5.878E+02 Zn+2 2.110E+03
Selected Minerals
Al[OH]3[a] Birnessite CuCO3[s] Huntite Otavite Wairakite
alpha-TCP Brucite Diopside hydrozincite Pb2v207 Witherite
Analbite Ca2Zn[P0O4]2 Dolomite Magnesite Pb3[V04]2 Zn[OH]2[B]
Anglesite CaCu2[P0O4]2 Fe_Vanadate Manganite PbMo0O4[c] ZnC0O3:H20
Anhydrite Calcite Fe2[OH]4Se03 NiCO3[s] Rhodochrosite
Ba[SCr]04[96%S04] CaMoO4]c] Ferrihydrite Nsutite Strontianite
BaSrSO4[50%Ba] Cerrusite Fluorite ocp Talc
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Figure A-1. Chemical speciation model for constituents in coal combustion fly ash.
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Figure A-2. Chemical speciation model for constituents in coal combustion fly ash.
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Table A-2.

Chemical Speciation Fingerprint for MSWI Bottom Ash

Chemical Speciation Fingerprint - Municipal Solid Waste Incinerator Bottom Ash LeachXS 2012
Prediction case LtoF MSWI BA Aust + kol
Speciation session MSWI BA Austria + kolom AA DOC/DHA data Polynomial coeficients
Material MSWI Bottom ash Austria (P,1,1) pH [DOC] (kg/1) DHA fraction  [DHA] (kg/1) co -4.230E+00
1.00 6.711E-05 0.35 2.349E-05 Cc1 -4.461E-01
Solved fraction DOC 0.2 3.46 4.320E-05 0.18 7.776E-06 c2 5.797E-02
Sum of pH and pe 13.00 4.01 4.070E-05 0.15 6.105E-06 c3 -1.872E-03
L/s 10.0000 I/kg 5.70 4.700E-05 0.10 4.700E-06 ca 0.000E+00
Clay 0.000E+00 kg/kg 7.26 4.880E-05 0.18 8.784E-06 c5 0.000E+00
HFO 7.000E-04 kg/kg 8.79 4.820E-05 0.24 1.157E-05
SHA 2.000E-03 kg/kg 9.62 4.010E-05 0.35 1.404E-05
Percolation material MSWI BA-A A (C,1,1) 10.68 4.900E-05 0.45 2.205E-05
Avg L/S first perc. fractions 0.2195 I/kg 11.86 5.880E-05 0.55 3.234E-05
14.00 8.026E-05 0.70 5.618E-05
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured CrO4-2 9.543E+00 Mg+2 5.026E+03 S04-2 4.649E+03
Al+3 3.614E+03 Cu+2 1.674E+02 Mn+2 1.139E+02 Sb[OH]6- 1.472E+00
H3AsO4 1.837E-01 F- 5.000E+01 Mo04-2 6.727E-01 Se04-2 9.660E-02
H3BO3 2.180E+01 Fe+3 2.079E+03 Na+ 3.669E+03 H4Si04 7.279E+03
Ba+2 1.463E+01 H2CO3 3.800E+04 NH4+ 1.000E+01 Sr+2 7.071E+01
Br- not measured Hg+2 not measured Ni+2 5.628E+00 Th+4 not measured
Ca+2 5.178E+04 - not measured NO3- 2.000E+02 uo2+ not measured
Cd+2 4.110E+00 K+ 1.373E+03 PO4-3 5.717E+02 VO2+ 3.257E+00
Cl- 2.000E+04 Li+ 2.760E+00 Pb+2 1.408E+02 Zn+2 6.088E+02
Selected Minerals
AA_3Ca0_AI203_6H20(s] AA_Gypsum Cd[OH]2[A] Pb[OH]2[C] Wairakite
AA_3Ca0_Fe203_6H20[s] AA_Magnesite Cr[OH]3[C] Pb2v207 Willemite
AA_AI[OH]3[am] AA_Portlandite Cu[OH]2[s] Pb3[V04]2 ZnSiO3
AA_Brucite BaSrSO4[50%Ba] Manganite PbCrO4
AA_Calcite Ca2Cd[PO4]2 Ni[OH]2[s] PbMoO4[c]
AA_Fe[OH]3[microcr] Ca4Cd[P0O4]30H ocCP P-Wollstanite
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Figure A-5. Chemical speciation model for constituents in municipal solid waste incinerator bottom ash.

® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-6. Chemical speciation model for constituents in municipal solid waste incinerator bottom ash.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-7. Chemical speciation model for constituents in municipal solid waste incinerator bottom ash.
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Figure A-8. Chemical speciation model for constituents in municipal solid waste incinerator bottom ash.

® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg

1.0E-03
~ V
1.0E-04 ~ N
A /
L0E05 | g\ /)
=~ ~ \ //
1.0E-06 \o\ ~
W\ ° ’/ N
1.0E-07 \Ne ¢ o N
\ \\ -7\ ...’
1.0E-08 NN N 3
~X A\
- \/
1.0E-09 S — :

pH

6 7 8 9 10 11 12 13 14

Concentration (mol/I)

1.0E-04

1.0E-05

1.0E-06 | _

1.0E-07

1.0E-08

1.0E-09

1.0E-10

1 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

Concentration (mol/l)

1.0E-04
\
1.0E-05 \
\
1.0E-06 ———‘—————.——0—‘\—\
° ° P -
NS
1.0E-07 | \ .0§/
AN
\ /
1.0E-08 Sb o v
1.0E-09 —
1 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

A-11



Table A-3. Chemical Speciation Fingerprint for Inorganic Waste Landfill at Nauerna (The Netherlands).
Chemical Speciation Fingerprint - Predominantly Inorganic Waste Landfill LeachXS 2012
Prediction case EPA LtoF Predominantly Inorganic Waste Landfill DOC/DHA data Polynomial coeficients
Speciation session LtoF Nauerna_pilot pH [DOC] (kg/1) DHA fraction [DHA] (kg/1) co -4.684E+00
Material Pred Inorg Wastemix NL(P,1,1) 1.00 2.914E-05 0.20 5.828E-06 C1 -5.010E-01
3.02 1.500E-05 0.15 2.250E-06 c2 5.562E-04
Solved fraction DOC 0.2 4.00 1.840E-06 0.12 2.208E-07 c3 7.768E-03
Sum of pH and pe 10.00 5.27 3.800E-06 0.10 3.800E-07 ca -3.543E-04
L/s 10.0000 I/kg 6.36 2.580E-06 0.15 3.870E-07 c5 0.000E+00
Clay 0.000E+00 kg/kg 7.23 2.700E-06 0.18 4.860E-07
HFO 1.500E-03 kg/kg 8.18 3.560E-06 0.25 8.900E-07
SHA 1.900E-02 kg/kg 9.51 7.800E-06 0.35 2.730E-06
Percolation material Pred Inorg Wastemix NL(C,2,1) 10.70 1.756E-05 0.50 8.780E-06
Avg L/S first perc. fracti 0.2791 I/kg 12.01 2.960E-05 0.70 2.072E-05
13.17 9.860E-05 0.90 8.874E-05
14.00 1.408E-04 0.95 1.338E-04
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured H2C03 5.600E+04 Mg+2 3.002E+03 S04-2 1.272E+04
Al+3 2.276E+03 CrO4-2 1.919E+01 Mn+2 5.737E+02 Sb[OH]6- 3.863E-01
H3AsO4 2.570E+00 Cu+2 3.977E+01 Mo04-2 2.872E+00 Se04-2 3.191E-01
H3BO3 1.865E+01 F- 5.000E+01 Na+ 2.360E+03 H4Sio4 3.015E+03
Ba+2 1.536E+00 Fe+3 1.636E+04 NH4+ 6.096E+02 Sr+2 1.761E+02
Br- 3.452E+01 Hg+2 not measured Ni+2 2.323E+01 Th+4 not measured
Ca+2 5.015E+04 I- not measured NO3- not measured uo2+ not measured
Cd+2 2.760E+00 K+ 1.059E+03 PO4-3 8.157E+01 VO2+ 5.225E+00
Cl- 5.268E+03 Li+ 2.623E+00 Pb+2 2.500E+02 n+2 2.401E+03
Selected Minerals
Albite[low] Bunsenite Ferrihydrite Ni[OH]2[s] Portlandite ZnSio3
AIOHSO4 Ca2Cd[P0O4]2 Fluorite NiCO3[s] Rhodochrosite
alpha-TCP Ca4Cd[PO4]30H Gypsum ocCp Sb[OH]3[s]
Anhydrite Calcite Hausmannite Otavite Strengite
Ba[SCr]04[96%S04] CaZincate Hinsdalite[2] Pb[OH]2[C] Strontianite
BaSrSO4[50%Ba] Cd[OH]2[C] Hydromagnesite Pb2v207 Struvite
Boehmite Cr[OH]3[A] Leucite PbCrO4 Willemite
Brucite Cu[OH]2[s] Manganite PbMo0O4[c] Zincite
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Figure A-9. Chemical speciation model for constituents in inorganic waste landfill material.
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Figure A-11. Chemical speciation model for constituents in inorganic waste landfill material.
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Figure A-12. Chemical speciation model for constituents in inorganic waste landfill material.
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Table A-4. Chemical Speciation Fingerprint for Municipal Solid Waste (The Netherlands).
Chemical Speciation Fingerprint - Municipal Solid Waste Landfill LeachXS 2012
Prediction case LtoF MSW DOC/DHA data Polynomial coeficients
Speciation session Landgraaf mix pH [DOC] (kg/l) DHA fraction [DHA] (kg/l) co -3.446E+00
Material Mixed organic waste DS NL (P,1,1) 1.00 4.539E-04 0.55 2.496E-04 c1 -8.161E-02
2.75 2.810E-04 0.40 1.124E-04 Cc2 -7.705E-02
Solved fraction DOC 0.2 3.69 1.790E-04 0.30 5.370E-05 c3 1.349E-02
Sum of pH and pe 13.00 6.37 1.470E-04 0.25 3.675E-05 c4 -5.311E-04
L/s 10.0000 I/kg 6.81 1.730E-04 0.20 3.460E-05 c5 0.000E+00
Clay 1.000E-01 kg/kg 7.48 1.740E-04 0.20 3.480E-05
HFO 1.000E-02 kg/kg 8.78 3.330E-04 0.25 8.325E-05
SHA 4.000E-02 kg/kg 10.32 6.195E-04 0.35 2.168E-04
Percolation material Mixed organic waste DS NL(C,1,1) 11.66 8.380E-04 0.55 4.609E-04
Avg L/S first perc. fracti 0.1240 I/kg 14.00 9.574E-04 0.90 8.617E-04
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured CrO4-2 5.273E+01 Mg+2 1.632E+03 S04-2 2.769E+03
Al+3 3.076E+03 Cu+2 2.342E+02 Mn+2 3.392E+02 Sb[OH]6- 1.813E+00
H3As04 6.116E-01 F- 1.680E+02 Mo04-2 7.673E+00 Se04-2 5.495E-01
H3BO3 7.289E+01 Fe+3 1.341E+04 Na+ 2.079E+03 H4Si04 1.973E+03
Ba+2 1.567E+01 H2CO3 3.010E+04 NH4+ not measured Sr+2 6.760E+01
Br- 9.010E+00 Hg+2 not measured Ni+2 8.473E+01 Th+4 not measured
Ca+2 2.272E+04 I- not measured NO3- not measured uo2+ not measured
Cd+2 1.695E+01 K+ 1.584E+03 PO4-3 7.881E+01 VO2+ 4.727E+00
Cl- 2.330E+03 Li+ 2.670E+00 Pb+2 5.878E+02 Zn+2 2.110E+03
Selected Minerals
Al[OH]3[a] Birnessite CuCO3[s] Huntite Otavite Wairakite
alpha-TCP Brucite Diopside hydrozincite Pb2V207 Witherite
Analbite Ca2Zn[P0O4]2 Dolomite Magnesite Pb3[VO4]2 Zn[OH]2[B]
Anglesite CaCu2[P0O4]2 Fe_Vanadate Manganite PbMo0O4[c] ZnC03:H20
Anhydrite Calcite Fe2[OH]4Se03 NiCO3[s] Rhodochrosite
Ba[SCr]04[96%S04] CaMoO04c] Ferrihydrite Nsutite Strontianite
BaSrS04[50%Ba] Cerrusite Fluorite OocCpP Talc
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Figure A-13. Chemical speciation model for constituents in inorganic waste landfill material.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-14. Chemical speciation model for constituents in inorganic waste landfill material.
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Figure A-15.

® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Chemical speciation model for constituents in inorganic waste landfill material.
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Concentration (mol/I)

® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-16. Chemical speciation model for constituents in inorganic waste landfill material.
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Table A-5. Chemical Speciation Fingerprint for Stabilized Waste Landfill Material (The Netherlands).

Chemical Speciation Fingerprint - Stabilised Waste LeachXS 2012
Prediction case LtoF Stabised waste DOC/DHA data
Speciation session Stabilised waste pH [DOC] (kg/l) DHA fraction [DHA] (kg/l)  Polynomial coeficients
Material Stabilised waste NL (P,6,1) 1.00 4.000E-06 0.20 8.000E-07 CO -6.006E+00
3.60 3.200E-06 0.20 6.400E-07 C1 -7.827E-02
Solved fraction DOC 0.2 4.78 3.100E-06 0.20 6.200E-07 Cc2 4.355E-03
Sum of pH and pe 13.00 6.06 1.900E-06 0.20 3.800E-07 C3 5.802E-05
L/S 10.0000 7.28 2.400E-06 0.20 4.800E-07 C4 0.000E+00
Clay 0.000E+00 kg/kg 7.80 2.200E-06 0.20 4.400E-07 C5 0.000E+00
HFO 1.000E-05 kg/kg 9.50 3.100E-06 0.20 6.200E-07
SHA 5.000E-04 kg/kg 10.30 2.300E-06 0.20 4.600E-07
Percolation material Stabilised waste NL (C,15,1) 11.69 3.000E-06 0.20 6.000E-07
Avg L/S first perc. fractions 0.2222 1/kg 14.00 4.000E-06 0.20 8.000E-07
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured CrO4-2 9.690E+00 Mg+2 3.903E+03 S04-2 1.066E+04
Al+3 6.056E+03 Cu+2 3.650E+02 Mn+2 1.750E+02 Sb[OH]6- 4.920E+00
H3AsO4 1.450E-01 F- 1.904E+03 MoO4-2 7.700E+00 Se04-2 4.600E-01
H3BO3 5.947E+01 Fe+3 7.393E+01 Na+ 2.563E+04 H4SiO4 3.556E+03
Ba+2 1.933E+01 H2CO3 1.500E+04 NH4+ not measured Sr+2 2.060E+02
Br- 8.338E+02 Hg+2 not measured Ni+2 9.290E+00 Th+4 not measured
Ca+2 8.362E+04 I- not measured NO3- not measured uo2+ not measured
Cd+2 1.782E+02 K+ 3.381E+04 PO4-3 4.740E+00 VO2+ 5.800E-01
Cl- 5.350E+04 Li+ 2.452E+01 Pb+2 9.551E+02 n+2 8.015E+03
Selected Minerals
AA_2CaO_AI203_8H20][s] AA_CaO_AI203_10H20][s] BaSrs04[50%Ba] Pb[OH]2[C]
AA_2CaO_AI203_Si02_8H20][s] AA_CO3-hydrotalcite Cd[OH]2[A] Pb2v207
AA_2Ca0O_Fe203_SiO2_8H20|s] AA_Fe[OH]3[microcr] Corkite Pb3[V04]2
AA_3CaO_AI203[Ca[OH]2]0_5_[CaCO03]0_5_11 5H20][s] AA_Gibbsite Cr[OH]3[C] PbCro4
AA_3CaO_AI203_CaCO03_11H20][s] AA_Gypsum CSH_ECN PbMoO4]c]
AA_3CaO_AI203_CaS04_12H20]s] AA_Jennite Cu[OH]2[s] Plgummite[1]
AA_3Ca0O_Fe203_CaCO3_11H20[s] AA_Magnesite Fe_Vanadate Rhodochrosite
AA_4CaO_AI203_13H20]s] AA_Portlandite Fluorite Strontianite
AA_AI[OH]3[am] AA_Syngenite Laumontite Wairakite
AA_Brucite AA_Tricarboaluminate Manganite Willemite
AA_Calcite Analbite Ni[OH]2[s]
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Figure A-17. Chemical speciation model for constituents in stabilized waste landfill material.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-18. Chemical speciation model for constituents in stabilized waste landfill material.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-19. Chemical speciation model for constituents in stabilized waste landfill material.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-20. Chemical speciation model for constituents in stabilized waste landfill material.
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Table A-6. Chemical Speciation Fingerprint for Concrete.

Chemical Speciation Fingerprint - Cement Mortar LeachXS 2012
Prediction case LTF Cement Mortar CEM | DOC/DHA data
Speciation session Cement Mortar CEM | pH [DOC] (kg/l) DHA fraction [DHA] (kg/l) Polynomial coeficients
Material Cement Mortar CEM |_SCCC (P,1,1) 1.00 2.000E-07 0.20 4.000E-08 co -7.398E+00
2.10 2.000E-07 0.20 4.000E-08 C1 0.000E+00
Solved fraction DOC 0.2 5.10 2.000E-07 0.20 4.000E-08 c2 0.000E+00
Sum of pH and pe 17.00 7.10 2.000E-07 0.20 4.000E-08 c3 0.000E+00
L/s 10.0000 I/kg 9.20 2.000E-07 0.20 4.000E-08 ca 0.000E+00
Clay 0.000E+00 kg/kg 11.60 2.000E-07 0.20 4.000E-08 (o) 0.000E+00
HFO 2.000E-04 kg/kg 11.95 2.000E-07 0.20 4.000E-08
SHA 2.000E-05 kg/kg 12.10 2.000E-07 0.20 4.000E-08
Percolation material Cement Mortar CEM |_SCCC (C,1,1) 12.90 2.000E-07 0.20 4.000E-08
Avg L/S first perc. fractions 0.1455 1/kg 14.00 2.000E-07 0.20 4.000E-08
Reactant concentrations
Reactant mg/kg Reactant mg/kg Reactant mg/kg Reactant mg/kg
Ag+ not measured
Al+3 5.104E+03 Cu+2 3.035E+01 Mo04-2 4.382E+00 H4Sio4 2.640E+03
H3AsO4 2.509E+00 H2CO3 5.000E+03 Na+ 4.418E+02 S04-2 6.423E+03
H3BO3 2.005E+01 Fe+3 3.187E+03 NH4+ not measured Sr+2 6.665E+01
Ba+2 1.906E+01 Hg+2 not measured Ni+2 6.133E+00 Th+4 2.000E+00
Br- 5.000E+01 I- not measured NO3- not measured uo2+ 2.000E+00
Ca+2 9.840E+04 K+ 1.896E+03 Pb+2 4.936E+00 VO2+ 3.805E+00
Cd+2 2.262E-01 Li+ 2.748E+00 PO4-3 1.051E+02 Zn+2 3.314E+01
Cl- 1.445E+03 Mg+2 1.959E+03 Sb[OH]6- 1.892E-01
CrO4-2 1.830E+01 Mn+2 6.325E+01 Se04-2 2.345E-01
Selected Minerals
AA_2Ca0_AI203_Si02_8H20(s] AA_Calcite AA_Tobermorite-I Magnesite PbMo0O4[c]
AA_2Ca0_Fe203_8H20(s] AA_CO3-hydrotalcite Analbite Manganite Tenorite
AA_2Ca0_Fe203_Si02_8H20[s] AA_Fe[OH]3[microcr] Ca2Cd[PO4]2 Ni[OH]2[s] Willemite
AA_3Ca0_AI203_6H20(s] AA_Gypsum Ca4Cd[PO4]30H Pb[OH]2[C]
AA_3Ca0_Fe203_6H20([s] AA_Jennite Cd[OH]2[C] Pb2v207
AA_AI[OH]3[am] AA_Magnesite Cr[OH]3[A] Pb3[VO04]2
AA_Brucite AA_Portlandite Fe_Vanadate PbCro4
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® Percolation column data
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Figure A-21. Chemical speciation model for constituents in concrete.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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Figure A-22. Chemical speciation model for constituents in concrete.
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Figure A-23. Chemical speciation model for constituents in concrete.
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® pH dependent test data

— - Model description for L/S=10 in L/kg

® Percolation column data

— - Model prediction for L/S=0.3 in L/kg
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APPENDIX B.

COAL COMBUSTION FLY ASH LANDFILL LEACHATE (U.S.)
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Figure B-2. Comparison of laboratory and field concentration results for coal combustion fly ash
landfill (United States).

B-3



10 1000
ao la 100 +
Abdo ]
~ E
S 1+ Lotheds |, S 101
=2 ° o N 3
3 AA‘ F a2 > :
o ® N ‘. ] L é 1+
=} Y| m " c E
15 O -
S o1+ A . S o011
T g i
0.01 1
0.01 ey : : ey 0.001
0 2 4 6 8 10 12 14 0
pH
1 10
0.1 ¢
E A 1%
-~ : S
(o))
> 001 % £
S F ~ 0.1 +
—~ [ £ .
B  o0.001 + 3
g E B -
- - 001 ¢
0.0001 + E
0.00001 0.001
0 0
10000 ¢ 100
1000 + 10
- i -
N 100 T ] 1
o F o
E w14 g
; 0.1
E 1 a
3 1]
2 ; c ool
s 1 2
g f $ 0001
g oog S
0.001 _; 0.0001
0.0001 HF——fii e s oy : : : 0.00001
0 2 4 6 8 10 12 14

@ EPRI-CFA-Core-38575
A EPRI-CFA-Lysimeter-38575
---@-- EPA-14093-012-Leachate Well

--—+-- EPA-23214-010-Leachate Collection System

--{l-- EPA-27413-092-Leachate Well
— &— - EPA-50213-002-Lysimeter

— ¥— - EPA-SX-BAG #10-Porewater
— /I— - EPA-SX-BAG #8-Porewater

Figure B-3.
landfill (United States).

@ EPRI-CFA-Leachate-38575

A EPRI-CFA-Lysimeter-50207
---¢--- EPA-14093-013-Leachate Well
---©-- EPA-27413-090-Leachate Well

— @ EPA-50211-102-Leachate Collection System

— +—-EPA-50213-003-Lysimeter
O EPA-SX-BAG #11-Porewater
— =EPA-Lab-Fly Ash-5th & 95th %

14
&
* 4
X +
(]
A
O
2 4 6 8 10 12 14
pH
_. )
0 2 4 6 8 10 12 14

[m]

-

—o=

pH

EPRI-CFA-Leachate-49003B
EPRI-CFA-Well-50207
EPA-14093-014-Leachate Well
EPA-27413-091-Leachate Well

EPA-SX-BAG #1-Porewater
EPA-SX-BAG #5-Porewater

— EPA-Lab-Fly Ash-Median

—&—-EPA-50212-097-Leachate Collection System

Comparison of laboratory and field concentration results for coal combustion fly ash



100 € 10 ¢
a % 1t
N F E
E 11 3 :
3 S r
~ E =] 0.1 ¢
£ F = E
g 0.1 ¢ - E
E ° [
3 i 2 oot
o) £ - F
3 0.01 > F
o r I
= o001 § 0.001 =
0.0001 +————++———— } t e 0.0001 t } } t } }
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
pH pH
10000 € 10 ¢
F é P S
r \ 7~
14 ~ - X
J 1000 + >
> S g .~
E g o} = @
£ z rg
2 = 001 + — T adam"nm
] ) E A I.
e 1w+ 3 . o A
0.001 ¢ A EmEm
[m]
r *
1 0.0001 t ——— B }
0 0 2 4 6 8 10 12 14
pH
10000 10000
i F 0 .
A
1000 ¥ \ __ 1000 ¢ o g =
3 F - F - * =
S - > I A
2 100 ¢ g 100 ¢ o A =]
£ E - E ‘ ¢
c £ C
g 10+ 5 10+ ‘2‘“ 03"
= 3 £ —_———— —— — — -
» a : &
1+ 1+
28
0.1 +————4—— 0.1 +————4——— t t t t
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
pH pH
@ EPRI-CFA-Core-38575 @ EPRI-CFA-Leachate-38575 @ EPRI-CFA-Leachate-49003B
A EPRI-CFA-Lysimeter-38575 A EPRI-CFA-Lysimeter-50207 B EPRI-CFA-Well-50207
---@-- EPA-14093-012-Leachate Well ---¢--- EPA-14093-013-Leachate Well ---&-- EPA-14093-014-Leachate Well
--—+-- EPA-23214-010-Leachate Collection System ---©-- EPA-27413-090-Leachate Well EPA-27413-091-Leachate Well
--k-- EPA-27413-092-Leachate Well — @ EPA-50211-102-Leachate Collection System — &—-EPA-50212-097-Leachate Collection System
— &— - EPA-50213-002-Lysimeter — +—-EPA-50213-003-Lysimeter — O~ EPA-SX-BAG #1-Porewater
— ¥— - EPA-SX-BAG #10-Porewater O EPA-SX-BAG #11-Porewater — O— - EPA-SX-BAG #5-Porewater
— /— - EPA-SX-BAG #8-Porewater — =EPA-Lab-Fly Ash-5th & 95th % = EPA-Lab-Fly Ash-Median

Figure B-4. Comparison of laboratory and field concentration results for coal combustion fly ash

landfill (United States).
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Figure B-5. Comparison of laboratory and field concentration results for coal combustion fly ash
landfill (United States).
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APPENDIX C.

LANDFILL OF COAL COMBUSTION FIXATED SCRUBBER SLUDGE
WITH LIME (UNITED STATES)

Table C-1. Data Sources for Laboratory-to-Field Comparisons for Coal Combustion Fixated Scrubber

Sludge with Lime.

Legend ID Source Material Type Data Type Citation
FSSL - “as produced” Pub Mill (fresh4  Fixated Scrubber pH-dependence Sanchez et al., 2008
(MAD) hr composite) Sludge with Lime  (SR002)

FSSL - Field Core FSSL Landfill Core at depth (3- pH-dependence EPRI, 2012 (draft)
(FCM) 5m) (SR002)
Landfill Porewater FSSL Landfill Leachate - EPRI, 2012 (draft)
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Figure C-1. Comparison of laboratory and field concentration results for a coal combustion fixated
scrubber sludge with lime (FSSL) landfill (United States).
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APPENDIX D. MUNICPAL SOLID WASTE INCINERATOR BOTTOM ASH
LANDFILL (DENMARK)

Table D-1. Data Sources for Laboratory-to-Field Comparisons for MSWI Bottom Ash Landfill

Legend ID Source Material Type Data Type Citation
MSWI BA (AT) Austria, MSW MSWI Bottom pH-dependence van der Sloot et al.,
Incinerator Ash Percolation 2000b
MSWI BA (DE) Germany, MSW MSWI Bottom pH-dependence Berger et al,, 2005
Incinerator 1 Ash Percolation
Landfill Leachate Denmark Field Leachate - Hjelmar et al., 1991
(DK)
Landfill Core (DK) Denmark Landfill Core Batch L/S Meima, 1997
MSWI BA (NL) The Netherlands =~ MSWI Bottom pH-dependence ECN ongoing studies on
Ash Percolation MSWI BA
MSWI BA (IT) Italy MSWI Bottom pH-dependence ECN ongoing studies on
Ash Percolation MSWI BA (Italian client)
MSWI BA (UK) UK, MSW MSWI Bottom pH-dependence ECN studies on UK
Incinerator Ash Percolation MSWI BA
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APPENDIX E.

Table E-1. Data Sources for Laboratory-to-Field Comparisons for MSWI Bottom Ash used in Roadbase

MUNICPAL SOLID WASTE INCINERATOR BOTTOM ASH USE IN
ROADBASE (SWEDEN)

(Sweden).
Legend ID Source Material Type Data Type Citation
Vandora - Core 1 Sweden Core composite pH-dependence
from roadbase Percolation
based on level of
carbonation
Véandora - Core 2 Sweden Core composite pH-dependence
from roadbase Percolation
based on level of
carbonation
Vandora - Core 3 Sweden Core composite pH-dependence
from roadbase Percolation
based on level of
carbonation
Vandora - Core 4 Sweden Core composite pH-dependence
from roadbase Percolation
based on level of
carbonation
Vandora - Individual Sweden Cores from Batch L/S
Cores (L/S 10 16 yrs) roadbase (EN 12457-2)
MSWI BA (NL) The Netherlands =~ MSWI Bottom Ash  pH-dependence ECN ongoing
Percolation studies on MSWI
BA
MSWI BA 2 (NL) The Netherlands =~ MSWI Bottom Ash  pH-dependence ECN ongoing
Percolation studies on MSWI
BA
MSWI BA (DE) SIWAP, Germany =~ MSWI Bottom Ash  pH-dependence Berger etal., 2005
Percolation
MSWI BA (AT) Austria, MSW MSWI Bottom Ash  pH-dependence van der Sloot et al.,
Incinerator Percolation 2000b
MSWI BA (UK) UK, MSW MSWI Bottom Ash  pH-dependence ECN studies on UK
Incinerator Percolation MSWI BA
MSWI BA (DE) Germany, MSW MSWI Bottom Ash ~ pH-dependence Berger etal., 2005

Incinerator 1

Percolation
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Figure E-1. pH from laboratory testing of Vindora cores and composites from roadbasel (Sweden).
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APPENDIXF.

INORGANIC INDUSTRIAL WASTE LANDFILL (THE
NETHERLANDS)

Table F-1. Data Sources for Laboratory-to-Field Comparisons for Inorganic Waste Landfill.

Legend ID Source Material Type Data Type Citation
Inorganic Waste Mix  Nauerna Landfill, Mixed Waste pH-dependence van der Sloot et al.,
the Netherlands (predominantly (CEN/TS 14429) 2003
inorganic - input  Percolation van Zomeren and van
to landfill) (CEN/TS 14405) der Sloot, 2006b
NAU-Lysimeter Nauerna Landfill, Leachate - van der Sloot et al.,
13AA the Netherlands 2003
van Zomeren and van
der Sloot, 2006b
NAU-Lysimeter 1 Nauerna Landfill, Leachate - van der Sloot et al.,

the Netherlands

2003
van Zomeren and van
der Sloot, 2006b
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Figure F-1. Comparison of laboratory and field pH results for an inorganic industrial waste landfill

(The Netherlands).
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APPENDIX G. MUNICIPAL SOLID WASTE LANDFILL (THE NETHERLANDS)

Table G-1. Data Sources for Laboratory-to-Field Comparisons for MSW Landfill

Legend ID

(initial)

MSW Organic Waste

Source

Landgraaf, The
Netherlands

Material Type

Mixture of MSW
organic waste

Data Type

pH-dependence
(CEN/TS 14429)
Percolation
(CEN/TS 14405)

Citation

Luning et al., 2006
van der Sloot et al.,
2008a

MSW Landfill - Core

Pilot-scale

Composite of

pH-dependence

Luning et al.,, 2006

Composite (8 yr) landfill, landfill cores (CEN/TS 14429) van der Sloot et al,,
Landgraaf, The after 8 years in Percolation 2008a
Netherlands landfill (CEN/TS 14405)

MSW Landfill - Pilot-scale Cored material Batch L/S Luning et al., 2006

Individual Cores landfill, after 8 years in (EN 12457-2) van der Sloot et al.,

(L/S 10; 8 yr) Landgraaf, The landfill 2008a
Netherlands

MSW Landfill - Pilot-scale Landfill Leachate - Luning et al.,, 2006

Leachate landfill, van der Sloot et al.,,

(recirculation) Landgraaf, The 2008a
Netherlands
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APPENDIX H. STABILIZED MUNICIPAL SOLID WASTE INCINERATOR FLY ASH
DISPOSAL (THE NETHERLANDS)

Table H-1. Data Sources for Laboratory-to-Field Comparisons for Stabilized Waste (The Netherlands).

Legend ID Source Material Type Data Type Citation
Fresh Stabilized S/S MSWI FA pH-dependence van Zomeren and van
Waste (CEN/TS 14429) der Sloot, 2006b

Percolation Keulen, 2010
(CEN/TS 14405)
Monofill - Individual Full-scale Individual cores Batch L/S van Zomeren and van
Cores (10 yr) monofill, atdepth>12m (EN 12457-2) der Sloot, 2006b
Percolation Keulen, 2010
(CEN/TS 14405)
Monofill Leachate Full-scale Field Leachate - van Zomeren and van
monofill, (bottom of drain) der Sloot, 2006b
Keulen, 2010
Cell B - Core Pilot Cell B Composite -top  pH-dependence van Zomeren and van
Composite (4 yr) (MSWI FA, layer uncovered (CEN/TS 14429) der Sloot, 2006b
5x8x2.4m) cell Keulen, 2010
Cell B - Individual Pilot Cell B Individual cores Batch L/S van Zomeren and van
Cores (L/S 10; 4 yr) at depth (EN 12457-2) der Sloot, 2006b
Keulen, 2010
Cell B Leachate Pilot Cell B Field Leachate - van Zomeren and van
(bottom of drain) der Sloot, 2006b
Keulen, 2010
Cell C - Composite Pilot Cell C Composite - top  pH-dependence van Zomeren and van
(covered; 4 yr) (MSWI FA, layer covered cell ~ (CEN/TS 14429) der Sloot, 2006b
5x8x2.4m) Keulen, 2010
Cell C - Individual Pilot Cell C Individual cores Batch L/S van Zomeren and van
Cores (L/S 10; 4 yr) at depth (EN 12457-2) der Sloot, 2006b
Keulen, 2010
Cell C Leachate Pilot Cell C Field Leachate - van Zomeren and van
(bottom of drain) der Sloot, 2006b
Keulen, 2010
Cell D - Individual Pilot Cell D Composite -top  pH-dependence van Zomeren and van
Cores (4 yr) (MSWI FA, layer uncovered (CEN/TS 14429) der Sloot, 2006b
5x8x2.4m) cell Keulen, 2010
Cell D Leachate Pilot Cell D Field Leachate - van Zomeren and van

(bottom of drain)

der Sloot, 2006b
Keulen, 2010
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APPENDIX I:

PORTLAND CEMENT MORTARS AND CONCRETE

Table I-1. Data Sources for Laboratory-to-Field Comparisons for Portland Cement Mortars and
Concrete
Legend ID Source Material Type Data Type Citation
Cement Mortar CEM  Germany CEM I type cement pH-dependence Schief3], 2003
I (DE) mortar
Concrete - Core (40  Germany pH-dependence Schief3l, 2003
yr, rain exposed, DE)
Concrete - Core (40  Germany pH-dependence Schiefd], 2003
yr, immersed, DE)
Roman Aqueduct - Core from Roman pH-dependence van der Sloot et al,,
Core (2,000 yr; DE) Aqueduct 2011
Cement Mortar CEM  Norway CEM I type cement pH-dependence Engelsen et al,, 2009;
I (NO) mortar 2010
RCA (fresh, NO) Norway Recycled Concrete pH-dependence Engelsen et al,, 2009;
Aggregate 2010
RCA - Roadbase (4 Norway Recycled Concrete pH-dependence Engelsen et al., 2009;
yr, <10 mm, NO) Aggregate, recovered 2010
from roadbase
(depth < 10 mm
RCA - Roadbase (4 Norway Recycled Concrete pH-dependence Engelsen et al,, 2009;

y1, 20-120 mm, NO)

Aggregate, recovered
from roadbase

2010
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Figure I-1.

Comparison of portland cement mortars, concretes and recycled aggregates.



100000 10 ¢
10000 + - 1+ .'l by ————a8-pn
~ E 1 E Em A !
= N F <
B’ =) [
g 1000 + E o014
< = ;
€ [ m E 2 I
3 100 ¢ 5 E ooy
8 E <& N E F
10 + * & © o001 1
E & E
e B e 0.0001 A=t
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
pH pH
10 =] 100 F
i 5 S 4 °
1+ 2 r
E ] L
- F ] ]
> [ 2 I &
g o1y -2 s _a® & ae
— C Qg 10 + =
] [ (e} £ &
% 0.01 ¥ Bv b &
3 i 2 [
0.001 + 3 ®
3 [a)
0.0001 1 } } } } } }
0 0 2 4 6 8 10 12 14
pH
1000 10
100 ¥ I
10 £ :
- E - 0.1 +
N F N E
o)) 1+ =) L
E 3 E omi
g 0.1 'g g ;
= F 0.001 ¢
0.01 T — 3
0.001 § 0.0001
0.0001 A e 0.00001 Attty
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
pH pH
—@— Cement mortar CEM | (DE) —mB— Cement mortar CEM | (NO)

©- Roman Aqueduct - Core (2,000 yr) B RCA (fresh; NO)
A Concrete - Core (40 yr exposed to rain, DE) @ RCA - Roadbase (4 yrs; <10 mm, NO)
A Concrete - Core (40 yr imersed, DE) B RCA - Roadbase (4 yrs; 20-120 mm; NO)

FigureI-2.  Comparison of portland cement mortars, concretes and recycled aggregates.



1t 10000
i 1000 ¢
~ E
-+ - £
- 01 ¢ > 100 ¢
N F E
(@] F E E
E i T 0%
£ 00l s
=] E D 14
2 F 1]
< r c
3 0001 + g O0l¢
OLE ® p ]
b 0.01
0.0001 e b b b 0.001
0 2 4 6 8 10 12 14 0
pH
1
100
10 § o %l
~ 3 N F (] i (] I‘
- - ()] E
?E” L £ oal o l~l———.— |lI
= i = fo: & < <
o 01 E g = ] Al
7] E
c o014 3 ooory O RM 4
o : > < u
S 0001 ¢ 2 -
s E 0.0001 +
0.0001 :
0.00001 0.00001 t t : : } t
0 0 2 4 6 8 10 12 14
pH
1000
100 i
: 100 <&
T 3 i
I o 10
~ 1 E
S £ =
£ 01 % 5 14
= i 9
o} 0.01 + S :
s ; 2 01+
Z  0.001 £ i
0.0001 001 =
0.00001 e pe e p 0.001
0 2 4 6 8 10 12 14 0
pH
—@— Cement mortar CEM | (DE) —m@- Cement mortar CEM | (NO)

<©- Roman Aqueduct - Core (2,000 yr) B RCA (fresh; NO)
A  Concrete - Core (40 yr exposed to rain, DE) @ RCA - Roadbase (4 yrs; <10 mm, NO)
A Concrete - Core (40 yr imersed, DE) B RCA - Roadbase (4 yrs; 20-120 mm; NO)
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Comparison of portland cement mortars, concretes and recycled aggregates.
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DE

Montana Department
of Environmental Quality

April 22, 2019

Mr. Gordon Criswell
Talen Montana

PO Box 38

Colstrip, Montana

RE: DEQ Comments on Units 1&2 Revised Remedy Evaluation Report, January 2019
Gordon:

DEQ has reviewed the above-referenced document and does not approve the report. DEQ has
identified issues with the predictive models that prevent DEQ from determining the adequacy of
the remedial alternatives presented in the Report. DEQ requests that the models be modified to
address these issues, and the report be re-submitted with a revised analysis of the results of the
remedial alternatives. Please note that DEQ will not accept a remedy that leaves a long-term
source in place if it is in contact with groundwater.

DEQ has provided general comments on this report—specifically regarding issues with the
models—below. DEQ also requests a copy of the fate and transport modeling files.

DEQ would like to schedule a meeting to discuss these comments prior to re-submittal of the
Report. If you have any questions in the meantime, please feel free to contact me at 406-444-
6797 or sedinberg@mt.gov.

Sincerely,

Lo Efery ~

Sara Edinberg
Hydrogeologist
Montana DEQ

cc: Aimee Reynolds, DEQ (electronic copy)
Ed Hayes, DEQ (electronic copy)
Al Hilty, Hydrometrics (electronic copy)
Bob Glazier, Geosyntec (electronic copy)
Cam Stringer, NewFields (electronic copy)

Steve Bullock, Governor | Shaun McGrath, Director | P.O. Box 200901 | Helena, MT 59620-0901 | (406) 444-2544 | www.deq.mt.gov


mailto:sedinberg@mt.gov

1. Overall, the MDEQ does not agree that Talen’s preferred remediation alternative (Alternative
5 or modified Alternative 5) will achieve the remediation objectives - as predicted by the fate
and transport model. In addition, MDEQ does not agree with the assumption that all of the
inflow to/at the SOEP is from the percolation through the evapotranspiration cap as presented
in the Remedy Evaluation Report. Previous water balance evaluation at the SOEP and STEP
Site indicated underflow from upgradient model areas and seepage/underflow from the Surge
Pond area are adding water to the area beneath the SOEP. It is already evident that leaving
the SOEP as-is creates a continual source of Constituents of Interest (COIs) to groundwater.
Furthermore, capping the SOEP with a Type IV cover system does not eliminate the presence
of groundwater within the ash. As long as groundwater is in contact with ash in unlined
ponds, a source of COls will be present, which poses a long-term risk to groundwater.

2. Prior to construction of the Stage | pond (SOEP) in 1975, the shallow groundwater table
elevation in this area was presumably lower than the current center line pond bottom
elevation of 3252 ft. amsl. As indicated in the Report, the water level in the fly ash reached a
quasi-equilibrium several years after the reclamation program was completed in 2002. The
water level is at approximately 3271 ft. amsl as indicated by groundwater elevation at well
2002A, which may be biased low due to active pumping in this area (e.g., 966A at ~3.9
gpm). This indicates that the local shallow groundwater table is likely to have been raised
due to the coal combustion residuals (CCR) deposition, dam construction in the drainage
valley, and the construction of Castle Rock Lake. The SOEP was constructed with a partial
clay liner at the bottom of the pond and CCR in the SOEP is in direct contact with
groundwater. Currently, it is estimated that at least 18-20 feet of fly ash in the SOEP will
remain submerged (below the water table) in each of the alternatives, excluding Alternative
7. This saturated CCR will serve as a continuous, and long-term source of CCR COls that
will leach to the groundwater and re-emerge as a plume within and outside of Talen’s
property after the capture system is shut down.

3. Seepage from the ponds in the Units 1&2 area appears to be entirely the result of infiltration
of precipitation, as described in Appendix J (HELP model). Because this assumption is
carried over into the fate and transport model, only vertical seepage is accounted for, when in
reality, the ponds have both horizontal and vertical seepage components because portions of
the ponds are in contact with groundwater. The result is that advective groundwater flow is
not accounted for, and that discharge of COls from the SOEP are likely underrepresented,
while discharge of COls from the single-lined STEP ponds may continue for much longer.

4. Boron and Sulfate concentrations in the initial model recharge, and concentration loading
rates (Appendix D, Table 5-1) are generally much lower than the concentrations used in the
SOEP/STEP mass discharge estimates for 2017 (Appendix I, Table 1). It appears that these
concentration values were modified to fit the observed plume configuration. This may
underestimate the mass of COls actually leaching from the ponds and could significantly
underestimate the predicted remediation timeframe. Because of the sensitivity of source
concentrations in the model, as discussed in Appendix D, Section 8, it is especially important
to ensure that accurate concentrations are being used in the source areas in order to provide
an accurate prediction of the remedial alternative results.



10.

11.

Although Alternative 6 does attempt to model the saturated CCR material through a constant
concentration boundary, it is not clear how the model accounts for the continuous source of
COls in the SOEP.

Due to the continued saturation of soils beneath the ponds after capture/injection system
shutdown, DEQ recommends that the soils be sampled to determine whether they are a
potential source, and if they contribute to plume re-emergence.

Because the proposed Alternative(s) do not meet the proposed cleanup criteria (PCC) at the
point of compliance (POC), benchtop and field studies to determine the effectiveness of the
permeable reactive barrier (PRB) and monitored natural attenuation (MNA) “contingency”
plans should be implemented immediately, so that the additional measures are ready to be
implemented as soon as possible.

To fully evaluate Alternative 6, DEQ requires additional detail related to how the masses of
boron and sulfate are added to the model. MDEQ understands that the seepage through the
cap will diminish; however, a seepage rate of zero does not seem technically correct.
Additionally, it appears from Table 7-1 that the mass discharge across transect B-B’ is
unrealistically low for Alternative 6. Additional detail is required to show that mass loading
is accurately applied to the model and the results of the model for this alternative are accurate
and acceptable

Alternative 7, which includes removing CCR from the SOEP to a new landfill appears to be
more effective at reducing boron concentrations beyond the POC long-term (compared to the
other alternatives), since the SOEP is a major mass contributor to the groundwater plume.
Removal of CCR at the SOEP will permanently remove the continuous, long-term source of
CCR constituents to the groundwater. In addition, dewatering of A Cell and E Cell of STEP
is included in the scope of Alternative 7, but was not included in the Mass Discharge
Calculations for Ponds under Scenario 4 (Appendix I, Tables 3 &4). Please assure
dewatering these Cells has been taken into account in the modeling input.

Alternative 7, which includes excavation of the SOEP, must include a dewatering component
of the SOEP. Standard practices of ash excavation require that dewatering the ash prior to
excavating is an essential step in the process. Not only is this step not included in Alternative
7, but costs for ash dewatering are not included. Additionally, dewatering the ash could begin
prior to construction of the new CCR impoundment, which would reduce seepage from the
SOEP and would likely lead to faster cleanup times under Alternative 7.

A Cell, E Cell, and the Old Clearwell were constructed with a single liner, and do not have
leachate collection systems. Similar to the SOEP site, based on the groundwater elevation
data, the shallow groundwater table in the STEP area is likely raised and the bottom portions
of these ponds are or will be in contact with groundwater under natural conditions. The CCR
material is currently separated from the groundwater by the single HDPE liner; however, the
integrity of the single liner needs to be monitored for potential liner failure as long as it
remains in place. Additionally, a contingency plan for removal should be developed for these
ponds in the event that these ponds prove to be a continued source of COls.



12. It is unclear from the text whether source concentrations were modified to reflect the removal
of the ash (source material) in the SOEP in Alternative 7. The text (Appendix D, Executive
Summary, “Model Limitations™) indicates that source concentrations were held constant
throughout the simulations, which presumably includes Alternative 7. However, Alternative
7 source concentrations should revert to background values once the ash from the SOEP is

removed.
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Montana Department
of Environmental Quality
May 21, 2020

Mr. Gordon Criswell
Talen Montana, LLC
PO Box 38

Colstrip, Montana

Dear Gordon:

Thank you for providing the information on the Units 1&2 source control alternatives requested by DEQ.
To recap, DEQ requested that Talen evaluate an alternative that included removal of coal ash in the
Stage I/Stage Il Ponds in a comment letter to Talen dated August 2, 2018. Talen agreed and included an
excavation alternative for the Stage | Pond in the subsequent Units 1&2 Revised Remedy Evaluation
Report (January 2019); however, excavation was not identified as Talen’s preferred alternative. DEQ
provided a general comment letter on the revised Report describing deficiencies in the alternatives
analysis and predictive modeling, noting that “DEQ will not accept an alternative that leaves a long-term
source in place if it is in contact with groundwater” (DEQ, April 2019).

Talen agreed to provide a thorough analysis of source control options for the Stage | Pond, proposing
that the report be split into two parts: the first part would address existing groundwater contamination
resulting from historical pond seepage, while the second part would address source control alternatives
for the Stage | Pond. Talen submitted Part 1 of the Revised Report on October 1, 2019. DEQ reviewed
the report and solicited public comments, as required in Article V of the Administrative Order on
Consent (AOC). Although the report included many components that would be required for
groundwater to meet cleanup criteria, the report also included cap-in-place closure of the Stage |l
Ponds. The Stage Il Ponds were constructed with a single HDPE liner, but the bottom of the ponds will
remain in contact with groundwater in perpetuity. Talen identified a 36 to 400-year lifespan for the
HDPE liners in the report, for exposed and unexposed conditions, respectively. This implies that the ash
within the lined ponds would eventually be in direct contact with the groundwater.

As part of the split report process, DEQ required monthly update meetings with Talen on the status of
the Part 2 Report. During the February 7, 2020 monthly meeting, DEQ indicated that Talen was not
providing a thorough enough analysis for the Stage | excavation scenario, and requested an evaluation
of Stage Il Pond excavation. DEQ and Talen followed up on the request for a full excavation scenario
during a conference call on March 13, 2020 with Talen and legal staff from both entities. Talen agreed to
DEQ’s request and provided a proposal for additional steps and a schedule for the excavation scenario
on April 1, 2020. DEQ requested a more detailed presentation of alternatives that would be evaluated
during a follow-up conference call on April 8, 2020. Talen presented a series of detailed alternatives to
DEQ during a meeting on April 16, 2020. Of these alternatives, five were selected by Talen to be carried

Steve Bullock, Governor | Shaun McGrath, Director | P.O. Box 200901 | Helena, MT 59620-0901 | (406) 444-2544 | www.deq.mt.gov



forward for further analysis. Talen estimated that evaluating all five of the additional alternatives would
extend the submittal date to September 2020.

Per DEQ's request, Talen supplied modeled groundwater elevation information to DEQ on May 6, 2020
for the year 2055 (after shutdown of the capture/injection system operation) for the Stage Il Pond area,
assuming removal and backfilling/revegetation of the Stage | Pond. The model results showed water
levels of up to 15 feet above the bottom of the lined A Cell, E Cell, and Old Clearwell. Of the five
alternatives proposed for further analysis, four of the alternatives leave the Stage Il Ponds in place, with
a proposed gravity drain to draw water levels below the bottom of the ponds. DEQ believes that the use
of a gravity drain for permanent water table depression is problematic for the following reasons:

o The cost of maintaining a gravity drain over many years will likely be very expensive; financial
assurance to cover these costs would be required into perpetuity.

e The long-term ability of the gravity drain to maintain water levels below the Stage Il Ponds may
not be reliable. Background groundwater chemistry is highly mineralized, and has been known
to cause scaling issues in existing piping associated with the plant structures; therefore, it is
likely that scaling would be an ongoing issue in the gravity drain—even if the water does not
exceed background concentrations—that would require routine maintenance in perpetuity to
ensure the drain does not become clogged or blocked.

e The ability of gravity drain to maintain water levels below the Stage Il Ponds during a high-water
year, or other unexpected event, has not been considered.

e Lowering the water table elevation permanently may be problematic from a water rights
standpoint.

e The volume of water that would need to be drained to maintain water levels at least 5 feet
below the ponds (20 feet of total elevation decrease) has not been clearly defined; however, it is
likely to be extensive.

e The final disposal location for this water has not been clearly defined, especially if
concentrations of COCs are above cleanup criteria. If an infiltration gallery is to be used, the
effects on the local water balance are unknown, including effects on Armells Creek.

e The timeline for installation and operation of the gravity drain is problematic. Operating the
drain during groundwater capture/injection activities would result in desaturating layers that
require groundwater capture, leaving COCs in the aquifer matrix that could mobilize if the layer
becomes resaturated; thereby, decreasing the effectiveness of the capture/injection system.
Waiting to operate the drain until after the capture/injection system is shut down would mean
waiting 30+ years to operate a technology that may not be reliable and, if it does not operate as
planned, could risk re-contamination of the groundwater.

Groundwater is protected in the State of Montana, and as a result, remediation activities throughout
the state must take this into consideration. The state has not concurred with remediation plans that rely
on gravity drains for long-term remedies The State has also advocated for source removal at waste
disposal sites —most notably the Parrot Tailings in Butte—for the long-term benefit to groundwater.

Evaluating full removal of the ash in the Stage | and Stage Il Ponds at Colstrip is consistent with the
State’s position on waste-in-place; therefore, DEQ requests that Talen not pursue alternatives that leave
a source in contact with groundwater or rely on gravity drains for eliminating the contact (proposed
Alternatives 7A, 7B, 7C, and 8D), and instead provide a thorough analysis of full removal (proposed
Alternative 10).



While Talen’s proposed timeline for evaluating their proposed five source control alternatives is
aggressive, a September deadline is longer than DEQ believes is reasonable. Eliminating analysis of four
of the alternatives that rely on a gravity drain would greatly decrease the schedule for submission.
Therefore, DEQ requests that an evaluation of Alternative 10 be submitted no later than July 3, 2020.

DEQ greatly appreciates Talen’s continued coordination and prompt communications with DEQ. Please
feel free to contact DEQ on any questions or to discuss continued efforts.

Sincerely,
%%Jb@gﬁ

Jenny Chambers
Waste Management and Remediation Division Administrator
Montana DEQ

cc: Terri Mavencamp, DEQ
Sara Edinberg, DEQ
Ed Hayes, DEQ (legal)
Nick Whitaker, DEQ (legal)
Damon Obie, Talen Montana (legal)
Joshua Frank, Baker Botts LLP
Jen Petritz, Talen Montana
Robert Glazier, Geosyntec Consultants
Al Hilty, Hydrometrics
Cam Stringer, NewFields
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O HYDROGEOLOGIC SITE
CHARACTERIZATION REPORT

West Ash Pond Complex
Wood River Power Station
Alton, lllinois
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The following are attachments to the testimony of Scott M. Payne,
PhD, PG and lan Magruder, M.S..















































































































































































































The following are attachments to the testimony of Scott M. Payne,
PhD, PG and lan Magruder, M.S..






B-1:  Illinois State Water Survey: 1982 Boring and
Piezometer Logs (Hampton and O’Hearn, 1984)








































Kelron Environmental: 1994-1995 Boring and
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B-3:  Natural Resource Technology: 1999 Boring
and Well Log (NRT, 200(
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Geotechnical: 2003 Boring Logs for
DM@? Rail Loop (Shively, 2003)










































































































The following are attachments to the testimony of Scott M. Payne,
PhD, PG and lan Magruder, M.S..



URS Corporation: 2004 Boring Logs for New
East Ash Pond Design















































































iﬁﬁg{{ﬁi@ Construction Logs for 2004
Hydrogeologic Investigation


















































































The following are attachments to the testimony of Scott M. Payne,
PhD, PG and lan Magruder, M.S..






























































































































































































































The following are attachments to the testimony of Scott M. Payne,
PhD, PG and lan Magruder, M.S..
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