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Figure F-11, 1 DO-Year Arsenic Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal 
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Figure F-3: Figures F-11 and F-12: 
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content to that from the baseline case. lease greater than expected from the baseline case, il Hg release is greater in baseline than test case, but with a95% probability to be less than 13,375 and 7,925 
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The fly ash from the test case had similar total As the 95th percentile the total content of Se will be re­
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FigureF-6: compared to the baseline case, for all scenarios exam­

• Initial landfill leachate As concentrations will likely be ined. 
about 20-30 [lgiL for the baseline case but at least 100 

o 	 For all scenarios examined, Arsenic release from the 
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creasing with increasing LS ratio, but the initial con­
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Figure G-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control. 
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Figure G-3. Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5 th and 95th percentiles of mercury concentrations observed in typical combustion waste 
landfill leachate are shown for comparison. 
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Comments 

Figure G-1; 
• All extract Hg concentrations are well below levels of 

potential concern. 

Figure G-5: 
• Arsenics extract concentrations for the baseline case 

peak between pH 7 and 9, with maximum concentra­
tions significantly greater than the range reported for 
field landfill leachates in the EPA database but consis­
tent with the range of concentrations for field landfill 
leachates reported in the EPR! database. 

• Arsenic extract concentrations for the test case indi­
cate somewhat lower concentrations than for the 
baseline case over the range of pH examined, even 
though the test case as around 5 times as much total 
As as the baseline case. These results also suggest 
different chemistry controlling the aqueous-solid equi­
librium for the two cases. 

Figure G-7: 
• Se extract concentrations as a ti.mction of pH exhibit 

similar behavior for the baseline and test cases, even 

though the test case has greater than 50 times the 
amount of total As than the baseline case. 

Figure G-B: 
• Initial leachate concentrations for Se are likely to be 

ca. 1000-4000 IJglL (at LS=2), which is much greater 
than reported in the EPA database but consistent with 
values reported in the EPR! database for landfill 
leachates. 

Figures G-11and G-12: 
• A much greater percentage and quantity ofAs can be 

anticipated to be released from the baseline case than 
for the test case tfider the scenarios examined. 

FigureG13: 
• Arsenic release from the base case warrants fmiher 

examination. 

Figure G·14: 
• Se release from the test case warrants further exami­

nation. 
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Figure H·3. Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5'h and 95th percentiles of mercury concentrations observed in typical combustion waste 
landfill leachate are shown for comparison. 
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Arsenic Release as a Function of pH 
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Figure H-S. Arsenic Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5th and 95th percentiles of arsenic concentrations observed in typical combustion waste 
landfill leachate are shown for comparison. 
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Figure H-7. Selenium Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the 
Fly Ash with Enhanced Hg Control. 5'h and 95th percentiles of selenium concentrations observed in typical combustion 
waste landfill leachate are shown for comparison. 
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Figure H-8. Selenium Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and· 
the Fly Ash with Enhanced Hg Control. 

184 




1 

I 

Characterization of Coal Combustion Residues 

-·95% 

5% 

Arsenic Solubility 

Baseline Fly Ash,I 

100000 ~----------~ 100000 


10000 


1000 

100:J 
rn 
:::l. 10 
en 

1« 
0.1 

0.01 

0.001 

2 


Fly Ash with B-PAC 

_. ________ L ___ _____________ _ .J'._ 

, , 
, , 

_... 

5% 95% 
4 6 8 

pH 

10 12 14 

D SR2-JAT - A 

<> SR2-JAT - B 

- ­ Fit CUM 

10000 
..'.'·1 1000 

100:J 
O"l -
:::l. 10 
en 1« 

0.1 

0.Q1 

0.001 

.. - ....... ; ... _.. - - ......... ~-. _.. 
95% 

• _. -: - - -.Q - - - -.~; -"" - o~- -- -­ 5% 

D 

5% 95% 
2 4 6 8 10 12 14 

pH 

D SR2-JAB-A 

<> SR2-JAB - B 

-- Fit CUM 

~ 
~ n 

Material 

JAB 0.0010 pH5 

log As (~g/L) 

-0.0324 pH' 

pH range of 
validity 

0.4137 pH' 3-12.5 

R' Number of 
pOints 

0.62 22 
-2.4547 pH' 6.7105 pH -6.6563 

JAT 0.0025 pH5 -0.0973 pH' 1.4698 pH' 4-12.5 0.81 22 
-10.6792 pH' 37.2419 pH -50.3673 

Figure H-9. Regression Curves ofExperimental Data ofArsenic Solubility as a Function ofpH. 

11 
~'I 
1 

:,~ 

185 



.:~..;~~;;3r-8cterization of Coal Combustion Residues 

3eienium Solubility 

Baseline Fly Ash 

100000 -,,------:-------,-----, 100000 

10000 

1000 

::J- 100 
Ol 
2:; 10 
Q) 

(f) 1 

0.1 

0.01 

0.001 

10000 

1000 
~.. .. 

- - -- - -ri~ h- - - - n -n."'- --_. -: ----- 95% -::J 100 
v ~ 

Ol 
2:; 10 

----------r------------------r----­ 50/0 Q) 
(f) 1 

0.1 

0.01 

0.001 
5% 95% 

2 4 6 8 10 12 14 2 4 6 8 10 

pH pH 

Fly Ash with B-PAC 

- - ""', --- -:- . --­ 95% 
o~ 

- - - - - - - - - -: - - - - - - - - - - - - - _. - - -:- - - - ­ 5% 

5% 

o SR2-JAT-A 

o SR2-JAT - B 

--Fit curve 

o SR2-JAB - A 

o SR2-JAB - B 

--Fit curve 

Material log Se (~gfL) pH range of R' Number of 
validity pOints 

JAB 0.0002 pHs -0.0070 pH4 0.0761 pH3 3-12.5 0.75 22~ 
~, -0.2648 pH' -0.3724 ~H 4.6460 
,~ JAT 0.0005 pHs -0.0201 pH4 0.2890 pH3 3-12.5 0.61 22 

-1.9155 pH' 5.6877 pH -3.7128 

Fi9ure H-10_ Regression Curves of Experimental Data of Selenium Solubility as a Function of pH. 

186 




1 

100-Year Arsenic Release Estimates 
Arsenic 

:j
;j 
,j

,I 
'1 

10000 -.--.----------~-, 

1000 .. ,.....,_..---;--- '--, ­OJ 
-'"-Ol 
::l. 100-2 
~ 

m 
Q) 10 

>,­
a 
a 1~ 

0.1 
40 50o/~0 95% 

80 100 

Percentile 

D JAB 

Characterization of Coal Combustion Residues 

JAB JAT 
~g/kg % ~g/kg % 

Mtmin 0.01 0.00003 0.01 0.00001 
Mt- 5% 0.05 0.0001 0.01 0.00003 
Mt - 50% 8 0.02 2 0.01 
Mt - 95% 110 0.3 29 0.1 
Mean Mt 25 0.1 7 0.02 
Mtmax 836 1.9 346 0.8 

Figure H·ll. 100-Year Arsenic Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal 
in a Combustion Waste Landfill. 

tOO-Year Selenium Release Estimates 
Selenium 

100000 ..,.------------, 

10000_ 
Ol 
-'" 
C, 1000 

1111 
, II. Ii Ii 

Ii Ii ,
' 
:, 

2; lilill~ 
~ 100 III Ii 

11 
: 

m 
>,­
a 

10 
11

:11.,
a 
~ 1 ". ___,,,.._L~~ 

0.1 

0 5% 20 40 50%60 80 
95% 

100 

Percentile 

JAB JAT 
~g/kg % ~g/kg % 

Mtmin 0.011.8 0.02 1.9 
Mt- 5% 0.Q34.5 0.04 4.3 
Mt - 50% 748 7.0 710 5.6 
Mt - 95% 10028 93.7 9602 76.2 
Mean Mt 2270 21.2 2172 17.2 
Mtmax 100.010700 100.0 12600 

D JAB "JAT 

Figure H·12. 100-Year Selenium Release Estimates as a Function of the Cumulative Probability for the Scenario of 
Disposal in a Combustion Waste Landfill. 

187 



Default ­
Natural pH 

12.2 

.{~Il 'F3cterization 0';: Coal Combustion Reskiues 

11 DO-Year Arsenic Release Estimates 

JAB - Arsenic 

OJ 
-'"-
2;'" I 

1 " '" '" " ,I, () 

" ." 
~ 

"!!! 
'" ffi 
"'?' 
0 
0 10 
~ 

100000~~~~~------------------------------------, 

10000 

1000 

100 

110 ~g/kg 110 ~g/kg 
o.----­

18 ~g/kg 
0.04% 12 ~g/kg 

MClLS95% = 1000 ~g/kg 

MClLS 12.5 = 125 ~g/kg 

Total content Combustion Default- pH 3 Default - pH Default­
Waste Landfill- 12.5 Natural pH 
95% confidence 12.1A) 

JAT - Arsenic 

100000 


10000

OJ 
-'" 
C, 
2; 1000 

" '" '" 100 
~ " 
() 

7 ~g/kg

." 10"!!! 
'" 
'" 
~ 

"'?' 
0 
0 

0.1 

0.01 

B) 

Total content Combustion Default- pH 3 Default- pH 
Waste Landfill- 12.5 
95% confidence 

Figure H-13. 1DO-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash with B-PAC. Release estimates 
for percolation controlled scenario are compared to release estimate based on total content. The amount of the arsenic that 
would be released if the release concentration was at the MCl is also shown for comparison (lSd"',"" "'",', = 12.5 Llkgand 
L895% = 100 Llkg). 

188 



2 

Characterization of Coal Combustion Residues 

100-Year Selenium Release Estimates 

JAB - Selenium 

= 5000 ~g/kgMClLS95% 

~ 
0> MClLS 12.5 = 625 ~g/kg 

" '" '" 1000 
~ " 
E 

.C'" 
" 100a:; 

'" ~ 
a 
>,-" 

10 
a 

Default­

Natural pH 


A) 12.1 


100000c---------------------------------------------~ 

10000 

10700 ~g/kg 10028 ~g/kg 
6070 ~g/kg 

727 ~g/kg 635 ~g/kg 

Total content Combustion Oefault- pH 3 Default- pH 
Waste Landfill - 12.5 
95% confidence 

JAT - Selenium 

100000 

0> 
..I< 10000C, 
2 

" '" '" 1000" ~ 
E 

.C'" 
" 100a:; 
'" ~ 
">,- 10a 
a 

B) 

- - ...;l&.-7%- ­ - - - - - - - - - - MClLs 12.5 = 625 ~g/kg 
778 ~g/kg 736 ~g/kg 

Total content Combustion Default-pH 3 Default-pH Default- . 
Waste Landfill ­ 12.5 Natural pH 
95% confidence 

12.2 

Figure H-14. lOa-year Selenium Release Estimates from A) Baseline Fly Ash and B) Fly Ash with B-PAC. Release 
estimates for percolation controlled scenario are compared to release estimate based on total content. The amount of the 
selenium that would be released if the release concentration was at the MCl is also shown for comparison (lSd"'""",""" = 
12.5 Ukg and lS95% = 100 l/kg). 

1 

189 



Sh,.:aracterization of Coal Combustion Residwas 

Comments 

FigureH-3: 
• All extract concentrations for Hg are well below lev­

els of potential concern. 
• Scatter in the extract concentrations for the cased with 

enhanced Hg control most likely results from the ma­
terial heterogeneity associated with addition ofparticu­
late activated carbon. 

FigureH-5: 
• All extract concentrations for As are well below levels 

ofpotential concern. 

FigureH-6: 
• Initial As leachate concentrations from landfills are ex­

pected to be substantially greater (i.e., equal to 50 [.Ig! 
L at LS~2) than indicated by SR002 (LS~lO) because 
ofother ionic species at higher concentrations present 
at low LS ratio typical oflandfill scenarios. These an­
ticipated concentrations are consistent with landfill 
leachate concentrations reported in the EPRI database. 

FigureH-7: 
• Extract concentrations of selenium are greater than 

the MeL but within the range reported in the EPA and 
EPRI databases. 

FigureH-8: 
• Initial Se leachate concentrations from landfills are ex­

pected to be substantially greater (i.e., more than 200­
300 :g!L at LS~2) than indicated by SR002 (LS~1 0) 
because of other ionic species at higher concentra­
tions present at low LS ratio typical of landfill sce­

narios. These anticipated concentrations are consis­
tent with landfill leachate concentrations reported in 
the EPRI database. 

Figures H-11 and H-12: 
• A much greater percentage and quantity ofAs can be 

anticipated to be released from the baseline case than 
for the test case under the scenarios examined. 

Figure H-13: 
• For the three default scenarios considered and the 95% 

probability scenario, arsenic release would most likely 
be less than the amount that wouldbe released if the 
release concentration was at the MeL. 

Figure H-14: 
• For the 95% probability scenario, selenium release from 

baseline and test cases would be greater than the 
amount that would be released if the release concen­
tration was at the MeL. 

• For the default scenario corresponding to disposal in a 
monofill (leachate pH controlled by the material being 
disposed) and the default scenario corresponding to 
the "extreme" pH of 12.5, no significant difference in 
selenium release between the baseline and test cases 
would be expected. 
For the default scenario corresponding to the "extreme" 
pH on, selenium release is expected to be greater for 
the baseline case than the test case. In both cases, 
selenium release would be at or greater than the amount 
that would be released ifthe release concentration was 
at the MeL. 

• Se release from the baseline and test cases warrants 
further examination. 
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Figure 1-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control. 
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Figure 1-2. pH as a Function of LS Ratio for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control. 
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Figure 1-3. Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5'" and 95'h percentiles of mercury concentrations observed in typical combustion waste 
landfill leachate are shown for comparison. 
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Mercury Release as a Function of LS Ratio 
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Figure 1·4. Mercury Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and 
the Fly Ash with Enhanced Hg Control. 
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Figure 1-5. Arsenic Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5th and 95th percentiles of arsenic concentrations observed in typical combustion waste 
landfill leachate are shown forcomparison. 
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Figure 1-7. Selenium Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly 
Ash with Enhanced Hg Control. 5th and 95th percentiles of selenium concentrations obseNed in typical combustion waste 
landfill leachate are shown for comparison. 
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Figure 1-8. Selenium Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and 
the Fly Ash with Enhanced Hg Control. 
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'I GO-Year ,!\rsenic Release Estimates 
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Figure 1-11. 1 DO-Year Arsenic Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal 
in a Combustion Waste Landfill. 
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Figure 1-12. 100-Year Selenium Release Estimates as a Function of the Cumulative Probability forthe Scenario of Disposal 
in a Combustion Waste Landfill. 
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100-Year Arsenic Release Estimates 
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Figure 1-13. 100-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash with Enhanced Hg Control. 
Release estimates for percolation controlled scenario are compared to release estimate based on total content. The 
amount of the arsenic that would be released if the release concentration was at the MCl is also shown for comparison 
(lSd","",",""" = 12.5 Ukg and lS95% = 100 Ukg). 
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:1 	 Figure 1-14. 1OO-year Selenium Release Estimates from A) Baseline Fly Ash and 8) Fly Ash with Enhanced Hg Control. 
Release estimates for percolation controlled scenario are compared to release estimate based on total content. The 
amount of the selenium that would be released if the release concentration was at the MCl is also shown for comparison 
(lSd'I,""~'""IO = 12.5 Ukg and lS,,% = 100 Ukg). 
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Comments 

Figure 1-3: 
• Fly ash from the test case had greater total Hg content 

than the fly ash from the baseline case (by about 3 
times). 

• Hg release is low (but poor replication) for both baseline 
and test cases. 

Figure 1-5: 
• The fly ash from the test case had lower total As con­

tent than that from the baseline case (by about 4.5 
times). 
Arsenic release was close to or exceeded the MeL 
(10 [.IgIL) for both the baseline and the test cases for 
all pH conditions. 

Figure /-7: 
• Fly ash from the test case had greater total Se content 

than the fly ash from the baseline case (by about 4.5 
times). 

• Selenium release from both the baseline and the test 
cases was close to the MeL (50 [.Ig/L) for most pH 
conditions. 

Figures /-11 and 1-12: 
• The fly ash from the test case would result in similar 

As release than expected from the baseline case, with 
a 95% probability to be less than 18700 and 20000 [.Ig/ 
kg, respectively. 

• The fly ash from the test case would result in similar 
Se release than expected from the baseline case, with 
a 95% probability to be less than 2115 and 2045 [.Ig/kg, 
(espectively. 

Figure 1-13: 
• For the 95% probability scenario, arsenic release from 

both cases would exceed the amount that would be 
released if the release concentration was at the MeL. 

• For two ofthe three default scenarios considered (Le., 
pH 3 and natmal pH), arsenic release would most likely 
be less than the amount that would be released if the 
release concentration was at the MeL. However, for 
the default scenario at pH 12.5, arsenic release would 
most likely exceed the amount that would be released 
if the release concentration was at the MeL. 

Figure 1-14: 
• Similar Se release would be expected for the test case 

compared to the baseline case for all scenarios exam­
ined. 

• For the 95% probability scenario, selenium release from 
both cases would be less than the amount that would 
be released ifthe release concentration was at the MeL 
and the LS ratio was the resultant LS ratio for the 95% 
case (Le., around 100 Llkg). However, selenium re­
lease would be greater than the amount that would be 
released if the release concentration was at the MeL 
and the LS ratio was the LS ratio of the default sce­
nario considered (Le., 12.5 Llkg). 
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