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Figure F-6. Arsenic 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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Selenium Release as a Function of pH
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Figure F-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" and 95" percentiles of selenium concentrations observed in typical combustion

waste landfill leachate are shown for comparison.
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Figure F-8. Selenium Reloase (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
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Characterization of Coal Combustion Residues

Arsenic Solubility
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Figure F-9. Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH.
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Salenium Solubility
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Figure F10. Regression Curves of Experimental Data of Selenium Solubility as a Function of pH.
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100-Year Arsenic Release Estima
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Figure F-11. 100-Year Arsenic Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal

in a Combustion Waste Landfiil.
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Figure F-12. 100-Year Selenium Release Estimates as a Function of the Curnulative Probability for the Scenario of

Disposal in a Combustion Waste Landfill.
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100-Year Arsenic Rslease Estimales
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Figure F-13. 100-Year Arsenic Release Estimates from A} Baseline Fly Ash and B) Fly Ash with ACI. 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 {LS =12.5L/kg and
LS,,.. = 100 L/kg).
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100-Year Selenium Belease Estimates
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Figure F-14. 100-year Selenium Release Estimates from A) Baseline Fly Ash and B) Fly Ash with ACI. Release estimates
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Lommenis

Figure F-3:
* The fly ash from the test case had similar total Hg
content to that from the baseline case.
* Hg release is greater in baseline than test case, but
hoth were below MCL.

Figure F-5:

¢ The fly ash from the test case had similar total As
content than that from the baseline case,

= The laboratory measurements fit within the 5-95% con-
fidence intervals of the field observations.

» Arsenic reledse is less in baseline than test case, but
both are about 10 times greater than the MCL. Ar-
senic release at pH higher than 9 is much greater for
the test case than the baseline case.

Figure F-6: _
» Initial landfill leachate As concentrations will likely be
about 20-30 pg/L for the baseline case but at least 100
pg/L. for the test case. :

Figure F-T:

+ The fly ash from the test case had similar total Se con-
tent to that from the baseline case.

* Serelease is similar in baseline and test cases, but sig-
nificantly above MCL for both cases. The observed
concentrations are greater than reported in the EPA
database but consistent with the EPRI database.

Figure F-8:
* Initial land 3]l leachate Se concentrations are expected
to be around 200 pg/L for the baseling case and in-
creasing with increasing LS ratio, but the initial con-

160

centrations for the test case are expected to be around
3000 pg/L and decreasing with increasing LS ratio.

Figures F-11 and F-12:

* The fly ash from the test case would result in As re- -
lease greater than expected from the baseline case,
with a 95% probability to be less than 13,375 and 7,925
Hg'kg, respectively.

* The fly ash from the test case would result in Se re-
fcase Iess than expected from the baseline case. At
the 95™ percentile the total content of Se will be re-
leased (41,900 and 44,000 pg/kg, respectively, for the
baseline case and the test case).

* 10-100% of the Se can be anticipated to be leached
from the fly ash for both cases under the projected
landfill conditions.

Figure-13:

» Greater As release would be expected for the test case
compared to the baseline case, for all scenarios exam-
ined. '

* For all scenarios examined, Arsenic release from the
test case fly ash would be greater than the amount that
would be released if the release concentration was at
the MCL.

Figure F-14:

* Atthe 95" percentile, Se release estimate exceeds total
content for both the baseline and the test cases. This is
not physically possible. However, this result indicates
that there is 5% possibility that 100% of the total Se
content would be released. _

» Forall scenarios examined, Se release would most likely
be greater than the amount that would be released if
the release concentration was at the MCL.
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Appendix G
Facility C Fly Ashes
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pH Titration Curves
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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-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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Mercury Release as a Funclion of pH
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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 Fiy

Ash with Enhanced Hg Control. 5™ and 95" percentiles of mercury ¢oncentrations observed in typical combustion waste
landfill leachate are shown for comparison.
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Mercury Release as a Funclion of LS Ratio
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Figure G-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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Arsenic Release as a Funclion of pH
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Figure G-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. 5™ and 95" percentiles of arsenic concentrations cbserved in typical combustion waste
larcHitl leachate are shown for comparison.
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Arsenic Release as a Funclion of LS Ratio
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Figure G-6. Arsenic 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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Selenium Release as a Function of pH
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Figure G-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 and 95" percentiles of selenium concentrations observed in typical combustion
waste landfill leachate are shown for comparison.
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Salenium Release as a Funciion of LS Ratio
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Arsenic Solubility
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Selenium Solubility
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Figure G-10. Regression Curves of Experimental Data of Selenium Solubility as a Function of pH.
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Figure G-11. 100-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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100-Year Arsenic Release Estimales
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Figure G-13. 100-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash with AC!. 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 (LS

LSy, =

100 L/kg).
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100-Year Selenium Release Estimates
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Commeanis

Figure G-1:
* Al 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 EPRI 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-salid equi-
fibrium for the two cases.

Figure G-7:

» Se exiract concentrations as a function 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-8:

+ Initial leachate concentrations for Se are likely to be
ca. 1000-4000 pg/L (at 1.8=2), which is much greater
than reported in the EPA database but consistent with -
values reported in the EPRI database for landfill
leachates,

Figures G-T1and G-12:
= A much greater percentage and quantity of As can be
anticipated to be released from the baseline case than
for the test case under the scenarios examined,

Figure G13:

* Arsenic release from the base case warranis Turther
examination.

Figure G-14:
* Se release from the test case warrants further exami-
nation.
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Figure H-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Controi.
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Figure H-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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Mercury Release as a Function of pH
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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% and 95" percentiles of mercury concentrations observed in typical combustion waste
landfill leachate are shown for comparison. .
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Figure H-4. Mercury Release (top) and Spike Recoveries (bottomn) as a Function of LS Ratio for the Baseline Fly Ash and

the Fly Ash with Enhanced Hg Control.
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Arsenic Release as a Function of pH
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: Figure H-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. 5" and 95" percentiles of arsenic concentrations abserved in typical combustion waste
" landfill leachate are shown for comparison.
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Arsanic Release as a Function of LS Ratio
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Figure H-6. Arsenic Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ash and
the Fly Ash with Enhanced Mg Control. '
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Figure H-7. Selenium Release ({top) and Spike Recoveries {hottom} as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced Hg Control. 5 and 95" percentiles of selenium concentrations observed in typical combustion
waste landfill leachate are shown for comparison,
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Selenium Relsase as a Function of LS Ratio
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Figure H-8. Selenium Release (top) and Spike Recoveries (bottom) as a Function of LS Ratio for the Baseline Fly Ashand -

the Fly Ash with Enhanced Hg Control.
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Arsenic Solubility
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Figure H-9. Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH.
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Selenium Solubility
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"‘i@@&{ear Arsenic Release Estimates
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Figure H-11. 100-Year Arsenic Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal
in a Combustion Waste Landfill.

100-Year Selenium Release Estimates
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Figure H-12. 100-Year Selenium Release Estimates as a Function of the Cumulative Praobability for the Scenario of
Disposal in a Combustion Waste Landfill. '
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100-Year Arsenic Release Estimates
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Figure H-13. 100-Year Arsenic Release Estimates from A) Bassline 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 (LS, . .o = 12-5 L/kg-and _
L5, = 100 L/kg). |
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100-Year Selenium Release Estimates
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Figure H-14. 100-year Selenium Release Estimates from A} Baseline Fly Ash and B) Fly Ash with B-PAC. Release
ostimates for percolation controlled scenario are compared o 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 (LS

12.5 Likg and LS, = 100 L/kg).

default scenario —
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Comments

Figure H-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 of particu-
late activated carbon.

Figure H-5:
¢ All exiract concentrations for As are well below levels
of potential concern.

Figure H-8:
« Initial As leachate concentrations from landfills are ex-
pected to be substantially greater (i.e., equal to 50 pg/
L at 1.S=2) than indicated by SR002 (LS=10) because
of other ionic species at higher concentrations present
at low LS ratio typical of landfill scenarios. These an-
ticipated concentrations are consistent with landfill
leachate concentrations reported in the EPRI database.

Figure H-7:
* Extract concentrations of selenium are greater than
the MCL but within the range reported in the EPA and
EPRI databases.

Figure H-8:

+ Initial Se leachate concentrations from landfills are ex-
pected to be substantially greater (i.e., more than 200—
300 :g/L at 1.§=2) than indicated by SR002 (LS=10)
because of other ionic species at higher concentra-

tions present at Jow LS ratio typical of landfill sce-

150

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

Figure H-13:

» Forthe three default scenaﬁos considered and the 95%

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

Figure H-14:

* Forthe 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 MCL.

* For the default scenario corresponding to disposal ina
monofill (feachate 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 of 3, 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 if the release concentration was
at the MCL.

* Se release from the baseline and test cases warrants
further examination.




Characterization of Coal Combustion Residues

‘Appendix |
Facility L Fly Ashes

191




inoracterization of Coal Combustion Rasidues

List of Figures

Figure Page
I-1  pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control .........icvieereiesiesiesic s 193
12 pH as aFunction of LS Ratio for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control ......coocivciverceievicennnee 193
I3 Mercury Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced HE CoMo] ..o icererceicinecsesisesse s semsmssarerss et sasssssassosssssesssesesnsosassssssseres e 194
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 FZ COMIOL .ttt sen e ssnrsesen s e s et sseassss s besbs s 195
-5 Arsenic Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced FIE COMIOL ..viiiiiirieecircreecissrsssiecsse s ssises st e ssesessassssssesssssnassnssemsansosasssssenessasntsnsssssnssas 196
I-6  Arsenic Release (top) and Spike Recoveries (bottom) as a Function of IS Ratio for the Baseline Fly Ash
and the Fly Ash-with Enhanced HE CONTIO ..o issasa e et e e s rassaressrassarssrsrassessse s s banssnsias 197
17  Selenium Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the
Fly Ash with Enhanced Hg COMTOL ...ttt re st csssn et se s e s s ar s bbb bbbt st st mmrees 198
18  Selenium Release (top) and Spike Recoveries (bottom) as a Function of .S Ratio for the Baseline Fly Ash
and the Fly Ash with Enhanced HE COntrol ..ot eece s ess e sss s e s s femees e ses s seseseseaerenesesesrsassenens 199
9 - Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH. ....oveevvecinccic e 200
I-10 Regression Curves of Experimental Data of Selenium Solubility as a Function 0f PH coeorvvvvveeisieiscreeens e 201
: 11 100-Year Arsenic Release Estimates as a Funct:on of the Cumulative Probability for the Scenario of Dlsposai
: in a Combustion Waste Landfill ... o e e s st s e b ac s s enes s era s s 202
E 12 100-Year Selenium Release Estimates as a Function of the Cumulative Probability for the Scenario of Disposal
ina Combustion Waste LAndfill ...t e ers e e sas et s st s e e et e n s e nsanres 202
13 100-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash With ACT o..covecvieeeeeeee e 203
I-14  100-year Selenium Release Estimates from A} Baseline Fly Ash and B) Fly Ash With ACT .cc.cvvivecirincvcine e 204

162




Characterization of Coal Combustion Residues

pH Titration Curves
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14 1 - — 14 4 : -
12 + & 12 4 B,
: - % r g
.;.j 10 ¢ g 10 + 5
. a
y T 8 e % T 8 & 3
' G. a. i : a
o R SRR § — 6
58 1 [ 504 « = mmfmomom o=
4 K 4 7 BCs)
2:...= L 1:?117'!».:1\ 2:|..x PR .,w?.rvs
-0.5 -0.25 0 0.25 0.5 0.5 -0.25 0 0.25 0.5
meq Acid/g dry meq Acid/g dry
o SR2-LAB - A ¢ SR2-LAB - B z SR2-LAT-A o SR2-LAT-B
Figure I-1. pH Titration Curves for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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Figure I-2. pH as a Function of |.S Ratio for the Baseline Fly Ash and the Fly Ash with Enhanced Hg Control.
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Mercury Release as a Function of pH
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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" 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 I-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 Confrol.
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Arsenic Release as a Function of pH
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Figure I-5. Arsenic Release (top) and Spike Recoveries (bottom) as a Function of pH for the Baseline Fly Ash and the Fly
d Ash with Enhanced Hg Control. 5™ and 95" percentiles of arsenic concentrations observed in typical combustion waste
“* landfill leachate are shown for comparisor.
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Arsenic Release as a Function of LS Ratio
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Figure 1-6. Arsenic 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,

197




Chorasterization of Coal Combustion Residuss

Selenium Release as a Function of pH
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Figure 1-7. Selenium Release {top} and Spike Recoveries (botiom) as a Function of pH for the Baseline Fly Ash and the Fly
Ash with Enhanced Hg Control. 5" and 95" percentiles of selenium concentrations observed in typical combustion waste
landfill leachate are shown for comparison.
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Seleniuin Release as a2 Function of LS Ratio
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Figure I-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 Conirol.
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Figure 1-9. Regression Curves of Experimental Data of Arsenic Solubility as a Function of pH. ‘
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Characferization of Coal Combustion Residues

Selenium Solubility
Baseline Fly Ash Fly Ash with Enhanced Hg Control
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Figure 1-10. Regression Curves of Experimental Data of Setenium Solubility as a Function of pH..
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100-Year Arsenic Release Estimates
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Figure I-11. 100-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 for the Scenario of Disposal
in a Combustion Waste Landfill.
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100-Year Arsenic Release Estimates
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Figure I-13. 100-Year Arsenic Release Estimates from A) Baseline Fly Ash and B) Fly Ash with Enhanced Hg Control.
Reiease estimates for percolation controlled scenaric 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
LS =1251/kgand LS, = 100 L/kg).
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Figure 1-14. 100-year Selenium Release Estimates from A) Baseline Fly Ash and B) Fly Ash with Enhanced Hg Control.
Release estimates for percolation controlled scenario are compared 1o 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
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=12.5 L/kg and LS,,,, = 100 L/kg).
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Characterization of Coal Combustion Residues

Comments

Figtre I-3:

*» Fly ash from the test case had greater total Hg content
than the fly ash from the baseline case (by about 3
{imes).

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

Figure I-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 MCL
(10 pg/L) for both the baseline and the test cases for
all pH conditions.

Figure l-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 MCL (50 pg/L) for most pH
conditions.

Figures I-11 and I-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 pg/

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 pg/ks,
réspectively.

Figure I-13:

* Forthe 95% probability scenario, arsenic release from
both cases would exceed the amount that would be
released if the release concentration was at the MCL.

+ For two of the three default scenarios considered (i.c.,
pH 3 and natural pH), arsenic release would most likely
be less than the amount that would be released if the
release concentration was at the MCL. However, for
the defaulf scenario at pH 12.5, arsenic release would
most likely exceed the amount that would be released
if the release concentration was at the MCL.

Figure l-14;

+ Similar Se release would be expected for the test case
compared to the baseline case for all scenarios exam-
ined, '

* Forthe 95% probability scenario, selenium release from
both cases would be less than the amount that would
be released if the release concentration was at the MCL
and the LS ratio was the resultant LS ratio for the 95%
case (i.e., around 100 L/kg). However, selenium re-
lease would be greater than the amount that would be
released if the release concentration was at the MCL
and the LS ratio was the LS ratio of the default sce-
nario considered (i.e., 12.5 L/kg).
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