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ABSTRACT ....

The Integrated DWPF Melter System (IDMS) is designed and constructed to be.a 1/9rhscale
prototype of the full scale Defense Waste Processing Facility (DWPF) melter. The IDMS facility is
the first engineering scale melter system capable of processing mercury, and flowsheet levels of
halides and noble metals. In order to determine the effects of mercury on the feed preparation
process, the off-gas chemistry, glass melting behavior, and glass durability, a three-run mercury
(Hg) campaign was conducted. The glasses produced during the Hg campaign were composed of
Batch 1 sludge, simulated precipitate hydrolysis aqueous product (PHA) from the Precipitate
Hydrolysis Experimental Facility ft)HEF), and Frit 202. The glasses were produced using the
DWPF process/product models for glass durability, viscosity, and liquidus. The durability model
indicated that the glasses would all be more durable than the glass qualified in the DWPF
Environmental Assessment (EA). The glass quality was verified by performing the Product
Consistency Test (PCT) which was designed for glass durability testing in the DWPF.

The durability of three glasses from each of the three runs was examined with the PC1'. There
was very little variation in the glass durability during run HG-1 until excess NaOH was added to
adjust the glass viscosity to be in the con'ect processing range. The addition of the excess NaOH
caused the glasses in runs HG- 2 and HG-3 to be less durable than the glasses in run HG-1. The
nine IDMS Hg glasses were of comparable durability to previously examined sludge-only 165
glasses and to glasses fabricated from Frit 202 with excess alkali. Ali the lDMS Hg glasses were
over 20 times more durable than the glass that was qualified in the DWPF Environmental

Assessment (EA). The IDMS Hg campaign glasses would, therefore, meet current Waste,
Acceptance Prelin_uary Specification (WAPS) criteriafor product consistency.
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DURABILITY OF GLASSES FROM THE HG-DOPED INTEGRATED
DWPF MELTER SYSTEM (IDMS) CAMPAIGN (U)

INTRODUCTION

Liquid high-level nuclear waste will be immobilized at the Savannah River Site (SRS) by
vitrification into borosilicate glass. The production process to be used in the Defense Waste
Processing Facility (DWPF) is designed to reliably produce durable borosilicate nuclear waste
glasses.

The Integrated DWPF Melter System (IDMS) was designed and constructed to be a 1/9th scale
prototypic pilot plant of the full scale DWPF melter. The IDMS facility is the first engineering
scale melter system operated at SRS that is capable of processing mercury, and flowsheet levels of
halides and noble metals. The mercury, present in the waste due to the use of mercuric nitrate as a
catalyst during nitric acid dissolution of spent fuel rods, decomposes at temperatures much less
than the borosilicate glass melt temperature. Any mercury present in the waste at the time of
vitrifiration will likely exit the melter in the off-gas. Therefore, the DWPF has planned to remove

most of the mercury prior to vitrification by reduction and steam stripping.1

In order to determine the effects of mercury on the feed preparation process, the off-gas chemistry,
glass melting behavior, and glass durability, a mercury (Hg) campaign was conducted in the
IDMS. The IDMS was operated batch-style for three SRAT/SME (Slurry Receipt Adjustment
Tank/Slurry Mix Evaporator) cycles. The facility was operated close to DWPF flowsheet

conditions. The process/product models 2 developed for DWPF were used in spreadsheet format

since the DWPF process control system, the Product Composition Control System (PCCS) 3 had
not yet been fully implemented. Mercury containing Batch 1 sludge 4 without noble metals was
blended with precipitate hydrolysis aqueous (PI-LA)product and Frit 202. This PHA glass was
designed to have similar process and product characteristics to SRS sludge-only glasses which
were formulated without PHA. 5

A durability test, designated the Product Consistency Test (PCT), has been developed to measure
the consistency of the glass product produced in the Defense Waste Processing Facility (DWPF)
during routine production. 6"8 The test was designed to meet the requirements of the Waste

Acceptance Preliminary Specifications (WAPS) 1.39 Currently this specification states that based
on comparative PCr analyses, a DWPF glass must have a release which is better than the glass that

was qualified in the DWPF Environmental Assessment (EA). 10 The PCT measurement of glass

durability will take a minimum of 7 days. 6"8 Therefore, a product quality model based on

hydration free energy was developed. 11-17 The use of the hydration thermodynamic model
allows the glass quality to be predicted from the composition of vitrified melter feed, and then
verified after production.
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Thisstudydocumentsthefinalglasschemistryandthemeasuredglassdurabilityofglasses
producedduringtheIDMS-Hg campaign.Over15,000poundsofglasswaspouredduringthe
entirecampaign.Thisrepresentedabout5000poundsofglassforeachofthethreeruns(Hg-1,
Hg-2 andHg-3).ThreesamplesofIDMS glassweretakenfromthebeginningofeachofthethree
runs(Hg I-I,Hg 2-I,Hg 3-I),atthemiddleofeachrun(Hg I-2,Hg 2-2andHg 3-2),andatthe
endofeachrun(Hg 1-3,Hg 2-3,Hg 3-3).Thisrepresentedglasspouringintervalsof-0,2500,
and5000poundsofglass."lhcprocess/productpropertiescalculatedfromthevitrifiedslurryarc
comparedtothepropertiescalculatedfromthefinalglassproductasafunctionofrunsequence.
The measuredglassdurabilityisreportedandcomparedtothefollowing:

• the predicted glass durability

• previously tested SRS sludge-only and PHA glasses

• the sludge-only glass qualified in the DWPF Environmental Assessment.
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_EXPERIMENTAL

Glass Homogeneityv

X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) analyses coupled with Energy
Dispersive Analysis by X-ray (EDAX) were performed on the nine IDMS-Hg campaign glasses in
order to determine the crystallinity and/or homogeneity of the glass.

Glass Comnosition

The elemental composition of the nine glasses was originally measured by the TNX laboratory.
The glasses were reanalyzed by the Analytic Development Section of the Savannah River
Technology Center because the original analyses were inconsistent. The nine glasses were
analyzed for whole element chemistry and redox. The glass samples were analyzed by the
following techniques:

• Dissolution by Na202 with an HC1 uptake
- ICP for Al, Ca, Fe, Mg, Mn, Li, Si, Ct', B, Sr, Ti, P, Ba, Pb, Mo, Zn, Cu, Ni,

La, Cd

• Dissolution by HC1/I-_ microwave
- ICP for Na, Zr
- AA for Na, K

• Dissolution by H2SO4/HF in the presence of NH4VO 318

- Colorimetric for Fe2+ and Fe(Total )

where ICP is Inductively Coupled Plasma Spectroscopy and AA is Atomic Absorption analysis.

Glass Durability

The durability of the nine glasses was studied using Version 3.0 of the PCT.8 In the PCT, crushed

glass of 100-200 mesh is immersed in ASTM Type I water for 7 days at 90°C. The volume of
solution (V) used was the recommended 10 mL per gram of glass. Leachates were filtered to
remove colloids and/or particulates. At the end of triplicate analyses, both the pH and the leachate
concentrations were measured for the glass species of interest. A standardglass was used as a
control to eliminate bias in the experimental analysis and in the analytical data. Triplicate analyses
and triplicate glass standards were run simultaneously. A multielement solution standard was used
to detect any significant biases in the analysis of the leachates.

The leachate concentrations are reported as normalized elemental losses, NCi, released from the

glass in grams of glass per L of leachant. This has the advantage that the release concentrations in
parts per million are normalized by the weight fracti.on of that element present in the glass. The
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normalized release, NC i, is calculated as:

NCi= _ (1)
Fi

where NC i = normalized release (gglass/Lleachant)

Ci = mass of element "i" in the solution (gihn3)

Fi = fraction of element 'T' in the glass (gi/gglass)

OUALITY ASSURANCE

All the vitrification activities and glass analyses were performed in accordance with DWPT Task
Plan-IDMS Mercury Studies, DWPTQA-89-0041. Ali tasks were controlled in accordance with
the task QA Plan.

The PCT Version 3.0 is a Glass Technology Category 1 Procedure requiring experimenter data
input and signoff at every step (GTOP-3-025 in The Glass Technology Procedures Manual,
DPSTM-88-700-5, L 13-1). Ali the ovens, balances, and water purification systems used for the
PCT are M&TE Category 1.

Analytical Development Section (ADS) procedures were followed for ali chemical and x-ray
diffraction data so that the data is readily retrievable.

All the PCT data for this study are recorded in DPSTN-4789 (E-56079) and WSRC-NB-90-271.
The glass composition data is recorded in DPSTN-4771 (E-56053).

GLASS SAMPLE IDENTIFICATION

The glass nomenclature Hg 1-1, 1-2, 1-3 was used to facilitate the understanding of the chemical
variation occurring in the first (Hg- 1) run of the IDMS Hg campaign as a function of the sequence

in which the glasses were sampled. 19 Glasses Hg 1-1, 1-2, and 1-3 appear in the IDMS
production records as GLAS 2340, 2427, and 2518, respectively. Glasses Hg 2-1, 2-2, and 2-3
are GLAS 2630, 2838, and 2877, respectively. Glass Hg 3-1 is a combined sample of production
run GLAS 2124 and 2125. Glass Hg 3-2 is a combined sample of production run GLAS 3236
and 3237. Glass Hg 3-3 is production run GLAS 3357.
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RESULTS AND DISCUSSION

Glass Homogeneity

The x-ray diffraction analysis of the crushed and sieved glass indicated that there was no
crystallization present in any of the IDMS-Hg glasses. During SEM/EDAX analysis of the crushed
glass, small amountsof metallic Cu°were observed. The Cu ° appeared to be on the glass surface,
indicating that it may have been contamination from the brass sieves. No evidence of glass
crystallization was observed during SEM/EDAX analysis.

Glass Composition

The chemical analyses indicated that there had been an excursion in Na20 content in the glass

vitrified in IDMS between runs Hg-1 and Hg-2. This excursion occurred when the vitrified slurry
analyses indicated that the resulting melt would be too viscous to pour, e.g., over the viscosity

process control limit of 100 poise. 19 NaOH was added to run Hg-2 to adjust the feed so that it
would form a glass of < 100 poise viscosity. Additional PHA, which is Na20 rich, was added to
the run Hg-3 feed instead of NaOH, so that the Hg-3 run glass would conform to the viscosity
process limit of <100 poise.

Analysis of the glass used in the durability studies indicated that the glasses run during run Hg- 1
(Hg 1-1, Hg 1-2, and Hg 1-3) and the very first sample taken at the beginning of run Hg-2 (Hg 2-
1) were consistent in composition while the sequence of glasses after the NaOH (Hg 2-2, Hg 2-3)
and the PHA (Hg 3-1, Hg 3-2, Hg 3-3) additions were consistent. The glass compositions were
measured in duplicate and were determined to be biased low compared to the original analyses of
these glasses at the TNX laboratory. Therefore, the reanalyzed glass compositions were bias-
corrected to the original IDMS Hg- 1 glass data (Appendix I). The measured redox ratios

(Fe2+/2;Fe) of the lDMS glasses were <0.05 during runs Hg-1 and Hg-2 and between 0.07 and
0.1 during run Hg-3 (Appendix I). The measured redox for Hg-1 and Hg-2 glasses were more
oxidizing than those measured from the vitrified feed for Hg- 1 and Hg-2. The measured redox for
Hg-3 glasses was slightly more reduced than the redox measured from the vitrified feed for
Hg-3.19

The effect of the glass composition variability calculated for each of the eompositionally dependent
process (viscosity and liquidus) and product (durability) constraints is shown in Figure la-c as a
function of production run sequence. The process and product parameters calculated from the
average gl_s compositions given in Appendix I followed the same trends as the parameters

calculatedl 9 from the vitrified melter feed for ali runs. The chemical analysis of vitrified feed from
run Hg 2-1 indicated that the melt would have exceeded the upper viscosity limit of 100 poise
(Figure la) and the upper liquidus temperature of 1050°C (Figure lb) had the glass composition
not been remediated to the value indicated by the Hg 2-2 glass analysis. Glass Hg 2-1 had been
sampled early in run 2 before the melt volume had completely turned over after the addition of the
NaOH. Moreover, Figure lc indicates that the remediation of the glass composition within the
process constraints did not adversely affect the glass durability, e.g. the calculated glass durability,
expressed as the glass free energy of hydration, remained a more positive value than -7 kcal/mole.
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product analysis.

Glass Durability

The triplicate glass durability analysis pH values shown in Figure 2 also retiect the changing alkali
content of the Hg campaign glass as a function of production run sequence. The leachate pH
changed significantly between campaign Hg 2-1 and Hg 2-2 when the excess NaOH addition to the
sludge became a significant contribution in the resulting glass. This is not surprising since excess

Na20 in the glass would cause excess OH" in the leachate which causes the leachate pH to become
more basic via the following reaction:

Na2SiO 3 + 2H20----_ 2Na+ + H2SiO 3 + 2OH" (2)

The pH corrected free energy of hydration was calculated from the glass composition and the

leaehate pH (Appendix I). 12 The pH corrected free energy of hydration was plotted as a function
of glass production run sequence for the IDMS-Hg glasses (Figure 3). A significant change in the

free energy of hydration, AGhy d, is noted between runs Hg 2-1 where the calculated value is
about -7 kcal/mole and Hg 2-2 where the calculated value is about -8 kcal/mole. The change in the

pH corrected AGhy d coincided with the the point at which the excess Na20 became a significant
contribution to the glass.
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A multielement solution standard was run after every 5 leachate samples. Analysis of the solution
standald data indicated that there was less than 0.5 ppm bias in the ICP analyses for Na, B, Li, Al,
and Fe and in the Atomic Absorption (AA) analyses for K. The data also indicated that there was
about a 1.4 ppm bias in the Na determinations made by AA and a -1.47 bias in the Si
determinations by ICP analysis (Appendix II).

The raw data used to convert the leachate concentrations to NC i is given in Appendix III. Boron

and lithium releases from glass are considered to be the most accurate indicators of glass durability
since these elements are leached from glass faster than any other elements. Boron is probably the
best indicator of glass durability because it does not saturate in the leachate and does not participate
in precipitation reactions caused by solution supersaturation. The elemental re!eases measured in
the leachates were checked for internal consistency by plotting the normalize.L releases for Li, Si,
Na, and K against the normalized releases of B (Figure 4). Normalized units are plotted since the
glasses before run Hg 2-2 are considerably different in composition than those after run Hg 2-2.
The plots of Li, Si, Na and K versus B were all consistent, e.g. if a given glass released a great
deal of B it, likewise, released a great deal of Li and/or Si, Na, or K. Figure 4 also demonstrates a
consistently high bias in the Na analyses by AA over the Na analyses by ICP.

The normalized elemental release of B was plotted against the pH corrected AGhy d. The elemental
release of B from the IDMS Hg glasses were compared with PCT results from previous
experimentation (Table 1 and Figure 5). The previous experimental results had been collected prior
to May 1989. Historical control charting of the ARM-1 standard glass indicated a shift in the
elemental releases for all elements in May 1989. This shift correlated with a change from PCT 2.0
to PCT 3.0 when a glass powder washing procedure was introduced to remove adhering fine
particles from the sieved glass. Since removal of the glass fines prior to conducting the durability
test biases the PCT 3.0 leachate data lower than the historic data, the historic data was bias
corrected to be consistent with the data derived from PCT 3.0.

The bias corrected normalized B release for the historic data and the PCT 3.0 leachate data for the

Hg glasses was plotted against the AGhy d calculated from the glass composition and the solution
pH. This comparison indicated that the glasses from the IDMS Hg-1 campaign (Hg 1-1, Hg 1-2
and Hg 1-3) and the glass from the fh'st sample of the Hg-2 campaign (Hg 2-1) were very similar
in durability to DWPF startup glass, 165 sludge-only glasses, and Frit 202 glass with excess
alkali (Figure 5). The remaining glasses in the Hg-2 campaign (Hg 2-2 and Hg 2-3) and in the
Hg-3 campaign (Hg 3-1, Hg 3-2, and Hg 3-3) were higher in Na20 content due to NaOH addition
during run Hg-2 and the excess PHA addition during run Hg-3 in order to adjust the glass
viscosity. These glasses were less durable than the Flit 202 glass with excess PHA but more
durable than 131 sludge-only glasses. Ali the IDMS Hg glasses are more durable than the glass
that was qualified in the DWPF Environmental Assessment (EA). 10 Comparisons of the data in
Table I for the average EA glass leachate concentrations and the data in Appendix I for the Hg
Campaign glasses indicates that the Hg Campaign glasses are over 20 times more durable than the
EA glass. The IDMS Hg campaign glasses would, therefore, meet current Waste Acceptance
Preliminary Specification (WAPS) criteria for product consistency.

- 15 -



..O.IO. 4.34,/

y _"2.1)S31e-2 * 0,113405X R*2 • 0.Ml /

Q • _/ y, . o.2sno, o.os_oo,n,_, o.74o_
/

-0.12 • •

-0.,10 • •

,.., .o.14 • • _a
,,,,; _ ,o,so, • •

o•0.1| O
..I -J •

O • _ • •

-0.40, • •

-0,,18

-0.20 ...... I -0.42 - _ .... ,, -,, . .... . . ,
-0.26 -0_24 -0_22 -0.20 .0.1il -0.10 -0.14 -O.t| -0.|4 -0,22 -0.|0 -0.111 -O,11 -0.14

LOGB (o_L.) LOGB (94.)

•O.2' .0.12

• ICP AnatyNs

-0.14 u_ AA An_fwm a

a O a o

•0.10 O •

-0.3 • a • O •

-0.10 •g _-
• • _ o

0 • 0 _ a o a
0 • • C

t t • .J a n • O •
-0.4' •

• • • .4.,12 a • o • a

tP o n O • •
• •

4.,14 • • •

• •

•O.S " ." '_ ...... "On ...... _..... - - -' '- ' - -
-O 26 -0:24 -0.22 .0.90 -0_18 -0.14 -0.14 -0.211 -0.|4 -0.2_ 4.20 -0.1 II -0.1 ii -0.14

LOGB (g/L) LOGB (g_l.)

Figure 4. Internal consistency of IDMS leachate analyses. Note that the II)MS leachate analyses
are significantly lower than the average values of Li, Na, B and Si for the EA glass
which are 189".1:17,1650+_131, and 576d:46, 882:!:105 ppm, respectively. See Table 1.

- 16 -



2011.8 y = - 1.5468 - 0.19414x R^2 = 0.978

1.6

1.4

1.2

1.0

..J
"_ 0.8
[3)

m 0.6
131 Stage 1 202 Excess0

Z 0,4 Alkali

(,_ 0.2 200R 165 Stage 1
O _Ik 165 Stage 1

0 As Made
"J 0.0

9 °#
-0.2 ARM-1 -"_ O O

DWPF Startup

-0.4 Frit 202 Stage 1
• ALLGLASSES

"0"60t & ENVIRONMENTALASSESSMENTGLASS

-0.8 O DATAPRIORTO5/89
II MERCURYCAMPAIGNS

"1 • . | - ! - | - | - | - w - ! - w • | - ! - | ii . i

-16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4

pH CORRECTED FREE ENERGY OF H'DRATION (Kcal/mole)

Figure 5. Correlation of the frcc energy of hydration, AGhy d, calculated from the glass
composition and the lcachatc pH, versus the logarithm of the normalized boron release
from glassesinvestigatedfortheDefenseWaste ProcessingFacility(DWPF). The
measureddurabilityvaluesfortheIDMS Hg-1,Hg-2,and Hg-3 campaignswithBatch
I sludge,PHA, and 202 ft'itarcoverlainforreference.

CONCLUSIONS

GlassesproducedduringthethreeIDMS Hg runcampaignswcrc producedusingtheDWPF
process/productmodels."lhcdurabilitymodel indicatedthattheglasseswould allbc more durable
thantheglassqualifiedintheDWPF EnvironmentalAssessment(EA). 'lhcmeasuredglass
durabilitydemonstratedthattheHg campaignglasseswcrc asdurableaspreviouslyexaminedFrit
202 PHA glassesand sludge-only165glassesand more durablethantheEA glass."lhcIDMS Hg
glasses,therefore,mcct the currentWaste AcceptancePreliminarySpecification(WAPS) 1.3
criteriaforcontrolofproductconsistency.

- 17 -



Table I. Calculated Free Energies of Hydration and PCT Durability of DWPF
Borosilicate Waste Glasses

pH Corrected
Free Energy Log Log Log Log
of Hydration NC(Si) NC(B) NC(Na) NC(Li)

Glass/Referen_£ (Kcal/mole) (g glass[J-leachate I DJ:[

EA Glass-Average -14.05 0.58 1.21 1.12 0.98 11.92 3.0
of 24 PCT Tests 20

202 Stage 1 -5.050 -0.53* -0.39* -0.51" -0.35 9.59 2.1
(AH-IO)
DPSTN-4724

165 Stage 1 -5.62 -0.32 -0.08 -0.14 -0.061 9.73 2.1W
(AH-165)
DPSTN-4630

165 Standard -6.72 -0.29* -0.12" -0.07* -0.14" 10.31 2.0
(Coming)
DPSTN-4575

DWPF Startup -6.39 -0.90* -0.22* -0.23* -0.33* 10.24 2.1
Frit-Remelted
DPSTN-4630

202-Stage 1 -6.99 -0.41" -0.11" -0.08* -0.16" 10.18 2.1
Excess Alkali
(Coming 202P)
DPSTN-4630

200 Average -9.41 -0.33 0.06 0.00 -0.01 10.55 2.1W
Radioactive
DPSTN-4570

131 Stage 1 -8.71 -0.51 0.14 0.10 0.02 10.43 2.1W
(AH 131)
DPSTN-4630

202-Stage 1 -5.08 -0.46* -0.28* -0.20 -0.24 9.79 2.1
(Coming 202G)
DPSTN-4631

Solutiondatacorrectedfor Si bias of -13.31ppm,B biasof -4.10ppm,Nabiasof -8.4ppm,andan Libias
of -3.34ppm;highersolutionvalueswerenotedwhenglassfineswerenotremovedfromthe meshedglass
priorto durabilitytesting_ 2.0 and2.1). PeT 2.1WindicatesPUTprocedure2.1with fines washing
andthesedataare directlycomparableto datafromPL'rF3.0withoutbiascorrection.
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APPENDIX I Measured Glass Compositions

o
8

. __o_o_g_g__oooooooooooo_ooooo_ooo
...... _ . _m__ _

,,,_** , o,oo, o ++_

_0___.00__0_000_00_ 0

00_ 0

___o__oo_m_o_ooo_oo_ g

i __0___00oo_000o00ooo0_

0ooo00--_0_o000000ooo0000o0oooo

3
: |___0_00__00_000_00_ _ 0

o_o_mm__OO_._O_OOO_OOm_

______o0____ •

" _ _ " _ _ ......... _ ......... _ . . . _ Q

_m U

o _ o_o_ ooo_o o oo ooo

. _ ,,

_"_,, ,, _

- 21 -



oo0oo_ 88_8 "

i ,o , o ,

-i_------oioooo-o--ooooooooo--O__mO O000_m_O00000_O00_
_Om_m_.O 000o0_0000000000oo

000_00 0000000000000000000

|

"ii " °........ "_.

_m_O_O,D_O0__O000000000_

o

l _ : _5o o o 0 00500 oO00000_OmO_O00000000000000000

_Om_O

_ 0___.__0_____'_

_-o_®_-_ooo_®ooooo_ooo-o § .

___0_000__00000_000_
_0___0000_000000_000_

_0___000_000000_000_ _

m • 0

o oo o oo

|_Oa '_'_'_ ....... 000 "0 _ 0 O_ 000_0 0

. k ,,

- 22 -



_ ,

.o._.ooooo.....ooooo.ooo.. .0000000000000000000

|
0__0 .. ._

O00000000_Om_O_g 000000000 0000000000• O00_O00_OgO00000_O00

, **,*** , ,, ,ooo* o .._

o_ooooooo

__000000..0.00_00_00000000000000

_0_0___0000_0000 _

_0_0_0_00__0_000_00_ _ v

  .ooo .....°ooooo .ooooooo.oo°. |

_...o.....o._oooo..oooooo.-ooo_

_ _ O0 _ 0000 _

.o o ..ooo®ooooo_oooooooo _

....... __ ._ .... _ ._ ._ ..... _ !

ooooo o og gg= ° I_o _ ..... o oo oo
ooo_o _

V

,, _.

- 23 -



i ..... T_' ' ' _ ..... ,

0_0_0 0000_0000000-'00_

o_o_o oooooo_oooooooooooo000_00 0000000000000000000

_ ,

0__0_000 0

,_,..° ........... _,,....., .....
_o_mmo_o°ooooo oooooooooooo

_ . oo

oooooo__o_oooooooooooooooooo

g__g__g____°_- .oo_gg_g_

. . . , . .... , . , , . , . , . . , , , , , , , . , , ,

o

__0__00_0_00_000_00_ 0

_000__0_00_0_0_000_00_

0000___0000_0000000_0_ • ii

v

_0 0 _0_0_00000_000000000000 m
Z

I
god.go _o o o I_- __ _ _ _ o_ ---o oOo_ ooo_o o

" _;,,:

24



o _°

oo..0000000000000000000

8

m ................

ooooooooo
• o_o_m--mo____ oooooomooo°°°°°°°°°°

-_ , __? , _? .

| It

i __OOm_O_O000_O_O0000000_ O.

___0_00_0_0_000_00_

_0__0000_00_000000000000

000000_0_0_000000000000000000

o

: |
_ _mmo_ om_oom_ _o_ooo_ooo_ o

_00_00_00000_000000_000_

m_mmm__m_moo_o_momooommoomm
____moooo_oooooooooo_

....... _;_ ._;;;_ .__;;;;

- o oo 3 ;
._ .... _ .........

,, _

I|

- 25 -



* _ I o , o , , t

O0 _ 0 0 0 0 0 0 0_ooo--oo__oo8oo_o8o8o8o_oo

_i _ 0000

o__o_ , .__oooo .oooo_ __

- _ ___o__8__ o8o8_888oo88_oo _8

. I..o.o._o..._oo_-.°.o.ooo..oo-_
_0__00_0_0000_0000000000_

0_____0__

o

_--.o.-...o..oooo..oooooo..ooo.

o ..o_o.ooooo_ooooooooo_oo _

_® ___o

0 _ _ _ 0 _ _ _

_o_ o_o_o_ ooo_o o oo ooo _ _ >

. _,,

- 26 -



0

__o_o_ooo__ooooowooom i
gg_gogogggogoSgooo g_go__-o o _ o o oooO00_OOg

....... 00000_0 _ 0 O0

I! _ i ooo o IIi 818 °t _ goo.lgl_gt gggglgg8

i t I1
---------o-ooo----ooo!l!!i!!_! i

__0_0_0_0000_0000000000_

_ 0 _ O_ O0

000000_0_00000000000000000000

O___O_O00_____

0

!

......................... , . . . ,

I lo o ilolotoooooloooooooooooo i

- Io

I ....... __ ........ ____ i ._.
i

! o-o_itloli- . tli_l Oo tl °l_- I i

i_-®_ ---o---o . .. .
t

Iii
- 27 -



- 28 -



0 O_ O0 0 0 0oo.--.-O,ooo_.oo 0888800800808880880 _
_ "_oooo_oo . oooooooooooo_oooood o

|

_ __° .......... .
_ _o_

2 _o"

| I1

w I _ _-__-__oo_ o_ o_ooo_ oo_ _

_m_O__O0_O_O0_O00_O0_
__O___mO00_O000000000_ 0

" 2

m_om_mm om

oooooo_omoooooooooooooooooooo

___O___O0_pO__
_0___0_00______

____000_0_0_000_00_

_" 0"''''"'_"--00 _0"0. 0.000.. 00..

_0_0__000_0000000_00_ 0

__0__0_00__0_000_00_ 0 _

_ '
_0__0_0000_000000_000_

•_._ ....................... __0 0_0_0_00000_000000000000

|$ m o

_oo<00 _

.... _oog_ __ g _ _8 o

|1 II _

- 29 -



• . , _ _ o

000000 _

_o, oo_oo9oooooooooooo_oooooo o
|

,'.'.',',','_ ". . " 4_

z _ _

| It

__-- °°°°-,_ooooooo.-o_o_io_o_oooo _o "oooooooooo

0000 0 0000
ooooooooooooooooooooooooo_oooo

1 "0_____0_____

__O_O__O0__O_O00_O00_

Io _

_,_,_o.o..oooo.....o_ooo..oo..i
__ O0 " "_ ......

_...o.......oooo...o,o,,,o.,o0.: i
. g

l

- 30 -



__-____gg_8°_®_°. . . o _ - _.

___°___-=_°°°°°_-__._o_ -_ ooooo -
0000000000000000000

|

, ooooo_m

..... w

w oo _ ooo oooooooooooo ' ' o

. _oooooooo _ |O_o

• _oo__m_moooo_oooooooooo_ o_ o
0

000000_0_00000000000000000000

.................._ ... . _ ..._ _----....
2

_0 _0_0_0_00000 000000000000

N

_0__0_0000_000000_000_

o-= = 2
_0 0_0_0_00000 000000000000 O

__._ .... .....

_o_ o'_ "_ " ""__ o_o • ' "_ " oo"" ooo0 0 0 0

II n _

_ ,,i_ _
0 oo:

- 31 -



• 00000_ 0

, _ , , , _ _ * ,

_= _ 8 oooo-®.ooooooo-oo_ o000000_0000000000o_ooo_-oo ooooooooooooooooo_ _o

|

ooooo_----.0._0--0"0. • . • gg =_ .

o

_gggg_g_gggg°°gg °°°°°°°°°°°°o
_00000000_000_i_ ........

.... Y_ __ ''_ '

| "1

_ 000000_

_ -- o oo_o_OOOOOO-O_
000000000 m

_ooooooooo " "ooooooooooooooooo

.._ ..... _

, !g_

| =
_=°°_°°_'_°°°°°_oooooo--oog _......... ., .... ,,,,

____00_0_00000_0_

____.....o._ooo..._.o o_0_0_0___0_ _ m

._o_...o...._.._oi___ _ _._

, _ _o
_o _ o" _ "_ ' ""__ o _ o " " "_ • o o _ • • •000 0 000

n II I

- 32 -



o_ _=_°_°°°_-_-°°°°°_-°°_
_o_ _m ooooooooNoooooooooooo0

oooooooooooooooooooooooooooooo..

|
_ _ 0

i ........ ,0'0

" !
_i ........ _ ' o_m_o__ m

| II
_0___0000'_0000000000_ 0

| - o

- o o__000000_0_00000000000000000000

B

_0__0_0000_000000_000_

______00____

_ _ 0
_ _ o

_ _o _o_o_ooooo_oooooooooooo _

; °_ o .....
ooo o o oo ooo _

n _

- 33 -



/,

/

_ ,
0

0 000_00_ O00000NO00000000000 00000000000000000000

_ o_o-o_o_ooo _

. ooo _ [_ 1
_o_ ...... _ .......

____00__0_000_00_

''"_'--''''.00.0_._0.000..000.

_m_o__m_ooo0_o000000000_ 0

._ o.o _ oooo oo _ _;_ _oooooo . _"oooo "oooooo ' 'ooooooooo ooooo_

___0___00__0__
momm_mmm_om_ooe_m_m_m_mm_m_

o

_0__0_00__0_000_00_ 0 j

o

_.-_...-o.o_.ooo._oooooooo.oo..,_e__e_oeooeee_eeeeeeeeeoee

_--.o.-.o.o..oooo._oooooo..ooo.

_o_-mm--mo_ooo_oo--o_ooo_moom_ _

_o<oooooooo o ooo o

• _ _ o

l!

- 34 -



o _ , o i _ _ , , , _ , o o , *

lt * ,

O0 O0
_g ---°--°°°°°°°°_°°oo888888oo_000_000000000000

, ,
o

_ _°-. __o_e §___ooooOOoooooo._§oo

i ....... 1

-_ o

_m___e_oooo_moooooooooo_ o

_ o oo o0o o

oooooo_o_oooooooooooooooooooo

___o___o0__o__
_o___o_0o______

= |

_000_

_0__0__000_000000 _ _

• • "_ "_ • " "_ ooo_o o o oo ooo
o_ o _ o_o _ _ >

n _ II

- 35 -



a

_ _-:__omooo "o_oodo_ ooooo "

_;;__8g_8_888_8888_8888_88
9e#c_eeeoeegeeeoeeeeeoeeeeeeoee e

o
8

e;

_ .............. ,,._

_°°°°°°°°°_oo _ ! |_ _
____00__0_000_

____00__00_000_ _ 0
_m__O__O000_O000000000 _ 0

[

_-..o_-.._..oo..-._o.ooo..!!. __00_ _0_ O0 _ 0 0

000000_0_000000000000000 0

_O__O__O_O_O0_O_

___0___00__0__

. oo o oo§ _§§

0

___0_00_0_0_000_

2

o _
II

- 36 -



o

,,,_
_goooooooooooooooooo_ooo

__o_o_o0__o_00o_00_

----o--_o.--_oo.--o._o--ooo..oo..

____o_oo_o_oo_ooo_oo_

o oo_ oo oooo

__o___oo__o__

_PPO___OOOPN_OOOOOOORO0_ 0 _ II

v

_---o_-_..o_.oooo._oooooo.-ooo.

_e _ gg 8g_ - o• __ .......................... p
_ . ---o_o.ooooo.oooooooooooo _

....... _._._ ........ _ ......... _:_|:• O

oo_g<gg_o .
= ..... g N

No_ '_ '_ • ' "g ...........
o . o_o_ ooo_o o oo ooo _ ff

- 37 -



- ooooo ggg_0,. , _ _

..... _, , , _ ....

i_....._o_ooo._..oooooo_oo.m_m_o oooo_oo0oooo_oo_
ooo--oo oooo0oooooooooooo8_ ;

i

. - - _..o o __ooooo.oooooooooooog _=_
m ooo ...... _ "oooo "oooooooooooo oooo_o o *"

_
g_ oooooooooooo

-, ...... ==.'g" .-

_ og_'_g gog _ oo
_o oooooooooooooooo 'o " "oooooooo _.

[ -...oo...o..o........ ._

_I_-_o-o-o--_--oo--_-o !: __
_0____00__
_00___000_0 _ 0 H

| -

.oo-._ ggoo..ooo _-ooo.
______00___ " " "_

g_g<ggogoggo _oooo oog gg_ _
_ _ _ _0

o _ o _o ooo_o oo ooo

- 38 -



APPENDIX II Leachate Multielement Standard Analyses

Element Concentration Run before Run before Run after 5 Run after 5 Run after 10 Run after 10 Run after 18 Run after 18

of Multielement Samples-1 Samples-2 Samples- 1 Samples-2 Samples.1 Samples-2 Samples.1 Samples-2
Standard ug/mL) u�/mL uglmL uglmL uglmL uglmL ug/mL ug/mL ug/mL

Na (ICP) 80.00 49.72 49.86 50.48 50.14 49.89 49.62 48.97 49.40
Na (AA) 81.82 52.32 52.16 52.82 61.49 51.49 49.51 51.00
SI 80.10 48.41 48.67 49.79 49.08 48.78 48.84 48.25 48.42
B 20. I 0 20.23 20.29 20.87 20.38 20.17 20.17 19.82 19.97
K I0.00 9.99 9.92 9.74 I0.00 9.85 9.66 9.24 9.77
LI I0.00 I0.01 I0.03 I0.18 I 0.08 9.97 9.98 9.78 9.88
AI 4.00 3.64 3.68 3.72 3.72 3.64 3.65 3.82 3.83
Fe 4.00 3.92 3.94 3.99 4.00 3.92 3.92 3.91 3.93

Eiomom Concentration Average Bias Average Bias Average Bias Average Bias
of Multlelemenlbefom LNchaIo aller 8 Laschato after 10 Leach_o after 18 Laschato

Standard Analysis Analyas_ Analyses Analyses
ug/mL ug/mL uglmL uglmL uglmL

Na (ICP) 50.00 -0.21 0.31 -0.40 -0.82
Na (AA) 2.07 2.49 1.49 0.26
Si 80. I 0 - 1.86 -0.68 - I. 44 - 1.77
8 20.10 0.10 0.38 0.07 -0.21
K 10.00 -0.08 -0.13 -0.28 -0.50
LI 10.00 0.02 0.12 -0.02 -0.17
AI 4.00 -0.35 -0.28 -0.98 -0.98

4.00 -0.07 0.00 -0.08 -0.08

Element Concentration Run after 20 Run after 20 Run after 25 Run after 25 ELEMENT TOTAL AVERAGE
of Multielement Samples- 1 Samples-2 Samples. 1 _amples.2 BIAS

Standard ug/mL) ug/mL ug/mL ug/mL ug/mL uglmL

Na (ICP) 50.00 49.43 49.31 49.69 49.48 Na (ICP) -0.38
Na (AA) 51.33 51.00 51.82 50.00 Na (AA) 1.40
SI 50.10 48.79 48.41 48.34 48.14 81 - 1.47
B 20.10 19.90 19.84 19.93 19.85 B -0.01
K 10.00 9.87 10.35 9.9 10.03 K -0.14
Lt 10.00 9.88 9.85 9.94 9.89 Li -O.O5
AI 4.00 3.58 3.60 3.55 3.50 A I -0.37
Fe 4.00 3.91 3.96 3.9 3.9 Fo -0.07

Elemenl Concentration Average Bias Average Bias
of Multielement after 20 Leachate after 26 Leachate

Standard Analyses Analyses

ug/mL ug/mL ug/mL

Na (ICP) 50,00 -0.63 -0.42
Na (AA) 1.18 0.91
SI 50.10 1.50 -1.86
B 20.10 -0.23 -0.21
K 10.00 0.11 -0.04

LI 10.00 -0.14 -0.09
Al 4.00 -0.41 -0.45
Rp 4.00 -0.07 -0.I0
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APPENDIX III Leachate Data for the IDMS Hg Campaigns 1, 2, 3

GLASS ADS tt NOTEBOOK/REF 8 CALCULATED AVG.CALC. CALCULATEDCALCULATED AVG. CALC.
ANALYSIS FREEEMS:IGYFREEENERGYFREEENERGY_ ENERGYFREEENERGY
lD'8 HYDRATION HYDRATION HYDRATION HYDRATION HYDRATION

wlo pH wlo pH SI DISS. pl4 ;i. B DISS. pl WITH pH

HG-I-IA 200057660 DPSTN-4771 -4.62 -5.48 -7.20
HG-I-IB 200057661 OPSTN4771 -4.82 -5.50 -7.25

-5.52 -7.29

HG-1-1 -AVG -4.72 -7.25

HG-1-2A 200057863 DPSTN-4771 -4.75 -5.34 -7.05
HG-1-2B 200057664 DPSTN-4771 -4.42 -5.33 -7.02

-5.32 -7.00

HG- 1-2-AVG -4.58 -7.02

HG-1-3-7-1 200057665 DF.;TN-4771 -4.54 -5.31 -7.00
HG-_-3-7-2 200057666 OPSTN4771 -4.56 -5.31 -7.00

-5.31 -7.00
HG- 1-3.rAVG -4.56 - 7.00

HG-2-1-7-1 200057668 DPSTN-4771 -4.41 -5.23 -6.98
HG-2-1-7-2 200057669 OP)TN-4771 -4.46 -5.f.2 -6.96

-5.23 -6.98

HG-2-1-AVG -4.43 -6.98

HG-2-2-7-1 200057671 DPSTN-4771 -4.61 -5.73 -7.63
HG-2-2-7-2 200057673 DPSTN-4771 -4.66 -5.78 -7.93

-5.78 -7.93

HG-2-2-AVG -4.64 - 7.90

HG-2-3-7-1 200057675 DPSTN4771 -4.62 -5.83 -7.95
HG-2-3-7-2 200057676 DPSTN-4771 -4.84 -5.85 -7.97

-5.81 -7.90

HG-2-3-AVG -4.73 -7.94

HG-3-1-7-1 200057677 DPSTN-4771 -4.72 -5.83 -7.96
HG-3-1-7-2 200057678 DPSTN-4771 -4.72 -5.85 -7.98

-5.86 -8.01

HG-3-1-AVG -4.72 -7.98

HG-3-2-7-1 200057679 DPSTN-4771 -4.75 -5.62 -7.92
HG-3-2-7-2 200057680 DPSTN-4771 -4.71 -5.82 -7.92

-5.86 -8.00

HG-3-2-AVG -4.73 -7.95

HG-3-3-7-1 200057791 DPSTN4771 -4.80 -5.86 -7.93
HG-3-3-7-2 200057682 DPSTN-4771 -4.78 -5.86 -7.93
HG-3-3-AVG -5.87 -7.95

-4.79 -7.94
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GLASS BWT.% LIWT.% NaWT.% 8iWT.% KW1".%
ANALYSIS IN GLA88 IN GLASS IN GLASS IN GLASS IN GLASS
ID'8

HG-I-IA 2.17 2.08 6.78 25.33 2.22
HG-1-18 2.21 2.03 5.85 23.53 2.22

HG-I-1 -AVG 2.19 2.05 6.82 24.43 2.22

HG-1-2A 2.16 2.15 6.61 25.86 2.91
HG-1-2B 2.17 2,15 6.43 25.80 2.18

HG-1-2-AVG 2.17 2.15 6.52 25.8? 2.55

HG-1-3-7.1 2.18 2.17 6.59 25.92 2.15
HG-1-3-7-2 2.16 2.34 6.56 25.71 2.17

HG-1-3-AVG 2.17 2.26 6.57 25.81 2.16

HG-2-1-7.1 2.13 2.15 5.55 25.94 2.03
HG-2-1-7-2 2.13 2.15 6.59 25.83 2.05

HG-2-1-AVG 2.13 2.15 6.57 25.09 2.04

HG-2-2-7.1 1.92 2.10 7.80 25.72 1.56
HG-2-2-7.2 1.g3 2.09 7.93 25.55 1.52

HG-2-2-AVG 1.93 2.10 7.57 25.63 1.54

HG-2-3-7.1 1.g0 2.09 7.73 25.59 1.51
HG-2-3- 7-2 1.90 2.09 7.8g 25.56 1.51

HG-2-3.AVG 1.90 2.09 7.81 25.58 1.51

HG-3-1-7.1 1.91 2.03 7.49 24.97 1.67
HG-3-1-7-2 1.92 2.03 7.51 24.96 1.6w

HG-3-1 -AVG 1.92 2.03 7.50 24.96 1.68

HG-3.2.7-1 1.95 1.99 7.36 24.86 1_89
HG-3.2-7.2 1.96 2.01 7.27 24.89 1.83

HG-3-2-AVG 1.95 2.00 7.32 24.8? 1.86

HG-3-3-7-1 2,01 2.02 7.18 24.96 1.96
HG-3-3-7.2 2.00 2.02 7.23 25.03 1.94

HG-3-3-AVG 2.00 2.02 7.20 24.99 1.95
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PCT LEACHATE ADS 8 RZgF.ARCH_ NOTEBOOtOREF _ PCT MEASURB) MEASURED NORMALIZED LOGNOFBL
lD8 VERSION pH B (ICP) B (ICP) U (ICP)

(ppm) (g/L) (g/L)

HG-1-1-7-1 200052676 B.J. Waters DPSTN-4789 3.0 10.41 14.37 0.65 -0.18
HG-1-1-7-2 200052677 BJ. Wsters DPSTN-4789 3.0 10.43 14.99 0.69 -0.16
HG-1-1-7-3 200052678 BJ. WsWrs OPSTN-4789 3.0 10.45 15.32 0.70 -0.15
HG-1-1 -AVG 10.43 14.89 0.68 -0.17

HG-1-2-7-1 200052879 B.J. Waters DPSTN-4789 $.0 10.40 15.65 0.72 -0.14
HG-1-2-7-2 200052880 B_J.Watl_s DPSTN-4789 3.0 10.39 15.71 0.73 -0.14
HG-1-2-7-3 200052681 B.J. Waters DPSTN-4789 3,0 10.38 15.91 0.73 -0.13
HG-1-2-AVG 10.39 1S.76 0.73 -0.14

HG-1-3-7-1 200052684 B.J. Waters DPSTN-4789 $.0 10.39 14.81 0.66 -0.17
HG-1-3-7-2 200052885 BJ. Waters DPSTN-4789 3.0 10.39 14.74 0,68 -0.17
HG-1-3-7-3 200052686 BJ. Water, DPSTN-4789 3.0 10.39 14.93 0.69 -0.18
HG-1-3-AVG 10.39 14.83 0.68 -0.17

HG-2-1-7-1 200052687 BJ. WsWs WSRC-NB-90-271 $.0 10.44 14.15 0.86 -0.18
HG-2-1-7-2 200052688 BJ. Waters WSRC-NB-90-271 3.0 10.43 14.75 0.89 -0.16
HG-2-1-7-3 200052689 BJ. WsWs WSRC-NB-90-271 $.0 10.44 15.20 0.71 -0.15
HG-2-1 -AVG 10.44 14.70 0.69 -0.16

HG-2-2-7-1 200052692 BJ. WsWrs WSRC-NB-90-271 $.0 10.70 14.85 0.77 -0.11
HG-2-2-?-2 200052699 B,J. Wstws WSRC-NB-90-271 9.0 10.74 14.87 0.77 -0.11
HG-2-2-7-3 200052694 BJ. Wslers WSRC-NB-90-271 $.0 10,74 14.86 0.77 -0.11
HG-2-2-AVG 10.73 14.86 "0.77 -0.11

HG-2-3-7-1 200052695 BJ. Waters WSRC-NB-90-271 3.0 10.71 15.02 0.79 -0.10
HG-2-3-7-2 200052696 BJ. Watsrs WSRC-NB-90-271 9.0 10.72 14.94 0.79 -0.10
HG-2-3-7-3 200052697 B,J. Waters WSRC-NB-90-271 3.0 10.69 14.96 0.79 -0.10
HG-2-3-AVG 10.71 14.97 0.79 -0.10

HG-3-1-7-1 200052700 BJ. Water, WSRC-NB-90-271 3.0 10.72 14.08 0.74 -0.13
HG-3-1-7-2 200052701 B_J.Waters WSRC-NB-90-271 3.0 10.73 14.38 0.75 -0.13
HG-3-1-7-3 200052702 B_. Waters WSRC-NB-90-271 9.0 10.74 14.86 0.78 -0.11
HG-3-1-AVG 10.73 14.43 0.75 -0.12

HG-3-2-7-1 200052703 B.J. Waters WSRC-NB-90-271 3.0 10.70 15.96 0.79 -0.10
HG-3-2-7-2 200052704 BJ. Waters WSRC-NB-90-271 S.0 10.70 15.04 0.77 -0.11
HG-3-2-7-3 200052705 BJ. Waters WSRC-NB-90-271 3.0 10.73 15.19 0,78 .0.11
HG-3-2-AVG 10.71 15.20 0.78 -0.11

HG-3-3-7-1 200052709 BJ. Waters WSRC-NB-90-271 3.0 10.68 14.24 0.71 -0.15
HG-3-3-7-2 200052710 B_J.Watlrs WSRC-NB-90-271 3.0 10.68 14.80 0.73 -0.14
HG-3-3-7-3 200052712 B.J. Waters WSRC-NB-90-271 3.0 10.69 15.09 0.75 -0.12
HG-3-3-AVG 10.88 14.64 0.73 -0.14
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PCTLEACNATE MEASURED NORMALIZED LOGM:RM. _ NONtlALJ2XD LOGNORM.
IDS LI (ICP) LI (ICP) LI (ICP) K (AA) K (AA) K (AA)

(ppm) (g/L) (g/L) (ppm) (g/L) (g/L)

HG- 1.1.7-1 13.14 0.64 -0.19 8.80 0.40 -0.40
HG- 1.1.7-2 13.64 0.66 -0.1 a 9.43 0.42 -0.3 7
HG- 1-1.7.3 13.89 0.68 -0.17 9.65 0.43 -0.36
HG-I-I-AVG 13.56 0.66 -0.18 9.29 0.42 -0.38

HG-1.2-7.1 14.44 0.67 -0.17 9.29 0.36 -0.44
HG- 1-2- 7-2 14.46 0.67 -0.17 0.25 0.36 -0.44
HG-1-2- 7.3 14.63 0.68 -0.17 8.95 0.35 -0.45
HG.I.2-AVG 14.51 0.67 -0.17 9.16 0.36 -0.44

HG- 1-3- 7-1 14.00 0.62 -0.21 8.94 0.41 -0.38
HG- 1-3- 7-2 13.90 0.62 -0.21 8.90 0.41 -0.38
HG- 1-3- 7-3 14.07 0.62 -0.20 8.95 0.41 -0.38
HG- 1-3.AVG 13.99 0.52 -0.21 8.93 0.41 -0.38

HG.2.1.7.1 13.39 0.62 -0.21 6.08 0.40 -0.40
HG-2.1.7-2 13.88 0.65 -0.19 8.30 0.41 -0.39
HG-2. 1-7-3 14.28 0.66 -0.18 8.72 0.43 -0.37
HG-2-1.AVG 13.85 0.64 -0.19 8.37 0.41 -0.39

HG-2.2.7-1 15.20 0.73 -0.14 7.03 0.46 -0.34
HG-2-2-7.2 15.25 0.73 -0.14 7.01 0.46 -0.34
HG.2-2.7-3 15.21 0.73 -0.14 6.00 0.45 -0.35
HG-2-2-AVG 15.22 0.73 -0,14 6.98 0.45 -0.34

HG.2.3- 7.1 15,12 0.72 -0.14 7.38 0.49 -0.31
HG-2-3- 7.2 14.92 0.71 -0.15 5.41 0.42 -0.37
HG-2 -3- 7-3 14.90 0.71 -0. I 5 6.65 0.44 -0.36
HG-2-3-AVG 14.98 0.72 -0.14 6.61 0.45 -0.35

HG-3-1.7-1 14.22 0.70 -0.15 7.38 0.44 -0.36
HG.3.1-7-2 14.51 0.71 -0.15 7.71 0.46 -0.34
HG-3. 1-7-3 14.90 0.73 -0.13 8.16 0.49 -0.31
HG.3-1 -AVG 14.54 0.72 -0.14 7.75 0.46 -0.34

HG-3-2.7-1 14.57 0.73 -0.14 10.16 0.55 -0.26
HG-3.2.7-2 14.46 0.72 -0.14 _.24 0.44 -0.35
HG-3- 2.7-3 14.63 0.73 -0.14 6.28 0.45 -0.35
HG-3-2-AVG 14.55 0.73 -0.14 8.89 0.48 -0.32

HG.3.3-7.1 13.45 0.67 -0.18 8.30 0.43 -0.37
HG-3-3.7-2 13.76 0.68 -0.17 8.79 0.45 -0.35
HG-3-3-7.3 14.12 0.70 -0.16 8.98 0.46 -0.34
HG-3-3-AVG 13.78 0.68 -0.17 8.69 0.45 -0.35

-44 -



PCTLEACHATE ;4SkSURmNORMALrr.OL:_NOmL WASUREDNOmU_.C,EOLOONOF_ MF.ASUFm)NORMAUP.EOLOONOF_
lD8 Nii (ICP) Na(ICP) ;_l (ICP) Na(AA) Na(AA) Na(,tA) Si (iCP) 81 (ICP) 81(ICP)

(ppm) (li/L) (o/L) (ppm) (g/L) (g/L) (ppm) (g/L) (g/L)

HG-1-1-7-1 43.81 0.64 -0.19 45.70 0.67 -0.17 91.22 0.37 -0.43
HG-1-1-7-2 45.60 0.67 -0.17 47.68 0.70 -0.16 94.34 0.39 -0.41
HG-1-1-7-3 46.76 0.69 -0.16 49.18 0.72 -0.14 95.70 0.39 -0.41
HG-I-I-AVG 45.39 0.67 -0.t8 47.52 0.70 -0.16 93.75 0.38 -0.42

HG-1-2-7-1 45.29 0.69 -0.16 46.36 0.71 -0.15 100.06 0.39 -0.41
HG-1-2-7-2 45.11 0.69 -0.16 47.85 0.73 -0.13 99.67 0.38 -0.41
HG-1-2-7-3 45.51 0._'0 -0.16 48.02 0.74 -0.13 100.58 0.39 -0.41
HG-I-2-AVG 45.30 0.69 -0.16 47.41 0.73 -0.14 100.10 0.39 -0.41

HG-1-3-7-1 42.99 0.65 -0.16 44.04 0.67 -0.17 96.23 0.37 -0.43
HG-1-3-7-2 42.62 0.65 -0.19 44.70 0.68 -0.17 94.12 0.36 -0.44
HG-1-3-7-3 43.17 0.66 -0.18 44.54 0.68 -0.17 95.19 0.37 -0.43
HG-1-3-AVG 42.93 0.65 -0.19 44.43 0.68 -0.17 95.1a 0.37 -0.43

HG.2.1.7-1 42.61 0.65 -0.19 44.37 0.66 -0.17 93.23 0.36 -0.44
HG-2-1-7-2 44.45 0.68 -0.17 46.53 0.71 -0.15 96.86 0,37 -0.43
HG-2-1-7-3 45.76 0.70 -0.16 46.69 0.71 -0.15 99.86 0.39 -0.41
HG-2-1-AVG 44.27 0.67 -0.17 45.86 0.70 -0.16 96.65 0.37 -0.43

HG-2-2-7-1 62.62 0.80 -0.10 64.90 0.83 -0.06 105.23 0.41 -0.39
HG-2-2-7-2 62.84 0.80 -0.10 65.07 0.83 -0.08 105.36 0.41 -0.39
HG-2-2-7-3 62.57 0.60 -0.10 63.41 0.81 -0.09 104.75 0.41 -0.39
HG-2-2-AVG 62.74 0.80 -0.10 64.46 0.82 -0.09 105.11 0.41 -0.39

HG-2-3-7-1 61.76 0.79 -0.10 62.59 0.80 -0.10 105.40 0.41 -0.38
HG-2-3-7-2 61.31 0.79 -0.11 62.09 0.80 -0.10 106.75 0.42 -0.36
HG-2-3-7-3 61.29 0.78 -0.11 61.76 0.79 -0.10 106.34 0.42 -0.38
HG-2-3-AVG 61.45 0.79 -0.10 62.15 0.80 -0,10 106.16 0.42 -0.38

HG-3-1-7-1 56.49 0.75 -0.12 57.05 0.77 -0.11 98.54 0.39 .0.40
HG-3-I-7-2 57.79 0.77 -0.11 60.10 0.80 -0.I0 100.20 0.40 -0.40
HG-3-1-7-3 59.48 0.79 -0.10 60.76 0,81 -0.09 I02.09 0.41 -0.39
HG-3-I-AVG 57,02 0.77 -0.11 59.60 0,70 -0.10 100.28 0.40 -0.40

HG-3-2-7-I 56.73 0.78 -0.I I 58.45 0.80 -0.I0 100.08 0,40 -0.40
HG-3-2-7-2 56.18 0.77 -0.I I 56.79 0.78 -0.11 99.61 O,40 -0.40
HG-3-2-7-3 56.78 0.78 -0.I I 58,12 0.79 -0.I0 99.89 0.40 ,0.40
HG-3-2-AVG 56.56 0.77 -0.I I 57,70 0.79 -0.10 99.86 0.40 -0.40

HG-3-3-7-I 51.57 0.72 -0,15 53.31 0.74 -0.13 92.48 0.37 -0.43
HG-3-3-7-2 53.00 0.74 -0,13 54.07 0.76 -0.12 95.15 0,38 -0.42
HG-3-3-7-3 54.66 0.76 -0.12 54.14 0.75 -0.12 97.49 0.39 -0.41
HG-3-3-AVG 53.08 0.74 -0.13 54.14 0.75 -0.12 05.04 0.38 -0.42
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