\55!“{9\{ o 1 of 68

Experimental Work Conducted on MgO Long-Term
Hydration

2008 Milestone Report
Haoran Deng,' Yongliang Xiong,' and Martin Nemer?, Shelly Johnsen'

1. Repository Performance Dept. 6712
2. Performance Assessment and Decision Analysis Dept. 6711
Sandia National Laboratories
Carlsbad Programs Group
Carlsbad, NM 88220

L/ o/65 L4

WIPP:1.4.1.2:PA:QA-L:543261 54/ 3357 o
Llyel/oT

[ of 140




Author:

Author:

Author;

Author:

Technical Reviewer:

QA Reviewer:

Management Reviewer:

APPROVAL PAGE

Dece..,

Haoran Deng, 6712

i) Xiof~

‘f’onéliang deng, 6712

Martin Nemer, 6711

NG

Shelly J. ohééen, 671y
¢, A

Gv/ég Réselle, 6712

Marid J. Chavez, 6710  (_J

/m/w ::Qu%

%ﬁstl Leigh, 6712

2 0f 68

§-27~07
Date

MA&L 271/ o/

Date

5’27”05,L

Date

S-2709

Date

5‘/21 ?/:’m* 7

Date

5@7@%

Date

P17

Date /




30f68

TABLE OF CONTENTS
APPROVAL PAGE ...ttt sttt sttt re e ese bbb s s sa et 2
TABLE OF CONTENTS ...ttt sttt et et ssesee e sene e sseesnesaessesasonesasasbesassssenaan 3
LIST OF FIGURES ...ttt ettt s sve sttt ae s e e s st sassaennes st ssssasesbesssansaneas 4
LIST OF TABLES ...ttt ettt sese et ss e sae st sss st st e sas b s s sb s sansasasennes 6
1 INTRODUCTION ..ottt steste st see e e st st essessessesanenesotensesesssssasanssssansessssasessan 7
2 DESCRIPTION OF THE LONG-TERM INUNDATED HYDRATION EXPERIMENTS ...... 8
2.1 EXPErIMENE MALTIX ..vecvverrerieeeiereireereenreeseesseesesseeseressessessssessessaesseassesssesssesseeesssssess 8
2.2 Experimental ProCEAUIES ........cccueeiiieeierierteieetese ettt ceccnesssessresnesnessanesnis 10
3 EXPERIMENTAL RESULTS ...ttt seeese sttt eseeseeeseestesssssssaesassansnnsnis 11
3.1 Phase Identification Based on XRD Patterns.........cccoeeevrrveneeneecrenreccrnecnionuennnnennens 11
F2SEM ottt sttt b e sa st b s 25
3 DH et b e s 42
4 TheTMOAYNAIMICS........cccveieeiierieiereeecretecteee et ee e ereessstse s essessessesaessassassesssansessensesanesesntens 44
4.1 Dissussion of phase 3 and phase 5.........ccccoevereevnrcrnineniinieeireeeseenens 44
4.2 Saturation index of phase 5, phase 3 and brucite.........c.cccoceeuviiiniivniierineneinene. 45
4.3 Relative stability of phase 5, phase 3 and brucite..........cccevevereevcenenenccrneeininins 52
S REFERENCES ...ttt sttt se et st e et s st sas s b asns s ben 63
AP PEN D X A e e e e 65

APPENDIX B o 68




Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.

Figure 21.

4 of 68

LIST OF FIGURES
XRDs 0f series ER3L ....cccooiiiiiiiieireteteeeteccie sttt svs s saae e 13
XRDs 0f s€ries ER3M ......coiiiiiiiiiiirieicevete ettt sttt setesse s st ssasssae s saeeas 14
XRDs of series ER20S ........oooiioiiieeieeeeeese ettt ettt sas s b saneas 15
XRDs of series ER20M ........ccvioiiieiiienieeeieetesieeteeteereesee ettt sse e ess s ne s 16
XRDS 0f SETIES GW3M ..ottt sttt st ettt s saesasesas e an s sresane s 17
XRDS 0f SEIEs GW3S ...ttt sttt s sa e en 18
XRD’S Of SETIES GW20L ...ttt cr et ae s sae e re s ees 19
XRDs Of SEIIES GW20M .....cviiiiiiiieieeieeciterre s ete ettt e e e eeesnsesbessss s saesnbesnbsaens 20
XRDs 0f S€ries MECI20L......cc.cooiiieriiiieeeeeerneeeererre ettt srestene s st ssas e re s ennens 21
XRD 0f s€ries MECI3M ......ooiuiiciiiieieereie ettt sitesatesas et snesanesanssan s ens 22
XRDs Of S€ries MECI3S. ....eeoiiieieeeeee ettt et ee e s e e snessseseee et eseressessbsssasoons 23
XRDs of series MZCI20M NUMDBELS .......cccceeueererieenieiieieeieenrceeeree e nes 24
Image of Martin Marietta MgO before hydration. ..........cocceecvveviviininiininniiniieinnn. 26
SEM image of sample ER3M7.......ccovoiriinienenieenienieiiccreeecie e eren 28
Higher magnification of Figure 14 ..........ocooovioieiieiiiniiieeneeeenrctcnrecreacene e 29
SEM image of a piece of sample ER20S15.......cccooeienienncnniniiiiiniinnreecrene, 31
Same as Figure 16, at a different Scale. ..........coccveeveerienieinreesiennienereeeeiessesessne e 30
SEM image of sSample GW3S7T......ocuiiiiiieeieeeeeete et senesasesss s sne s 32
SEM image showing a detailed view of region (2a) from Figure 18......................... 33
EDS spectra of area shown in Figure 19. .......ccccocevivnvnniiiniiiiiicicneicennnns 34

Interior of Martin Marietta MgO particle shown in Figure 18........c.cccooovveininnnnnnnn. 35



Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.

Figure 31.

Figure 32

Figure 33

50f68

Detailed view of FIGUIE 21.. ......c.ooviviiiiiieecieetceeeeeete et se et se e e sse e saenas 36
Detailed view of the interior of a partially hydrated Martin Marietta MgO particle.. 37
SEM image of sample MECI23MI L......ccoororeeriiienieieiinieenteieisieieeeeeeeeesesseseseesaesennes 38
SEM image of sample MgCI23MIL1....c..coiiiiniieirieiniccteeceeeeneeeseecsiseenesesneseanes 39
SEM image of a particle from sample GW20L11.....c.ccccveiviiirerinrenrerieereneeneeeereenens 40
Back-scattered electron (BEC) image of the exterior of a particle from GW20L11.. 41
Saturation index for MgO hydrated in GWB brine. ........ccocoveerirenenenceeieneenenencenes 49
Saturation index for MgO hydrated in simplified GWB brine........c.cccceervenrcnenncacee 51
Phase diagrams for phase-5, phase-3 and brucite.........coceceeeevenerenecnencnnieniercnnenenes 54
MgO hydrated in GWB. ...........cccverrrrrrrrrrs OSSOSO 57
MgO hydrated in simplified GWB. ......c..cociiieiiniieinecceee et seeaens 59
MgO hydrated in ERDA-6. ........cocvieerereereereereetiereiertesieste e seeeae s esessessessessesssessans 61




LIST OF TABLES

Table 1. Long-term inundated hydration experiment MatriX..........cccceeevverereremrisinieerisesnsneeenn. 9



7 of 68

1 INTRODUCTION

Magnesium oxide (MgQO) is being emplaced in the WIPP as an engineered barrier to
sequester carbon dioxide (CO) that could potentially be generated by microbial consumption of
the cellulose, plastic and rubber in the repository. MgO also consumes water in brine or water
vapor in the gas phase to form brucite, Mg(OH), The brucite dissolution reaction will buffer pH
to a slightly alkaline pH (U.S. DOE, 2004), which directly affects actinide speciation and
solubility. The strong reducing conditions created by anoxic iron corrosion, low fco, and the

mildly basic brine will result in low actinide (An) solubility.

A series of experiments have been conducted at SNL to verify the efficacy of MgO from
Martin Marietta Magnesia Specialties LLC (Martin Marietta) under test plan TP 06-03. There
are three tasks in TP 06-03: MgO characterization, MgQ hydration, and MgO carbonation. MgO
characterization, accelerated MgO hydration under inundated conditions were completed and
reported in the last milestone report (Deng et al., 2008). Currently three experiments are being
carried out: humid hydration, long-term inundated hydration, and MgO carbonation. Only the
long-term inundated hydration data will be discussed in this report. The other two sets of
experiments will be reported at a later time when more data is collected.

Particle size, solid-to-liquid ratio, and stir speed may all influence MgO hydration
kinetics. Accelerated-MgO-hydration experiments were carried out with two MgO patrticle sizes,
three solid-to-liquid ratios and two stir speeds in de-ionized (DI) water at 70 °C (Deng et al.,
2008). We found that the MgO particle size is the most important factor affecting the hydration
rate while the solid-to-liquid ratio, and stir speed do not have a significant effect on the hydration
rate. Based on these results, we designed a long-term-MgO-hydration experimental matrix
where the effect of the MgO particle size would be carefully tested. The fractional-factorial
(Box et al., 1978) experimental matrix was designed to test the hydration rate with three MgO
particle sizes and two solid-to-liquid ratios in three WIPP-related brines. EQ3/6 was used to
simulate the reaction path way of MgO hydration and carbonation in a closed system containing
brine and atmospheric carbon dioxide by titrating periclase into the system. This activity is
covered by analysis plan AP-108 (Nowak, 2003). This work is a deviation from that analysis
plan where no EQ3/6 or FMT runs were originally planned. Experimentally measured pH, Mg
, and CI’ concentration, and the phase assemblage of hydration products are compared with the
modeling predictions.




2 DESCRIPTION OF THE LONG-TERM INUNDATED HYDRATION EXPERIMENTS

2.1 Experiment matrix

A fractional-factorial (Box et al., 1978) experimental matrix was designed to test the
hydration rate with three MgO particle sizes and two solid-to-liquid ratios in three WIPP-related
brines. MgO sieved into three particle sizes was tested in this experiment. The as-received MgO
(referred to as mix in the report), and two MgO particle sizes with the highest weight fractions
were used. The larger particle-size MgO had particles with diameters between 1.0 - 2.0 mm
(mesh 10 and 18), which accounted for 32 wt % of the as-received MM MgO. The smaller
particle-size MgO had particles with diameters less than 75 um (mesh 200), which accounted for
18 wt % of the as-received MM MgO (see Section 3 of Deng et al., 2008).

Two WIPP-relevant MgO-to-brine ratios, 3 g/11 ml and 3.1 g/77 ml, were used in the
long-term inundated-hydration experiments. Nemer (2006) has shown that a range of 0.001 g
MgO/ml to 10 g MgO/ml brackets the expected range of MgO-to-brine ratios in WIPP. As
shown in Nemer (2006), a more practical solid-to-liquid ratio is found by dividing the amount of
MgO assumed to be emplaced in each panel by the minimum brine volume needed for a direct
brine release (Stein, 2004). This solid-to-brine ratio is 4 g MgO/ml. However, we observed that
0.4 g MgO/ml of water was barely enough to cover the solids in the accelerated-inundated
hydration experiment. Therefore we used a 3 g/l1 ml ratio in the long-term hydration
experiment. The 3.1 g MgO/ 77 ml brine MgO-to-brine ratio is comparable to the Sg
MgO/100ml water MgO-to-water ratio used in our accelerated-inundated hydration experiments,
which enables us to compare results.

Three brines were used in the experiment: GWB, ERDA-6 and simplified GWB. The
brine GWB is a brine that approximates the brine in the Salado formation. The brine ERDA-6 is
a brine that approximates the brine in the Castile formation. Simplified GWB is a brine that
contains the major cations of GWB. SP 20-4 contains recipes and references for the three brines.

Table 1 describes the experimental matrix. The sample name reflects the brine, the MgO-to-
brine ratio and MgO particle size used in the experiment. GW, ER, and MgCl represent the three
brines: GWB, ERDA-6, and simplified GWB. Next the number 3 or 20 represents MgO-to-
brine-ratio 3 g/11 ml or 3.1 g/77 ml. Last, the letters S, M, and L represent the MgO particle
size: small (S), mixed (M, as received Martin Marietta MgO) or large (L). For example, GW3S
means GWB brine, 3 g MgO/11 ml brine, small MgO particles. A serial number is also given to
each sample to make the sample identification unique, such as GW3SI1.




Table 1. Long-term inundated hydration experiment matrix
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MgO(g)/Brine
Particle (ml) Ratio
Experiment ID Brine Size? (g/ml)3
1 GW3S GWB small 3/11
2 ER20S ERDA-6 small 3.1/77
Simplfied'
3 MgCl13S GWB small 3/11
4 GW20M GWB mix 3.1/77
5 ER3M ERDA-6 mix 3/11
Simplified
6 MgCI20M GWB mix 3.1/77
7 GW20L GWB large 3.1/77
8 ER3L ERDA-6 large 3.1/77
Simplified
9 MgCL20L GWB large 3.1/77
10 GW3M GWB mix 3/11
11 ER20M ERDA-6 mix 3.1/77
Simplified
12 MgCI3M GWB mix 3/11

1. Simplified GWB is a 1 M MgCl, + 3.6 M NaCl solution.

2. Particle size “large” represents MgO with diameters between 1.0 - 2.0 mm. Particle size
“small” represents MgO with diameters less than 75um. Particle size “mix” represents as
received MgO, never sieved.

3. Samples with MgO/brine ratio 3/11 contained 3 + 0.05g of MM MgO and 11 + 1ml of brine.
Samples with MgO/brine ratio 3.1/77 contained 3.1 = 0.05g of MM MgO and 77 + 2ml of

brine.




2.2 Experimental Procedures

Martin Marietta MagChem 10 WTS MgO (MM MgO), which is currently being
emplaced in WIPP, has been used throughout the experiment. Wheaton HDPE serum bottles
(125 ml) or Nalgene HDPE centrifuge tubes (30 ml) containing brine and MM MgO were placed
in a 28 °C incubator for the duration of the experiment. In order to accurately measure the MgO
hydration rate, we performed loss-on-ignition (LOI) and carbon-coulometry tests on as-received
MM MgO to determine if any MgO had been hydrated or carbonated before the hydration
experiments were begun. The average brucite mole % in as-received MM MgO was found to be
0.19% =+ 0.047%. The carbon wt % of MgO was tested by a UIC Inc CO, coulometer model
CM504 with furnace apparatus model CM5120. The average carbon wt % was found to be
0.006% + 0.002% which is at the detection limit of the instrument (see Section 3 of Deng et al.,
2008).

The long-term inundated-hydration samples were collected at various times depending on
the rate of hydration. After a sample is taken out of the incubator, the total weight (sample +
container) and pH of each sample are quickly measured. The total weight of the sample is
measured by a Mettler Toledo balance. The experiment started in February of 2007. Thus far,
each sample has lost about 0.2-0.3 g over the 16 month period. A weight loss of 0.2-0.3 g is
about 0.1% of the initial total weight for samples with MgO/brine ratio 3/11 or 0.01% for the
samples with MgO/brine ratio 3.1/77. This indicates that our sample containers were well sealed
against moisture loss. The solid portion of each sample was vacuum filtered using Whatman No.
40 filter paper, and rinsed with DI water to remove any remaining brine. The filtered solids were
then dried at room temperature, at least over night. Samples were then ground and characterized
by powder X-ray diffraction (XRD, see Subsection 3.1), and scanning electron microscopy
(SEM) as described in Subsection 3.2.

A portion of the liquid from the sample bottles was analyzed by using an inductively
coupled plasma atomic emission spectrometer (ICP-AES, Perkin Elmer DV 3300) to determine
the concentration of dissolved Mg, and Ca. An Orion EA 940 pH/ion analyzer and Ross
electrode were used to measure pH. The pH meter was calibrated by three pH buffers bracketing
the sample pH range prior to measurement. Hydrogen-ion concentrations based on the pH
reading and Gran titrations of the brines are reported in Subsection 4.4.

In order to gain more information on Mg-Cl-OH-hydrate formation, CI" concentration
was monitored using an Orion EA 940 pH/ion analyzer using a CI ion selective electrode (Orion
model 96/7B).  Chloride concentration was also measured using a Dionex 3000 ion
chromatograph (IC) with AS23 4mm column and Ag23 4mm guard column. We found that CI’
concentrations measured by a chloride electrode were not accurate for complex brines such as
GWB or ERDA-6, thus only the IC measured CI” concentrations are used in the report.
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3 EXPERIMENTAL RESULTS

3.1 Phase Identification Based on XRD Patterns

Phase identification of the crystalline phases present in the hydration product was
performed using a D8 Advance Bruker X-ray diffractometer (XRD). All XRD patterns were
collected using Cu Ka radiation at a scanning rate of 1.33%min for a 26 range of 10-90°. The
detection limit for XRD is on the order of a few weight percent. XRD pattemns for the long-term
inundated hydration product are displayed in Figure 1 through Figure 12. Two detectors, Kevex
and Sol-X have been used to collect the XRD patterns. Thus there are differences in the absolute
peak intensities. Therefore the counts in the XRD patterns displayed in Figure 1 through Figure
12 should be considered qualitative. In this report XRD is only used to identify the mineral
phases present in the samples and not to quantify the amount of each phase. In future work, the
collected samples will be re-scanned using a single detector and the Rietveld method will be
applied to quantify the wt% of mineral phases.

The hydration products include brucite and phase-5. MgO hydrated in simplified GWB
or GWB produces phase-5 and brucite, while MgO hydrated in ERDA-6 produces brucite. Some
halite (NaCl) is also observed in the XRD. Given that MgO hydration consumes water and all
three brines have high concentrations of NaCl, it is reasonable to assume that halite precipitated
out of solution. :

Figure 1 through Figure 4 show that brucite was formed by MgO hydration in ERDA-6
brine. There is also a small un-identified peak around 20 of 12°. Looking at Figure 1 — Figure 2,
one can see that brucite formed at 113 days in the hydration reaction with large MgO particles
with MgO-to-brine ratio equal to 3/11, while brucite formed in only 24 days for as-received
MgO with the same MgO-to-brine ratio. Figure 3 shows that brucite formed at 24 days in the
hydration samples with small MgO particles and MgO-to-brine ratio equal to 3.1/77, while
Figure 4 shows that brucite formed at 113 days in as-received MgO with the same MgO-to-brine
ratio.

Figure 5 - Figure 6 show that phase-5 and brucite were formed in MgO samples hydrated
in GWB brine with MgO-to-brine ratio equal to 3/11. Phase-5 generally formed first, then
brucite formed. Phase-5 appeared in hydration products at 24 days and brucite appeared in 113
days for as-received MgO (Figure 5). Phase-5 appeared in hydration products at 24 days and
brucite appeared in 41 days for small-MgO particles in experiments (Figure 6). Phase-5 and
brucite co-existed at 498 days (Figure 5 - Figure 6). However, as shown in Subsection 4.2, the
saturation indices for this system are still high (i.e. >1). Thus we do not yet know whether these
phases co-exist at equilibrium in this system. Phase-5 appeared in the hydration product of as-
received MgO with MgO-to-brine ratio equal to 3.1/77 at 371 days (see Figure 8). Neither
phase-5 nor brucite is evident in large-MgO-particle samples hydrated in GWB collected at 371
days (see Figure 7). It appears that in GWB brine, the MgO/ brine ratio has a strong effect on the
hydration rate.
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MgO hydrated faster in simplified GWB compared to the other two brines. Figure 9 -
Figure 12 indicate that phase-5 formed at 24 days in all MgO samples hydrated in simplified
GWB and that brucite was formed at 24 - 41 days. Figure 9 - Figure 12 also show phase-5 and
brucite co-existing at 400+ days. In this case, as shown in Subsection 4.2, the saturation indices
are lower than the GWB system. It will be interesting to look at the results at much longer times
to see whether phase-5 and brucite do co-exist at equilibrium.

Figure 1 through Figure 12 show that the MgO particle size has an effect on the hydration
kinetics. Small MgO particles form hydration products before large particles. The same trend
was observed in the accelerated-MgO-hydration experiments carried out in de-ionized (DI) water
at 70 °C (Deng et al., 2008).
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Figure 1. XRD of series ER3L, large MgO particles hydrated in ERDA-6 brine with MgO-to-
brine ratio equal to 3 g/11 ml. Hydration products at 24, 50, 113, and 371 days are displayed in
increasing vertical displacement upward in the figure. Here H indicates halite, B indicates
brucite, and P indicates periclase. In the figure, brucite is first evident at 113 days.
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Figure 2. XRD of series ER3M, as-received MgO hydrated in ERDA-6 brine with MgO-to-brine
ratio equal to 3 g/11 ml. Hydration products obtained at 24, 50, 113, and 371 days are displayed
in increasing vertical displacement in the figure. Here H indicates halite, B indicates brucite, and
P indicates periclase. In the figure, brucite is first evident at 50 days.
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Figure 3. XRD of series ER20S, small MgO particles hydrated in ERDA-6 with MgO-to-brine
ratio equal to 3.1 g/77 ml. Hydration products obtained at 24, 41, 50, 69, 113, 198, 308, and 498
days are displayed in increasing vertical displacement upward in the figure. Here H indicates

halite, B indicates brucite, and P indicates periclase. In the figure, brucite is first evident at 24
days.
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Figure 4. XRD of ER20M, as-received MgO hydrated in ERDA-6 brine with MgO-to-brine ratio
equal to 3.1 g/77 ml. Hydration products obtained at 24, 50, 113, 198, 308, and 498 days are
displayed in increasing vertical displacement upward in the figure. Here H indicates halite, B
indicates brucite, and P indicates periclase. In the figure, brucite is first evident at 113 days.
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Figure 5. XRD of series GW3M, as received MgO hydrated in GWB brine with MgO-to-brine
ratio equal to 3 g/11 ml. Hydration products obtained at 24, 50, 113, 198, and 498 days are
displayed in increasing vertical displacement upward in the figure. Here P5 indicates phase-5, H
indicates halite, B indicates brucite, and P indicates periclase. In the figure, phase-5 is first
evident at 24 days and brucite is first evident at 113 days. At the latest collection date, 498 days,
brucite and phase-5 are still co-existent.
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Figure 6. XRD of series GW3S, small MgO particles hydrated in GWB with MgO-to-brine ratio
equal to 3 g/11 ml. Hydration products obtained at 24, 41, 50, 69, 113, 198, 308, and 498 days
are displayed in increasing vertical displacement upward in the figure. Here P5 indicates phase-
5, H indicates halite, B indicates brucite, and P indicates periclase. In the figure, phase-5 is first
evident at 24 days, brucite is first evident at 41 days. At the latest collection date, 498 days,
brucite and phase-5 are still co-existent.
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Figure 7. XRD of series GW20L, large MgO particles hydrated in GWB brine with MgO-to-
brine ratio equal to 3.1 g/77 ml. Hydration products obtained at 24, 50, 113, 198, and 371 days
are displayed in increasing vertical displacement upward in the figure respectively. Here H
indicates halite, and P indicates periclase. Neither phase-5 nor brucite is observed.
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Figure 8. XRD of series GW20M, as received MgO hydrated in GWB brine with MgO-to-brine
ratio equal to 3.1 g/77 ml. Hydration products obtained at 24, 50, 113, 198, and 371 days are
displayed in increasing vertical displacement upward in the figure. Here P5 indicates phase-5, H

indicates halite, B indicates brucite, and P indicates periclase. In the figure, phase-5 is evident at
371 days.
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Figure 9. XRD of series MgCI20L, large MgO particles hydrated in simplified GWB brine with
MgO-to-brine ratio equal to 3.1 g/77 ml. Hydration products obtained at 24, 41, 50, 113, 160,
198, 308, 436 and 498 days are displayed in increasing vertical displacement upward in the
figure. Here P5 indicates phase-5, H indicates halite, B indicates brucite, and P indicates
periclase. In the figure, phase-5 is first evident at 24 days and brucite is first evident at 41 days.
At the latest collection, 498 days, brucite and phase-5 are still co-existent, and periclase is
slightly visible.
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Figure 10. XRD of series MgCI3M3, as-received MgO hydrated in simplified GWB with MgO-
to-brine ratio equals to 3 g/11 ml. Hydration products obtained at 24, 41, 50, 113, 160, 198, 308,
436, and 498 days are displayed in increasing vertical displacement upward in the figure. Here
PS5 indicates phase-5, H indicates halite, B indicates brucite, and P indicates periclase. In the
figure, phase-5 is first evident at 24 days and brucite is first evident at 41 days. At the latest
collection date, 498 days, brucite and phase-5 are still co-existent, and periclase is slightly
visible.
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Figure 11. XRD of series MgCI3S, small MgO particles hydrated in simplified GWB with
MgO-to-brine ratio equal to 3 g/11 ml. Hydration products obtained at 24, 41, 50, 113, 160, 198,
308, 436 and 498 days are displayed in increasing vertical displacement upward in the figure
respectively. Here P5 indicates phase-5, H indicates halite, B indicates brucite, and P indicates
periclase. In the figure, phase-5 and brucite are first evident at 24 days. At the latest collection
date, 498 days brucite and phase-5 are still co-existent, and periclase is slightly visible.
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Figure 12. XRD of series MgCI20M, as received MgO hydrated in simplified GWB with MgO-
to-brine ratio equal to 3.1 g/77 ml. Hydration products obtained at 24, 41, 50, 113, 160, 198,
308, and 436 days are displayed in increasing vertical displacement upward in the figure
respectively. Here P5 indicates phase-5, H indicates halite, B indicates brucite, and P indicates
periclase. In the figure, phase-5 is first evident at 24 days and brucite is first evident at 41 days.
At the latest collection date, 436 days, brucite and phase-5 are still co-existent, and periclase is
slightly visible.
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3.2 SEM

To gain some understanding of the phases that are present in the MgO hydration product,
SEM images were obtained using a JEOL JSM-5900LV with Energy Dispersive Spectroscopy
(EDS). Samples were mounted on graphite tape and imaged.

Figure 13 and Figure 13A show SEM images of as-received MM MgO. The material is
composed of large (10 um) particles with smaller particles filling in the interstitial spaces.

Figure 14 - Figure 15 show SEM images of as received MgO particles that had been
hydrated in ERDA-6 brine for 113 days. Figure 15 shows that a hydration product has been
formed on the exterior of the particles. The XRD of as-received MgO hydrated in ERDA-6
(Figure 2) indicates that the hydration product is likely brucite.

Figure 16 - Figure 17 show SEM images of small MgO particles (i.e. particles initially <
75 um) that have been hydrated in ERDA-6 for 308 days. The XRD of small MgO particles
hydrated in ERDA-6 (Figure 3) indicates the sail-like crystals are most likely brucite.

Figure 18 shows an SEM image of a MgO particle that has been hydrated in GWB brine
for 50 days. Regions (1) and (2a) show a fine carpet of needle like fibers that cover the external
surface of the particle. A detailed view of these fibers is given in Figure 19. Evidence suggests
that these needles are phase-5 (Mgz;(OH)sCl-4H,0), based on their morphology (which matches
that of the literature, see Tooper and Cartz 1966), EDS spectra (Figure 20), and the powder XRD
on this sample (Figure 6).

Figure 21 shows another region in the interior of the particle shown in Figure 18. A large
un-reacted periclase particle is nested in a mass of smaller periclase particles and hydration
products. Needles are also visible in the interior of the particle which is blown up in Figure 22.
Figure 23 shows a detailed view of the granular fabric inside the particle. The figure shows that
hydration has occurred throughout the particle, as the interstitial spaces have been filled with
hydration products.

Figure 24 -Figure 25 show as-received MM MgO hydrated in simplified GWB for 113
days. Needles that are similar to that seen in GWB are visable but the needles in simplified
GWB appear more coarse.

Figure 26 - Figure 27 show images of GW20L (GWB brine, 3.1 g/77 ml solid-to-liquid
ratio, large particles) after hydration for 371 days. Upon looking at SEM images, one can see a
thin (10 um) coating of hydration product on the exterior of the particles. Figure 27 shows a
network of fractures in the hydration product through which water can permeate. Thus we
tentatively conclude that hydration is occurring in this set of experiments, albeit at a slower rate.
The detection limit of XRD is on the order of a few weight percent, which may explain why no
hydration product is observed in the XRD of the GW20L series (Figure 7).
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Figure 20. EDS spectra of area shown in Figure 19. This spectrum is recorded as H114S1B.EDS
in SN WIPP-MM MgO-7, pg. 16.
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3.3 pH

The three brines used in the long-term hydration experiments are brines with high ionic
strengths. In this report, we attempt to obtain hydrogen ion concentrations based on the pH
reading and the correction factors calculated from Gran titrations of the brines. Rai et al. (1995)
investigated the relationship between the log of hydrogen-ion concentration and pH measured by
combination-glass electrode using Gran titrations. They reported a correction factor A for high-
ionic-strength solutions containing NaCl or Na;SO, or both,

pCu’ =pHop + A, (D

where pCy” is the negative log of hydrogen-ion concentration on a molarity scale and pHop is the
observed pH reading of the brine using a combination-glass electrode. The constant A is then
related to the activity of hydrogen by

A=log yu" + (F/2.303RT)E; @)

where yy" is the molarity-scale activity coefficient of H" and E;is the difference in liquid-junction
potential between the low-ionic-strength standards and high-ionic-strength solutions.

Gran titrations can be performed using acid or base. Rai et al. (1995) reported that the
correction factor A obtained by acid and base titration are consistent. Rai et al. (1995) also
investigated the correction factor A of a limited number of Orion-Ross-glass-combination
electrodes and found the value of A of different electrodes were close. Therefore, it may not be
necessary to measure the correction factor A for every electrode.

Altmaier et al. (2003) determined the log of the hydrogen-ion concentration in a series of
NaCl and MgCl, solutions by two methods. One method was Gran titrations using acid. The
other was to measure the activity of HCl with a liquid-junction-free cell using a H" sensitive
electrode and a chloride-sensitive electrode. They reported the hydrogen-ion concentration
obtained from both methods were consistent within + 0.04 log units, except for a 5.15m MgCl,
solution.

, We obtained the correction factor A for the three brines, GWB, ERDA-6, and simplified
GWB by Gran titration using 1.00 M and 0.01 M HCIl. The 1.00 M HCl was standardized
against NaOH, which was first standardized by KHP (potassium hydrogen phalate). An Orion
EA 940 pH/ion analyzer and two Ross electrodes were used to measure pH. The pH meter was
calibrated by three pH buffers bracketing the sample pH range prior to measurement. In order to
remove any dissolved carbon dioxide brine was purged by nitrogen for at least 5 minutes. Small
amounts of HC] were delivered to the brine by an Eppendorf pipette. The observed pH values
after each addition of HCI as well as the volume of HCI added to the brine were recorded in the
scientific notebook. Since GWB and ERDA-6 contain small amounts of sulfate which can
consume HCI to form bisulfate ions (HSOy') at low pH,

HSO, = H + SO4%, 3)
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the acid dissociation constant for reaction (3), K,, was calculated by the FMT code (Babb and
Novak, 1997). The values of Ka used and the FMT files from which they came are documented
in Excel file “Brine acid base titration” on the worksheet “constant”. Next the concentration of
H' can be calculated from

H" = H"q /[1+ (1/K,) [SO4T], 4

where [SO42'] is the molar concentration of sulfate. Next, plots of the observed [Hoy'] (equal to
10" versus H' obtained by equation (4) were prepared. The correction factor A was then
obtained by taking the log of the slope of these plots.

The correction factors A for ERDA-6, GWB, and simplified GWB are 1.155, 1.236, and
1.202 respectively. The detailed calculation for these correction factors is located in Excel file
“Brine Acid Base Titration”; see the worksheet “sum” for a summary of these calculations.
Using the obtained correction factors for GWB, simplified GWB and ERDA-6, the brine pmH (-
log my") are shown in section 4.4.
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4 THERMODYNAMICS

4.1 Discussion of phase 3 and phase 5

Sorel first reported making a cementitious material by mixing calcinated magnesia with
concentrated magnesium chloride solution in 1867 (Sorel, 1867). Such material has been
referred to as Sorel cement, magnesia cement, or magnesium-oxychloride cement. Magnesium-
oxychloride cement (MOC) is now the generally used term. MOC has been an important
building material by virtue of its high fire resistance, low thermal conductivity and marble-like
appearance. Various forms of magnesium oxychloride have been identified in the system of
MgO-MgCl,-H,0 and NaOH-MgCl,-H,0. Designated by the number of moles of OH appearing
in its formula in relation to that of Cl, they are, Mgz(OH)4Cl,-2H,O (phase-2), Mg,(OH);Cl
4H,O (phase-3), Mg3(OH)sCIl-4H,O (phase-5), and Mgs(OH)oCl-5/2H,0 (phase-9). Some
researchers give a different formula for phase-9, Mgs(OH)oCl 1/2H,0 (Maravelaki-Kalaitzaki
and Moraitou, 1999). Only phase-3 and phase-5 have been found to form at ambient
temperatures (Demediuk et al., 1955; Newman, 1955; Matkovic et al., 1977; Mazuranic et al.,
1982; Bilinski et al., 1984), and thus are of particular interest to us. Previous research on
Premier-MgO hydration found the formation of brucite from MgO hydrated in ERDA-6, and
formation of phase-5 and brucite in GWB brine (Xiong and Snider Lord, 2008). Brucite has also
been proposed to be added to the Asse salt mine in Germany (Altmaier et al., 2003). Phase-3
and brucite formation have been observed in Asse-relevant brines. These phases may have an
important effect on pH, thereby affecting actinide solubilities in brine.

A. The formation of magnesium oxychloride

The crystallization of a particular MOC phase depends on the total amount of Mg and Cl
and the pH of the solution (Demediuk et al., 1955; Mazuranic et al., 1982; Bilinski et al., 1984).
Demediuk et al. (1955) studied the MgO-MgCl,-H,O system at temperatures between 0 and 110
°C. They added 0.4 g of MgO to 20 ml of MgCl, solution at various concentrations between 10
and 40 w/v % (1.13 — 4.74 m). According to their results, at temperatures around 30 °C, a
mixture of phase-5 and brucite formed at MgCl, concentrations lower than 18 % w/v (1.99 m),
while phase-5 alone formed in MgCl, solutions of 23 % w/v (2.67 m). At MgCl, solution
concentrations of 30 % w/v (3.49 m), phase-3 was precipitated. Mazuranic et al. (1982) studied
the system of NaOH-MgCl,-H,O. NaOH was added to MgCl, solutions of 0.001- 4.8M (0.001 —
5.68 m). Phase-3 and phase-5 formed only in mixtures that had a MgCl, concentration greater
than 1.96 M. Altmaier (2003) studied the solubility of Mg(OH), in water, 0.01-2.7 m MgCl,,
0.1-5.6 m NaCl and in mixtures of 0.5 and 5.0 m NaCl containing 0.01-0.05 m MgCl,. It was
found that the Mg(OH), completely converted into phase-3 in MgCl, solutions above 2 molal. In
MgCl, solutions of 2.67 m and 5.15 m, the pH decreased 0.2-0.5 units, as a result of the phase
change.

B. The reaction of phase 3 and phase 5[ci] with water and carbon dioxide

On continued exposure to water, MOC hydrolyzes slowly and magnesium chloride is
leached out (Maravelaki-Kalaitzaki and Moraitou, 1999). de Castellar et al. (1996) showed that
a polished MOC brick cracks after five months due to the formation of oxychloride-carbonate
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(Mg(OH),-2 MgC03-MgCl,-6H,0) produced from phase-3 carbonation. In a 22-yr-old specimen
which was temporarily exposed to rain, hydromagnesite was the predominant phase on the
surface with phase-5, brucite, and oxychloride-carbonate present in the interior of the specimen
(Matkovic et al., 1977). Maravelaki-kalaitzaki (1999) and Demediuk (1955) also found
oxychloride-carbonate in Sorel’s cement containing phase-3 and phase-5. The formation of the
oxychloride-carbonate is temperature and humidity-dependent and is favored at relative humidity
greater than 60% (Maravelaki-Kalaitzaki and Moraitou, 1999). Further carbonation of
oxychloride-carbonate generates hydromagnesite (Mgs(COs3)4(OH),"4H,0) (Maravelaki-
Kalaitzaki and Moraitou, 1999).

C Quantification of the weight fractions of phase 3 and phase 5

Powder X-ray diffraction (XRD), SEM, EDS, FT-IR and differential thermal analysis
have been used by researchers to identify the presence of phase-3 and phase-5. However,
quantitative analysis of phase-3 and phase-5 is difficult. Most researchers use semi-quantitative
methods to determine the amount of phase-3/5 by XRD (Bilinski et al., 1984). Others use
chemical analysis (Demediuk et al., 1955) to quantify the amount of MgO and chloride, using
toxic chemicals such as Hg;O. TGA and DSC are not viable methods because phase-3 loses
water at 100-250 and 300-500 °C, and phase-5 loses water at 70-250, 300-500 °C. Thus both
phase-5 and phase-3 decompositions overlap with the water-loss of brucite at 350-500 °C, which
makes it impossible to quantitatively determine the amount of phase-3, phase-5 and brucite using
TGA or DSC (Demediuk et al., 1955) . As discussed in Section 3.1, in future work we will use
XRD and the Rietveld method to quantify the weight percent of mineral phases.

4.2 Saturation index of phase 5, phase 3 and brucite

In section 3.1 it was shown that MgO hydrated in ERDA-6 produces brucite, and MgO
hydrated in simplified GWB or GWB produces phase-5 and brucite. Next we present the
experimental saturation index (SI) of phase 5, phase 3 and brucite versus time in the three brines.
SI is defined as

SI =1og(Q/K) (5)
where Q is the ion activity product and K is the equilibrium constant of a given phase. When SI
> 0, the solution is over-saturated with respect to the phase, i.e. the solid phase is forming. When
SI <0, the solution is under-saturated with respect to that phase. We calculated log Q for phase-
5, phase-3 and brucite according to the following equations:
phase-5:

Mg;CI(OH)s+4H,0 + 5H* = 3Mg ** + 9H,0(1) + CI’

log Q (phase-5) = 3 log (M mg”* Yimg’ ) + log (mer Yar) -5 log(my’ yu') +9 logaw  (6)

phase-3:
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Mg,CI(OH)3+4H,0 + 3H" = 2Mg*" + TH,0(1) + CI
log Q (phase-3) =2 log (M mg"" Ymg") + log (mcr ver') -3 log (mu" yu) +7 logaw (1)
brucite:
Mg(OH), + 2H" =Mg?* + 2H,0(1)

log Q (brucite) = log (M mg” Ymg ) - 2 log(my" yu)+2 log aw (8)

In equations (6) - (8), mmg2+, me” and my" are the molal concentrations of Mg, Cl" and
H" which were determined experimentally (see experimental section). Using the database
“datal.ph5” the activity coefficients yMg2+ , Yo, Yu and the water activity ay were obtained from
EQ3/6 runs simulating the reaction path way of periclase being titrated into a closed system
containing one of the three brines (ERDA-6, GWB, simplified GWB). Database “datal.ph5” has
been modified from “data0.hmo” by adding the solubility constant for phase-5 (Xiong et al,
2009) calculated from the specific interaction model (SIT).

We also calculated the solubility constant of phase-5 using EQ3/6. This was
accomplished by entering the experimentally measured magnesium, and chloride concentrations,
setting the sodium concentration to achieve charge balance, and adjusting the log K of phase-5
until the predicted pmH matched the experimentally determined value (a manual optimization
technique). While this method is self consistent with the rest of EQ3/6 calculations reported in
this document, the difference between the log K (phase-5) using this method and the SIT method
is only 0.2 log units, which is within experimental error (206). This work was performed under
AP-108. This work is a deviation from that analysis plan where no EQ3/6 or FMT runs were
originally planned.

Various solubility constants for brucite and phase-3 are available in the literature.
Altmaier et al. (2003) determined the log K for brucite at 22 °C from solubility experiments with
brucite in 0.01 - 2.7 m MgCl,, 0.1 - 5.6 m NaCl, and mixtures of MgCl, and NaCl solutions.
They also obtained the log K for phase-3, by performing solubility experiments in 2.11-5.15 m
MgCl, solutions. Both values, log Kpncite = 17.1 and log Kppase-3 = 26.0 are slightly different
from the value used in our calculation, when they are extrapolated to the reference temperature
25 °C. Xiong (2008) recommended a solubility constant value for brucite based on experiments
from supersaturation and undersaturation, log Kymcite = 17.05 at 25 °C. The solubility constants
for brucite and phase-3 used in this report are taken from the EQ3/6 database “data0.hmo”, log
Korucite = 17.1090, log Kphase-3 = 26.0297. The solubility constant for phase-5 used in this report,
log Kphase-5 = 43.17, is taken from Xiong et al. (2009).

Figure 28 - Figure 29 show the SI for phase-5, phase-3 and brucite from hydration
experiments conducted in GWB and simplified GWB. In general, the SI for all three phases are
over-saturated or near equilibrium in GWB and simplified GWB. However, we did not observe
phase-3 in any of the XRD files. The stability diagrams of the three phases presented in the next
section may explain why phase-5 formed instead of phase-3. Detailed calculations for the
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saturation index presented in Figure 28 - Figure 29 can be found in Excel file “Plots” worksheet
“Fig 28’and “Fig 29”.
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Figure 28 (A-D). - Saturation index (SI) of brucite, phase-5, and phase-3 for MgO hydrated in
GWB brine. See Table 1 for description of each experimental GW series.
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Figure 29 (A-D). Saturation index of brucite, phase-5, and phase-3 for MgO hydrated in
simplified GWB brine. See Table 1 for description of each experimental simplified GWB series.
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4.3 Relative stability of phase 5, phase 3 and brucite

The saturation indices given in section 4.2 indicate that phase-5, phase-3 and brucite are
near or over-saturated in GWB and simplified GWB. However, as shown by XRD in section
3.1, MgO hydrated in ERDA-6 produces brucite, and MgO hydrated in simplified GWB or GWB
produces phase-5 in addition to brucite. This can be understood by plotting the experimental
data on phase diagrams for phase-5, phase-3 and brucite. Figure 30 shows the pmH of phase-5,
phase-3, and brucite versus mMg2+ calculated using EQ3/6 (Xiong et al, 2009) and the
experimental data points from the three brines. Figure 30 can be interpreted as a stability-field
diagram for the three phases.

As shown in Figure 30, for a given molality of Mg®", phase-5 is a stable phase at higher
pmH, and phase-3 is a stable phase at lower pmH. Brucite is the stable phase in a solution with a
low Mg** concentration and high pmH. In solutions typical of GWB the separation between the
stablhty field of phase-5 and that of phase-3 i 1s narrow for low Mg concentrations (e.g., 0.5 m
of Mg ™), but the separation widens as the Mg concentration increases. Therefore, the stablhty
fields of phase-5 and phase-3 could be considered to be overlapping in the range of low Mg®*
concentration when the uncertainty in the thermodynamic data is taken into account. However,
in the range of high Mg”" concentrations, these two phases have their respective well-defined
fields. Our experimental data (>80%) are overwhelmingly in the stability field of phase-5
(Figures 30A-B), which is in excellent agreement with our laboratory observations (see Section
3.1).

In solutions typical of ERDA-6, which have Mg®* concentrations lower than 0.2 m, the
separation among the stability fields of brucite, phase-5, and phase-3 is small (Figure 30C).
Therefore, brucite is the stable phase because of its lower solubility. The majority of our
experimental data falls into the stability field of brucite, which is in agreement with our
laboratory observations that only brucite is formed in experiments with ERDA-6.
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Figure 30 (A-C). Phase diagrams for phase-5, phase-3 and brucite in various brines. Plots (A)
and (B) have NaCl and MgCl, concentrations characteristic of GWB and simplified GWB. Plot
(C) has NaCl and MgCl, concentrations characteristic of ERDA-6. All lines were calculated
using EQ3/6 (Xiong et al, 2009). The symbols represent experimental data points.

4.4 Brine Chemistry

We used EQ3/6 to simulate the reaction path way of MgO hydration and carbonation in a
closed system containing brine and atmospheric carbon dioxide by titrating periclase into the
system. The amount of periclase titrated into GWB and ERDA-6 brine was calculated from the
brine density (the brine recipe is given in SP 20-4) and the experimental brine-to-MgO ratios.
The amount of periclase titrated into simplificd GWB was similarly calculated, except the
density of simplified GWB was measured (documented in scientific notebook WIPP-CBD-26,
p82). In the simulations of MgO hydrated in ERDA-6, we also added portlandite to generate pH
values and Ca concentrations similar to the experimentally observed values. In the model,
portlandite was added before periclase was added, as lime hydrates much faster than periclase.
The amount of portlandite added was calculated based on the mole ratio of periclase to lime
reported by Deng et al. (2008). We did not add portlandite into GWB or simplified GWB
because the high concentration of Mg in these brines will buffer pH. In addition, we suppressed
the formation of phase-3 in our model as phase-3 was never observed in the hydration products.
Detailed calculations of the amount of periclase and lime used in the EQ3/6 simulations can be
found in the Excel file “MgO in brine”.
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The EQ3/6 model predicted the formation of brucite in ERDA-6 brine, and the formation
of brucite and phase-5 in GWB and simplified GWB with MgO-to-brine ratio equal to 3 g/11 ml,
which is consistent with our experiments. The EQ3/6 model also predicted the formation of
phase-5 in GWB with a MgO-to-brine ratio equal to 3.1 g/77 ml, which is consistent with our
experiments. The model did not predict brucite formation in simplified GWB with MgO-to-
brine ratio equal to 3.1 g/77 ml, which is not consistent with our experiments. According to the
model, when periclase is titrated into the GWB or simplified GWB, phase-5 forms as the Mg/Cl
concentrations decrease and pH increases until certain points, where brucite starts to precipitate
out with phase-5. From the EQ3/6 runs, brucite is predicted to form in simplified GWB when
the Mg concentration < 0.70 m, CI concentration <5.98 m and pmH > 9.25. In GWB, brucite is
predicted to form when the Mg concentration < 0.78 m, Cl concentration <6.08 m, and pmH >
9.26. The EQ3/6 run execution information can be found in appendix A. A summary of results
from the EQ3/6 runs is available in Excel file “Plots” worksheet “Fig 31’ “Fig 32”, and “Fig 33”,
in addition to the original EQ3/6 input / output files.

Figure 31 - Figure 33 compare the measured Mg concentration, Cl concentration, pmH
with EQG6 predicated values. In these figures, EQ6-77 and EQ6-11 represent reaction pathway of
MgO hydrated in 77 ml and 11ml brine with arbitrary time scaling.
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Figure 31. Plots showing experimental concentrations of (A) Mg?*, (B) CI’, and (C) pmH versus
time (days) for MM MgO hydrated in GWB, and the results of the EQ3/6 modeling runs titrating
periclase into GWB brine. The experimental conditions corresponding to each GW series can be
found in Table 1. The series EQ6-77 and EQ6-11 represent the EQ3/6 modeling runs of MgO
hydrated in 77 ml and 1 1ml brine with arbitrary time scaling.
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Figure 32. Plots showing experimental concentrations of (A) Mg?*, (B) CI', and (C) pmH versus
time (days) for MM MgO hydrated in simplified GWB, and the results of the EQ3/6 modeling
runs titrating periclase into simplified GWB brine. The experimental conditions corresponding
to each MgCl series can be found in Table 1. The series EQ6-77 and EQ6-11 represent the
EQ3/6 modeling runs of MgO hydrated in 77 ml and 11ml brine with arbitrary time scaling.
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Figure 33. Plots showing experimental concentrations of (A) Mg**, (B) CI, (C) pmH, and (D)
Ca’™" versus time (days) for MM MgO hydrated in ERDA-6, and the results of the EQ3/6
modeling runs titrating periclase into simplified GWB brine. The experimental conditions
corresponding to each ER series can be found in Table 1. The series EQ6-77 and EQ6-11
represent the EQ3/6 modeling runs of MgO hydrated in 77 ml and 11ml brine with arbitrary time
scaling.
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5 CONCLUSIONS

MgO hydration experiments were carried out with three MgO particle sizes and two
solid-to-liquid ratios in three WIPP-related brines: ERDA-6, GWB and simplified GWB. The
hydration products include brucite and phase-5. In addition to phase-5, MgO hydrated in
simplified GWB or GWB produces brucite, while MgO hydrated in ERDA-6 only produces
brucite. The MgO particle size seemed to have a significant effect on the formation of hydration
products. Small MgO particles form hydration product before the large particles. MgO hydrated
faster in simplified GWB compared to the other two brines.

An important, new finding in this study is the observation of formation of phase-5 in
simplified GWB (ionic strength 7.9 m). This further supports the conclusion of Xiong and Lord
(2008) that phase-5 is the stable phase in Mg-Na-Cl-dominated brine with an ionic strength up to
8.3 m similar to WIPP GWB. In contrast, phase-3 is the stable phase in the MgCl, saturated Q-
brine with an ionic strength up to 15 m in the Asse repository.

We used EQ3/6 to simulate the reaction path way of MgO hydration and carbonation in a
closed system containing brine and atmospheric carbon dioxide by titrating periclase into the
system. Experimental values of pH, Mg’ concentration, Cl" concentration, and hydration
products were similar to the modeling predictions.
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APPENDIX A

This appendix outlines the EQ3/6 calculations performed. Appendices A1-A6 describe the
calculations. Appendix A7 gives the file names and file dependencies.

Appendix A1 EQ3/6 simulation of 3.0g MgO tritrated into 11 ml of ERDA-6

The purpose of the simulation is to titrate 3.0 g of MgO into a closed system containing 11 ml of
ERDA-6 brine.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric concentration of carbon
dioxide, using brine recipe of ERDA-6 from appendix B of SP20-4. Initial pH value and HCO*
concentration were taken from Xiong et al. 2007 (section 3.1 and table 1).

Step2. Run EQ3.

Step3. Make EQ6 input file to titrate CaO into ERDA-6 brine. The amount of CaO is calculated
in the Excel file “MgO in brine”, worksheet “ERDA-6".

Step4. Run EQ6.

Step5. Make EQ6 input file to titrate MgO into ERDA-6 brine. The amount of MgO is
calculated in the Excel file “MgO in brine”, worksheet “ERDA-6".

Appendix A2 EQ3/6 simulation of 3.1g MgO titrated into 77 ml of ERDA-6

The purpose of the simulation is to titrate 3.1 g of MgO into a closed system containing 77 ml of
ERDA-6 brine.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric concentration of carbon
dioxide, using brine recipe of ERDA-6 from appendix B of SP20-4. Initial pH value and HCO*
were taken from Xiong et al. 2007 (section 3.1 and table 1).

Step2. Run EQ3.

Step3. Make EQ6 input file to titrate CaO into ERDA-6 brine. The amount of CaO is calculated
in the Excel file “MgO in brine”, worksheet “ERDA-6".

Step4. Run EQ6.

Step5. Make EQ6 input file to titrate MgO into ERDA-6 brine. The amount of MgO is
calculated in the Excel file “MgO in brine”, worksheet “ERDA-6".

Appendix A3 EQ3/6 simulation of 3.0g MgO titrated into 11 ml of GWB

The purpose of the simulation is to titrate 3.0 g of MgO into a closed system containing 11 ml of
GWB brine. Initial pH value and HCO?® concentration were taken from Xiong et al. 2007
(section 3.1 and table 1), assuming HCO? concentration in GWB brine is the same as HCO*
concentration in ERDA-6.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric concentration of carbon
dioxide, using brine recipe of GWB from appendix B of SP20-4.

Step2. Run EQ3.

Step3. Make EQ6 input file to titrate MgO into GWB brine. The amount of MgO is calculated
in the Excel file “MgO in brine”, worksheet “GWB”.

Step4. Run EQ6.
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Appendix A4 EQ3/6 simulation of 3.1g MgO titrated into 77 ml of GWB

GWB brine. Initial pH value and HCO* concentration were taken from Xiong et al 2007
(section 3.1 and table 1), assuming HCO? concentration in GWB brine is the same as HCO*
concentration in ERDA-6.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric carbon dioxide, using brine
recipe of GWB from appendix B of SP20-4.

Step2. Run EQ3

Step3. Make EQ6 input file to titrate MgO into GWB brine. The amount of MgO is calculated
in the Excel file “MgO in brine”, worksheet “GWB”.

Step4. Run EQ6

Appendix A5 EQ3/6 simulation of 3.0g MgO titrated into 11 ml of simplified GWB

The purpose of the simulation is to titrate 3.0 g of MgO into a closed system containing 11ml of
simplified GWB brine.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric concentration of carbon
dioxide, using brine recipe for simplified GWB (1M MgCI2 + 3.6 M NaCl).

Step2. Run EQ3.

Step3. Make EQ6 input file to titrate MgO into GWB brine. The amount of MgO is calculated
in the Excel file “MgO in brine”, worksheet “SGWB”.

Step4. Run EQ6.

Appendix A6 EQ3/6 simulation of 3.1g MgO titrated into 77 ml of simplified GWB

The purpose of the simulation is to titrate 3.1 g of MgO into a closed system containing 77 ml of
GWB brine.

Stepl. Make EQ3 input file for brine equilibrated with atmospheric concentration of carbon
dioxide, using brine recipe for simplified GWB (1M MgCI2 + 3.6 M NaCl).

Step2. Run EQ3.

Step3. Make EQ6 input file to titrate MgO into GWB brine. The amount of MgO is calculated
in the Excel file “MgO in brine”, worksheet “SGWB”.

}
The purpose of the simulation is to titrate 3.1 g of MgO into a closed system containing 77 ml of
Step4. Run EQ6.
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Appendix A7 File naming convention for EQ3/6 runs

Table 1. File naming convention for the EQ3/6 runs

File Name Description

erd.31 EQ3 input file for ERDA-6 brine equilibrated with atmospheric concentration of carbon
dioxide

erd.3p EQ3 pickup file from erd.3i. This file will be used for EQ6 run simulating CaO titrated into
ERDA-6

erd.30 EQ3 output file from erd.3i

erdca-11.61 EQ6 input file for CaO titrated into 11ml of ERDA-6 brine. This file is a descendent of
erd.3p

erdca-11.6p EQ6 pickup file from erdca-11.6i. This file will be used for EQ6 run simulating MgO
titrated into ERDA-6

erdca-11.60 EQ6 output from erdca-11.6i

erdca-12.6i EQ6 input file for MgO titrated into 11ml of ERDA-6 brine, which has been reacted with
Ca0. This file is a descendent of erdca-11.6p

erdca-12.6p EQ6 pickup file from erdca-12.6i

erdca-12.60 EQ6 output file from erdca-12.6i

erdca-77.61 EQ6 input file for CaO titrated into 77 ml of ERDA-6 brine. This file is a descendent of
erd.3p

erdca-77.6p EQ6 pickup file from erdca-77.6i. This file will be used for EQ6 run simulating MgO
titrated into ERDA-6

erdca-77.60 EQ6 output from erdca-77.6i

erdca-78.61 EQ6 input file for MgO titrated into 77 ml of ERDA-6 brine, which was been reacted with
Ca0. This file is a descendent of erdca-77.6p

erdca-78.6p EQ6 pickup file from erdca-78.6i

erdca-78.60 EQ6 output file from erdca-78.6i

gwb.3i EQ3 input file for GWB brine equilibrated with atmospheric concentration of carbon dioxide

gwb.3p EQ3 pickup file from gwb.3i. This file will be used for EQ6 run simulating MgO titrated
into GWB

gwb.30 EQ3 output file from gwb.3i

gwb-11.6i EQ6 input file for MgO titrated into 11ml of GWB brine. This file is a descendent of
gwb.3p

gwb-11.6p EQ6 pickup file from gwb-11.6i

gwb-11.60 EQ6 output file from gwb-11.6i

gwb-77.61 EQ6 input file for MgO titrated into 77ml of GWB brine. This file is a descendent of
gwb.3p

gwb-77.6p EQ6 pickup from gwb-77.6i

gwb-77.60 EQ6 output file from gwb-77.6i

sgwbb.3i EQ3 input file for simplified GWB brine equilibrated with atmospheric concentration of
carbon dioxide

sgwbb.3p EQ3 pickup file from sgwbb.3i. This file will be used for EQ6 run simulating MgO titrated
into simplified GWB

sgwbb.30 EQ3 output file from sgwbb.3i
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sgwbb-11.6i | EQ6 input file for MgO titrated into 11ml of simplified GWB brine. This file is a
descendent of sgwbb.3p

sgwbb-11.6p | EQ6 pickup file from sgwbb-11.6i

sgwbb-11.60 | EQ6 output file from sgwbb-11.6i

sgwbb-77.61 | EQ6 input file for MgO titrated into 77ml of simplified GWB brine. This fileis a
descendent of sgwbb.3p

sgwbb-77.6p | EQ6 pickup file from sgwbb-77.6i

sgwbb-77.60 | EQ6 output file from sgwbb-77.6i

Appendix B Microsoft Excel workbooks

File Name Description

Brine acid base titration | Calculated pH conversion factor in section 3.3

H
, & ,(’\'f“\
Cl analysis Calculated ClI concentration that was used in Excel file Plotsesexigw) -
g
R
\J
ICPAES Calculated Mg, Ca concentration used in Excel file PlOtS(l‘G&'ie}IL)

Plots Generated figures in section 4.2-4.4

MgO in brine Calculated the amount of MgO and CaO used in EQ3/6 input file
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APPENDIX A

This appendix outlines the EQ3/6 calculations performed supporting “Experimental work
conducted on MgO long-term hydration”. The EQ3/6 files can be found in the CD.
There will not be printed copy for this data package.




Appendix B Microsoft Excel workbooks

This appendix includes data files used in the MgO report, “Experimental work conducted

on MgO long-term hydration”. Total of 63 pagea of data sheets is attached to Appendix
B.

File Name Description

Brinc? acid base Calculated pH conversion factor in section 3.3

titration

Cl analysis Calculated Cl concentration that used in Excel file Plots

ICPAES Calculated Mg, Ca concentration used in Excel file Plots

Plots Generated figures in section 4.2-4 .4

MgO in brine fQalculated the amount of MgO and CaO used in EQ3/6 input
ile




Information Only



Information Only



Information Only



Information Only



Information Only



Information Only



Log (molarity to molarity to H+log | A (pH correction
molality) molality gamma factor) Cl- log gamma Mg++ log gamma aw Brucite log k Phase 5 logk Phase 3 log k
1 0.049857161 | 1121649485 | 0.7569 1.155 -0.2666 0.5634 0.788847 171690 43.1900 26.6297
Ci- Cl- Mg++ Mg++ Cat++ Ca
_2/6/20 7 Collection Date | Time (days) | Not Used Not Used Not Used pH pcH pmH (mol/1) (molkg) {mol/l) (mozkg) (mol/ly n (m&l/kg) SI (brucite) SI (phase5) SI (phase 3)
ER20-81 2/13/2007 7 NA NA NA 8.67 9.83 9.78 NA 2.29E-02 2.57E-02 1.66E-02 1.87E-02 -0.31
ER20-S2 2/13/2007 7 NA NA NA 856 972 9.67 NA 2.15E-02 242E-02 L13E-02 1.27E-02 0.55
ER20-S3 3/2/2007 24 NA NA NA 8.98 10.14 10.09 NA NA NA
ER20-S4 3/2/2007 24 NA NA NA 8.96 10.12 10.07 NA NA NA
ER20-85 3/19/2007 41 NA NA NA 9.35 10.51 10.46 NA 1.46E-02 1.64E-02 8.33E-03 9.34E-03 0.86
ER20-S6 3/19/2007 41 NA NA NA 9.28 1044 10.39 NA 1.37E-02 1.53E-02 7.86E-03 8.82E-03 0.69
ER20-87 3/28/2007 3¢ NA NA NA 9.39 10.55 10.50 4.54 5.10 1.76E-02 1.97E-02 1.12E-02 1.26E-02 1.02 1.59 0.62
ER20-S8 3/28/200° 50 NA NA NA 9.40 10.56 10.51 434 487 1.60E-02 1.80E-02 1.12E-02 1.26E-02 1.00 1.50 0.55
ER20-59 4/16/200 69 NA NA NA 9.42 10.58 10.53 NA NA NA
ER20-S10 4/16/200 69 NA NA NA 9.36 10.52 10.47 NA NA NA
ER20-S11 5/30/200 113 NA NA NA 937 16.53 1048 451 5.06 NA NA
ER20-812 5/30/2007 113 NA NA NA 9.34 10.50 1045 4.48 5.03 NA NA
ER20S13 8/23/2007 198 NA NA NA 9.40 10.56 10.51 4.54 509 9.89E-02 LI1E-01 1.18E-02 1.32E-02 179 389 2.15
ER20S14 8/23/2007 198 NA NA NA 9.49 10.65 10.60 412 4.63 8.42E-02 9.45E-02 1.28E-02 1.44E-02 1.90 4.09 224
ER20S15 12/11/2007 308 NA NA NA 9.45 10.61 10.56 4.67 524 NA 1.22E-02 1.37E-02
EDZUD1U 12/11/2007 308 NA NA NA 9.42 10.58 10.53 4.71 5.29 NA 1.21E-02 1.36E-02
) V4 6/18/2008 498 NA NA NA 933 10.49 10.44 4.41 4.95 1.17E-02 1.31E-02 1.45E-02 1.63E-02 0.72 0.74 0.07
| ER20f 18 6/18/2008 498 NA NA NA 9.40 10.56 10.51 4.37 4.90 1.28E-02 1.44E-02 1.52E-02 1.70E-02 0.90 1.21 0.36
H+ log
gamma Cl- log gamma Mg++ log gamma aw
0.7524 -0.2664 0.5502 0.788766
Cl Cl Ca
i Mg Mg Ca
ER3-M Collection Date | Time (days) | Not Used Not Used Not Used pH pcH pmH (mol/l) (mol/kg) (m‘o_l/l) (mo_l-/kg) (mol/i) n (ﬂong) SI (brucite) SI (phase5) SI (phase 3)
2/13/2007 7 NA NA NA 9.16 10.32 10.27 0.00 0.00 1.47E-02 1.65E-02 1.60E-02 1.79E-02 0.48
2/13/2007 7 A NA NA 9.13 10.29 10.24 0.00 0.00 1.39E-02 1.55E-02 1.65E-02 1.85E-02 0.39
3/2/2007 24 NA NA NA 9.76 10.92 10.87 221 247 7.56E-03 8.48E-03 1.53E-02 1.72E-02 139 2.01 0.67
3/2/2007 24 NA NA NA 9.74 10.90 10.85 4.81 539 5.97E-03 6.69E-03 1.53E-02 1.72E-02 1.25 194 0.69
3/28/2007 30 NA NA NA 10.40 11.56 1151 5.04 5.65 NA 1.70E-02 1.90E-02
| ER3-M6 3/28/2007 50 NA NA NA 10.40 11.56 11.51 5.00 5.60 NA 1.76E-02 1.98E-02
ER3-1 {7 5/30/2007 113 NA NA NA 11.06 1222 1217 446 5.00 NA 1.63E-02 1.83E-02
i -M8 5/30/2007 113 NA NA NA 1111 1227 1222 4.40 4.93 NA 1.64E-02 1.84E-02
£Ro-M9 2/12/2008 371 NA NA NA 10.88 12.04 11.99 4.52 5.07 NA 2. 10E-02 2.36E-02
FR2M 10 2/12/2008 37 NA NA NA 9.41 10.57 10.52 5.06 5.67 NA 9.08E-03 1.02E-02
Page 1 0of 12
Plots.xls

Datasheet "Calculated molatity”




Constants:
Molarity to molality conversion factor for ERDA-6 in cell F5 = Concentration of Na+ (mol/L) /Concentration of Na+ (mol/kg) = 5.44/4.85
The molar and molal Na+ concentrations are given in SP204 Appendix B

For the H+ log gamma in cell G5 and cell G29 see the explanation section of wotksheet "Fig 33" of this Excel file.

The pH correction factor A in cell HS can be found in Excel file * Brine acid base titration", workshect "sum”

For the Cl- log gamma in J3/29 see the explanation section of worksheet "Fig 33" of this Excel file.

For the Mg++ log gamma in cells L5/29 see the explanation section of worksheet "Fig 33" of this Excel file.

For the activity of water (aw) in N3/29 see the explanation section of worksheet "Fig 33" of this Excel file.

Log k for brucite in cell P5 = 17.1090

Log k for phase-5 in cell Q5 = 43.19

L:og k for phase-3 in cell RS = 26.0297

These Log K's can be found in the EQ3/6 database: data0.hmo, and in the memo: Xiong et al., 2009

Calculations: JTime in column C = collection date in column B - starting date in cell A6 (data in column B and celt A6 can be found in WIPP-MMMgO-5, p60-71)
[Column D, E, F are not used

[pH in column G can be found in notebook WIPP-MMMgO-5, p60-71.

pcH in column H = pH in column G + A (pH correction factor) in Cell H5

pmH in column I = pcH in column H + log (molarity to molality conversion factor in Cell F5)

C1 concentration (mole/l) in column J can be found in Excel file “Cl analysis”. column D.

C1 concentration (mol/kg) in column K = Cl concentration (mol/l) in column J x molar conversion factor in cell F5

Mg concentration (mo/1) in column L can be found in excel file “ICP-AES" cotumn G.

Mg concentration (mol/kg) in column M = Mg concentration (mot/l) in coturnn L x molar conversion factor in cell F5

iCa concentration (mol/l) in column N can be found in excel fite "ICP-AES" column H.

[Ca concentration (mol/kg) in column O = Ca concentration (mol/l) in column N x molar conversion factor in cell F5$

ISI of brucite in column P, see subsection 4.2 of the report
"=log (Mg concentration in column M) + Mg log gamma in cell L5/29 + 2 pmH in column I- 2 H log gamma in cctt G5/29
+ 2 log aw in cell N5 - log k of brucite in c¢ll P5

JIS! of phase-5 in column Q, see subsection 4.2 of report

"=3 log (Mg concentration mol/kg in column M)+ 3 Mg log gamma in cell L5/29 + 5 pmH in column [
"- 5 H log gamma in cell G5/29+ 9 log Aw in celt N5/29"

"+ log ( Cl concentration in column K) + Cl tog gamma in cell 15/29 - log k of phase-5 in ccll Q5"

§SI of phase-3 in column Q , see subsection 4.2 of report

"=2 log (Mg concentration in column M)+ 2 Mg log gamma in cefl L5/29 + 3 pmH in column I
"- 3 H log gamma in cell G5/29+ 7 log aw in cell N5/29"

"+ log (Cl concentration in column K) + Cl log gamma in cell J5/29 -log k of phase-3 in cell R5"
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Cl Cl Mg Mg Ca Ca i
ER20-M Collection Date Time (days) | Not Used | Not Used Not Used pH pcH pmH (mol/l) (mol/kg) (mol/l) (mol/kg) (mol/1) (mol/kg)L SI (brucite) SI (phase5) | SI (phase 3)
ER20-M1 2/13/20067 7 NA NA NA 842 9.58 9.53 NA 2.07E-02 2.33E-02 1.31E-02 1.46E-02 -0.85
ER20-M2 2/13/2007 7 NA NA NA 8.48 9.64 9.59 NA 2.05E-02 2.30E-02 1.25E-02 1.40E-02 -0.73
ER20-M3 3/2/2007 24 NA NA NA 8.80 9.96 9.91 4.38 491 NA NA
ER20-M4 3/2/2007 24 NA NA NA 917 10.33 10.28 4.36 4.88 NA NA
ER20-M5 3/28/2007 50 NA NA NA 9.54 10.70 10.65 4.83 542 1.01E-02 LI13E-62 1.60E-02 1.80E-02 1.08 1.64 0.56
ER20-M6 3/28/2007 50 NA NA NA 942 10.58 10.53 4.72 5.30 1.73E-02 1.94E-02 1.63E-02 1.82E-02 107 173 0.66
ER20-M7 5/30/2007 113 A NA NA 9.39 10.55 10.50 4.68 5.24 6.97E-03 7.82E-03 1.41E-02 1.58E-02 0.62 0.40 -0.22
ER20-M8 5/30/2007 113 A NA NA 9.4i 10.57 10.52 4.58 5.14 8.31E-03 9.32E-03 1.67E-02 1.87E-02 0.73 0.72 -0.02
ER20-M9 8/23/2007 198 NA NA NA 9.61 10.77 10.72 5.08 5.70 1.60E-02 1.80E-02 1.49E-02 1.68E-02 1.42 2.62 1.20
ER20-M10 8/23/2007 198 NA NA NA 9.63 10.79 10.74 4.33 4.85 1.25E-02 1.41E-02 1.51E-02 1.70E-02 1.35 2.33 0.98
ER20-M11 12/11/2007 308 NA A NA 9.53 10.69 10.64 4.69 5.26 NA 1.56E-02 1.75E-02
ER20-M12 12/11/2007 308 A NA NA 9.52 10.68 10.63 4.67 5.24 NA 1.40E-02 1.57E-02
ER20-M13 6/18/2008 498 NA NA NA 947 16.63 10.58 NA 6.62E-03 7.43E-03 1.88E-02 2.10E-02 0.76
ER20-M14 6/18/2008 498 NA NA NA 9.48 10.64 10.59 437 4.90 6.81E-03 7.64E-03 1.80E-G2 2.02E-02 0.79 0.79 0.00
[
Cl [0} Mg Mg Ca Ca
FR3-L Collection Date Time (days) | Not Used | Not Used Not Used pH pcH pmH (mol/1) (mol/kg) (mol/l) (mt‘)-l./lkg) (mol/l) (mol/kg) SI (brucite) | SI (phase5) | SI (phase 3)
__ _ER3dl1 2/13/2007 7 NA NA NA 9.16 10.32 1147 0.00 0.00 8.00E-02 8.97E-02 2.15E-02 241E-02 121
_ | _IR3-L2 2/13/2007 7 NA NA NA 9.13 10.29 1144 0.00 0.00 1.97E-02 2.22E-02 2,08E-02 2.33E-02 0.55
£R3-L3 3/2/2007 24 NA NA NA 9.76 10.92 12.07 4.64 5.20 2.89E-03 3.25E-03 1,.97E-02 2.21E-02 0.97 1.08 0.1}
1 Z23-14 3722007 24 NA NA NA 9.74 10.90 12.05 4.72 5.29 2.81E-03 3.15E-03 195E-02 2.19E-02 0.92 0.95 0.03
FR3-L5 3/28/2007 50 NA NA NA 10.40 11.56 1271 5.04 5.65 NA 1.85E-02 2.07E-02
_ ER3-L6 3/28/2007 50 NA NA NA 10.40 11.56 12.71 4.95 5.55 NA 1.94E-02 2.17E-02
| FR3.17 5/30/2007 113 NA NA NA 10.98 12.14 13.29 5.00 5.61 NA 1.68E-01 1.88E-01
£R3-18 5/30/2007 13 NA NA NA 10.98 12.14 1329 5.52 6.19 NA 1.53E-0% 1.72E-01
~R3-L9 2/12/2008 371 NA NA NA 997 1113 12.28 5.03 5.65 1.90E-01 2.13E-01 1.41E-01 1.58E-01 321 7.62 441
FR3-Lio 2/12/2008 371 NA NA NA $.79 10.95 12.10 4.82 5.40 1.85E-01 2.08E-01 L40E-01 1.57E-01 2.84 6.67 383
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molarity to A (pH
molality H+ log gamma| correction Cl- log gamma Mg++ log gamma| aw Brucite log k | Phase 5 log k| Phase 3 log k
1 11275 1.1131 1.224 -0.2758 1.1781 0.720915 17.1090 43.1900 26.0297
Ca Ca
Collection Ci C1 Mg Mg i i
G_WZO-M Date Time ( day) | Not Used| Not Used | Not Used Not Used Not Used pH pcH pmH (mol/l) (molkg) {mol/l) (mol/kg) (mol/l) {mol/kg) SI (brucite) | SI (phase-5) | SI (phase-3)
GW20-M1 2/13/2007 7 NA NA NA NA NA 7.46 868 863 NA NA 0.01 0.01
GW20-M2 2/13/2007 7 NA NA NA NA NA 744 8.66 8.61 NA NA 0.01 0.01
GW20-M3 3/2/2007 24 NA NA NA NA NA 794 9.16 9.11 493 555 0.86 0.97 0.01 0.01 -0.23 -0.52 0.29
GW20-M4 31212007 24 NA NA NA NA NA 792 9.14 9.09 5.03 5.67 0.82 0.92 0.01 0.01 -0.29 -0.67 -0.38
GW20-M5 3/28/2007 50 NA NA NA NA NA 811 9.33 9.28 534 6.02 NA 0.01 0.02
GW20-M6 3/28/2007 50 NA NA NA NA NA 8.09 931 9.26 5.01 5.65 NA 0.01 0.02
GW20-M7 5/36/2007 113 NA NA NA NA NA 824 9.46 941 4.9 5.63 NA 0.02 0.02
GwW20-M8 5/30/2007 113 NA NA NA NA NA 8.26 9.48 943 5.07 57 NA 0.01 0.02
GW20-M9 8/23/2007 198 NA NA NA NA NA 838 2.60 9.55 511 5.76 112 1.26 0.02 0.02 0.76 2.04 1.28
GW20-M10 8/23/2007 198 NA NA NA NA NA 8.39 9.61 9.56 501 5.65 1.13 1.27 0.02 0.02 0.79 2.09 131
GW20-M11 (flake) 2/12/2008 3 NA NA NA NA NA 834 9.56 9.51 528 595 1.07 121 0.03 0.03 0.66 1.80 114
GW20-M12 2/12/2008 3n NA NA NA NA NA 833 9.57 9.52 5.03 5.67 1.03 116 0.02 0.03 0.67 1.78 111
H+ log
gomma Cl- log gamma Mg++ log gamma aw
3 1.0171 -0.2741 0.9926 0.737546
Ca Ca
Collection Ci Cl Mg Mg i it
j\_VJS Date Time (days){ Not Used| Not Used | Not Used Not Used Not Used pH pcH pmH (mol/1) (mol/kg) (mol/1) (mol/kg) (mol/l) (mol/kg) SI (brucite) | SI (phase-5) | SI (phase-3)
| = GW3-8i 2/13/2007 7 NA NA NA NA NA 7.85 9.07 9.02 NA NA 0.02 0.02
(iW3-82 2/13/2007 7 NA NA NA NA NA 8.00 9.22 9.17 NA NA NA
GW3-83 3/2/2007 24 NA NA NA NA NA 8.40 9.62 9.57 3.32 3.74 0.72 0.82 0.02 0.02 0.64 1.40 0.76
Uuw3-§4 3/2/2007 24 NA NA NA NA NA 8.34 9.56 9.51 333 375 0.67 0.76 0.02 0.02 049 101 0.52
V’3-85 3/19/2007 41 NA NA NA NA NA 839 9.61 9.56 NA 0.64 0.73 0.01 0.02 0.57
- GW3-86 3/19/2007 41 NA NA NA NA NA 8.38 9.60 9.55 NA 0.57 0.65 0.02 0.02 0.50
| | (iW3.87 3/28/2007 50 NA NA NA NA NA 834 9.56 9.51 5.47 6.17 NA 0.02 0.02
| GW3-58 3/28/2007 50 NA NA NA NA NA 834 9.56 9.51 5.17 5.83 NA 0.02 0.02
GW3-39 (wet ground) | 4/16/2007 69 NA NA NA NA NA 838 9.60 9.55 NA NA 0.02 0.02
<W3-810 4/16/2007 69 NA NA NA NA NA 837 9.59 9.54 NA 072 0.81 0.02 0.02 0.58
GW3-Sit 5/30/2007 13 NA NA NA NA NA 835 9.57 9.52 5.26 593 0.72 0.82 0.02 0.02 0.54 136 0.81
| o TW3-812 5/30/2007 113 NA NA NA NA NA 836 9.58 9.53 5.15 580 0.71 0.80 0.02 0.02 0.55 136 0381
GW 3-813 8/23/2007 198 NA NA NA NA NA 839 9.61 9.56 4.85 547 0.88 1.00 0.02 0.02 071 1.78 1.07
| . Gv.3814 8/23/2007 198 NA NA NA NA NA 839 9.61 9.56 5.08 573 0.88 0.02 0.02
| GW3-815 12/11/2007 308 NA NA NA NA NA 8.39 9.61 9.56 5.46 6.15 084 0.95 0,01 0.02 0.69 1.77 1.08
CW3-516 12/11/2007 308 NA NA NA NA NA 8.36 9.58 9.53 524 591 0.88 0.9 0.02 0.02 0.64 1.65 1.01
SW3-817 6/18/2008 498 NA NA NA NA NA 8.30 9.52 947 6.13 6.91 0.79 0.89 0.02 0.03 0.48 1.28 6381
I3-818 6/18/2008 498 NA NA NA NA NA 8.39 9.61 9.56 5.03 5.67 0.65 0.74 0.02 0.02 0.57 1.40 0.82
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Constants:

Calculation:

[Molarity to molality conversion factor for GWB in ceti ARS or AR29 = Concentration of Na+ (mol/1) / Concentration of Na+ (mol/kg), given in SP20-4 Appendix B = 3.98/3.33

For the H+ log gamma in AS5 or AS29, see the explanation section of worksheet "Fig 31" of this Excel file.

i The pH correction factor A in cell AT5 can be found in Excel file "Brine acid base titration”. worksheet "sum"

For the Ci- log gamma in AV5/29 see the explanation section of worksheet "Fig 31" of this Excel file

For the Mg++ log gamma in AX5/29, sec the explanation section of worksheet “Fig 31" of this Excel file.

For the activity of water (aw) in AZ5/29 sce the explanation section of worksheet "Fig 31" of this Excel file.

log k for brucite in cell BBS = 17.1090

log k for phase-5 in cell BC5 =43.19

log k for phase-3 in cell BDS = 26,0297

These Log K's can be found in the EQ3/6 database: data0.hmo, and in the memo: Xiong et al., 2009

Time in column AM= collection date in column AL - starting date in cell A6 ( data in column AL and ceil A6 can be found in WIPP-MMMgO-5, p60-71)
(Columns AN through AR are not used in the report.

pH in column AS can be found in notebook WIPP-MM MgO-5, p60-71.

ipcH in column AT= pH in column AS + A (pH correction factor) in Cell ATS

jpmH in column AU = pcH in column AT + log (molarity to malality conversion factor in Cell ARS)

IC1 concentration (mole/l) in column AV can be found in Excel file "C} analysis" on column D.

C concentration (mol/kg) in column AW = C! concentration (mol/1) in column AV x molarity to molality conversion factor in cefl ARS
Mg concentration (mol/1) in column AX can be found in excell file "ICP-AES" column G.

Mg Concentration (mol/kg) in column AY = Mg concentratin (mol/1) in column AV x molarity to molality conversion factor in cell ARS
Ca concentration (mol/1) in column AZ can be found in excell file "ICP-AES" column H.

Ca concentration (mol/kg) in column BA = Ca concentration (mol/1} in column AZ x molarity to molality conversion factor in cell ARS

IS! of brucie in column BB = equation 8 in report
"=log (Mg concentration in column AY) + Mg log gamma in cell AX5/29 + 2 pmH in column AU - 2 H log gamma in cell AS5/29
+ 2 log Aw in cell AZ5/29 - log k of brucite in cell BBS

JS1 of phase-5 in column BC = equation 6 in report

=3 log (Mg concentration in column AY) + 3 Mg log gamma in cell AX5/29 + 5 pmH in column AU
"- 5 H log gamma in cell AS5/29+ 9 log Aw in cell AZ5/29"

“+ log (Cl -IC in column AW) + CI log gomma in cefl AV5/29 - log k of phase-5 in cell BCS"

SI of phase-3 in column BD = equation 6 in report

"=2 log (Mg concentration in column AY) + 2 Mg log gamma in cell AX5/29 + 3 pmH in column AU
"- 3 H log gamma in cell AS5/29+ 7 log Aw in cell AZ5/29"

"+ log (Cl concentration in column AW ) + Cl log gamma in cell AV5/29 -log k of phase-3 in cell BDS"
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3
Cl Cl Mg Mg Ca Ca
GW20-L Collection Date | Time (day) | Not Used| Not Used j Not Used Not Used Not Used pH pcH pmH (mol/l) (mol/kg) (mol/l) (mol/kg) {mol/1) (mol/kg) SI (brucite) SI (phase-5) |  SI (phase-3)
GW20-L 2/13/2007 7 NA NA NA NA NA 7.30 8.52 8.47 0.00 0.00 NA 0.0129 0.0145
GW20-L. 2/13/2007 7 NA NA NA NA. NA 733 8.55 850 0.00 0.00 NA 0.0132 0.0148
GW20-L3 3/2/2007 24 NA NA NA NA NA 7.54 8.76 8.71 522 5.88 NA 0.0600 0.0000
GW26-14 3/2/2007 24 NA NA -NA NA NA 7.60 8.82 8.77 943 10.64 NA 0.0000 0.0000
GW20-L5 3/28/2007 50 NA NA NA NA NA 179 9.01 8.96 5.67 6.39 NA 0.0139 0.0157
GW20-L6 3/28/2007 50 NA NA NA NA NA 7.78 9.00 8.95 5.66 6.39 NA 0.0138 0.0155
GW20-L7 5/30/2007 13 NA NA NA NA NA 8.07 9.29 9524 5.11 5.76 NA 0.0158 0.0178
GwW20-18 5/30/2007 H3 NA NA NA NA NA 8.06 9.28 9.23 5.11 3.76 NA 0.0171 0.0193
GW20-L9 8/23/2007 198 NA NA NA NA NA 832 9.54 9.49 4.69 5.28 1.20 1.35 0.0163 00184 067 1.79 112
GW20-L10 8/23/2007 198 NA NA NA NA NA 831 9.53 9.48 507 572 1.20 1.36 0.0168 0.0190 0.65 178 113
GW20-L11 2/12/2008 37 NA NA NA NA NA 834 9.56 9.51 4.62 5.21 1.03 116 0.0239 0.0270 0.65 1,69 1.04
GW20-L12 2/12/2008 3n NA NA NA NA NA 835 9.57 9.52 4.99 5.63 113 127 0.0247 0.0279 0.71 1.90 119
4
Ct Cl Mg Mg Ca Ca
GW3-M Collection Date | Time (days) | Not Used| Not Used | Not Used Not Used Not Used pH pcH pmH (mol/ly (mol/k&) (mol/ly (mol/kg) (mol/l) {mol’kg) SI (bruite) SI (phase-3) Sl (phase-3)
| GW3-M1 2/13/2007 7 NA NA NA NA NA 785 9.07 9.02 NA 091 1.02 0.0143 0.0161 -0.36
| (W3-M2 2/13/2007 7 NA A A NA NA 8.00 9.22 9.17 NA 0.89 1.00 0.0148 0.0167 -0.07
uw3-M3 3722007 24 NA NA A NA NA 8.40 9.62 9.57 5.16 5.81 0.79 0.89 0.1526 0.172¢ 0.68 171 103
| e sM4 3/2/2007 24 NA NA NA NA NA 8.34 9.56 9.51 334 6.02 NA 0.1846 0.2082
| OW3-MS 3/28/2007 50 NA NA NA NA NA 839 9.61 9.56 4.87 3.50 0.84 094 0.0152 0.0172 0.68 1.71 103
| GW3-Mé 3/28/2007 50 NA NA NA NA NA 8.38 9.60 9.55 546 6.16 0.78 0.88 0.0140 0.0158 0.63 1,62 099
5/30/2007 13 NA NA NA NA NA 839 9.61 9.56 4.86 5.48 0.76 0.86 0.0181 0.0204 0.64 1,58 0.94
5/30/2007 13 NA NA NA NA NA 837 9.59 9.54 4.90 553 0.70 0.78 0.0162 0.0183 0.56 137 0381
8/23/2007 198 NA NA NA NA NA 847 9.69 9.64 4.85 5.46 0.78 0.87 0.0170 00192 0.81 2.01 1.20
8/23/2007 198 NA NA NA NA NA 843 9.65 9.60 0.00 0.00 0.78 0.87 0.0172 00194 0.73
GW3-M11 12/11/2007 308 NA NA NA NA NA 8.36 9.58 9.53 533 6.01 0.77 0.86 0.0152 00171 0.58 148 0.90
| oniMi2 12/11/2007 308 NA NA NA NA NA 837 9.59 9.54 526 593 0.76 085 0.0156 0.0176 0.60 1.5t 0.91
| _GW3- 1413 6/18/2008 498 NA NA NA NA NA 831 9.53 9.48 444 5.00 0.59 0.67 0.0186 0.0210 037 0.82 0.44
| GW3- /414 6/18/2008 498 NA NA NA NA NA 835 9.57 9.52 592 6.67 0.68 0.77 0.0216 0.0243 0.51 133 0.81
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molarity to molality A (pH correction
log coversion factor |H+ log gammal factor) Cl- log gamma Mg++ log gamma aw Brucite log k | Phase 5 log k | Phase 3 log k
1 0.04885684 1.1191 1.0935 1.2060 -0.2733 1.1803 0.732274 17.1090 43.1900 26.0297
cl Mg Ca Ca
Cl Mg i i
MES L.20-M Collection Date Time (day) Not Used Not Used Not Used Not Used Not Used pH pcH pmH (mol/) (mol/k&) (mol/l) (mol/kg) (mol/l) (mol/kg) SI (brucite) | SI (phase-5) | SI (phase-3)
MgCL20-M1 2/13/2007 7 NA NA NA NA NA 8.18 9.39 9.34 NA NA 0.0049 0.005
MgCL20-M2 2/13/2007 7 NA NA NA NA NA 8.18 9.39 9.34 A NA 0.0045 0.00:
MgCL20-M3 3/22007 24 NA NA NA NA NA 8.16 9.37 932 A 0.82 092 0.0047 0.0053 021
MpCL20-M4 3/2/2007 24 NA NA NA NA NA 8.18 9.39 934 A 0.85 0.96 0.0048 0.0054 0.27
MgCL20-M5 3/19/2007 41 NA NA NA NA NA 8.12 933 9.28 NA 0.66 0.74 0.0048 0.0054 0.04
MgCL20-Mé6 3/19/2007 41 NA NA NA NA NA 8.13 9.34 9.29 NA NA 0.0049 0.0055
MgCL20-M7 3/28/2007 50 NA NA NA NA NA 8.10 9.31 9.26 5.54 6.20 NA 0.0053 0.0060
MgCL20-M8 3/28/2007 50 NA NA NA NA NA 8.09 9.30 9.25 6.07 6.79 NA 0.0056 0.0062
MgCL20-M9 (soak over night) 4/16/2007 69 NA NA NA NA NA 8.11 9.32 9.27 NA NA 0.0053 0.0059
MgCL20-M10 4/16/2007 69 NA NA NA NA NA 8.09 9.30 9.25 NA NA 0.0059 0.0066
MgCL20-M11 5/30/2007 113 NA NA NA NA NA 8.09 9.30 9.25 5.39 6.03 NA 0.0052 0.0059
MgCL20-M12 5/30/2007 113 NA NA NA NA NA 813 9.34 9.29 5355 6.21 NA 0.0050 0.0056
MgCL20-M13 7/16/2007 i60 NA NA NA NA NA 8.13 9.34 9.29 5.99 6.70 0.90 101 0.0167 0.0187 9.19 0.67 048
MgCL20-M14 7/16/2007 160 NA NA NA NA NA 8.14 9.35 930 6.14 6.87 0.78 0.87 0.0169 0.0189 0.15 0.53 0.39
| MgCl20M-15 8/2372007 198 NA NA NA NA NA 8.17 9.38 9.33 4.37 5.12 0.96 1.07 0.0055 0.6061 0.30 0.82 0.53
MgCI20M-16 8/23/2007 198 NA NA NA NA NA 8.18 939 934 486 5.44 1.03 115 0.0057 0.0063 0.35 1.00 0.65
MgCi20M-17 12/11/2007 308 NA NA NA NA NA 8.19 9.40 9.35 591 6.61 110 1.23 0.0065 0.0073 0.40 1.22 0.83
MgCI20M-18 12/11/2607 308 NA NA NA NA NA 8.22 9.43 9.38 5.70 6.38 1.09 1.22 0.0504 0.0564 045 1.34 0.89
- MgCI20M19 4/17/2008 436 NA NA NA NA NA 8.17 9.38 9.33 532 595 1.09 122 0.0063 0.0071 035 1.06 071
| MgCI20M20 4/17/2008 436 NA NA NA NA NA 8.16 937 9.32 5.20 5.82 108 1.21 0.0062 0.0069 0.33 0.99 0.66
A( pH cormection
H+ log gomma] Tactor) Cl- log gomma Mg++ log gommal aw
3 0.9825 1.2060 -0.2706 0.9747 0.752603
Cl Mg Ca Ca
[o] Mg i i
MgCL3-5 Collection Date Time (day) Not Used Not Used Not Used Not Used Not Used pH pcH pmH (mol/ly (mol/kg) (mol/i) (mol’kg) (mol/l) (mol/kg) S1 (brucite) | SI (phase-5) | SI (phase-3)
| . MgCL3.§1 2/13/2007 7 NA NA NA NA NA 832 9.53 9.48 NA NA 0.0307 0.0344
= MgCL3-52 2/13/2007 7 NA NA NA NA NA 831 9.52 9.47 NA NA 0.0316 0.0353
f _MgCL3-83 3122007 24 NA NA NA NA NA 8.34 9.55 9.50 5.65 633 NA 0.0343 6.0383
MgCL3-54 3/2/2007 24 NA NA NA NA NA 835 9.56 9.51 NA 0.60 0.67 0.0350 0.0392 0.49
11gCL3-85 3/19/2007 41 NA NA NA NA NA 824 9.45 9.40 5.74 6.43 0.46 0.51 0.0360 0.0403 0.16 0.36 0.21
| MgCL3-86 3/19/2007 41 NA NA NA NA NA 8.24 9.45 9.40 NA 036 0.40 0.0360 0.0403 0.05
e MgCL3-57 3/28/2007 50 NA NA NA NA NA 825 9.46 9.41 532 5.96 NA 0.0394 0.0441
- MgCL3-S8 3/28/2007 50 NA NA NA NA NA 8.25 9.46 941 517 5.79 NA 0.0405 0.0454
Mg( '.3-59 (wet ground) 4/16/2007 69 NA NA NA NA NA 823 9.44 9.39 NA NA 0.0433 0.0485
MgCL3-510 4/16/2007 69 NA NA NA NA NA 823 944 9.39 NA NA 0.0501 0.0560
MgCL3-811 3/306/2007 13 NA NA NA NA NA 8.21 9.42 9.37 5.20 5.82 NA 0.0455 0.0509
| =MgCI3-812 5/30/2007 113 NA NA NA NA NA 821 9.42 9.37 518 5.80 NA 0.0470 0.0526
N gCL3-S13 7/16/2007 160 NA NA NA NA NA 832 9.53 9.48 5.65 633 057 0.64 0.0663 0.0742 041 1.04 0.63
A\ NA NA NA NA NA NA NA NA NA NA NA NA NA
| _MgCI3-815 8/23/2007 198 NA NA NA NA NA 828 9.49 9.44 5.51 6.17 0.76 0385 0.0339 0.0604 046 1.20 075
MgCI13-816 8/23/2007 198 NA NA NA NA NA 828 9.49 9.44 522 5.85 075 0.84 0.0531 0.0594 043 1.17 0.72
MgCi3-S17 12/11/2007 308 NA NA NA NA NA 8.15 9.36 9.31 5.54 6.20 0.75 0.84 0.0502 0.0561 0.19 0.54 035
11gCi3-S18 12/11/2007 308 NA NA NA NA NA 8.14 935 930 5.64 631 0.79 0.88 0.0057 0.0064 0.19 0.56 037
- MgC13-819 4/17/2008 436 NA NA NA NA NA 8.16 937 932 536 6.00 0.86 096 0.0513 0.0574 027 0.75 048
_MgCi13-820 4/17/2008 436 NA NA NA NA NA 8.19 9.40 935 5.40 6.04 0.81 0.91 0.0473 0.0530 0.30 0.83 0.52
MgCI3-821 6/18/2008 498 NA NA NA NA NA 8.14 9.35 9.30 548 6.13 071 0.79 0.0597 0.0668 0.15 041 0.27
MgC13-822 6/18/2008 498 NA NA NA NA NA 8.15 9.36 931 519 581 0.76 0.79 0.0574 0.0642 0.17 043 0.27
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Constants:

Calculation:

For the H+ log gamma in CG5 or CG29 see the explanation section of worksheet "Fig 32" of this Excel file

The pH correction factor A in cell CHS can be found in the Excel file "Brine acid base titration”, worksheet "sum"
For the Cl- log gamma in CJ5/29 see the explanation section of worksheet "Fig 32" of this Excel file

For the Mg++ log gamma in CL5/29 sce the explanation section of worksheet "Fig 32" of this Excel file.

For the activity of water (aw) in CN5/29 see the explanation section of worksheet "Fig 32" of this Execl file.

log k for brucite in cell CP5 = 17.1090

log k for phase-5 in cell CQ5 =43.19

log k for phase-3 in cell CRS = 26.0297

These Log K's can be found in the EQ3/6 database: data0.hmo, and in the memo: Xiong et al., 2009

[Columns CB through CF are not used in the report

pH in column CG can be found in notebook WIPP-MMMgO-5. p60-71.

pcH in column CH = pH in column CG + A (pH correction factor) in Cell CHS

pmH in column CI = pcH in column CH + log (molarity to molality conversion factor in Ccl} F5)

IC1 concentration (mole/l) in column CJ can be found in Excet file "Cl analysis”. column D.

[C1 concentration (mol/kg) in column CK = Cl concentration (mol/l} in column CJ x molar conversion factor in cett CF5
Mg concentration (mol/1) in column CL can be found in excel file "ICP-AES" column G.

Mg concentration (mol/kg) in column CM = Mg concentration (mol/l) in column CL x molar conversion factor in celt CF5
ICa concentration (mol/1) in column CN can be found in excel file "ICP-AES" column H.

[Ca concentration (mol/kg) in column CO = Ca concentration (mol/1) in column CN x molar conversion factor in cell CF5

IS of brucite in column P = equation 8 in report - log k of brucite
"=log (Mg concentration in column CM)+ Mg log gamma in cefl CL5/29 + 2 pmH in cotumn CI- 2 H log gamma in cell CG5/29
+ 2 log aw in cell CN5 - log k of brucite in cell CP5

151 of phase-5 in column CQ = equation 6 in report - log k of phase-5

"=3 log (Mg concentration mol’kg in column CM)+ 3 Mg log gamma in cell CL5/29 + 3 pmH in column CI
"- 5 H log gamma in cell CGS/29+ 9 log aw in cell CN5/29"

"+ log (Cl concentration in column CK) + Cl log gamma in cell CJ5/29 - log k of phase-3 in cell CQ5"

1IS! of phase-3 in column Q = equation 6 in report -long k of phase-3

"= 2 log (Mg concentration in column CM)+ 2 Mg log gamma in cell CL5/29 + 3 pmH in column CI
"- 3 H log gamma in cell CG5/29+ 7 log aw in cell CN5/29"

"+ log (CI concentration in column CK) + Cl log gamma in cell CJ5/29 -log k of phase-3 in cell CR5"

Molarity to molality conversion factor for simplified GWB in cell CF5 can be found in Excel file "MgO in brine”, data sheet "SGWB"

Time in column CA = collection date in column BZ - starting date in cell A6 (data in column BZ and cell A6 can be found in WIPP-MMMgO-35, p60-71)
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2
Ca
Not | Not [ Not Cl ion|CL ionf Mg ion| Mg i i Ca
MgCL20-L Collection Date | Time (day) | Not Used | Used | Used | Used |Not Used| Not Used | Not Used Not Used pH pcH pmH (mol/l) (mol/kg) (mol/l) (mol’kg) (mol/l) (mol’kg) SI (brucite) | SI (phase-5) | SI (phase-3)
MgCL20-L1 2/13/2007 7 NA NA | NA| NA NA NA NA NA 821] 942 9.37 NA NA 0.0045 0.0050
MgCL20-L2 2/13/2007 7 NA NA NA | NA NA NA NA NA 8.25 9.46 9.41 NA NA 0.0066 0.0074
MgCL20-L3 3/2/2007 24 NA NA NA | NA NA NA NA NA 8.11 9.32 9.27 NA 0.87 0.98 0.0047 0.0052 0.14
MgCL20-L4 3/2/2007 24 NA NA NA | NA NA NA NA NA 8.17 9.38 933 NA 0.87 0.98 0.0045 0.0050 0.26
MgCL20-L5 3/19/2007 41 NA NA NA | NA NA NA NA NA 812 9.33 528 NA 0.77 0.86 0.0045 0.0651 0.10
MgCL20-L6 3/19/2007 41 NA NA NA | NA NA NA NA NA 8.09 9.30 9.25 NA 0.68 0.76 0.0046 0.0051 -0.01
MgC1.20-L7 3/28/2007 50 NA NA NA | NA NA NA NA NA 8.12 933 9.28 547 6.12 NA 0.0055 0.0062
MgCL20-L8 3/28/2007 50 NA NA NA | NA NA NA NA NA 8.14 9.35 9.30 5.19 5.81 NA 0.0050 0.0056
MgCL20-L9(wet ground) 4/16/2007 69 NA NA { NA| NA NA NA NA NA 811] 932 9.27 NA NA 0.0052 0.0058
MgCL20-L10 4/16/2007 69 NA NA | NA| NA NA NA NA: NA 8081 929 9.24 NA NA 0.0053 0.0059
MgCL20-L11 5/30/2007 113 NA NA | NA| NA NA NA NA NA 8091 930 9.25 5.62 6.29 NA 0.0054 0.0060
MgCL20-L12 5/30/2007 13 NA NA | NA| NA NA NA NA NA 81| 932 9.27 5.28 5.90 NA 0.0053 0.0059
MgCL20-L13 7/16/2007 160 NA NA NA | NA NA NA NA NA 8.12 933 9.28 5.94 6.65 0.93 1.04 0.0169 0.018% 0.19 0.66 0.47
MpCL20-L14 7/16/2007 160 NA NA NA | NA NA NA NA NA 8.07 9.28 9.23 5.94 6.65 0.88 0.99 0.0171 0.0191 0.06 0.34 028
MgCL20-L15 8/23/2007 198 NA NA | NA| NA NA NA NA NA 815] 936 934 527 589 124 1.39 0.0060 0.0067 037 1.12 0.76
CL20-L1i6 8/23/2007 198 NA NA | NA| NA NA NA NA NA 814] 935 9.30 531 594 116 1.30 0.0063 0.0071 0.32 0.99 0.67
| MgCL20-L17 12/11/2007 308 NA NA NA | NA NA NA NA NA 8.15 9.36 9.31 5.58 6.24 1.12 125 0.0060 0.0067 033 1.02 0.70
11gCL20-L18 12/11/2007 308 NA NA | NA| NA NA NA NA NA 814] 935 9.30 5.65 6.32 112 1.25 0.0053 0.0059 031 0.97 0.67
MgCL20-L19 4/17/2008 436 NA NA NA | NA NA NA NA NA 8.15 9.36 931 535 599 115 129 0.0062 0.0070 0.34 1.03 0.70
. 27L20-L20 4/17/2008 436 NA NA [ NA| NA| NA NA NA NA 816) 937 9.32 551 6.17 1.14 127 0.0058 0.0065 0.35 1.08 0.73
i
— 4 |
Ca
Not | Not cl ion{Cl jon| Mg jon{ Mg i jon | Ca i |
MgCL3-M Collection Date | Time (day) | Not used [Not used| used | used [ Notused| Not used | Not used Not used pH pcH pmH (mol/1) (mol/kg) (mol/1) (mol/kg) (mol/1) (mol/kg) SI (brucite) § SI (phase-5) | SI (phase-3)
MpCL3-M1 2/13/2007 7 NA NA | NA| NA| NA NA NA NA 8251 946 9.41 NA NA 0.03 0.04
. MgCL3-M2 2/13/2007 7 NA NA | NA| NA| NA NA NA NA 824 945 940 NA NA 0.03 0.04
— ‘MgCL3-M3 31212007 24 NA NA | NA| NA| NA NA NA NA 828 | 949 5.44 5.57 6.23 0.71 0.80 0.03 0.04 043 1.13 0.70
oo MgCL3-M4 3122007 24 NA NA | NA| NA NA NA NA NA 829] 9.0 9.45 533 596 0.74 0383 0.03 0.04 047 121 0.75
MgCL3-MS 3/19/2007 41 NA NA | NA| NA | NA NA NA NA 818 | 939 934 NA 0.52 0.59 0.03 0.04 0.10
MyCL3-M6 /1972007 41 NA NA | NA| NA | NA NA NA NA 817 938 933 NA 0.50 0.56 0.03 0.04 0.06
L MgCL3-M7 /28/2007 50 NA NA | NA| NA | NA NA NA NA 820 941 9.36 521 583 NA 0.04 0.05
MgCL3M8 /28/2007 50 NA NA | NA| NA | NA NA NA NA 8171 938 933 5.16 577 NA 0.04 0.05
MeCL3-M9 4/16/2007 69 NA NA | NA| NA| NA NA NA NA 8161 937 932 NA 0.69 0.78 0.05 0.05 0.18
— i1CL3MI0 4/16/2007 69 NA NA | NA| NA | NA NA NA NA 8161 937 932 NA 0.63 0.71 0.04 0.05 0.14
MgCL3-M1 5/30/2007 113 NA NA | NA| NA| NA NA NA NA 816 | 937 932 525 5.88 0.65 0.73 0.03 0.05 0.15 0.39 0.24 |
o MgCL3MI 5/30/2007 113 NA NA | NA| NA | NA NA NA NA 816 937 932 545 6.10 0.69 0.77 0.05 0.06 0.17 0.47 0.30 |
_ MCL3-MI 7/16/2007 160 NA NA | NA| NA NA NA NA NA 826 | 947 9.42 9.78 10.94 0.67 0.75 0.06 0.07 0.36 119 0.83
_\ NA NA NA | NA | NA NA NA NA NA NA NA NA NA NA NA
.gCL3-M15 8/23/2007 198 NA NA | NA| NA NA NA NA NA 826 | 947 942 547 612 085 0.95 0.05 0.06 0.46 1.24 0.78
MgCL3-M16 8/23/2007 198 NA NA | NA | NA NA NA NA NA 826 | 9.47 9.42 534 597 0.86 0.96 0.05 0.06 0.47 1.25 0.78
11gCL3-M17 12/1172007 308 NA NA | NA| NA NA NA NA NA 819] 940 9.35 547 6.12 0.85 0.95 0.05 0.06 032 0.89 0.57
MgCL3-M18 12/11/2007 308 NA NA | NA| NA NA NA NA NA 822| 943 9.38 543 6.07 082 0.92 0.05 0.05 0.37 1.00 0.63
mgC-M19 4/17/2008 436 NA NA | NA| NA NA NA NA NA 816 ] 937 9.32 539 6.03 091 1.02 0.05 0.06 0.30 0.83 0.54
AN MgCi3-M20 4/17/2008 436 NA NA NA | NA NA NA NA NA 819 9.40 9.35 540 6.05 0.85 0.95 0.05 0.06 0.33 0.89 0.57
MgCi3-M21 6/18/2008 498 NA NA | NAJ NA NA NA NA NA 815] 936 931 5.53 6.18 0.69 0.77 0.06 0.07 0.15 042 0.27
MgCi3-M22 6/18/2008 498 NA NA | NA| NA NA NA NA NA 818] 939 9.34 5.58 6.25 0.64 0.72 0.06 0.07 6.19 0.49 031
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Cl analysis.xls

Cl concentration |Cl concentration
Sample name (dilution factor) {(ppm) (moi/) Analysis Date {Scientific Notebook and pg.
]
2
3|ER20M3 (1:10000) 15.5238 7/1/2008 |Wipp-mmmgo-11, p15
4[ER20M4 (1:10000) 15.44 7/1/2008 | Wipp-mmmgo-11, p15
5|ER20MS5 (1:10000) 17.1338 7/14/2008 |Wipp-mmmgo-11, p22
61ER20M6 (1:10000) 16.7456 7/14/2008 | Wipp-mmmgo-11, p22
7|ER20M7 (1:10000) 16.5761 7/1/2008| Wipp-mmmgo-11, p15
8|ER20MS (1:10000) 16.2326 7/17/2008Wipp-mmmgo-11, p24
9|ER20MS (1:10000) 18.0129 7/23/2008}Wipp-mmmgo-11, p27
10[ER20M10 (1:10000) 15.3391 7/23/2008 |Wipp-mmmgo-11, p27
11|ER20M11 (1:10000) 16.6301
12|ER20M12 (1:10000) 16.5533
13
14|ER20M14(1:10000) 15.4764 6/23/2008 |Wipp-mmmgo-11, p15
15
16
ER20M11 (1:10000) 17.0534 4.81 7/3/2008| Wipp-mmmgo-11, pi9
ER20M11 (1:10000) 16.2069 4.57 8/4/2008]Wipp-mmmgo-11, p31
ER20M12 (1:10000) 16.9747 4.79 7/3/2008 {Wipp-mmmgo-11, p19
ER20M12 (1:10000) 16.1320 4.55 8/4/2008|Wipp-mmmgo-11, p31
1 E
2
3
4
5
6
7|ER20S7 (1:10000) 16.1112 4.54 7/16/2008 Wipp-mmmgo-11, p23
8}ER20S8 (1:10000) 15.3980 434 7/16/2008 |Wipp-mmmgo-11, p23
9
10
11]ER20S811 (1:10000) 15.9946 7/21/2008Wipp-mmmgo-11, p25
12|ER20S512 (1:10000) 15.8960 7/21/2008 |Wipp-mmmgo-11, p25
13|ER20S13 (1:10000) 16.0836 7/23/2008 |Wipp-mmmgo-11, p27
14|ER20S14 (1:10000) 14.6220 7/23/2008 [Wipp-mmmgo-11, p27
15|ER20815 (1:10000) 16.5560
16|ER20816 (1:10000) 16.7132
171ER20817(1:10000) 15.6392 6/23/2008 |Wipp-mmmgo-11, p15
18|ER20518 (1:10000) 15.4919 6/23/2008|Wipp-mmmgo-11, p15
ER20S16 (1:10000) 17.0355 4.81 7/7/2008 [Wipp-mmmgo-11, p20
ER20S16 (1:10000) 16.3910 4.62 7/31/2008 [Wipp-mmimgo-11, p30
ER20S15 (1:10000) 17.0840 4.82 7/7/2008 Wipp-mmmgo-11, p20
ER20S15 (1:10000) 16.0281 4.52 7/31/2008 | Wipp-mmmgo-11, p30
. —
2
3 ER3L3 (1:10000) 16.4446 464 7/9/2008 Wipp-mmmgo-11, p21
4 ER3L4 (1:10000) 16.7268 472 7/9/2008 Wipp-mmmgo-11, p21
5 ER3L5 (1:10000) 17.8658 504 7/14/2008 Wipp-mmmgo-11, p22
6 ER3L6 (1:10000) 17.5376 495 7/14/2008 Wipp-mmmgo-11, p22
7 ER3L7 (1:10000) 17.7174 500 7/1/2008 Wipp-mmmgo-11, p15
8 ER3L8 (1:10000) 19.5652 552 7/16/2008 Wipp-mmmgo-11, p23
9 ER3L9 (1:10000) 17.8458 503 8/5/2008 Wipp-mmmgo-11, p32
10 ER3L10 (1:10000) 17.0809 4.82 8/5/2008 Wipp-mmmgo-11, p32
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3
2
3 ER3M3 (1:10000) 7.82135772 2:21
4 ER3M4 (1:10000) 17.0402 4.81 7/9/2008 Wipp-mmmgo-11, p21
5 ER3M5 (1:10000) 17.8710 5.04 7/9/2008 Wipp-mmmgo-11, p21
6 ER3MS6 (1:10000) 17.7160 500 7/9/2008 Wipp-mmmgo-11, p21
7 ER3M7 (1:10000) 15.8032 446 7/16/2008 Wipp-mmmgo-11, p23
8 ER3M8 (1:10000) 15.5885 440 7/16/2008 Wipp-mmmgo-11, p23
9 ER3M9 (1:10000) 16.0223 452 8/5/2008 Wipp-mmmgo-11, p32
10 JER3M10 (1:10000) 17.9236 5.06 8/5/2008 Wipp-mmmgo-11, p32
ER3M3 (1:10000) 7.9328 2.24 7/1/2008 Wipp-mmmgo-11, p15
ER3M3 (1:10000) 7.7099 217 7/22/2008 Wipp-mmmgo-11, p26
1
2
3 GW20L3 (1:10000) 18.4989 522 7/1/2008 Wipp-mmmgo-11, p15
4 GW20L4(1:10000) 33.4494 943 7/1/2008 Wipp-mmmgo-11, p15
5 GW20L5 (1:10000) 20.1066 567 7/14/2008 Wipp-mmmgo-11, p22
6 GW20L6(1:10000) 20.0790 5.66 7/14/2008 Wipp-mmmgo-11, p22
7 GW20L7 (1:10000) 18.1133 511 7/16/2008 Wipp-mmmgo-11, p23
8 GW20L8 (1:10000) 18.1262 5.11 7/16/2008 Wipp-mmmgo-11, p23
9 GW20L9 (1:10000) 16.6102 4,69 7/22/2008 Wipp-mmmgo-11, p26
10 GW20L10 (1:10000) 17.9887 5.07 7/22/2008 Wipp-mmmgo-11, p26
11 GW20L11 (1:10000) 16.3884 462 8/5/2008 Wipp-mmmgo-11, p32
12 GW20L12 (1:10000) 17.6949 4.99 8/5/2008 Wipp-mmmgo-11, p32
1
2 .
3 GW20M3 (1:10000) 17.4615 493 7/1/2008 Wipp-mmmgo-11, p15
4 GW20M4(1:10000) 17.8194 503 7/1/2008 Wipp-mmmgo-11, p15
5 GW20M5 (1:10000) 18.9309 534 7/14/2008 Wipp-mmmgo-11, p22
6 GW20M6 (1:10000) 17.7542 501 7/16/2008 Wipp-mmmgo-11, p23
7 GW20M7 (1:10000) 17.6925 499 7/16/2008 Wipp-mmmgo-11, p23
8 GW20M8 (1:10000) 17.9596 507 7/17/2008 Wipp-mmmgo-11, p24
9 GW20M9 (1:10000) 18.1227 511 7/22/2008 Wipp-mmmgo-11, p26
10 GW20M10 (1:10000) 17.7733 5.01
1 GW20M11 (1:10000) 18.7197 | 528 8/5/2008 Wipp-mmmgo-11, p32
12 GW20M12 (1:10000} 17.8240 503 8/5/2008 Wipp-mmmgo-11, p32
GW2M10 (1:10000) 17.4570 4.92 7/23/2008 Wipp-mmmgo-11, p27
GW20M10 (1:10000) 18.0896 510 7/22/2008 Wipp-mmmgo-11, p26
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516

1

2

3 GW3M3 (1:10000) 18.2818 , 7/9/2008 Wipp-mmmgo-11, p21

4 GW3M4 (1:10000) 18.9154 534 7/9/2008 Wipp-mmmgo-11, p21

5 GW3MS5 (1:10000) 17.2814 48/ 7/16/2008 Wipp-mmmgo-11, p23

6 GW3M6 (1:10000) 19.3610 548 7/14/2008 Wipp-mmmgo-11, p22

7 GW3M7 (1:10000) 17.2170 4.86 7/16/2008 Wipp-mmmgo-11, p23

8 GW3M8 (1:10000) 17.3778 490 7/16/2008 Wipp-mmmgo-11, p23

9 GW3M9 (1:10000) 17.1791 485 7/23/2008 Wipp-mmmgo-11, p27

10

11 GW3M11 (1:10000) 18.9136 533

12 GW3M12 (1:10000) 18.6620 . B26

13 GW3M13 (1:10000) 15.7262 444 6/23/2008 Wipp-mmmgo-11, p15

14 GW3M14 {1:10000) 20.9853 592 6/23/2008 Wipp-mmmgo-11, p15
GW3M11 (1:10000) 19.0256 5.37 7/3/2008 Wipp-mmmgo-11, p19
GW3M11 (1:10000) 18.8017 5.30 8/4/2008 Wipp-mmmgo-11, p31
GW3M12 (1:10000) 18.8431 5.32 7/3/2008 Wipp-mmmgo-11, p19
GW3M12 (1:10000) 18.4809 5.21 8/4/2008 Wipp-mmmgo-11, p31

1

2

3 GW3S3 (1:10000) 11.7645 3.32 7/22/2008 Wipp-mmmgo-11, p26

4 GW3S4 (1:10000) 11.7985 3:33 7/9/2008 Wipp-mmmgo-11, p21

5

6

7 GW387 (1:10000) 19.409 54/ 7/1/2008 Wipp-mmmgo-11, p15

8 GW3S8 (1:10000) 18.3368 517 7/17/2008 Wipp-mmmgo-11, p24

9

10

1" GW3S11 (1:10000) 18.6311 526 7/21/2008 Wipp-mmmgo-11, p25

12 GW3512 (1:10000) 18.2527 515 7/21/2008 Wipp-mmmgo-11, p25

13 GW3S13 (1:10000) 17.2046 4.85 7/23/2008 Wipp-mmmgo-11, p27

14 GW3S14 (1:10000) 18.0208 5.08 7/23/2008 Wipp-mmmgo-11, p27

16 GW3815 (1:10000) 19.3454 546

16 GW3816 (1:10000) 18.5945 5.24

17 GW3817 (1:10000) 21.7199 6.13 6/23/2008 Wipp-mmmgo-11, p15

18 GW3S518 (1:10000) 17.8228 5,03 6/23/2008 Wipp-mmmgo-11, p15
GW3S3 (1:10000) 0.59 7/9/2008 Wipp-mmmgo-11, p21
GW3S15 (1:10000) 20.2005 5.70 7/7/2008 Wipp-mmmgo-11, p20
GW3S15 (1:10000) 18.4903 5.22 7/31/2008 Wipp-mmmgo-11, p30
GW3S16 (1:10000) 17.9515 5.06 7/7/2008 Wipp-mmmgo-11, p20
GW3S16 (1:10000) 19.2376 5.43 7/31/2008 Wipp-mmmgo-11, p30
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MgCI2 20L7 {1:10000) 19.3883 547 7/17/2008 Wipp-mmmgo-11, p24
MgCl2 20L8 (1:10000) 18.4062 519 7/17/2008 Wipp-mmmgo-11, p24

10

11 MgCt2 20L11 (1:10000) 19.9269 562 7/21/2008 Wipp-mmmgo-11, p25

12 MgCi2 20L12 (1:10000) 18.7017 528 7/22/2008 Wipp-mmmgo-11, p26

13 MgCi2 20L13 (1:10000) 21.0637 594 7/3/2008 Wipp-mmmgo-11, p19

14 MgCl2 20L14 (1:10000) 21.0706 594 7/3/2008 Wipp-mmmgo-11, p19

15 MgCI2 20L15 (1:10000) 18.6738 527 7/22/2008 Wipp-mmmgo-11, p26

16 MgCI2 20L 16 (1:10000) 18.8254 531 7/22/2008 Wipp-mmmgo-11, p26

17 MgCI2 20L17 (1:10000) 19.7805

18 MgCI2 20L18 (1:10000) 20.0294

19 MgCi2 20L19 (1:10000) 18.9710 8/4/2008 Wipp-mmmgo-11, p31

20 MgClI2 20L20 (1:10000) 19.5338 8/4/2008 Wipp-mmmgo-11, p31
MgCi2 20L17 (1:10000) 20.7288 5.85 7/7/2008 Wipp-mmmgo-11, p20
MgCi2 20L17 (1:10000) 18.8322 5.31 7/31/2008 Wipp-mmmgo-11, p30
MgCi2 20L18 (1:10000) 20.7462 5.85 7/7/2008 Wipp-mmmgo-11, p20
MgCI2 20L18 (1:10000) 19.3127 5.45 7/31/2008 Wipp-mmmgo-11, p30

1

2

3

4

5

6 i

7 MgCI2 20M7 (1:10000) 19.6543 . . 554 7/1/2008 Wipp-mmmgo-11, p15

8 MgCi2 20M8 (1:10000) 21.5216 8.07 7/17/2008 Wipp-mmmgo-11, p24

9 L

10 .

11 MgCI2 20M11 (1:10000) 19.1033 5.39 7/21/2008 Wipp-mmmgo-11, p25

12 MgCI2 20M12 (1:10000) 19.6649 555 7/21/2008 Wipp-mmmgo-11, p25

13 MgCi2 20M13 (1:10000) 21.2213 599 7/3/2008 Wipp-mmmgo-11, p19

14 MgCi2 20M14 (1:10000) 21.7542 614 7/3/2008 Wipp-mmmgo-11, p19

15 MgCi2 20M15 (1:10000) 16.2091 457 7/22/2008 Wipp-mmmgo-11, p26

16 MgCi2 20M16 (1:10000) 17.2212 486 7/22/2008 Wipp-mmmgo-11, p26

17 MgClI2 20M17 (1:10000) 20.9420 591

18 MgClI2 20M18 (1:10000) 20.1984 570

19 MgClI2 20M19 (1:10000) 18.8557 532 8/4/2008 Wipp-mmmgo-11, p31

20 MgCl2 20M20 (1:10000) 18.4407 520 8/4/2008 Wipp-mmmgo-11, p31
MgCi2 20M18 (1:10000) 21.4076 6.04 7/7/2008 Wipp-mmmgo-11, p20
MgCI2 20M18 (1:10000) 18.9892 5.36 7/31/2008 Wipp-mmmgo-11, p30
MgClI2 20M17 (1:10000) 23.2622 6.56 7/7/2008 Wipp-mmmgo-11, p20
MgCl2 20M17 (1:10000) 18.6218 5.25 7/31/2008 Wipp-mmmgo-11, p30
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1
2
3 MgCi23M3 (1:10000) 19.7374 5.57. 7/1/2008 Wipp-mmmgo-11, p15
4
5
6
7 MgCi2 3M7 (1:10000) 18.4638 521 7/17/2008 Wipp-mmmgo-11, p24
8 MgClI2 3M8 (1:10000) 18.2779 516 7/17/2008 Wipp-mmmgo-11, p24
9
10
1 MgCI2 3M11 (1:10000) 18.6266 525 7/17/2008 Wipp-mmmgo-11, p24
12 MgC!2 3M12 (1:10000) 19.3200 545 7/17/2008 Wipp-mmmgo-11, p24
13 MgCi2 3M13 (1:10000) 34.6706 978 7/3/2008 Wipp-mmmgo-11, p19
14 MgCi2 3M14 (1:10000) 20.8014 . 587 7/3/2008 Wipp-mmmgo-11, p19
15 MgCi2 3M15 (1:10000) 19.3756 547 7/23/2008 Wipp-mmmgo-11, p27
16 MgCi2 3M16 (1:10000) 18.9197 534 7/23/2008 Wipp-mmmgo-11, p27
17 MgClI2 3M17 (1:10000) 19.4004 547
18 MgCl2 3M18 (1:10000) 19.2366 543
19 MgCI2 3M19 (1:10000) 19.1148 . Di39 8/4/2008 Wipp-mmmgo-11, p31
20 MgCI2 3M20 (1:10000) 19.1565 540 8/4/2008 Wipp-mmmgo-11, p31
21 MgCI23M21 (1:10000) 19.5893 553 6/23/2008 Wipp-mmmgo-11, p15
22 MgCI23M22 (1:10000) 19.7995 558 6/23/2008 Wipp-mmmgo-11, p15
MgCI2 3M4 (1:10000) 20.6373 5.82 7/9/2008 Wipp-mmmgo-11, p21
MgCl2 3M17 (1:10000) 20.8314 5.88 7/7/2008 Wipp-mmmgo-11, p20
MgCI2 3M17 (1:10000) 17.9694 5.07 7/31/2008 Wipp-mmmgo-11, p30
MgCi2 3M18 (1:10000) 20.2656 572 7/7/2008 Wipp-mmmgo-11, p20
MgCi2 3M18 (1:10000) 18.2075 5.14 7/31/2008 Wipp-mmmgo-11, p30
1 - >
3 MgCI2 353 (1:10000) 20.0480 5.65 7/9/2008 Wipp-mmmgo-11, p21
2 ,
5 MgCI2 355 (1:10000) 20.3565 574 7/9/2008 Wipp-mmmgo-11, p21
6
7 MgCI2 357 (1:10000) 18.8742 532 7/17/2008 Wipp-mmmgo-11, p24
8 MgCI2 358 (1:10000) 18.3363 547 7/17/2008 Wipp-mmmgo-11, p24
9
10
11 MgCl2 3511 (1:10000) 18.4526 520 7/21/2008 Wipp-mmmgo-11, p25
12 MgCi2 3512 (1:10000) 18.3819 518 7/21/2008 Wipp-mmmgo-11, p25
13 MgCI2 3513 (1:10000) 20.0402 565 7/3/2008 Wipp-mmmgo-11, p19
14 MgCi2 3514 (1:10000) 20.6127 5.81 7/3/2008 Wipp-mmmgo-11, p19
15 MgCI2 3515 (1:10000) 19.5346 551 7/23/2008 Wipp-mmmgo-11, p27
16 MgCI2 3516 (1:10000) 18.5184 522 7/23/2008 Wipp-mmmgo-11, p27
17 MgCi2 3517 (1:10000) 19.6269 554
18 MgCi2 3518 (1:10000) 19.9958 5564
19 MgClI2 3519 (1:10000) 18.9998 536 8/4/2008 Wipp-mmmgo-11, p31
20 MgCI2 3520 (1:10000) 19.1313 540 8/4/2008 Wipp-mmmgo-11, p31
21 MgCi23521 (1:10000) 19.4314 5.48 6/23/2008 Wipp-mmmgo-11, p15
22 MgCl23822 (1:10000) 18.4048 519 6/23/2008 Wipp-mmmgo-11, p15
MgC!2 3517 (1:10000) 20.4628 577 7/7/2008 Wipp-mmmgo-11, p20
MgCI2 3517 (1:10000) 18.7911 5.30 7/31/2008 Wipp-mmmgo-11; p30
MgCI2 3518 (1:10000) 20.9193 5.90 7/7/2008 Wipp-mmmgo-11, p20
MgCiI2 3518 (1:10000) 19.0723 5.38 7/31/2008 Wipp-mmmgo-11, p30
Raw Data: The scientific notebook and page number reference for the sample dilutions are given in column F
The measured Cl- concentrations in ppm, from ion-chromatography, are recorded in supplemental binder "MMMgO-Cl electrode-1".
The raw C data can be found in the supplemental binder under the tab corresponding to the date of analysis listed in column E
Calculations: - In column D, the CI- concentration in mol/t is calculated by =
Cl concentration in column C / 10*3( conversion from ppm to g/L) / 35.4527 (molecular weight of Cl) x10000 (dilution factor)
Note: when the Cl- concentration in column C has been analyzed more than once, the average value is used.
For example, the result for sampie MgCi2 3517 (1:100000), given in cell C294, is the average of cells C312 and C313
Final result: The Ci- concentrations from column D are input into the Excel file "plots(review)”, on the worksheet "raw data", on columns H, R, AD, AP, BB, BQ
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Raw Data;

Calculations:

Output:

The ICP-AES analysis date in column C is recorded in the supplemental binder "MMMgO-ICP-AES-1".

The Mg concentration in ppm (mg/l) in column D can be found in supplemental binder "MMMgO-ICP-AES-1",

which is organized by the analysis date, which is given in column C.

The Ca concentration in ppm (mg/l) in column E can be found in supplemental binder "MMMgO-ICP-AES-1" in the same way as the Mg data.

The Ditution information is recorded in the scientific notebook ,see column |, J, K, L, and M, N
The notebook numbers in columns t and N correspond to WIPP-MM MgO-#
Termination information (sample collection date) is can be found in the scientific notebook ,see column M, N

The dilution factor in column F can be found in the scientific notebooks ,see column |, J, K, L, M, N.

Column F can be a number or "procedure™

"Procedure” can be found in WIPP-MMMgO-6, P79.

If column F = procedure, then the sample hydrated in GWB or Simplified GWB has been diluted 1150 times for Mg analysis

If column F = procedure, then the sample hydrated in GWB or Simplified GWB has been diluted 115 times for Ca analysis

If column F = procedure, then the sample hydrated in ERDA-6 has been diluted 115 times for Ca analysis

If column F = procedure, then the sample hydrated in ERDA-6 has been diluted 1150 times for Mg analysis.

Note the ditution factor for the sampie hydrated in ERDA-6 for Mg analysiswas was changed to 115 after 12/14/07.

To make the calculation simple, set the diiution factor to 115 for sample diluted after 12/14 /07 .

If column F is not = procedure, then the sample dilution factor is calculated from dilution process documented in the scientific notebook, see columns |, J, K, L, M, N.
For example, Cell F282 = 20x10 = 200. Sample GW3512 was first diluted 10 times (documented on WIPP-MMMgQ-6,p50), then diluted 20 times (WIPP-MMMgO-10, P46).

The Mg molarity (mol/l} in column G = Mg concentration in column D (mg/l) X dilution factor in column F/ 1000 (conversion from mgfl to gfl) / 24.305 (molecular weight of Mg)
The Ca molarity in column H = Ca concentration in column E (mgfi) X dilution factor in column F / 1000 (conversion from mg/l to g/l) / 40.078 (molecular weight of Ca)

The Mg molarity (mol/l} in column G and Ca molarity in column H is inputted into the Exce! file "plots(review)", on worksheet "raw data” , on columns S, T, AE, AF, BC, BD, BR, BS.
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Reaction HSO, =H*'+S0,*

Brine H+ (M) S042- (M) HSO4- (M) H+ (m) S042- (m) HSO4-(m) log Ka, molarscale  log Ka, molal scale
GWB 3.34709E-09 1.68809E-01 5.14351E-09 3.81225E-09 1.92269E-01 5.85831E-09 -0.9592 -0.9027
ERDA-6 5.10858E-02 9.93138E-02 7.14942E-02 5.74481E-02 1.11682E-01 8.03982E-02 -1.1490 -1.0980

These values can be found in the FMT files: fmt_aciddis_2009_msrpt_GWB_001.0UT:; fmt_aciddis_2009_msrpt_erda6_002.0UT, which are
located in CMS in the class LIBACIDDIS_FMT
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This worksheet is a summary of the slopes obtained from titrating ERDA-6, simplified GWB, and GWB with HCI
The slopes for each row below can be found on the corresponding worksheet, for example for row 5 see the worksheet titled "ERDA with HCI1"

ERDA-6

Simple GWB

GwWB

slope log(slope) R2
HCI 1 13.959 1.144854 0.9934 1.155|Avg of log(slope)
HCi 2 14.127 1.15005 0.9994 0.013Standard deviation of log(slope)
HC] 3 14.785 1.169821 0.9997

slope log(slope) R2
HCI1 15.587] 1.192763 0.9924 1.206|Avg of log(slope)
HCI 2 15.481] 1.189799 0.995 0.025|Standard deviation of log(slope)
HCI 3 17.169] 1.234745 0.9926

slope log(slope) R2
HCI 1 16.686] 1.222352 0.9998 1.236Avg of log(slope)
HC1 2 18.124] 1.258254 0.9996 0.019{Standard deviation of log(slope)
HCI 3 16.896] 1.227784 0.9995
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Brine: GWB
Titrant 1.00M HCI

Temperature:25.02'C  Start Time: 5:00pm
End Time: 6:05pm

Notebook and pg: Wipp-MMMgO-14 p.15
amt added mL Totat Added mlL pH observed H+ Observed (M) {HC! added (M) [H+ free (M)
0 0 7.46 3.467E-08
0.1 0.1 7.43 3.715E-08
0.1 0.2 7.4 3.981E-08
0.1 0.3 7.37 4.266E-08
0.1 0.4 7.34 4.571E-08
0.1 0.5 7.31 4.898E-08
0.1 0.6 7.28 5.248E-08
0.1 0.7 7.24 5.754E-08
0.1 0.8 7.21 6.166E-08
0.1 0.9 7.14 7.244E-08
0.1 1 7.1 7.762E-08
0.1 1.1 7.08 8.318E-08
0.1 1.2 7.04 9.120E-08
0.1 1.3 7.01 9.772E-08
0.1 14 6.97 1.072E-07
0.1 1.5 6.93 1.175E-07
0.1 1.6 6.89 1.288E-07
0.1 1.7 6.85 1.413E-07
0.1 1.8 6.81 1.549E-07
0.1 1.9 6.77 1.698E-07[
0.1 2 6.73 1.862E-07
0.1 2.1 6.68 2.089E-07
0.1 2.2 6.63 2.344E-07
0.1 23 6.58 2,630E-07
0.1 2.4 6.52 3.020E-07
0.1 25 6.47 3.388E-07
0.1 2.6 6.4 3.981E-07
0.1 27 6.33 4.677E-07
0.1 2.8 6.25 5.623E-07
0.1 2.9 6.16 6.918E-07
0.1 3 6.06 8.710E-07
0.1 3.1 5.93 1.175E-06
0.1 3.2 5.77 1.698E-06
0.1 33 5.53 2.951E-06
0.1 3.4 5.07 8.511E-06
0.1 3.5 2.42 3.802E-03 0.000E+00 0.000E+00
0.05 3.55 2.03 9.333E-03 9.337E-04 3.563E-04
0.05 3.6 1.82 1.514E-02 1.866E-03 7.120E-04
0.05 3.65 1.68 2.089E-02 2.796E-03 1.067E-03
0.05 3.7 1.57 2.692E-02 3.724E-03 1.421E-03
0.05 3.75 1.49 3.236E-02 4.651E-03 1.775E-03
0.05 3.8 1.42 3.802E-02 5.576E-03 2.128E-03
0.05 3.85 1.35 4.467E-02 6.500E-03 2.480E-03
0.05 39 1.3 5.012E-02 7.421E-03 2.832E-03
0.1 4 1.21 6.166E-02 9.259E-03 3.534E-03
0.1 4.1 1.13 7.413E-02 1.109E-02 4.232E-03
0.1 4.2 1.07 8.511E-02 1.292E-02 4.929E-03
0.1 43 1.01 9.772E-02 1.473E-02 5.622E-03

Data location
Calculation steps:

Wipp-MMMgO-14 p.15

1 H+ Observed in column D = 10*-pH observed in column C
2 Plot pH observed (column C) against total acid added (column B), Figure 1, and determine the equivalence volume, 3.50 mi
3 H+ added in column E =
({Total added acid in column B - equivalence volume 3.50 mi) x HCI concentration/(Brine volume 50mi + Total volume of added acid in column B)
HCI concentration is given in notebook wipp-FePb-1, p6 and p21.

4 H+ free in column F = H+ added in column E/ value in cell 127 using equation (6) in section 3.3 of the repont.

5 Here cell 127 =1+ (1/Ka)x [SO42-] with Ka =107(-0.9592),

where Ka is given in worksheet "constant”, and the concentration of sulfate [S042-] = 0.178 M in GWB according to SP20-4 appendix B.

6 Plot H+ observed in column D aginst H+ free (column F) and get slope of line, 15.428.
7 Correction factor A = log(slope in Figure 2)
8 Input slope and log (slope) in worksheet "sum" to get the average of A from three titrations
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In the above plots, time can be found in columns AM and BG in worksheet "Calculated molality” of this Excel file.
The saturation index can be found in columns BB, BC, BD, BW, BX, and BY in the worksheet "Calculated molality" of this Excel file
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In the above plots, time can be found in coiumns CA and CU in worksheet "Calculated molality" of this Excel file.
The saturation index can be found in columns CP, CQ, CR, DM, DN, and DQ in the worksheet "Calculated molality” of this Excel file
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In Fig 30 (A), Mg++ concentration and pmH of GW3S, GW3M, GW20M, GW20L can be found in worksheet "caiculated molality" of this Excel file
Mg++ concentration and pmH predicated by EQ6 run for phase-5 equilibrated in GWB brine can be found in Excel file "GWB2(xiong)".
Mg++ concentration and pmH predicated by EQ6 run for phase-3 or brucite equilibrated in GWB brine can be found in Excel file "GWB2(xiong)".

The Excel file "GWB2(xiong)" is part of the memo: Xiong et al, 2009.
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In Fig 30 (B), Mg++ concentration and pmH of MgCI3S, MgCI3M, MgCI20M, MgCI20L can be found in worksheet “calculated molality" of this Excel file
Mg++ concentration and pmH predicated by EQ6 run for phase-5 equilibrated in GWB brine can be found in Excel file "GWB2(xiong)".
Mg++ concentration and pmH predicated by EQ6 run for phase-3 or brucite equilibrated in GWB brine can be found in the Excel file "GWB2(xiong)" respectively.

The Excel file "GWB2(xiong)" is part of the memo: Xiong et al, 2009.
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In Fig 30 (C), Mg++ concentration and pmH of ER3M, ER3L, ER20S, ER20M can be found in worksheet "calculated molality" of this Excel file
Mg++ concentration and pmH predicated by EQ6 run for phase-5 equilibrated in ERDA-6 brine can be found in the Excel file "ERDA-62(xiong)".

Mg++ concentration and pmH predicated by EQ6 run for phase-3 or brucite equilibrated in ERDA-6 brine can be found in the Excel file "ERDA-62(xiong)" respectively.
The Excel file "ERDA-6 2(xiong)" is part of the memo: Xiong et al, 2009.
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{days)

4/22/2009
User: hdeng
EQ38,
Version 8.0
Arbitrary Time log Xi - gwb- Periclase Phase-6
77.60 Moles Moles
-99999 1.1629
-4.52677 1.1629
-3.43998 1.1625
-2.37852 1.1587
-2.37717 1.1587
7 -2.30545 1.158
50 -2.30421 1.1579
-2.29738 1.1579
200 -2.25495 1.1573
371 -2.2121 1.1568 1.077E-05
-2.21163 1.1568 1.362E-05
-2.21101 1.1567 1.675E-05
-2.21025 1.1567 2.125E-05
-2.20928 1.1567 2.682E-05
500 -2.20789 1.1567 3.452E-05
-2.20452 1.1567 5.399E-05
600 -1.53018 1.1334 0.0093577
0.08554 0 0.46278
700
2212000
Usar: hdeng
EQ3Rs,
Version 8.0
log Xi-gwb- Periclase Brucite
11.60 Moles Moles
7 -99999 7.8779
24 -1.30103 7.8279
113 0.36003 5.5869  0.098486
500 0.69358 2.9395 2.2713
0.76132 2.106 3.052
800 0.89641 0 5.0251

4/22i2009

User: hdeng
EQ3/8,
Version 8.0
Calcite Hydromagne log Xi - pH -gwb-  a(w) - gwb- Mg++
Moles 5424 Moles gwb-77.60 77.60 77.60 Cl- Molality Molality
0.010474  0.00069624 -99999 6.8265 0.720411 8.3203 1.145
0.010456  0.00070971 -4.52677 6.8297 0.720411 8.3203 1.1449
0.010231 0.0008659  -3.43998 8.8671  0.720422 6.3204 1.1445
0.002966 0.003391 -2.37852 7.4625 0.720663 6.3218 1.1362
0.0029154 0.0034038  -2.37717 7.4628 0.72067 6.3218 1.1362
0.0041397  -2.30545 7.4787 0.720845 6.3222 1.1333
0.0041434  -2.30421 7.4867  0.720849 6.3222 1.1333
0.0041637  -2.29738 7.5336 0.720853 6.3222 1.1332
0.0042522  -2.25495 7.8262 0.720875 6.3223 1.1328
0.0042926 -2.2121 8.0505 0.720915 6.3224 1.1323
0.0042926  -2.21163 8.0506 0.720916 8.3224 1.1323
0.0042926  -2.21101 8.0506 0.720916 8.3223 1.1323
0.0042926  -2.21025 8.0506 0.720917 8.3223 1.1323
0.0042926  -2.20928 8.0506 0.720917 6.3223 1.1323
0.0042926  -2.20789 8.0506 0.720017 8.3223 1.1323
0.0042926  -2.20452 8.0506 0.720917 8.3223 1.1323
0.0042926  -1.53018 8.0523 0.721083 6.3199 1.1289
0.0043001 0.06554 8.1454  0.729691 6.1952 0.95264
4/22/2008
User: hdeng
EQyE,
Version 8.0
Phase-5 log Xi-gwb- pH-gwb- a(w)-gwb- Mg++ Ca++
Moles 11.60 11.60 11.60 Cl- Molality Molality Molality
-99999 6.8265 0.720411 6.3203 1.145 0.0051204
0.017559 -1.30103 8.0538 0.72123 8.3176 1.1258  0.010719
0.87471 0.36003 8.2455 0.737546 6.0812 0.77601  0.011021
1.0645 0.69358 8.2412  0.727753 8.2765 0.71933  0.009735
1.0856 0.76132 8.2408 0.727463 6.2784 0.72098 0.0095916
1.1388 0.89641 8.2396 0.726744 6.2835 0.72556 0.0092306
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Ca++
Molality
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0.010704
0.010712
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H+ Molality
1.143E-08
6.836E-10
5.483E-10
5.075E-10

5.07E-10
5.054E-10

Cl-Log Mg++Log Ca++log H+Llog
H+ Molality G G G G
1.143E-08 -0.2759 1.1817 0.8863 1.1155
1.135E-08 -0.2759 1.1817 0.8863 1.1155
1.041E-08 -0.2759 1.1817 0.8862 1.1155
2.849E-09 -0.2759 1.1801 0.8842 1.1144
2.647E-09 -0.2759 1.18 0.8842 1.1144
2.557E-09 -0.2758 1.1787 0.8834 1.1135
2.511E-09 -0.2758 1.1787 0.8834 1.1135
2.254E-09 -0.2758 1.1786 0.8833 1.1135
1.149E-09 -0.2758 1.1784 0.8831 1.1134
6.86E-10 -0.2758 1.1781 0.8826 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.86E-10 -0.2758 1.178 0.8825 1.1131
6.847E-10 -0.2758 1.1762 0.8809 1.1122
6.186E-10 -0.2749 1.0819 0.7978 1.0632
Cl-Log Mg++Log Cat++log H+Llog
G G G G pmH
-0.2759 1.1817 0.8863 1.1165 7.9420298
-0.2758 1.1746 0.8795 1.1114 9.1651852
-0.2741 0.9926 0.7187 1.0171 9.2625926
0.2747 1.0458 0.7642 1.0534 9.2945725
-0.2748 1.0459 0.7636 1.0543 9.2950177
-0.2749 1.0463 0.7619 1.06568 9.2963991

pmH

7.94203
7.945157
7.982549
8.576951
8577197
8.592218
8.600205
8.647046
8.939604
9.163689
9.163689
9.163689
9.163695
9.183689
9.163695
9.163695
9.164481
9.208811



Mg++ concentration
(molkg)

(A)

1.60

X
120 s §
1.00 °

080 goB U

040

020

0.00 4 . . .

0 200 400 600
Time (days)

800

1000

©OGW3sS
OGW3M
AGW20M
X GW20L
®EQE-77
=EQ6-11

Concentration of Cl-

(B)
7.00 ° 6GW3s
.50 XX. é. b = oGWaM
- 600 E5% ax AGW20M
£ 550 g g a0 X GW20L
gso0 o *EQ6T7
480 —-EQ6-11
4.00
250 { . . . . .
0 200 400 600 800 1000
Time (days)

pmH

©)

0 200 400 600 800
Time (days)

1000

OGW3sS
OGW3M
AGW20M
X GW20L
$EQ6-77
-EQ6-11

Explanation:

Except for the data in column A which are arbitrary time, all data from row 3 to row 14 are extracted from EQ6 output file " gwb-77.60"
Cl- log gamma, H+ log gamma, Mg++ log gamma and aw (water activity) in row 12 are used in worsheet "calculated molality” of this Excel file
As MgO is titrated into the brine, the Cl- log gamma, H+ log gamma, Mg++ log gamma and aw change slightly.

In our calculation, we chose the values for the activity coefficients from the EQ6 outpuf file when phase-5 first appears, row 12.

Except for the data in column A which are arbitrary time, all data from row 17 to row 32 are extracted from EQ8 output file " gwb-11.60"
CI- log gamma, H+ log gamma, Mg++ log gamma and aw (water activity) in row 26 are used in worksheet "calculated molality” of this Excel file

In our calculation, we chose the values for the activity coefficients from the EQ6 output file when brucite first appears, row 26.

In Fig A, Mg++ concentration of GW3S, GW3M, GW20M, GW20L can be found in worksheet "calculated molality” of this Excell file
Mg++ concentration predicated by EQ6 run for MgO titrated into 77ml and 11 mt of GWB brine can be found in columns K and J above, from EQS output files gwb-77.60 and gwb-11.60 respectively

In Fig B, CI- concentration of GW3S, GW3M, GW20M, GW20L can be found in worksheet "calculated molality” of this Excel file

Cl- concentration predicated by EQ6 run for MgO titrated into 77ml and 11 ml of GWB brine can be found in columns J and | above, from EQ6 output files gwb-77.60 and gwb-11.60 respectively.

In Fig C, pmH of GW3S, GW3M, GW20M, GW20L can be found in worksheet "calculated molality" of this Excel fiile
pmH predicated by EQ8 run for MgO titrated into 77ml and 11 ml of GWB brine can be found in columns R and Q above, from EQB output files gwb-77.60 and gwb-11.60 respectively
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Time (days)
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3/18/2008
User: hdeng
EQ3/6,
Version 8.0
log Xi - Periclase Phase-5
sgwbb-77.60 Moles Moles
-99999 1.1555
-2.69484 1.1535
-2.22369 1.1495
-2.22366 1.1495  1.16E-07
-2.22365 1.1495 1.6713E-07
-2.22364 1.1495 2.3442E-07
-2.22362 1.1495 3.319E-07
-2.22359 1.1495 5.3087E-07
-2.22347 1.1495 1.1588E-06
-2.22315 1.1495 2.927E-06
-2.18146 1.1489 0.00024405
0.06277 0 0.45987
1872000
User: hdeng
EQa8,
Version 8.0
log Xi - Periclase  Brucite
sgwbb-11.60 Moles Moles
-99999 7.8279
-2.69484 7.8259
-2.22369 7.8219
-2.22366 7.8219
-2.22365 7.8219
-2.22364 7.8219
-2.22362 7.8219
-2.22359 7.8219
-2.22347 7.8219
-2.22315 7.8219
-2.18146 7.8213
0.38501 54012  0.014827
0.38511 5.4007 0.015256
0.7265 2.5007 2.3879
0.72668 2.4985 2.39
0.89365 0 4.7305

3/18/2009
User: hdeng
EQ3/8,
Version 8.0
fog Xi -
sgwbb-
77.60
-99999
-2.69484
-2.22369
-2.22366
-2.22365
-2.22364
-2.22362
-2.22359
-2.22347
-2.22315
-2.18146
0.06277

Phase-5
Moles

1.16E-07
1.6713E-07
2.3442E-07
3.319E-07
5.3087E-07
1.1588E-06
2.927E-06
0.00024405
0.96249
0.96253
1.1735
1.1735
1.2367

a(wy) -
pH - sgwbb- sgwbb- Mg++ Cl-Log
77.60 77.60 Cl- Molality Molality H+ Molality Gamma
6.5845 0.731964 6.2683 1.1054 2.0953E-08 -0.2733
6.7385  0.732064 6.2685 1.1042 1.4703E-08 -0.2733
8.0444 0.732274 6.2691 1.1015 7.2791E-10 -0.2733
8.0444  0.732274 6.2691 1.1015  7.279E-10 -0.2733
8.0444  0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444  0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444  0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444 0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444  0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444  0.732274 6.2691 1.1015 7.279E-10 -0.2733
8.0444  0.732279 6.2691 1.1014 7.2786E-10 -0.2733
8.1388  0.741559 6.1398 0.92129 6.577E-10 -0.2721
3/18/2009
User: hdeng
EQ3%,
Version 8.0
a(w) -
fog Xi - pH - sgwbb- sgwbb- Mg++
sgwbb-11.60 11.60 11.60 Cl- Molality Molality H+ Molality
-99999 6.5845 0.731964 6.2683 1.1054 2.0953E-08
-2.69484 6.7385  0.732064 6.2685 1.1042 1.4703E-08
-2.22369 8.0444  0.732274 6.2691 1.1015 7.2791E-10
-2.22366 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22365 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22364 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22362 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22359 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22347 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.22315 8.0444  0.732274 6.2691 1.1015 7.279E-10
-2.18146 8.0444  0.732279 6.2691 1.1014 7.2786E-10
0.38501 8.2682 0.752603 5.9823 0.6995 5.6143E-10
0.38511 8.2682  0.752601 5.9824 0.69949 5.6142E-10
0.7265 8.265 0.741668 6.2149 0.62834 5.1466E-10
0.72668 8.265 0.741668 6.2149 0.62834 5.1466E-10
0.89365 8.2651 0.74167 6.2163 0.62779 5.1453E-10
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Datasheet "Fig32"

Mg++ Log

Gamma
1.1814
1.1812
1.1803
1.1803
1.1803
1.1803
1.1803
1.1803
1.1803
1.1803
1.1802
1.0867

Cl-Log

Gamma
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2733
-0.2706
-0.2706
-0.2713
-0.2713
-0.2713

H+ Log

Gamma
1.0942
1.0941
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0432

Mg++ Log
Gamma
1.1814
.1812
.1803
.1803
1803
1803
1803
1803
1803
.1803
1802
0.9747
0.9748
1.0404
1.0404
1.0405

GG G G Gy

-

pmH

7.67875379
7.83259404
9.13792231
9.13792828
9.13792828
9.13792828
9.13792828
9.13792828
9.13792828
9.13792828
9.13795215
9.18197216

H+ Log

Gamma
1.0942
1.0941
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
1.0935
0.9825
0.9825
1.0235
1.0235
1.0235

pmH

7.678754
7.832594
9.137922
9.137928
9.137928
9.137928
9.137928
9.137928
9.137928
9.137928
9.137952
9.250704
9.250712

9.28848

9.28848
9.288589
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Except for the data in column A which are arbitrary time, all data from row 3 to row 21 are extracted from EQ6 output file "sgwb-77.60"

Cl- log gamma, H+ log gamma, Mg++ log gamma and aw (water activity) in row 6 are used in data sheet “calculated molality" of this Excel file
As MgO is titrated into the brine, the Cl- log gamma, H+ log gamma, Mg++ log gamma and aw (water activity) change slightly.

In our calculation, we chose the values for the activity coefficients when phase-5 first appears, row 6

Explanation:

Except for the data in column A which are arbitrary time, all data from row 17 to row 32 are extracted from EQ6 output file "sgwb-11.60"
Cl- log gamma, H+ log gamma, Mg++ log gamma and aw in row 28 are used in data sheet "calculated molality” of this Excel file
In our calculation, we chose the values for the activity coefficients from the EQ6 output file when brucite first appears, i.e. row 28

In Fig A, the Mg++ concentration of MgCI3S, MgCI3M, MgCI20M, MgCI20L can be found in worksheet "caiculated molality” of this Excel file
Mg++ concentration predicated by EQ6 run for MgO titrated into 77mi and 11 mi of simplified GWB brine can be found in column | above, from EQ6 output files sgwb-77.60 and sgwb-11.60 respectively.

In Fig B, Cl- concentration of MgCI3S, MgCI3M, MgCI20M, MgCI20L can be found in data sheet "caiculated molality" of this Excel file
Cl concentration predicated by EQ6 run for MgO titrated into 77ml and 11 mi of simplified GWB brine can be found in columns H and | above, from from EQ6 output files sgwb-77.60 and sgwb-11.60 respectively.

In Fig C, pmH of MgCI3S, MgCI3M, MgCI20M, MgCI20L can be found in data sheet "calculated molality" of this Excel file
pmH predicated by EQ6 run for MgO titrated into 77ml and 11 ml of simplified GWB brine can be found in columns N and O above, from from EQ6 output files sgwb-77.60 and sgwb-11.60 respectively.
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412912009
User. hdeng
BQ¥6,
Version 8.0
Arbitrary Time log Xi - erdca- Brucite Periclase
{days) 12.60 Moles Moles
24 -09999 0.0213 7.8437
200 -0.39794 0.4213 7.4437
500 -0.09691 0.8213 7.0437
0.07918 1.2213 6.6437
800 0.20412 1.6213 8.2437
0.30103 2.0213 58437
0.38021 2.4213 5.4437
0.44716 2.8213 5.0437
0.50515 3.2213 4.6437
0.5563 36213 4.2437
0.60208 4.0213 3.8437
0.64345 4.4213 3.4437
0.68124 4.8213 3.0437
0.716 52213 268437
0.74819 5.6213 22437
0.77815 6.0213 1.8437
0.80618 6.4213 1.4437
0.83251 6.8213 1.0437
0.85733 7.2213 0.6437
0.86852 7.4092 0.45581
0.88081 7.6213 0.2437
1000 0.69452 7.865 0
2242000
User, hdeng
EQW8,
Version 8.0
Arbitrary Time log Xi - erdca- Periclase Brucite
{days) 78.60 Moles Moles
24 -99999 1.1579
113 -2.64152 1.1556 1.196E-07
300 -0.39794 0.7579 0.39772
500 -0.09691 0.3579 0.79771
1000 0.08367 0 1.1556

PM
A/29/2008
User:

hdeng
log Xi -
erdca-
12.60
-99099
-0.39794
-0.08891
0.07918
0.20412
0.30103
0.38021
0.44716
0.50515
0.5563
0.60206
0.64345
0.68124
0.718
0.74819
0.77815
0.80618
0.83251
0.85733
0.86852
0.88081
0.89452
PN
4/2212008
User:
hdang
log Xi -
erdca-
78.60
-89999
-2.64152
-0.39794
-0.09691
0.08367

pH-

erdca-

12.60
12.2006
12.2076
12.2057
12.2037
12.2017
12.1997
12.1979
12.1968
12.1958
12.1947
12.1936
12.1925
12.1914
12.1903
12.1892
12.1881

12.187

12.1859
12.1848
12.1844
12.1853
12.18863

PH -
erdca-
78.60
6.755
9.1821
9.185
9.1776
9.171

a{w) -
erdca-
12.60
0.788766
0.78694
0.785084
0.783197
0.781277
0.779324
0.777635
0.775624
0.773577
0.771495
0.769375
0.767216
0.765019
0.762782
0.760504
0.768183
0.75582
0.753412
0.750958
0.749911
0.749894
0.749875

a(w) -

erdca-

78.60
0.786843
0.788896
0.787157
0.785277
0.783567

Cl-
Molality

5.2037
5.2418

528
5.3189
5.3584
5.3986
54332
54744
5.5183
5.5588
5.6019
5.6457
5.6903
5.7355
5.7814
5.8281
5.6756
5.9238
5.9729
5.9937
5.9933
5.9928

Cl-

Molality
5.1987
5.1986
5.2361
5.2744
5.3091

Ca++
Molality

0.018241
0.017991

0.01774
0.017488
0.017236
0.018982
0.016763
0.018434
0.018105
0.015775
0.015446
0.015118

0.01479
0.014462
0.014135
0.013809
0.013484
0.013159
0.012836
0.012697
0.012654
0.012605

Ca++

Molality
0.007694
0.003585
0.003609
0.003633
0.003655

Mg++ Molality H+ Molality
2.2171€-08 1.0915E-13
2.18E-08 1.0757E-13
2.1428E-08 1.08E-13
2.1056E-08 1.0442E-13
2.0884E-08 1.0283E-13
2.0311E-08 1.0125€-13
1.9993E-08 9.989E-14
1.9533E-08 9.808E-14
1.9076E-08 9.6271E-14
1.862E-08 9.4463E-14
1.8167E-08 9.2656E-14
1.7716E-08 9.0851E-14
1.7267€-08 8.9048E-14
1.6821E-08 8.7247E-14
1.6378E-08 8.5449E-14
1.5938E-08 8.3654E-14
1.55E-08 8.1864E-14
1.5087E-08 8.0077E-14
1.4636E-08 7.8296E-14
1.4452E-08 7.7534E-14
1.4397E-08 7.7381E-14
1.4335E-08 7.7205E-14
Mg++ Molality H+ Molality
0.021279 3.077E-08
0.023317 1.1253E-10
0.023484 1.1224E-10
0.023653 1.1194E-10
0.023808 1.1166E-10
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Datasheet “Fig 33"

Cl-Log
Gamma

-0.2664
-0.2666
-0.2668

-0.267
-0.2672
-0.2674
-0.2676
-0.2678

-0.268
-0.2682
-0.2684
-0.2686
-0.2688

-0.269
-0.2693
-0.2695
-0.2697
-0.2699
-0.2701
-0.2702
-0.2703
-0.2703

Cl- Log
Gamma

-0.2666
-0.2666
-0.2668

-0.267
-0.2672

0.3204
0.3413
0.3533
0.3656
0.3781
0.3908
0.4017
0.4148

0.428
0.4415
0.4553
0.4692
0.4834
0.4979
0.5128
0.5276
0.5429
0.5584
0.5743

0.581
0.5807
0.5805

Ca++Log
Gamma

0.3472
0.3447
0.3565
0.3686
0.3798

Gamma
0.5502
0.5634
0.5768
0.5905
06044
0.6185
0.6307
0.6452

0.66
0675
0.6903
0.7058
0.7217
0.7378
0.7542
0.7708
0.7879
0.8052
0.8228
0.8303
0.8302
0.8301

Mg++ Log

Gamma
0.5634
0.5629
0.5762
0.5898
0.6021

Ca++Log Mg++Log H+ Log
Gamma

Gamma
0.7524
0.7607

0.769
0.7775
0.7862

0.795
0.8026
0.8116
0.8207
0.8301
0.8398
0.8492

0.859

0.869
0.8791
0.8894
0.8999
0.9108
09215
0.9261
0.9261
0.9261

H+ Log

Gamma
0.7569
0.7568
0.7649
0.7734
0.7811

pmH

12.96198
12.96831
12.97469
12.98122
12.98788

12.9948
13.00048
13.00842

13.0165
13.02474
13.03313
13.04167
13.05038
13.05925
13.06829
13.07751
13.08691
13.09649
13.10626
13.11051
13.11137
13.11235

pmH
7.511873
9.948732
9.949852
9.951015
9.952102
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Except for the data in column A which are arbitrary time, all data from row 3 to row 21 are extracted from the EQ8 output file "erdca-12.60"

Ci- log H+ log

Mg++ log g
As MgQ is titrated into the brine, the Ci- log

H+ log

Mg++ log

In our calculation, we chose the values for the activity coefficients from the EQ6 output file when brucite first appears, row 3

and aw (water activity) in row 3 are used in worksheet “caiculated molality” of this Excal file
and aw change slightly.

Except for the data in column A which are arbitrary time, alt data from row 17 to row 32 are extracted from EQS6 output file "erdca-78.60"

Ci- fog H+ log

Mg++ log g;

In our calculation, we chose the values for the activity coefficients from the EQS6 output file when brucite first appears, row 27

in Fig A, the Mg++ concentration of ER3M, ER3L, ER20S, ER20M can be found in worksheet "calculated molality” of this Excel file
Mg++ concentration predicated by EQ8 run for MgO titrated into 77ml and 11 mi of ERDA-6 brine can be found in column J above, from files erdca-12.80 and erdca-78.60 respectively

in Fig B, Cl- concentration of ER3M, ER3L, ER20S, ER20M can be found in data sheet “celculated molality" of this Excel file

Cl concentration prediceted by EQ6 run for MgO titrated into 77ml and 11 mt of ERDA-6 brine can be found in column H above, from files erdca-12.60 and erdca-78.60 respectively

In Fig C, pmH of ER3M, ER3L, ER20S, ER20M can be found in data sheet "calculated molality" of this Excei file
pmH predicated by EQ6 run for MgO titrated into 77ml and 11 mi of ERDA-6 brine can be found in column P, from files erdca-12.60 and erdca-78.60 respectively

In Fig D, Ca++ concentration of ER3M, ER3L, ER20S, ER20M can be found in data sheet "calculated molality” of this Excel file

and aw (water activity) in row 27 are used in worksheet "caiculated molality” of this Excel file

Ca concentration predicated by EQS run for MgQ titrated into 77mi and 11 ml of ERDA-6 brine can be found in column |, from files erdca-12.80 and erdca-78.60 respectively
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77ml

31g

MW MgCI2 (g/mole)

MW NaCl (g/mole)

MW MgO (g/mole)

Density (simplified GWB) (g/ml)

Mw

of 1M MgCI2 + 3.6M NaCl Mg (g/mol) 24.305
of MgO Na (g/mol) 22.989768
95.2104 Cl (g/mol) 35.4527
58.44247 O (g/mol) 15.9994
38.98917

1.1992 (WIPP-MgO-CBD-26, p82)

Water in 77ml of MgO mole/kg
salt/L of brine (g/L) brine (g) of water molality to molarity
3056033 68.8069 1.1655 1.119073048

Input:

Calculation

Output

Reaction condition: 3.1g of MgO hydrated in 77ml of simplified GWB (i.e. 1M MgCI2 +3.6 M NaCl)
Simplified GWB density = 1.1992 g/ml recorded in WIPP-MgO-CBD-26, p82

Molecular weight of MgCI2 in cell B4 = Molecular weight of Mg in cell G2 + 2 x Molecular weight of Cl in cell G4

Molecular weight of NaCl in cell B5 = Molecular weight of Na in cell G3 + Molecular weight of Cl in cell G4

Molecular weight of MgO in cell B6 = Molecular weight of Mg in cell G2 + Molecular weight of O in cell G5

The mass of salt in one liter of brine in cell A11 = 1M MgCI2 x Molecular weight of MgCI2 +3.6 M NaCl x molecular weight of NaCl

The mass of water in 77mi of brine in cell B11 = the weight of 77 ml brine- weight of salts in 77 ml of brine =

77 ml x brine density - 77 mi/ 1000 m! x (1 M MgCI2 x molcular weight of MgCI2 +3.6 M NaCl x molecular weight of NaCl )

The amount (mole) of MgQ in one kg of water in cell F11 = (3.1 g MgO / molecular weight of MgO)/ volume of water in 77 ml of brine x 1000 ml of water / kg water
Molality to molarity conversion factor in cell H11= 77 ml brine/ volume of water in 77 mti of brine

The amount of salts in one liter of brine in Cell A11 is going to be used in EQ3 input file "sgwbb. 3i"
The amount (mole) of MgO in one kg of water in Cell F11 is going to be used in EQ6 input file " sgwbb-77.6i"
The molality to molarity conversion factor in celi H11 will be used in Excel file "plots ( review)", on worksheet "calculated molality", Cell CF5
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MW
11ml 1M MgCI2 + 3.6M NaCl Mg (g/mol) 24.305
309 MgO Na (g/mol) 22.989768
MgCi2 ( g/mole) 95.2104 Cl (g/mol) 35.4527
NaC! (g/mole} 58.44247 O (g/mol) 15.9994
MgO (g/mole) 38.98917
Density (simplified GWB)) (g/ml}1  1.1992 ( wipp-MgO-CBD-26, p82)
moles of
Water in 11ml of MgO/kg of
brine (g) water (mol/kg)
9.8296 7.8279
Input Reaction condition: 3.0g of MgO hydrated in 11ml of simplified GWB (i.e. 1M MgCI2 +3.6 M NaCl)

Simplified GWB density = 1,1992 g/l recorded in WIPP-MgO-CBD-26, p82

Calculation Molecular weight of MgCI2 in cell B36 = Molecular weight of Mg in cell G34 + 2 x Molecular weight of Cl in cell G37
Molecular weight of NaCl in cell B37 = Molecular weight of Na in cell G35 + Molecular weight of Cl in cell G36
Molecular weight of MgQO in cell B38 = Molecular weight of Mg in cell G34 + Molecular weight of O in cell G37
The mass of water in 11 ml of brine in cell B43 = the weight of 11 ml brine - salts in the brine =
11 ml x brine density - 11 ml / 1000 m! x (1M MgCI2 x molcular weigt of MgCI2 + 3.6 M NaCl x molecular weight of NaCl )
The amount (mole) of MgO in one kg of water in cell F43 = (3.0g / molecular weight of MgQ) / volume of water in 11 ml of brine x 1000 ml of water / kg water

Output The amount (mole) of MgO in one kg of water in Cell F43 is going to be used in EQS input file " sgwbb-11.6i"
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77ml
31g

MgO (g/mole)

Density (GWB) (g/mi)

grams of salt per liter of

brine (g/L)

input

Calculation

Output

348.8832

MW

GWB Mg (g/mol) 24305 H 1.00794
MgO Na (g/mol) 22.989768
Cl (g/mol) 35.4527
O (g/mol) 15.9994
38.98917
1.2368
Water in 77 mi of moles of MgO/kg of
brine (g) water (mol/kg)
68.3696 1.1629

Reaction condition: 3.1g of MgO hydrated in 77ml of GWB (brine recipe = SP 20-4 appendix B)
GWB density = 1.2368 g/m!, according to SP 20-4

Molecular weight of MgQ in cell B6 = Molecular weight of Mg in cell G2 + Molecular weight of O in cell G5

The mass of salt in one liter of brine in cell A11 = (total weight of salt - water in salts Na2B40710H20, MgCi2 6H20 and CaCl2 2H20) / liter of brine

( see SP20-4 Appendix A for total weight of salt, Appendix B for concentration of Na2B40710H20, MgCi2 6H20, CaCl2 2H20)

The amount of water in 77 ml of brine in cell B11 = the weight of 77 ml brine- salts in the brine =

77 ml x brine density - 77 mi / 1000 ml x (total weight of salt in 1L of GWB from SP 20-4, appendix A,B)

The amount (mole) of MgO in one kg of water in cell F11= (3.1 g MgO / molecular weight of MgO)/ volume of water in 77 ml of brine x 1000 mi of water / kg water

The amount (mole) of MgQ in one kg of water in Cell F11 is used in the EQ6 input file " gwb-77.6i"
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11 ml GWB
3.0¢9 MgO
MgO (g/mole) 38.98917
Density (GWB) (g/ml) 1.2368

Water in 11ml of brine MgO mole/kg of

(9) water (mol/kg)

9.7671 7.8779

Input Reaction condition: 3.0g of MgO hydrated in 11ml of GWB

GWB density = 1.2368 g/ml recorded in WIPP-MgO-CBD-26, p82
Calculation The mass of water in 11 ml of brine in cell B40 = the weight of 11 ml brine- weight of salts in the brine =
11 ml x brine density - 11 ml/ 1000 ml x (total weight of salts in SP 20-4 appendix A )
The amount (mole) of MgO in one kg of water in cell F40 = (3.0g / molecular weight of MgO) / volume of water in 11 ml of brine x 1000 ml of water / kg water

Output The amount (mole) of MgO in one kg of water in Cell F40 is going to be used in EQ6 input file " gwb-11.6i"
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77ml
31g

MgO (g/mole)
Density (ERDA) (g/ml)

Salt (g)
300.0055

Input

Calculation

Output

MW

ERDA-6 Mg (g/mol) 24305 H 1.00794
MgO Na (g/mol) 22.989768
Cl {(g/mol) 35.4527
O (g/mol) 15.9994
38.98917
1.1918
Water in 77 mi of moles of MgO/kg
brine (g) of water (mol/kg)
68.6682 1.1579

moles of CaO/kg
of water (mol/kg)
0.007662417

Reaction condition: 3.1g of MgO hydrated in 77m| of ERDA-6 (brine recipe = SP 20-4 appendix B)

ERDA-6 density = 1.1918 g/ml, according to SP 20-4
The weight ratio of CaO to MgO = 0.63 / 95.2 (see table 8 of Experimental work conducted on MgO characterization and hydration, Deng et al, 2008)

Molecular weight of MgO in cell B6 = Molecular weight of Mg in cell G2 + Molecular weight of O in cell G5

The mass of salt in one liter of brine in cell A11 = (total weight of salt - water in salts Na2B40710H20, MgCI2 6H20 and CaCl2 2H20) / liter of brine
(:seé 'SP20-4 appendix A for total weight of salt, appendix B for concentration of Na2B40710H20, MgCI2 6H20, CaCl2 2H20)

The amount of water in 77 m! of brine in cell B11 = the weight of 77 ml brine - saits in the brine =

77 ml x brine density - 77 ml/ 1000 mi x (total weight of salt in SP20-4 appendix A )

The amount (mole) of MgO in one kg of water in cell F11 = (3.1g / molecular weight of MgO)/ water in 77 ml of brine x 1000 mi of water / kg water
The amount (mole) of CaO in one kg of water in cell F15 = mole of MgO in one kg of water in cell F11 x (0.63/95.2).

The amount {(mole) of Ca0 in one kg of water in cell F15 will be used in EQ8 input file " erdca-77.6i"
The amount (mole) of MgO in one kg of water in Cell F11 is going to be used in EQ6 input file " erdca-78.61"
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11 mi ERDA-6
3.0g MgO
Density(ERDA-6) (g/ml) 1.1918
Water in 11 mi of moles of MgO/kg
brine (g) of water (mole/kg)
9:8097 £ ' 7‘.'8,437
moles of CaO/kg
of water (mol/kg)
_ 0.051908699
Input Reaction condition: 3.0 g of MgO hydrated in 11 m| of ERDA-6 (brine recipe = SP 20-4 appendix B)

ERDA-6 density = 1.1918 g/ml, according to SP 20-4
The ratio of CaO to MgQ =0.63 / 95.2 (see table 8 of Experimental work conducted on MgO characterization and hydration, Deng et al, 2008)

Calculation Molecular weight of MgO in cell B6 = Molecular weight of Mg in cell G2 + Molecular weight of O in cell G5
The amount of water in 11 m! of brine in cell B40 = the weight of 11 ml brine- salts in the brine =
11 ml x brine density - 11 mi/ 1000 mi x (total weight of salt in SP20-4 appendix A )
The amount (mole) of MgQ in one kg of water in cell F40 = (3.0g / molecular weight of MgO)/ water in 11 ml of brine x 1000 ml of water / kg water
The amount (mole) of CaO in one kg of water in cell F44 = mole of MgO in one kg of water in cell F43 x (0.63/95.2).

Output The amount (mole) of CaQ in one kg of water in cell F40 will be used in EQS input file " erdca-11.6i"
The amount (mole) of MgO in one kg of water in Cell F44 is going to be used in EQS input file " erdca-12.61"
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