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Summary

L ow-activity tank wastes will be generated during cleanup of high-leve radioactive tank wastes on
the Hanford site. The low-activity tank waste will be among the largest volumes of radioactive waste
within the U.S. Department of Energy (DOE) complex and is one of the largest inventories of long-lived
radionuclides planned for disposd in alow-leve wadte facility. The Department of Energy’ s Office of
River Protection is evauating severa options for immohilization of low-activity tank wastes for eventua
disposd in ashdlow subsurface facility at the Hanford Ste. A significant portion of the waste will be
converted into low-activity waste (LAW) glass with a conventiona Joule-heeted ceramic melter. In
addition, three supplemental trestment processes are presently under consideration by the DOE to trest
wadtes in sdlected tanks with the god of acceerating the overadl cleanup mission a the Hanford site.
These are: 1) bulk vitrification (BV), 2) cementation or the cast stone (CS) process, and 3) steam ref-
ormation (SR). The DOE is expected to select by October 2003 one or more of these supplemental
treatment technologies for more detailed evauation. As part of the selection process, a preliminary risk
assessment is being performed to evauate the impacts of the disposal facility on public hedth and envi-
ronmental resources.

The purpose of thisreport isto document the laboratory testing that was conducted on BV and SR
waste forms to supply the input parameters needed for reactive chemical transport calculaions with the
Subsurface Transport Over Reactive Multiphases (STORM) code. This same code was used to cornt
duct the 2001 ILAW performance assessment. The required input parameters for BV and SR waste
forms are derived from amechanistic mode that describes the effect of solution chemistry on contami-
nant release rates. The single-pass flow-through test is the principa method used to obtain these input
parameters, supplemented by product consistency test measurements and physica property measure-
ments.
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Quality Assurance

The work described in this report was performed under the PNNL Nuclear Quality Assurance Re-
quirements Description (NQARD) procedures in accordance with the Supplemental Technologies Sup-
port Program, Tank Waste Support Quaity Assurance PlanRev. 2. These project qudity assurance
procedures and the project QA plan are compliant with the netional standard ASME/NQA-lasre-
quired in the project sponsor’ s statement of work. Testing documented in this report was performed in
accordance with Test Plan: Kinetic Parameter Measurements on “Bulk Vitrified and Steam Reformed
Immobilized Low-Activity Waste Usng the Single-Pass Flow-Through Test Method,” 44832-2003-
01, Rev. 0, and “Test Plan: Product Consistency Test Measurements on Bulk Vitrified Low-Activity
Wadgte Smulants,” 44832-2003-02, Rev. 1. However, some of the project work was conducted under
the PNINL Standards Based Management System quaity program or the quaity programs implemented
by others. Thiswork included:

software gpplicaions

subcontracted chemica andyss

sample collection, data, and procedures provided by or with the assstance of non-project staff
physica property andyss of froth layer samples obtained from large-scale test #2.



1.0 Introduction

The purpose of thisreport isto document the results from laboratory testing that was conducted to
support a preliminary risk assessment for two waste forms that are being considered for supplementa
treatment Hanford low-activity tank waste: glass produced by a bulk vitrification (BV) process, and a
polycrystaline ceramic produced by a steam reformation (SR) process. The laboratory testing informa:
tion presented in this document represents the execution of atesting strategy that was outlined previ-
oudy by McGrall et d. (2003a). To limit duplication, only very limited background informetion is
provided in this report. The reader should refer to the prior strategy report (MCGRAIL et a., 20039)
for details on the background and rationde for the testing program described here.

Briefly, low-activity wastes (LAW) a Hanford will be converted into glass at a Waste Treatment
Pant (WTP) with aconventiond durry-fed, Joule-heated ceramic melter. However, in 2002, the U.S.
Department of Energy (DOE) began implementation of an accelerated cleanup plan for the Hanford Site
designed to shorten the overal cleanup by at least 35 years. A key element of the accelerated cleanup
plan isadrategic initiative for acceleration of tank waste treatment by increasing the capacity of the
WTP and using supplementa technologies for waste trestment and immobilization for as much as 70%
of the LAW (DOE, 2002). Three supplementd trestment options for immobilization of low-activity
tank waste are being evauated: 1) bulk vitrification (BV), 2) cementation or the cast stone (CS) proc-
ess, and 3) steam reformation (SR). Each supplementd trestment technology will be eva uated against
predetermined criteriain areas such as safety, environmental protection, schedule, cost, operability, and
interfaces. Theinitid technology sdlection is scheduled to be completed by October 30, 2003.

The environmenta protection aspects of any LAW forms are evauated through a performance as-
sessment, which is adocument that describes the long-term impacts of the digposal facility on public
hedth and environmental resources. Because of time and funding congtraints, afull performance as-
sessment for dl three supplementa waste forms could not be carried out. Instead, arisk assessment
method was selected that is acknowledged to be less rigorous and detailed than a performance assess-
ment but of sufficient technical rigor to support a decison-making process for selection among bulk vit-
rification, cementation, and steam reformation technologies for treating Hanford LAW.

The Pecific Northwest Nationa Laboratory (PNNL) was tasked by CH2M Hill Hanford Group,
Inc. to perform the testing outlined in the strategy document of McGrail et d. (2003a) for the BV and
SR waste forms. The Center for Laboratory Science at Columbia Basin College (Pasco, WA) was
tasked to conduct the required testing for the CS waste form. Detailed discussion of the computer
amulations and caculaiond results of contaminant release rates for dl three supplementa trestment
technologies are documented in the report by Mann et d. (2003).

The testing discussed in this report should not be interpreted as elther sufficient or comprehensve to
complete a performance assessment for an Integrated Disposal Facility (IDF) containing these waste
forms. We expect development of atesting Strategy and testing program will be pursued if one or more
of the supplementa trestment technologies are selected for further development.



2.0 Bulk Vitrification

Bulk vitrification (AMEC Earth & Environmentd, Inc.) |
isamodification to thein Stu vitrification (1SV) process
developed for remediation of buried wastes and contami-
nant plumesin soils (TIXIER et a., 1991; LUEY and
SEILER, 1995). Anin-container vitrification process has
been designed in which LAW, soil, and glass forming
chemicas are mixed, dried, and then melted at about
1500°C by dectricd resstance heating (KiM et a., 2003). T _ ;
Graphite flakes are added to the mix to form a conductive B
path for melt initiation. Current is supplied by two graphite S —
dectrodes imbedded in the batch. The high-temperature  Figure 1. Photograph of LST-02 Block
glass mdlt is kept insulated from the stedl container by line~ After Removal of Steel Forms. East
ing the container wallswith a15 cm (6 in) of LaneMounr  €lectrodeis on the right.
tain #16 quartz sand. Gases generated during the process are vented to an off- gas treatment system.
Figure 1 shows the configuration of the BV block immediately after the sted forms were removed from
the Sides.

The BV process does not produce a waste form that can
be characterized by asingle st of physicd and chemica
properties. The product is heterogeneous with complex inter-
faces. We have éected to divide the BV product into three
digtinct lithologica units: 1) scorialayer at the top, 2) fused-
sand layer on the four sides and bottom, and 3) bulk glass.
Certanly, additiond divisons could be assigned but the three
lithologies are believed to adequately represent the most Sg-
nificant features.

The top of the block isa so-cdled “froth layer”. The Figure2. Picture of Froth Layer Sam-
froth layer is analogous to the vesicular tops of basdt lava ple From Large Scae Test #2
flows formed by gas bubbles trapped in the melt (REIDEL et
al., 2002). A photo of afroth-layer sample obtained from
large-scale test #2 (L ST-02) of the BV processis shownin
Figure 2. Thefroth layer has higher porosity and hence avail-
able surface area for glass dissolution and contaminant release
than the bulk of the mdlt. Hence, characterization of the
physical properties of this layer was needed (see Section 2.1
for detalls).

We dso examined scoria samples from an engineering-
scaetest (#1) of the BV process (KM et al., 2003). Severd
samples were noted as being coated with awhite precipitate,  Figure 3. PFicture of Froth Layer Sam
asshownin Figure 3. X-ray diffraction analyses positively ple From EST-01
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identified KReO, as one of severd crystalline phases making up the white coating. Because Re was
used in the EST-01 test as a non-radioactive chemica analog for *Tc, the discovery of adiscrete Re-
bearing phase as a soluble st had important implications for both product testing and risk assessment
cdculations. The method we used for estimating the amount of Tc that would be present in asoluble
sdt phase is documented in Section 2.1.2.

During the BV process, partid dissolution of the insulating layer of quartz sand occursinto the BV
melt. Thistendsto raisethe SO, content of the final product glass from the target. Hesting into the
temperature range of the BV mdt (»1500°C) aso causes phase changesin the quartz sand; high-
temperature, low-pressure SO, polymorphsidentified in samples taken from large- scale tests of the
process include severd forms of tridymite and cristobdite. Consequently, five sides of the BV box con
tain a sequence of layers that generdly progress from the outer edge towards the melt asfollows

a-quartz ® tridymite® crigobdite® glassmdt

Figure 4 shows the layer structure observed along an edge
broken off near the East electrode from the LST-02 test. The
ydlow coloration was identified as zincite (ZnO) that apparently
formed from vaporization of a piece of galvanized ged flashing
that was placed near the top of the melt. Details on the charac-
terization of samples removed from the “fused-sand” layer are
provided in Section 2.1.

The lagt lithologicd unit isthe bulk glass. We have made no
attempt in thiswork to quantify any heterogereity that may exist
in the physica or chemica properties of the bulk glass. A grab
sample was obtained from the proximity of the middle of the
L ST-02 block; this sample was used for comparison with sam-
ples from the EST-01 test and with a crucible mdt sample.

Figure4. Picture of Edge Piece
Broken Off From Near the East
Bectrode of Large Scale Test #2

In the next section, we discuss the measurements performed to characterize the physical properties
of the BV froth layer. That discussion isfollowed by adiscusson of the chemical characterization and
dissolution testing performed on the samples, and the results.

2.1 Froth-Layer Characterization

2.1.1 Pore Size Distribution

Characterization of the pore size didtribution in the froth layer is needed for two purposes: 1) com-
putation of the glass surface area per unit volume, and 2) computation of hydraulic properties for the
froth layer. Dueto time limitations, only afew grab samples were subjected to detailed analyses. Con-
sequently, the values reported here are representative of the few samples that were andyzed and should
not be interpreted as a complete or even adequate representation of the froth layer properties.

The determination of the average pore size distribution and overd| porosity was accomplished
through the use of an x-ray microtomography system available at PNNL.
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2.1.1.1 X-ray Microtomagraphy (XMT)

X-ray microtomography provided a novel way to
characterize the froth layer glass properties. Characteri-
zation was principaly done on a piece of froth-layer
glass broken off the sample shown in Figure 2. This
sampled was labeled BKV5. The XMT system at
PNNL, shownin Figure 5, isan ACTIS 200/160 KXR
unit manufactured by Bio-1maging Research, Inc. The
x-ray generator is a Kevex KM16010E-A X-ray tube
with spot sizes of 10, 20, 65, 250 um at power levels 5, .

10, 50, and 160 watts. The microfocus X-ray source Figure5. Digitd Photograph of the XMT
dlows variable dice widths over anomina rangeof 10 ~ System

to 150 pm and can achieve resolution in the foca plane of one one-thousandth of the object diameter.
A computer-controlled sample manipulator with a 75-mm diameter turntable alows 365° of continuous
rotation and amaximum vertical travel of 150 mm The detection system isa BIR RLS 2048-100 dis-
crete element solid-date detector system congisting of gadolinium oxysulfide scintillator and EG & G
Reticon photodiodide arrays. The system produces cross-sectiond (CT) images and digitized radio-
graphs (DR). A computer data acquisition, instrument control, and image recongtruction system with
ACTIS+ software provides X-ray and sample manipulation control in addition to CT and CT Multi-
Planer (MPR-3D) imaging. Two-dimensiond computed tomographic (CT) images are displayed using
2562, 5122, or 10242 pixels, each at 12 bits (4096 contrast levels).

Sample imaging began once the X-ray generator
equilibrated for at least 30 minutes at power settings of
160 KeV and 0.3 mA. The sample was scanned using a
large foca spot size of 250 nm, target power of 160.0
keV, and acurrent of 2L.O0mA Twenty scanswith adice
thickness of 0.1 mm each were taken in increments of 2
mm moving in averticad direction from the bottom to the
top of the sample. The sample was scanned in afull 360°
rotation with atotal of 2000 pictures captured on each
section. The pictures were compiled and integrated to re-
condruct asingle two-dimensiona computed tomographic
image a each 2 mm sampleinterval. A typical CT scanis
shownin Figure 6.

Clemex Vison PE 3.5 (Clemex Technologies Inc., Quebec, Canada) image analyss software was
used to process the 2D images and determine the porosity of each glassdice. The raw images were
loaded into the software and an automated routine was established to ensure invariant image andys's of
dl sample dices. The 2D images were optimized to produce even gray levels within each phase and to
increase contrast. Each image was threshold processed by grouping pixels within arestricted gray level
range into editable bitplanes representing the background, glass, and pore space. The bitplanes were
subsequently shaded red, green and blue, respectively and computer andyzed. Digta area anayss de-
termined the number of pores, their respective size fractions, and the total porosity. All of theimage
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andysis data was combined and normalized to 35 : :

produce a pore size population distribution, DF . ° Eg%éaya SampleBIVS

whichisgivenin Figure 7. Thetotal porosty x|

(e) was computed from averaging the vaues §

from 20 CT images. Total porosity was 0.36 E 20

+0.08. Thisvaueisin excdlent agreement SRl

with the 0.32 vaue for determined gravimetri- Bl

caly. 5|

2.1.1.2 Froth-Layer Glass Surface Area Ot 209 popte pode et
0 1 2 3 4 5

The pore size digribution data given in Pore Size, mm
Egl:;?; werefit to alog-normal disinbution of Figure 7. Pore Size Didribution as Determined from

CT Image Andysis

2 I
o LN - x,J° 6
pg=—8 2 ®
’ bx/2p
where X, isthe mean pore Sze diameter and b is the shape parameter. The best fit parameters were

b =0.535, and X, = 0.581 mm. Thetotd pore volumein ascoriasample of radiusr, wherer >>X,, is
then given by

¥ & [In(x)- x,]° 0
¥ 2 4 P T 3
eV =ng) V,(X)p,(X)dx= ng 5p(x/2)3 o 2 ix )

Oan
where n isthe total number of pores, and V,, is the volume of each pore with average diameter X. The
total glass surface area associated with the pores (A) is then given by
‘¥
A =nQ pxX p, (x) dx 3)

Asthe pore surface areawill be much greater than geometric surface areafor any sample of diameter
ggnificantly larger than the mean pore diameter, we neglect the geometric surface areain computing the
total surface area. The STORM smulator (BACON et al., 2000) requires surface area of a reactant
normalized to the volume of the reactant. Consequently, the value of interest is

A Ged:nxzpp(x)dx
@-eVv (- e)(‘i_ X p, (x) dx

A 4



Seiting e = 0.32, X, = 0.581 mm, and b = 0.535 in Equation (4), wefind A, = 771 né/n?.

2.1.2 Volatilized Pertechnetate Salt Fraction

An estimate of the amount of Tc that would get volatized and condensed as a soluble sdt in BV
froth layer was caculated as described in this section. The estimate was based largely on asingle
measurement conducted on the froth layer samples from the LS-02 test. Changesin the process, such
asfilling each box twice as full of waste/soil mix may impact the volatilization fraction estimate but the
authors have no means of ng what the effect might be.

The formula used to compute the **Tc volatilization fraction (f,) was

f, xf;
- (0] C 5
R =5 ©)
where f, isthe measured Re volatilization fraction from the LS-02 test, f+. isthe volailization ratio of
Tc/Re, o, isthe average fraction of connected porosity, and Fs is the cumulétive average volume frac-
tion of the sample pores where Re is swept out by diffuson Derivation of each of these factorsis dis-
cussed next.

2.1.21 ReVolatilization Fraction

Pieces of froth layer were removed by hand from approximately ¥z of the LS-2 block, around the
west-end electrode. The pieces were piled into two 55-gd drums and weighed. Water was then
added and filled to the top of each drum. The glass scoria samples removed from the top of block were
dill quite hot; the interior temperature of the BV block was just below 500°C when the samples were
taken. Asaresult, there was considerable bailing and spitting while water was added. The hottest
glass samples likdly shattered or cracked but the extent of any cracking was not quantified. The weater-
filled drums were then sealed and weighed again. The drums were dlowed to remain outdoors over a
period of about 68 hours. Air temperatures during the day at this time reached 38°C.

The drums were rolled to mix the leachate and then weighed again before opening. Approximately
25 mL of solution was removed, which wasfiltered to remove and fine particles, and then analyzed for
Re content. From the known mass of glassin the drums, amount of water added, and mass of Re
added to the BV box, the fraction of Re volatilized was caculated at f, = 0.017.

2.1.2.2 %Tc/ReVolatilization Ratio

Prior sudies of high-temperature vitrification processes clearly show that Tcis Sgnificantly less
volatile than Re (DARAB and SMITH, 1996). Fortunately, Kim et d. (2003) included both Reand Tcin
an engineering-scale test of the BV process and following a procedure smilar to what was described in
Section 2.1.2.1, they determined that fr. = 0.06. We assume here that this sameratio applies at full-
scaefor the BV process and so0 used this vaue directly in our andysis.



2.1.2.3 Swept Volume Fraction

Water will flood the connected porosity in the BV samples that were immersed in water in the 55-
ga drums. Although any water soluble Re sdt present would immediately dissolve into the pore water,
the dissolved Re must till be transported back to the sample surface to be mixed with the bulk water in
the drum. Consequently, a correction factor was derived for the fraction of the scoria sample volume
where Re would have been removed and counted in the bulk water samples.

The mean penetration depth (d,) from which solubilized Re would be removed is given by

d,=2/fD,t, 6)

whereand f isthe average fraction of connected porosty in the samples, D, is the free diffusion coeffi-
cient of water (10° cn/s), and ts issoak time. The fraction of connected porosity in the BKV5 sample
was determined by Archimedes method and the vaue was surprisngly high, fo, = 79%. Lacking any
other data as a guide, the connected porosity wasthen given by f = efi, =0.32" 0.79=0.25. Setting
ts = 68 hrsin Equation (6), the mean penetration depth isd, = 1.6 cm.

The swept volume fraction (fs) of a spherical sample of radiusr that would contribute Re to awell-
mixed water bath surrounding the sampleis given by

4 4 4
V%, 3P 3P A -,y
== =1- 3p (7)
\ ﬂpra r
3

fo(r) =

The size digtribution of the scoria pieces retrieved from the top western haf of the LS-02 block was
assumed to follow alogigtic digribution of the form:

eXPc- -
S
Py (r) =— g ﬂ\2 red, (8)
é e (r-d)- rda
gl+ pg' s
é S 20

where pq is the probability digtribution function, r isthe scoriasample radius, r,, isthe mean radius, and s
isthe scde parameter. Direct measurement of the diameters of the scoria pieces placed in the drums for
water extraction was not performed. A mean diameter of 10 cm was assumed based on visuad obser-
vation of the samplesthat were placed in the drums. A scde factor (s) of 2 was assumed, which causes
relatively large tails of the distribution and skews the digtribution to weight the smaler sze fraction.



Thetotal swept volume fraction for the particle Sze distribution given by Equation (8) isthengiven
by

Fo=q fOpO)dr ©

Setting d, = 1.6 cm, s= 2 cm, Equation (9) was numericaly integrated with Mathemati ca® V4.1 and
the vdue of Fs wasfound to be 0.51. So, we estimate that approximately 50% of the total soluble Re
sdt would have been extracted from the foam layer pieces.

Having now determined al the unknown vauesin Equation (5), we can compuite the fraction of Tc
voldilized:

_f xf. 0017 0.06

f, = = ~ =0.3% (10)
f,>F, 079051

An important caveat on the above andyssisthat no at- 2
tempts were made to indude sand fromthe top or sides ¢ £
of theLS-2 box inthedrums. Sand at thetophadbeen  § [ A v
removed or falen off before the scoria samples were § 68 é
obtained. Consequently, this estimate neglects any addi- 2 o » 1 6‘; £
tiond Re that might have condensed on the surfaces of g — , " =
these sand particles. a aQuatzl =
a lTriderTite (%

2.1.3 Fused-Sand L ayer a0

10 20 30 40 50 60
Samples were removed as a function of depth from 2q

the glass interface from the broken edge piece shown in
Figure 4. X-ray diffraction andyss of these samplesis
shownin Fgure 8. Peaks associated with a -tridymite
and a - cristobdite disappear in samples further away

Figure8. X-ray Diffraction Pettern of SO,
Polymorphs as a Function of Depth and

Rdative Intensty
from the glass mdlt as expected.
Wwof ~TTTTTTTTTTTTTTTT S CT
The x-ray diffraction data were subjected to quanti- & ©
tative andyss and the resulting mass% of each phase are o1 o
. . . X
plotted versus depth from the glass interfacein Figure 9. £ | o 3 %ﬁ%ne ]
}:E 2 Cristobalite|
2.2 Single-Pass Flow-Through Testing b= o
20
Three sources of samples of BV glass were used for N %
testing: 1) crucible melted, 2) engineering-scale test #1 L) . . B.v S
(EST-01), and 3) large-scale test #2 (LST-02). The £ 4 &0 & 10 120

Distance from Melt, mm

mgority of the testing was performed on acruciblemdt o _ .
glass designated ASCM-01 that was heated trested to T /9Ur'€ 9. Quantitative X-ray Diffraction
mimic centerline cooling of alarge-scale melt (haif-filled  D82-0F SO2 Polymorphs as a Funcion of
waste package). The crucible melt sample was sdected Depth From Glass Melt Irterface
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because it wasimmediately available and represented the target glass composition for the BV process
(Kim et d., 2003). Glassfrom EST-01 was sgnificantly impacted by dissolution of the quartz insulating
layer used to line the container; the glass had sgnificantly higher SO, and lower Na,O content than the
target glass (KM et a., 2003) and so was considered to poorly represent the BV product from awaste
form performance perspective. Samples from LST-02 were not available until early August of 2003,
which was too late to conduct the necessary testing in time for calculations. The LST-02 samples aso
deviated somewhat from the target composition (see Section 2.2.1.1 for details) because of quartz
dissolution in the melt. We begin the discussion with chemica and physica characterization of the glass
samples followed by test methods and results.

2.2.1 Materialsand M ethods Table 1. Lig of Sample Identification Labes
The r,nahOds _md maendssemo,n Sample.D. PNNL I.D. SPFT Exp. I.D.
provides information on the characteriza- .
: . . ASCM-01-CCC Crucible Melt BKV1
tion techniques, experimenta setup, and
" EST-01-E2 EST-01-Electrode #2 BKV2
test conditions that were used for the test-
ing of bulk vitrified glass EST-01-Foam EST-01-Foam Layer BKV3
'ng EST-01-Ctr EST-01-Centerline BKVX
2.2.1.1 Bulk Composition Analysis LST-02-Cur LST-02-Centerline BKV4
LST-02-Foam LST-02-Foam Layer BKV5

Three samples from an engineering
scaletest (EST-01), one crucible met sample, and two samples from the second large-scale test (LST-
02) of the BV process were selected for testing. Note that for ease of discussion, the labelsusad in the
SPFT experiments, listed in Table 1, will be used when referring to individud experiments and the
PNNL I.D. will be used when referring to a group of experiments on one glass sample. Samplesfrom

Table 2. Cdculated Therma Cool down Profile for the Crucible Mdt Sampleand a
AMEC Large Scde Bulk Vitrified Block

. CrucibleMélt dT/dt _ Amec block dT/dt
Time (hr) o Time (hr) o
C.DS.(°C) (°c/hr) C.DS.(°C) (°c/hr)
0-14 1300— 1080 -1571 0-6 1600 — 1400 -33.33
14-38 1080— 880 -8.33 6-10 1400 — 1300 -25.00
38-62 880to 720 -6.67 10-24 1300— 1080 -1571
62— 86 720—- 600 -5.00 2448 1080— 880 -8.33
86- 110 600 - 500 -4.17 48-72 880720 -6.67
72—-96 720 - 600 -5.00
96- 120 600 - 500 -4.17

C.D.S. = Cool down schedule

EST-01 were taken from the middle, in proximity to one of the electrodes, and top of the melt. Simi-
larly, representative samples from LST-02 were taken from the middle and top of the melt. A crucible
melt sample that had been hesat-treated according to the expected centerline cooling curve (CCC),
shownin Table 2, was also tested.

The average composition of each bulk vitrified glass formulation are displayed in Table 3, with a
LAW glass formulation, LAWAA44 shown for comparison. Detailed results from each andytica tech-
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nique are provided in Appendix A. The BV glass formulations are quite Smilar to LAWA44 glass, ex-
cept for agnificantly less boron and much higher ZrO, content. Also, samples from the EST-01 mdt
are gpproximately 25% lower in NgO content than the target composition expected in afull scde BV
met. The composition of each glass sample was identified using a combination of energy-dispersive and
wavdength x-ray fluorescence, as well as, determining the anaytica chemistry of sodium peroxide
(NaO,) and lithium borate (LiBO,) fusons viainductively coupled optica emission mass spectrometry
(ICP-OES) and/or inductively coupled mass spectroscopy (ICP-MS). For amore detail description of
the techniques used and interested reader should refer to (MCGRAIL et al., 2000).

Table 3. "Normalized Chemical Composition of Bulk Vitrified Glass Samples with WTP Glass Sample
LAWA44 for Comparison

Oxide Target BKV1 BKV2 BKV3 BKVX BKV4 BKV5 LAWA44

Al03 9.890 8.692 7.872 8.568 6.94 8.13 9.26 6.2
B,Os 5.000 5.987 5.651 5.489 4.87 5.89 6.10 8.9
Cao 3.750 2.707 3.375 2.828 2.66 2.68 321 1.99
cl 0.180 0.033 0.072 0.041 0.03 0.03 0.05 0.65
Cr,03 0.090 0.090 0.057 0.028 0.05 0.05 0.05 0.02
Fe,0s 6.330 3.688 2.826 3.493 2.57 4.43 523 6.98
K20 1.760 1.653 2.235 2.156 173 1.96 222 0.5
MgO 0.970 1.232 1.390 1123 0.98 125 141 1.99
NaO 20.00 22.19 23.96 23.45 19.74 14.78 16.30 20
P,0s 0.600 0.417 0.203 0.210 0.19 0.26 0.27 0.03
ReO, 0.0100 0.0012  0.0018 BLQ 0.00 0.00 BLQ BLQ
O3 0.830 0.669 0.497 0.429 0.09 047 1.40 0.1
S0, 42.55 45.20 46.39 45.88 55.46 53.93 47.32 44.55
TiO, 0.970 0.630 0.545 0.612 0.47 0.74 0.84 1.99
Zr0, 7.000 6.815 4.924 5.686 4.22 5.39 6.34 2.99

Total 99.9 100.0 100.0 100.0 100.0 100.0 100.0 96.9

BLQ = Below Limit of Quantification
&Composition used in the computation of the rate law parameters. Thisinitial composition was determined using a combination
of XRF and analytical chemistry analysis of fusions vialCP-OES for Al, B, Na, and Si; the remaining elements were determined
using the results of XRF analyses.
PRevised composition was determined using a combination of X RF and analytical chemistry analysis of fusions via | CP-OES or
ICP-MS.
Four significant figures are shown to accurately capture the low concentration of ReO2 in the sample. Mass percents of oxides
with concentrations above 0.001% should not be considered accurate to five significant figures.

2.2.1.2 Sample Preparation

The samples used in this sudy were prepared by crushing glassin aceramic bal mill. The crushed
gass was then seved into - 100 +200 mesh (150 to 75 pm) size fractions, washed in deionized water
(DIW), sonicated in DIW, rinsed in ethanol, and dried in a 90°C oven. The specific surface area of
each sample was cdculated usng a geometric formula (MCGRAIL et d., 1997). Thisformula assumes
that the particles are spherical, Sze digtributions of the grains are normdly distributed, and that surface
pits, cracks, and other forms of surface roughness do not affect the surface area. Although al three of
these assumptions may not be vaid, results from LAW glass experiments using glass coupons, with a

10



calculated and measured surface area, have shown that the geometric surface area best represents the
overal glass surface area (MCGRAIL et a., 2000).

2.2.1.3 Buffer Solutions

The solutions used to control the pH during the SPFT experiments are summarized in Table 4.
Table 4 dso contains asummary of the in-Stu pH values computed a each test temperature usng
EQ3NR (WOLERY, 1992a). It isimportant to take into account the change in pH that occurs at differ-
ent temperatures when computing dissolution rates from SPFT dataasthe in-Situ pH can vary by as
much as 1.5 pH units over the temperature range from 23°to 90°C. These solutions were prepared by
adding small amounts of the organic THAM buffer to DIW and adjusting the solution to the desired pH
vadue using 15.8M HNOs or IM LiOH. The THAM buffer range is between pH 7 to 10; therefore the
akaline solutions, pH range 11 and 12, were prepared by adding of LiOH and LiCl to DIW and ad-
justing the solution to the desired pH vaue using 15.8M HNO; or 1M LiOH.

Silicon concentration was varied from saturated to dilute for salect experiments. These solutions
were prepared by dissolving andyticd grade silicic acid powder (SO,-H,0) in a solution of 0.05 M
Tris buffer and heating the mixture in a90°C oven for no less than three days to facilitate complete dis-
solution. Upon compl ete dissolution each solution was removed from the oven, dlowed to cool, and
pH adjusted (target pH = 9) using diquots of 15.8M HNO; or 1M LiOH. The amount of Si added
was atered from dilute to saturation with respect to amorphous slica[SO, (am)], based on the results
from caculations usng EQ3NR (WOLERY, 19924). It isimportant to note that the solubility behavior of
SO, (am) changes with temperature, therefore, the target amount of S added to each solution was ad-
justed to correspond to the experimenta temperature being interrogated, resulting in Si solution concent
trations that ranged from 15 to 140 ppm.

2.2.1.4 SPFT Apparatus
Dissolution experiments were conducted using the single pass flow-through (SPFT) apparatus
(Figure 10). The SPFT experimental system provides a continuous flow of fresh input solution, prevents

Table4. Compostionof Solutions Used in SPFT Experiments. Solution pH vaues above
23°C were calculated with EQ3NR Code V7.2b database.

Solution Composition pH @

23¥C | 40C | 70°C 90°C
1 0.05M Tris+ 0.047 M HNO3 7.01 6.57 591 5.55
2 0.05M Tris+ 0.02 M HNO; 8.32 7.90 7.25 6.89
3 0.05M Tris+ 0.0041 M HNO3 8.99 8.67 8.08 7.72
4 0.05M Tris+ 0.003M LiOH 9.99 9.55 8.88 8.52
5 0.0107 M LiOH + 0.010 M LiCl 11.00 | 10.89 | 10.43 10.06
6 0.0207 M LiOH + 0.010 M LiCl 12.02 | 11.74 | 11.08 10.70
7 0.05M Tris+Si" 9.00 8.83 8.51 8.27

Tris = Tris hydroxymethyl aminomethane (THAM) buffer
11



the buildup of reaction products, maintains the bulk solution
compasition throughout an experiment, provides a direct
measure of the dissolution rate, and dlows an investigator to
study the reactivity of amaterid over awide range of ex-
perimenta conditions. This system has been extensively de-
scribed by others (HOLDREN and SPEYER, 1987); (CHOU
and WOLLAST, 1984); (CARROLL and BRUNO, 1991); and
(MCGRAIL et a., 2000), and an interested reader should
consult these references, as well as the references contained
therein for more detail.

In generdl, solution is transferred using aKloehn syringe  Figure 10. Schematic of the Single Pass
pump (Mode 50300) from areservoir bottleto a Teflonre-  Flow-Through (SPFT) Apparatus
actor and findlly to asample collection vid via 1/16™ inch
Teflon tubing. The Teflon reactor vessals conssted of two main pieces, (e.g., atop and bottom) that
threaded together to form acylinder with a 1.87-inch outer diameter and 2.48-inch haght, with atotal
inner volume of approximately 80 mL. Therdatively large diameter of the sample holder (1.60-inch
inner diameter) alows the glass particles to form athin layer at the reactor bottom and interact with the
contacting solution.  Once collected, the effluent solutions were monitored for 4 main glass components,
auminum (Al), boron (B), sodium (Na), and silicon (S) using ICP-OES.

2.2.1.5 Dissolution Rate and Error Calculations

Dissolution rates, based on steady- state concentrations of eementsin the effluent, are normalized to
the amount of the dement present in the sample by the following formula

Normalized dissolution rate (g m2d*) = % (11)

where C; isthe concentration of the element, i, in the effluent (g L), C; b isthe average background

concentration of the element of interest (g L), q isthe flow-through rate (L d™), f; is the mass fraction
of the dement in glass (dimensionless), and Sis the surface area of the sample (nF). Thevaue of f; can
be cdculated from the chemica composition of the sample. Flow-through rates are determined by gra-
vimetric andyss of the fluid collected in each effluent collection vessdl upon sampling. The background
concentration of the element of interest is determined, as previoudy discussed, by andyses of the start-
ing input solution and the three blank solutions. Typicdly, background concentrations of elements are
below their respective detection threshold. The detection threshold of any dement is defined here as the
lowest cdibration standard that can be determined reproducibly during an andytica run within 10%. In
cases where the analyte is below the detection threshold, the background concentration of the eement is
et at the value of the detection threshold.

Determining the experimenta uncertainty of the dissolution rate takes into account uncertainties of
each parameter in Equation (11). For uncorrelated random errors, the standard deviation of afunction
(X1, X2,...Xn) ISQiven by:
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S, = (12
where
S = Sandard deviation of the function f.
Xi = parameter i

S; = standard deviation of parameter i.

Subdituting (11) into (12) resultsin:

.2 = .2 =~ ,.2 =~ .2
s, :\/geig (s2 +Séb)+§ " G 0 S§+2¢ci - ZCi,b)qg 52 +ge(C. - czi,b)qgszs (13)
" \éfSg * ™ & S g " & S g ' & S g

Equation (13) can dso be expressed in terms of the relative error, §,I =s, /r,andisgiven by

§ = (SQC')2+(§%C"")2+

‘ —; S
' (C.- Cy)

§+§?+§§ (14)

Relative errors of 10%, 10%, 5%, 3%, and 15% for C;, G,b , g, fi , and S respectively, are typica

for measurements conducted at PNNL. Although the absolute error in f; islikdy sgnificantly higher
than 3%, this error is non-systematic and so does not contribute significantly to sample-to-sample un-
certainty, which isthe principa error of interest here. The conservative gppraisa of errors assigned to
the parametersin Equation (14), in addition to the practice of imputing detection threshold vaues to
background concentrations, resultsin typica uncertainties of approximately +35% on the dissolution
rate.

2.2.2 SPFT Reaults

Silicate waste glass dissolution depends strongly on temperature, pH, and the solution chemigtry
contacting the glass (MCGRAIL et a., 2000). As expected, dissolution of bulk vitrified glass followed
very Smilar patterns as has been observed for WTP glasses. A comprehensive list of the experimentd
conditions, including temperature, solution pH, flow-through rates (g), and solution saturation Sate used
in these experimentsis given in Appendix B. The mgority of the reported rates are based on the boron
concentration. Boron was chosen as the primary eement for the determination of the rate law congtants
because it isamgor glass matrix component and does not exhibit solubility effects under the experimen-
tal conditions examined. Therefore, the boron release rate represents the overdl dissolution of the glass
Matrix.

13



To amplify the discussion, the data set has been divided into two sections. The first section will dis-
cuss the results of tests conducted using crucible melt samples to determine rate law parameters for bulk
vitrified glass dissolution. This section will be followed by a second section thet will compare the ex-
perimenta results obtained from three EST-01 and two L ST-02 samples to the data used to determine
the rate law parameters for the STORM code.

2.2.2.1 Crucible Melt BV Glass BKV1 (ASCM-01)

2.2.2.1.1 Effect of pH

o o

To determine the effect of pH on the dissolu- E, 0 221725 saakaml
tion rate, solution pH valueswere varied between g~ |170%R02 B
7 and 12 at temperatures of 23, 40, 70, and T T A S
90°C. Thein situ solution pH has been corrected § X = ¥
for the effect of temperatureusng EQ3NR (see & vV 2%
Table4). Fgure 11 illustratesthat asthe pH in- B st - 0 4% |
creases from 7 to 12, the overall glassdissolution £ 4 A 7% |
raedsoincreases. Thisdirect rdlationshipbe: 2. O o’
tween the dissolution rate and pH, going from the ‘_05' 5 ('3 ' é 1'0 ' M

neutrd to akaine pH range, istypica of other
LAW glass formulations (MCGRAIL et dl., PH(D)

20018). Conducting alinear regressononthe  Figure 11. Normalized B Release Rate as a Func-

data at each temperature gaveasdopeh = 0.42  tjon of pH and Temperature
+0.02 indicating that h does not depend on tem+

perature within experimentd error. Using thisvaue for h, a nontlinear regression was performed on the
entire data set shown in Figure 11 using the kinetic rate law (MCGRAIL et al., 2003a)

%Ea .

J =k 10" expgﬁg (15)
%]

where J isthe normalized release rate, Kk, isthe intringc rate condant, h isthe pH power law coefficient,
E. isthe activation energy, R istheided gas condant, and T is the temperature. The resulting regres-
sion coefficientsare k, = 1.5 +1.43 mol m? s*, E, = 77 +3 kJ mol™ with a correlation coefficient (R?)
of 0.96. Thevaueof ko, E,, and h arewithin the experimenta error of values reported for LAW glass
formulation LD6-5412 (MCGRAIL &t al., 1997), (Ko = 1.75 mol mi* s*, E, = 75 +1 kJmol™, and

h = 0.40 +0.03)

Figure 11 dso illustrates that temperature has a strong effect on the dissolution rates. The apparent
activation energy determined (E, = 76 £3 kJ mol-1) corresponds to a surface controlled reaction proc-
ess, ~41.81t0 83.7 kamol-1 (Lasaga, 1981). Thisvaueisin good agreement with the vaues reported

®Severd data points were not available prior to completion of thisreport. Asaresult, dightly different
regression coefficients were calculated and used for STORM simulations (Mann et d. 2003). These
were K, = 1.80 mol mi* s, E, = 73.3 k¥mol, and h = 0.37.
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for other LAW glass formulations and saverd SO, polymorphs [LAWABPL = 68 kJ/mal (McGrall et
a 2000), quartz = 66 — 83 kI mol™ (Dove, 1994), SO,(am) = 74.5 kJ/moal (Icenhower and Dove,
2000), and cristobdite = 69 kJ/mal (Renders, 1995)], suggesting that the rupture of the S-O bond is
the rate-limiting step in dissolution.

Another factor affecting glass dissolution that is observed when evaluating the dissolution rate as a
function of pH and temperature ision exchange. lon exchangeis a process by which H', contained in
the solution, exchanges for the ions contained in the glass matrix, asillusrated by

Glass---Na+H" %%® Glass---H +Na". (16)

The addition of this mechanism may affect BV glass performance because of the sgnificant Na,O con+
tent. Methods to quantify the Naion-exchange rate for the BKV 1 glass are discussed below.

2.2.2.1.2 Effect of lon Exchange

Ko, = 15.4£0.3 mol m?s?

Therate of ion exchange (IEX) was computed E, =585kimol*
by subtracting the rate of matrix dissolution from h e = -0.051 £0.004
the Narelease rate and converting the resulting M=o
vaueto moles of Na per square meter per second. v 23°C
Figure 12 shows the computed ion exchangerate ~E\Q\ o 4c |
from temperatures of 23t0 90°C. Theseresults = -8 \&\g\ oo
illudrate a very shallow decrease in ion-exchange % § B
rate with increasing pH. Conducting alinear g
regression on the data at each temperature gave a EO ’ w
dopeh = -0.051 +0.004, indicatingthet h probas § |2 § ¥
bly does not depend on temperature but thiswill 101 : : : :
require confirmation from additiona experiments. 5 6 7 8 9 10
Using thevaue of h above, a non-linear regression pH(T)

was performed on the entire data set shown in _ _
Figure 12 using the kinetic rate law, Equation (15), Figure 12: Nalon Exchange Rate as a Function
and moxifying it to Equation (17) of Solution pH and Temperature.

& E,

J, =k 0™ exp8ﬁ (17)

Q- O

where J, isthe Naion exchange rate, ky istheintringc exchange rate constant, hy isthe IEX power law
coefficient, E, isthe activation energy. The resulting regression coefficients, used in the STORM cacu
lations, were k, = 15.4 + 0.3 mal [Na] mi? s*, E, = 58 +5 kJmol™*, and h, = -0.051 + 0.004 with a
correlation coeffident (R?) of 0.86.

The effect of IEX was as0 observed in experiments where the concentration of S in the influent so-
Iution was varied. Figure 13 illudrates the naturd logarithm of the IEX rate versus U/T for each
SO,(aq) activity interrogated. Conducting a linear regression on the dataresulted in aE, = 53 £2 kJ
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mol™. Theresulting E, correlates well with the LAW glass formulation LAWABPL (E, = 52 kJmal™)
(McCGRAIL et d., 2001a).

22213 Effect of Solution Saturation State 10 ' "BKVL
. . . I —~-17 1 pH(23C) =9

As previoudy discussed, experimentswithine - ™, E, =53065 + 234kJmol -
put solutions doped with Si (rangingfrom 15t0 g -18 1 =088 '
140 ppm) were conducted as a function tempera- E 19 +
ture at pH(23°C) of 9. Before discussng these e
results it isimportant to determine the agqueous S & X J| 0 ~52-140ppmsio,
Speciation at each temperature to correctly ac- &5 214 O -50-110ppmSO,
count for the changein Si speciation with tem- = ol v ~46- 100ppm SO,
perature inthe andysis. Therefore, the solution & ~15-30pm S0,
speciation of dissolved S species was computed 23 : : '
with the aid of the geochemical code EQ3NR 26 28 30 32 34
(WOLERY, 19923). Results of this computation 10°T (K)

shows that SO,(ag) was the dominant solution
species in the buffer solution from 23 to 90°C,
ranging from 90%, at 23°C, to 87%, at 90°C.
The remaining 10 and 13%, at 23 and 90°C re-
spectively, corresponds to the solution speciesHSOg'.

Normadized release rates for B and Na asafunction of a]SO,(aqg)] are shownin Figure 14. The
trend, a decrease in the dissolution rate with increasing SO(ag) activity, isSmilar to those obtained for
severd LAW glassformulations (MCGRAIL et a., 2001a). Asthe activity SO,(aq) increases, Figure
14 dso shows an increasing discrepancy between the bulk glass dissolution rate, asindicated by the rate
of B release, versus the normalized rate of Naredlease. The discrepancy has been assgned to a secon
dary reaction mechanism associated with Naion exchange. However, unlike other LAW glass formula-
tions, such as LAWABPL, the release rate of Na and B does not converge completely at 90°C. Thisis
amog certainly due to the 10X higher NalEX rate for the BKV1 glass as compared with LAWABPL;
the NalEX is dtill detectable at 90°C in S-saturated solutions with the BKV 1 glass but is overwhelmed
by matrix dissolution a 90°C with LAWABP1 glass. The BKV 1 glass should have a higher concentra-
tion of non-bridging oxygen (NBO) stes relative to LAWABPL based on its compostion. The NBO
concentration has been directly correlated with Naion-exchange rates in Smple glasses (MCGRAIL et
al., 2001b).

By agpplying alinear fit to the normalized B release rates as they gpproached zero for the data
shown in Figure 14, the x-intercept was determined at each temperature, which is equivaent to the
pseudo-equilibrium congant (K). The estimated Ky values are given in Table 5 and aso plotted versus
inverse temperature in Figure 15, along with the temperature-dependent solubility products for quartz
and SO(am). Theresults show the Kq for BKV 1 glassis intermediate between quartz and amorphous
dlica The dope of aline regressed through the data aso provides a crude estimate of the enthalpy of
reaction, DH, = 12 +2 kI mol™. Using the regression line shown in Figure 15, the value for K &t the
digposal system temperature of 15°C was calculated and is provided in Table 5.

Figure 13. Nalon Exchange Rate Versus Recip-
rocal Temperature for SO,(aq) activity ranging
from 15 to 140 ppm
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Figure 14. Normalized Release Rate with Respect to B and Na Versus SO,(aq) Activity a 23,
40, 70, and 90°C.

Table5. Edtimate of the Pseudo-Equilibrium
Congants for BKV 1 as a Function of Tem-

perature.
T (°C) Kq Error R?
15 3.23E4 - -
23 394E4 | £+309E4 | 077
40 448E4 | £291E5 | 076
70 654E4 | +153E5 | 077
) 965E4 | +265E5 | 074

InK
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x°c  mw°c | «°% 23% 1°c

DH,=118+18kJmol *
R2=0.96
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10T (K)

3.6

Figure 15. InKg vs. Inverse Temperature
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2.2.2.2 Comparison of Rate Law Parametersto EST-01 and LST-02 BV Glass Samples

As previoudy discussed, the crucible melt sample (BKV 1) was used to quantify each of the kinetic
rate law parameters needed to accurately mode glassdissolution A detailed explanation for selecting
the crucible mdt sample instead of the EST-01 and L ST-02 samples has been provided in section 2.2.
Asaresult of selecting the crucible melt sample to quantify the kinetic rate law parameters, the results of
these experiments must be compared to actual glass samples created using the BV process. Therefore,
select SPFT experiments were conducted usng three EST-01 samples (BKV X, BKV2, and BKV3)
and two LST-02 samples (BKV4 and BKV5). These test were conducted as afunction of pH (from 7
to 12), solution saturation (from O to 140 ppm Si), and temperature (from 23 to 90°C).

Normalized release rates for B as afunction of pH are shown in Figure 16. This figureillustrate that
the results obtained at pH(23°C) 9 using BKV X (T ranging from 23 to 90°C), and BKV 2, BKV 3,
BKV4, and BKV5 (T = 90°C) are within the experimenta error of the values reported for BKV 1.
Additiona experiments were conducted using the L ST-02 glass sample BKV5 at 90°C as afunction of
pH (ranging from 7 to 12). Conducting alinear regression on these results provided a dope hgyys =
0.38 +0.03 with a correlation coefficient (R?) of 0.92. The vaueof hgs iswithin the experimenta er-
ror for BV glass sample BKV1 aswell as other LAW glass formulations, LD6-5412 and LAWBPL,
(refer to section 2.2.2.1.1).

Severa experiments were also conducted using solutions doped with S (ranging from O to 140
ppm) as afunction of temperature (from 23 to 90°C) on BKVX and BKV4. By applying alinear fit to
the normalized B release rates as they approached zero, a pseudo-equilibrium condant (Ky) was deter-
mined for BKVX and BKV4. The estimated K, values are displayed in Table 6 and are plotted versus
inverse temperaturein Figure 17, dong with the temperature dependent solubility products for quartz
and SO,(am). Theresults show that the Ky for BKVX and BKV4 are within the experimental error of
BKV 1, and lie between the temperature dependant solubility products for quartz and SO,(am). As
previoudy discussed in section 2.2.2.1.3, regressing aline through the temperature-dependant K, values

BKV1,DH, = 11.8+1.8kJmol *, R* = 0.96

R : BKVX, DH, = 13.9 +2.8kJmol , R?=0.98
o BKV1 ——— g

g) 0 Ko = 1481 + 1.427 mol miZs* » %FC T 70°C 2C 2FC 1sl°c
= ¥ Ea=76.83+3.302kImol S 3 5k Vv BKV1 .

g h =0.42+0.02 =3 - ] T O BKVX . (

& -1 4Rr%=09 Ry ¥ ¥y : 64 O BKv4 % |
: y —§ % m -
T 27 . 3 X 71 1
x - ¥ BKvi |3 =

-§ 34 O BKvX |] 81l ]
= A Bkv2 |3 —
I & Bkv3 |

5 47 O BKkV4 [} 97 Quarg;

Z O Bkv5 |]

S t t t 7 -10 . + . } . — '
g
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3
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Figure 16: Comparison of Normalized B Re- Figure 17: Comparison of In K, as a Function of
lease Rates as a Function of pH and Temperature  Temperature for BKV1, BKVX, and BKV4.
for Each Glass Sample Tested.
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aso provides acrude estimate of theenthalpy of ~ Table 6: Estimate of the Pseudo- Equilibrium
reaction and allows for thevalue of Ky at 15°C~ Constantsfor BKV X and BKV4 as a Function of

to be computed. Using the results from these Temperature.
experiments conducted with BKV X resulted in Sample -
an estimate for DH, of 14 +3kJmol™ and a ID (0 Kq Error R

computed K, value at 15°C of 3.31x 10™ (refer ~ BKVX 15 331E4 -
to Table 6). 40 511E4 | +271E4 | 075
70 916E4 | +316E5 | 076
20 104E3 | +267E5 | 077
P 973E4 | +308E5 | 071

2.3 PCT Experiments
The PCT has been standardized as an

BKV4

ASTM standard procedure (ASTM, 1994).

The ASTM gtandard includes two methods: PCT Method A was developed specifically for verifying
process control of vitrified high-level waste forms and is conducted with specific values of test parame-
ters, PCT Method B does not specify the vaues of test parameters. Because the PCT Method B en+
compasses commonly used variations of test parameters, PCT Method B was used in this work.

2.3.1 Methods

The PCTswere conducted by reacting a fixed amount of crushed glass that was Seved to isolate
the - 100 +200 mesh size fraction and then cleaned according to ASTM procedure. Two glass surface-
area-to-solution volumerratios (S'V) were used: 1) 1 g of glass per 10 mL of deionized water to give an
SV of approximately 2000 m*, and 2) 1 g of glass per 1 mL of deionized water to give an SV of ap-
proximately 20,000 m*. All experiments were run a 90°C. To limit water loss for long-duration ex-
periments, the Teflon PFA reactors were sedled inside a stainless stedl Parr reactor. At the end of the
test, the solution is andyzed for pH and the concentrations of dissolved glass components. The reacted
glass surface was dso analyzed to help characterize
any dteration phases formed during the te.

2 :

2.3.2 Resultsfor BKV1 Glass 50-06 v o]
Figure 18 summarizes the available PCT dataon % [

BKV1, BKV4, and BKV5 glass to date for the ex- = 0041 v

perimentswith SV ratio of 20000 mi®. Theseresilts & [V Z

suggest that glass dissolution behavior is entirely nor- gomy_v ¢ DaonizedWeter —_z: Sﬁﬁ

mal with no indication of reection rate accelerationdue € [ O i(’fggo“gl —o— BKV5

to secondary phase formation. The normalized mass 2 000 I— — - -

20 40 60 80 100 120

o

lossesfor BKV4 and BKV5 are dightly lower than _
BKV1 but it is till early in this test (< 28 days). Time, days

Therefore, attempts were made to only model theso-  Figure 18. PCT-B Resultsfor BKV1, BKV4,
lution composition data for the experiments conducted  and BKV5 Glasses

usng BKV1glass.
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2.3.3 Modeling With EQ3/6

Using the boron release data from the PCT experiments with BKV 1 glass, areaction progress
value was caculated as a function of test duration. Reaction progress is Smply the moles of glass dis-
solved in 1 kg of water. The results are shown in Figure 20. Also shown in the Figure 20 isthe pre-
dicted dementa solution concentration from the EQ3/6 code. Agreement with the experimenta datais
extraordinarily good. Na was the one exception. To account for Narelease viaion exchange, aninitid
concentration of Na was added to the starting solution.  Although the present modeling work represents
agood start, longer-term PCT data is heeded to fully cdibrate the chemica reaction network for BV
glasses. Solid-phase andyses of reacted solids from the tests dso need to be performed to identify any
secondary minerds that have not been consdered in thisinitia study.

The predicted secondary phase paragenesisis provided in Figure 19. To adequately reproduce
the PCT data, it was necessary to adjust the log K upward for severd of the phases [labled as amor-
phous, e.g., Fe(OH);(am)]. Thisisaconsegquence of the fact that amorphous solids rather than their
crysaline anaogs often form in laboratory experiments with waste glasses. The amorphous solids are
typically much more soluble and thisis reflected in the equilibrium congtant. The log K values assgned
to each of the phases used in the smulations are provided in Table 7.

9 .

2 BKV1

=g T=90C

k=l Deionized Water

g 5 ‘11

O g 24

g g

E 1¢ Deionized Water] -

S T=90°C

2 & 3

o &
§ 0 + + @ + + + 4+ + + 1
— 0.00 0.01 0.02 0.03 0.04 0.05 -5 -4 -3 -2 -1 0
Reaction Progress, mol kg* log, , Reaction Progress (mol kg™)

Figure 20: Comparison of PCT Solution Conr  Figure 19: Predicted Peragenetic Sequence of
centration Data (symbols) with the Solution Comr  Altération Phases Formed During the Reection of
position Calculated with the EQ3/6 Code (linesy ~ BKV1 Glassin Delonized Water.
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Table 7: Secondary Phase Reaction Network for BKV1 Glass. log K iscalculated at 90°C.

Phase Resaction log K
Aluminum Hydroxide . 34

Al(OH)u(am) Al(OH)z(am) + 3H" =3H,0 + Al 6.34
Anatase TiO, + 2H,0 = Ti(OH), (aq) 565

TiO,

Amorphous Iron Hydroxide + +

Fe(OH),(am) +2H" = 25H,0 + 1F¢”" + 0.2 2.36
ZrO,(am) ZrO,(am) +2H" = Zr(OH),™* -4.65
SO,(am) SO,(am) = S0, (aqg) 223
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3.0 Steam Refor mation

The THOR™ Huidized Bed Steam Reformation (FBSR) process operates by introducing high so-
dium nitrate content tank wastes into a moderate temperature (650-800°C) fluidized bed. The tank
wasteis reacted with carbon and iron-based reductants to convert nitrates and nitrites directly to nitro-
gen gas. Radionuclides, dkai metds, sulfate, chloride, fluoride, and non-volatile heavy metdsin the
waste stream are reacted with clay (kaolinite) or other inorganic materids to produce a polycrystaline
minerd product. Additiond details on the process can be found in the report by Jantzen (2002) or at
the THOR Treatment Technologies, LL C website (www.thortt.com).

Extengve characterization and testing studies
have been performed on a SR product manufac-
tured in a 6-inch diameter, fluidized bed pilot
plant at Hazen Research (Golden, Colorado) and
the results documented by Jantzen (2002) and
McGrall et d (2003b). The SR product sample
was granular with grain sizes ranging between 4
mm and 1 mm diameter. A picture of atypica
SR granuleis provided in Figure 21. Theprimay |
mineras identified in the product were hexagond A ‘
nepheline (NaAlSIO,) and nosean S :
[Nas(AlS0,)sSO,]; smal amounts of hemetite, e . . ]
magnetite, and corundum were also detected. Figure 21. Optical Photograph of SCT02-098

From testing data and independent mineral "= particle. Black particles are magnetite,
thesswork (MATTIGOD €t al., 2003), Rhenium

[Re] (chemicd andog for Tc) wasinferred to be located principaly in the nosean phase. Aswill be
shown below, additional testing data obtained on the SR product was consistent with this hypothess.

Asdiscussed by McGrall et d. (2003a), the same kinetic rate equation used for modding dissolu-
tion of WTP and BV glasses will be used for modding the dissolution kinetics of nepheline and nosean
mineralsin the SR product. Consequently, the parameters k , E,, h, and K need to be determined for
both minerd phases. McGrail et d. (2003a) were able to extract avaue for h for nepheline of 0.25.
As h vaues have little or no detectable temperature dependence for slicate glasses, this assumption
was aso adopted for nephdine. As experiments were only conducted at one temperature (90°C) by
McGrail et d. (2003a), insufficient deta was available for the authors to extract k , and E.. Conse-
quently, the additiond testing and data reduction required to obtain these parameters are described
here. We dso include abrief description of the calculation done to compute alog K vaue for nosean.
Thelog K for nepheline was obtained directly from the EQ3NR (WOLERY, 1992b) thermodynamic da-
tabase.
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3.1 SR Product Char acterization

The SR product SCT02-098 was subjected to detailed characterization of its physicd, bulk chemi-
ca and minerdogical properties usng avariety of methods. The interested reader should refer to the
report by McGrail et d. (2003b) for details on these property measurements. Asthe identical product
was used for the additiona testing discussed in this report, no additiona product characterization was
considered necessary.

3.2 SPFT Tegting

The experimental procedures and data reduction methods described previoudy for the BV glasses
were used in essentialy the same manner for the SR product. Crushing the SR product in an agate
mortar and pestle produced the sample used in thisstudy. The crushed materia was then Seved to
Separate the - 100 +200 mesh (149 to 75 mm diameter) size fraction and cleaned as described previ-
ously. We used 0.5 £0.004g of -100 +200 mesh sample in each reactor; the powder lies at the bottom
of the reactor in athin layer. SPFT experiments were conducted at 70, 40, and 23°C with the buffer
solution shown in Table 8. Aliquots of effluent solution were routingly checked to ensure that pH con
trol was maintained during the experiment. The remainder of the effluent solution was acidified by high
purity nitric acid and analyzed for chemica compostion by ICP-OES and ICP-MS methods. Three
blank solutions were drawn before the SR sample was added to the reactor. The blank solutions were
anayzed for background concentrations of elements of interest.

Table 8. Composition of Solution Used in SPFT Experiments SR Product. TRIS = THAM-
based buffer. Solution pH values were calculated with the EQ3NR Code V7.2b database.

Composition pH 23°C pH 40°C pH 70°C pH 90°C

0.05M TRIS+0.0079M HNO;  8.97 8.44 7.78 7.42

3.3 SPFT Results

Each SPFT experiment was run in duplicate. However, we will only show the results from one of
the experiments as the data were essentidly identical for each replicate test. Detailed results from each
test are provided in Appendix C.

Asshown in Figure 22, there is a modest temperature dependence on elementa release rates for the
SR product. Normalized rates decrease by afactor of about 10X over the temperature interval 90 to
23°C. A gtrong correlation between the Re and S release rates is observed at each temperature, iden-
tical to what was observed previoudy a 90°C only. All the test data continue to support our hypothesis
that Re and S principaly resde in the same phase (nosean).

The normaized Re and S release rates observed at longer times in the 23°C test were sgnificantly
lower than at the other temperatures. This experiment may not have been run for sufficient time to reach
atrue steady-date condition. Both S and Re release rates are consstently observed to decline a early

timesin the 90, 40, and 70°C tests and then recover to steady-state values near the end of the test. We
do not know why this occurs at the present time. However, recovery times are definitely longer at
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Figure22. Normaized Release Rate as a Function of Time and Temperature in SPFT Experiments

40°C as compared with 90°C and so the 23°C experiments would be expected to take even longer to
achieve steady-gtate. Another possible explanation is that solubility effects may be influencing the solu-
tion concentration data at 23°C. To test this hypothesis, the saturation index for nosean was caculated
at room temperature with the EQ3NR geochemica computer code (WOLERY, 1992b) and the solubility
product given in Section 3.5. The starting solution pH(23°C) of 9 was set using 0.05M TRIS and
0.006M HNOs. Concentrations of chemical species were input to the code, based on the measured
effluent composition from the experiments. At 23°C, the calculated efluent pH was 9.03 and a

logyo saturation index (Q/K) of 0.994 for nosean. A log (Q/K) greater than zero indicates supersatura-
tion If thecdculated log K for nosean is accurate, this would explain why the release rates for S (and
Re) are lower than the other componentsin the 23°C tests; Na, Si, and Al release rates are dominated
by the nephdine but nosean condtrains release of Sand Re . Saturation indices for nosean at 40, 70,
and 90°C were many orders of magnitude undersaturated and so the SPFT data reflect true forward
dissolution rates. XRD analyses of reacted SR sample after termination of each test showed decreasing
wit% nosean remaining in the sample with increasing temperature; nosean wit% decreased to below de-
tectable quantities (»2 wt%) by XRD at the highest temperature (90°C) but was unchanged at 23°C.

25



3.4 RateLaw Parameter Estimation for Nepheline and Nosean

Making the assumption that Sis present only in the nosean phase, an estimate of the dissolution rate
of the nephdline phase in the SR product can be obtained by differencing. The results from this calcula-
tion are presented in Figure 23 as a function of inverse temperature. The data represent the average of
the last three samplings at each temperature.

Attempts to perform a nonlinear regression with the full rate Equation (15) (neglecting the affinity
term) resulted in an ill-conditioned matrix. Consequently, the activation energy was determined with a
smple linear regression on the mgjor component release rates from nephedine (Na, Al, and S). The
dope (m) is used to compute the activation energy (E,) from:

E
m=- —2, 18
= (18)

Applying Equetion (18), E, = 16.6 £3.4 kJmol. -16
A non-linear regression was then performed us-
ing afixed vdue of 0.25 for h and the regressed
E.vdue Theresultsgave k =2.0" 10°
+2.3” 10" mol m? s* for nepheline. This
vaueis 2 times higher than the value used for
IDF cdculaions (MANN et d., 2003) because a
dightly different method was used to compute k 23} -
prior to completion of thisreport. However, as 24 0°C_T70°C . 49°C |, 257C15°C
dl&:umj in an a d (2003)’ the exact Vdue 0.0026 0.0028 0.0030 . 0.0032 0.0034
of the rate congtant for nephelineis unlikely to T K

impact the calculaiond results significantly. Figure 23. Normalized Release Rate as a Function
of Temperature in SPFT Experiments at pH(25°C)
= 9. Theordinate is plotted with the natural loge-
rithm; hence Equation (18) isvdid for directly com-
puting E, from the dope.

- o S, Nosean
-17 ~. I V  Re, Nosean
~ I —— m=-5845,1?=0.61
—&— Al, Nepheline
\\ —vw»— Si, Nepheline
~. —8&— Na, Nepheline
. 2
i — m=-2001, r'=0.51

-18 3 ~

-19

20 F

21 F

22 F

log, Dissolution Rate (mol m?s™)

The regressed vaue of the activation energy
for nepheline dissolution is much lower than re-
ported for dissolution of sngle-crystd nepheline
of between 53 and 77 kIymol (TOLE et d.,
1986). Infact, our datais consstent with the activation energy for free diffusion of water of 17.6
kIJmal (MiLLS, 1973). Nephdineisone of the least stable rock-forming mineras with respect to
chemicd wesathering (TOLE et al., 1986; FRANKE and TESCHNERSTEINHARDT, 1994). Our datais cer-
tainly congstent with this view as the dissolution rate gppears to be controlled smply by the rate that
water molecules can diffuse to the minerd surface. We cannot offer an explanation & thistime asto
why the nepheline phase in the SR product appears to dissolve by awater trangport-limited mechanism
rather than a bond-breaking mechaniam that is common for most slicate minerds. Very low activation
energiesfor dissolution of orthosilicate minerds, such as dlivine, have been previoudy reported
(WESTRICH et a., 1993). However, tectoslicates like nephdine have consderably different structurein
comparison to orthoslicates so the relevance of these observationsis unclear.

The dissolution rate for the nosean phase was obtained by averaging the last three samplingsfor Re
and S shown in Figure 22; the data are also presented in Figure 23. A smple linear regression of the
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Re and S release data, excluding the values at 23°C that are considered unrdliable, gives an activation
energy of 48.6 +13.6 k¥mol and k = 0.25 (0.002 to 29.7) mol mi? s*. Clearly, with only three tem-
peratures where reasonably reliable data was available, the regressed rate law parameters for dissolu-
tion of nosean are highly uncertain. Additiona experiments are needed to improve the estimates.
Experiments with a synthesized pure nosean phase are aso needed to diminate potentia interactions
with the other phases present in the SR product that may be affecting the results.

3.5 Nosean and Nepheline Solubility Product

As discussed previoudy, nosean is an important phase in the SR product as it appears to be the
host phase for Re and so by chemica analogy, Tc. However, asolubility product for nosean has not
been reported to our knowledge. Consequently, it is necessary to etimate alog K for nosean.

The temperature dependent solubility product was ca culated using the approach outlined by Matti-
god and Kittrick (1980). In this approach the temperature dependence of solubility of aminera is ex-
pressed in the form:

logKr = 1/2.303 R[A InT + BT + C/T2 + DIT + | (19)

where K+ isthe solubility product a temperature T (°K), R isthe gas congtant, A = Da, B = Db/2,
C=Dc/2, D=[DaT, + (Db/2) T?- Dd/T,- DS’ T, + RTInK+,], ad E= [-Da- DaInT, - Db T, +
(Dc/2 T,?) + DS”], and Da, Db, and Dc are the hest capacity of reaction coefficients from the Meier-
Kdly equation

C, = Da+ DbT + Dd/T? (20)

where DS’ = entropy of reaction
K+, = solubility product at a reference temperature (298.15 K).

The dissolution/preci pitation reaction for nosean is expressed in the form:

NagAlsSisO24(SOs4) + 24H" = 8Na" + 6AI* + 6SiO,(ag) + SO~ + 12H,0 (21)
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Usng Kirchhoff’s law, the Gibbs free energy of reaction was calculated as a function of temperature
using the thermodynamic data provided in Table 9.

The solubility product was then calculated using the expression

InK(T) =- DG%/2.479

where DG isthe free energy of reaction. The resulting vauesfor log K(T) aregivenin Table 10.

Thelog K at 15°C is 51.8 given the reaction written as Equation (21). Because pH values are ex-
pected to be well above pH 4 in the disposa system, AlO; isthe dominant solution species. Conse-
quently, the log K(15°C) vaue (-92.1) used for the IDF smulations (MANN et al., 2003) reflectsa

correction for the reaction:
AR + 2H,0= AlO, + 4H"

logy K (15°C) = -23.98,

The dissolution/precipitation reaction for nephdineis

NaAISO4(s) + 4H" = Na' + AlO, + SO(ag).
Thelog K(15°C) is-9.4 as obtained directly from the EQ3NR database,

GEMBOCHS.V2-EQ8-DATADO.

(23)

(24)

Table 10. Temperature-
dependent Solubility Con-

stants for Nosean

T(°C) logK
15 51.8
25 52.1
35 52.4
45 52.7
55 53.0
65 53.3
75 53.7
85 53.9
95 54.3

Table 9. Thermodynamic Data Used for Calculating Temperature- Dependence of Nosean Solubility

Species DG’ | DS%gs15 Cp=a+bT+c/T?
(kImoal) | (¥mol deg) (Imol deg)

Da | Dbx10®| Dcx 10°

NagAlsSicO24 (SO,) 158.56 -241.20
(nosean) -13300.5 806 | 1047.9

Na' (ag) -261.90 59.00 0| 155.64 0

AP (ag) -485.00 -321.70 0| 128.03 0

SO,% (aq) -744.50 17.57 0 | -1004.16 0

SO, (an) -833.8 40.18| -99.3| 611.03 -16.88

H.O (liq) -237.14 69.91| 49.66 54.31 8.44
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4.0 Conclusion

In this report, we have documented the testing that has been accomplished to date of bulk vitrified
and steam reformed low-activity waste forms. The test data have been reduced to a set of parameters
that have been utilized in reactive chemicd trangport Smulations of an integrated disposal facility. The
reader should consult Mann et d. (2003) for adescription of the results from those cdculations. The
reader is strongly cautioned not to directly utilize the test datain this report to draw conclusions about
the long-term performance of either waste form.
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6.0 Appendix A. Bulk Vitrified Product Chemical Analysis

Table Al. Results of Analysesof BKV 1%

LiBO, Na,O, LiBO, Na,O, BKV1

Oxide Fusion Fusion Fusion Fusion Powder
Al,O5 2.970 0.887 NDP ND 8.111
B,O3 ND 6.198 ND ND 4.316
CaO 16.563 3.495 ND ND 2.109
Cl ND ND ND ND 0.034
Cr,03 0.005 0.094 ND ND 0.092
Fe,0O3 1.852 3.844 ND ND 3.564
K,0 0.693 2.145 ND ND 1.161
MgO 0.080 1.133 ND ND 1.341
Na,O 25.10 ND ND ND 20.85
P>Os 0.899 0.414 ND ND 0.533

ReO, ND ND BLQ® 0.0012 <0.0013
SO, 1.0198 BLQ ND ND 0.366
SO, 45.06 45.79 ND ND 49,53
TiO, 0.982 0.686 ND ND 0.567
ZrO, 0.106 5.841 ND ND 7.055
Technique ICP-OES |CP-OES ICP-MS ICP-MS XRF

 Results noted in italics were not used in cal culations of the reported mean composition.
® ND=Not Determined
¢ BLQ=Bedow Limit of Quantification

Table A2. Results of Analyses of BKVZ2.

LiBO, Na,O, LiBO, Na,O, BKV2
Oxide Fusion Fusion Fusion Fusion Powder
Al,O5 10.03 7.278 NDP ND 6.974
B,O3 ND 5.116 ND ND 3.1421
Ca0 3.1889 2922 ND ND 1.687
cl ND ND ND ND 0.0647
Cr,03 0.098 0.053 ND ND 0.0490
Fe,O3 3.988 2579 ND ND 2.24
K,0 2.1705 1.643 ND ND 0.99
MgO 1.2911 0.839 ND ND 1.19
Na,O 21.6895 ND ND ND 14.68
P,Os 0.41 0.16 ND ND 0.199
ReO, ND ND BLQ® 0.0016 <0.001
O3 0.764 BLQ ND ND 0.1363
SO, 43.91 40.08 ND ND 63.50
TiO, 0.726 0.493 ND ND 0.4513
Zr0O, 6.385 2.543 ND ND 4.46
Technique ICP-OES |CP-OES ICP-MS ICP-MS XRF

& Results noted in italics were not used in cal culations of the reported mean composition.
® ND=Not Determined
¢ BLQ=Below Limit of Quantification
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Table A3. Results of Analyses of BKV X%

LiBO, Na,O, LiBO, Na,O, BKVX
Oxide Fusion Fusion Fusion Fusion Powder
Al,Os 1.2747 7.8536 NDP ND 7.377
B.O3 ND 5.2690 ND ND 2.9559
Cao 2.7371 3.0272 ND ND 1.686
Cl ND ND ND ND 0.0309
Cr,03 0.0521 0.0571 ND ND 0.0466
Fe,0Os 2.607 2.748 ND ND 2.32
K20 1.6839 1.7663 ND ND 1.01
MgO 0.9833 0.9570 ND ND 1.16
NaO 21.3457 ND ND ND 14.82
P05 0.21 0.15 ND ND 0.213
ReO; ND ND 0.0006 0.0018 0.0015
O3 0.0400 BLQ® ND ND 0.1520
SO, 57.28 52.57 ND ND 62.69
TiO, 0.516 0.522 ND ND 0.4387
ZrO, 4.1459 2.8833 ND ND 4.83
Technique ICP-OES ICP-OES ICP-MS ICP-MS XRF
@ Results noted in italics were not used in calculations of the reported mean composition.
® ND=Not Determined
¢ BLQ=Bedow Limit of Quantification
Table A4. Results of Analyses of BKV3,
LiBO, Na,O, LiBO, Na,O, BKV3
Oxide Fusion Fuson Fuson Fusion Powder
Al,O3 9.786 10.01 NDP ND 9.042
B.O3 ND 6.158 ND ND 3.762
Cao 2919 3.427 ND ND 2.258
Cl ND ND ND ND 0.046
Cr,03 0.0339 0.0314 ND ND 0.030
Fe,O3 3.906 3.872 ND ND 3472
K20 2.309 2.306 ND ND 1.376
MgO 1.2287 1.122 ND ND 1331
NaO 26.31 ND ND ND 18.44
P,Os 0.26 0.31 ND ND 0.233
ReO; ND ND BLQ 0.0001 <0.002
O3 0.8034 BLQ® ND ND 0.1598
S0, 51.84 49.75 ND ND 52.82
TiO, 0.713 0.695 ND ND 0.575
ZrO, 6.759 6.231 ND ND 6.121
Technique ICP-OES ICP-OES ICP-MS ICP-MS XRF

@ Results noted in italics were not used in calculations of the reported mean composition.
® ND=Not Determined
¢ BLQ=Bedow Limit of Quantification
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Table A5. Results of Analyses of BKV 4,

LiBO, Na,O, LiBO, Na,O, BKV4
Oxide Fusion Fusion Fusion Fusion Powder
Al,O3 9.329 9.403 ND" ND 8.652
B,Os ND 6.514 ND ND 3.0560
Ca0 3.077 3.421 ND ND 2.399
Cl ND ND ND ND 0.038
Cr,03 0.052 0.058 ND ND 0.048
Fe,0s 4,609 4,624 ND ND 4.15
K,0 2.087 1.937 ND ND 1.23
MgO 1.365 1.226 ND ND 1.49
Na,O 16.34 ND ND ND 10.41
P,Os 0.318 0.213 ND ND 0.291
ReO, ND ND 0.0019 0.0024 <0.001
03 0.962 BLQ® ND ND 0.067
SO, 57.80 50.36 ND ND 61.43
TiO, 0.857 0.831 ND ND 0.689
ZrO, 6.375 5.280 ND ND 5.72
Technique ICP-OES ICP-OES ICP-MS ICP-MS XRF
@ Results noted in italics were not used in calculations of the reported mean composition.
 ND=Not Determined
¢ BLQ=Bedow Limit of Quantification
Table A6. Results of Analyses of BKV5",
LiBO, Na,O, LiBO, Na,O, BKV5
Oxide Fusion Fusion Fusion Fusion Powder
Al,O3 10.4173 10.0066 ND" ND 10.639
B,Os ND 6.8206 ND ND 3.7457
Ca0 3.6192 4.,1888 ND ND 2.954
Cl ND ND ND ND 0.0518
Cr,03 0.0534 0.0541 ND ND 0.0581
Fe,0s 5.338 5.624 ND ND 521
K,0 2.3826 2.2782 ND ND 1.46
MgO 1.5920 1.5065 ND ND 1.59
Na,O 18.2233 ND ND ND 10.94
P,Os 0.34 0.30 ND ND 0.336
ReO, ND ND BLQ BLQ <0.0011
SO} 29764 BLQ® ND ND 0.1526
SO, 51.24 52.78 ND ND 54.68
TiO, 0.962 0.972 ND ND 0.8071
ZrO, 7.4210 6.6113 ND ND 6.99
Technique ICP-OES ICP-OES ICP-MS ICP-MS XRF

@ Results noted in italics were not used in calculations of the reported mean composition.
® ND=Not Determined
¢ BLQ=Bedow Limit of Quantification
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

I
¢

Flow Rate

(m*/day)

Crucible M et Test (ASCM -001)

Centerline

Exp. #1

BKV1-1A

BKV1-1B
BKV1-1C
BKV1-1.2
BKV1-1.4
BKV1-1.6
BKV1-1.8
BKV1-1.11
BKV1-1.16
BKV1-1.19
Exp. #2

BKV1-2A

BKV1-2B
BKV1-2C
BKV1-2.2
BKV1-2.4
BKV1-2.6
BKV1-2.8
BKV1-2.11
BKV1-2.16
BKV1-2.19
Exp. #3

BKV1-3A

BKV1-3B
BKV1-3C
BKV1-3.2
BKV1-3.4
BKV1-3.6

8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02
8.82E+02

1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04
1.61E+04

3.21E+04
3.21E+04
3.21E+04
3.21E+04
3.21E+04
3.21E+04

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40

3.2E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05

2.9E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05
2.8E-05

2.9E-05
2.9E-05
2.8E-05

7.0 Appendix B — Bulk Vitrified Glass SPFT Test Data

Time

(days)

2.89
5.07
7.02
9.13
1211
18.89
25.05

2.89
5.07
7.02
9.13
1211
18.89
25.05

2.89
5.07
7.02

pH

(23°Q)

9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0

9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0

9.0
9.0
9.0
9.0
9.0
9.0

Mass

@

1.004
1.004
1.003
1.003
1.003
1.002
1.002

1.010
1.010
1.010
1.009
1.009
1.009
1.009

1.000
1.000
1.000

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY (@m?dy) (mLhH @m?d) (mLthH (@m?d) (Ll (@m?d) (mol m?sh

- <25 - <50 - 56 - <500 - -

- <25 - <50 - <50 - <500 - -

- <25 - <50 - <50 - <500 - -
2.01E-02 62 4.59E-03 162 3.88E-03 2,563 2.30E-02 814 2.37E-03 7.33E-09
2.01E-02 96 7.74E-03 287 7.22E-03 2,168 1.71E-02 1,196 4.63E-03 3.74E-09
2.01E-02 108 8.86E-03 324 8.25E-03 1,662 1.28E-02 1,357 5.63E-03 1.59E-09
2.00E-02 111 9.21E-03 338 8.68E-03 1,454 1.12E-02 1,426 6.09E-03 7.99E-10
2.00E-02 112 9.29E-03 346 8.90E-03 1,310 1.00E-02 1,463 6.30E-03 2.86E-10
2.00E-02 111 9.01E-03 341 8.62E-03 1,198 9.00E-03 1,428 5.99E-03 0.00
2.00E-02 110 9.19E-03 338 8.72E-03 1,169 8.97E-03 1,433 6.16E-03 0.00

- <25 - <50 - 55 - 18,237 - -

- <25 - <50 - 55 - 18,206 - -

- <25 - <50 - 55 - 18,241 - -
2.02E-02 48 2.57E-03 109 1.83E-03 2,618 2.10E-02 18,616 2.61E-03 7.35E-09
2.02E-02 45 2.20E-03 127 2.34E-03 1,730 1.35E-02 18,624 2.62E-03 4.51E-09
2.02E-02 44 2.05E-03 125 2.23E-03 1,229 9.29E-03 18,462 1.52E-03 2.89E-09
2.02E-02 48 2.45E-03 131 2.45E-03 1,029 7.82E-03 18,614 2.55E-03 2.14E-09
2.02E-02 50 2.62E-03 114 1.94E-03 877 6.56E-03 18,638 2.69E-03 1.57E-09
2.02E-02 50 2.69E-03 139 2.65E-03 722 5.24E-03 18,630 2.60E-03 1.02E-09
2.02E-02 49 2.56E-03 131 2.45E-03 665 4.90E-03 18,523 1.94E-03 9.32E-10

- <25 - <50 - 52 - 36,464 - -

- <25 - <50 - 61 - 36,248 - -

- <25 - <50 - <50 - 36,350 - -
2.52E-02 68 3.70E-03 108 1.42E-03 4,546 2.91E-02 36,798 2.37E-03 1.01E-08
2.00E-02 47 2.42E-03 109 1.82E-03 3,124 2.52E-02 36,511 1.06E-03 9.09E-09
2.00E-02 35 1.13E-03 91 1.26E-03 2,073 1.64E-02 36,408 3.59E-04 6.09E-09
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

Sample ID (mg L™
BKV1-3.8 3.21E+04
BKV1-3.11  3.21E+04
BKV1-3.16  3.21E+04
BKV1-3.19  3.21E+04

Exp. #4
BKV1-4A 4.78E+04
BKV1-4B 4.78E+04
BKV1-4C 4.78E+04
BKV1-4.2 4.78E+04
BKV1-4.4 4. 78E+04
BKV1-4.6 4. 78E+04
BKV1-4.8 4. 78E+04
BKV1-4.11  4.78E+04
BKV1-4.16  4.78E+04
BKV1-4.19  4.78E+04
BKV1-4.21  4.78E+04
BKV1-4.22  4.78E+04
BKV1-4.23  4.78E+04
BKV1-4.24  4.78E+04
BKV1-4.25  4.78E+04
BKV1-4.26  4.78E+04
BKV1-4.27  4.78E+04
BKV1-4.28  4.78E+04
BKV1-4.29  4.78E+04
BKV1-4.30 4.78E+04
Exp. #5

BKV1-5A 6.89E+04
BKV1-5B 6.89E+04
BKV1-5C 6.89E+04
BKV1-5.2 6.89E+04
BKV1-5.4 6.89E+04
BKV1-5.6 6.89E+04
BKV1-5.8 6.89E+04
BKV1-5.11  6.89E+04
BKV1-5.16  6.89E+04
BKV1-5.19  6.89E+04

I
(W)
40
40
40

40

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.9E-05 9.13 9.0
29E-05 12.11 9.0
2.8E-05 18.89 9.0
2.9E-05 25.05 9.0

- - 9.0

- - 9.0

- - 9.0
3.3E-05 2.89 9.0
2.7E-05 5.07 9.0
2.8E-05 7.02 9.0
2.7E-05 9.13 9.0
2.8E-05 12.11 9.0
2.7E-05 18.89 9.0
2.7E-05 25.05 9.0
9.1E-06  32.85 9.0
1.1E-05 37.04 9.0
9.4E-06 42.05 9.0
9.3E-06 45.13 9.0
8.9E-06 47.10 9.0
9.1E-06  49.28 9.0
9.6E-06 51.05 9.0
6.9E-06  52.97 9.0
9.4E-06 53.93 9.0
9.4E-06 57.09 9.0

- - 9.0

- - 9.0

- - 9.0
2.9E-05 2.89 9.0
2.9E-05 5.07 9.0
2.8E-05 7.02 9.0
2.8E-05 9.13 9.0
2.8E-05 12.11 9.0
2.8E-05 18.89 9.0
2.8E-05 25.05 9.0

Mass

@

0.999
0.999
0.999
0.999

2.003
2.003
2.003
2.002
2.002
2.002
2.002
2.002
2.002
2.002
2.002
2.001
2.001
2.001
2.001
2.001
2.001

3.004
3.004
3.003
3.003
3.003
3.003
3.003

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.00E-02 33 8.44E-04 85 1.07E-03 1,644 1.30E-02 36,433 5.31E-04 4.84E-09
2.00E-02 31 6.71E-04 79 8.96E-04 1,331 1.04E-02 36,233 0.00 3.90E-09
2.00E-02 31 6.62E-04 76 7.82E-04 1,043 7.86E-03 36,407 3.48E-04 2.88E-09
2.00E-02 29 3.98E-04 76 7.89E-04 940 7.23E-03 36,557 1.37E-03 2.73E-09

- <25 - <50 - <50 - 54,286 - -

- <25 - <50 - 50 - 53,965 - -

- <25 - <50 - 54 - 54,157 - -
3.18E-02 74 3.90E-03 110 1.34E-03 5,043 2.98E-02 52,562 0.00 1.03E-08
4.00E-02 38 6.79E-04 82 4.65E-04 3,010 1.16E-02 52,731 0.00 4.35E-09
4.00E-02 26 3.01E-05 69 2.79E-04 2,077 8.04E-03 52,424 0.00 3.20E-09
4.00E-02 (22) 0.00 59 1.30E-04 1,656 6.15E-03 51,840 0.00 2.53E-09
4.00E-02 (19) 0.00 55 7.31E-05 1,372 5.27E-03 52,083 0.00 2.23E-09
4.00E-02 (17) 0.00 (49) 0.00 1,023 3.75E-03 52,229 0.00 1.65E-09
4.00E-02 (16) 0.00 (44) 0.00 846 3.06E-03 51,677 0.00 1.40E-09
4.00E-02 38 2.32E-04 85 1.73E-04 1,798 2.28E-03 53,910 0.00 8.17E-10
4.00E-02 60 7.44E-04 70 1.17E-04 1,731 2.66E-03 53,544 0.00 7.63E-10
4.00E-02 (46) 3.78E-04 74 1.22E-04 2,196 2.87E-03 54,526 4.30E-04 9.95E-10
4.00E-02 (47) 3.92E-04 95 2.28E-04 2,367 3.08E-03 54,851 7.82E-04 1.07E-09
4.00E-02 51 4.36E-04 128 3.74E-04 2,357 2.94E-03 56,131 2.09E-03 9.99E-10
4.00E-02 55 5.19E-04 149 4.87E-04 2,251 2.87E-03 56,346 2.37E-03 9.39E-10
4.00E-02 56 5.71E-04 144 4.85E-04 1,954 2.61E-03 56,408 2.56E-03 8.14E-10
4.00E-02 55 3.96E-04 157 3.99E-04 1,948 1.87E-03 55,650 1.23E-03 5.89E-10
4.00E-02 53 5.08E-04 142 4.68E-04 1,707 2.23E-03 54,750 6.81E-04 6.89E-10
4.00E-02 53 4.99E-04 128 3.98E-04 1,654 2.15E-03 55,263 1.25E-03 6.61E-10

- (5) - <50 - 50 - 76,603 - -

- o) - <50 - 54 - 80,919 - -

- ND - <50 - <50 - 76,697 - -
6.00E-02 110 3.92E-03 82 3.31E-04 7,581 2.05E-02 69,360 0.00 6.63E-09
6.00E-02 46 1.57E-03 57 7.23E-05 4,396 1.18E-02 65,072 0.00 4.08E-09
6.00E-02 26 8.37E-04 50 0.00 2,891 7.62E-03 64,432 0.00 2.71E-09
6.00E-02 (20) 6.36E-04 (45) 0.00 2,359 6.24E-03 65,372 0.00 2.24E-09
6.00E-02 (15) 4.57E-04 (38) 0.00 1,869 4.92E-03 65,176 0.00 1.78E-09
6.00E-02 (11) 2.90E-04 (30) 0.00 1,362 3.46E-03 66,342 0.00 1.27E-09
6.00E-02  (11)  3.05E-04 (31 0.00 1,374 3.47E-03 68,546 0.00 1.27E-09
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV1-5.21  6.89E+04
BKV1-5.22  6.89E+04
BKV1-5.23  6.89E+04
BKV1-5.24  6.89E+04
BKV1-5.25  6.89E+04
BKV1-5.26  6.89E+04
BKV1-5.27  6.89E+04
BKV1-5.28 6.89E+04
BKV1-5.29  6.89E+04
BKV1-5.30 6.89E+04
Exp. #6
BKV1-6A 7.64E+04
BKV1-6B 7.64E+04
BKV1-6C 7.64E+04
BKV1-6.2 7.64E+04
BKV1-6.4 7.64E+04
BKV1-6.6 7.64E+04
BKV1-6.8 7.64E+04
BKV1-6.11  7.64E+04
BKV1-6.16  7.64E+04
BKV1-6.19  7.64E+04
BKV1-6.21  7.64E+04
BKV1-6.22  7.64E+04
BKV1-6.23  7.64E+04
BKV1-6.24  7.64E+04
BKV1-6.25  7.64E+04
BKV1-6.26  7.64E+04
BKV1-6.27  7.64E+04
BKV1-6.28  7.64E+04
BKV1-6.29  7.64E+04
BKV1-6.30 7.64E+04
Exp. #7
T BKVL7TA -
BKV1-7B -
BKV1-7C -
BKV1-7.2 -

I
(W)
40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.3E-06 32.85 9.0
9.8E-06 37.04 9.0
9.5E-06  42.05 9.0
9.4E-06 45.13 9.0
8.7E-06  47.10 9.0
9.2E-06  49.28 9.0
9.6E-06  51.05 9.0
9.3E-06 52.97 9.0
9.4E-06 53.93 9.0
9.4E-06 57.09 9.0
- - 9.0
- - 9.0
- - 9.0
3.0E-05 2.89 9.0
2.9E-05 5.07 9.0
2.8E-05 7.02 9.0
2.8E-05 9.13 9.0
2.8E-05 12.11 9.0
2.7E-05 18.89 9.0
2.8E-05 25.05 9.0
9.3E-06 32.85 9.0
1.2E-05 37.04 9.0
9.5E-06 42.05 9.0
9.4E-06 45.13 9.0
9.6E-06 47.10 9.0
9.3E-06 49.28 9.0
9.5E-06 51.05 9.0
9.3E-06  52.97 9.0
9.6E-06  53.93 9.0
9.4E-06 57.09 9.0
- - 7.0
- - 7.0
- - 7.0
2.9E-05 2.89 7.0

Mass

@

3.003
3.003
3.003
3.003
3.003
3.003
3.003
3.003
3.002
3.002

3.009
3.009
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.007
3.007
3.007

2.000

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (Ll  (gm?d) (mLY) (@m?*d) (mLth (@m?dy) (mLY) (@m?d) (mol m?s?)
6.00E-02 (24) 2.54E-04 (47) 0.00 2,471 2.13E-03 70,115 0.00 7.50E-10
6.00E-02 (41) 4.82E-04 47 0.00 2,518 2.31E-03 72,270 0.00 7.29E-10
6.00E-02 (29) 3.15E-04 42 0.00 3,029 2.68E-03 72,601 0.00 9.45E-10
6.00E-02 (27) 2.89E-04 49 0.00 3,412  3.02E-03 74,229 0.00 1.09E-09
6.00E-02 (27) 2.67E-04 58 256E-05 3,133 2.55E-03 75,150 0.00 9.11E-10
6.00E-02 (25) 2.63E-04 60 3.44E-05 2,930 251E-03 75,373 0.00 8.98E-10
6.00E-02 (24) 2.62E-04 65 5.09E-05 2,769 2.49E-03 75,203 0.00 8.89E-10
6.00E-02 (23) 2.46E-04 62 4.11E-05 2,613 2.27E-03 74,431 0.00 8.06E-10
6.00E-02 (22) 2.32E-04 67 5.62E-05 2,446 2.15E-03 73,966 0.00 7.65E-10
6.00E-02 (22) 2.35E-04 60 3.53E-05 2,482 2.17E-03 75,896 0.00 7.74E-10

- (4) - <25 - 61 - 86,093 - -

- ND - <25 - 69 - 88,054 - -

- ND - <25 - 60 - 85,820 - -
4.17E-02 77 4.14E-03 (12) 0.00 5,304 2.16E-02 78,987 0.00 6.97E-09
6.01E-02 54 1.90E-03 (15) 0.00 4,542 1.21E-02 74,801 0.00 4.09E-09
6.01E-02 30 1.00E-03 (12) 0.00 3,180 8.32E-03 71,733 0.00 2.92E-09
6.01E-02 (19) 6.23E-04 9) 0.00 2,456 6.44E-03 71,550 0.00 2.32E-09
6.01E-02 (16) 4.80E-04 (16) 0.00 1,927 5.01E-03 68,929 0.00 1.81E-09
6.01E-02 (12) 3.54E-04 (12) 0.00 1,416 3.52E-03 66,837 0.00 1.27E-09
6.01E-02 (13) 3.75E-04 (15) 0.00 1,363 3.50E-03 67,842 0.00 1.25E-09
6.01E-02 27 2.96E-04 (27) 6.34E-06 2,369 2.04E-03 69,070 0.00 6.98E-10
6.01E-02 (43) 6.47E-04 29 1.96E-05 2,325 2.67E-03 71,356 0.00 8.09E-10
6.01E-02 (30) 3.38E-04 32 2.31E-05 2,764  2.43E-03 77,394 0.00 8.35E-10
6.01E-02 (28) 3.05E-04 32 2.22E-05 3,279 2.87E-03 83,921 0.00 1.02E-09
6.01E-02 (26) 2.96E-04 33 2.72E-05 3,303 2.97E-03 87,727 8.08E-04 1.07E-09
6.01E-02 (25) 2.74E-04 34 2.90E-05 3,174 2.75E-03 88,934 1.66E-03 9.87E-10
6.01E-02 (24) 2.58E-04 37 4.11E-05 2,921 2.58E-03 89,736 2.28E-03 9.25E-10
6.01E-02 (22) 2.30E-04 36 3.63E-05 2,754 2.39E-03 91,004 3.18E-03 8.61E-10
6.01E-02 (22) 2.26E-04 37 4.26E-05 2,665 2.38E-03 89,246 1.95E-03 8.60E-10
6.01E-02 (20) 2.14E-04 35 3.23E-05 2,598 2.26E-03 89,925  2.40E-03 8.16E-10

- (13) - <25 - <100 - <100 - -

- (10) - <25 - <100 - <100 - -

- 9) - <25 - <100 - <100 - -
4.00E-02 175 9.09E-03 (41)  2.43E-04 10,440 4.27E-02 783 2.32E-03 1.34E-08
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-7.4
BKV1-7.6
BKV1-7.8

BKV1-7.11

BKV1-7.16

BKV1-7.19

BKV1-7.21

BKV1-7.22

BKV1-7.23

BKV1-7.24

BKV1-7.25

BKV1-7.26

BKV1-7.27

BKV1-7.28

BKV1-7.29

BKV1-7.30

Exp. #8

BKV1-8A

BKV1-8B
BKV1-8C
BKV1-8.2
BKV1-8.4
BKV1-8.22
BKV1-8.23
BKV1-8.24
BKV1-8.25
BKV1-8.26
BKV1-8.27
BKV1-8.28
BKV1-8.29
BKV1-8.30
Exp. #9

BKV1-9A

BKV1-9B
BKV1-9C
BKV1-9.2

I
(W)
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.8E-05 5.07 7.0
2.8E-05 7.02 7.0
2.9E-05 9.13 7.0
2.7E-05 12.11 7.0
2.8E-05 18.89 7.0
2.9E-05 25.05 7.0
9.4E-06 32.85 7.0
12E-05 37.04 7.0
9.6E-06  42.05 7.0
9.5E-06 45.13 7.0
8.6E-06  47.10 7.0
9.3E-06  49.28 7.0
9.7E-06  51.05 7.0
7.8E-06 52.97 7.0
9.6E-06  53.93 7.0
9.4E-06 57.09 7.0
- - 8.0
- - 8.0
- - 8.0
3.0E-05 2.89 8.0
2.9E-05 5.07 8.0
1.2E-05 37.04 8.0
9.7E-06  42.05 8.0
9.6E-06  45.13 8.0
9.7E-06  47.10 8.0
9.4E-06 49.28 8.0
9.8E-06 51.05 8.0
9.0E-06  52.97 8.0
9.5E-06  53.93 8.0
9.4E-06 57.09 8.0
- - 9.0
- - 9.0
- - 9.0
3.0E-05 2.89 9.0

Mass

@

1.999
1.999
1.999
1.999
1.999
1.999
1.999
1.998
1.998
1.998
1.998
1.998
1.998
1.998
1.998
1.998

2.002
2.001
2.000
2.000
2.000
1.999
1.999
1.999
1.999
1.999
1.999

2.000

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
4.00E-02 (74) 3.48E-03 (28) 5.37E-05 4,993 1.99E-02 (490) 1.31E-03 6.56E-09
4.00E-02 (45) 1.87E-03 (31) 8.94E-05 3,137 1.23E-02 (341) 8.04E-04 4.16E-09
4.00E-02 (38) 1.52E-03 (37) 1.85E-04 2,564 1.01E-02 (313) 7.19E-04 3.42E-09
3.99E-02  (28)  8.96E-04  (32) 105E-04 1,915 7.00E-03  (253)  4.84E-04  2.44E-09
3.99E-02  (22)  6.14E-04  (30) 7.57E-05 1,364 5.13E-03 (209)  3.63E-04  1.80E-09
3.99E-02 (23)  6.93E-04  (43) 2.73E-04 1,189 4.48E-03  (219)  4.02E-04  151E-09
3.99E-02 (43) 5.78E-04 56 1.58E-04 2,603 3.36E-03 (342) 2.67E-04 1.11E-09
3.99E-02 (45) 8.03E-04 38 8.57E-05 2,557 4.34E-03 (305) 2.98E-04 1.41E-09
3.99E-02 (37) 4.86E-04 33 4.38E-05 2,080 2.71E-03 (251) 1.70E-04 8.88E-10
3.99E-02 (38) 4.90E-04 39 7.30E-05 2,072 2.67E-03 (249) 1.66E-04 8.72E-10
3.99E-02 (37) 4.38E-04 42 8.05E-05 2,211 2.60E-03 (254) 1.56E-04 8.64E-10
3.99E-02 (36) 4.46E-04 43 8.97E-05 2,284 2.92E-03 (254) 1.70E-04 9.88E-10
3.99E-02 (33) 4.13E-04 44 9.96E-05 2,350 3.12E-03 (247) 1.68E-04 1.08E-09
3.99E-02  (28)  2.65E-04 40  6.42E-05 2,160 229E-03 (225) 1.15E-04  8.08E-10
3.99E-02 (28) 3.21E-04 43 9.07E-05 2,296 3.01E-03 (235) 1.53E-04 1.07E-09
3.99E-02 (27) 3.03E-04 41 8.36E-05 2,314 2.98E-03 (256) 1.72E-04 1.07E-09

- <50 - <50 - <100 - <500 - -

- <50 - <50 - <100 - <500 - -

- <50 - <50 - <100 - <500 - -
4.00E-02 117 3.80E-03 149 1.60E-03 7,569 3.18E-02 898 1.39E-03 1.12E-08
4.00E-02 (58) 4.45E-04 138 1.38E-03 4,651 1.88E-02 653 5.22E-04 7.33E-09
4.00E-02 87 8.62E-04 197 9.60E-04 2,454 4.06E-03 (942) 6.28E-04 1.28E-09
4.00E-02 74 4.44E-04 190 7.28E-04 2,164 2.85E-03 (881) 4.34E-04 9.62E-10
4.00E-02 72 4.12E-04 214 8.49E-04 2,050 2.67E-03 (933) 4.87E-04 9.01E-10
4.00E-02 77 5.08E-04 244 1.02E-03 2,061 2.73E-03 1,039 6.17E-04 8.86E-10
4.00E-02 78 5.03E-04 246 9.91E-04 1,981 2.52E-03 1,053 6.10E-04 8.06E-10
4.00E-02 79 5.38E-04 250 1.06E-03 1,908 2.54E-03 1,069 6.58E-04 7.99E-10
3.99E-02 83 5.70E-04 265 1.05E-03 1,996 2.45E-03 1,142 6.83E-04 7.52E-10
3.99E-02 86 6.53E-04 271 1.13E-03 2,057 2.65E-03 1,179 7.57E-04 7.98E-10
3.99E-02 84 6.13E-04 263 1.08E-03 1,941 2.47E-03 1,175 7.46E-04 7.42E-10

- <50 - <50 - <100 - 1,117 - -

- <50 - <50 - <100 - <500 - -

- <50 - <50 - <100 - 994 - -
4.00E-02 107  3.27E-03 282  3.72E-03 6,001 251E-02 1,282 144E-03  8.72E-09
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-9.4
BKV1-9.6
BKV1-9.8
BKV1-9.11
BKV1-9.16
BKV1-9.19

Exp. #10

BKV1-10A

BKV1-10B
BKV1-10C
BKV1-10.2
BKV1-10.4
BKV1-10.6
BKV1-10.8
BKV1-10.11
BKV1-10.16
BKV1-10.19
Exp. #11

BKV1-11A

BKV1-11B
BKV1-11C
BKV1-11.2
BKV1-11.4
BKV1-11.6
BKV1-11.8
BKV1-11.11
BKV1-11.16
BKV1-11.19
Exp. #12

BKV1-12A

BKV1-12B
BKV1-12C
BKV1-12.2
BKV1-12.4
BKV1-12.6

I
(W)
40
40
40
40
40

40

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.9E-05 5.07 9.0
2.9E-05 7.02 9.0
2.9E-05 9.13 9.0
29E-05 12.11 9.0
2.8E-05 18.89 9.0
2.8E-05 25.05 9.0
- - 10.0
- - 10.0
- - 10.0
2.9E-05 2.89 10.0
2.9E-05 5.07 10.0
4.3E-05 7.02 10.0
2.9E-05 9.13 10.0
29E-05 12.11 10.0
2.5E-05 18.89 10.0
2.9E-05 25.05 10.0
- - 11.0
- - 11.0
- - 11.0
2.9E-05 2.89 11.0
2.9E-05 5.07 11.0
4.3E-05 7.02 11.0
2.9E-05 9.13 11.0
2.7E-05 12.11 11.0
2.8E-05 18.89 11.0
2.8E-05 25.05 11.0
2.8E-05 2.89 12.0
2.9E-05 5.07 12.0
2.8E-05 7.02 12.0

Mass

@

1.999
1.999
1.999
1.998
1.998
1.997

2.004
2.003
2.002
2.001
2.000
1.999
1.998

1.010
1.009
1.007
1.006
1.005
1.004
1.003

1.007
1.005
1.004

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
4.00E-02 114 3.55E-03 375 5.06E-03 3,531 1.42E-02 1,584 2.43E-03 4.24E-09
4.00E-02 120 3.84E-03 393 5.28E-03 2,615 1.03E-02 1,672 2.69E-03 2.56E-09
3.99E-02 141 5.02E-03 450 6.23E-03 2,498 9.90E-03 1,902 3.50E-03 1.95E-09
3.99E-02 131 4.50E-03 439 6.07E-03 1,990 7.81E-03 1,849 3.33E-03 1.32E-09
3.99E-02 115 3.52E-03 377 5.02E-03 1,490 5.65E-03 1,665 2.66E-03 8.49E-10
3.99E-02 115 3.47E-03 372 4.86E-03 1,414 5.25E-03 1,580 2.33E-03 7.11E-10

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -
4.00E-02 119 3.82E-03 462 6.44E-03 4,283 1.57E-02 2,117 5.52E-03 4.74E-09
4.00E-02 278 1.26E-02 978 1.45E-02 4,124 1.50E-02 3,873 1.15E-02 9.47E-10
4.00E-02 280 1.91E-02 942 2.08E-02 3,410 1.79E-02 3,726 1.64E-02 0.00
4.00E-02 319 1.48E-02 1,074 1.59E-02 3,654 1.30E-02 4,234 1.26E-02 0.00
4.00E-02 277 1.26E-02 909 1.34E-02 3,170 1.11E-02 3,616 1.06E-02 0.00
4.00E-02 224 8.45E-03 748 9.55E-03 2,527 7.35E-03 2,982 7.40E-03 0.00
3.99E-02 265 1.19E-02 896 1.32E-02 2,831 9.64E-03 3,548 1.04E-02 0.00

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -
2.01E-02 174 1.36E-02 694 1.99E-02 3,994 2.86E-02 2,704 1.48E-02 4.74E-09
2.02E-02 329 3.05E-02 1,083 3.18E-02 4,399 3.18E-02 4,231 2.50E-02 9.47E-10
2.01E-02 347 4.84E-02 1,134 4.97E-02 4,193 4.49E-02 4,415 3.92E-02 0.00
2.01E-02 345 3.21E-02 1,158 3.39E-02 4,018 2.85E-02 4,398 2.60E-02 0.00
2.01E-02 327 2.82E-02 1,085 2.96E-02 3,484 2.26E-02 4,208 2.31E-02 0.00
2.01E-02 322 2.92E-02 1,010 2.90E-02 3,355 2.28E-02 4,152 2.40E-02 0.00
2.00E-02 313 2.84E-02 1,039 3.01E-02 3,284 2.25E-02 4,102 2.39E-02 0.00

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -

- <50 - <50 - <500 - <500 - -
2.01E-02 228 1.35E-02 947 2.66E-02 4,344 3.02E-02 3,889 2.19E-02 6.67E-09
2.01E-02 572 5.16E-02 1,906 5.71E-02 6,446 4.85E-02 7,304 4.56E-02 0.00
2.01E-02 699 6.45E-02 2,335 6.93E-02 7,298 5.46E-02 8,916 5.56E-02 0.00
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-12.8
BKV1-12.11
BKV1-12.16
BKV1-12.19

Exp. #13

BKV1-13.0

BKV1-13.1
BKV1-13.2
BKV1-13.3
BKV1-13.5
BKV1-13.7
BKV1-13.9
BKV1-13.12
BKV1-13.17
BKV1-13.22
BKV1-13.24
BKV1-13.25
BKV1-13.26
BKV1-13.27
BKV1-13.28
BKV1-13.29
BKV1-13.30
BKV1-13.31
BKV1-13.32
BKV1-13.33
BKV1-13.34
BKV1-13.35
BKV1-13.36
BKV1-13.37
BKV1-13.38
BKV1-13.39
BKV1-13.40
Exp. #14

BKV1-14.0

BKV1-14.1
BKV1-14.2

I
(W)
40
40
40

40

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

23
23
23

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.9E-05 9.13 12.0
29E-05 12.11 12.0
2.8E-05 18.89 12.0
2.9E-05 25.05 12.0

- - 7.0

- - 7.0

- - 7.0
2.1E-05 4.13 7.0
2.0E-05 6.04 7.0
2.1E-05 8.09 7.0
2.1E-05 10.15 7.0
2.2E-05 15.07 7.0
2.2E-05 21.13 7.0
2.2E-05 27.06 7.0
2.3E-05 29.08 7.0
2.0E-05 29.97 7.0
2.1E-05 31.01 7.0
2.0E-05 3221 7.0
2.0E-05 34.10 7.0
21E-05 35.11 7.0
2.0E-05 36.09 7.0
2.0E-05 37.16 7.0
2.1E-05 38.22 7.0
2.1E-05 39.15 7.0
2.0E-05 40.10 7.0
2.0E-05 41.32 7.0
2.1E-05 42.20 7.0
2.0E-05 43.10 7.0
2.1E-05 44.09 7.0
2.1E-05 45.01 7.0
2.1E-05 47.97 7.0

- - 8.0

- - 8.0

- - 8.0

Mass

@

1.001
0.999
0.997
0.994

3.001
3.001
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
2.999
2.999
2.999
2.999

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.00E-02 803 7.68E-02 2,721 8.21E-02 7,830 5.97E-02 10,350 6.60E-02 0.00
2.00E-02 683 6.41E-02 2,260 6.84E-02 6,937 5.28E-02 8,792 5.60E-02 0.00
1.99E-02 727 6.77E-02 2,343 6.97E-02 7,357 5.52E-02 9,157 5.73E-02 0.00
1.99E-02 729 6.97E-02 2,412  7.36E-02 7,232  5.56E-02 9,286 5.97E-02 0.00

- (9) - 11 - 100 - <100 - -

- (5) - <10 - 126 - <100 - -

- 3) - <10 - <100 - <100 - -
6.00E-02 101 2.56E-03 40 2.25E-04 7,408 1.45E-02 (480) 6.22E-04 4.78E-09
6.00E-02 79 1.90E-03 22 8.53E-05 6,277 1.19E-02 (424) 5.14E-04 3.99E-09
6.00E-02 (43) 9.85E-04 23 9.09E-05 3,752 7.21E-03 (308) 3.38E-04 2.49E-09
6.00E-02 (29) 6.36E-04 22 9.14E-05 2,687 5.23E-03 (252) 2.54E-04 1.84E-09
6.00E-02 (19) 3.90E-04 24 1.10E-04 1,807 3.62E-03 (205) 1.85E-04 1.29E-09
6.00E-02 (12) 1.82E-04 20 7.37E-05 1,156 2.18E-03 (159) 1.01E-04 8.00E-10
6.00E-02 (14) 2.27E-04 11 2.63E-06 1,435 2.77E-03 (312) 3.64E-04 1.01E-09
6.00E-02 (12) 1.83E-04 15 3.94E-05 1,238 2.49E-03  (162) 1.13E-04 9.20E-10
6.00E-02 (12) 1.37E-04 17 4.64E-05 1,252 2.15E-03 (159) 9.10E-05 8.02E-10
6.00E-02 (33) 7.23E-04 (15) 3.53E-05 1,254 2.25E-03 (133) 5.26E-05 6.08E-10
6.00E-02 (24) 4.90E-04 (14) 2.72E-05 1,184 2.09E-03 (127) 4.38E-05 6.41E-10
6.00E-02 (22) 3.94E-04 (14) 2.76E-05 1,216 2.11E-03 (130) 4.75E-05 6.86E-10
6.00E-02 (20) 3.68E-04 (15) 3.14E-05 1,209 2.15E-03 (132) 5.08E-05 7.13E-10
6.00E-02 (18) 3.30E-04 (15) 3.25E-05 1,239 2.17E-03 (130) 4.70E-05 7.37E-10
6.00E-02 (17) 2.88E-04 (15) 3.01E-05 1,156  2.00E-03 (123) 3.61E-05 6.84E-10
6.00E-02 (16) 2.77E-04 (19) 6.36E-05 1,085 1.95E-03 (123) 3.78E-05 6.67E-10
6.00E-02 (15) 2.53E-04 (19) 6.65E-05 1,065 1.87E-03  (122) 3.52E-05 6.47E-10
5.99E-02 (15) 2.43E-04 (22) 8.66E-05 1,056 1.83E-03 (124) 3.87E-05 6.34E-10
5.99E-02 (15) 2.46E-04 (22) 8.24E-05 1,024 1.76E-03 (131) 4.85E-05 6.04E-10
5.99E-02 (31) 6.75E-04 (22) 8.59E-05 950 1.66E-03 (116) 2.62E-05 3.94E-10
5.99E-02 (23) 4.44E-04 (22) 8.04E-05 898 1.53E-03 (112) 1.91E-05 4.35E-10
5.99E-02 (18) 3.33E-04 (23) 9.41E-05 871 1.56E-03 (108) 1.39E-05 4.91E-10
5.99E-02 (17) 2.93E-04 (22) 8.56E-05 896 1.55E-03 (111) 1.76E-05 5.04E-10
5.99E-02 17) 3.01E-04 (21)  8.01E-05 897 1.61E-03  (132)  5.35E-05 5.23E-10

- <50 - 17 - <100 - <100 - -

- <50 - 24 - <100 - <100 - -

- <50 - 16 - <100 - <100 - -
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-14.3
BKV1-14.5
BKV1-14.29
BKV1-14.30
BKV1-14.31
BKV1-14.32
BKV1-14.33
BKV1-14.34
BKV1-14.35
BKV1-14.36
BKV1-14.37
BKV1-14.38
BKV1-14.39
BKV1-14.40
Exp. #15

BKV1-15.0

BKV1-15.1
BKV1-15.2
BKV1-15.3
BKV1-15.5
BKV1-15.7
BKV1-15.9

BKV1-15.12

BKV1-15.17

BKV1-15.22

BKV1-15.24

BKV1-15.25

Exp. #16

BKV1-16.0

BKV1-16.1
BKV1-16.2
BKV1-16.3
BKV1-16.5
BKV1-16.7
BKV1-16.9
BKV1-16.12

I
(W]
23
23
23
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.1E-05 4.13 8.0
2.0E-05 6.04 8.0
21E-05 35.11 8.0
2.0E-05 36.09 8.0
2.0E-05 37.16 8.0
2.0E-05 38.22 8.0
2.1E-05 39.15 8.0
2.0E-05 40.10 8.0
2.0E-05 41.32 8.0
2.1E-05 42.20 8.0
2.0E-05 43.10 8.0
2.1E-05 44.09 8.0
2.1E-05 45.01 8.0
2.1E-05 47.97 8.0

- - 9.0

- - 9.0

- - 9.0
2.0E-05 4.13 9.0
2.0E-05 6.04 9.0
2.1E-05 8.09 9.0
2.1E-05 10.15 9.0
2.1E-05 15.07 9.0
2.1E-05 21.13 9.0
2.1E-05 27.06 9.0
2.3E-05 29.08 9.0
2.0E-05 29.97 9.0

- - 10.0

- - 10.0

- - 10.0
1.9E-05 4.13 10.0
2.0E-05 6.04 10.0
1.7E-05 8.09 10.0
2.1E-05 10.15  10.0
2.1E-05 1507  10.0

Mass

@

3.010
3.010
3.009
3.009
3.009
3.009
3.008
3.008
3.008
3.008
3.008
3.008
3.008
3.007

2.006
2.006
2.006
2.005
2.005
2.005
2.005
2.005
2.004

2.001
2.000
2.000
1.999
1.999

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
6.02E-02 66 4.12E-04 65 3.37E-04 5,353 1.03E-02 (395) 4.73E-04 3.93E-09
6.02E-02 51 3.27E-05 85 4.68E-04 4,522 8.38E-03 (450) 5.45E-04 3.33E-09
6.01E-02 50 1.14E-05 49 2.23E-04 947 1.66E-03 (222) 1.96E-04 6.57E-10
6.01E-02 51 2.32E-05 50 2.20E-04 947 1.60E-03 (220) 1.87E-04 6.31E-10
6.01E-02 52 5.20E-05 50 2.26E-04 940 1.62E-03 (228) 2.02E-04 6.25E-10
6.01E-02 50 9.52E-06 50 2.23E-04 793 1.35E-03 (222) 1.96E-04 5.33E-10
6.01E-02 59 2.40E-04 58 2.86E-04 845 1.46E-03 (227) 2.04E-04 4.85E-10
6.01E-02 63 3.26E-04 62 3.08E-04 863 1.44E-03 (239) 2.16E-04 4.45E-10
6.01E-02 65 3.95E-04 63 3.15E-04 730 1.20E-03 (252) 2.40E-04 3.23E-10
6.01E-02 67 4.36E-04 65 3.39E-04 819 1.41E-03 (245) 2.33E-04 3.87E-10
6.01E-02 64 3.52E-04 63 3.16E-04 798 1.34E-03 (246) 2.30E-04 3.95E-10
6.01E-02 69 5.28E-04 68 3.77E-04 756 1.33E-03 (269) 2.82E-04 3.22E-10
6.01E-02 61 2.95E-04 60 3.02E-04 707 1.20E-03 (239) 2.27E-04 3.62E-10
6.01E-02 62 3.38E-04 62 3.25E-04 738 1.30E-03 (273) 2.89E-04 3.84E-10

- <50 - <10 - <100 - <500 - -

- <50 - <10 - <100 - <500 - -

- <50 - 12 - <100 - <500 - -
3.18E-02 (46) 0.00 111 1.37E-03 2,803 9.77E-03 (477) 0.00 3.97E-09
4.01E-02 50 2.89E-06 202 2.08E-03 2,395 6.60E-03 808 7.29E-04 2.63E-09
4.01E-02 58 3.05E-04 230 2.45E-03 1,592 4.43E-03 925 1.04E-03 1.65E-09
4.01E-02 66 6.36E-04 238 2.56E-03 1,362 3.77E-03 992 1.21E-03 1.25E-09
4.01E-02 71 8.27E-04 241 2.58E-03 1,314  3.60E-03 1,003 1.23E-03 1.11E-09
4.01E-02 64 5.43E-04 219 2.36E-03 869 2.30E-03 899 9.83E-04 7.03E-10
4.01E-02 73 9.31E-04 250 2.71E-03 744 1.93E-03 1,048 1.35E-03 3.99E-10
4.01E-02 73 9.80E-04 214 2.48E-03 726 2.02E-03 1,023 1.39E-03 4.17E-10
4.01E-02 73 8.47E-04 245 2.47E-03 762 1.85E-03 1,034 1.23E-03 4.01E-10

- <50 - 10 - <100 - <500 - -

- <50 - 11 - <100 - <500 - -

- <50 - 13 - <100 - <500 - -
4.00E-02 171 4.40E-03 659 6.62E-03 4,065 1.07E-02 2,524 4.52E-03 2.54E-09
4.00E-02 141 3.53E-03 573 6.11E-03 2,761 7.67E-03 2,293 4.25E-03 1.65E-09
4.00E-02 247 6.56E-03 839 7.76E-03 3,421 8.25E-03 3,450 6.03E-03 6.75E-10
4.00E-02 176 5.10E-03 593 6.62E-03 2,260 6.51E-03 2,425 4.78E-03 5.66E-10
4.00E-02 168 4.75E-03 559 6.22E-03 1,815 5.16E-03 2,297 4.45E-03 1.65E-10
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-16.17
BKV1-16.22
BKV1-16.24
BKV1-16.25
Exp. #17

BKV1-17.0

BKV1-17.1
BKV1-17.2
BKV1-17.3
BKV1-17.5
BKV1-17.7
BKV1-17.9
BKV1-17.12
BKV1-17.17
BKV1-17.22
BKV1-17.24
BKV1-17.25
Exp. #18

BKV1-18.0

BKV1-18.1
BKV1-18.2
BKV1-18.3
BKV1-18.5
BKV1-18.7
BKV1-18.9

BKV1-18.12

BKV1-18.17

BKV1-18.22

BKV1-18.24

BKV1-18.25

Exp. #19

BKV1-19A

BKV1-19B
BKV1-19C
BKV1-19.1

I
(W]
23
23
23

23

23
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23
23
23
23
23

90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
2.2E-05 21.13 10.0
2.1E-05 27.06 10.0
2.2E-05 29.08 10.0
19E-05 29.97 10.0

- - 11.0
- - 11.0
- - 11.0
2.2E-05 4.13 11.0
2.0E-05 6.04 11.0
2.2E-05 8.09 11.0
2.3E-05 10.15 11.0
2.3E-05 15.07 11.0
2.1E-05 21.13 11.0
2.2E-05 27.06 11.0
2.0E-05 29.08 11.0
2.0E-05 29.97 11.0
- - 12.0
- - 12.0
- - 12.0
2.0E-05 4.13 12.0
2.0E-05 6.04 12.0
2.2E-05 8.09 12.0
2.2E-05 10.15 12.0
2.2E-05 15.07 12.0
2.2E-05 21.13 12.0
2.1E-05 27.06 12.0
2.3E-05 29.08 12.0
2.0E-05 29.97 12.0
- - 7.0
- - 7.0
- - 7.0
3.0E-05 0.97 7.0

Mass

@

1.999
1.998
1.997
1.997

1.000
0.999
0.998
0.998
0.997
0.996
0.994
0.993
0.992

1.001
0.999
0.998
0.996
0.994
0.992
0.988
0.985
0.984

1.003

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
3.99E-02 158 4.49E-03 462 5.24E-03 1,639 4.75E-03 2,112 4.10E-03 1.06E-10
3.99E-02 184 5.38E-03 614 6.81E-03 1,808 5.12E-03 2,510 4.95E-03 0.00
3.99E-02 179 5.48E-03 585 6.87E-03 1,811 5.43E-03 2,415 5.01E-03 0.00
3.99E-02 187 5.12E-03 594 6.13E-03 1,805 4.75E-03 2,507 4.60E-03 0.00

- <50 - 10 - <100 - <500 - -

- <50 - 13 - <100 - <500 - -

- <50 - 18 - <100 - <500 - -
2.00E-02 112 5.15E-03 458 1.04E-02 2,187 1.30E-02 1,930 7.31E-03 3.12E-09
2.00E-02 264 1.64E-02 906 1.92E-02 3,048 1.68E-02 3,684 1.50E-02 1.89E-10
2.00E-02 310 2.23E-02 1,046 2.49E-02 3,188 1.98E-02 4,173 1.93E-02 0.00
1.99E-02 315 2.31E-02 1,029 2.49E-02 3,046 1.92E-02 4,151 1.96E-02 0.00
1.99E-02 360 2.75E-02 1,176 2.90E-02 3,368 2.16E-02 4,732 2.30E-02 0.00
1.99E-02 349 2.47E-02 1,155 2.65E-02 3,322 1.98E-02 4,647 2.10E-02 0.00
1.99E-02 372 2.75E-02 1,219 2.90E-02 3,477 2.15E-02 4,981 2.35E-02 0.00
1.98E-02 340 2.24E-02 1,153 2.48E-02 3,414 1.91E-02 4,756 2.02E-02 0.00
1.98E-02 366 2.41E-02 1,136 2.41E-02 3,253 1.79E-02 4,829 2.02E-02 0.00

- <50 - 16 - <100 - <500 - -

- <50 - 24 - <100 - <500 - -

- <50 - 42 - <100 - <500 - -
2.00E-02 180 9.93E-03 700 1.44E-02 2,564 1.40E-02 2,782 1.07E-02 1.63E-09
2.00E-02 558 3.92E-02 1,949 4.17E-02 5,561 3.14E-02 7,609 3.36E-02 0.00
2.00E-02 690 5.42E-02 2,416 5.69E-02 6,585 4.10E-02 9,232 4.54E-02 0.00
1.99E-02 698 5.56E-02 2,394 5.72E-02 6,590 4.15E-02 9,305 4.64E-02 0.00
1.99E-02 807 6.53E-02 2,727  6.55E-02 7,589 4.82E-02 10,871 5.49E-02 0.00
1.98E-02 764 5.96E-02 2,603 6.05E-02 7,396 4.54E-02 10,310 5.02E-02 0.00
1.98E-02 799 6.21E-02 2,675 6.18E-02 7,858 4.80E-02 10,514 5.10E-02 0.00
1.97E-02 745 6.24E-02 2,467 6.16E-02 6,943 4.58E-02 9,893 5.17E-02 0.00
1.97E-02 793 5.67E-02 2,557 5.43E-02 7,514 4.22E-02 10,299 4.59E-02 0.00

- <50 - <50 - 79 - <500 - -

- <50 - <50 - 89 - <500 - -

- <50 - <50 - 107 - <500 - -
2.00E-02 172 1.41E-02 52 5.95E-05 12,583 1.08E-01 711 1.50E-03 3.75E-08
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-19.3
BKV1-19.5
BKV1-19.7

BKV1-19.10

BKV1-19.15

BKV1-19.20

BKV1-19.22

Exp. #20

BKV1-20A

BKV1-20B
BKV1-20C
BKV1-20.1
BKV1-20.3
BKV1-20.5
BKV1-20.7

BKV1-20.10

BKV1-20.15

BKV1-20.20

BKV1-20.22

Exp. #21

BKV1-21A

BKV1-21B
BKV1-21C
BKV1-21.1
BKV1-21.3
BKV1-21.5
BKV1-21.7

BKV1-21.10

BKV1-21.15

BKV1-21.20

BKV1-21.22

Exp. #22

BKV1-22A

BKV1-22B
BKV1-22C

I
(We)
90
90
90
90
90
90

90

90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
4.7E-05 2.89 7.0
5.3E-05 4.94 7.0
3.2E-05 6.99 7.0
7.8E-05 10.95 7.0
5.5E-05 16.79 7.0
7.9E-05 21.75 7.0
4.5E-05 24.83 7.0

- - 8.0
- - 8.0
- - 8.0
6.9E-05 0.97 8.0
5.8E-05 2.89 8.0
5.3E-05 4.94 8.0
5.4E-05 6.99 8.0
5.6E-05 10.95 8.0
5.3E-05 20.75 8.0
5.3E-05 25.71 8.0
5.5E-05 28.79 8.0
- - 9.0
- - 9.0
- - 9.0
6.5E-05 0.97 9.0
5.7E-05 2.89 9.0
5.5E-05 4.94 9.0
6.0E-05 6.99 9.0
6.5E-05 10.95 9.0
5.6E-05 20.75 9.0
5.9E-05 25.71 9.0
5.9E-05 28.79 9.0
- - 10.0
- - 10.0
- - 10.0

Mass

@

1.001
0.999
0.998
0.997
0.996
0.995
0.994

1.008
1.005
1.003
1.001
0.999
0.997
0.995
0.994

0.499
0.495
0.490
0.486
0.481
0.475
0.471
0.468

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.00E-02 317 4.84E-02 124 3.76E-03 17,496 2.36E-01 1,029 5.89E-03 7.48E-08
2.00E-02 223 3.54E-02 129 454E-03 11,908 1.81E-01 885 4.84E-03 5.81E-08
2.00E-02 172 1.51E-02 120 2.43E-03 9,112 8.33E-02 936 3.32E-03 2.72E-08
1.99E-02 139 2.66E-02 94 3.71E-03 7,349 1.61E-01 1,019 9.50E-03 5.39E-08
1.99E-02 116 1.40E-02 70 1.21E-03 5,603 8.74E-02 1,098 7.80E-03 2.93E-08
1.99E-02 (99) 1.50E-02 59 7.65E-04 4,907 1.09E-01 1,147 1.21E-02 3.76E-08
1.99E-02 (99) 8.40E-03 (46) 0.00 4,632 5.86E-02 1,217 7.61E-03 2.00E-08

- <100 - <50 - 62 - <500 - -

- <100 - <50 - 52 - <500 - -

- <100 - <50 - 58 - <500 - -
2.01E-02 272 4.50E-02 603 4.07E-02 19,029 3.71E-01 3,114 4.20E-02 1.30E-07
2.01E-02 330 5.07E-02 932 5.48E-02 12,201 2.00E-01 4,510 5.43E-02 5.95E-08
2.01E-02 328 4.61E-02 958 5.17E-02 8,820 1.32E-01 4,521 4.99E-02 3.44E-08
2.00E-02 303 4.19E-02 904 496E-02 7,265 1.11E-01 4,270 4.78E-02 2.76E-08
2.00E-02 255 3.33E-02 724 4.06E-02 6,131 9.70E-02 3,606 4.08E-02 2.54E-08
1.99E-02 225 2.56E-02 662 3.53E-02 5,135 7.77E-02 3,233 3.44E-02 2.08E-08
1.99E-02 178 1.58E-02 533 2.77E-02 4,640 6.95E-02 2,576 2.59E-02 2.15E-08
1.99E-02 171 1.51E-02 515 2.80E-02 4,410 6.95E-02 2,492 2.62E-02 2.17E-08

- <100 - <50 - <50 - <500 - -

- <100 - <50 - 52 - <500 - -

- <100 - <50 - <50 - <500 - -
9.98E-03 535 2.18E-01 1,705 2.33E-01 8,717 3.24E-01 6,935 1.98E-01 4.23E-08
9.92E-03 639 2.38E-01 1,965 2.38E-01 7,367 2.41E-01 8,287 2.11E-01 1.18E-09
9.83E-03 625 2.24E-01 1,943 2.27E-01 6,506 2.06E-01 8,170 2.01E-01 0.00
9.74E-03 602 2.38E-01 1,892 2.46E-01 6,234  2.19E-01 7,925 2.16E-01 0.00
9.65E-03 545 2.31E-01 1,769 251E-01 6,545 2.51E-01 7,247 2.15E-01 8.11E-09
9.54E-03 538 1.97E-01 1,738 2.13E-01 5,777 1.92E-01 7,169 1.84E-01 0.00
9.44E-03 529 2.07E-01 1,708 2.25E-01 4,621 1.64E-01 7,101 1.95E-01 0.00
9.37E-03 515 2.00E-01 1,482 1.94E-01 4,902 1.74E-01 6,844 1.87E-01 0.00

- <100 - <50 - 77 - <500 - -

- <100 - <50 - <50 - <500 - -

- <100 - <50 - 51 - <500 - -
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-22.1
BKV1-22.3
BKV1-22.5
BKV1-22.7

BKV1-22.10

BKV1-22.15

BKV1-22.20

BKV1-22.22

Exp. #23

BKV1-23A

BKV1-23B
BKV1-23C
BKV1-23.1
BKV1-23.3
BKV1-23.5
BKV1-23.7

BKV1-23.10

BKV1-23.15

BKV1-23.20

BKV1-23.22

Exp. #24

BKV1-24A

BKV1-24B
BKV1-24C
BKV1-24.1
BKV1-24.3
BKV1-24.5
BKV1-24.7
BKV1-24.10
BKV1-24.15
BKV1-24.20
BKV1-24.22
Exp. #25

BKV1-25A

BKV1-25B

8.97E+02
8.97E+02

I
(We)
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

23
23

Flow Rate Time pH
(m’/day) (days) (23°CQ)
6.5E-05 0.97 10.0
5.9E-05 2.89 10.0
4.7E-05 4.94 10.0
6.0E-05 6.99 10.0
5.8E-05 10.95 10.0
5.9E-05 20.75 10.0
6.1E-05 25.71 10.0
5.6E-05 28.79 10.0

- - 11.0
- - 11.0
- - 11.0
6.8E-05 0.97 11.0
5.3E-05 2.89 11.0

4.6E-05 4.94 11.0
5.9E-05 6.99 11.0
5.8E-05 10.95 11.0
5.7E-05 20.75 11.0
5.7E-05 25.71 11.0
5.7E-05  28.79 11.0

- - 12.0
- - 12.0
- - 12.0
6.7E-05 0.97 12.0
5.6E-05 2.89 12.0
5.7E-05 4.94 12.0
5.2E-05 6.99 12.0
5.5E-05 10.95 12.0
5.5E-05 20.75 12.0
5.4E-05 25.71 12.0
5.7E-05  28.79 12.0
- - 9.0
- - 9.0

Mass

@

0.498
0.488
0.478
0.467
0.458
0.443
0.433
0.426

0.492
0.474
0.460
0.443
0.424
0.395
0.377
0.365

0.483
0.445
0.408
0.373
0.341
0.294
0.267
0.253

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
9.99E-03 998 4.48E-01 3,123 4.32E-01 13,596 5.04E-01 12,144 3.57E-01 2.22E-08
9.82E-03 1,367 5.84E-01 4,093 5.24E-01 14,803 5.06E-01 16,203 4.44E-01 0.00
9.61E-03 1,918 6.81E-01 5,384 5.63E-01 20,269 5.65E-01 21,666 4.87E-01 0.00
9.41E-03 1,371 6.19E-01 4,087 5.53E-01 14,386 5.20E-01 16,378 4.75E-01 0.00
9.21E-03 1,288  5.70E-01 3,803 5.07E-01 12,844 457E-01 15505 4.42E-01 0.00
8.96E-03 1,217  5.65E-01 3,544 4.97E-01 12,244 4.60E-01 14,505  4.35E-01 0.00
8.73E-03 1,244 6.18E-01 3,656 5.48E-01 12,405 4.97E-01 14,874 4.77E-01 0.00
8.56E-03 1,207 5.54E-01 3,504 4.86E-01 12,400 4.60E-01 14,516 4.30E-01 0.00

- <100 - 78 - 77 - 604 - -

; <100 - 74 - 73 - 622 - -

; <100 - 69 - 37 - 612 - -
9.80E-03 1,801  8.95E-01 5298 7.74E-01 20,983 821E-01 21,186  6.65E-01 0.00
9.60E-03 2,510 1.01E+00 6,962 8.16E-01 23,936 7.49E-01 28,559 7.22E-01 0.00
9.28E-03 2,566 9.42E-01 6,975 7.42E-01 25,287 7.18E-01 28,395 6.51E-01 0.00
8.96E-03 2,475 1.20E+00 6,625 9.33E-01 24,541 9.24E-01 27,648 8.40E-01 0.00
8.59E-03 2,675 1.34E+00 6,840 9.89E-01 25,940 1.00E+00 29,131 9.09E-01 0.00
8.08E-03 2,504 1.30E+00 6,474 9.75E-01 24,458 9.85E-01 27,590 8.97E-01 0.00
7.65E-03 2,040 1.10E+00 5,491 8.66E-01 20,188 8.53E-01 23,579 8.01E-01 0.00
7.38E-03 1,920 1.08E+00 5,195 8.59E-01 18,451 8.17E-01 22,384 7.96E-01 0.00

; <100 - 140 - 89 - 673 - -

; <100 - 130 - 66 - 630 - -

; <100 - 134 - 90 - 636 - -
9.76E-03 3,546 1.77E+00 10,371 1.52E+00 38,224 1.50E+00 40,434 1.29E+00 0.00
9.14E-03 5,351 2.43E+00 14,362 1.89E+00 50,930 1.79E+00 56,995 1.63E+00 0.00
8.40E-03 5,687 2.86E+00 14,596 2.12E+00 55,034 2.14E+00 59,064 1.87E+00 0.00
7.69E-03 5,372 2.69E+00 13,835 2.00E+00 49,915 1.93E+00 54,057 1.70E+00 0.00
7.02E-03 4,656 2.69E+00 12,581 2.11E+00 45,664 2.05E+00 49,962 1.82E+00 0.00
6.18E-03 4,262 2.80E+00 11,407 2.18E+00 41,695 2.14E+00 46,805 1.95E+00 0.00
5.52E-03 2,883 2.03E+00 8,501 1.78E+00 29,187 1.64E+00 34,659 1.58E+00 0.00
5.15E-03 2,495 1.94E+00 7,690 1.80E+00 25,418 1.60E+00 31,807 1.62E+00 0.00

- <100 - <10 - <500 - <1000 - -

- <100 - <10 - <500 - <1000 - -
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

Sample ID (mg L™
BKV1-25C  8.97E+02
BKV1-25.1  8.97E+02
BKV1-25.3  8.97E+02
BKV1-25.5  8.97E+02
BKV1-25.8 8.97E+02
BKV1-25.9 8.97E+02
BKV1-25.11 8.97E+02
BKV1-25.12 8.97E+02
BKV1-25.13 8.97E+02
BKV1-25.14 8.97E+02
BKV1-25.15 8.97E+02

Exp. #26
BKV1-26A 1.51E+04
BKV1-26B 1.51E+04
BKV1-26C 1.51E+04
BKV1-26.1 1.51E+04
BKV1-26.3 1.51E+04
BKV1-26.5 1.51E+04
BKV1-26.8 1.51E+04
BKV1-26.9 1.51E+04
BKV1-26.11 1.51E+04
BKV1-26.12 1.51E+04
BKV1-26.13 1.51E+04
BKV1-26.14 1.51E+04
BKV1-26.15 1.51E+04
Exp. #27

BKV1-27A 3.01E+04
BKV1-27B 3.01E+04
BKV1-27C  3.01E+04
BKV1-27.1  3.01E+04
BKV1-27.3  3.01E+04
BKV1-27.5 3.01E+04
BKV1-27.8  3.01E+04
BKV1-27.9  3.01E+04
BKV1-27.11 3.01E+04
BKV1-27.12 3.01E+04

(W]
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23
23
23

Flow Rate Time pH
(m’/day) (days) (23°CQ)
- - 9.0
9.6E-06 2.09 9.0
1.4E-05 6.96 9.0
6.3E-06 12.20 9.0
9.6E-06 16.28 9.0
9.5E-06 18.25 9.0
9.7E-06  22.20 9.0
9.5E-06 24.25 9.0
9.6E-06 26.21 9.0
9.5E-06 28.14 9.0
8.7E-06  33.54 9.0
- - 9.0
- - 9.0
- - 9.0
7.2E-06 2.09 9.0
1.4E-05 6.96 9.0
6.2E-06 12.20 9.0
9.4E-06 16.28 9.0
9.4E-06 18.25 9.0
9.6E-06  22.20 9.0
9.3E-06 24.25 9.0
9.5E-06 26.21 9.0
9.3E-06 28.14 9.0
8.4E-06 33.54 9.0
- - 9.0
- - 9.0
- - 9.0
9.5E-06 2.09 9.0
1.4E-05 6.96 9.0
6.4E-06 12.20 9.0
9.7E-06  16.28 9.0
9.6E-06  18.25 9.0
9.8E-06 22.20 9.0
9.6E-06 24.25 9.0

Mass

@

6.005
6.004
6.004
6.004
6.003
6.003
6.003
6.002
6.002
6.001

6.005
6.004
6.004
6.004
6.004
6.004
6.003
6.003
6.003
6.003

6.013
6.012
6.012
6.012
6.012
6.012
6.012

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

- <100 - <10 - <500 - <1000 - -
1.20E-01 149 2.98E-04 195 3.19E-04 8,866 3.82E-03 1,155 5.83E-05 1.41E-09
1.20E-01 168 6.02E-04 424 1.03E-03 8,913 5.56E-03 2,077 5.86E-04 1.98E-09
1.20E-01 157 2.27E-04 448 4.92E-04 6,776 1.87E-03 2,120 2.75E-04 6.56E-10
1.20E-01 134 2.11E-04 392 6.59E-04 4,742 1.94E-03 1,822 3.10E-04 6.90E-10
1.20E-01 139 2.35E-04 437 7.29E-04 4,410 1.77E-03 1,956 3.56E-04 6.13E-10
1.20E-01 162 3.81E-04 538 9.20E-04 3,613 1.44E-03 2,387 5.27E-04 4,22E-10
1.20E-01 183 5.00E-04 592 9.92E-04 3,431 1.32E-03 2,653 6.14E-04 3.29E-10
1.20E-01 190 5.47E-04 610 1.03E-03 3,210 1.23E-03 2,750 6.56E-04 2.74E-10
1.20E-01 194 5.72E-04 613 1.03E-03 3,095 1.17E-03 2,795 6.67E-04 2.40E-10
1.20E-01 205 5.84E-04 619 9.51E-04 2,911 9.97E-04 2,861 6.33E-04 1.65E-10

- <50 - <10 - <500 - 16,575 - -

- <50 - <10 - <500 - 16,638 - -

- <50 - <10 - <500 - 17,341 - -
1.20E-01 197 6.71E-04 297  3.70E-04 8,537 2.74E-03 18,014 3.27E-04 8.27E-10
1.20E-01 144 8.43E-04 198  4.77E-04 7,249  453E-03 15,592 - 1.47E-09
1.20E-01 111 2.39E-04 209 2.20E-04 7,391 2.02E-03 18,385 3.70E-04 7.11E-10
1.20E-01 (70) 1.20E-04 153 2.41E-04 4,872 1.95E-03 17,470 2.27E-04 7.32E-10
1.20E-01 (64) 8.72E-05 160 2.54E-04 4,234 1.68E-03 17,577 2.68E-04 6.34E-10
1.20E-01 (70) 1.22E-04 224 3.70E-04 3,429 1.34E-03 18,202 5.09E-04 4.87E-10
1.20E-01 (78) 1.67E-04 266 4.29E-04 3,316 1.25E-03 18,494 6.01E-04 4.33E-10
1.20E-01 (76) 1.59E-04 247 4.05E-04 2,285 8.08E-04 16,154 0.00 2.59E-10
1.20E-01 (82) 1.90E-04 273 4.41E-04 2,573 9.22E-04 17,509 2.41E-04 2.92E-10
1.20E-01 (94) 2.39E-04 311  455E-04 2,938 9.77E-04 19,874  9.97E-04 2.95E-10

- <25 - <10 - <500 - 33,583 - -

- <25 - <10 - <500 - 33,647 - -

- <25 - <10 - <500 - 33,494 - -
1.20E-01 145 7.34E-04 131 2.07E-04 8,127 3.46E-03 33,628 2.01E-05 1.09E-09
1.20E-01 119 8.20E-04 155 3.58E-04 7,504 4 58E-03 33,594 1.05E-05 1.50E-09
1.20E-01 (80) 2.27E-04 128 1.36E-04 5,725 1.60E-03 33,808 5.88E-05 5.46E-10
1.20E-01 (52) 1.66E-04 95 1.48E-04 4,337 1.78E-03 34,011 1.67E-04 6.44E-10
1.20E-01 (48) 1.39E-04 96 1.50E-04 4,177 1.69E-03 34,328 2.85E-04 6.18E-10
1.20E-01 (46) 1.34E-04 125 2.03E-04 3,467 1.39E-03 34,654 4.16E-04 5.00E-10
1.20E-01 (51) 1.57E-04 148  2.38E-04 3,255 1.26E-03 34,777 4.51E-04 4.39E-10
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mgL™
BKV1-27.13 3.01E+04
BKV1-27.14 3.01E+04
BKV1-27.15 3.01E+04
Exp. #28
BKV1-28A 4.60E+04
BKV1-28B 4.60E+04
BKV1-28C 4.60E+04
BKV1-28.1 4.60E+04
BKV1-28.3  4.60E+04
BKV1-28.5  4.60E+04
BKV1-28.8 4.60E+04
BKV1-28.9 4.60E+04
BKV1-28.11 4.60E+04
BKV1-28.12 4.60E+04
BKV1-28.13 4.60E+04
BKV1-28.14 4.60E+04
BKV1-28.15 4.60E+04
Exp. #29
T BKVI-20A  6.04E+04
BKV1-29B 6.04E+04
BKV1-29C 6.04E+04
BKV1-29.1 6.04E+04
BKV1-29.3 6.04E+04
BKV1-29.5 6.04E+04
BKV1-29.8 6.04E+04
BKV1-29.9 6.04E+04
BKV1-29.11 6.04E+04
BKV1-29.12 6.04E+04
BKV1-29.13 6.04E+04
BKV1-29.14 6.04E+04
BKV1-29.15 6.04E+04
Exp. #30
T BKVI-30A  5.24E+04
BKV1-30B  5.24E+04
BKV1-30C  5.24E+04

I
(W]
23
23

23

23
23
23
23
23
23
23
23
23
23
23
23
23

23
23
23
23
23
23
23
23
23
23
23
23
23

23
23
23

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.7E-06  26.21 9.0
9.6E-06 28.14 9.0
8.7E-06  33.54 9.0
9.6E-06 2.09 9.0
1.4E-05 6.96 9.0
6.5E-06 12.20 9.0
9.7E-06  16.28 9.0
9.8E-06 18.25 9.0
9.9E-06 22.20 9.0
9.7E-06  24.25 9.0
9.8E-06 26.21 9.0
9.7E-06  28.14 9.0
8.9E-06 33.54 9.0

- - 9.0
- - 9.0
- - 9.0
1.0E-05 2.09 9.0
1.4E-05 6.96 9.0
6.4E-06 12.20 9.0
9.6E-06  16.28 9.0
9.7E-06  18.25 9.0
9.8E-06 22.20 9.0
9.6E-06 24.25 9.0
9.7E-06  26.21 9.0
9.6E-06 28.14 9.0
8.7E-06  33.54 9.0
- - 9.0
- - 9.0
- - 9.0

Mass

@

6.012
6.012
6.011

6.006
6.005
6.005
6.005
6.005
6.005
6.005
6.005
6.005
6.005

6.005
6.004
6.004
6.004
6.004
6.004
6.004
6.004
6.004
6.004

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
1.20E-01 (52) 1.65E-04 160 2.61E-04 3,063 1.18E-03 34,715 4.34E-04 4.07E-10
1.20E-01 (51) 1.58E-04 161 2.62E-04 2,766 1.04E-03 35,022 5.46E-04 3.52E-10
1.20E-01 (53) 1.57E-04 159 2.34E-04 2,464 8.14E-04 34,981 4.80E-04 2.62E-10

- (20) - <10 - <500 - 50,284 - -

- (9) - <10 - <500 - 51,432 - -

- (5) - <10 - <500 - 52,215 - -
1.20E-01 132 7.40E-04 106  1.06E-01 7,541 3.23E-03 51,421 4.18E-05  9.95E-10
1.20E-01 109 8.73E-04 113 1.13E-01 7,924 4.97E-03 51,752  2.44E-04 1.64E-09
1.20E-01 (70) 2.45E-04 86 8.62E-02 6,020 1.71E-03 49,951 0.00 5.86E-10
1.20E-01 (43) 1.98E-04 64 6.37E-02 4,499 1.85E-03 51,235 0.00 6.59E-10
1.20E-01 (37) 1.58E-04 60 6.02E-02 4,058 1.66E-03 50,591 0.00 6.02E-10
1.20E-01 (33) 1.34E-04 69 6.87E-02 3,519 1.42E-03 51,851 2.09E-04 5.13E-10
1.20E-01 (32) 1.30E-04 75 7.49E-02 3,457 1.36E-03 52,435 4.27E-04 4.93E-10
1.20E-01 (30) 1.19E-04 81 8.14E-02 3,151 1.23E-03 51,380 2.69E-05 4.45E-10
1.20E-01 (30) 1.15E-04 83 8.26E-02 2,825 1.07E-03 50,979 0.00 3.83E-10
1.20E-01 (28) 9.64E-05 82 8.18E-02 2,549 8.64E-04 51,021 0.00 3.07E-10

- o - <10 - <500 - 66,735 - -

; (0) ; <10 ; <500 ; 67,352 ; ;

- (0) ; <10 - <500 ; 67,815 ; -
6.60E-02 171 1.98E-03 244 7.67E-04 8,300 6.77E-03 66,255 0.00 1.91E-09
1.20E-01 103 9.19E-04 91 2.04E-04 8,134 5.08E-03 66,341 0.00 1.66E-09
1.20E-01 (65) 2.65E-04 71 7.10E-05 5,881 1.65E-03 67,587 7.23E-05 5.54E-10
1.20E-01 (36) 2.17E-04 43 5.74E-05 4,394 1.78E-03 67,400 3.73E-05 6.23E-10
1.20E-01 (31) 1.87E-04 41 5.46E-05 4,229 1.72E-03 67,260 0.00 6.11E-10
1.20E-01 (27 1.64E-04 46 6.38E-05 3,659 1.47E-03 68,473  4.49E-04 5.22E-10
1.20E-01 (24) 1.47E-04 51 7.13E-05 4,077 1.63E-03 67,990 2.59E-04 5.94E-10
1.20E-01 (23) 1.38E-04 59 8.45E-05 3,535 1.40E-03 67,788 1.85E-04 5.04E-10
1.20E-01 (22) 1.24E-04 54 7.56E-05 2,682 1.00E-03 68,295 3.75E-04 3.50E-10
1.20E-01 (19) 1.04E-04 47 5.74E-05 2,630 8.85E-04 67,407 3.63E-05 3.11E-10

- (0) - <10 - <500 - 53,010 - -

- (0) - <10 - <500 - 58,975 - -

- (0) - <10 - <500 - 63,060 - -
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

Sample ID (mg L™
BKV1-30.1 5.24E+04
BKV1-30.3 5.24E+04
BKV1-30.5 5.24E+04
BKV1-30.8  5.24E+04
BKV1-30.9 5.24E+04
BKV1-30.11 5.24E+04
BKV1-30.12 5.24E+04
BKV1-30.13 5.24E+04
BKV1-30.14 5.24E+04
BKV1-30.15 5.24E+04

Exp. #31
BKV1-31A  8.79E+02
BKV1-31B 8.79E+02
BKV1-31C  8.79E+02
BKV1-31.2  8.79E+02
BKV1-31.3 8.79E+02
BKV1-31.4 8.79E+02
BKV1-31.6  8.79E+02
BKV1-31.8  8.79E+02
BKV1-31.10 8.79E+02
BKV1-31.12 8.79E+02
BKV1-31.14 8.79E+02
BKV1-31.16 8.79E+02
BKV1-31.18 8.79E+02
Exp. #32

BKV1-32A 3.74E+04
BKV1-32B 3.74E+04
BKV1-32C 3.74E+04
BKV1-32.2  3.74E+04
BKV1-32.3  3.74E+04
BKV1-32.4  3.74E+04
BKV1-32.6  3.74E+04
BKV1-32.8  3.74E+04
BKV1-32.10 3.74E+04
BKV1-32.12 3.74E+04
BKV1-32.14 3.74E+04

I
(W]
23
23
23
23
23
23
23
23
23
23

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.4E-06 2.09 9.0
1.4E-05 6.96 9.0
5.0E-06 12.20 9.0
9.7E-06  16.28 9.0
9.7E-06  18.25 9.0
9.8E-06 22.20 9.0
9.6E-06 24.25 9.0
9.7E-06  26.21 9.0
9.6E-06 28.14 9.0
8.7E-06  33.54 9.0

- - 9.0
- - 9.0
- - 9.0
5.1E-05 2.18 9.0
3.7E-05 4.11 9.0

4.1E-05 5.06 9.0
5.3E-05 7.15 9.0
5.0E-05 9.17 9.0
5.6E-05 11.32 9.0
3.8E-05 13.12 9.0
5.0E-05 14.97 9.0
5.4E-05 17.29 9.0
5.8E-05 18.92 9.0

- - 9.0

- - 9.0

- - 9.0
5.8E-05 2.18 9.0
5.7E-05 4.11 9.0
5.2E-05 5.06 9.0
5.3E-05 7.15 9.0
5.3E-05 9.17 9.0
5.7E-05  11.32 9.0
6.0E-05 13.12 9.0
5.9E-05 14.97 9.0

Mass

@

6.0128
6.0125
6.0123
6.0122
6.0122
6.0121
6.0121
6.0120
6.0120
6.0120

1.0046
0.9987
0.9939
0.9904
0.9862
0.9807
0.9764
0.9726
0.9671
0.9617

1.0023
0.9990
0.9967
0.9956
0.9943
0.9926
0.9910
0.9898

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
6.61E-02 140 1.52E-03 100 2.76E-04 8,294 6.31E-03 69,240 7.26E-03 1.92E-09
1.20E-01 (98) 8.81E-04 84 1.87E-04 7,693 4.80E-03 76,515 9.98E-03 1.57E-09
1.20E-01 (62) 1.96E-04 62 4.61E-05 6,230 1.35E-03 82,316 4.65E-03 4.61E-10
1.20E-01 (33) 2.07E-04 33 4.07E-05 4,760 1.97E-03 80,978  8.63E-03 7.06E-10
1.20E-01 (27) 1.69E-04 32 3.77E-05 4,656 1.91E-03 82,133 9.00E-03 6.95E-10
1.20E-01 (22) 1.35E-04 34 4,17E-05 3,661 1.48E-03 83,432 9.65E-03 5.36E-10
1.20E-01 (19) 1.18E-04 36 4.50E-05 3,517 1.38E-03 83,759 9.54E-03 5.03E-10
1.20E-01 (17) 1.04E-04 38 4.94E-05 3,285 1.29E-03 83,111 9.41E-03 4.72E-10
1.20E-01 (14) 8.72E-05 37 4.67E-05 2,659 9.85E-04 85,976 1.04E-02 3.58E-10
1.20E-01 (13) 7.22E-05 34 3.72E-05 2,362 7.68E-04 81,676 7.92E-03 2.78E-10

- <50 - <25 - <100 - <1000 - -

- <50 - <25 - <100 - <1000 - -

- <50 - <25 - <100 - <1000 - -
2.00E-02 791 1.45E-01 2,340 1.28E-01 11,500 1.67E-01 9,681 1.04E-01 8.56E-09
2.00E-02 756 1.00E-01 2,299  9.11E-02 10,103 1.06E-01 9,394 7.33E-02 2.29E-09
1.99E-02 903 1.36E-01 2,595 1.15E-01 11,693 1.38E-01 11,146 9.92E-02 7.12E-10
1.98E-02 476 8.72E-02 1,569 8.90E-02 4,229 6.31E-02 11,537 1.32E-01 0.00
1.97E-02 800 1.45E-01 2,376 1.28E-01 8,073 1.15E-01 9,944 1.06E-01 0.00
1.96E-02 753 1.54E-01 2,236 1.36E-01 8,162 1.32E-01 9,589 1.15E-01 0.00
1.95E-02 761 1.07E-01 2,260 9.45E-02 7,755 8.58E-02 9,854 8.17E-02 0.00
1.95E-02 799 1.47E-01 (280) 1.41E-02 7,629 1.10E-01 9,435 1.02E-01 0.00
1.94E-02 824 1.65E-01 2,385 1.41E-01 8,397 1.32E-01 10,202 1.20E-01 0.00
1.93E-02 837 1.81E-01 2,457 1.57E-01 8,276 1.40E-01 10,370 1.32E-01 0.00

- <50 - <25 - <100 - 42,661 - -

- <50 - <25 - <100 - 42,419 - -

- <50 - <25 - <100 - 42,551 - -
2.00E-02 347 6.63E-02 781 4.75E-02 8,630 1.42E-01 45,561 4.13E-02 3.02E-08
2.00E-02 293 5.27E-02 698 4.12E-02 6,571 1.05E-01 44,232 2.25E-02 2.08E-08
1.99E-02 267 4.30E-02 647 3.48E-02 5,153 7.48E-02 44,340 2.19E-02 1.27E-08
1.99E-02 133 1.71E-02 (412) 2.24E-02 1,707 2.46E-02 45,041 3.15E-02 2.99E-09
1.99E-02 245 3.95E-02 631 3.46E-02 4,122 6.08E-02 45,648 3.86E-02 8.49E-09
1.98E-02 226 3.88E-02 587 3.49E-02 3,679 5.89E-02 46,158  4.90E-02 8.03E-09
1.98E-02 208 3.69E-02 540 3.39E-02 3,477 5.88E-02 48,366  8.35E-02 8.75E-09
1.98E-02 179 2.94E-02 (473) 2.87E-02 3,002 4.93E-02 48,975 8.99E-02 7.95E-09
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV1-32.16  3.74E+04
BKV1-32.18  3.74E+04
Exp. #33
BKV1-33A  7.39E+04
BKV1-33B  7.39E+04
BKV1-33C  7.39E+04
BKV1-33.2  7.39E+04
BKV1-33.3  7.39E+04
BKV1-33.4  7.39E+04
BKV1-33.6  7.39E+04
BKV1-33.8  7.39E+04
BKV1-33.10  7.39E+04
BKV1-33.12  7.39E+04
BKV1-33.14  7.39E+04
BKV1-33.16  7.39E+04
BKV1-33.18  7.39E+04
Exp. #34
T BKVL-34A  1.06E+05
BKV1-34B  1.06E+05
BKV1-34C  1.06E+05
BKV1-34.2  1.06E+05
BKV1-34.3  1.06E+05
BKV1-34.4  1.06E+05
BKV1-34.6  1.06E+05
BKV1-34.8  1.06E+05
BKV1-34.10 1.06E+05
BKV1-34.12  1.06E+05
BKV1-34.14  1.06E+05
BKV1-34.16 1.06E+05
BKV1-34.18 1.06E+05
Exp. #35
T BKVI35A  1.22E+05
BKV1-35B  1.22E+05
BKV1-35C  1.22E+05
BKV1-35.2  1.22E+05

I
cQ
90
90

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
3.6E-05 17.29 9.0
5.2E-05 18.92 9.0

- - 9.0
- - 9.0
- - 9.0
5.8E-05 2.18 9.0
5.7E-05 4.11 9.0
5.7E-05 5.06 9.0
5.8E-05 7.15 9.0
5.5E-05 9.17 9.0
5.4E-05 11.32 9.0
5.2E-05 13.12 9.0
5.9E-05 14.97 9.0
3.6E-05 17.29 9.0
5.2E-05 18.92 9.0
- - 9.0
- - 9.0
- - 9.0

5.9E-05 2.18 9.0
6.0E-05 4.11 9.0
5.4E-05 5.06 9.0
5.7E-05 7.15 9.0
5.7E-05 9.17 9.0
5.3E-05 11.32 9.0
5.6E-05 13.12 9.0
5.4E-05 14.97 9.0
3.9E-05 17.29 9.0
5.8E-05 18.92 9.0

- - 9.0
- - 9.0
- - 9.0
5.6E-05 2.18 9.0

Mass

@

0.9887
0.9876

2.0006
1.9977
1.9955
1.9944
1.9929
1.9910
1.9894
1.9881
1.9870
1.9858

2.0030
2.0019
2.0014
2.0011
2.0007
2.0004
2.0001
1.9999
1.9996
1.9992

3.0019

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

1.98E-02 217 2.33E-02 568 2.12E-02 2,775 2.77E-02 43,359 6.96E-03 1.78E-09

1.97E-02 224 3.53E-02 604 3.30E-02 3,005 4.39E-02 43,657 1.38E-02 3.45E-09

- <50 - <25 - <100 - 83,512 - -

- <50 - <25 - <100 - 84,138 - -

- <50 - <25 - <100 - 84,567 - -
4.00E-02 279 2.55E-02 532 1.59E-02 16,531 1.36E-01 85,528 9.92E-03 4.42E-08
3.99E-02 266 2.36E-02 540 1.59E-02 12,085 9.81E-02 84,833 5.12E-03 2.97E-08
3.99E-02 250 2.20E-02 514 1.51E-02 9,980 8.11E-02 85,337 8.54E-03 2.36E-08
3.99E-02 133 9.24E-03 352 1.02E-02 4,029 3.25E-02 87,939 2.63E-02 9.30E-09
3.98E-02 261 2.23E-02 584 1.66E-02 7,635 5.95E-02 85,696 1.05E-02 1.48E-08
3.98E-02 258 2.15E-02 572 1.60E-02 6,597 5.02E-02 86,108 1.30E-02 1.15E-08
3.98E-02 241 1.90E-02 548 1.47E-02 6,379 4.67E-02 86,706 1.61E-02 1.10E-08
3.97E-02 208 1.80E-02 494 1.51E-02 5,022 4.19E-02 94,642 7.40E-02 9.53E-09
3.97E-02 194 9.90E-03 439 8.02E-03 3,777 1.89E-02 83,830 0.0 3.58E-09
3.97E-02 261 2.11E-02 603 1.63E-02 4,874 3.57E-02 84,573 3.08E-03 5.80E-09

- <25 - <25 - <100 - 119,907 - -

- <25 - <25 - <100 - 120,479 - -

- <25 - <25 - <100 - 120,508 - -
4.00E-02 196 1.94E-02 (253) 7.26E-03 23,514 1.98E-01 125,875 3.88E-02 7.13E-08
4.00E-02 70 5.18E-03 (133) 3.49E-03 11,763 9.99E-02 123,706 2.40E-02 3.78E-08
4.00E-02 53 2.89E-03 (127) 2.98E-03 8,871 6.80E-02 124,451 2.65E-02 2.60E-08
4.00E-02 (47) 2.34E-03 (138) 3.44E-03 3,924 3.09E-02 125,788 3.65E-02 1.14E-08
4.00E-02 (48) 2.48E-03 (142) 3.62E-03 6,500 5.24E-02 125,211 3.31E-02 1.99E-08
4.00E-02 (44) 1.95E-03 (131) 3.04E-03 6,075 4,53E-02 126,081 3.61E-02 1.73E-08
4.00E-02 (38) 1.38E-03 (116) 2.77E-03 5,669 4.48E-02 126,784  4.30E-02 1.74E-08
4.00E-02 (35) 1.01E-03 (118) 2.74E-03 5,482 4.19E-02 124,749 2.85E-02 1.63E-08
4.00E-02 78 3.99E-03 (174) 3.13E-03 4,747 2.59E-02 125,438 2.36E-02 8.74E-09
4.00E-02 65 4.40E-03 (181) 4.84E-03 4,932 3.98E-02 126,717 4.35E-02 1.41E-08

- (0) - <25 - <100 - 137,669 - -

- (0) ; <25 - <100 - 139,227 - -

- (0) ; <25 - <100 - 138,879 - -
6.00E-02 227 1.63E-02 (214) 3.83E-03 31,978 1.71E-01 159,342 9.17E-02 6.18E-08
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

Sample ID (mg L™
BKV1-35.3  1.22E+05
BKV1-35.4  1.22E+05
BKV1-35.6  1.22E+05
BKV1-35.8  1.22E+05
BKV1-35.10 1.22E+05
BKV1-35.12 1.22E+05
BKV1-35.14 1.22E+05
BKV1-35.16 1.22E+05
BKV1-35.18 1.22E+05

Exp. #36
BKV1-36A 1.39E+05
BKV1-36B 1.39E+05
BKV1-36C 1.39E+05
BKV1-36.2  1.39E+05
BKV1-36.3  1.39E+05
BKV1-36.4  1.39E+05
BKV1-36.6  1.39E+05
BKV1-36.8  1.39E+05
BKV1-36.10 1.39E+05
BKV1-36.12 1.39E+05
BKV1-36.14 1.39E+05
BKV1-36.16 1.39E+05
BKV1-36.18 1.39E+05
Exp. #37

BKV1-37A 8.67E+02
BKV1-37B 8.67E+02
BKV1-37C  8.67E+02
BKV1-37.1 8.67E+02
BKV1-37.2  8.67E+02
BKV1-37.3  8.67E+02
BKV1-37.4  8.67E+02
BKV1-37.5 8.67E+02
BKV1-37.6  8.67E+02
BKV1-37.7 8.67E+02
BKV1-37.9 8.67E+02
BKV1-37.11 8.67E+02

I
(We)
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90
90

70
70
70
70
70
70
70
70
70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
5.4E-05 4.11 9.0
6.2E-05 5.06 9.0
5.8E-05 7.15 9.0
5.3E-05 9.17 9.0
5.6E-05 11.32 9.0
5.0E-05 13.12 9.0
5.9E-05 14.97 9.0
3.7E-05 17.29 9.0
5.7E-05 18.92 9.0
5.6E-05 2.18 9.0
5.3E-05 4.11 9.0
6.4E-05 5.06 9.0
5.8E-05 7.15 9.0
5.5E-05 9.17 9.0
5.7E-05 11.32 9.0
5.5E-05 13.12 9.0
4.9E-05 14.97 9.0
3.7E-05 17.29 9.0
5.2E-05 18.92 9.0
- - 9.0
- - 9.0
- - 9.0
3.8E-05 1.00 9.0
4.1E-05 1.95 9.0
3.8E-05 3.18 9.0
4.0E-05 3.92 9.0
3.1E-05 5.10 9.0
3.9E-05 6.01 9.0
3.9E-05 6.94 9.0
4.0E-05 8.77 9.0
4.0E-05 11.16 9.0

Mass

@

3.0007
3.0002
3.0000
2.9998
2.9995
2.9993
2.9991
2.9990
2.9988

3.0054
3.0046
3.0042
3.0039
3.0037
3.0035
3.0033
3.0031
3.0030
3.0028

0.5080
0.5070
0.5048
0.5028
0.5009
0.4990
0.4971
0.4952
0.4929

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
6.00E-02 79 5.41E-03 (94) 1.32E-03 17,227 8.75E-02 158,040 8.18E-02 3.28E-08
6.00E-02 52 4.08E-03 (79) 1.19E-03 13,622 7.94E-02 162,850 1.17E-01 3.01E-08
6.00E-02 (20) 1.51E-03 (67) 8.89E-04 4,766 2.60E-02 158,406 9.07E-02 9.76E-09
6.00E-02 (38) 2.55E-03 (92) 1.28E-03 10,784 5.40E-02 156,912 7.63E-02 2.06E-08
5.99E-02 (35) 2.51E-03 (83) 1.17E-03 10,261 5.46E-02 165,851 1.20E-01 2.08E-08
5.99E-02 (31) 2.01E-03 (78)  9.57E-04 9,271  4.41E-02 165,734 1.07E-01 1.68E-08
5.99E-02 (26) 1.98E-03 (75) 1.06E-03 8,350 4.62E-02 158,392 9.13E-02 1.77E-08
5.99E-02 (24) 1.15E-03 (108) 1.12E-03 6,950 2.44E-02 159,845 6.22E-02 9.27E-09
5.99E-02 (29) 2.11E-03 (112) 1.78E-03 7,442 3.99E-02 164,269 1.15E-01 1.51E-08

- (0) ; <25 - <100 - 156,976 - -

- (0) ; <25 - <100 - 157,718 - -

- (0) ; <25 - <100 - 159,423 - -
4.16E-02 121 1.25E-02 (101) 2.21E-03 23,409 1.79E-01 179,183 1.34E-01 6.66E-08
6.01E-02 65 4.44E-03 (62) 7.17E-04 17,050 8.60E-02 182,775 1.03E-01 3.25E-08
6.00E-02 (45) 3.61E-03 (52) 6.16E-04 13,902 8.36E-02 178,614 1.03E-01 3.19E-08
6.00E-02 (26) 1.91E-03 (92) 1.39E-03 5,686 3.10E-02 192,192 1.56E-01 1.16E-08
6.00E-02 (30) 2.09E-03 (49) 4,71E-04 10,604 5.50E-02 202,705 1.92E-01 2.11E-08
6.00E-02 (30) 2.15E-03 (35) 2.09E-04 15,388 8.24E-02 170,288 5.43E-02 3.20E-08
6.00E-02 (37) 2.60E-03 (28) 5.99E-05 15,153 7.89E-02 169,887 5.11E-02 3.05E-08
6.00E-02 (32) 2.01E-03 (22) 0.00 12,287 5.64E-02 176,962 7.21E-02 2.17E-08
6.00E-02 (24) 1.12E-03 (32) 9.61E-05 6,362 2.19E-02 177,759 5.67E-02 8.29E-09
6.00E-02 (31) 2.03E-03 (45) 3.75E-04 6,913 3.37E-02 197,826 1.62E-01 1.26E-08

- <100 - <10 - <500 - <1000 - -

- <100 - <10 - <500 - <1000 - -

- <100 - <10 - <500 - <1000 - -
1.02E-02 @) 0.00 ©) 0.00 (15) 0.00 (91) 0.00 6.42E-09
1.01E-02 326 7.02E-02 1,010 8.73E-02 6,462 1.38E-01 4,631 6.92E-02 2.71E-08
1.01E-02 481 1.09E-01 1,492 1.20E-01 7,160 1.43E-01 6,580 9.83E-02 1.33E-08
1.01E-02 481 1.16E-01 1,491 1.26E-01 6,279 1.31E-01 6,589 1.04E-01 6.01E-09
1.00E-02 487 9.17E-02 1,517 1.00E-01 6,204 1.01E-01 6,721 8.32E-02 3.60E-09
9.99E-03 459 1.07E-01 1,440 1.20E-01 5,683 1.16E-01 6,455 1.00E-01 3.35E-09
9.95E-03 452 1.07E-01 1,444 1.23E-01 5,455 1.12E-01 6,459 1.02E-01 2.09E-09
9.91E-03 452 1.08E-01 1,449 1.24E-01 5,290 1.09E-01 6,505 1.03E-01 6.22E-10
9.87E-03 467 1.14E-01 1,519 1.32E-01 5245 1.10E-01 6,819  1.11E-01 0.00
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (ng L™
Exp. #38
BKV1-38A 2.93E+04
BKV1-38B 2.93E+04
BKV1-38C 2.93E+04
BKV1-38.1 2.93E+04
BKV1-38.2 2.93E+04
BKV1-38.3 2.93E+04
BKV1-38.4 2.93E+04
BKV1-38.5 2.93E+04
BKV1-38.6 2.93E+04
BKV1-38.7 2.93E+04
BKV1-38.9 2.93E+04
BKV1-38.11 2.93E+04
Exp. #39
T BKVL-39A  5.83E+04
BKV1-39B 5.83E+04
BKV1-39C 5.83E+04
BKV1-39.1 5.83E+04
BKV1-39.2 5.83E+04
BKV1-39.3 5.83E+04
BKV1-39.4 5.83E+04
BKV1-39.5 5.83E+04
BKV1-39.6 5.83E+04
BKV1-39.7 5.83E+04
BKV1-39.9 5.83E+04
BKV1-39.11 5.83E+04
Exp. #40
BKV1-40A 8.84E+04
BKV1-40B 8.84E+04
BKV1-40C 8.84E+04
BKV1-40.1 8.84E+04
BKV1-40.2 8.84E+04
BKV1-40.3 8.84E+04
BKV1-40.4 8.84E+04
BKV1-40.5 8.84E+04

-

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
- - 9.0
- - 9.0
- - 9.0
2.4E-05 1.00 9.0
2.0E-05 1.95 9.0
3.7E-05 3.18 9.0
3.4E-05 3.92 9.0
3.5E-05 5.10 9.0
4.1E-05 6.01 9.0
3.6E-05 6.94 9.0
4.0E-05 8.77 9.0
4.0E-05 11.16 9.0
- - 9.0
- - 9.0
- - 9.0
3.5E-05 1.00 9.0
4.1E-05 1.95 9.0
3.7E-05 3.18 9.0
4.0E-05 3.92 9.0
3.7E-05 5.10 9.0
3.9E-05 6.01 9.0
3.8E-05 6.94 9.0
3.6E-05 8.77 9.0
3.8E-05 11.16 9.0
- - 9.0
- - 9.0
- - 9.0
3.7E-05 1.00 9.0
4.1E-05 1.95 9.0
3.8E-05 3.18 9.0
3.6E-05 3.92 9.0
4.1E-05 5.10 9.0

Mass

@

0.5090
0.5088
0.5079
0.5069
0.5059
0.5050
0.5043
0.5036
0.5026

1.0020
1.0015
1.0004
0.9993
0.9982
0.9971
0.9961
0.9951
0.9940

1.0017
1.0013
1.0007
1.0003
0.9998

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

- <100 - <10 - <500 - 34,095 - -

- <100 - <10 - <500 - 33,258 - -

- <100 - <10 - <500 - 33,973 - -
1.02E-02 3) 0.00 3) 0.00 (21) 0.00 34,007  2.55E-03 4.39E-09
1.02E-02 104 5.62E-04 281 1.18E-02 4,280 4.35E-02 34,937 1.10E-02 1.71E-08
1.02E-02 250 4.22E-02 655 5.10E-02 7,075 1.38E-01 36,518 4.73E-02 3.81E-08
1.01E-02 281 4.71E-02 717 5.17E-02 7,897 1.43E-01 38,419 7.40E-02 3.84E-08
1.01E-02 231 3.51E-02 586 4.36E-02 6,328 1.17E-01 37,649  6.39E-02 3.26E-08
1.01E-02 177 2.41E-02 453 3.89E-02 3,901 7.93E-02 36,750 5.71E-02 2.20E-08
1.01E-02 182 2.26E-02 542 4.14E-02 3,324 5.83E-02 36,680 4.94E-02 1.43E-08
1.01E-02 164 1.94E-02 329 2.74E-02 2,877 5.40E-02 38,351 8.55E-02 1.38E-08
1.01E-02 198 3.03E-02 600 5.11E-02 3,144 6.07E-02 38,401 8.74E-02 1.22E-08

- <100 - <10 - <500 - 67,085 - -

- <100 - <10 - <500 - 66,580 - -

- <100 - <10 - <500 - 68,250 - -
2.00E-02 1) 0.00 (4) 0.00 (29) 0.00 67,925  5.08E-03 3.43E-09
2.00E-02 168 1.09E-02 404 1.76E-02 9,371 1.05E-01 69,899 2.52E-02 3.75E-08
2.00E-02 252 2.16E-02 575 2.26E-02 9,770 9.85E-02 71,071 3.29E-02 3.07E-08
2.00E-02 260 2.43E-02 584 2.45E-02 7,537 7.97E-02 70,808 3.26E-02 2.21E-08
2.00E-02 252 2.17E-02 587 2.32E-02 6,769 6.68E-02 70,295 2.62E-02 1.80E-08
1.99E-02 251 2.26E-02 580 2.39E-02 6,280 6.43E-02 70,518 2.94E-02 1.67E-08
1.99E-02 237 2.02E-02 558 2.28E-02 5,595 5.62E-02 70,516 2.91E-02 1.44E-08
1.99E-02 241 1.94E-02 558 2.12E-02 4,771 4.38E-02 71,358 3.42E-02 9.72E-09
1.99E-02 234 1.97E-02 563 2.28E-02 4,599  4.49E-02 71,309  3.61E-02 1.01E-08

- <50 - <10 - <500 - 100,009 - -

- <50 - <10 - <500 - 102,887 - -

- <50 - <10 - <500 - 102,986 - -
2.00E-02 <100 7.02E-03 (5) 0.00 (42) 0.00 102,109  1.28E-03 0.00
2.00E-02 109 9.27E-03 242 1.02E-02 9,880 1.10E-01 104,528 2.47E-02 4.01E-08
2.00E-02 107 8.39E-03 237 9.34E-03 8,851 9.09E-02 104,009 1.84E-02 3.30E-08
2.00E-02 107 7.93E-03 247 9.21E-03 7,681 7.40E-02 101,555 0.00 2.64E-08
2.00E-02 107 8.90E-03 247 1.04E-02 6,193 6.61E-02 102,322 3.46E-03 2.28E-08
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV1-40.6  8.84E+04
BKV1-40.7 8.84E+04
BKV1-40.9 8.84E+04
BKV1-40.11 8.84E+04
Exp. #41
BKV1-41A 1.14E+05
BKV1-41B 1.14E+05
BKV1-41C 1.14E+05
BKV1-41.1 1.14E+05
BKV1-41.2 1.14E+05
BKV1-41.3 1.14E+05
BKV1-41.4 1.14E+05
BKV1-41.5 1.14E+05
BKV1-41.6 1.14E+05
BKV1-41.7 1.14E+05
BKV1-41.9 1.14E+05
BKV1-41.11 1.14E+05
Exp. #42
BKV1-42A 1.37E+05
BKV1-42B 1.37E+05
BKV1-42C 1.37E+05
BKV1-42.1 1.37E+05
BKV1-42.2 1.37E+05
BKV1-42.3 1.37E+05
BKV1-42.4 1.37E+05
BKV1-42.5 1.37E+05
BKV1-42.6 1.37E+05
BKV1-42.7 1.37E+05
BKV1-42.9 1.37E+05
BKV1-42.11 1.37E+05
Exp. #43
T BKVI43A -
BKV1-43B -
BKV1-43C -
BKV1-43.1 -

I
(W)
70
70
70

70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
3.7E-05 6.01 9.0
3.8E-05 6.94 9.0
3.7E-05 8.77 9.0
4.1E-05 11.16 9.0
- - 9.0
- - 9.0
- - 9.0
3.1E-05 1.00 9.0
3.9E-05 1.95 9.0
3.8E-05 3.18 9.0
4.0E-05 3.92 9.0
3.8E-05 5.10 9.0
3.7E-05 6.01 9.0
4.1E-05 6.94 9.0
3.7E-05 8.77 9.0
3.7E-05 11.16 9.0
- - 9.0
- - 9.0
- - 9.0
3.5E-05 1.00 9.0
3.6E-05 1.95 9.0
3.9E-05 3.18 9.0
3.3E-05 3.92 9.0
3.9E-05 5.10 9.0
3.5E-05 6.01 9.0
3.9E-05 6.94 9.0
3.7E-05 8.77 9.0
9.8E-06 11.16 9.0
- - 7.0
- - 7.0
- - 7.0
3.9E-05 1.19 7.0

Mass

@

0.9993
0.9990
0.9986
0.9982

1.0038
1.0034
1.0031
1.0029
1.0027
1.0025
1.0023
1.0022
1.0021

1.2997
1.2993
1.2990
1.2988
1.2987
1.2986
1.2985
1.2985
1.2984

1.0053

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.00E-02 102 7.37E-03 238 8.99E-03 5,689 5.44E-02 102,558 5.15E-03 1.88E-08
2.00E-02 (92) 6.04E-03 217 8.38E-03 5,254 5.11E-02 102,583 5.50E-03 1.80E-08
2.00E-02 (86) 5.04E-03 246 9.33E-03 5,146 4.87E-02 104,978 2.60E-02 1.74E-08
2.00E-02 (70) 3.18E-03 208 8.69E-03 4,536 4.69E-02 106,570 4.41E-02 1.75E-08

- (9) ; <10 - <500 - 132,990 - -

- o) - <10 - <500 - 130,337 - -

- (0) - <10 - <500 - 130,548 - -
2.01E-02 <100 1.16E-02 (6) 0.00 (42) 0.00 146,258 1.10E-01 0.00
2.01E-02 (80) 1.14E-02 135 5.25E-03 10,684 1.13E-01 147,091 1.44E-01 4.06E-08
2.00E-02 (58) 7.88E-03 113 4.16E-03 9,859 1.00E-01 139,737 7.44E-02 3.68E-08
2.00E-02 (46) 6.52E-03 118 4.71E-03 7,682 8.28E-02 129,251 0.00 3.04E-08
2.00E-02 (47) 6.28E-03 131 4.93E-03 6,609 6.57E-02 126,650 0.00 2.37E-08
2.00E-02 (47) 6.12E-03 126 4.60E-03 5,617 5.36E-02 126,804 0.00 1.89E-08
2.00E-02 (44) 6.25E-03 117 4.69E-03 5,168 5.42E-02 126,557 0.00 1.91E-08
2.00E-02 (22) 2.68E-03 100 3.56E-03 4,853 4.56E-02 129,399 0.00 1.71E-08
2.00E-02 (8) 7.17E-04 74 2.54E-03 4,241  3.96E-02 132,154 7.51E-03 1.55E-08

- (8) - <10 - <500 - 156,518 - -

; (0) ; <10 ; <500 ; 158,780 ; ;

- (0) ; <10 - <500 - 158,768 - -
2.60E-02 <100 1.02E-02 (5) 0.00 (48) 0.00 173,454  9.87E-02 0.00
2.60E-02 (98) 1.01E-02 150 4.13E-03 12,016 9.02E-02 177,531 1.26E-01 3.20E-08
2.60E-02 (60) 6.64E-03 96 2.77E-03 11,578 9.48E-02 170,672 8.91E-02 3.52E-08
2.60E-02 (37) 3.41E-03 83 2.04E-03 9,173 6.40E-02 163,540 3.35E-02 2.42E-08
2.60E-02 (26) 2.66E-03 73 2.03E-03 7,534 6.00E-02 161,325 2.32E-02 2.29E-08
2.60E-02 (20) 1.76E-03 67 1.64E-03 6,550 4.63E-02 156,218 0.00 1.78E-08
2.60E-02 (20) 2.05E-03 79 2.27E-03 5,919 4.71E-02 149,299 0.00 1.80E-08
2.60E-02 (10) 8.71E-04 71 1.87E-03 5,689 4.24E-02 146,351 0.00 1.66E-08
2.59E-02 (14) 3.23E-04 87 6.26E-04 6,663 1.33E-02 152,294 0.00 5.17E-09

- <50 - <10 - <500 - (182) - -

- <50 - <10 - <500 - (93) - -

- <50 - <10 - <500 - (98) - -
2.01E-02 203 2.25E-02 50 1.64E-03 15,050 1.60E-01 (877) 6.79E-03 5.48E-08
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV1-43.2
BKV1-43.3
BKV1-43.4
BKV1-43.5
BKV1-43.6
BKV1-43.7
BKV1-43.8
BKV1-43.9
BKV1-43.11
BKV1-43.14
Exp. #44

BKV1-44A

BKV1-44B
BKV1-44C
BKV1-44.1
BKV1-44.2
BKV1-44.3
BKV1-44.4
BKV1-44.5
BKV1-44.6
BKV1-44.7
BKV1-44.8
BKV1-44.9
BKV1-44.11
BKV1-44.14
Exp. #45

BKV1-45A

BKV1-45B
BKV1-45C
BKV1-45.1
BKV1-45.2
BKV1-45.3
BKV1-45.4
BKV1-45.5
BKV1-45.6
BKV1-45.7

I
(W)
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
4.0E-05 2.20 7.0
3.7E-05 3.02 7.0
3.8E-05 4.12 7.0
4.0E-05 5.27 7.0
3.7E-05 6.07 7.0
4.0E-05 7.17 7.0
3.8E-05 7.99 7.0
4.0E-05 8.87 7.0
4.0E-05 10.93 7.0
4.1E-05 13.94 7.0
- - 8.0
- - 8.0
- - 8.0
4.0E-05 1.19 8.0
4.1E-05 2.20 8.0
3.9E-05 3.02 8.0
4.1E-05 4.12 8.0
3.9E-05 5.27 8.0
4.1E-05 6.07 8.0
3.9E-05 7.17 8.0
4.2E-05 7.99 8.0
4.2E-05 8.87 8.0
4.1E-05 10.93 8.0
4.2E-05 13.94 8.0
- - 9.0
- - 9.0
- - 9.0
4.1E-05 1.19 9.0
3.8E-05 2.20 9.0
4.1E-05 3.02 9.0
4.0E-05 4.12 9.0
3.9E-05 5.27 9.0
4.2E-05 6.07 9.0
3.8E-05 7.17 9.0

Mass

@

1.0044
1.0039
1.0034
1.0030
1.0026
1.0023
1.0020
1.0018
1.0014
1.0011

1.0044
1.0035
1.0028
1.0021
1.0012
1.0006
0.9999
0.9992
0.9986
0.9979
0.9973

1.0002
0.9974
0.9948
0.9917
0.9885
0.9859
0.9831

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.01E-02 157 1.62E-02 56 1.97E-03 12,910 1.41E-01 (704) 5.42E-03 4.97E-08
2.01E-02 122 1.01E-02 52 1.67E-03 9,862 9.77E-02 (555) 3.70E-03 3.50E-08
2.01E-02 103 7.80E-03 55 1.85E-03 7,407 7.58E-02 (490) 3.30E-03 2.71E-08
2.00E-02 (90) 6.06E-03 60 2.13E-03 6,299 6.55E-02 (438) 2.92E-03 2.37E-08
2.00E-02 (79) 4.10E-03 62 2.07E-03 5,484 5.23E-02 (401) 2.39E-03 1.92E-08
2.00E-02 (73) 3.53E-03 62 2.23E-03 5,036 5.17E-02 (385) 2.44E-03 1.92E-08
2.00E-02 (68) 2.66E-03 61 2.05E-03 4,410 4.20E-02 (380) 2.26E-03 1.57E-08
2.00E-02 (65) 2.26E-03 62 2.26E-03 4,046 4.06E-02 (362) 2.24E-03 1.53E-08
2.00E-02 (88) 5.76E-03 67 2.47E-03 3,620 3.57E-02 (391) 2.51E-03 1.19E-08
2.00E-02 (76) 4.05E-03 54 1.91E-03 3,055 2.96E-02 (384) 2.47E-03 1.02E-08

- <100 - <10 - <500 - <1000 - -

- <100 - 16 - <500 - <1000 - -

- <100 - 10 - <500 - <1000 - -
2.01E-02 174 1.12E-02 302 1.23E-02 11,445 1.23E-01 1,589 5.46E-03 4.47E-08
2.01E-02 175 1.18E-02 425 1.83E-02 9,260 1.03E-01 2,108 1.07E-02 3.63E-08
2.00E-02 167 1.01E-02 449 1.85E-02 7,025 7.35E-02 2,204 1.12E-02 2.53E-08
2.00E-02 160 9.31E-03 447 1.90E-02 5,661 5.98E-02 2,170 1.12E-02 2.02E-08
2.00E-02 157 8.47E-03 411 1.67E-02 4,373 4.29E-02 2,171 1.07E-02 1.38E-08
2.00E-02 154 8.62E-03 442 1.92E-02 4,238 4.43E-02 2,154 1.13E-02 1.42E-08
2.00E-02 152 7.73E-03 436 1.78E-02 3,996 3.88E-02 2,127 1.03E-02 1.24E-08
2.00E-02 151 8.31E-03 419 1.85E-02 3,712 3.88E-02 2,161 1.15E-02 1.22E-08
2.00E-02 149 7.77E-03 428 1.87E-02 3,547 3.62E-02 2,097 1.07E-02 1.14E-08
1.99E-02 165 1.03E-02 425 1.84E-02 3,012 2.97E-02 2,096 1.07E-02 7.76E-09
1.99E-02 162 1.00E-02 408 1.79E-02 2,758 2.71E-02 2,196 1.18E-02 6.82E-09

- <100 - <10 - <500 - <1000 - -

- <100 - <10 - <500 - <1000 - -

- <100 - <10 - <500 - <1000 - -
2.00E-02 477 7.49E-02 1,423 6.29E-02 8,565 1.00E-01 6,049 5.83E-02 1.02E-08
2.00E-02 648 9.57E-02 1,910 7.93E-02 9,024 9.93E-02 8,172 7.40E-02 1.45E-09
1.99E-02 650 1.02E-01 1,919 8.49E-02 8,163 9.57E-02 8,191 7.91E-02 0.00
1.98E-02 651 1.01E-01 1,920 8.38E-02 7,750 8.96E-02 8,300 7.90E-02 0.00
1.98E-02 628 9.40E-02 1,854 7.80E-02 7,023 7.83E-02 8,050 7.39E-02 0.00
1.97E-02 618 9.99E-02 1,857 8.44E-02 6,899 8.31E-02 7,943 7.87E-02 0.00
1.97E-02 608 9.07E-02 1,824 7.66E-02 6,843 7.61E-02 7,838 7.18E-02 0.00
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) Lil (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKV1-45.8 - 70 4.2E-05 7.99 9.0 0.9808 1.96E-02 521 8.48E-02 1,260 5.78E-02 5,343 6.49E-02 6,529 6.53E-02 0.00
BKV1-45.9 - 70 3.9E-05 8.87 9.0 0.9786 1.96E-02 558 8.58E-02 1,667 7.21E-02 6,083 6.97E-02 7,148 6.74E-02 0.00
BKV1-45.11 - 70 4.1E-05 10.93 9.0 0.9762 1.95E-02 568 9.20E-02 1,361 6.21E-02 5,674 6.86E-02 7,193 7.16E-02 0.00
BKV1-45.14 - 70 3.7E-05 13.94 9.0 0.9743  1.95E-02 586 8.55E-02 1,745 7.17E-02 6,206  6.75E-02 7,600 6.81E-02 0.00
Centerline
Influent Si Flow Rate Dura- pH Glass Surf. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
tion Mass
SamplelD  (ngL')  Temp  (m%day) (230 (m?) (mgLh  (@gm?dY) (mL?) (@m*dY) (L) (@m?d) (mlLh) (@m?d’) (mol m?sh)
-(°0) (days)

Exp. #46

BKV1-46A - 70 - - 10.0 - - <100 - <10 - <500 - <1000 - -
BKV1-46B - 70 - - 10.0 - - <100 - <10 - <500 - <1000 - -
BKV1-46C - 70 - - 10.0 - - <100 - <10 - <500 - <1000 - -
BKV1-46.1 - 70 4.0E-05 1.19 10.0 1.0039 2.01E-02 574 7.30E-02 1,784 7.68E-02 9,508 1.03E-01 7,333 5.98E-02 1.21E-08
BKV1-46.2 - 70 4.1E-05 2.20 10.0 1.0000 2.00E-02 877 1.22E-01 2,584 1.13E-01 11,149 1.24E-01 10,912 9.52E-02 1.09E-09
BKV1-46.3 - 70 3.9E-05 3.02 10.0 0.9960 1.99E-02 1,076 1.47E-01 3,215 1.36E-01 12,140 1.31E-01 13,353 1.15E-01 0.00
BKV1-46.4 - 70 4.0E-05 4.12 10.0 0.9914 1.98E-02 973 1.35E-01 2,876 1.25E-01 10,803 1.19E-01 11,957 1.04E-01 0.00
BKV1-46.5 - 70 4.2E-05 5.27 10.0 0.9870 1.98E-02 753 1.07E-01 2,144 9.82E-02 8,170 9.35E-02 9,026 8.05E-02 0.00
BKV1-46.6 - 70 3.8E-05 6.07 10.0 0.9838  1.97E-02 763 9.71E-02 2,160 8.86E-02 8,136  8.34E-02 9,132 7.31E-02 0.00
BKV1-46.7 - 70 4.1E-05 7.17 10.0 0.9802 1.96E-02 794 1.12E-01 2,275 1.03E-01 7,920 8.91E-02 9,572 8.47E-02 0.00
BKV1-46.8 - 70 4.0E-05 7.99 10.0 0.9767 1.95E-02 839 1.16E-01 2,468 1.08E-01 8,410 9.24E-02 10,299 8.94E-02 0.00
BKV1-46.9 - 70 4.2E-05 8.87 10.0 0.9728 1.95E-02 1,020 1.51E-01 3,019 1.39-01 10,070 1.17E-01 12,598 1.17E-01 0.00
BKV1-46.11 - 70 3.9E-05 10.93 10.0 0.9689 1.94E-02 852 1.17E-01 2,041 8.92E-02 9,138 1.01E-01 10,366 8.97E-02 0.00
BKV1-46.14 - 70 3.8E-05 13.94 10.0 0.9660 1.93E-02 907 1.23E-01 2,593 1.11E-01 10,402 1.13E-01 11,178 9.53E-02 0.00

Exp. #47

BKV1-47A - 70 - - 11.0 - - <100 - <10 - <500 - <1000 - -
BKV1-47B - 70 - - 11.0 - - <100 - <10 - <500 - <1000 - -
BKV1-47C - 70 - - 11.0 - - <100 - 38 - <500 - <1000 - -
BKV1-47.1 - 70 3.9E-05 1.19 11.0 0.5017 1.00E-02 908 2.42E-01 2,844 2.38E-01 11,752 2.52E-01 11,928 2.01E-01 3.76E-09
BKV1-47.2 - 70 4.2E-05 2.20 11.0 0.4953 9.94E-03 1,486 4.49E-01 4,543 413E-01 16,774 3.93E-01 19,129 3.61E-01 0.00
BKV1-47.3 - 70 3.9E-05 3.02 11.0 0.4888 9.81E-03 1,657 4.72E-01 4,664 3.96E-01 15,048 3.29E-01 21,199 3.76E-01 0.00
BKV1-47.4 - 70 4.0E-05 412 11.0 0.4815 9.67E-03 1,573 4.69E-01 4,676 4.18E-01 16,326 3.76E-01 19,995 3.72E-01 0.00
BKV1-47.5 - 70 4.0E-05 5.27 11.0 0.4732 9.51E-03 1,571 4.78E-01 4,660 4.25E-01 16,312 3.83E-01 19,902 3.77E-01 0.00
BKV1-47.6 - 70 3.9E-05 6.07 11.0 0.4667 9.37E-03 1,569 4.63E-01 4,619 4.08E-01 16,442 3.75E-01 19,898 3.66E-01 0.00



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) é (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKV1-47.7 - 70 4.0E-05 7.17 11.0 0.4596 9.23E-03 1,554 4.86E-01 4,564  4.28E-01 16,253 3.93E-01 19,608 3.82E-01 0.00
BKV1-47.8 - 70 4.1E-05 7.99 11.0 0.4539 9.11E-03 1,162 3.69E-01 3,258 3.17E-01 12,481 3.11E-01 14,465 2.87E-01 0.00
BKV1-47.9 - 70 4.1E-05 8.87 11.0 0.4492 9.01E-03 1,177 3.78E-01 3,230 3.17E-01 12,188 3.06E-01 14,197 2.84E-01 0.00
BKV1-47.11 - 70 4.0E-05 10.93 11.0 0.4441 8.91E-03 1181 3.69E-01 3,248 3.10E-01 11,769 2.87E-01 14,603 2.85E-01 0.00
BKV1-47.14 - 70 3.8E-05 13.94 11.0 0.4394 8.81E-03 1657 5.15E-01 4,803 4.45E-01 15,282  3.65E-01 21,544 4.17E-01 0.00
Exp. #48
BKV1-48A - 70 - - 12.0 - - <100 - <10 - <500 - <1000 - -
BKV1-48B - 70 - - 12.0 - - <100 - <10 - <500 - <1000 - -
BKV1-48C - 70 - - 12.0 - - <100 - 38 - <500 - <1000 - -
BKV1-48.1 - 70 4.0E-05 1.19 12.0 0.5031 1.01E-02 1,352 3.78E-01 4,173  3.53E-01 15,981  3.49E-01 17,262 3.02E-01 0.00
BKV1-48.2 - 70 4.0E-05 2.20 12.0 0.4946 9.94E-03 1,926 5.66E-01 5,212 453E-01 19,276 4.34E-01 23,643 4.31E-01 0.00
BKV1-48.3 - 70 4.0E-05 3.02 12.0 0.4862 9.77E-03 2,154 6.49E-01 6,348 5.63E-01 23,274 5.37E-01 26,220 4.89E-01 0.00
BKV1-48.4 - 70 4.0E-05 4.12 12.0 0.4759 9.58E-03 2,238 6.92E-01 6,394 5.81E-01 22,763 5.38E-01 27,116 5.19E-01 0.00
BKV1-48.5 - 70 4.0E-05 5.27 12.0 0.4642 9.35E-03 2,232 6.93E-01 6,388 5.83E-01 23,317 5.53E-01 27,266 5.24E-01 0.00
BKV1-48.6 - 70 4.3E-05 6.07 12.0 0.4544  9.15E-03 2,250 7.69E-01 6,391 6.42E-01 22,804 5.95E-01 27,201 5.75E-01 0.00
BKV1-48.7 - 70 4.0E-05 7.17 12.0 0.4437 8.94E-03 2,319 7.57E-01 6,695 6.41E-01 23,836 5.94E-01 28,127 5.68E-01 0.00
BKV1-48.8 - 70 41E-05  7.99 12.0 0.4336  8.73E-03 2,390 8.30E-01 7,000 7.12E-01 24,398 6.46E-01 29,397  6.32E-01 0.00
BKV1-48.9 - 70 3.9E-05 8.87 12.0 0.4248 8.55E-03 2,155 7.23E-01 5953 5.88E-01 18,467 4.72E-01 25,659 5.33E-01 0.00
BKV1-48.11 - 70 4.0E-05 10.93 12.0 0.4155 8.37E-03 2229 7.86E-01 6,122 6.34E-01 21,647 5.82E-01 27,204 5.94E-01 0.00
BKV1-48.14 - 70 3.8E-05 13.94 12.0 0.4080 8.20E-03 2272 7.77E-01 6,236 6.26E-01 21,911 5.71E-01 27,701 5.86E-01 0.00
Engineering Scale Test
Electrode
Influent Si Flow Rate Dura- pH Gass Surf. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
tion Mass
Sample ID (rgL™)  Temp  (m°/day) (23°C) @) (m?) (rgL™)  (gm*dY) (LY (@m*dY) (L) (@gm*d) (L) (gm*d) (mol m*s’)
-(°Q) (days)
Exp. #49
T BKV2-1A  8.79E+02 90 - - 9.0 - - <100 - <50 - <500 - <1000 - -
BKV2-1B  8.79E+02 90 - - 9.0 - - <100 - <50 - <500 - <1000 - -
BKV2-1C 8.79E+02 90 - - 9.0 - - <100 - <50 - <500 - <1000 - -
BKV2-1.2 8.79E+02 90 5.8E-05 2.18 9.0 1.0023 2.01E-02 351 5.63E-02 1,142 8.04E-02 4,319 9.56E-02 8,915 8.08E-02 1.57E-08
BKV2-1.3 8.79E+02 90 3.5E-05 4.11 9.0 0.9995  2.00E-02 350 3.44E-02 1,164 5.03E-02 3,665  4.85E-02 9,013 5.01E-02 5.65E-09
BKV2-1.4 8.79E+02 90 5.0E-05 5.06 9.0 0.9970 2.00E-02 449 6.78E-02 1,299 7.97E-02 4,355 8.36E-02 11,500 9.29E-02 6.31E-09



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) Lil (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKV2-1.6 8.79E+02 90 5.9E-05 7.14 9.0 0.9941 1.99E-02 397 6.82E-02 1,295 9.40E-02 3,532 7.78E-02 10,247 9.68E-02 3.81E-09
BKV2-1.8 8.79E+02 90 5.3E-05 9.17 9.0 0.9915 1.98E-02 386 5.92E-02 1,208 7.88E-02 3,795 7.62E-02 9,986 8.48E-02 6.78E-09
BKV2-1.10 8.79E+02 90 5.6E-05 11.32 9.0 0.9886 1.98E-02 383 6.22E-02 1,230 8.52E-02 3,784 8.06E-02 10,139 9.15E-02 7.35E-09
BKV2-1.12  8.79E+02 90 4.0E-05 13.12 9.0 0.9864  1.97E-02 385 4.46E-02 1,294 6.40E-02 3,738 5.66E-02 10,473  6.75E-02 4.79E-09
BKV2-1.14 8.79E+02 90 5.6E-05 14.97 9.0 0.9843 1.97E-02 391 6.43E-02 1,283 8.96E-02 3,421 7.22E-02 10,346 9.42E-02 3.15E-09
BKV2-1.16 8.79E+02 90 5.0E-05 17.29 9.0 0.9816 1.96E-02 413 6.18E-02 712 4.30E-02 4,064 7.87E-02 11,183 9.17E-02 6.72E-09
BKV2-1.18 8.79E+02 90 5.4E-05 18.92 9.0 0.9791 1.96E-02 407 6.60E-02 1,340 9.11E-02 3,937 8.25E-02 10,576 9.37E-02 6.58E-09
Centerline
Exp. #50
BKVX-1A 8.82E+02 40 - - 9.0 - - (0) - <25 - <500 - <1000 - -
BKVX-1.1 8.82E+02 40 9.5E-06 1.16 9.0 1.0040 2.01E-02 (27) 8.37E-04 55 3.89E-04 1,872 4.41E-03 (461) - 1.43E-09
BKVX-1.2 8.82E+02 40 9.5E-06 2.01 9.0 1.0040  2.01E-02 (33) 1.04E-03 101 9.82E-04 2,208 5.51E-03 (817) - 1.78E-09
BKVX-1.3 8.82E+02 40 9.2E-06 3.25 9.0 1.0039 2.01E-02 (34) 1.02E-03 125 1.25E-03 2,219 5.34E-03 (986) - 1.73E-09
BKVX-1.4 8.82E+02 40 9.4E-06 4.37 9.0 1.0039 2.01E-02 (32) 9.90E-04 141 1.47E-03 1,885 4.39E-03 1,054 9.60E-05 1.36E-09
BKVX-1.5 8.82E+02 40 9.5E-06 5.19 9.0 1.0039 2.01E-02 (29) 9.10E-04 129 1.33E-03 1,629 3.63E-03 1,001 2.42E-06 1.09E-09
BKVX-1.11  8.82E+02 40 9.4E-06 19.08 9.0 1.0038 2.01E-02 (39) 1.18E-03 102 9.71E-04 (658) 5.00E-04 (815) 0.00 0.00
BKVX-1.12  8.82E+02 40 9.2E-06  21.05 9.0 1.0037 2.01E-02 (34) 1.04E-03 103 9.68E-04 (609) 3.42E-04 791 0.00 0.00
BKVX-1.13  8.82E+02 40 9.4E-06  26.00 9.0 1.0036  2.01E-02 (32) 9.74E-04 101 9.61E-04 588 2.77E-04 793 0.00 0.00
BKVX-1.14  8.82E+02 40 9.4E-06  29.99 9.0 1.0035 2.01E-02 (31) 9.44E-04 85 7.60E-04 545 1.42E-04 924 0.00 0.00
Exp. #51
BKVX-2A 1.61E+04 40 - - 9.0 - - (0) - <25 - <500 - 20,617 - -
BKVX-2.1 1.61E+04 40 1.1E-05 1.16 9.0 1.0070  2.01E-02 (13) 4.53E-04 30 7.80E-05 1,480 3.56E-03 20,639 4.51E-05 1.24E-09
BKVX-2.2 1.61E+04 40 9.8E-06 2.01 9.0 1.0070  2.01E-02 (22) 6.92E-04 68 5.68E-04 2,007 4.96E-03 20,886  5.01E-04 1.70E-09
BKVX-2.3 1.61E+04 40 9.3E-06 3.25 9.0 1.0070 2.01E-02 (17) 5.25E-04 74 6.11E-04 1,826 4.17E-03 21,079 8.21E-04 1.45E-09
BKVX-2.4 1.61E+04 40 9.5E-06 4.37 9.0 1.0069 2.01E-02 (15) 4.65E-04 77 6.65E-04 1,651 3.68E-03 20,828 3.81E-04 1.29E-09
BKVX-2.5 1.61E+04 40 9.5E-06 5.19 9.0 1.0069 2.01E-02 (12) 3.84E-04 75 6.46E-04 1,448 3.05E-03 20,887 4.90E-04 1.06E-09
BKVX-2.11 1.61E+04 40 9.5E-06  19.08 9.0 1.0069 2.01E-02 (16) 4.84E-04 (16) 0.00 (543) 1.38E-04 20656 6.96E-05 0.00
BKVX-2.12 1.61E+04 40 9.5E-06  21.05 9.0 1.0069 2.01E-02 (16) 4.81E-04 (16) 0.00 (553) 1.69E-04 20874 4.64E-04 0.00
BKVX-2.13  1.61E+04 40 9.5E-06  26.00 9.0 1.0068  2.01E-02 (15) 4.73E-04 (15) 0.00 (494) 0.00 21017 7.29E-04 0.00
BKVX-2.14  1.61E+04 40 9.7E-06  29.99 9.0 1.0067 2.01E-02 (14) 4.52E-04 (14) 0.00 (448) 0.00 20917 5.52E-04 0.00
Exp. #52
BKVX-3A 3.21E+04 40 - - 9.0 - - (0) - <25 - <500 - 37,332 - -
BKVX-3.1 3.21E+04 40 1.1E-05 1.16 9.0 2.0040 4.01E-02 (18) 3.23E-04 28 2.15E-05 1,672 2.13E-03 38,151 8.41E-04 7.19E-10
BKVX-3.2 3.21E+04 40 9.5E-06 2.01 9.0 2.0040 4.01E-02 (26) 4.09E-04 56 1.96E-04 2,444 3.13E-03 38,072 6.76E-04 1.09E-09



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKVX-3.3 3.21E+04
BKVX-3.4 3.21E+04
BKVX-3.5 3.21E+04
BKVX-3.11  3.21E+04
BKVX-3.12 3.21E+04
BKVX-3.13 3.21E+04
BKVX-3.14  3.21E+04
Exp. #53
BKVX-4A 4.78E+04
BKVX-4.1 4.78E+04
BKVX-4.2 4.78E+04
BKVX-4.3 4.78E+04
BKVX-4.4 4.78E+04
BKVX-4.5 4.78E+04
BKVX-4.11  4.78E+04
BKVX-4.12 4.78E+04
BKVX-4.13 4. 78E+04
BKVX-4.14  4.78E+04
Exp. #54
BKVX-5A 6.89E+04
BKVX-5.1 6.89E+04
BKVX-5.2 6.89E+04
BKVX-5.3 6.89E+04
BKVX-5.4 6.89E+04
BKVX-5.5 6.89E+04
BKVX-5.11  6.89E+04
BKVX-5.12 6.89E+04
BKVX-5.13 6.89E+04
BKVX-5.14  6.89E+04
Exp. #55
BKVX-6A 7.64E+04
BKVX-6.1 7.64E+04
BKVX-6.2 7.64E+04
BKVX-6.3 7.64E+04
BKVX-6.4 7.64E+04

I
(W)
40
40
40
40
40
40

40

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.5E-06 3.25 9.0
9.5E-06 4.37 9.0
9.6E-06 5.19 9.0
9.6E-06  19.08 9.0
9.6E-06 21.05 9.0
9.6E-06  26.00 9.0
9.6E-06  29.99 9.0
- - 9.0
1.1E-05 1.16 9.0
9.3E-06 2.01 9.0
9.4E-06 3.25 9.0
9.5E-06 4.37 9.0
9.6E-06 5.19 9.0
9.6E-06  19.08 9.0
9.4E-06 21.05 9.0
9.2E-06  26.00 9.0
9.7E-06  29.99 9.0
- - 9.0
1.0E-05 1.16 9.0
9.6E-06 2.01 9.0
9.5E-06 3.25 9.0
9.5E-06 4.37 9.0
9.7E-06 5.19 9.0
9.6E-06  19.08 9.0
9.4E-06 21.05 9.0
9.6E-06  26.00 9.0
9.7E-06  29.99 9.0
- - 9.0
9.9E-06 1.16 9.0
9.6E-06 2.01 9.0
9.2E-06 3.25 9.0
9.4E-06 4.37 9.0

Mass

@

2.0039
2.0039
2.0039
2.0038
2.0038
2.0037
2.0036

2.0020
2.0019
2.0019
2.0018
2.0018
2.0017
2.0016
2.0014
2.0011

3.0050
3.0049
3.0048
3.0048
3.0047
3.0046
3.0045
3.0042
3.0039

3.0050
3.0049
3.0048
3.0048

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

4.01E-02 (26) 4.01E-04 69 2.81E-04 2,495 3.22E-03 38,342 9.23E-04 1.13E-09
4.01E-02 (24) 3.80E-04 77 3.35E-04 2,459 3.17E-03 38,258 8.48E-04 1.11E-09
4.01E-02 (23) 3.60E-04 83 3.76E-04 2,312 2.95E-03 38,608 1.18E-03 1.03E-09
4.01E-02 (23) 3.56E-04 70 2.93E-04 1209 1.15E-03 39087 1.62E-03 3.18E-10
4.01E-02 (20) 3.18E-04 67 2.71E-04 1096 9.68E-04 38843 1.39E-03 2.59E-10
4.01E-02 (30) 4.76E-04 62 2.39E-04 (942) 7.17E-04 37633 2.76E-04 9.61E-11
4.01E-02 (33) 5.26E-04 58 2.15E-04 (875) 6.13E-04 38303 8.99E-04 3.47E-11

; (0) ; <25 ; <500 ; 54,985 ; ;
4.00E-02 (37) 6.49E-04 51 1.86E-04 3,230 4.96E-03 55,708 7.43E-04 1.72E-09
4.00E-02 (67) 1.02E-03 75 3.14E-04 3,998 5.55E-03 56,062 9.67E-04 1.81E-09
4.00E-02 (46) 7.09E-04 81 3.56E-04 3,505 4.80E-03 56,449 1.32E-03 1.63E-09
4.00E-02 (33) 5.19E-04 82 3.70E-04 3,094 4.19E-03 55,634 5.93E-04 1.46E-09
4.00E-02 (24) 3.74E-04 79 3.52E-04 2,567 3.37E-03 55,914 8.58E-04 1.20E-09
4.00E-02 (60) 9.45E-04 56 2.03E-04 925 6.92E-04 54492 0.00 0.00
4.00E-02 (58) 8.99E-04 54 1.85E-04 853 5.62E-04 55161 1.59E-04 0.00
4.00E-02 (57) 8.62E-04 52 1.69E-04 797 4.62E-04 55003 1.60E-05 0.00
4.00E-02 (56) 8.95E-04 48 1.51E-04 699 3.26E-04 54569 0.00 0.00

; (0) ; <25 ; <500 ; 73,883 ; ;
6.01E-02 (52) 5.75E-04 47 1.04E-04 4,046 4.17E-03 74,522 4.25E-04 1.44E-09
6.01E-02 (60) 6.25E-04 68 1.86E-04 4,929 4.78E-03 74,452 3.48E-04 1.66E-09
6.01E-02 (68) 7.00E-04 68 1.83E-04 4,155 3.91E-03 68,398 - 1.28E-09
6.01E-02 (50) 5.18E-04 72 2.02E-04 4,147 3.90E-03 74,394 3.09E-04 1.35E-09
6.01E-02 (36) 3.85E-04 69 1.92E-04 3,587 3.38E-03 74,384 3.10E-04 1.19E-09
6.01E-02 (68) 7.10E-04 45 8.49E-05 1282 8.45E-04 74053 1.04E-04 5.40E-11
6.01E-02 (69) 7.10E-04 42 7.34E-05 1175  7.20E-04 74081  1.20E-04 4.00E-12
6.01E-02 (70) 7.37E-04 42 7.29E-05 1090 6.41E-04 74197 1.93E-04 0.00
6.01E-02 (72) 7.72E-04 37 5.46E-05 945 4.90E-04 74297 2.58E-04 0.00

- (0) - <25 - <500 - 85,206 - -
6.01E-02 (59) 6.38E-04 43 8.21E-05 4,480 4.46E-03 83,532 - 1.53E-09
6.01E-02 (58) 6.03E-04 66 1.77E-04 5,055 4.93E-03 85,078 - 1.73E-09
6.01E-02 (67) 6.73E-04 68 1.78E-04 4,651 4.33E-03 86,640 8.47E-04 1.46E-09
6.01E-02 (42) 4.37E-04 62 1.57E-04 3,952 3.67E-03 84,876 - 1.29E-09

58



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKVX-6.5 7.64E+04
BKVX-6.11 7.64E+04
BKVX-6.12 7.64E+04
BKVX-6.13 7.64E+04
BKVX-6.14 7.64E+04
Exp. #56
BKVX-13A 8.67E+02
BKVX-13B 8.67E+02
BKVX-13C 8.67E+02
BKVX-13.1 8.67E+02
BKVX-13.2 8.67E+02
BKVX-13.3 8.67E+02
BKVX-13.4 8.67E+02
BKVX-13.5 8.67E+02
BKVX-13.6 8.67E+02
BKVX-13.7 8.67E+02
BKVX-13.9 8.67E+02
BKVX13.11 8.67E+02
Exp. #57
BKVX-14A 2.93E+04
BKVX-14B 2.93E+04
BKVX-14C 2.93E+04
BKVX-14.1 2.93E+04
BKVX-14.2 2.93E+04
BKVX-14.5 2.93E+04
BKVX-14.6 2.93E+04
BKVX-14.7 2.93E+04
BKVX-14.9 2.93E+04
BKVX14.11 2.93E+04
Exp. #58
TBKVX-15A  5.83E+04
BKVX-15B 5.83E+04
BKVX-15C 5.83E+04
BKVX-15.1 5.83E+04
BKVX-15.2 5.83E+04

I
(W)
40
40
40
40

40

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70

70
70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.4E-06 5.19 9.0
9.4E-06 19.08 9.0
9.2E-06  21.05 9.0
9.4E-06  26.00 9.0
9.5E-06 29.99 9.0

- - 9.0
- - 9.0
- - 9.0

4.1E-05 1.00 9.0
3.9E-05 1.95 9.0
3.7E-05 3.18 9.0
4.0E-05 3.92 9.0
3.7E-05 5.10 9.0
4.0E-05 6.01 9.0
3.7E-05 6.94 9.0
3.6E-05 8.77 9.0
3.8E-05 11.16 9.0

- - 9.0
- - 9.0
- - 9.0
2.2E-05 1.00 9.0
2.4E-05 1.95 9.0
1.0E-06 3.18 9.0
1.2E-05 3.92 9.0
3.3E-05 5.10 9.0
4.1E-05 6.01 9.0
3.8E-05 6.94 9.0
- - 9.0
- - 9.0
- - 9.0

4.1E-05 1.00 9.0

4.0E-05 1.95 9.0

Mass

@

3.0048
3.0047
3.0046
3.0043
3.0039

1.0060
1.0055
1.0045
1.0035
1.0024
1.0013
1.0003
0.9993
0.9979

1.0089
1.0087
1.0086
1.0085
1.0082
1.0078
1.0073

2.0027
2.0023

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
6.01E-02 (30) 3.08E-04 67 1.79E-04 3,419 3.10E-03 85,916 4.27E-04 1.12E-09
6.01E-02 1) 1.16E-05 33 3.26E-05 1218 7.64E-04 88678 2.09E-03 3.01E-10
6.01E-02 <100 1.00E-03 31 2.42E-05 1225 7.53E-04 89323 2.42E-03 0.00
6.01E-02 <100 1.03E-03 28 1.07E-05 1076 6.14E-04 88901 2.23E-03 0.00
6.01E-02 <100 1.04E-03 25 4.70E-07 925 4.57E-04 88456 1.98E-03 0.00

- (15) - <50 - <500 - <1000 - -

- (6) - <50 - <500 - <1000 - -

- (2) - <50 - <500 - <1000 - -
2.01E-02 (0) - (7 - (5) - (137) - -
2.01E-02 188 2.31E-02 646 3.15E-02 4,503 5.30E-02 4,867 2.90E-02 1.19E-08
2.01E-02 273 3.25E-02 945 4.52E-02 4,404 4.93E-02 6,915 4.23E-02 6.73E-09
2.01E-02 288 3.68E-02 1,015 5.23E-02 4,071 4.85E-02 7,493 4.99E-02 4.67E-09
2.01E-02 286 3.40E-02 986 4.72E-02 3,668 4.00E-02 7,217 4.45E-02 2.40E-09
2.00E-02 274 3.49E-02 979 5.02E-02 3,362 3.88E-02 7,078 4.66E-02 1.55E-09
2.00E-02 298 3.48E-02 1,061 5.00E-02 3,246 3.40E-02 7,555 4.60E-02 0.00
2.00E-02 324 3.78E-02 1,079 5.07E-02 3,382 3.56E-02 8,735 5.40E-02 0.00
2.00E-02 332 4.07E-02 1,096 5.42E-02 3,484 3.87E-02 8,868 5.78E-02 0.00

- (13) - <50 - <500 - 33,215 - -

- ?) - <50 - <500 - 33,139 - -

- ND - <50 - <500 - 33,258 - -
2.02E-02 <100  6.49E-03 (9) - (52) - 32,921 - -
2.02E-02 (80) 5.57E-03 242 6.09E-03 3,574 2.44E-02 34,950 7.85E-03 7.53E-09
2.02E-02 128 3.98E-04 436 5.29E-04 3,739 1.11E-03 36,261 5.93E-04 2.85E-10
2.02E-02 123 4.49E-03 421 5.94E-03 3,143 1.06E-02 35,979 6.29E-03 2.44E-09
2.02E-02 120 1.20E-02 409 1.58E-02 2,512 2.22E-02 35,776 1.60E-02 4.05E-09
2.02E-02 110 1.36E-02 386 1.85E-02 2,263 2.43E-02 39,844 5.18E-02 4.25E-09
2.01E-02 139 1.63E-02 484 2.22E-02 2,331 2.35E-02 39,381 4.48E-02 2.86E-09

- (8) - <50 - <500 - 65,464 - -

- (0) - <50 - <500 - 65,163 - -

- (0) - <50 - <500 - 65,292 - -
4.01E-02 <100 6.20E-03 (13) - (18) - 65,446 5.52E-04 -
4.00E-02 117 7.08E-03 358 8.26E-03 7,329 4.60E-02 67,833 9.62E-03 1.55E-08
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKVX-15.3  5.83E+04
BKVX-15.4  5.83E+04
BKVX-155  5.83E+04
BKVX-15.6  5.83E+04
BKVX-15.7  5.83E+04
BKVX-15.9  5.83E+04
BKVX15.11  5.83E+04
Exp. #59
BKVX-16A  8.84E+04
BKVX-16B  8.84E+04
BKVX-16C  8.84E+04
BKVX-16.1  8.84E+04
BKVX-16.2  8.84E+04
BKVX-16.3  8.84E+04
BKVX-16.4  8.84E+04
BKVX-16.5  8.84E+04
BKVX-16.6  8.84E+04
BKVX-16.7  8.84E+04
BKVX-16.9  8.84E+04
BKVX16.11 8.84E+04
Exp. #60
TBKVX-17A  1.14E+05
BKVX-17B  1.14E+05
BKVX-17C  1.14E+05
BKVX-17.1  1.14E+05
BKVX-17.2  1.14E+05
BKVX-17.3  1.14E+05
BKVX-17.4  1.14E+05
BKVX-17.5  1.14E+05
BKVX-17.6  1.14E+05
BKVX-17.7  1.14E+05
BKVX-17.9  1.14E+05
BKVX17.11  1.14E+05
Exp. #61
T BKVX-18A  1.37E+05

I
(W]
70
70
70
70
70
70

70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
3.8E-05 3.18 9.0
4.0E-05 3.92 9.0
3.8E-05 5.10 9.0
3.8E-05 6.01 9.0
4.0E-05 6.94 9.0
3.7E-05 8.77 9.0
3.7E-05 11.16 9.0

- - 9.0
- - 9.0
- - 9.0

4.2E-05 1.00 9.0
4.1E-05 1.95 9.0
3.9E-05 3.18 9.0
3.5E-05 3.92 9.0
3.9E-05 5.10 9.0
3.9E-05 6.01 9.0
3.6E-05 6.94 9.0
3.7E-05 8.77 9.0
3.9E-05 11.16 9.0

- - 9.0
- - 9.0
- - 9.0

4.5E-05 1.00 9.0
4.2E-05 1.95 9.0
3.8E-05 3.18 9.0
4.0E-05 3.92 9.0
3.9E-05 5.10 9.0
3.6E-05 6.01 9.0
4.0E-05 6.94 9.0
4.0E-05 8.77 9.0
3.7E-05 11.16 9.0

- - 9.0

Mass

@

2.0017
2.0012
2.0006
2.0001
1.9996
1.9990
1.9985

2.0067
2.0064
2.0060
2.0058
2.0055
2.0052
2.0050
2.0047
2.0044

3.0057
3.0053
3.0050
3.0048
3.0046
3.0044
3.0043
3.0042
3.0040

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
4.00E-02 144 8.47E-03 412 9.31E-03 7,040 4.21E-02 68,455 1.15E-02 1.34E-08
4.00E-02 144 8.92E-03 414 9.90E-03 5,759 3.58E-02 68,100 1.08E-02 1.07E-08
4.00E-02 150 8.72E-03 429 9.62E-03 5,012 2.87E-02 68,406 1.12E-02 7.99E-09
4.00E-02 149 8.74E-03 415 9.31E-03 4,440 2.52E-02 68,675 1.22E-02 6.57E-09
4.00E-02 148 9.14E-03 417 9.92E-03 3,868 2.28E-02 68,503 1.22E-02 5.45E-09
4.00E-02 142 8.13E-03 396 8.67E-03 3,746 2.04E-02 72,678 2.62E-02 4.88E-09
4.00E-02 142 8.16E-03 406 8.92E-03 3,400 1.82E-02 72,451 2.54E-02 4.02E-09

- (8) - <50 - <500 - 80,491 - -

- (0) - <50 - <500 - 101,545 - -

- (0) - <50 - <500 - 95,404 - .
4.01E-02 <100 6.29E-03 9) - (23) - 97,754 2.11E-02 -
4.01E-02 (81) 4.87E-03 212 4.44E-03 7,269 4.65E-02 99,282 2.64E-02 1.66E-08
4.01E-02 (80) 4.57E-03 235 4.87E-03 7,205 4.41E-02 99,080 2.46E-02 1.58E-08
4.01E-02 (73) 3.71E-03 220 4.05E-03 5,855 3.19E-02 98,311 1.96E-02 1.12E-08
4.01E-02 (72) 4.14E-03 225 4.65E-03 5,121 3.08E-02 98,456 2.26E-02 1.07E-08
4.01E-02 (72) 3.98E-03 211 4.24E-03 4,499 2.63E-02 97,946 2.03E-02 8.90E-09
4.01E-02 (66) 3.44E-03 206 3.85E-03 4,121 2.23E-02 97,898 1.89E-02 7.55E-09
4.01E-02 (80) 4.30E-03 203 3.80E-03 3,648 1.96E-02 109,012 5.82E-02 6.10E-09
4.01E-02 (70) 3.98E-03 182 3.50E-03 3,329 1.88E-02 107,501 5.65E-02 5.92E-09

- 2 - <50 - <500 - 127,227 - -

- (0) - <50 - <500 - 125,778 - -

- (0) - <50 - <500 - 125,062 - -
6.01E-02 <100 4.86E-03 9 - (27) - 135,017 2.57E-02 -
6.01E-02 (89) 4.03E-03 163 2.13E-03 10,399 4.66E-02 139,531 3.60E-02 1.70E-08
6.01E-02 (68) 2.77E-03 167 1.98E-03 10,012 4.04E-02 128,725 6.50E-03 1.50E-08
6.01E-02 (55) 2.39E-03 178 2.31E-03 7,900 3.34E-02 121,948 0.00 1.24E-08
6.01E-02 (48) 2.02E-03 172 2.14E-03 6,362 2.57E-02 119,444 0.00 9.46E-09
6.01E-02 (45) 1.77E-03 163 1.85E-03 5,722 2.13E-02 121,032 0.00 7.79E-09
6.01E-02 (43) 1.85E-03 157 1.94E-03 5,201 2.14E-02 120,293 0.00 7.80E-09
6.01E-02 (26) 1.14E-03 129 1.44E-03 4,591 1.87E-02 130,662 1.20E-02 7.01E-09
6.01E-02 (37) 1.50E-03 101 8.56E-04 3,998 1.48E-02 134,927 2.14E-02 5.32E-09

- (0) - <50 - <500 - 150,543 - -
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKVX-18B  1.37E+05
BKVX-18C  1.37E+05
BKVX-18.1 1.37E+05
BKVX-18.2 1.37E+05
BKVX-18.3 1.37E+05
BKVX-18.4 1.37E+05
BKVX-18.5 1.37E+05
BKVX-18.6  1.37E+05
BKVX-18.7 1.37E+05
BKVX-18.9 1.37E+05
BKVX18.11 1.37E+05
Exp. #62
BKVX-19A  8.79E+02
BKVX-19B  8.79E+02
BKVX-19C  8.79E+02
BKVX-19.2 8.79E+02
BKVX-19.3 8.79E+02
BKVX-19.4  8.79E+02
BKVX-19.6  8.79E+02
BKVX-19.8  8.79E+02
BKVX19.10 8.79E+02
BKVX19.12 8.79E+02
BKVX19.14 8.79E+02
BKVX19.16 8.79E+02
BKVX19.18 8.79E+02
Exp. #63

BKVX-20A 3.74E+04
BKVX-20B 3.74E+04
BKVX-20C  3.74E+04
BKVX-20.2 3.74E+04
BKVX-20.3 3.74E+04
BKVX-20.4  3.74E+04
BKVX-20.6  3.74E+04
BKVX-20.8  3.74E+04
BKVX20.10 3.74E+04
BKVX20.12 3.74E+04

(W)
70
70
70
70
70
70
70
70
70
70
70

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
- - 9.0
- - 9.0
3.9E-05 1.00 9.0
3.9E-05 1.95 9.0
3.8E-05 3.18 9.0
4.1E-05 3.92 9.0
3.8E-05 5.10 9.0
4.1E-05 6.01 9.0
3.7E-05 6.94 9.0
3.6E-05 8.77 9.0
4.6E-05 11.16 9.0
- - 9.0
- - 9.0
- - 9.0
5.4E-05 2.18 9.0
3.6E-05 4.11 9.0
4.6E-05 5.06 9.0
5.6E-05 7.14 9.0
5.0E-05 9.17 9.0
5.5E-05 11.32 9.0
3.8E-05 13.12 9.0
5.8E-05 14.97 9.0
5.7E-05 17.29 9.0
5.0E-05 18.92 9.0
- - 9.0
- - 9.0
- - 9.0
5.6E-05 2.18 9.0
6.1E-05 4.11 9.0
5.6E-05 5.06 9.0
5.5E-05 7.14 9.0
5.5E-05 9.17 9.0
5.8E-05 11.32 9.0
6.4E-05 13.12 9.0

Mass

@

3.008
3.007
3.007
3.007
3.007
3.007
3.007
3.007
3.007

1.0043
1.0014
0.9989
0.9948
0.9916
0.9888
0.9866
0.9844
0.9815
0.9790

1.0074
1.0060
1.0050
1.0038
1.0028
1.0020
1.0012

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (Ll  (gm?d) (mLY) (@m?*d) (mLth (@m?dy) (mLY) (@m?d) (mol m?s?)

- (0) - <50 - <500 - 154,032 - -

- (0) - <50 - <500 - 154,399 - -
6.01E-02 <100 4.26E-03 (8) - (30) - 164,413  2.85E-02 -
6.01E-02 (74) 3.17E-03 119 1.21E-03 9,798  4.09E-02 167,917 3.72E-02 1.51E-08
6.01E-02 (50) 2.06E-03 121 1.21E-03 10,232 4.14E-02 160,764 1.87E-02 1.57E-08
6.01E-02 (31) 1.40E-03 117 1.24E-03 7,935 3.47E-02 154,822 4.84E-03 1.33E-08
6.01E-02 (24) 9.94E-04 110 1.03E-03 6,520 2.59E-02 152,430 0.00 9.96E-09
6.01E-02 (20) 9.10E-04 102 9.68E-04 5,741 2.44E-02 146,310 0.00 9.37E-09
6.01E-02 (25) 1.01E-03 120 1.18E-03 5,110 1.95E-02 139,516 0.00 7.38E-09
6.01E-02 (19) 7.40E-04 108 9.43E-04 4,324 1.57E-02 151,374 0.00 5.97E-09
6.01E-02 (25) 1.28E-03 (96) 9.59E-04 4,049 1.86E-02 153,511 1.54E-03 6.92E-09

- (15) - <50 - <500 - <1000 - -

- (7) - <50 - <500 - <1000 - -

- 4 - <50 - <500 - <1000 - -
2.01E-02 447 7.72E-02 1,485 1.04E-01 5,633 9.34E-02 10,861 1.02E-01 6.45E-09
2.00E-02 434 4.95E-02 1,504 6.98E-02 4,783 5.15E-02 10,828  6.69E-02 8.06E-10
2.00E-02 543 8.00E-02 1,793 1.08E-01 6,046 8.59E-02 13,283 1.08E-01 2.33E-09
1.99E-02 820 1.49E-01 2,352 1.74E-01 7,483 1.33E-01 10,075 9.75E-02 0.00
1.99E-02 474 7.64E-02 1,563 1.03E-01 4,700 7.13E-02 11,674 1.03E-01 0.00
1.98E-02 456 8.20E-02 1,506 1.10E-01 4,354 7.30E-02 11,433 1.12E-01 0.00
1.97E-02 467 5.73E-02 1,526 7.60E-02 4,495 5.16E-02 11,720 7.83E-02 0.00
1.97E-02 469 8.95E-02 1,272 9.80E-02 4,485 8.01E-02 17,593 1.89E-01 0.00
1.96E-02 464 8.73E-02 1,532 1.17E-01 4,549 8.03E-02 11,445 1.17E-01 0.00
1.96E-02 485 8.03E-02 1,596 1.07E-01 4,729 7.37E-02 11,900 1.07E-01 0.00

- (0) - <50 - <500 - 43,697 - -

- (0) - <50 - <500 - 42,649 - -

- (0) - <50 - <500 - 42,653 - -
2.01E-02 151 2.75E-02 392  257E-02 3,182 5.06E-02 45172  2.32E-02 9.21E-09
2.01E-02 143 2.84E-02 412 2.96E-02 2,370 3.84E-02 44,809 2.10E-02 3.99E-09
2.01E-02 133 2.44E-02 404 2.69E-02 1,867 2.60E-02 44,724 1.85E-02 6.14E-10
2.01E-02 239 4.33E-02 609 4.18E-02 4,325 7.16E-02 44,304 1.38E-02 1.13E-08
2.01E-02 130 2.35E-02 418 2.74E-02 1,442 1.76E-02 45,510  2.65E-02 0.00
2.00E-02 125 2.36E-02 408 2.80E-02 1,446 1.85E-02 47,218 4.67E-02 0.00
2.00E-02 118 2.48E-02 393 2.98E-02 1,427 2.02E-02 49,982 8.60E-02 0.00
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKVX20.14 3.74E+04
BKVX20.16 3.74E+04
BKVX20.18 3.74E+04
Exp. #64
BKVX-21A 7.39E+04
BKVX-21B 7.39E+04
BKVX-21C 7.39E+04
BKVX-21.2 7.39E+04
BKVX-21.3 7.39E+04
BKVX-21.4  7.39E+04
BKVX-21.6 7.39E+04
BKVX-21.8 7.39E+04
BKVX21.10 7.39E+04
BKVX21.12 7.39E+04
BKVX21.14 7.39E+04
BKVX21.16 7.39E+04
BKVX21.18 7.39E+04
Exp. #65
TBRVX22A 1.0GE+05
BKVX-22B  1.06E+05
BKVX-22C  1.06E+05
BKVX-22.2  1.06E+05
BKVX-22.3  1.06E+05
BKVX-22.4  1.06E+05
BKVX-22.6  1.06E+05
BKVX-22.8  1.06E+05
BKVX22.10  1.06E+05
BKVX22.12  1.06E+05
BKVX22.14  1.06E+05
BKVX22.16  1.06E+05
BKVX22.18  1.06E+05
Exp. #66
TBKVX-23A  1.22E+05
BKVX-23B  1.22E+05
BKVX-23C  1.22E+05

I
cQ
90
90

90

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90
90

90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
6.1E-05 14.97 9.0
6.0E-05 17.29 9.0
5.3E-05 18.92 9.0

- - 9.0
- - 9.0
- - 9.0
5.7E-05 2.18 9.0
5.8E-05 4.11 9.0
5.7E-05 5.06 9.0
5.9E-05 7.14 9.0
5.7E-05 9.17 9.0
5.5E-05 11.32 9.0
5.5E-05 13.12 9.0
6.1E-05 14.97 9.0
5.0E-05 17.29 9.0
5.7E-05 18.92 9.0
- - 9.0
- - 9.0
- - 9.0
5.3E-05 2.18 9.0
5.6E-05 4.11 9.0
6.1E-05 5.06 9.0
5.9E-05 7.14 9.0
5.3E-05 9.17 9.0
5.6E-05 11.32 9.0
6.3E-05 13.12 9.0
5.5E-05 14.97 9.0
5.8E-05 17.29 9.0
5.3E-05 18.92 9.0
- - 9.0
- - 9.0
- - 9.0

Mass

@

1.0006
0.9998
0.9991

2.0034
2.0020
2.0010
1.9998
1.9988
1.9978
1.9969
1.9963
1.9955
1.9947

2.0086
2.0080
2.0077
2.0074
2.0072
2.0069
2.0066
2.0063
2.0058
2.0054

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
2.00E-02 103 2.06E-02 335 2.36E-02 1,277 1.61E-02 50,309 8.57E-02 0.00
2.00E-02 120 2.37E-02 365 2.55E-02 1,247 1.52E-02 49,860 7.88E-02 0.00
2.00E-02 128 2.21E-02 435 2.75E-02 1,316 1.46E-02 45,276 2.30E-02 0.00

- (0) - <50 - <500 - 83,653 - -

- (0) - <50 - <500 - 84,280 - -

- (0) - <50 - <500 - 84,146 - -
4.01E-02 145 1.36E-02 367 1.22E-02 8,559 7.80E-02 86,793 1.51E-02 2.57E-08
4.00E-02 145 1.39E-02 372 1.27E-02 5,898 5.35E-02 86,717 1.51E-02 1.58E-08
4.00E-02 139 1.31E-02 369 1.24E-02 4,855 4.23E-02 87,020 1.64E-02 1.17E-08
4.00E-02 219 2.12E-02 482 1.73E-02 8,818 8.32E-02 87,377 1.90E-02 2.48E-08
4.00E-02 154 1.43E-02 428 1.46E-02 3,786 3.17E-02 87,860 2.09E-02 6.93E-09
4.00E-02 149 1.36E-02 430 1.43E-02 3,529 2.85E-02 87,847 2.04E-02 5.97E-09
3.99E-02 144 1.29E-02 408 1.33E-02 3,173 2.49E-02 87,283 1.72E-02 4.76E-09
3.99E-02 117 1.18E-02 342 1.22E-02 2,544 2.14E-02 84,432 2.40E-03 3.82E-09
3.99E-02 132 1.10E-02 373 1.11E-02 2,318 1.56E-02 84,929 4.38E-03 1.84E-09
3.99E-02 156 1.48E-02 456 1.58E-02 2,688 2.14E-02 85,523 8.27E-03 2.64E-09

- (0) - <50 - <500 - 123,645 - -

- (0) - <50 - <500 - 123,966 - -

- (0) - <50 - <500 - 122,378 - -
4.02E-02 105 9.20E-03 221 6.16E-03 11,952 1.03E-01 125,244 9.79E-03 3.76E-08
4.02E-02 (52) 4.83E-03 162 4.27E-03 6,302 5.53E-02 127,454 2.22E-02 2.02E-08
4.02E-02 (44) 4.47E-03 145 3.96E-03 4,597 4.26E-02 126,688  1.98E-02 1.52E-08
4.01E-02 (37) 3.62E-03 120 2.80E-03 7,669 7.18E-02 126,101 1.57E-02 2.72E-08
4.01E-02 (49) 4,22E-03 167 4.20E-03 3,599 2.79E-02 124,157 4.21E-03 9.44E-09
4.01E-02 (48) 4.44E-03 168 4.47E-03 3,179 2.54E-02 125,918 1.39E-02 8.38E-09
4.01E-02 (45) 4.60E-03 160 4.67E-03 3,105 2.76E-02 126,911 2.15E-02 9.17E-09
4.01E-02 (43) 3.91E-03 158 4.02E-03 2,796 2.14E-02 124,711 7.29E-03 6.98E-09
4.01E-02 (89) 8.39E-03 264 8.33E-03 3,058 2.49E-02 126,658 1.84E-02 6.60E-09
4.01E-02 (89) 7.72E-03 267 7.74E-03 2,985 2.22E-02 124,321 5.01E-03 5.77E-09

- (0) - <50 - <500 - 143,281 - -

- (0) - <50 - <500 - 144,794 - -

- (0) - <50 - <500 - 143,248 - -
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) Lil (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKVX-23.2  1.22E+05 90 5.5E-05 2.18 9.0 3.0076  6.01E-02 109 6.55E-03 162 2.80E-03 15,694 9.47E-02 156,174  4.38E-02 3.52E-08
BKVX-23.3  1.22E+05 90 5.6E-05 4.11 9.0 3.0071  6.01E-02 (32) 1.93E-03 99 1.24E-03 7,969 4.72E-02 157,831 5.02E-02 1.81E-08
BKVX-23.4  1.22E+05 90 6.2E-05 5.06 9.0 3.0069  6.01E-02 (19) 1.28E-03 77 7.41E-04 5188  3.27E-02 163,054 7.62E-02 1.26E-08
BKVX-23.6  1.22E+05 90 5.2E-05 7.14 9.0 3.0068  6.01E-02 (35) 2.03E-03 76 6.05E-04 12,534 7.11E-02 161,714 6.00E-02 2.76E-08
BKVX-23.8  1.22E+05 90 5.4E-05 9.17 9.0 3.0066  6.01E-02 (18) 1.09E-03 104 1.33E-03 4,728  2.59E-02 158,652 5.15E-02 9.90E-09
BKVX23.10 1.22E+05 90 5.6E-05 11.32 9.0 3.0066  6.01E-02 (11) 6.53E-04 84 8.49E-04 4,025 2.23E-02 162,903 6.85E-02 8.64E-09
BKVX23.12 1.22E+05 90 5.7E-05 13.12 9.0 3.0065  6.01E-02 (5) 3.27E-04 73 5.88E-04 3,679 2.06E-02 163,705 7.30E-02 8.09E-09
BKVX23.14 1.22E+05 90 6.7E-05  14.97 9.0 3.0065  6.01E-02 ND - 54 1.07E-04 2,940 1.85E-02 156,050 5.27E-02 0.00
BKVX23.16 1.22E+05 90 5.5E-05 17.29 9.0 3.0065  6.01E-02 3 1.99E-04 75 6.10E-04 2,501  1.24E-02 161,250 6.11E-02 4.86E-09
BKVX23.18 1.22E+05 90 5.8E-05 18.92 9.0 3.0065  6.01E-02 (22) 1.40E-03 110 158E-03 3,244  1.81E-02 163,081 7.21E-02 6.67E-09
Exp. #67
BKVX-24A  1.39E+05 90 - - 9.0 - - 0) - <50 - <500 - 156,189 - -
BKVX-24B  1.39E+05 90 - - 9.0 - - 0) - <50 - <500 - 161,855 - -
BKVX-24C  1.39E+05 90 - - 9.0 - - 0) - <50 - <500 - 159,634 - -
BKVX-24.2  1.39E+05 90 5.7E-05 2.18 9.0 3.0058  6.01E-02 (51) 3.19E-03 94 1.13E-03 10,869 6.68E-02 178,580  7.05E-02 2.54E-08
BKVX-24.3  1.39E+05 90 5.8E-05 4.11 9.0 3.0055  6.01E-02 (18) 1.15E-03 67 453E-04 7,512  4.59E-02 180,786  7.99E-02 1.79E-08
BKVX-24.4  1.39E+05 90 5.2E-05 5.06 9.0 3.0054  6.01E-02 (11) 6.20E-04 59 2.04E-04 6,402 3.45E-02 176,252 5.63E-02 1.35E-08
BKVX-24.6  1.39E+05 90 5.7E-05 7.14 9.0 3.0053  6.01E-02 (26) 1.65E-03 76 6.62E-04 12,119 7.51E-02 195,370 1.32E-01 2.93E-08
BKVX-24.8  1.39E+05 90 4.9E-05 9.17 9.0 3.0053  6.01E-02 (4) 1.96E-04 58 1.83E-04 5,082 2.56E-02 193,239 1.08E-01 1.02E-08
BKVX24.10 1.39E+05 90 5.6E-05 11.32 9.0 3.0052  6.01E-02 1) 6.47E-05 (39) 0.00 6,873  4.02E-02 168,783  3.41E-02 1.60E-08
BKVX24.12 1.39E+05 90 5.3E-05 13.12 9.0 3.0049  6.02E-02 <100 5.79E-03 (31) 0.00 7,463  4.17E-02 167,027 2.64E-02 1.43E-08
BKVX24.14  1.39E+05 90 6.3E-05 14.97 9.0 3.0044  6.02E-02 <100 6.86E-03 27 0.00 6,069 3.95E-02 179,573 8.16E-02 1.30E-08
BKVX24.16  1.39E+05 90 5.8E-05 17.29 9.0 3.0037  6.02E-02 <100 6.29E-03 (40) 0.00 3,011 1.63E-02 182,382 8.52E-02 4.00E-09
BKVX24.18 1.39E+05 90 5.6E-05 18.92 9.0 3.0031  6.02E-02 <100 6.12E-03 62 2.98E-04 3,064 1.61E-02 193,396 1.22E-01 4.00E-09
Foam
Exp. #68
BKV3-1A 8.97E+02 23 - - 9.0 - - 0) - <25 - (100) - <1000 - -
BKV3-1.1 8.97E+02 23 4.8E-06 211 9.0 4.0139  8.03E-02 244 8.51E-04 244 2.75E-04 3,576  1.19E-03 1,378 1.05E-04 1.34E-10
BKV3-1.2 8.97E+02 23 4.8E-06 4.15 9.0 4.0136  8.03E-02 373 1.30E-03 409 4.83E-04 4,393  1.46E-03 2,297 3.59E-04 6.57E-11
BKV3-1.3 8.97E+02 23 2.1E-05 4.90 9.0 4.0131  8.03E-02 359 5.47E-03 441 2.29E-03 3,844  5.59E-03 2,336 1.62E-03 5.00E-11
BKV3-1.4 8.97E+02 23 9.7E-06 6.14 9.0 4.0128  8.02E-02 306 2.16E-03 381 9.05E-04 3,072  2.05E-03 1,998 5.58E-04 0.00
BKV3-1.5 8.97E+02 23 9.4E-06 7.24 9.0 4.0125  8.02E-02 269 1.84E-03 361 8.29E-04 2,723  1.75E-03 1,863 4.69E-04 0.00
BKV3-1.6 8.97E+02 23 1.0E-05 8.07 9.0 4.0123  8.02E-02 231 1.69E-03 338 8.28E-04 2,621  1.81E-03 1,710 4.14E-04 4.67E-11
BKV3-1.16  8.97E+02 23 9.7E-06  36.97 9.0 4.0121  8.02E-02 (74) 5.22E-04 168 3.64E-04  (680) 4.00E-04 (880) 0.00 0.00



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV3-1.17 8.97E+02
BKV3-1.18 8.97E+02
BKV3-1.19 8.97E+02
Exp. #69
BKV3-2A 5.24E+04
BKV3-2.1 5.24E+04
BKV3-2.2 5.24E+04
BKV3-2.3 5.24E+04
BKV3-2.4 5.24E+04
BKV3-2.5 5.24E+04
BKV3-2.6 5.24E+04
BKV3-2.16  5.24E+04
BKV3-2.17 5.24E+04
BKV3-2.18 5.24E+04
BKV3-2.19 5.24E+04
Exp. #70
BKV3-3A 8.79E+02
BKV3-3.2 8.79E+02
BKV3-3.4 8.79E+02
BKV3-3.6 8.79E+02
BKV3-3.8 8.79E+02
BKV3-3.10 8.79E+02
BKV3-3.12  8.79E+02
Exp. #71
BKV3-4A 1.39E+05
BKV3-4.2 1.39E+05
BKV3-4.4 1.39E+05
BKV3-4.6 1.39E+05
BKV3-4.8 1.39E+05
BKV3-4.10  1.39E+05
BKV3-4.12 1.39E+05
BKV3-4.19  1.39E+05
BKV3-4.21  1.39E+05
BKV3-4.23  1.39E+05
BKV3-4.25  1.39E+05

I
(W]
23
23

23

23
23
23
23
23
23
23
23
23
23
23

90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
9.5E-06  39.93 9.0
9.6E-06  44.86 9.0
9.9E-06 47.01 9.0

- - 9.0

4.9E-06 211 9.0
4.9E-06 4.15 9.0
2.1E-05 4.90 9.0
9.9E-06 6.14 9.0
9.5E-06 7.24 9.0
1.0E-05 8.07 9.0
9.7E-06  36.97 9.0
9.5E-06  39.93 9.0
9.6E-06  44.86 9.0
9.8E-06 47.01 9.0
5.3E-05 0.81 9.0
4.1E-05 2.05 9.0
4.8E-05 4.79 9.0
5.4E-05 6.84 9.0
9.2E-05 8.94 9.0
5.4E-05 10.70 9.0

- - 9.0

4.1E-05 0.81 9.0
4.1E-05 2.05 9.0
4.9E-05 4.79 9.0
5.9E-05 6.84 9.0
9.1E-05 8.94 9.0
5.1E-05 10.70 9.0
5.4E-05 18.74 9.0
3.7E-05 20.71 9.0
3.3E-05 24.71 9.0
3.8E-05 28.72 9.0

Mass

@

4.0119
4.0116
4.0115

4.0149
4.0147
4.0145
4.0143
4.0141
4.0140
4.0139
4.0139
4.0138
4.0138

1.0330
1.0317
1.0293
1.0266
1.0231
1.0203

3.0913
3.0907
3.0904
3.0902
3.09001
3.0900
3.0900
3.0899
3.0898
3.0896

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

8.02E-02 (67) 4.63E-04 168 3.59E-04 (706) 4.12E-04 (867) 0.00 0.00
8.02E-02 (60) 4.24E-04 162 3.47E-04 (597) 3.41E-04 (809) 0.00 0.00
8.02E-02 (60) 4.34E-04 170 3.77E-04 (625) 3.70E-04 (824) 0.00 0.00

- (0) - <25 - (100) - 83,641 - -
8.03E-02 184 6.58E-04 32 8.48E-06 3,996 1.36E-03 94,998 3.23E-03 2.82E-10
8.03E-02 237 8.47E-04 44 2.47E-05 4,219 1.44E-03 90,625 1.98E-03 2.38E-10
8.03E-02 193 2.93E-03 38 7.06E-05 3,481 5.04E-03 85,104 1.77E-03 8.42E-10
8.03E-02 143 1.04E-03 32 1.74E-05 2,681 1.83E-03 81,350 0.00 3.17E-10
8.03E-02 125 8.66E-04 31 1.53E-05 2,306 1.50E-03 80,433 0.00 2.53E-10
8.03E-02 127 9.37E-04 30 1.37E-05 2,089 1.44E-03 79,683 0.00 2.01E-10
8.03E-02 (29) 2.04E-04 23 0.00 (543) 3.06E-04 77881 0.00 4.09E-11
8.03E-02 (20) 1.37E-04 29 9.06E-06 (501) 2.72E-04 77824 0.00 5.35E-11
8.03E-02 (13) 9.28E-05 25 6.47E-07 (441) 2.34E-04 77913 0.00 5.63E-11
8.03E-02 (11) 7.65E-05 26 2.62E-06  (441) 2.39E-04 77731 0.00 6.51E-11

- <100 - <25 - <1000 - <1000 - -
2.07E-02 (5) - 5 - (108) - (88) - 4.39E-10
2.06E-02 547 5.21E-02 1,357 5.61E-02 6,169 5.91E-02 6,882 5.46E-02 2.78E-09
2.06E-02 669 7.83E-02 2,060 1.01E-01 6,061 6.82E-02 9,956 9.79E-02 0.00
2.05E-02 647 8.37E-02 1,982 1.08E-01 5,854 7.28E-02 9,607 1.05E-01 0.00
2.05E-02 653 1.45E-01 2,116 1.98E-01 5,920 1.27E-01 9,960 1.87E-01 0.00
2.04E-02 740 9.82E-02 2,330 1.28E-01 6,721 8.61E-02 11,094 1.23E-01 0.00

- (0) - <25 - <1000 - 161,536 - -
6.18E-02 361 1.39E-02 81 7.83E-04 13,548 4.73E-02 180,275 5.49E-01 1.33E-08
6.18E-02 104 4.00E-03 102 1.08E-03 8,685 2.90E-02 192,400 5.86E-01 9.98E-09
6.18E-02 (63) 2.91E-03 92 1.12E-03 7,291 2.87E-02 202,952 7.47E-01 1.03E-08
6.18E-02 (31) 1.73E-03 91 1.33E-03 4,914  2.14E-02 176,142 7.77E-01 7.86E-09
6.18E-02 (24) 2.02E-03 121 2.98E-03 4,364 2.83E-02 187,733 1.28E+00 1.05E-08
6.18E-02 (12) 5.47E-04 94 1.19E-03 3,984 1.40E-02 217,334 8.26E-01 5.39E-09
6.18E-02 (14) 7.30E-04 81 1.04E-03 (3,144) 1.08E-02 fesreizizad 6.60E-01 4.04E-09
6.18E-02 (27) 9.28E-04 210 2.32E-03 (3,313) 7.88E-03 166307 4.57E-01 2.78E-09
6.18E-02 (17) 5.10E-04 135 1.22E-03 3555 7.71E-03 186065 4.53E-01 2.88E-09
6.18E-02 (23) 8.18E-04 71 5.97E-04 3763 9.76E-03 149920 4.27E-01 3.57E-09
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV3-4.27 1.39E+05
BKV3-4.28 1.39E+05
Exp. #72
BKV3-5A 8.82E+02
BKV3-5.1 8.82E+02
BKV3-5.2 8.82E+02
BKV3-5.3 8.82E+02
BKV3-5.4 8.82E+02
BKV3-5.5 8.82E+02
BKV3-5.11 8.82E+02
BKV3-5.12 8.82E+02
BKV3-5.13 8.82E+02
BKV3-5.14 8.82E+02
Exp. #73
BKV3-6A 7.64E+04
BKV3-6.1 7.64E+04
BKV3-6.2 7.64E+04
BKV3-6.3 7.64E+04
BKV3-6.4 7.64E+04
BKV3-6.5 7.64E+04
BKV3-6.11 7.64E+04
BKV3-6.12 7.64E+04
BKV3-6.13 7.64E+04
BKV3-6.14 7.64E+04
Exp. #74
BKV3-7A 8.67E+02
BKV3-7B 8.67E+02
BKV3-7C 8.67E+02
BKV3-7.1 8.67E+02
BKV3-7.2 8.67E+02
BKV3-7.3 8.67E+02
BKV3-7.4 8.67E+02
BKV3-7.5 8.67E+02
BKV3-7.6 8.67E+02
BKV3-7.7 8.67E+02

I
cQ
90
90

40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40

70
70
70
70
70
70
70
70
70
70

Flow Rate Time pH
(m’/day) (days) (23°CQ)
3.8E-05 33.78 9.0
3.5E-05 35.77 9.0

- - 9.0
9.5E-06 1.16 9.0
9.6E-06 2.01 9.0
9.3E-06 3.25 9.0
9.4E-06 4.37 9.0
3.7E-06 6.19 9.0
9.5E-06  19.08 9.0
9.4E-06 21.05 9.0
9.5E-06  26.00 9.0
9.3E-06  29.99 9.0

- - 9.0
9.6E-06 1.16 9.0

9.6E-06 2.01 9.0
9.6E-06 3.25 9.0
9.5E-06 4.37 9.0
4.3E-06 6.19 9.0
9.5E-06  19.08 9.0
9.4E-06 21.05 9.0
9.6E-06  26.00 9.0
9.6E-06  29.99 9.0

- - 9.0

- - 9.0

- - 9.0

3.6E-05 1.00 9.0
3.8E-05 1.95 9.0
4.0E-05 3.18 9.0
3.4E-05 3.92 9.0
3.9E-05 5.10 9.0
3.8E-05 6.01 9.0
3.9E-05 6.94 9.0

Mass

@

3.0894
3.0893

0.5059
0.5058
0.5057
0.5055
0.5054
0.5053
0.5051
0.5049
0.5046

0.5059
0.5057
0.5055
0.5053
0.5051
0.5050
0.5049
0.5048
0.5047

1.0318
1.0309
1.0289
1.0273
1.0256
1.0239
1.0224

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

6.18E-02 16 5.68E-04 77 6.67E-04 3522 8.80E-03 150484 4.23E-01 3.29E-09

6.18E-02 11 3.82E-04 166 1.70E-03 3500 8.20E-03 173970 4.60E-01 3.12E-09

- (0) ; <25 - (100) ; <1000 - -
1.01E-02 121 6.65E-03 123 1.94E-03 1,865 9.52E-03 (555) - 1.14E-09
1.01E-02 166 9.17E-03 216 3.82E-03 2,454 1.28E-02 1,105 4.62E-04 1.43E-09
1.01E-02 149 8.04E-03 233 4.05E-03 2,348 1.18E-02 1,202 8.62E-04 1.52E-09
1.01E-02 135 7.33E-03 237 4.16E-03 2,096 1.06E-02 1,226 9.78E-04 1.33E-09
1.01E-02 121 2.56E-03 234 1.60E-03 1,892 3.72E-03 1,206 3.46E-04 4.62E-10
1.01E-02 (78) 4.27E-03 201 3.48E-03 (857) 4.06E-03 (1,108) 4.72E-04 0.00
1.01E-02 (80) 4.37E-03 226 3.95E-03 (818) 3.83E-03 1111 4.78E-04 0.00
1.01E-02 (80) 4.39E-03 234 4.15E-03 783 3.68E-03 1154 6.74E-04 0.00
1.01E-02 (77) 4.15E-03 224 3.87E-03 731 3.34E-03 1135 5.80E-04 0.00

- (0) - ) - (114) - 83,858 - -
1.01E-02 164 9.06E-03 101 1.93E-03 3,385 1.77E-02 84,347 2.15E-03 3.45E-09
1.01E-02 251 1.39E-02 92 1.76E-03 4,654 2.46E-02 85,275 6.22E-03 4.28E-09
1.01E-02 240 1.33E-02 85 1.62E-03 4,330 2.30E-02 84,948 4.82E-03 3.85E-09
1.01E-02 211 1.16E-02 76 1.43E-03 3,883 2.03E-02 86,810 1.29E-02 3.47E-09
1.01E-02 185 4.59E-03 74 6.24E-04 3,455 8.15E-03 84,653 1.57E-03 1.42E-09
1.01E-02 (53) 2.92E-03 37 6.60E-04 1333 6.60E-03 88492 2.04E-02 1.47E-09
1.01E-02 (38) 2.08E-03 33 5.64E-04 1146 5.51E-03 88202 1.88E-02 1.37E-09
1.01E-02 (29) 1.63E-03 31 5.43E-04 1041 5.05E-03 88314 1.97E-02 1.36E-09
1.01E-02 (22) 1.20E-03 25 4.22E-04 948 4.56E-03 88585 2.10E-02 1.34E-09

- <100 - <50 - <500 - <1000 - -

- <100 - <50 - <500 - <1000 - -

- <100 - <50 - <500 - <1000 - -
2.06E-02 <100 - (8) - <500 - (155) - -
2.06E-02 363 2.82E-02 868 3.17E-02 4,360 4.06E-02 4,101 2.65E-02 4.95E-09
2.06E-02 566 5.24E-02 1,585 6.24E-02 5,989 6.06E-02 7,094 5.45E-02 3.25E-09
2.06E-02 538 4.26E-02 1,697 5.78E-02 5,454 4.72E-02 7,497 5.03E-02 1.84E-09
2.05E-02 493 4.39E-02 1,565 6.11E-02 4,629 4 52E-02 6,917 5.26E-02 5.15E-10
2.05E-02 487 4.20E-02 1,570 5.95E-02 4,614 4.38E-02 6,999 5.18E-02 7.00E-10
2.05E-02 479 4.19E-02 1,599 6.17E-02 4,283 4.09E-02 7,093 5.35E-02 0.00
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) é (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKV3-7.9 8.67E+02 70 3.9E-05 9.27 9.0 1.0209 2.04E-02 483 4.28E-02 1,552 6.05E-02 4,270 4.12E-02 7,650 5.90E-02 0.00
BKV3-7.11 8.67E+02 70 3.6E-05 11.16 9.0 1.0193 2.04E-02 462 3.76E-02 1,480 5.37E-02 3,927 3.49E-02 7,364 5.26E-02 0.00
Exp. #75
BKV3-8A 1.37E+05 70 - - 9.0 - - (0) - <50 - <500 - 155,511 - -
BKV3-8B 1.37E+05 70 - - 9.0 - - (0) - <50 - <500 - 156,440 - -
BKV3-8C 1.37E+05 70 - - 9.0 - - (0) - <50 - <500 - 156,592 - -
BKV3-8.1 1.37E+05 70 3.8E-05 1.00 9.0 3.0928  6.18E-02 <100 3.60E-03 (8) - (44) - 164,416  2.36E-02 -
BKV3-8.2 1.37E+05 70 4.0E-05 1.95 9.0 3.0918  6.18E-02 385 1.46E-02 159 1.49E-03 9,800 3.45E-02 169,021 3.87E-02 7.97E-09
BKV3-8.3 1.37E+05 70 3.8E-05 3.18 9.0 3.0906  6.18E-02 280 1.02E-02 156 1.39E-03 10,314 3.50E-02 159,703 1.02E-02 9.91E-09
BKV3-8.4 1.37E+05 70 4.1E-05 3.92 9.0 3.0900 6.18E-02 137 5.34E-03 157 1.50E-03 7,773 2.77E-02 154,173 0.00 8.92E-09
BKV3-8.5 1.37E+05 70 3.8E-05 5.10 9.0 3.0896 6.18E-02 (80) 2.88E-03 152 1.33E-03 6,134 2.00E-02 152,029 0.00 6.82E-09
BKV3-8.6 1.37E+05 70 4.1E-05 6.01 9.0 3.0894 6.18E-02 (51) 2.01E-03 155 1.48E-03 5,330 1.85E-02 147,102 0.00 6.57E-09
BKV3-8.7 1.37E+05 70 3.7E-05 6.94 9.0 3.0893 6.18E-02 (40) 1.42E-03 176 1.59E-03 4,691 1.44E-02 140,953 0.00 5.20E-09
BKV3-8.9 1.37E+05 70 3.6E-05 9.27 9.0 3.0892 6.18E-02 (22) 7.34E-04 166 1.44E-03 3,947 1.16E-02 147,416 0.00 4.36E-09
BKV3-8.10  1.37E+05 70 8.9E-05 10.04 9.0 3.0891  6.18E-02 (16) 1.38E-03 156 3.21E-03 3,967 2.86E-02 148,250 0.00 1.09E-08
BKV3-8.11  1.37E+05 70 4.6E-05 11.16 9.0 3.0891  6.18E-02 (12) 5.32E-04 139 1.39E-03 4,251  1.58E-02 144,380 0.00 6.11E-09
L arge Scale Test #2
Centerline
Influent Si Flow Rate Dura- pH Glass Surf. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
tion Mass
SamplelD  (ngL')  Temp (m%day) (230 (© (m?) (mgLh  (gm?dY) (mL?) (@m*dY) (L) (@m?d) (LY (@m?d’) (mol m?s!)
-(°0) (days)
Exp. #76
BKV4-1A 8.79E+02 90 - - 9.0 - - (50) - <25 - (500) - <1000 - -
BKV4-1.2 8.79E+02 90 4.9E-05 1.93 9.0 1.0022 2.95E-02 265 1.95E-02 811 3.03E-02 1,793 1.96E-02 5,195 2.76E-02 2.80E-11
BKV4-1.3 8.79E+02 90 6.1E-05 2.84 9.0 1.0004 2.95E-02 467 4.71E-02 1,375 6.48E-02 2,733 4.21E-02 8,659 6.27E-02 0.00
BKV4-1.4 8.79E+02 90 5.3E-05 3.69 9.0 0.9984 2.94E-02 506 4.43E-02 1,473 5.98E-02 2,889 3.87E-02 9,209 5.79E-02 0.00
BKV4-1.5 8.79E+02 90 5.4E-05 4.94 9.0 0.9958 2.94E-02 547 4.99E-02 1,599 6.71E-02 3,175 4.48E-02 10,008 6.56E-02 0.00
BKV4-1.6 8.79E+02 90 5.4E-05 6.06 9.0 0.9929 2.93E-02 565 5.20E-02 1,654 6.99E-02 3,113 4.40E-02 10,382 6.87E-02 0.00
BKV4-1.7 8.79E+02 90 5.5E-05 6.70 9.0 0.9909 2.92E-02 544 5.06E-02 1,122 4.78E-02 2,855 4.03E-02 10,456 7.03E-02 0.00
Exp. #77
BKV4-2A  3.74E+04 90 - - 9.0 - - (50) - <25 - (500) - 44,927 - -



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV4-2.2 3.74E+04
BKV4-2.3 3.74E+04
BKV4-2.4 3.74E+04
BKV4-2.5 3.74E+04
BKV4-2.6 3.74E+04
BKV4-2.7 3.74E+04
Exp. #78
BKV4-3A 7.39E+04
BKV4-3.2 7.39E+04
BKV4-3.3 7.39E+04
BKV4-3.4 7.39E+04
BKV4-3.5 7.39E+04
BKV4-3.6 7.39E+04
BKV4-3.7 7.39E+04
BKV4-3.16 7.39E+04
BKV4-3.18 7.39E+04
BKV4-3.20 7.39E+04
BKV4-3.22 7.39E+04
BKV4-3.23 7.39E+04
Exp. #79
BKV4-4A 1.06E+05
BKV4-4.2 1.06E+05
BKV4-4.3 1.06E+05
BKV4-4.4 1.06E+05
BKV4-4.5 1.06E+05
BKV4-4.6 1.06E+05
BKV4-4.7 1.06E+05
BKV4-4.16 1.06E+05
BKV4-4.18 1.06E+05
BKV4-4.20 1.06E+05
BKV4-4.22 1.06E+05
BKV4-4.23 1.06E+05
Exp. #80
T BKV45A  1.22E+05
BKV4-5.2  1.22E+05

I
(We)
90
90
90
90
90

90

90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90

90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
5.2E-05 1.93 9.0
5.9E-05 2.84 9.0
6.4E-05 3.69 9.0
5.5E-05 4.94 9.0
5.8E-05 6.06 9.0
4.5E-05 6.70 9.0
- - 9.0
6.0E-05 1.93 9.0
5.4E-05 2.84 9.0
5.2E-05 3.69 9.0
5.4E-05 4.94 9.0
5.9E-05 6.06 9.0
5.6E-05 6.70 9.0
3.1E-05 16.71 9.0
4.0E-05 20.71 9.0
3.7E-05 24.72 9.0
3.8E-05 29.79 9.0
3.5E-05 31.77 9.0
- - 9.0
3.4E-05 1.93 9.0
6.8E-05 2.84 9.0
6.1E-05 3.69 9.0
5.5E-05 4.94 9.0
6.1E-05 6.06 9.0
5.9E-05 6.70 9.0
3.1E-05 16.71 9.0
3.9E-05 20.71 9.0
4.3E-05 24.72 9.0
3.4E-05 29.79 9.0
3.7E-05  31.77 9.0
- - 9.0
5.4E-05 1.93 9.0

Mass

@

1.0048
1.0044
1.0040
1.0032
1.0024
1.0019

2.0068
2.0064
2.0061
2.0057
2.0052
2.0050
2.0046
2.0033
2.0016
2.0002
1.9990

2.0039
2.0038
2.0037
2.0036
2.0036
2.0036
2.0033
2.0022
2.0008
1.9998
1.9990

3.0049

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

2.96E-02 (58) 7.92E-04 161 5.54E-03 (797) 4.76E-03 46,826 1.32E-02 1.59E-09
2.96E-02 (93) 4.65E-03 284 1.19E-02 1,356 1.55E-02 47,336 1.89E-02 4.33E-09
2.96E-02 117 7.88E-03 356 1.66E-02 1,413 1.80E-02 47,540 2.24E-02 4.04E-09
2.96E-02 148 9.98E-03 445 1.81E-02 1,535 1.75E-02 47,417 1.83E-02 3.01E-09
2.95E-02 158 1.15E-02 469  2.01E-02 1,477 1.73E-02 47,201  1.75E-02 2.32E-09
2.95E-02 133 6.92E-03 406 1.35E-02 1,178 9.42E-03 46,855 1.16E-02 9.96E-10

- (50) - <25 - (500) - 88,371 - -
5.91E-02 (65) 8.18E-04 233 4.88E-03 2,579 1.91E-02 91,647 1.31E-02 7.31E-09
5.91E-02 (88) 1.87E-03 282 5.43E-03 2,859 1.95E-02 91,848 1.25E-02 7.05E-09
5.91E-02 (74) 1.15E-03 227 4.12E-03 1,914 1.13E-02 85,324 0.00 4.07E-09
5.91E-02 (88) 1.92E-03 215 4.03E-03 1,606 9.24E-03 89,775 5.10E-03 2.92E-09
5.91E-02 (77) 1.49E-03 215 4.41E-03 1,394 8.13E-03 92,240 1.53E-02 2.65E-09
5.91E-02 (73) 1.18E-03 213 4.10E-03 1,281 6.69E-03 92,532 1.55E-02 2.20E-09
5.91E-02 192 4.06E-03 450 5.17E-03 1560 5.07E-03 90648 4.73E-03 4.00E-10
5.90E-02 184 4.96E-03 399 5.89E-03 1420 5.68E-03 89408 2.79E-03 2.89E-10
5.90E-02 195 4.93E-03 401 5.44E-03 1260 4.32E-03 85444 0.00 0.00
5.90E-02 190 4.95E-03 369 5.17E-03 1429 5.48E-03 90987 6.72E-03 2.13E-10
5.89E-02 196 4.66E-03 381 4.82E-03 1321 4.36E-03 88126 0.00 0.00

- (50) - <25 - (500) - 133,518 - -
5.90E-02 (26) 0.00 126 1.33E-03 2,084 8.15E-03 134,482 2.16E-03 3.54E-09
5.90E-02 (35) 0.00 156 3.51E-03 2,529 2.13E-02 135,128 7.34E-03 8.89E-09
5.90E-02 (22) 0.00 122 2.31E-03 1,881 1.29E-02 134,491 3.96E-03 5.81E-09
5.90E-02 (10) 0.00 95 1.51E-03 1,389 7.51E-03 136,252 1.00E-02 3.82E-09
5.90E-02 (6) 0.00 84 1.40E-03 1,092 5.55E-03 136,539 1.23E-02 3.20E-09
5.90E-02 2) 0.00 75 1.16E-03 (927) 3.90E-03 137,334 1.51E-02 2.60E-09
5.90E-02 182 3.77E-03 376 4.26E-03 1588 5.18E-03 134755 2.56E-03 5.61E-10
5.90E-02 156 3.78E-03 299 4.16E-03 1240 4.40E-03 132446 0.00 2.51E-10
5.90E-02 140 3.59E-03 266 4.08E-03 1170 4.46E-03 129450 0.00 3.48E-10
5.89E-02 122 2.24E-03 219 2.55E-03 1048 2.82E-03 131577 0.00 2.34E-10
5.89E-02 132 2.81E-03 216 2.78E-03 1005 2.89E-03 131385 0.00 2.98E-11

- (50) - <25 - (500) - 173,844 - -
8.85E-02 (27) 0.00 (7 0.00 2,487 1.11E-02 174,045 4.87E-04 4.73E-09
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Influent Si Flow Rate Time pH Mass Sur. Area B B Rate Al Al Rate Na Na Rate S Si Rate IEX Rate
Sample ID (my L) Lil (m¥day) (days) (23°C) @ (m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
BKV4-5.3 1.22E+05 90 5.7E-05 2.84 9.0 3.0048  8.85E-02 8) 0.00 94 1.02E-03 2,176  9.72E-03 163,403 0.00 4.46E-09
BKV4-5.4 1.22E+05 90 5.6E-05 3.69 9.0 3.0048  8.85E-02 <25 0.00 78 7.83E-04 1,861 7.82E-03 167,760 0.00 3.47E-09
BKV4-5.5 1.22E+05 920 5.2E-05 4.94 9.0 3.0047  8.85E-02 (5) 0.00 71 6.24E-04 2,186  9.03E-03 170,993 0.00 4.18E-09
BKV4-5.6 1.22E+05 90 6.1E-05 6.06 9.0 3.0047  8.85E-02 ND - 88 9.96E-04 1,925 8.85E-03 174,321 1.29E-03 0.00
BKV4-5.7 1.22E+05 90 4.8E-05 6.70 9.0 3.0047  8.85E-02 ND - 74 6.17E-04 1,703  5.93E-03 174,022 3.82E-04 0.00
BKV4-5.16  1.22E+05 90 3.7E-05 16.71 9.0 3.0046  8.85E-02 115 1.45E-03 110 8.16E-04 1544 3.91E-03 175772  3.14E-03 9.83E-10
BKV4-5.18  1.22E+05 90 3.9E-05 20.71 9.0 3.0040  8.85E-02 82 7.64E-04 50 2.53E-04 830 1.33E-03 171407 0.00 2.25E-10
BKV4-5.20  1.22E+05 90 3.7E-05 24.72 9.0 3.0033  8.85E-02 80 6.85E-04 54 2.84E-04 810 1.18E-03 172590 0.00 1.96E-10
BKV4-5.22  1.22E+05 90 3.3E-05 29.79 9.0 3.0027  8.85E-02 75 5.04E-04 42 1.51E-04 716 7.36E-04 174776  1.38E-03 9.26E-11
BKV4-5.23  1.22E+05 90 3.8E-05 31.77 9.0 3.0023  8.85E-02 77 6.37E-04 60 3.54E-04 763 1.03E-03 158266 0.00 1.58E-10
Exp. #81
BKV4-6A 1.39E+05 90 - - 9.0 - - 0) - <25 - (500) - 204,757 - -
BKV4-6.2 1.39E+05 90 5.6E-05 1.93 9.0 3.0079  8.86E-02 (22) 7.54E-04 65 5.90E-04 3,010 1.44E-02 203,798 0.00 5.47E-09
BKV4-6.3 1.39E+05 920 5.1E-05 2.84 9.0 3.0079  8.86E-02 9) 2.78E-04 70 5.99E-04 2,892 1.26E-02 178,641 0.00 4.91E-09
BKV4-6.4 1.39E+05 90 5.8E-05 3.69 9.0 3.0079  8.86E-02 ND 0.00 68 6.53E-04 2,137 9.66E-03 180,783 0.00 3.86E-09
BKV4-6.5 1.39E+05 90 5.5E-05 4.94 9.0 3.0079  8.86E-02 ND 0.00 68 6.07E-04 2,271  9.89E-03 188,770 0.00 3.95E-09
BKV4-6.6 1.39E+05 90 5.0E-05 6.06 9.0 3.0079  8.86E-02 ND 0.00 50 3.34E-04 1,948  7.45E-03 195,506 0.00 2.97E-09
BKV4-6.7 1.39E+05 90 5.7E-05 6.70 9.0 3.0079  8.86E-02 ND 0.00 39 2.10E-04 1,742  7.25E-03 200,002 0.00 2.90E-09
BKV4-6.16  1.39E+05 90 3.5E-05 16.71 9.0 3.0079  8.86E-02 (14) 2.99E-04 77 4.76E-04 1174 2.42E-03 168282 0.00 8.49E-10
BKV4-6.18  1.39E+05 90 3.5E-05 20.71 9.0 3.0079  8.86E-02 ND - 23 0.00 726 8.10E-04 182509 0.00 3.23E-10
BKV4-6.20  1.39E+05 90 3.7E-05 24.72 9.0 3.0079  8.86E-02 ND - 9 0.00 706 7.89E-04 142925 0.00 3.15E-10
BKV4-6.22  1.39E+05 920 3.6E-05 29.79 9.0 3.0079  8.86E-02 ND - 8 0.00 602 3.70E-04 142393 0.00 1.48E-10
BKV4-6.23  1.39E+05 90 3.7E-05  31.77 9.0 3.0079  8.86E-02 ND - 14 0.00 684 7.03E-04 164910 0.00 2.81E-10
Foam
Exp. #82
BKV5-1A 8.79E+02 90 - - 9.0 - - <25 - <25 - <500 - <1000 - -
BKV5-1.2 8.79E+02 920 5.5E-05 1.93 9.0 1.0054  2.96E-02 492 4.57E-02 1,440 5.36E-02 2,866  3.63E-02 7,004 5.04E-02 0.00
BKV5-1.3 8.79E+02 90 5.7E-05 2.84 9.0 1.0027  2.96E-02 696 6.74E-02 1,977 7.58E-02 3,843  5.26E-02 9,570 7.37E-02 0.00
BKV5-1.4 8.79E+02 90 5.1E-05 3.69 9.0 1.0003  2.95E-02 653 5.71E-02 1,852 6.43E-02 3,540 4.34E-02 8,930 6.18E-02 0.00
BKV5-1.5 8.79E+02 90 5.6E-05 4.94 9.0 0.9971  2.94E-02 658 6.31E-02 1,894 7.20E-02 3,357  4.46E-02 9,066 6.88E-02 0.00
BKV5-1.6 8.79E+02 90 5.6E-05 6.06 9.0 0.9938  2.93E-02 648 6.25E-02 1,831 7.01E-02 3,257  4.34E-02 8,754 6.67E-02 0.00
BKV5-1.7 8.79E+02 90 5.1E-05 6.70 9.0 0.9916  2.92E-02 633 5.60E-02 895 3.09E-02 3,127  3.79E-02 8,232 5.70E-02 0.00
Exp. #83



TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si
Sample ID (mg L™
BKV5-2A  3.74E+04
BKV5-2.2  3.74E+04
BKV5-2.3  3.74E+04
BKV5-2.4  3.74E+04
BKV5-25  3.74E+04
BKV5-2.6  3.74E+04
BKV5-2.7  3.74E+04
Exp. #84
BKV5-3A  7.39E+04
BKV5-3.2  7.39E+04
BKV5-3.3  7.39E+04
BKV5-3.4  7.39E+04
BKV5-3.5  7.39E+04
BKV5-3.6  7.39E+04
BKV5-3.7  7.39E+04
BKV5-3.16  7.39E+04
BKV5-3.18  7.39E+04
BKV5-3.20  7.39E+04
BKV5-3.22  7.39E+04
BKV5-3.23  7.39E+04
Exp. #85
T BKV5-4A  1.06E+05
BKV5-4.2  1.06E+05
BKV5-4.3  1.06E+05
BKV5-4.4  1.06E+05
BKV5-45  1.06E+05
BKV5-4.6  1.06E+05
BKV5-4.7  1.06E+05
BKV5-4.16  1.06E+05
BKV5-4.18  1.06E+05
BKV5-4.20  1.06E+05
BKV5-4.22  1.06E+05
BKV5-4.23  1.06E+05
Exp. #86
T BKVS5A  1.22E+05

(We)
90
90
90
90
90

90
90

90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90

90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
- - 9.0
5.5E-05 1.93 9.0
6.3E-05 2.84 9.0
4.7E-05 3.69 9.0
5.6E-05 4.94 9.0
5.8E-05 6.06 9.0
5.8E-05 6.70 9.0
- - 9.0
5.4E-05 1.93 9.0
5.3E-05 2.84 9.0
5.7E-05 3.69 9.0
5.7E-05 4.94 9.0
5.6E-05 6.06 9.0
5.9E-05 6.70 9.0
3.9E-05 16.71 9.0
4.2E-05 20.71 9.0
3.7E-05 24.72 9.0
3.7E-05 29.79 9.0
3.8E-05 31.77 9.0
- - 9.0
5.5E-05 1.93 9.0
5.6E-05 2.84 9.0
5.7E-05 3.69 9.0
5.5E-05 4.94 9.0
5.7E-05 6.06 9.0
5.3E-05 6.70 9.0
3.3E-05 16.71 9.0
4.0E-05 20.71 9.0
3.8E-05 24.72 9.0
3.6E-05 29.79 9.0
4.0E-05 3177 9.0
- - 9.0

Mass

@

1.0087
1.0080
1.0074
1.0066
1.0056
1.0050

2.0007
2.0002
1.9998
1.9994
1.9991
1.9989
1.9983
1.9968
1.9949
1.9934
1.9922

2.0048
2.0046
2.0044
2.0042
2.0040
2.0039
2.0035
2.0024
2.0012
2.0003
1.9996

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

- <25 - <25 - <500 - 40,464 - -
2.97E-02 (93) 6.62E-03 281 9.57E-03 1,406 1.37E-02 47,203 5.59E-02 2.84E-09
2.97E-02 170 1.60E-02 472 1.91E-02 1,879 2.39E-02 47,503 6.66E-02 3.13E-09
2.97E-02 178 1.27E-02 505 1.53E-02 1,648 1.49E-02 47,017 4.65E-02 8.87E-10
2.97E-02 174 1.49E-02 453 1.65E-02 1,213 1.12E-02 46,451 5.12E-02 0.00
2.96E-02 177 1.57E-02 479  1.81E-02 1,244 1.21E-02 46,621  5.45E-02 0.00
2.96E-02 179 1.59E-02 489 1.85E-02 1,338 1.35E-02 45,992 4.88E-02 0.00

- <25 - <25 - <500 - 87,959 - -
5.90E-02 104 3.77E-03 307 5.21E-03 3,105 1.95E-02 90,460 1.03E-02 6.30E-09
5.89E-02 123 4.60E-03 353 5.95E-03 3,026 1.86E-02 90,631 1.07E-02 5.58E-09
5.89E-02 101 3.83E-03 293 5.25E-03 2,084 1.26E-02 91,202 1.41E-02 3.49E-09
5.89E-02 (64) 1.99E-03 207 3.56E-03 1,519 8.09E-03 90,638 1.16E-02 2.44E-09
5.89E-02 (61) 1.82E-03 202 3.43E-03 1,063 4.43E-03 91,857 1.67E-02 1.04E-09
5.89E-02 (64) 2.03E-03 200 3.55E-03 1,016 4.25E-03 92,356 1.98E-02 8.86E-10
5.89E-02 249 7.69E-03 538 6.81E-03 2019 8.17E-03 86448 0.00 1.91E-10
5.89E-02 207 6.76E-03 428 5.77E-03 1477 5.67E-03 89112 3.66E-03 0.00
5.88E-02 221 6.53E-03 461 5.61E-03 1681 6.17E-03 88015 1.58E-04 0.00
5.88E-02 194 5.63E-03 394 4.74E-03 1317 4.26E-03 89760 5.13E-03 0.00
5.87E-02 202 5.98E-03 421 5.18E-03 1273 4.10E-03 87511 0.00 0.00

; <25 - <25 - <500 - 131,711 - -
591E-02  (57)  158E-03 171  2.78E-03 2,620 163E-02 135067 1.41E-02  5.88E-09
5.91E-02 (47) 1.09E-03 171 2.81E-03 2,545 1.59E-02 134,094 1.01E-02 5.91E-09
5.91E-02 (36) 5.30E-04 151 2.46E-03 1,931 1.13E-02 133,337 7.01E-03 4.30E-09
5.91E-02 (41) 8.02E-04 170 2.75E-03 1,961 1.12E-02 136,656 2.08E-02 4.17E-09
5.91E-02 (36) 5.74E-04 161 2.68E-03 1,734 9.84E-03 136,269 1.99E-02 3.70E-09
5.90E-02 (27) 1.02E-04 140 2.08E-03 1,450 6.96E-03 136,660 1.98E-02 2.74E-09
5.90E-02 245 6.55E-03 514 5.62E-03 1727 5.72E-03 133807 5.33E-03 0.00
5.90E-02 147 4.35E-03 271 3.39E-03 1009 2.85E-03 130947 0.00 0.00
5.90E-02 133 3.60E-03 231 2.67E-03 880 1.99E-03 130453 0.00 0.00
5.90E-02 117 2.98E-03 198 2.17E-03 809 1.57E-03 132474 2.11E-03 0.00
5.89E-02 122 3.44E-03 207 2.50E-03 832 1.85E-03 130936 0.00 0.00

; <25 - <25 - <500 - 171,434 - -
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TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

Sample ID (mg L™
BKV5-5.2 1.22E+05
BKV5-5.3 1.22E+05
BKV5-5.4 1.22E+05
BKV5-5.5 1.22E+05
BKV5-5.6 1.22E+05
BKV5-5.7 1.22E+05
BKV5-5.16  1.22E+05
BKV5-5.18  1.22E+05
BKV5-5.20 1.22E+05
BKV5-5.22  1.22E+05
BKV5-5.23  1.22E+05

Exp. #87

BKV5-6A 1.39E+05
BKV5-6.2 1.39E+05
BKV5-6.3 1.39E+05
BKV5-6.4 1.39E+05
BKV5-6.5 1.39E+05
BKV5-6.6 1.39E+05
BKV5-6.7 1.39E+05
BKV5-6.16  1.39E+05
BKV5-6.18  1.39E+05
BKV5-6.20 1.39E+05
BKV5-6.22  1.39E+05
BKV5-6.23  1.39E+05

Exp. #88

BKV5-7A -
BKV5-7B -
BKV5-7C -
BKV5-7.1 -
BKV5-7.2 -
BKV5-7.4 -
BKV5-7.6 -
BKV5-7.8 -
BKV5-7.10 -
BKV5-7.13 -
BKV5-7.15 -

I
cQ
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
5.5E-05 1.93 9.0
5.9E-05 2.84 9.0
5.9E-05 3.69 9.0
5.2E-05 4.94 9.0
5.6E-05 6.06 9.0
5.3E-05 6.70 9.0
3.4E-05 16.71 9.0
3.8E-05 20.71 9.0
3.7E-05 24.72 9.0
3.5E-05 29.79 9.0
4.0E-05 3177 9.0

- - 9.0
5.2E-05 1.93 9.0
5.5E-05 2.84 9.0
5.4E-05 3.69 9.0
5.5E-05 4.94 9.0
5.5E-05 6.06 9.0

4.5E-05 6.70 9.0
3.4E-05 16.71 9.0
3.7E-05 20.71 9.0
4.0E-05 24.72 9.0
3.4E-05 29.79 9.0
3.8E-05 31.77 9.0

- - 7.0

- - 7.0

- - 7.0
5.8E-05 0.36 7.0
5.8E-05 1.40 7.0
1.6E-04 3.42 7.0
6.7E-05 7.07 7.0
6.5E-05  10.07 7.0
5.4E-05 11.10 7.0
6.2E-05 15.04 7.0
5.5E-05 17.06 7.0

Mass

@

3.0058
3.0056
3.0055
3.0054
3.0053
3.0053
3.0051
3.0046
3.0041
3.0038
3.0036

3.0048
3.0047
3.0046
3.0046
3.0045
3.0045
3.0045
3.0045
3.0045
3.0045
3.0045

1.0009
1.0006
1.0000
0.9996
0.9988
0.9983
0.9979
0.9974

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
8.86E-02 67 1.35E-03 121 1.21E-03 3,145 1.34E-02 174,905 9.62E-03 4.81E-09
8.86E-02 29 1.30E-04 96 9.62E-04 2,654 1.19E-02 162,710 0.00 4.69E-09
8.86E-02 (18) 0.00 102 1.04E-03 2,399 1.05E-02 170,046 0.00 4.28E-09
8.86E-02 (22) 0.00 115 1.07E-03 2,634 1.03E-02 168,441 0.00 4.16E-09
8.86E-02 (11) 0.00 96 8.99E-04 2,355 9.57E-03 170,387 0.00 4.01E-09
8.86E-02 2) 0.00 81 6.77E-04 1,923 6.99E-03 172,540 2.97E-03 3.07E-09
8.86E-02 103 1.58E-03 144 9.28E-04 1660 3.67E-03 177489 1.05E-02 8.34E-10
8.85E-02 68 9.72E-04 109 7.30E-04 1227 2.56E-03 172690 2.42E-03 6.35E-10
8.85E-02 58 7.33E-04 119 7.98E-04 1111 2.10E-03 176580 9.65E-03 5.45E-10
8.85E-02 39 2.81E-04 64 3.15E-04 1008 1.65E-03 172734 2.31E-03 5.48E-10
8.85E-02 40 3.46E-04 115 8.17E-04 1073 2.11E-03 159815 0.00 7.03E-10

- (0) ; <25 - <500 - 204,984 - -
8.85E-02 (55) 1.70E-03 72 5.63E-04 3,227 1.32E-02 202,565 0.00 4.61E-09
8.85E-02 (24) 7.78E-04 69 5.61E-04 2,888 1.22E-02 177,390 0.00 4.57E-09
8.85E-02 (8) 2.71E-04 70 5.65E-04 2,202 8.60E-03 179,155 0.00 3.33E-09
8.85E-02 4) 1.40E-04 70 5.69E-04 2,157 8.43E-03 186,785 0.00 3.31E-09
8.85E-02 <25 8.13E-04 49 3.00E-04 1,870 6.98E-03 192,455 0.00 2.46E-09
8.85E-02 <25 6.61E-04 33 8.49E-05 1,357 3.55E-03 194,837 0.00 1.15E-09
8.85E-02 24 4.84E-04 115 6.92E-04 1383 2.75E-03 171986 0.00 9.06E-10
8.85E-02 <25 5.50E-04 36 9.74E-05 940 1.52E-03 185958 0.00 3.86E-10
8.85E-02 <25 5.85E-04 12 0.00 795 1.08E-03 147384 0.00 1.98E-10
8.85E-02 <25 5.01E-04 10 0.00 620 3.76E-04 143823 0.00 0.00
8.85E-02 <25 5.68E-04 23 0.00 740 8.56E-04 168371 0.00 1.15E-10

- 23 - <10 - <50 - <500 - -

- 19 - <10 - <50 - <500 - -

- 16 - <10 - <50 - <500 - -
2.82E-02 83 6.91E-03 28 7.61E-04 2,404 4.00E-02 574 3.40E-03 1.32E-08
2.82E-02 90 7.68E-03 51 1.70E-03 1,805 2.99E-02 865 3.40E-03 8.85E-09
2.82E-02 118 2.98E-02 107 1.13E-02 1,512 6.88E-02 1,423 2.37E-02 1.56E-08
2.82E-02 62 5.34E-03 42 1.55E-03 512 8.97E-03 787 3.05E-03 1.45E-09
2.82E-02 72 6.42E-03 55 2.12E-03 451 7.61E-03 842 3.55E-03 4.76E-10
2.82E-02 75 5.70E-03 50 1.56E-03 404 5.61E-03 877 3.27E-03 -
2.82E-02  (98)  9.08E-03 54  197E-03 (354) G5.47E-03  (954)  4.46E-03 -
2.81E-02 (96) 7.88E-03 53 1.69E-03 (395) 5.51E-03 1006 4.42E-03 -
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

Exp. #89

BKV5-8A

BKV5-8B
BKV5-8C
BKV5-8.1
BKV5-8.2
BKV5-8.4
BKV5-8.6
BKV5-8.8

BKV5-8.10

BKV5-8.13

BKV5-8.15

Exp. #90

BKV5-9A

BKV5-9B
BKV5-9C
BKV5-9.1
BKV5-9.2
BKV5-9.4
BKV5-9.6
BKV5-9.8
BKV5-9.10
BKV5-9.13
BKV5-9.15
Exp. #91

BKV5-10A

BKV5-10B
BKV5-10C
BKV5-10.1
BKV5-10.2
BKV5-10.4
BKV5-10.6
BKV5-10.8
BKV5-10.10
BKV5-10.13

-

90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
- - 8.0
- - 8.0
- - 8.0
5.9E-05 0.36 8.0
5.9E-05 1.40 8.0
1.2E-04 3.42 8.0
6.7E-05 7.07 8.0
6.0E-05 10.07 8.0
6.3E-05 11.10 8.0
6.3E-05 15.04 8.0
5.6E-05 17.06 8.0
- - 9.0
- - 9.0
- - 9.0
6.2E-05 0.36 9.0
6.2E-05 1.40 9.0
1.3E-04 3.42 9.0
6.9E-05 7.07 9.0
6.5E-05 10.07 9.0
5.7E-05 11.10 9.0
6.0E-05 15.04 9.0
5.6E-05 17.06 9.0
- - 10.0
- - 10.0
- - 10.0
6.4E-05 0.36 10.0
6.4E-05  1.40 10.0
1.3E-04 3.42 10.0
6.9E-05 7.07 10.0
6.4E-05 10.07 10.0
5.9E-05 11.10 10.0
5.7E-05 15.04 10.0

Mass

@

1.0009
1.0003
0.9994
0.9982
0.9947
0.9919
0.9903
0.9885

0.5008
0.4993
0.4974
0.4951
0.4886
0.4818
0.4781
0.4751

0.5048
0.5020
0.4981
0.4933
0.4814
0.4741
0.4698

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh

- <100 - <10 - 102 - <500 - -

- <100 - <10 - 64 - <500 - -

- <100 - <10 - 203 - <500 - -
2.82E-02 74 0.00 179 7.16E-03 1,276 1.98E-02 885 3.61E-03 9.03E-09
2.82E-02 179 8.63E-03 454 1.88E-02 1,816 2.90E-02 2,377 1.76E-02 8.15E-09
2.82E-02 233 3.06E-02 639 5.60E-02 1,331  4.36E-02 2,940 4.81E-02 5.19E-09
2.82E-02 243 1.79E-02 648 3.086-02 1,265 2.24E-02 3,051 2.73E-02 1.80E-09
2.81E-02 360 2.92E-02 988 4.25E-02 1,616 2.63E-02 4,709 4.05E-02 0.00
2.80E-02 344 2.86E-02 959 4.31E-02 1,679 2.86E-02 4,372 3.90E-02 1.78E-11
2.80E-02 348 2.92E-02 927 4.18E-02 1527 2.60E-02 4661 4.21E-02 0.00
2.79E-02 343 2.54E-02 903 3.61E-02 1632 2.47E-02 4691 3.75E-02 0.00

- <100 - <10 - <50 - <500 - -

- <100 - <10 - <50 - <500 - -

- <100 - <10 - <50 - <500 - -
1.41E-02 146 1.05E-02 448 3.89E-02 922 3.14E-02 1,870 2.70E-02 8.36E-09
1.41E-02 423 7.44E-02 1,219 1.08E-01 2,138 7.53E-02 5,281 9.43E-02 3.60E-10
1.41E-02 442 1.66E-01 1,289 2.40E-01 2,145 1.59E-01 5,572 2.11E-01 0.00
1.40E-02 459 9.30E-02 1,333 1.32E-01 2,219 8.80E-02 5,882 1.19E-01 0.00
1.38E-02 602 1.24E-01 1,844 1.75E-01 3,054 1.16E-01 7,411 1.46E-01 0.00
1.37E-02 1,214 2.44E-01 3,590 3.03E-01 5,859 1.99E-01 14,100 2.55E-01 0.00
1.35E-02 607 1.19E-01 1,671 1.51E-01 2834 1.02E-01 7896 1.49E-01 0.00
1.34E-02 608 1.11E-01 1,687 1.41E-01 3009 1.01E-01 7921 1.38E-01 0.00

- <100 - 12 - 51 - 501 - -

- <100 - 23 - <50 - <500 - -

- <100 - 22 - <50 - <500 - -
1.42E-02 187 2.05E-02 663 5.84E-02 1,100 3.86E-02 2,378 3.78E-02 7.25E-09
1.42E-02 766 1.57E-01 2,404 2.17E-01 4,062 1.48E-01 9,292 1.77E-01 0.00
1.41E-02 927 3.97E-01 2,753 5.07E-01 4,448 3.31E-01 10,945 4.29E-01 0.00
1.40E-02 963 2.22E-01 2,778 2.75E-01 4,798 1.92E-01 11,387 2.40E-01 0.00
1.37E-02 1,108 2.47E-01 3,013 2.84E-01 5,428 2.07E-01 12,871 2.60E-01 0.00
1.34E-02 680 1.33E-01 1,972 1.73E-01 3,355 1.18E-01 8,156 1.50E-01 0.00
1.33E-02 1187 2.45E-01 3,383  2.93E-01 5523 1.93E-01 15009 2.80E-01 0.00
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Sample ID

TableB1. SPFT Temperature Sweep, Experimental Conditions, and Dissolution Rates. Datain parenthesis are near quantification limit.

Influent Si

(my L™

BKV5-10.15
Exp. #92

BKVS5-11A

BKV5-11B
BKV5-11C
BKV5-11.1
BKV5-11.2
BKV5-11.4
BKV5-11.6
BKV5-11.8
BKV5-11.10
BKV5-11.13
BKV5-11.15
Exp. #93

BKVS5-12A

BKV5-12B
BKV5-12C
BKV5-12.1
BKV5-12.2
BKV5-12.4
BKV5-12.6
BKV5-12.8
BKV5-12.10
BKV5-12.13
BKV5-12.15

o)
90

90
90
90
90
90
90
90
90
90
90
90

90
90
90
90
90
90
90
90
90
90
90

Flow Rate Time pH
(m’/day) (days) (23°CQ)
5.4E-05 17.06 10.0

- - 11.0
- - 11.0
- - 11.0
5.9E-05 0.36 11.0
5.9E-05 1.40 11.0
1.1E-04 3.42 11.0
6.9E-05 7.07 11.0
5.9E-05 10.07 11.0

45E-05 11.10 11.0
45E-05 15.04 11.0
4.1E-05 17.06 11.0

- - 12.0

- - 12.0

- - 12.0
6.5E-05 0.36 12.0
6.5E-05 1.40 12.0
1.3E-04 3.42 12.0
6.7E-05 7.07 12.0
6.3E-05 10.07 12.0
5.6E-05 11.10 12.0
6.0E-05 15.04 12.0
5.5E-05 17.06 12.0

Mass

@
0.4641

0.4993
0.4939
0.4871
0.4788
0.4610
0.4492
0.4426
0.4338

0.5047
0.4882
0.4665
0.4423
0.3982
0.3702
0.3569
0.3428

Sur. Area B B Rate Al Al Rate Na Na Rate S S Rate |IEX Rate
(m?) (LY  (@m?dy) (mLhH @m?d) (mLD (@m?d) (mlY) (@m?d) (mol m?sh
1.31E-02 1166 2.31E-01 3,278 2.73E-01 5521 1.85E-01 14590 2.61E-01 0.00

- <100 - 68 - 143 - 744 - -

- <100 - 60 - 100 - 761 - -

- <100 - 50 - 89 - 617 - -
1.41E-02 593 1.08E-01 1,954 1.61E-01 3,395 1.13E-01 7,383 1.26E-01 1.95E-09
1.40E-02 1,572 3.26E-01 4,928 4.17E-01 8,261 2.83E-01 18,423 3.36E-01 0.00
1.38E-02 1,784 7.16E-01 5,396 8.77E-01 8,973 5.91E-01 20,351 7.16E-01 0.00
1.36E-02 1,691 4.22E-01 4,992 5.06E-01 9,049 3.72E-01 19,147 4.19E-01 0.00
1.32E-02 1,738 3.85E-01 4,900 4.40E-01 8,526 3.10E-01 19,938 3.88E-01 0.00
1.28E-02 1,703 2.98E-01 4,742 3.36E-01 7,063 2.02E-01 18,822 2.88E-01 0.00
1.25E-02 2093 3.79E-01 5,664 4.12E-01 10004 2.95E-01 25825 4.09E-01 0.00
1.23E-02 2482 4.15E-01 5,873 3.92E-01 11642 3.15E-01 28273 4.11E-01 0.00

; <100 - 98 - 128 - 1,110 - -

; <100 - 96 - 126 - 1,107 - -

; <100 - 98 - 146 - 1,132 - -
1.42E-02 1,117 2.42E-01 3,849 3.46E-01 5,536 2.02E-01 13,762 2.58E-01 0.00
1.39E-02 4,447 1.06E+00 14,658 1.37E+00 21,786 8.28E-01 51,457 1.05E+00 0.00
1.34E-02 4,845 2.50E+00 14,879 3.01E+00 23,708 1.95E+00 54,107 2.39E+00 0.00
1.27E-02 4,829 1.30E+00 14,230 1.50E+00 24,794 1.06E+00 53,362 1.23E+00 0.00
1.16E-02 3,958 1.09E+00 11,721 1.27E+00 19,705 8.70E-01 44,023 1.04E+00 0.00
1.07E-02 3,186 8.45E-01 9,477 9.93E-01 16,915 7.20E-01 36,828 8.38E-01 0.00
1.02E-02 2922 8.68E-01 8,417 9.90E-01 13584 6.49E-01 37555 9.61E-01 0.00
9.80E-03 2839 7.99E-01 8,020 8.94E-01 13339 6.04E-01 36370 8.81E-01 0.00
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8.0 Appendix C — Steam Reformer SPFT Test Data

Table C1. SPFT Test Temperature Sweep, Experimental Conditions, Dissolution Rate for SR Product
Steam Reformation SPFT Test
Fluidized Bed-Steam Reformer Material

Dura-

tion pH Flow Rate Al Al Rate S| Si Rate Na Na Rate S S Rate Re Re Rate
SamplelD  (days)  (23°C)  (m%day) (mgL?') (gm®d’) (mgL") (gm*d") (mgL") (gm*d") (nyL?) (gm*d’) (ngL?) (gm*d?)

Cell SCT2-1
SCT2-1A - - - 7.9 - 0.02 - 0.03 - 110 - 0.012 -
SCT2-1B - - - 8.6 - 0.02 - 0.04 - 97 - 0.012 -
SCT2-1C - - - 13.3 - 0.03 - 0.05 - 103 - 0.012 -
SCT2-1.1 1 7.465 5.80E-05 1122 3.17E-04 15 4.20E-03 157 4.84E-02 1145  1.36E-02 3.14 2.68E-02
SCT2-1.2 1.84 7.343 3.80E-05 552  1.03E-04 13 2.46E-03 94 1.91E-02 2247  1.85E-02 4.55 2.58E-02
SCT2-1.3 3.11 7.249 6.20E-05 529  158E-04 8.9 2.61E-03 58 1.90E-02 1521  1.97E-02 2.67 2.43E-02
SCT2-1.6 10.29 7.111 5.50E-05 262 6.80E-05 7.1 1.86E-03 21 6.03E-03 1241  1.40E-02 22  1.77E-02
SCT2-1.11 13.02 7.248 7.30E-05 181 6.12E-05 7.2 2.49E-03 15 5.92E-03 1002  1.47E-02 1.82 1.94E-02
SCT2-1.14 16.07 7.084 5.70E-05 199  5.28E-05 10 2.76E-03 20 6.12E-03 1081  1.25E-02 2.01 1.68E-02
SCT2-1.17 19.13 7.064 4.10E-05 186  3.58E-05 10 1.98E-03 18 3.97E-03 836 6.79E-03 1.41 8.52E-03
SCT2-1.20 20.12 7.039 6.80E-05 153 4.77E-05 8.8 2.85E-03 14 4.88E-03 515 6.27E-03 0.79  7.81E-03
SCT2-1.21 21.09 7.027 3.60E-05 161 2.67E-05 10 1.72E-03 16 3.10E-03 572 3.79E-03 0.91 4.78E-03
SCT2-1.22 22.05 6.989 7.20E-05 146  4.82E-05 7.7 2.64E-03 12 4.45E-03 424 5.19E-03 0.595 6.20E-03
SCT2-1.23 23 7.051 5.20E-05 154  3.66E-05 8.4 2.06E-03 12 3.28E-03 365 3.03E-03 0.52 3.88E-03
Cell SCT2-2

SCT2-2A - - - 13 - 0.07 - 0.05 - 106 - 0.012 -
SCT2-2B - - - 7.3 - 0.07 - 0.04 - 102 - 0.012 -
SCT2-2C - - - 7.8 - 0.07 - 0.06 - 101 - 0.012 -
SCT2-2.1 1 8.315 7.20E-05 7090 2.50E-03 13 4.43E-03 107 4.08E-02 653 8.88E-03 1.63 1.72E-02
SCT2-2.2 1.84 8.263 4.40E-05 5311 1.14E-03 10 2.14E-03 56 1.31E-02 256 1.50E-03 0.399 2.50E-03
SCT2-2.3 3.11 8.161 7.10E-05 4972 1.72E-03 9.3 3.11E-03 36 1.34E-02 514 6.50E-03 1.24 1.28E-02
SCT2-2.6 10.29 8.189 7.30E-05 4208 1.51E-03 7.6 2.63E-03 15 5.99E-03 1088  1.62E-02 2.03 2.19E-02
SCT2-2.11 13.02 8.323 5.30E-05 3936 1.03E-03 7.1 1.79E-03 15 4.15E-03 1126  1.22E-02 2.11 1.65E-02
SCT2-2.14 16.07 8.146 7.80E-05 4025 1.54E-03 7.2 2.66E-03 13 5.30E-03 940 147E-02 143 1.64E-02
SCT2-2.17 19.13 8.098 4.30E-05 3354 7.07E-04 5.7 1.15E-03 9.8 2.22E-03 812 6.85E-03 1.39 8.76E-03
SCT2-2.20 20.12 8.081 7.30E-05 2890 1.04E-03 5 1.71E-03 7.3 2.83E-03 616 8.44E-03 1.04 1.11E-02
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Table C1. SPFT Test Temperature Sweep, Experimental Conditions, Dissolution Rate for SR Product

Steam Reformation SPFT Test
Fluidized Bed-Steam Reformer Material

Dura-

tion pH Flow Rate Al Al Rate S| Si Rate Na Na Rate S S Rate Re Re Rate
SamplelD  (days)  (23°C)  (m%day) (mgL?) (gm®d’) (mgL™) (gm*d") (mgL") (gm*d’) (nyL?) (gm*d”) (ngL?) (gm*d?)
SCT2-2.21 21.09 8.094 5.00E-05 2957 7.27E-04 5.1 1.21E-03 7.7 2.05E-03 627 5.90E-03 1.08 7.92E-03
SCT2-2.22 22.05 8.089 7.20E-05 2852 9.99E-04 4.7 1.59E-03 6.6 2.49E-03 539 7.00E-03 0.872 9.09E-03
SCT2-2.23 23 8.094 7.30E-05 2746 9.82E-04 4.6 1.59E-03 6.3 2.41E-03 483 6.23E-03 0.754 8.00E-03

Cell SCT2-3
SCT2-3A - - - 12 - 0.42 - 0.04 - 105 - NS -
SCT2-3B - - - 10 - 0.42 - 0.05 - 108 - 0.012 -
SCT2-3C - - - 8.8 - 0.21 - 0.04 - 52 - 0.012 -
SCT2-3.1 1 9.443 8.00E-05 5292 2.07E-03 5.62  2.00E-03 10 4.22E-03 134 8.21E-04 2.25 2.63E-02
SCT2-3.2 1.84 9.754 8.50E-05 31379 1.30E-02 32 1.28E-02 69 3.09E-02 449 6.83E-03 0.925 1.14E-02
SCT2-3.3 3.11 8.996 8.40E-05 22659 9.28E-03 24 9.48E-03 43 1.88E-02 270 3.39E-03 0.394 4.71E-03
SCT2-3.6 10.29 9.049 8.30E-05 14724 5.97E-03 16 6.25E-03 16 7.13E-03 124 6.64E-04 0.043 3.75E-04
SCT2-3.11 13.02 9.174 3.60E-05 11398 2.01E-03 13 2.18E-03 9.6 1.83E-03 258 1.37E-03 0.491 2.55E-03
SCT2-3.14 16.07 8.692 7.60E-05 8396 3.12E-03 10 3.46E-03 38 1.53E-02 450 6.15E-03 1.04 1.15E-02
SCT2-3.17 19.13 8.767 5.10E-05 16063 4.01E-03 17 4.10E-03 5 1.35E-03 1034  1.08E-02 2.47 1.85E-02
SCT2-3.20 20.12 8.917 8.40E-05 13177 5.39E-03 14 5.46E-03 5.4 2.35E-03 1012 1.73E-02 2.26 2.77E-02
SCT2-3.21 21.09 8.792 5.20E-05 13714 3.48E-03 15 3.58E-03 6.4 1.75E-03 1087  1.16E-02 2.47 1.88E-02
SCT2-3.22 22.05 8.846 8.80E-05 10697 4.61E-03 12 4.77E-03 5.6 2.61E-03 895 159E-02 191 2.46E-02
SCT2-3.23 23 8.931 6.10E-05 11876 3.52E-03 13 3.58E-03 6.9 2.20E-03 1043  1.29E-02 2.14 1.90E-02
Cell SCT2-4

SCT2-4A - - - 7.8 - 0.35 - 0.13 - 111 - 0.012 -
SCT2-4B - - - 12 - 0.43 - 0.16 - 98 - 0.012 -
SCT2-4C - - - 11 - 0.57 - 0.2 - 101 - 0.012 -
SCT24.1 1 9.866 7.20E-05 26191 9.24E-03 29 9.68E-03 57 2.16E-02 252 2.39E-03 0.429 4.42E-03
SCT2-4.2 1.84 9.456 4.80E-05 27937 6.58E-03 30 6.84E-03 49 1.23E-02 199 1.03E-03 0.189 1.25E-03
SCT2-4.3 3.11 8.92 7.90E-05 21371 8.34E-03 24 8.87E-03 33 1.37E-02 174 1.25E-03 0.156 1.69E-03
SCT2-4.6 10.29 8.968 6.50E-05 15221 4.84E-03 17 5.24E-03 15.9 5.41E-03 126 3.32E-04 0.056 4.17E-04
SCT2-4.11 13.02 9.052 3.80E-05 9929 1.84E-03 12 2.00E-03 9.5 1.86E-03 513 3.47E-03 1.15 6.33E-03
SCT2-4.14 16.07 8.711 5.00E-05 9022 2.22E-03 10 2.36E-03 35.5 9.40E-03 638 6.02E-03 1.58 1.16E-02
SCT2-4.17 19.13 8.694 5.80E-05 16197 4.60E-03 18 4.71E-03 5.4 1.59E-03 1289  1.54E-02 2.95 251E-02
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Table C1. SPFT Test Temperature Sweep, Experimental Conditions, Dissolution Rate for SR Product

Steam Reformation SPFT Test
Fluidized Bed-Steam Reformer Material

Dura-

tion pH Flow Rate Al Al Rate S| Si Rate Na Na Rate S S Rate Re Re Rate
SamplelD  (days)  (23°C)  (m%day) (mgL?) (gm®d’) (mgL™) (gm*d") (mgL") (gm*d’) (nyL?) (gm*d”) (ngL?) (gm*d?)
SCT2-4.20 20.12 8.867 8.00E-05 12646 4.95E-03 14 5.19E-03 6.5 2.68E-03 1140  1.85E-02 24  2.81E-02
SCT2-4.21 21.09 8.786 5.70E-05 13418 3.73E-03 15 3.90E-03 7.6 2.22E-03 1192 1.38E-02 254 2.11E-02
SCT2-4.22 22.05 8.821 8.40E-05 10791 4.45E-03 12 4.55E-03 6.8 2.96E-03 960 1.62E-02 1.96 2.42E-02
SCT2-4.23 23 8.911 5.60E-05 10953 3.03E-03 12 3.13E-03 7.6 2.22E-03 1022  1.16E-02 2.02 1.67E-02

Cell SCT2-5
SCT2-5A - - - 10 - 0.2 - 0.03 - 106 - 0.012 -
SCT2-5B - - - 8.5 - 0.2 - 0.03 - 103 - 0.012 -
SCT2-5C - - - 8.1 - 0.2 - 0.04 - 141 - 0.012 -
SCT2-5.1 1 9.756 1.90E-05 32814 3.10E-03 34 3.06E-03 74 7.57E-03 681 2.43E-03 1.35 3.80E-03
SCT2-5.2 1.84 9.556 1.01E-04 26764 1.32E-02 28 1.34E-02 56 2.99E-02 321 4.62E-03 0.641 9.34E-03
SCT2-5.3 3.11 8.899 9.10E-05 18507 8.23E-03 20 8.73E-03 31 1.50E-02 169 1.06E-03 0.216 2.73E-03
SCT2-5.6 10.29 9.431 8.60E-05 16017 6.72E-03 18 7.41E-03 20 8.85E-03 131 2.82E-04 0.095 1.05E-03
SCT2-5.11 13.02 9.498 1.05E-04 13156 6.73E-03 15 7.36E-03 14 7.59E-03 791 158E-02 157 2.40E-02
SCT2-5.14 16.07 9.792 8.90E-05 15561 6.77E-03 17 7.14E-03 15 6.81E-03 1384  2.52E-02 2.46 3.20E-02
T2-5.17 19.13 9.582 6.30E-05 14581 4.52E-03 16 4.76E-03 13 4.30E-03 1466  1.91E-02 2.61 2.42E-02
SCT2-5.20 20.12 9.592 9.30E-05 11424 5.19E-03 12 5.37E-03 9.7 4.74E-03 1035  1.91E-02 1.92 2.61E-02
SCT2-5.21 21.09 9.304 6.60E-05 12645 4.07E-03 14 4.19E-03 11 3.65E-03 1065  1.40E-02 1.99 1.92E-02
SCT2-5.22 22.05 9.487 1.01E-04 10177 5.01E-03 11 5.27E-03 8.7 4.59E-03 784 150E-02 1.49 2.19E-02
SCT2-5.23 23 9.491 7.60E-05 10814 4.04E-03 12 4.19E-03 8.8 3.52E-03 746 1.07E-02 1.4  1.56E-02
Cel SCT2-6

SCT2-6A - - - 18 - 0.84 - 0.11 - 28 - NS -
SCT2-6B - - - 17 - 0.85 - 0.13 - 32 - 0.012 -
SCT2-6C - - - 24 - 0.89 - 0.15 - 29 - 0.012 -
SCT2-6.1 1 - 7.20E-05 35927 1.26E-02 32 1.07E-02 132 5.02E-02 620 9.49E-03 1.66 1.74E-02
SCT2-6.2 1.84 - 7.90E-05 39540 1.53E-02 38 1.39E-02 78 3.25E-02 225 3.45E-03 0.421 4.75E-03
SCT2-6.3 3.11 - 9.20E-05 28972 1.31E-02 28 1.21E-02 45 2.20E-02 183 3.18E-03 0.328 4.30E-03
SCT2-6.6 10.29 11.061 9.60E-05 24961 1.18E-02 28 1.22E-02 21 1.08E-02 465 9.39E-03 0.674 9.40E-03
SCT2-6.11 13.02 11.165 1.17E-04 22427 1.29E-02 24 1.30E-02 18 1.12E-02 143 2.96E-03 0.213 3.47E-03
SCT2-6.14 16.07 11.037 9.90E-05 23845 1.16E-02 26 1.17E-02 21 1.10E-02 128 2.20E-03 0.266 3.73E-03
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Table C1. SPFT Test Temperature Sweep, Experimental Conditions, Dissolution Rate for SR Product
Steam Reformation SPFT Test
Fluidized Bed-Steam Reformer Material

Dura-

tion pH Flow Rate Al Al Rate S| Si Rate Na Na Rate S S Rate Re Re Rate
SamplelD  (days)  (23°C)  (m%day) (mgL?) (gm®d’) (mgL™) (gm*d") (mgL") (gm*d’) (nyL?) (gm*d”) (ngL?) (gm*d?)
SCT2-6.17 19.13 10.846 8.10E-05 22771 9.08E-03 24 9.04E-03 19 8.21E-03 173 2.62E-03 0.281 3.23E-03
SCT2-6.20 20.12 10.972 1.06E-04 20139 1.05E-02 21 1.04E-02 17 9.70E-03 232 4.80E-03 0.4  6.06E-03
SCT2-6.21 21.09 10.941 7.00E-05 20657 7.12E-03 22 7.13E-03 18 6.54E-03 214 2.90E-03 0.374 3.75E-03
SCT2-6.22 22.05 10.954 1.07E-04 17640 9.29E-03 19 9.41E-03 15 8.52E-03 281 6.06E-03 0.504 7.80E-03
SCT2-6.23 23 10.972 8.20E-05 18879 7.59E-03 20 7.49E-03 16 6.78E-03 331 5.55E-03 0.651 7.73E-03
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