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1.0 INTRODUCTION

As part of the Phase-II field investigation at Dundalk Marine Terminal (DMT), Battelle received 38
samples between June 2007 and August 2007, from CH2M-Hill for analysis by x-ray diffraction (XRD)
and scanning electron microscopy (SEM). These samples consisted of chrome ore processing residue
(COPR) excavated from DMT in Baltimore, Maryland.

CH2M-Hill prioritized these samples by assigning them to one of the three categories based on
observations about lithification and stratigraphy. Battelle received 8 priority 1 samples, 15 priority 2
samples and 15 priority 3 samples. Table 1 lists all the samples according to their priority level. Appendix
A lists the sample identification and description sheets that were received from CH2M-Hill

The purpose of this part of the investigation was to characterize the mineralogy of the samples. Once the
major mineral types and subgroups are known, this information will be used to ascertain the sequences of
mineral transformations that have taken place since the COPR was deposited at the fill site. This
information will lead to a more complete understanding of the processes that lead to lithification of
COPR, which is characterized by a transformation of gray-black (GB) into hard-brown (HB) COPR.

Table 1. Samples Received for Analysis

Depth
Sample ID (ft) Brief Description
Priority 1 Trench Samples
TT1-SOI-S09N-024039-B | 2.4-3.9 | HB COPR/-Fill Mix
TT1-SOI-S09N-045050-B | 4.5-5.0 HB
TT1-SOI-S09N-051055-B 5.1-5.5 GB
TT1-SOI-S09N-062070-B 6.2-7.0 HB
TT1-SOI-S09N-075078-B 7.5-7.8 HB
TT1-SOI-S09N-075078-B
(Yellow crystals only) 7.578 HB
TT1-SOI-S09N-080090-B | 8.0-9.0 GB
TT1-SOI-SO9N-110115-B | 11.0-11.5 HB
Priority 2 Trench Samples
TT1-SOI-S25N-041047-B | 4.1-4.7 HB
TT1-SOI-S25N-048050-B 4.8-5.0 GB
TT1-SOI-S25N-081086-B | 8.1-8.6 HB
TT1-SOI-S25N-087092-B 8.7-9.2 GB
TT1-SOI-S25N-120122-B | 12.0-12.2 HB
Priority 3 Trench Samples
TT1-SOI-S20-060065-B 6.0-6.5 HB
TT1-SOI-S25N-060065-B | 6.0-6.5 HB
TT1-SOI-S30-061068-B 6.1-6.8 HB
TT1-SOI-S45N-080090-B | 8.0-9.0 HB
TT1-SOI-S45N-100110-B | 10.0-11.0 GB




Table 1. Samples Received for Analysis (continued)

Depth
Sample ID (ft) Brief Description
Priority 2 SBA Samples
SBA-D-1-SOI-160170-B | 16.0-17.0 GB
SBA-F-1-SOI-115117-B 11.5-11.7 HB
SBA-F-1-SOI-270280-B | 27.0-28.0 GB
SBA-H-1-S01-040050-B 4.0-5.0 GB
SBA-H-1-SOI-055060-B 5.5-6.0 HB
SBA-H-1-S0OI1-060080-B 6.0-8.0 GB
SBA-N-2-SOI-015025-B 1.5-2.5 HB
SBA-K-2-SOI-100110-B | 10.0-11.0 GB
Priority 3 SBA Samples
SBA-D-1-SOI-120130-B | 12.0-13.0 GB
SBA-D-1-S0O1-240250-B [ 24.0-25.0 GB
SBA-F-1-SOI-130140-B 13.0-14.0 GB
Priority 2 CSG Samples
CSG-1-S0I-145150-B 14.5-15.0 GB
CSG-2-S0I-035040-B 3.5-4.0 HB
CSG-2-SOI-085115-B 8.5-11.5 HB
CSG-2-SOI-120140-B 12.0-14.0 HB
Priority 3 CSG Samples
CSG-1-SOI-045055-B 4.5-5.5 HB
CSG-1-SOI-055065-B 5.5-6.5 HB
CSG-1-SOI-080100-B 8.0-10.0 HB
CSG-1-SOI-110120-B 11.0-12.0 HB
CSG-1-SOI-120125-B 12.0-12.5 GB
CSG-2-S0I-020035-B 2.0-3.5 HB
CSG-2-SOI-050060-B 5.0-6.0 GB

XRD analysis was conducted on all Priority 1 test trench (TT1) samples, all Priority 2 soil boring (SBA)
samples, and Priority 2 of all Casa Grande (CSG) samples as directed by CH2M-Hill.




2.0 SAMPLE ANALYSIS PROCEDURE
2.1 X-Ray Diffraction

Samples sent by CH2M-Hill were analyzed by x-ray diffraction (XRD) using a Rigaku wide angle
powder diffractometer running Materials Data, Inc., (MDI) automation and software (JADE 7+). The x-
ray radiation source used was a copper normal focus x-ray tube operated at 40 kV and 30 mA. The
goniometer slit choices were the standard 0.5 degree DS and SS, 0.3 RS and a 0.6 slit in front of the
scintillation counter. Further, a curved graphite monochromator was employed to remove the copper K-
beta lines and much of the x-ray background from the patterns. An external standard (NBS 640b Silicon
powder) was run on a regular basis to ensure that the mechanical alignment of the instrument was within
quality assurance (QA) specifications.

A representative portion of each supplied sample was air-dried for at least 24 hours in an
environmentally-controlled room. One to two grams of the dried material were then ground with an agate
mortar and pestle to pass through a 400 mesh sieve (<38 pm). A portion of this material was carefully
packed into a standard Rigaku 0.5 mm recessed glass holder and scanned in the XRD from 5°-70° 26,
using a step size was 0.024° 20 and a speed of 0.24° 26/minute.

Amorphous content was measured by spiking selected samples with corundum (Al,O3). Spiking was
done by mixing one gram of corundum with 4 grams of sample and homogenizing in a high-speed
mechanical shaker. Once the XRD pattern was collected all of the peaks, including those for corundum,
were quantified using whole pattern fitting (WPF), which is incorporated in the JADE 7+ software.
Minerals associated with COPR were then renormalized to 100% and the ratio of known (weighed)
corundum to the amount determined by WPF was used to calculate the fraction of amorphous material.

2.2 Scanning Electron Microscopy

Samples received by CH2M-Hill were analyzed in the JEOL 840A scanning electron microscope (SEM)
with an attached Oxford INCA 300 Energy Dispersive Spectrometer. Unpolished mounts that were
coated with gold were examined three dimensionally. Several small fragments (representative of the
sample) were carefully adhered to double-sided carbon tape that was attached to a one inch carbon
planchet. These three-dimensional mounts were gold coated to reduce charging during examination.
Images were obtained using secondary and backscattered electrons at magnifications capable of ranging
from 10 to 50,000 times. Accelerating voltage and beam current are varied depending on the experiment
but typically nominal conditions are 20 kV and 1 nA. These samples could be rotated and tilted to
improve viewing approach. Semi-quantitative chemistry information (elemental identification and
approximate abundance) were collected on various spots or areas of interest using the Oxford Energy
Dispersive Spectrometer (EDS). Calibration and QA protocols are described in the work plan.



3.0 RESULTS
3.1 X-Ray Diffraction

The raw data (collected) patterns were processed by first modeling and then removing the background
inherent in the x-ray trace as well as the Ko, line contributions. The derived pattern was then run through
the extensive search/match programming module with accessibility to approximately 255,000 crystalline
(inorganic and organic) indexed substances.' Several levels of search/match filtering for chemistry,
preferred orientation, and crystallography were preformed to give initial identification of the phases
present in these soils. Computer identification was then followed up with manual processing and
identification to obtain the list of phases present in the DMT samples.

Table 2 lists the minerals or inorganic compounds that were identified by our procedures. Table 3 lists
the chemical composition of these minerals. Raw data patterns with superimposed diffraction lines for
identified peaks are presented in Appendix B.

Crystalline mineral phases were normalized to 100% and reported in Table 2. The amorphous content,
determined in six samples, ranged from 20% to 50%. As is typical of DMT COPR, GB has higher
brownmillerite and periclase content, while HB has significantly less of both minerals. Conversely, HB
has a larger amount of hydrated phases than does GB. Hydration products primarily consist of AFm
phases, hydrogarnet, and hydrotalcite. X-ray detectable AFm phases are dominated by chromate and
carbonate types; chloride-containing hydrocalumite is also significant in some samples. Portlandite
ranges from 3% to non-detectable. Calcite is less than 10% in most samples, but is over 20% of the
crystalline content in SBA-F-1-SOI-115117-B (HB). Afwillite (calcium silicate hydrate) is generally
absent, but was detected in two GB samples (SBA-D-1-SOI-160170-B and SBA-F-1-SOI-270280-B).
Similarly, ettringite is present in relatively few samples, and makes up less than 5% of the crystalline
content in those cases. A spinel compound was detected in one sample, which differs significantly from
a typical pattern for chromite. It can be speculated that this sample contained chromite ore that was
altered chemically during the roasting process, but for reasons that are unknown was not fully converted
to brownmillerite and periclase. Quartz is detected in some samples, particularly in shallow horizons,
although it also occurs at depth. The occurrence of quartz suggests that sand was mixed with COPR at
the time it was deposited in the fill area.

! Powder Diffraction File-4+ 2006 RDB and the Inorganic Crystal Structure Database/NIST version 2006-2



Table 2. XRD Results in Weight Percent of Crystalline Matter

Sample ID Depth (ft) |Sample Description
Priority 1 Trench Samples
[TT1-50I-509M-024039-B 24-38 HE COPR-Fill Mix 3.8 oo 34 oo 28 95T 0o 224 oo 0o oo oo 5.8 0.0 0.0 288 oo 238 0.0 oo 100.0 MD
[TT1-501-509M-045050-B 4550 HB 4.1 0o 91 oo 0.0 0.5 44 218 227 0.0 oo oo 34 94 0.0 247 0o 00 0.0 oo 1001 47.8
[TT1-30I-509M-051055-B 5.1-55 GB 471 43 47 oo 40 3.7 oo 11.0 oo 3.0 on on 35 6.0 0.0 6.0 0.0 0.0 6.7 oo 100.0 a0.0
[TT1-50I-509M-062070-8 62-70 HB 0.0 2 69 0.0 0.0 0.0 1493 130 58 0.0 on on 193 54 0.0 305 0o 0o 0.0 on 100.0 187
1720809 0re070R 7878 HB 0o oo oo oo 0o 0o oo 0o 0o 0o oo oo 596 404 0o oo 0.0 0.0 0.0 on 100.0 MND
(v ellow crystals anty)
[TT1-501-509M-075076-B 7878 HB 0.0 oo 45 0.0 0.0 1.2 1.8 124 0.0 oo oo oo 411 374 0o 16 0.0 0.0 0.0 oo 100.0 MND
[TT1-501-509M-080030-6 8.0-90 GB 628 59 56 oo 23 23 oo 6.8 0.0 0.0 oo oo 2.3 18 oo 102 oo oo 0.0 on 1001 430
[TT1-501-509M-110115-B1  11.0-11.2 HB 0.0 19 6.7 0o 0.0 159 10.7 199 104 0.0 oo oo 229 8.3 0.0 0o o0 358 0.0 oo 100.0 200
Priority 2 Trench Samples
[TT1-501-525M-041047-B 41-47 HB 55 oo 43 0.0 0.0 14 152 148 201 oo oo oo oo 48 0o 313 0.0 248 0.0 oo 1001 ND
[TT1-501-5245M-048050-B 4850 GB 519 46 36 oo 8.7 245 oo 13.6 0o a7 oo oo oo 3.0 0.0 1.5 oo 28 74 oo 1001 MO
[TT1-501-5290-081086-B 8.1-88 HB 26 08 a8 oo 0.0 0.3 96 189 i 0.0 oo oo 0o 239 0.0 332 oo oo 0.0 oo 99.8 MD
[TT1-30I-525M-087092-8 B8.7-9.2 GB 582 4.1 43 a1 26 25 on g8 oo 5.1 o.n o.n oo 39 0.0 6.6 o0 o0 o0 oo 939 ND
[TT1-501-525M-120122-B 120122 HB 3.6 oo oo 0.0 24 0o 82 94 1a oo oo oo 0.0 461 0o 174 0.0 0.0 0.0 oo 1001 MND




Sample ID Depth (ft) |Sample Description
SBA Samples
5BA-H-1-501-040050-B 4050 GB 338 33 7] oo 85 23 19 70 55 14 oo oo 58 24 oo 31 oo 19.2 28 on 100.0 KD
[SBA-H-1-501-055060-B 5.5-6.0 HB 77 15 4.9 oo 14 oo 49 9.3 {a5le! oo oo oo 207 13.3 oo 146 0.0 127 oo oo 99.9 KD
5BA-H-1-50/-060080-B 6.0-80 GB 634 56 47 05 30 1.7 24 102 oo oo oo oo oo 1.0 51 24 0o oo oo on 100.0 WD
[SBA-F-1-501-115117-B 11.5-117 HBE 98 0o 6.1 0o 208 o9 81 146 1.7 oo oo oo 0o 21 0o 26.3 0.0 2 0o oo 1001 ND
5BA-D-1-501-160170-6B 16.0-170 GB a7 8 23 53 1.1 6.3 20 a7 G4 0o oo a7 oo 0o 49 oo 1.3 oo 230 oo on 999 KD
5BA-F-1-S01-270280-B 27.0-280 GB 526 | 36 4.2 1.2 43 20 22 73 0o 0o 3.0 0.0 00 66 0o 6.8 0.0 62 0o i} 1000 ND
5BA-N-250/-015025-6 15-25 HE 34 0o 0.0 0.0 40 23 23 1.5 oo 0.0 00 oo 0o 12.8 0o 16 0o 585 oo 13.5 100.0 KD
ISBA-K-2-501-100110-B 10.0-110 GB 338 1.0 8.1 1.7 16.7 1.0 15 146 147 00 0o 0o 0.0 0.0 00 0o 6.9 0o 0.0 oo 100.0 KD
CSC Samples
IC5G-2-501-035040-B 3540 HE 73 e 48 oo 73 78 6.0 222 0.0 1.0 oo oo 88 41 oo 218 0.0 8.1 oo on 939 MO
C5G-2-80/-085116-6 85115 HE 0o 0o 18 0o 0o 236 | 101 54 130 | oo 00 oo | 307 | 125 0o 17 15 oo oo on 100.0 ND
IC5G-2-501-120140-B 12.0-140 HB a1 0o 6.6 0o 0o 04 26 8.0 194 0.0 oo oo 322 122 0o 128 0.6 0o 0.0 on 999 MDY
CSG-1-801-145150-B 14.5-160 GB 318 41 54 oo on 30 73 122 9.7 00 oo oo 50 58 0o 545 0.0 10.0 0.0 oo 100.0 413

* Measured amorphous content by corundum spikes, ND = not determined



Table 3. Chemical and Crystallographic Data for Phases Present in Test Samples

Mineral Name

Chemical Composition

Brownmillerite Cay(ALFe"™ Cr™),0s
Periclase MgO

Brucite Mg(OH),
Portlandite Ca(OH),

Hydrogarnet (katoite series)

Ca3Aly(Si04); x(OH)4 (x=1.5-3)

Hydrogarnet (Iron-rich)

CasFe; (OH)y,

Hydrotalcite MgcAl(CO;)(OH),¢ - 4H,0
Hydrocalumite Ca,Al(OH)45Cly s - 3H,0
Ettrlnglte C36A12(804)3(OH)12 . 26H20

Monochromatealuminate

CasALO(CrOy) -(9, 12, 14)H,0

Sodium calcium aluminum sulfate hydrate

NaCayAlLOg (SOy), 5 -15H,0®

Kuzelite CasAly(SO4)(OH),, -6H,O
Monocarboaluminate CayAly(OH)»(CO3)(H0)s
Hemicarboaluminate CagAl,0,4CO; -24H,0
Calcite CaCO;

Calcium Magnesium Iron Carbonate (Ankerite) | Ca (Fe’*, Mg, Mn)(COs),
Quartz Si0,

(a) Chromate is suspected of replacing sulfate in this AFm compound

3.2 SEM Images and EDS Analysis

SEM images of representative particles are presented in Appendix C, where the locations of spectral
analysis are identified by numbers on each image. A cross-hair indicates where the x-ray beam was
focused on a small-diameter point. The (pink) boxes illustrate where the x-ray beam was rastered over the
defined area to produce an average composition.

The chemistry of selected particles was determined by EDS and summarized in Table 4. Results are
considered semiquantitative because sample surfaces are very irregular and the EDS instrumentation was
not calibrated to mineral standards. Normally, quantitative analyses are performed on epoxy-mounted,
polished samples using an electron microprobe with appropriate calibration standards. Nevertheless, an
attempt was made to identify certain minerals of interest in Table 4, based on atom (or mole) percentages
by EDS and, where possible, crystal morphology. However, highly accurate analyses are not possible by
this method and some mineral identifications are merely estimates.

The 3D SEM images show the exterior surface of the COPR nodules, which primarily consist of
cementing compounds that bind the nodules into a massive, lithified material. The predominant
compounds are AFm phases, which in cement chemical nomenclature have the general formula
C;A(CaX,)-H,,: where C = CaO; A=AL05; F=Fe,05; H=H,0; and X represents a monovalent anion.
The chemical system for DMT COPR permits X" to be any one, or a mixture of the following anions:



Cl (Friedel’s salt)

Cl, OH (hydrocalumite)

72 CrO4 (monochromatealuminate)

¥ SO, (monosulfoaluminate)

15 CO3 (mono—, hemicarboaluminate)

The common name for the AFm phase (as used in Table 3) is indicated in the parentheses. AFm phases
are characterized by hexagonal symmetry, high A/F ratio, C/(A+F) = 3, and A+F = X. However, the
anions that are detectable by EDS are limited to chromium and chloride. Carbonate (carbon) is not
detectable, either because the sample may be carbon coated to make it electrically conductive, or in the
case of gold coating, carbon is obscured by one of many gold fluorescence lines. Hydroxide cannot be
distinguished from oxygen because hydrogen does not produce a fluorescence spectrum that can be
observed by the EDS excitation energy. Therefore, the characterization of AFm compounds in Table 4 is
limited to whether the phase is chrome-rich, suggesting a high percentage of monochromatealuminate, or
chloride-rich, suggesting a high percentage of Friedel’s salt (or hydrocalumite).

In addition to AFm compounds, a residual iron phase in the form of a ferric hydroxide—calcium hydroxide
compound is prominently observed. The residual iron phase has a thin lamellar habit which occurs in
multiple parallel sheets that tend to be less than 10 um in the longest dimension. This phase has not been
identified by XRD and therefore is believed to be amorphous. In addition, other small plates that either
form individually or intersecting clusters are typically hydrotalcite.

Only one possible occurrence of hydrogarnet was detected (TTI-SOI-S25N-081086-B, 2500X bse). This
potential match was based on composition and ratios of characteristic components.

A few phases could not be identified based on EDS analysis for various reasons, such as: the material was
too small or thin to focus the x-ray beam on a single grain without impacting neighboring grains; the
orientation of the grain caused interference between the emitted fluorescence signal and the detector; or
the composition of the phase was atypical and therefore could not be matched to known compounds with
confidence. In such cases the phase identification is listed as ‘unknown’ in Table 4. However, one can
still speculate on the nature of these unknown phases using the EDS results in Appendix C.
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Table 4. Summary of SEM/EDS Analyses (Images Shown in Appendix B)

Spectrum
Magnification | Number Identification of Predominant Compounds
TT1-SOI-S09N-062070-B (HB 6.2—7.0 ft bgs)
350X 1
2 AFm (chloride-rich)
3
500X 1 AFm (chloride-rich)
2000X 1 AFm
250X 1 .
5 AFm (chromate-rich)
1000X 1 AFm (chromate-rich)
2 Residual ferric hydroxide—calcium hydroxide compound
500X(2) 1 AFm (chromate-rich)
1500X 1 , , )
5 Rod-shaped grains with AFm chemistry
TT1-SOI-S09N-075078-B (HB 7.5-7.8 ft bgs)
400X 1 AFm (chromate-rich)
1000X 1 AFm (chromate-rich)
100X(2) 1
2 AFm (chromate-rich)
3
200X bse 1 )
5 AFm (chromate-rich)
500X 1
2 AFm (chromate-rich)
3
250X bse 1 AFm (chloride-rich)
TT1-SOI-SO9N-110115-B (HB 11.0-11.5 ft bgs)
200X 1 AFm (abundant iron)
150X 1
5 AFm
300X 1 AFm (chloride-rich)
750X 1
2 AFm (chromate-rich)
3
1000X 1 AFm (chromate-rich)
3000X 1 Residual ferric hydroxide—calcium hydroxide compound

11




Spectrum

Magnification | Number Identification of Predominant Compounds
200X(2) 1 Uncertain
TTI-SOI-S25N-041047-B (HB 4.1-4.7 ft bgs)
2000X 1
2 . . . .
3 Uncertain (contains magnesium and silica)
4
1500X 1
2 AFm
3
350X 1
2 AFm (chloride-rich)
3
3000X 1
5 AFm
1000X 1 AFm
TTI-SOI-S25N-081086-B (HB 8.1-8.6 ft bgs)
2000X 1 AFm
750X 1 AFm
2 Residual ferric hydroxide—calcium hydroxide compound
2500X bse 1 Residual ferric hydroxide—calcium hydroxide compound
2 AFm
3 Possibly hydrogarnet
3000X 1 Residual ferric hydroxide—calcium hydroxide compound
2 AFm
2000X(2) 1 Residual ferric hydroxide—calcium hydroxide compound
2 AFm (chloride-rich)
1500X 1 AFm
2 Residual ferric hydroxide—calcium hydroxide compound

12




4.0 DISCUSSION

4.1 Mineralogical Characteristics of COPR

At the time when COPR was deposited at DMT it is thought to have contained three primary
minerals: brownmillerite, periclase, and portlandite (hydrated lime). After exposure to surface
water and groundwater, brownmillerite slowly reacted to form several types of hydration
products, including hydrogarnets, hydrotalcites, AFm phases (calcium aluminum hydrates of
chromate, carbonate, and sulfate) an AFt phase (ettringite), calcium silicate hydrate (e.g. afwillite
and amorphous C-S-H), and hydrous (and usually amorphous) ferric and chromic compounds
(see compositions listed in Table 3). Hydration of periclase releases magnesium which produces
brucite and hydrotalcite. Magnesium compounds are limited in number compared to those
containing calcium.

Brownmillerite hydration is essential to the formation of aluminum-bearing mineral phases that
cement COPR particles (nodules) together and provides the driving force for expansion. The
AFm group accommodates several types of anions, including chromate. Therefore, mechanisms
that reduce hexavalent chromium must first liberate Cr(VI) from calcium aluminum chromate
hydrate (or simply referred to as monochromate). In pure water brownmillerite hydration begins
with formation of metastable precursor phases composed of calcium, aluminum, and water (C-A-
H in cement chemistry nomenclature). Alumina in these hydrated phases is more reactive than in
the parent brownmillerite. This allows chromate to react with the hydrated alumina to form
monochromates. It is thought that chromate accelerates the hydration of brownmillerite, similar to
mechanism by which sulfate (as gypsum) accelerates the conversion of brownmillerite to
ettringite. The reaction of carbonate with C-A-H compounds results in either of two calcium
aluminum carbonate hydrates.

13



APPENDIX A

MINERALOGICAL SAMPLES



Table A-1 Test Pit Sample Description and Priority Level Identification Sheet

TEST PIT MINERALOGY SAMPLES

Photo

Ty

Lol fl

Priority | Start | End Field Date Description
(ft) | (ft) | Sample
ID
1 24 | 39 | TT1-8S0Ol- | 7/13/2007 | HB COPR/Fill Mix, DPC+ to ++,
SO9N- HB is Strong Brown (7.5 YR
024039-B 4/6), Sand Fill is Pinkish Gray
(7.5 YR 6/2), Damp to Moist,
HB is lightly indurated, breaks
down to fine to medium-sized
sand, = 40% COPR field
estimate
1 4.5 5 TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Blocky,
SO9N- Well-graded Sand (SW) when
045050-B disturbed, Dark Brown (7.5 YR
3/4) and Yellowish Red (5 YR
4/6), Damp, Strongly Indurated,
fine to coarse-sized sand when
broken down
1 5.1 55 | TT1-SOI- | 7/13/2007 | GB COPR, DPC++, Poorly-
S09N- graded Sand (SP), Black (7.5
051055-B YR 2.5/1) with trace Yellow
Particles/nodules, Moist,
Particulate
1 6.2 7 | TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Blocky,
SO09N- Strong Brown (7.5 YR 4/6),
062070-B Strongly Indurate
1 75 | 7.8 | TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Blocky,
S09N- Brown (7.5 YR 4/3), Moist,
075078-B Strongly Indurated, 1-mm-thick
lens of yellow crystals on
bottom
1 8.0 | 9.0 | TT1-SOI- | 7/13/2007 | GB COPR, DPC++, Poorly-
S09N- graded Sand (SP), Black (10
080090-B YR 2/1), Wet, Particulate, fine

to medium-sized sand
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Table A-1 (Continued)

TEST PIT MINERALOGY SAMPLES

Priority | Start | End Field Date Description Photo
(ft) | (ft) | Sample
ID
1 11.0 | 11.5 | TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Blocky,
S09N- Brown (7.5 YR 4/3), Moist,
110115-B Strongly Indurated, striations in

layering sequence?

TTI-SoL- SO9N-110\15

2 41 47 | TT1-S0OI- | 7/13/2007 | HB COPR, DPC++, Blocky,
S25N- Brown (7.5 YR 4/4), Moist,
041047-B Strongly Indurated, disturbed

sample is fine to coarse-sized
sand, some gravel

HUUMUL UL

LT

2 4.8 5 | TT1-80I- | 7/13/2007 | GB COPR, DPC++, Poorly-
S25N- graded sand (SP), Black (7.5
048050-B YR 2.5/1) stained with trace

Yellow (10 YR 8/6), moist, fine
to medium-sized sand, trace
slightly indurated gravel

&'1‘1‘1""1“'|W“}1Hi;|“'|"'i;::l"‘!"'};i'l'mi‘iTI1 [Tkt ¥V
et b e (8 s Lot i ddan B Lo o

3 6 6.5 | TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Poorly-
S25N- graded sand with gravel (SP)
060065-B when disturbed, Dark brown

(7.5 YR 3/3), Moist, Weakly
Indurated, Fine to medium-
sized sand, little gravel

2 81 | 86 | TT1-80I- | 7/13/2007 | HB COPR, DPC++, Poorly-
S25N- graded sand with gravel (SP)
081086-B when disturbed (less disturbed

than 060065), Dark brown (7.5
YR 3/3), Moist to wet, Weakly
to moderately Indurated, Fine
to medium-sized sand, little

gravel
2 8.7 | 82 | TT1-80I- | 7/13/2007 | GB COPR, DPC++, Poorly-
S25N- graded Sand (SP), Black (10
087092-B YR 2/1), Wet, Particulate, Fine

to medium-sized sand

PRIVILEGED AND CONFIDENTIAL - ATTORNEY WORK PRODUCT PAGE2OF 3



Table A-1 (Continued)

TEST PIT MINERALOGY SAMPLES

Priority | Start | End Field Date Description Photo
(ft) | (ft) | Sample
ID
2 12 1122 | TT1-8CI- | 7/13/2007 | HB COPR, DPC++, Blocky,
S25N- Strong brown (7.5 YR 5/8) with
120122-B Yellow (2.5 7/6) pockets,

Wet, Strongly Indurated

LY

IIHHT]I]IF|l|||r'!|11|1[:|| 1 |'|t]||||||l1l|||1r|]m|l|\|||l

TP L S o YL :||||L|m|1||||
TT-501- 525 N- 20\22

3 8 9 | TT1-SOI- | 7/13/2007 | HB COPR, DPC++, Blocky,
S45N- Strong Brown (7.5 YR 4/6),
080090-B Moist, Moderately indurated,

Fine to medium-sized sand
when disturbed

3 10 11 | TT1-SOI- [ 7/13/2007 | GB COPR, DPC++, Poorly-
S45N- graded sand (SP), Black (10
100110-B YR 2/1), Saturated, with lightly

indurated gravel-sized
particles, Fine to medium-sized
sand

-i0010C

——

el [T S0 545N

Priority Designations:

1. Analyze as soon as possible
2. Analyze when equipment becomes available
3. Wail findings from earlier samples and CH2M HILL approval to proceed

PRIVILEGED AND CONFIDENTIAL - ATTORNEY WORK PRODUCT PAGE 30F 3



Table A-2 Soil Boring Sample Description and Priority Level Identification Sheet

Priority

Start
(ft)

End
(ft)

Field
Sample
ID

Date

Description

Photo

27.0

28.0

SBA-F-1-SOI-
270280-B

6/28/07

Silty sand (SM); dark gray
(2.5YR 4/10); wet to saturated
(very dense); particulate; Fine
sand and silt; bright yellow
nodules throughout; COPR
Strata GB

S@A- F-1-S01-2703%0 |
az7-asg’

13.0

14.0

SBA-F-1-SOI-
130140-B

6/28/07

Silty sand (SM); dark gray
(2.5YR 4/10); wet to saturated
(very dense); particulate; Fine
sand and silt; bright yellow
nodules throughout; COPR
Strata GB

SGA-F-(-Sol- /3o M0-R
13- 19’

12.0

13.0

SBA-D-1-SOI-
120130-B

7/10/07

Silty sand (SM); very dark
gray (7.5 YR 3/1); black (7.5
YR 2.5/1); saturated; (dense);
particulate; Fine sand; silt; v
fine sand; trace bright yellow;
trace bright green; COPR
Strata GB

4.0

5.0

SBA-H-1-SOI-
040050-B

6/30/07

Silty sand (SM); very dark
gray (7.5YR 3/1); moist; (very
dense); lighty to moderately
indurated; fine sands; silt;
trace wood fragments; trace
debris (Brick); some bright
yellow nodules; COPR Strata
GB

SBA-H-1-Sol-o4oosp) _
4-s |

A U —— .
Bi2iated——g - 5 6

55

6.0

SBA-H-1-SOI-
055060-B

6/30/07

Well graded sand with gravel
(SW); brown (2.5YR 4/10);
damp; strongly indurated;
(very dense); coarse sand; med
sand; fine gravel; trace bright
yellow nodules; COPR Strata
HB

SEA-H-T-3ol- os:oc.o[ . |
s.8%¢6'

18




Table A-2 (Continued)

Start | End
(ft) ()

Field
Sample
ID

Priority

Date

Description

Photo

6.0 8.0 SBA-H-1-SOI-
2 060080-B

6/30/07

6.0’ —7.5” Well graded sand
with gravel (SW); brown
(2.5YR 4/10); damp; strongly
indurated; (very dense); coarse
sand; med sand; fine gravel;
trace bright yellow nodules;
COPR Strata GB; silty sand
(SM); moist to wet;

37.5 — 8.0” Saturated; li3ghtly
indurated to pa2rticulate

<@A-H- I-50L- 6bo onf
G-R'

[ - P
B 1 TR RO

6.0 6.5 TT1-SOI-S20-
3 060065-B

7/12/07

HB 3COPR, DPC++, Blocky
(Poorly-graded sand with
Gravel if broken down), Dark
Brown (7.5 YR 3/3), Moist,
Moderately Indurated

Sy :..I..;:--..v.-1:u|-;-f:a'411r4iw._
llliﬁhli;!:l'uiuhiglhf .

6.1 6.8 TT1-SOI-S30-
3 061068-B

7/12/07

HB COPR, DPC++, Blocky
(Poorly-graded sand with
Gravel if broken down), Dark
Brown (7.5 YR 3/3), Moist,
Moderately Indurated

11.5 SBA-F-1-SOI-
2 115117-B

6/28/07

COPR Strata HB lense

24.0 25.0 | SBA-D-1-SOI-
3 240250-B

7/10/07

Silty sand (SM); very dark
gray (7.5 YR 3/1); black (7.5
YR 2.5/1); saturated; (dense);
particulate; Fine sand; silt; v
fine sand; trace bright yellow;
trace bright green; COPR
Strata GB

7"},[1;;[:;:‘(-“ !(!lr]![mlp |||1|||||-||n||l|l\l\i1l\\‘\"|‘\‘
£ 6/ : ?‘ 8

IR
ﬁ\\\t\ \\\F_\_‘}xi\_ _
|

16.0 17.0 | SBA-D-1-SOI-
2 160170-B

7/10/07

Silty sand (SM); very dark
gray (7.5 YR 3/1); black (7.5
YR 2.5/1); saturated; (dense);
particulate; Fine sand; silt; v
fine sand; trace bright yellow;
trace bright green; COPR
Strata GB

?’Nf!f!fiﬂ;r;l/l;rfrpl[r;rrij||||l\\]ll.lll|‘l\\ \ —
8 :

| 7

Priority List:

1 — Immediately

2 — When Test Trench Samples Complete
3 — Hold for Authorization from CH2M




Table A-3 Casa Grande Sample Description and Priority Level Identification Sheet

Priority Start End Field Date Description Photo
(ft) (ft) Sample
ID
3 4.5 5.5 CSG-1-SOI- 8/9/07 Well graded sand (SW);
045055 strong brown (7.5 YR 5/3);
damp; dense; lightly to
moderately indurated; dense
sand; med sand; fine grain,
trace bright yellow; HB
COPR Status; 5.3t0 5.5 GB
COPR Lense
)
.{_H." 17 1R:\I1ﬁ.'|,1l.l-\k'.'-.:.~_pte_;:
3 5.5 6.5 CSG-1-SOI- 8/9/07 Well graded sand (SW), GB
055065 COPR Lense; HB COPR £ ;
Status
B
r..'.'.'ﬁ:|.'|.|'|..-:'||n, |||||I":'|| VRN i I.'l"u_'.-'.I’_"-{' Wy
6/ 7 . Shh
3 8.0 10.0 CSG-1-SOI- 8/9/07 8.0’ —9.0” Well graded sand
080100 (SW); strong brown (7.5 YR
5/8); moist to wet (below
8.5’ bgs); dense; moderately
indurated; coarse sand; fine
gravel; med sand; trace
bright yellow nodules; HB
COPR Status; 9.0° —
10.0° Same as above, wet
™
'JllllHllll'n'.'l.ll'.ll.r'_l.'lll.'l|||'I'Ii'I I.I||I |.! 17
Il I ]
3 11.0 12.0 CSG-1-SOI- 8/9/07 Well graded sand (SW)
110120 (8.0°-10.0’); HB COPR | ety
Status £ cer i
L]
r i
e AR PR B e 1 T v IR IAR Y RS
' ,"FI ‘r. : i;1,| T HI ] qll'
3 12.0 12.5 CSG-1-SOI- 8/9/07 Silty Sand (SM), Black (7.5 | No Picture Available.
120125 YR 2.5), damp, dense,
particulate, FINE SAND;
silt trace bright yellow
nodules and streaks; GB
COPR
2 14.5 15.0 CSG-1-SOI- 8/9/07 GB COPR (see 120125) G-/~ 0 1Y 5 150
145150-B :

20



Table A-3 (Continued)

Priority

Start
(ft)

End
(ft)

Field
Sample
ID

Date

Description

Photo

2.0

35

CSG-2-SOI-
020035

8/8/07

Silty sand (SM); yellowish
brown (10 YR 5/6); gray
(10 YR 2/1); brownish
yellow (10 YR 2/6); damp;
med dense sand; fine sand;
silt; trace med sand; trace
gravel; same NB COPR

Feg=a-JTh}- Gacarr

3.5

4.0

CSG-2-SOI-
035040

8/8/07

Well graded sand (SW);
strong brown (3.5 YR 5/8);
damp; med dense; lightly
indurated; coarse sand; med
sand; trace bright yellow
nodules; HB COPR Status

5.0

6.0

CSG-2-SOI-
050060

8/8/07

Well graded sand with silt
(SW); strong brown (7.5 YR
5/8); very dark gray (3.5 YR
3/1); moist to wet (6.0°);
dense sand; moderately
indurated to lightly
indurated; fine sand; silt;
coarse sand; med sand; trace
gravel; bright yellow
nodules and streaks
throughout; GB COPR
Status

e

8.5

CSG-2-SOI-
085115

8/8/07

Well graded sand (SW);
strong brown (7.5 YR 5/6);
wet; very dense sand; lightly
to moderately indurated;
med sand; coarse sand; fine
sand; trace silt (8.5°-8.7");
HB COPR Status

CJI 6-L=-T0/~0Prsrs

12.0

14.0

CSG-2-SOI-
120140

8/8/07

Well graded sand (SW);
strong brown (7.5 YR 5/6);
wet; very dense sand; lightly
to moderately indurated;
med sand; coarse sand; fine
sand; trace silt (8.5°-8.7");
HB COPR Status




APPENDIX B

XRD PATTERNS



Intensity(Counts)

[#ROO4E57 MO TT1-50kS0AN-024039-B (2)00-064-2495> Calcite - Ca(0s)

(71 00-D62-T324> Periclase - hgQ
(2) D0-063-4501> Ouartz - 5i0=

(39 M-0741513% Sjoegrenite - (geFex OH I C OaY Hal )=
{107 DD-DB1-6579> Katoite - Az0aCalsH0m

1

UIK TQLA‘ | EI‘M *.F'TJi

i
38
\/hj‘\ 210 ?l, i“mm
|| AN i ? L
fil

Two-Theta (deg)

Sample TT1-SOI-S09N-024039-B



Intensity(Counts)

[XRDOAGEE MEI] TT1-201-S09N-045050-B

25

25

(21 00-DG4-2495 > Caleite - CarC0a)

(7 00-062-7324> Periclase - higl
190 01-074-1513> Sjoagrenite - (higeF ez 0 Hpe C OaH2 00k =

(107 O0-061-65679 Katoite - A=0CalimHz00

(257 00-052-0654> 3Ca0-A=0s- CaCrls 14H20 - Caleium Muminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H=0R

g""J |II : vf{ i D.
= s &

Twio-Theta (deg)

Sample TT1-SOI-S09N-045050-B



Intensity(Counts)

[XROOAGSSE MEI] TT1-501-508M-051055-B

P —

J

5
|

w’*w\ |
‘:!| ¥ . :

(21 00-DG4-2495 > Caleite - CarC0a)

(51 D0-DE1-1885> Bttringite - Can,A(0HRR S D Ha0 =
(FI00-062-T324> Periclase - kg

(91 01-D74-1513> Sjoegrenite - (WigaFez(0 Hpa(C D) Ha0 )=
(107 000616578 Kataite - Az0CadipH=0p

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs14H=20 - Calcium Auminum Oxide Chromium Hydrate

Ll
h lI Fj. | 5:l [ Al
*ﬂ*‘”"l owiull

40

Twio-Theta (deg)

Sample TT1-SOI-S09N-051055-BB



Intensity(Counts)

[XROOGEI MEI] TTA-501-S09M-0G2070-8 wiAl2 03

25

(71 00-D62-7324> Periclase - g0
(107 DD-DE1-6570> Katoite - M=0xCaljmHz0p

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs-14H20 - Calcium Auminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA{0HRCIH0R

29 el ™o

2] [
%9 JL 9.11329

I%QD oo
m rJI‘H"“| [‘i 0 ﬁ L-um

9 10
.} L | 29
hE "
‘Jﬁ"”i‘"’ i
20

40
Twio-Theta (deg)

Sample TT1-SOI-S09N-062070-B




Intensity(Counts)

[XROOGES MEI] TTA-501-S09M-075072-8 “ellow

25

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs-14H20 - Calcium Auminum Oxide Chromium Hydrate

vzb P, S S W N
30

40 50 &0
Twio-Theta (deg)

Sample TT1-SOI-S09N-075078-B (Yellow Crystals Only)




Intensity(Counts)

[XRDOGSE MEI] TT1-501-S08N-075072-B

25

| o

5

(91 01-D74-1513> Sjoegrenite - (WigaFez(0 Hpa(C 0 Ha0 k)=
(107 DD-DE 16570 Katoite - M=% CalmwHz0p

[25) 00-052-0654> 3Ca0-A=0s- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H=0R

i S
STE

i “W%HN %mu\d&% S SR s

Twio-Theta (deg)

Sample TT1-SOI-S09N-075078-B



Intensity(Counts)

[XROOAGEZ MEI] TT1-201-S08M-020090-B

ho

i e

(21 00-DG4-2495 > Caleite - CarC0a)

(7)D0-062-7324> Periclase - hgl
(99 01-0741513> Sjoegrenite - (higeF ez 0 HyeC Day Ha0 k)=
(107 00-061-6570> Kataite - Az0aCalsHz0e

(257 00-052-0654> 3Ca0-A=0s- CaCrls 14H20 - Caleium Auminum Oxide Chromium Hydrate

=4

10 20

4
IR L

40
Twio-Theta (deg)

Sample TT1-SOI-S09N-080090-B



Intensity(Counts)

[XROOAGED.MEI] TTA-S01-S09M-110115-B wAl2 03

fix]

ik

(%) 00-DB3-45015 Duartz - Sidz
(99 01-0741513> Sjoegrenite - (higeF ez 0 Hye C Day Ha0 k)=
(107 00-061-6570> Kataite - Az0aCalsHz0n

(22 00-032-0166 > CasFexOHpz - Calcium Iron Hydroxide
[25) 00-052-0654> 3Ca0-A=0s- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(297 97-003-7445 > Hydrocalumite - Cazil0HRCIHz0R
(527 01-070-F048 Corundum - Az0s

53
53

: | g

g
S0

Twio-Theta (deg)

Sample TT1-SOI-S09N-110115-B




Intensity(Counts)

[XROOAGTZ MEI] TTI-S01S25N-041047-B

(3 00-063-4501> Quartz - 502
(83 01-074-1512> Sjoegrenite - (higaF e 0 H e C Oa) Ha0 W)=
(107 00-061-6579 > Katoite - Az0aCadmHz0p
[25) 00-052-0654> 3Ca0-A=0s- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate
(287 97-003-7446 > Hydrocalumite - CazdifOHRCIH0R
H
10
g
0
25
i
! a
1
] 0|
29
2
a
g4 ; 2 &
i . ] 2 1020 8|TD ]
B P U1 P L L 2 rRA b
10 z0 20

Twio-Theta (deg)

Sample TT1-SOI-S25N-041047-B



Intensity(Counts)

[XRDOG7E.MOI TTI-S0kS26N-042060-8 (2) D0-D6-2495% Calcite - Ca(C0a)

1 (5] 00-061-1884> Btringite - Can)A(0HER S 0oaHa0'm
(7100-062-7324> Perclase - Mg

(8) 00-063-4601 > Quartz - 5i0z

(9 01-0741513 > Sjoegrenite - (higeF ex O Hpe(C 0si(H=0 k1=

(1070 00-061-6570 Katoite - A=z08CalaH=00

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs-14H=20 - Calcium Auminum Oxide Chromium Hydrate

| g' 1 ' 10 !] ?
ll : ' 1419 Ji i 1'
B , gj“l,”ﬁ%ag, M WMt st

Twio-Theta (deg)

Sample TT1-SOI-S25N-041047-B



Intensity(Counts)

[XROOAGTAMEI] TTI-S0S25N-021026-B

ik ,.'*:ﬂ.ﬁ.fﬁ|

(F100-062-7324> Periclaze - higd

(83 01-074-1513> Sjoegrenite - (higaF e 0 H e C Da) Hal W)=

(107 00-061-6579 > Katoite - Az0aCadmHz0p

[25) 00-052-0654> 3Ca0-A=0s- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(20 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(H0R

b of 2:?!9 L“I

Twio-Theta (deg)

Sample TT1-SOI-S25N-081086-B



Intensity(Counts)

[XRDOGT 1.MDI TTI-S0kS2EN-057092- 8 (11 03-066-7175> Portlandite - Ca(OHR
(21 00-0fi<-2495> Calite - CafC0a)

(57 00-061-1285 Btringite - CanA(0HER S Oum Ha 0l

(71 00-062-7324> Periclase - g0

(9 01-0741513 > Sjoegrenite - (higeF ex 0 Hpe(C 0si(H=0 k1=

(1070 00-061-6570 Katoite - A=z08CalaH=00

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs-14H=20 - Calcium Auminum Oxide Chromium Hydrate

b

” “JJLMJ-MMJ ol ,JM oy utfrson

Twio-Theta (deg)

Sample TT1-SOI-S25N-087092-B



Intensity(Counts)

[XRDOIGTS MO TTI-S0kS2EN-120122-8 (2) D0-D6-2495% Calcite - Ca(C0a)

(107 00-061-6579> Katoite - Az0aCadmH0p
[25) 00-052-0654> 3Ca0-A=0s- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H=0R

i}

2

- J]n. #
.. I‘ F‘Jﬂw Mw‘?’iu o .%..“-?ZI%“’%‘WF“?'IL R

20
Twio-Theta (deg)

Sample TT1-SOI-S25N-120122-B



Intensity(Counts)

[XRDOGET MEI] SBA-H-1-50-0490050-B

il

i1

e

il

el ﬁ

(21 00-DG4-2495 > Caleite - CarC0a)

(51 D0-DE1-1885> Bttringite - Can,A(0HRR S D Ha0 =
(71 00-D52-T324> Periclase - Mg0

(2) 00-D63-4501> Duartz - S0z

(97 01-D74-1513% Sjoegrenite - (WigaF ezt 0 Hjpel C Da Ha0 k)=
(107 DD-D1-6570 Katoite - M=% CalmHz0p

(367 00-057-D664> 3Ca0-Ma0s-CaCrOs-14Hz0 - Caloium Auminum Cxide Chromium Hydrate

(20 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(Hz0R
(617 97-000-4006> syrthetic - Mgl mFem 0

Al

Twio-Theta (deg)

Sample SBA-H-1-SOI-040050-B




Intensity(Counts)

[XROOGA0.MEI] SBA-H-1-50-055060-B

(21 00-DG4-2495 > Caleite - CarC0a)

(71 00-062-7324> Periclase - g0

00-063-4501> Quartz - Si0=

(107 D0-061-6579 > Katoite - Az0a]Cal’aHz00

(257 00-052-0654> 3Ca0-A=z0s-CaCrOs-14H=0 - Calcium Auminum Oxide Chromium Hydrate

(20 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(Hz0R

b
1L 5
BES TS S
20

2 i P} 1o ? e g 4 1 8
fo i 5 L85 o iD, g - z ey o
. S LY S SR S TSN S A E D RCRRL O
30 40 50 g0
Twio-Theta (deg)

Sample SBA-H-1-SOI-055060-B




Intensity(Counts)

[XRDOGEE . MEI] SBA-H-1-50-0600:20-B

L

i (257 00-052-0654> 3Ca0-A=z0s-CaCrOs14H=20 - Calcium Auminum Oxide Chromium Hydrate

(20 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(Hz0R

1

(1303-D66-T175> Portlandite - CatOHE
(21 D0-D64-2495> Calcite - CafC0w)

(7 00-D52-T324> Periclase - Mg0
(91 01-D74-1513> Sjoegrenite - (WigaFez(0 Hpa(C D Ha0 )=
(107 DD-DE1-6570 Katoite - M=0xCaljmwHz0p

Twio-Theta (deg)

Sample SBA-H-1-SOI-060080-B



Intensity(Counts)

[XRDOAGI1 MDEI] SBA-F-1-S01-115117-B

(21 00-DG4-2495 > Caleite - CarC0a)

(8 00-063-4601> Quartz - §i0z

190 01-074-1513» Sjoagrenite - (higeF a0 H)pe C OaH2 00k =

(107 O0-061-65679 Katoite - A=02CalimHz00

(257 00-052-0654> 3Ca0-M=0s- CaCrls 14H20 - Caleium Muminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H=0R

. 2 % o8 357
BT o TRy 8 E T Cyper e P e
a0 40 S0 [=1u}

Twio-Theta (deg)

Sample SBA-F-1-SOI-115117-B




Intensity(Counts)

[XRDOGSE. MDY SBA-D-1-500-160170-8 (11 03-066-7175> Portlandite - Ca(OHR
(21 00-0fi<-2495> Calite - CafC0a)

(7 00-D52-T324> Periclase - Mg0
(2) 00-D63-4501> Duartz - S0z

(97 01-D74-1513% Sjoegrenite - (WigaF ezt 0 Hjpel C Da Ha0 k)=
(107 DD-DG1-6570 Katoite - M=% CalmHzlp

[25) 00-052-0654> 3Ca0-A=0a-CaCrOs 14H=0 - Caleium Auminum Oxide I:hr\omiLirn Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H0R

Twio-Theta (deg)

Sample SBA-D-1-SOI-160170-B



Intensity(Counts)

[XRDOAG2D MDEI] SBA-F-1-S01-2702280-B (11 03-066-7175> Portlandite - CafOHe

(21 00-0fi<-2495> Calite - CafC0a)

(7 00-D52-T324> Periclase - Mg0
(2) 00-D63-4501> Duartz - S0z

(97 01-D74-1513% Sjoegrenite - (WigaF ezt 0 Hjpel C Da Ha0 k)=
(107 DD-DG1-6570 Katoite - M=% CalmHzlp

[25) 00-052-0654> 3Ca0- =0 CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H0R

Twio-Theta (deg)

Sample SBA-F-1-SOI-270280-B




Intensity(Counts)

[#RDOATI5 MDI] SBA-N-2-501-015025-B new

25

25

e i Lﬁﬂﬁ&%

(2 00-D64-3495> Calcite - CarCs)

(8) OD-DF3-4601> Quartz - §i0=
(97 01-074-1513 > Sjoegrenite - (higeFex OH e C OS¢ Ha0 k)=
(107 DO-DE1-B5795 Kataite - A=0%Ca 0 mHz0'm

(25 00-052-0654 2Ca0-M209- CaCrde-14Hz0 - Calcium Auminum Oxide Chromium Hydrate

(29) 87-003-T446> Hydrocalumite - CazAl(0HRCI(H:O e
(i) 00-041-0586> fokerite - Ca(Fe’ Mg Oae

Two-Theta (deg)

Sample SBA-N-2-SOI1-015025-B




Intensity(Counts)

[#ROOIT13.MD] SBA-K-2-501-100110-B

L
I ¢V |FFJ‘T | Iifff‘if.?

(1) D3-D66-7175> Portlandite - CatOH®
(21 00-064-2405> Calsite - CarCos)

(71 00-062-7324> Periclase - higQ
(@1 01-074 1513+ Sjoegrenite - (MgeF e 0 Hpe(C 0= Ha0 k)=
(107 00-D6 1-6579> Katoite - Az0aCal e Ha0'e

(29) B7-003-7446> Hyrdrocalumite - Caz8l{0HRCIH=0T

30 a0
Two-Theta (deg)

Sample SBA-K-2-SO1-100110-B




Intensity(Counts)

[XRDOAGIT MEI] C5G-2-501-0235040-B

(21 00-DG4-2495 > Caleite - CarC0a)

(51 D0-DE1-1885> Bttringite - Can,A(0HRR S D Ha0 =
(71 00-D52-T324> Periclase - Mg0

(2) 00-D63-4501> Duartz - S0z

(97 01-D74-1513% Sjoegrenite - (WigaF ezt 0 Hjpel C Da Ha0 k)=
(107 DD-D1-6570 Katoite - M=% CalmHz0p

[25) 00-052-0654> 3Ca0-A=0a- CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H0R

L 1h oy %WMM W?ﬁw@ F@Bw&%

L‘#«WV% e

a0
Twio-Theta (deg)

CSG-2-S01-035040-B



Intensity(Counts)

[XRDOG2E MEI] CEG-2-501-085115-B

N 22

23

(9 01-074-1513 ¢ Sjoagrenite - (wigeF ez 0H e C 0gyHa0 k)=

(1070 00-061-6570 Katoite - Az0xCalaH=0p

(227 00-032-0166 > CasFex0H)yz- Caleium Iron Hydroide

(23 00-036-0128 Caa®«0wC0z24H20 - Caleium Auminum Oxide Carbonate Hydrate

[25) 00-052-0654> 3Ca0- =0 CaCrOs 14H20 - Caleium Auminum Oxide Chromium Hydrate

(20 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(H0R

s

]

| 2
i | #? @u- 3 T; 13
Lol “H 1| BT ey ?'.’."T
a0 G0

Twio-Theta (deg)

Sample CSG-2-SO1-085115-B



Intensity(Counts)

[XRDOAG2D dif] CSG-2-501-120140-B

25

(9 01-0741513 > Sjoegrenite - (higeF ex 0 HpeC 05 H=0 k1=
(107 00-061-6579 > Katoite - Az0]CaliaHz00e

(22 00-032-0166> CasFexOHpz - Calcium Iron Hydroxide
(237 00-036-0129% Caade0wC0z24H20 - Calcium Auminum Oxide Carbonate Hydrate
[25) 00-052-0654> 3Ca0-M=0a- CaCrls 14H20 - Caleium Muminum Oxide Chromium Hydrate

(297 97-D03-7446 > Hydrocalumite - CazA(DHRCI(H=0R

Mﬂ%ﬁﬁ*ﬁ&#«w

Twio-Theta (deg)

Sample CSG-2-SO1-120140-B



Intensity(Counts)

[XRDOGIE MEI] C5G-1-501-145150-B

(1303-D66-T175> Portlandite - CatOHE
8 (21 D0-D64-2495> Calcite - CafC0w)

(7 00-D52-T324> Periclase - Mg0
(2) 00-D63-4501> Duartz - S0z

(97 01-D74-1513% Sjoegrenite - (WigaF ezt 0 Hjpel C Da Ha0 k)=
(107 DD-D1-6570 Katoite - M=% CalmHz0p

(367 00-057-D664> 3Ca0-Ma0s-CaCrOs-14Hz0 - Caloium Auminum Cxide Chromium Hydrate

(25 07-D03-7446 > Hydrocalumite - CazAl{0HRCI(Hz0R

o i
e 1 |

Twio-Theta (deg)

Sample CSG-1-SOI-145150-B



APPENDIX C

SEM FILES

48



TT1-SOI-S09N-062070-B 350x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 65.56 0.00 9.06 0.00 046 1926 4.72 0.95
Spectrum 2 60.49 0.00 6.00 0.00 2.70 24.11 3.21 3.50
Spectrum 3 69.65 0.76 8.09 0.00 2.52 1634 148 1.17

All results in atomic%

Magnification 350x

+S._p'(__ac’[rum 1

of

' 100pum ' TT1-SOI-S09N-062070-B 350x

49



TT1-SOI-S09N-062070-B 500x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 72.14 0.00 8.11 0.00 2.33 1558 0.99 0.86

All results in atomic%

Magnification 500x

'S pectrum 1

' 100um ' TT1-SOI-S09N-062070-B 500x

50



TT1-SOI-S09N-062070-B 2000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 60.14 0.00 10.64 0.00 1.89 21.30 4.81 1.22

All results in atomic%

Magnification 2000x

=3 geétruﬁél 1]

a4t

i

30um ' 'I_I'1—SOI—809N—062070—B 2000x

51



TT1-SOI-S09N-062070-B 250x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 75.83 0.00 7.99 0.00 0.28 1246 2.83 0.61
Spectrum 2 64.05 0.00 10.73 0.00 0.00 19.34 481 1.06

All results in atomic%

Magnification 250x

52



TT1-SOI-S09N-062070-B 1000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 56.95 0.00 895 0.00 0.57 2427 473 4.54
Spectrum 2 63.96 324 197 0.00 0.00 7.69 0.52 22.62

All results in atomic%

Magnification 1000x

60pum ' TT1-SOI-S09N-062070-B 1000x

53



TT1-SOI-S09N-062070-B 500x 2

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 70.42 0.00 9.14 0.00 0.00 15.09 393 141

All results in atomic%

Magnification 500x 2

i -

Spectrum 1

s

' 100pm ' TT1-SOI-S09N-062070-B 500x 2
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TT1-SOI-S09N-062070-B 1500x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 79.82 0.00 6.33 0.00 0.77 11.12 0.70 1.27
Spectrum 2 74.16 0.00 7.27 0.00 0.35 14.06 2.80 1.36

All results in atomic%

Magnification 1500x

Spectrum2
W Spectrum1

Wy

40um ' TT1-SOI-S09N-062070-B 1500x
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TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 400x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 75.53 0.00 9.02 0.00 0.00 1249 2.96 0.00

All results in atomic%

Magnification 400x

' 100pum ' TT1-SOI-S09N-075078-B 400x
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TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 1000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 65.57 0.00 1092 0.00 0.00 19.17 4.34 0.00

All results in atomic%

Magnification 1000x

+Spectrum 1

60Hm ' TT1-SOI-S09N-075078-B 1000x

57



TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 100x 2

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 5742 0.00 11.80 0.00 0.00 2435 6.42 0.00
Spectrum 2 6048 139 9.53 0.00 0.00 22.80 5.80 0.00
Spectrum 3 70.29 0.00 9.69 0.00 0.00 15.87 4.15 0.00

All results in atomic%

Magnification 100x 2

' B00um ' TT1-SOI-S09N-075078-B 100x 2
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TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 200x bse

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 69.71 0.00 10.44 0.00 0.00 16.17 3.67 0.00
Spectrum 2 68.81 099 9.82 0.00 0.00 16.13 4.24 0.00

All results in atomic%

Magnification 200x bse

' 300pm ' TT1-SOI-S09N-075078-B 200x bse
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TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 500x

Spectrum

Spectrum 1
Spectrum 2
Spectrum 3

0)

61.85
71.22
54.50

Mg

0.00
0.70
2.72

Al

9.76
7.24
3.90

Si

0.00
0.00
0.00

Cl Ca Cr Fe

423 2252 046 1.17
1.25 1490 228 241
0.00 26.51 649 5.88

All results in atomic%

Magnification 500x

+Spe.(';;['rum 3
A L3

3
p -

TT1-SOI-S09N-075078-B 500x bse
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TT1-SOI-S09N-075078-B

TT1-SOI-S09N-075078-B 250x bse

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 74.40 1.03 6.79 0.00 229 13.67 0.38 144

All results in atomic%

Magnification 250x bse
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TT1-SOI-S09N-110115-B

TT1-SOI-SO09N-110115-B 200x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 74.38 0.00 5.04 0.00 1.20 1447 136 3.55

All results in atomic%

Magnification 200x

iy X

' 300um ' TT1-SOI-S09N-110115-B 200x

62



TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 150x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 7323 081 748 0.00 1.63 1432 0.75 1.79
Spectrum 2 5533 1.05 694 0.00 391 26.16 141 5.19

All results in atomic%

Magnification 150x

+Spectrum 1=

's péct_rum 2

- at S w0 ) L J P NG

% e

' 400um ' TT1-SOI-S09N-110115-B 150x
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TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 300x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 72.03 0.00 8.48 0.00 321 15.04 0.41 0.84

All results in atomic%

Magnification 300x

' 200um ' TT1-SOI-S09N-110115-B 300x
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TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 750x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 68.75 0.00 493 0.00 0.00 16.14 471 547
Spectrum 2 71.04 0.00 4.79 0.00 0.00 1544 4.40 433
Spectrum 3 75.88 0.00 3.53 0.00 0.00 13.06 2.67 4.86

All results in atomic%

Magnification 750x

80um ' 'I_I'1—SOI—809N—1 10115-B 750x
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TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 1000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 36.48 0.00 5.79 0.00 0.00 34.55 10.61 12.57

All results in atomic%

Magnification 1000x

' 60um ' TT1-SOI-S09N-110115-B 1000x

66



TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 3000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 73.16 0.00 1.06 0.00 0.00 693 0.54 18.32

All results in atomic%

Magnification 3000x

Sreaig

' TT1-SOI-S09N-110115-B 3000x
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TT1-SOI-S09N-110115-B

TT1-SOI-S09N-110115-B 200x 2

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 80.43 0.00 3.85 0.00 029 1196 1.03 245

All results in atomic%

Magnification 200x 2

1 g
' 300um ' TT1-SOI-S09N-110115-B 200x 2
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TT1-SOI-S25N-041047-B

TT1-SOI-S25N-041047-B 2000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 76.37 1.50 5.59 0.86 0.00 11.70 1.10 2.88
Spectrum2 | 71.04 395 534 127 0.00 14.01 0.73 3.66
Spectrum3 | 7432 1.71 6.05 032 0.71 12.89 0.49 3.51
Spectrum4 | 72.29 579 6.31 147 0.00 10.82 0.40 2.92

All results in atomic%

Magnification 2000x

30um ' TT1-SOI-S25N-041047-B 2000x
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TT1-SOI-S25N-041047-B

TT1-SOI-S25N-041047-B 1500x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 58.10 0.00 5.57 0.00 2.15 3146 125 146
Spectrum2 | 71.34 0.00 9.00 0.00 0.68 16.05 2.23 0.69
Spectrum 3 | 73.63 0.00 7.57 0.00 0.58 1535 2.07 0.80

All results in atomic%

Magnification 1500x

tfrum 2

40pm ' TT1-SOI-S25N-041047-B 1500x
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TT1-SOI-S25N-041047-B

TT1-SOI-S25N-041047-B 350x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 82.10 0.00 4.77 0.00 1.35 985 0.19 1.75
Spectrum2 | 78.32 236 5.88 139 0.19 9.15 032 238
Spectrum 3 | 83.00 0.00 4.21 0.00 0.21 942 131 1.85

All results in atomic%

Magnification 350x
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TT1-SOI-S25N-041047-B

TT1-SOI-S25N-041047-B 3000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 77.44 0.72 5.68 0.59 0.66 11.67 1.00 2.23
Spectrum2 | 67.26 0.00 7.15 0.00 1.86 19.34 0.97 3.42

All results in atomic%

Magnification 3000x

20um ' TT1-SOI-S25N-041047-B 3000x
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TT1-SOI-S25N-041047-B

TT1-SOI-S25N-041047-B 1000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 80.28 0.00 5.69 0.00 1.09 11.10 0.20 1.64

All results in atomic%

Magnification 1000x

60um ' TT1-SOI-S25N-041047-B 1000x



TT1-SOI-S25N-081086-B

TT1-SOI-S25N-081086-B 2000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 79.11 220 6.36 0.00 0.76 9.51 033 1.73

All results in atomic%

Magnification 2000x

I /
", ’
/ 2
Vol
r ~
- (

30um ' TT1-SOI-S25N-081086-B 2000x
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TT1-SOI-S25N-081086-B

TT1-SOI-S25N-081086-B 750x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 69.84 0.00 7.92 0.00 1.70 1637 230 1.88
Spectrum2 | 71.60 4.63 3.90 0.00 0.00 11.50 0.00 837

All results in atomic%

Magnification 750x

" i

. Spectrum 1
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TT1-SOI-S25N-081086-B

TT1-SOI1-S25N-081086-B 2500x bse

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 69.17 0.00 0.97 0.00 0.00 7.64 040 21.81
Spectrum2 | 77.17 1.44 6.63 0.00 1.34 1141 047 1.53
Spectrum 3 | 75.81 238 6.05 126 0.00 10.60 0.35 3.57

All results in atomic%

Magnification 2500x bse

"R

3 'f':j'- +Specfrljm 3\

e b,/ e . N

20Um ' TT1-SOI-S25N-081086-B 2500x bse
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TT1-SOI-S25N-081086-B

TT1-SOI-S25N-081086-B 3000x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum1 | 71.56 1.18 5.10 0.00 042 1544 2.16 4.13
Spectrum2 | 71.30 232 1.52 0.00 0.00 6.54 0.27 18.06

All results in atomic%

Magnification 3000x

20um ' TT1-SOI-S25N-081086-B 3000x
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TT1-SOI-S25N-081086-B

TT1-SOI-S25N-081086-B 2000x 2

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum1 | 66.31 0.00 1.21 0.00 0.00 8.16 0.72 23.61
Spectrum2 | 81.59 0.00 5.53 0.00 1.13 10.09 0.26 1.40

All results in atomic%

Magnification 2000x 2

g ¥ . 2
‘% = 5 \/ : : 3
3 L SN

30um ' TT1-SOI-S25N-081086-B 2000x 2
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TT1-SOI-S25N-081086-B

TT1-SOI-S25N-081086-B 1500x

Spectrum o Mg Al Si Cl Ca Cr Fe

Spectrum 1 | 77.45 0.00 7.03 0.00 0.44 1222 130 1.55
Spectrum2 | 65.88 0.84 1.71 0.00 0.00 8.83 039 2235

All results in atomic%

Magnification 1500x

' 40um ' TT1-SOI-S25N-081086-B 1500x
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