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Introduction

The Hydrogen Energy California Project (HECA) Plant is a 300 megawatt (MW)
integrated gasification combined cycle (IGCC) powlant currently under development in Kern
County, CA. In the IGCC process, coal and @etrm coke are ground #ofine size, introduced
into a pressurized vessel along with oxygen amaverted into syngas. The syngas is further
shifted to hydrogen and carbon dioxide and then delivered to a gas treatment system where the
carbon dioxide and impurés are removed. The hydrogen ricls gacombusted ia gas turbine
to produce electricity with corspondingly low greenhouse gas amderia pollutant emissions.

As a result of the gasification process, theGAEplant will produce gasifiation solids, a glassy
mixture of aluminum and siliclused together at the high temakerres achieved in the gasifier.
Figure 1 is a schemataf the IGCC process.

Based on fuel conversion of the plant desigins dnticipated that the plant will produce
up to 940 dry ton per day of giication solids (GS). Based anprojected capacity factor of
eighty five percent (85%), approximately 300,004 per year of GS will be generated. This
study examined and reports on the potential bela¢fuses for the volume of GS resulting from
the HECA Plant.
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Figure 1. Diagram of Gasificatioh.

Executive Summary

The purpose of the study was to evaluatenttaeket potential for beneficial use and to
identify prospective customers for beneficial o$e¢he HECA gasification solids. As part of the
study, Charah received gasification solids sampieduced by a Mitsubishi Heavy Industries
(MHI) pilot plant in Nagasaki, jm@n that tested the same sdiietl sources that HECA will
process during actual operation€harah processed the sampleperform laboratory analyses
on the chemical character of the solids, prepaeedples to meet the specifications of potential
beneficial use applications, dfiibuted samples to potentiahdustry users, and performed
technical reviews with specific industry manufaetgrto determine the potential volumes of the
GS that can be beneficially used. Charah completed a beneficial use evaluation and identified the
regional re-use market potential to absorb theermolume of gasification solids that would be
produced by the HECA facility. Charah alsalsmple waste characteristic testing performed
to identify how the material would be expectedbe handled during any periods of time when
the material may not be recycled. Samples ef®s materials were tested at a California based
certified lab for specific parameters requitedcharacterize the mineral solids, includihgtal
Threshold Limit ConcentrationTTLC), Soluble Threshold Limit Concentratigi®TLC), and
Toxicity Characteristic Leaching Proceduf@C{LP). The test results indicate the GS material is
non-hazardous based on the trace metals concentrations.
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Four probable market opportunities for re-wgere identified and evaluated. Selection
was based on criteria such agpected quantity and quigl of the GS thawill be produced, as
well as location and knowledge of existing anceeging markets. The nese opportunities and
their approximate capacity are shown in the Table 1.

Table 1. Potential Re-usepfortunities for GS Material.

Market Volume Potential Number of Location
(Tons per Year (TPY)) Facilities
Roofing Granules 300,000 to 400,000 8 <300 miles
Blasting Grit 100,000 to 200,000 4 distributors W'tr?]'i?e?o
Cement Manufacture 550,000 to 2,200,000 11 Maj?n”i%glm
Ready Mix 200,000 to 500,000 >500 <200 miles
In summary

x Eight asphalt shingle manufacing plants are located within 300 miles of the HECA
gasification plant (Table 6 and Figure 5); the closest is Elk Corporation’s facility in
Shafter, CA located 26 miles away. Eachtlt#se locations would be a potential end-
user of processed HECA frit.

There are 4 blasting grit digiutors within 250 miles othe HECA gasification plant.
Information regarding the specific raw magdsiused for blastingrit, and manufacturing
or processing capabilities by these distrilostwas unavailable. The processing, sizing
and packaging of the general industry will be similar.

Ground gasification solids are used tooguwce a dry sand blasg product that is
essentially the same as commercial produecBIBeauty with respect to chemical and
physical characteristics. Cheral and physical properties of the HECA frit should be
similar to commercial blastg grit products. Screeningowid be necessary to produce
the coarse and medium size products whiiading would be nessary to produce the
finer-size products and would only be consadeif the regional market requires a finer
blasting grit. Other commercial scale IGCGmis of similar size to HECA take 100
percent of the gasification gauct and beneficially utilizéhe material for sand blasting
operations.

There are 11 cement manufacturing compaimé&3alifornia and these companies source
recycled material for some portion of thé&ed in order to reduce cost and improve
product characteristics. Eight of these plaate within 170 miles distance from the

3
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HECA gasification plant and have a combineceptill usage rates ghasification slag of
up to 1.6 million tons a year which is 5 #sithe HECA GS annual production volume.

X Testing of the material for use in the reaxix market was performed. The data indicated
that the strength gain dfie concrete using GS shows antt similar to that of ordinary
Portland cement concrete and exceeds 4{@0at an age of 28 days. The strength
performance of the processed GS materiaams that this product can act as a cement
replacement in concrete, should be considaredlternate “other cementitious material”
(OCM), and has the potential to be classifemdan OCM. As an OCM, the utilization
potential is tied to cement usage within g@nomic transport raaé for pozzolans or
ground granulated blast furnace slags. Thenased usage of O@s within a 200 mile
radius of the HECA facility could reach 200,000 to 500,000 ton per year.

Properties and Uses for Gasification Solids

“Gasification Solids” refers to the solid by-product generated from the gasification of
carbonaceous feedstocks includiomal and petroleum coke. BEwg the gasification process,
most of the hydrocarbons in the fuel are aned to the gaseous phase while the inorganic
components melt into a viscous slag. Thisltero slag is periodidly removed from the
gasification vessel and rapidly quahed resulting in a fine-graéd, vitreous by-product. In
many gasification plants the gasification solids (@&) comprised of twdistinct mineralogical
phases; a high carbon-content char and a low carbotent frit. Often the frit component is
much coarser than the char component, a charstatethat can be explted in order to enable
utilization? The MHI technology recycles the ghi carbon-content char to the process
eliminating the need to dispose or recycle #tieam. Characteristicei@d beneficial use of the
coarse frit component is theimary focus of this report.

Sample Acquisition and Physical/ Chemical Testing

In order to make an assessment of the mabiily of the gasification solids that will be
produced by the HECA gasification plant, it svaecessary to obtain a sample of test GS
generated by the pilot facility at MHI NagasakiJapan, using the sameefs supply as will be
utilized by the HECA Plant. Ehfuel consists of approximdyer’5 percent of El Segundo coal
and 25 percent Santa Maria petcoke. The pilotifaaitilizes the same gasification process as
the HECA Plant, both produced b§HI. After an outage, when all other coal sources and the
resulting by-products were purged out of theeystMHI conducted a test using the HECA coal
and petcoke source. HECA arranged for the shippf 13 - 55 gallon drums of the GS from the
pilot test to Charah’s lab in Louisville, Kerky. The GS materials have been analyzed for
particle size and the results are typical for @8ducts. The resultant slag was collected and
shipped back to the U.S. for testing and analysis.
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Figure 2 shows pictures of resultant coadifieation solids in vaous contexts. Figure 3
shows a SEM photomicrograph of coal gasificafieinfrom another IGCC sample (not the frit
from the MHI pilot facility). The GS anticgged to be produced at the HECA plant are
anticipated to have similar characteristics te ftit shown in Figure 3The results of moisture
content, loss on ignition (LOlaNnd free liquids testing performhere given in Table 2. These
results were performed on representative $esnpbtained from each of the 13 drums of
material. Constituent components of the GS from the MHI pilot facility are provided in Table 3.
Additional testing of the material conducted by Giteindicated similar results. The gradation of
the material is shown in Figuee This gradation is the avem@f 13 sieve analyses performed
on the material.

Figure 2A.Raw slag in shipment container. Figure 2B. Raw slag.

Figure 2C.Graded slag. Figure 2D. Large slag particles.
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Figure 2E.Fine and graded particles.

Figure 2. Gasification Solids from MHI pilot facility trial in various contexts.

Figure 3. SEM Photomicrograph of Coal Gasification Solids. é\gfrticles in
this image are pieces ofushed larger particles)
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Table 2. Moisture Content, Loss on Ignition, &mwde Liquids Test Results of GS Material

As-Received.
Drum Number | Moisture Content | Loss on Ignition | Free Liquids?
(%) (%) (Yes/No)
1 1.6 0.2 No
2 2.4 0.5 No
3 2.6 0.7 No
4 2.7 0.5 No
5 2.2 0.4 No
6 2.0 0.3 No
7 1.3 0.3 No
8 1.4 0.5 No
9 1.0 0.4 No
10 1.2 0.4 No
11 4.0 0.6 No
12 1.3 0.3 No
13 1.9 0.7 No
High 4.0 0.7
Low 1.0 0.2
Average 2.0 0.4
Standard Deviatior 0.8 0.2
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Table 3. Physical/Chemical Properties of thea®8r a Trial at MHI Pilot Facility Utilizing
the Coal and Petcoke Source for the HECA Plant.

Figure 4.Average gradation of GS from MHI pilot facility trial.
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In order to complete the &ty of utilization potential for the HECA GS materials,
samples of the material were sent to latmras that specialize in analysis of cement
manufacturing raw feed materials for development of data to assess the cement utilization
potential. A sample of HECA GS was sent toSSiorth America Inc, Mineral Services Division
for analysis for use in cement manufacturingbl€a3 shows the results of the analysis. To
determine the potential for use as a sand blagfingnd roofing shinglgranule, samples were
prepared to match the specificatiof the products cwently used for thesmdustry applications
and the prepared samples will be provided ndustrial manufacturers to evaluate in their
respective production scenarios.

Markets Evaluated

Table 4 shows potential uses for the GS malteFour of the most probable uses were
selected from this list for more detailed consideration as potential markets for gasification solids
that will be generated at the BR gasification plant. Seledih was based upon criteria such as
expected quantity and quality of the solidteat will be produced, as well as location and
knowledge of existing and emerging market$ie four uses selected were:

Roofing Granules

Blasting Grit

Cement Manufacture

Ready Mix Concrete Admixture

Utilization of coal gasification slag has bet® subject of numerous investigations for
many years. As a result, many uses for thigerial have been suggested and evaluifed A
list of potential products and usaésscribed in literature are shownTable 4. Included with this
list is the type of processing that would keressary in order to produce a product suitable for
these uses. The extent of processing ranges &ssentially ‘none’ for applications such as
drainage media for erosion control or cement additive to ‘extensive’ for use as lightweight
aggregate.
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Roofing Granules

The asphalt roofing manufacturing industry utilizes mineral fillers and aggregates in the
manufacture of asphalt roofing spglas. Mineral fillers are utitied in the asphalt matrix that
coats the paper and mineral aggregates are utiiiwedaking the coarse granular surface that is
exposed to the weather and exgubso the surface ithe under-shingle area, sometimes referred
to as the “head-lap” portion of the shingle. Thmeral granules utilized for the surface coating
need to have sufficient hardness to withstamdwkeather impacts and need to stable appearance
to avoid color change under the long term lijht exposure. Coal combustion byproduct slags
from certain type boilers are commonly usedn@nufacture roofing granes. To utilize the coal
combustion byproduct, the “as produced” slag mugirbeessed to remove the fines and size the
product to the desired gradatiogsed for the roofing shingle.

As noted above, roofing granules refer to gh@ded particles pressed onto the surface of
asphalt shingles to protect the shingle from solar and environmental degradation as well as

10
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provide an aesthetically pleasiagpearance. Reed Materials, Inc. was the first company in the
US to convert coal utility slagto roofing granules used for@slt shingles. Reed Materials
was acquired by Harsco Corporation in 1988d is currently known as Harsco Minerals
International, a leading supplief roofing granules inhe US. Desired va material properties

for their finished product are summarized inblea5 and these data are compared to HECA
processed frit. As evidenced in the table, physsbalracteristics of the HEA frit (density, bulk
density, hardness and leaching potential) meetxoeed Harsco Minerals specifications. Other
specifications (top size, bottom size, LOI, stagnpotential and breakdown) will be satisfied by
proper processing that ensures efficient seneerand adequate water to remove soluble
impurities.

11
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The GS material from HECA has many of fiteysical and appearance characteristics of
coal combustion slags and therefore the GS materials offer the same utilization potential. Using
the same approach described for blasting G&,from the MHI pilotfacility were ground and
sieved into numerous size fractions and blentteanatch the size spiéications of roofing
granules, specifically #1Roofing Granules supplied by 3M Qoration. A comparison of the
roofing granules derived from the pilot facilisnd 3M #11 is shown in Table 7. Both products
were essentially identical witlespect to relevant pduct specifications cluding dust, moisture,

Mohs Hardness, bulk density and specific gsavitThe only significance was in color; 3M
roofing granules are availablewarious colors while HECA slagerived roofing granules would
likely be limited to black.

13
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Blasting Grit

The sandblasting of metal surfaces to preplagemetal surface for painting or coatings
requires granular abrasives pmpelled through an air jet tonpinge upon the metal surface
with enough force to dislodge the existing surfacmtpaust or other coatings. Abrasives are
usually of mineral composition with angular surfaeesl a hardness that allows the granule to
cut the surface coatings during a sandblastirgraijpn. Sandblasting alsiges and media are
specified by the Society of Protective Coatinglee applicable specification is the “Abrasive
Specification No 1- Minerals and Slag Abrasivesbrasive blasting utilizes high pressure air to
impinge media against the surface to be cleartehamples of large-scale applications include
bridge or cargo ship corrosion removal and acefpreparation for painting. In these types of
applications, the abrasive media used eqdiently slag producebly coal-burning cyclone
boilers. The slag is collected, gsibly crushed, screened irwovariety of size fractions and
dried to produce a range pfoducts for a variety afleaning applications.

The key specification requirements unddéte Abrasive Specification No 1 are
summarized below. The abrasives are intended for one time use. Abrasives are categorized into
two types, three classes and five grades depgnai the type of materialevel of crystalline
silica and grades of cutting depth when usednetal surfaces. Type | abrasives include natural
minerals. Type Il abrasives include slags loglhucts from coal combustion and some foundry
slags. The HECA slag is categorized as a Type Il Slag Abrasive. The Classes of abrasives A, B,
or C are determined by the level of cryigte silica found in the slag with Class A1.0%, Class
B " 5.0% and Class C Unrestricted.

Four blasting grit distributors within 258iles of the HECA Plant were identified:

x Kleen Blast
Rancho Cucamonga, CA

x Kleen Industrial Services
Danville, CA

X Media Blast & Abrasive. Inc.
Brea, CA

X Manufacturer’s Service, Inc. (MSI)
South EI Monte, CA

Based on Charah’s experience in processing btagiit at other locations in the US, it is
assumed that the processes are in general equivalent and that HECA GS will be equivalent to
alternate materials used in the current hi@stjranule production at each of the processors.

The specifications of several commercial slag-derived blasting grit products are
summarized in Table 8 and compared to thetft is likely to be produced by the HECA

14
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gasifier. Chemical and physical propertiestadd HECA frit should be similar to commercial
blasting grit products. Screegirwould be necessary to produte coarse and medium size
products while grinding would be necessary twdoice the finer-size products and would only be
considered if the regional market requires a fiolassting grit. Size analis of blasting grit is
shown in Figure 6.

15
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Figure 6. Size analysis of typal blasting grit samples.

Table 9 summarizes specifications for BlaBkauty™, a commercial blasting grit
supplied by Reed Minerals. Black Beauty™ is available as several products, differing in their
size gradation. Two Black Beg™ products were selectedrfeomparison; Fine and Extra
Fine. These specific products were selectethast appropriate to match the size distribution
resulting from grinding GS from the MHI pildacility. Approximately 20 kg of GS from the
MHI pilot facility ground and drysieved into numerous size framts. Size fractions were then
combined to generate 5 kg samples of produnetching the size distribution of Black Beauty™
Fine and Extra Fine blasting grit. The prepatttCA Fine and Extra Re blasting grit samples
were then characterized to directly congachemical and physical properties to the
corresponding Black Beauty™ prodsi@s summarized in Table 9.

Comparing chemical composition, the HEQ#oducts had higher silica content and
lower iron content. Other major chemical gmments were quit similar. Comparing physical
characteristics, HECA products were alsote@imilar. In summary, blending ground HECA
gasification slag will produce product that is essentially the same as Black Beauty™ with
respect to chemical and physiadaracteristics. The majorfiirence would be in chemical
composition, with Black Beauty™ camnhing lower silica and higher iron.

16
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necessary for producing Portland cement. Hwmmetrace element composition is also an
important consideration when seiagt raw material candidates.

As shown in Table 13, elevated concentrations of even minor compounds can have a
detrimental effect on Portland cement propertfes.

19
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Figure 7 illustrates the locatiasf cement manufacturing fadiks in California. Their
distance from the HECA gasification plant isegented Table 14, along with potential usage
rates of gasification slag. There are three cement plants within 100 miles of the HECA
gasification plant, each with potential usage rate of 40,000 to 160,000 tons per year (tpy).

Figure 7. Location of Cement Manufacturing Fatdds near the Proposed HECA Gasification
Plant?

21
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Figure 8.Monthly cement usage in US 2010 to 2013 (year to date).

Cement consumption in California and the weststates that can be served by OCMs are
shown in Table 15 and show a total consuorptf approximately 11.5 MM tons of cement in
2012 of which 65% was consumed in Califorrtm a per capita basis approximately 0.20 tons
of cement was utilized in California for each3# million people (over 7 MM tons per year). As
discussed in the next section tharket potential for material suels GS is about 30% of market
for cement or about 2 MM tons/year.

Table 15. Cement Consumption inli@ania and Other Western States.

23
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The HECA GS material has the chemical eleteristics that match the constituents of
granulated blast furnace slag and coal loostion byproduct fly ashCharah reviewed the
potential for manufacturing a cementitious mateti@t can be used as pozzolan in ready
mixed concrete. Pozzolans that are routinely useady mixed concrete include Class F fly
ash, Class C fly ash and ground granulabdalst furnace slag (GGBF Slag). All three
cementitious materials have a powder likgp@arance and typically have physical size
characteristics similar to cement. The specifarafior pozzolans used in concrete are described
in ASTM C-618 which identify the chemical aptiysical properties reqed to be an approved
pozzolan. The California Department of Transparta(CalTrans) is thapproval authority for
pozzolans that are allowed in concrete purchésestate projects such as highways and bridges.
The Cementitious Material Prequalification Progréor CalTrans is provided in Section 90 of
the Caltrans Standard Specifications. Use ofMi@dn the production of concrete offers an
attractive beneficial use altetive for GS materials provided the chemistry matches the needs
for OCMs and the performance in concrete demonstrated. The use of cement in the
manufacture of concrete in California isgaod indicator of the potential market for OCMs
which could include processed GS materidlsble 16 shows the cement usage for California
and the estimated usage for fly ash based natereaages for replacement of cement and an
estimate for potential processed GS material eismged on normal replacement ratios for slag
materials which similar performance characteristics.

Table 16. Cement, Fly Ash, and estima@sl Admixture Usagin California.

2012 Totals (ton)

Portland Blended Masonry Total Estimated Estimated
Location Cement Cement Cement Cement Fly Ash Processed GS
Consumption Consumption Consumption Consumption Usage Admixture Usage
N. California 2,563,976 48 34,474 2,598,498 363,790 636,632
S. California 4,804,058 0 132,481 4,936,539 691,115 1,209,452
California Total 7,368,034 48 166,955 7,535,037 1,054,905 1,846,084

In order to determine the potential foreusf the GS as a possible replacement for
Portland cement, Charah proces$tECA GS materials. A sample of the GS was ground to pass
a #20 mesh screen and a portiorthi$ sample was delivered to iimg Materials, Inc. (IMI) for
use in Portland cement concrete. The ground GS was incorporated as a 30% replacement for
Portland cement in a trial batch of concretixed under laboratory conditions. The mix design
for the trial batch was a 4000 psixnwithout air-entrainment and ggven in Table 17. As can be
seen, the water-cementitious materials raticifey was 0.54 (288 Ib. vier/ (380 Ib. Portland
cement + 160 Ib. ground GS)) and the ground GS accounted for 30 percent (160 Ib. ground GS /
(380 Ib. Portland Cement + 160 Ib. groua8)) of the cementitious materials.

24
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Table 17. Mix Design for Concrete Batch Incorporating Ground GS.

Component Quantity/Dosage
Type I/l Portland Cement 380 Ibs.
Ground GS 160 Ibs.
#57 Coarse Aggregate 1840 Ibs.
Fine Aggregate 1400 Ibs.
Water 288 Ibs.
PS 1583 Water Reducer 2 oz./cwt. of cementitous

Sixteen cylinders were made from the badcid tested for compressive strength at 3, 7,
28, and 56 days, with two cylinders being testegbah age. The resultstbis testing are shown
in Figure 9, where the strength at each age is temge of the two cylinders. It can be seen that
the strength gain of the concrete shows a trendlar to that of ordinary Portland cement
concrete and exceeds 4,000 psi at an age of 28 Blaysd the initial concrete cylinder testing of
the processed HECA GS Matesalthe performance in concrete indicates that the processed
solids can serve as a cementitious additiveesdy mixed concrete to replace cement. The
replacement ratio of the mix design was 3@¥%the cement at one pound for one pound
replacement and the strengths exceeded tinelath mix design based on straight cement. The
performance indicates that a highreplacement ratio is likely to be successful near the same
levels that a granulated blastriace slag would be utilized.

Figure 9. Compressive strength of concretntaining GS as an ingredient at
3, 7, 28 and 56 days.
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Disposal Evaluation

Environmental Testing of Samples

While the primary plan is to beneficially re-use the GS materials generated from the
HECA Plant, the materials were analyzed determine available diesal options should
beneficial re-use of 100% ofdhGS material prove infeasible.

A sample of the GS materials obtained fribva HECA fuel supplyilot plant processing
has been tested at a California based catdtifid for TTLC, STLC, and TCLP. The laboratory
results are attached in Appendix A. Thesgha mineral solids from IGCC plants are not
considered reactive, corrosive or ignitable. e Bample test results indicate the GS material is
non-hazardous based on the trace metals coatiens. Based on the composition and physical
characteristics of the material, the material fribr full scale HECA IGCC Plant is expected to
pass all California waste criteria tests includiggitability, Corrosivity,Reactivity, and Toxicity
and will be classified as non-hazardous. Thaalte of the TTLC, STLC, and TCLP tests along
with the regulatory limits are summarized Trables 18 through 20. As can be seen, the
concentrations present in GS materialsgaificantly less than the regulatory limits.

Table 18. TTLC Results with Regulatory Limits

Contaminant Regulatory  Limit | HECA Slag Concentratidn Within Reg. Limit
(mg/kg) (mg/kg)

Antimony 500 <10 Yes
Arsenic 500 <2.0 Yes
Barium 10,000 28 Yes
Beryllium 75 <0.51 Yes
Cadmium 100 <0.51 Yes
Chromium 2,500 1.6 Yes
Cobalt 8,000 1.3 Yes
Copper 2,500 2.7 Yes
Lead 1,000 <2.0 Yes
Molybdenum 3,500 2.8 Yes
Nickel 2,000 98 Yes
Selenium 100 <2.0 Yes
Thallium 700 <10 Yes
Vanadium 2,400 35 Yes
Zinc 5,000 <5.1 Yes
Silver 500 <1.0 Yes
Mercury 20 <0.020 Yes
!Limits taken from Table | and Table Il of CCR Title 22 Chp. 11
*Entries with the < symbol followed by a value were not detected at the reporting limit. The value
given is the reporting limit.
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Table 19. STLC Results with Regulatory Limits

Contaminant Regulatory  Limit | HECA Slag Concentratién Within Reg. Limit
(mg/L) (mg/L)

Antimony 15 <0.20 Yes
Arsenic 5.0 <0.20 Yes
Barium 100 0.83 Yes
Beryllium 0.75 <0.080 Yes
Cadmium 1.0 <0.10 Yes
Chromium 5 <0.10 Yes
Cobalt 80 <0.20 Yes
Copper 25 <0.20 Yes
Lead 5.0 <0.10 Yes
Molybdenum 350 <0.40 Yes
Nickel 20 7.3 Yes
Selenium 1.0 <0.20 Yes
Thallium 7.0 <0.20 Yes
Vanadium 24.0 1.2 Yes
Zinc 250.0 0.46 Yes
Silver 5.0 <0.20 Yes
Mercury 0.2 <0.0020 Yes
! imits taken from Table | and Table Il of CCR Title 22 Chp. 11
“Entries with the < symbol followed by a value were not detected at the reporting limit. The
given is the reporting limit.

value
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Table 20. TCLP Results with Regulatory Limits

Contaminant Reg“'z‘%‘//u Lim#t | HECA S"’z‘% gclﬁ?cen”a“a” Within Reg. Limit
Antimony | - <0.20
Selenium 1.0 <0.10 Yes
Molybdenum | = - <0.40
Lead 5.0 <0.10 Yes
Zinc | e <0.40
Vanadium | - <0.20
Thallium | - <0.10
Nickel |  —ee-- 1.4
Copper | - <0.20
Cobalt | - <0.20
Chromium 5.0 <0.10 Yes
Cadmium 1.0 <0.10 Yes
Berylium | - <0.080
Barium 100.0 0.21 Y
Arsenic 5.0 <0.20 Y
Silver 5.0 <0.20 Y
Mercury 0.2 <0.0020 Y
!Limits taken from Table | and Table Il of CCR Title 22 Chp. 11
%Entries with the < symbol followed by a value were not detected at the reporting limit. The
given is the reporting limit.

value

0OC\1669191.1
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Charah also secured a sample of a gasifinasiag resulting fronthe gasification of a
Chinese coal mine, referred to as “second sainpphe second sample came from a commercial
operating IGCC plant and was reviewed for physaa chemical character comparison to the
US based coal. The physical properties were sirmlappearance and sizg@nge. The full scale
plant produces a similar GS Material as tliletplant. Table 22 shows a comparison of XRF
data from the Mitsubishi gasification slag sanps shown in Table 21 and the second sample
derived from Chinese coal. The major differenc€@ which suggests that the Chinese coal is
probably a lower rank than the HECA US coal useduel for the first sample. Other than Ca,
the samples are not significantlyffdrent with respedio major elements, although it does appear
that the Chinese coal had higher trace elemamtentrations of Mg, P, K, Na Mn and Sr.
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The landfill is rail served by a dedicated trar unit train railroadnd has an on-site rail
spur.

Roosevelt Regional Landfill: The Roosevelt Regional Landfill is located in Klickitat
County, Washington. The landfill is the largeststeaby-rail system in the United States.
Rail service is supplies 95 to 98 percent of the landfill yearly. The landfill is owned and
operated by Allied Waste North America. The Roosevelt Landfill is supplied primarily
by a dozen transfer stations located near thafilh The rail service is operated by BNSF
railway. Waste is received primarily in imaodal containers, which are unloaded from
flatbed rail cars and placed on trucks fo4.& mile short haul to the landfill along the
private haul road. The landfill accepts mdhan 2.5 million tons of waste per year,
including industrial wastes.

Sawyer Landfill: The Sawyer Landfill is located in Sawyer North Dakota approximately
20 miles south of Minot North Dakota. Tisawyer landfill is owmed and operated by
Allied Wastes Systems and is permittedaason-hazardous industrial waste site. The
Sawyer Landfill has rail service into a transfer station located near the landfill. Ralil
service is supplied by the Soo Railroad, an affiliate of the Canadian Pacific railroad.

Simco Road Regional Landfill: The Simco Road Regional Landfill is located 25 east of
Boise, just off interstate 84 in a rurary area with less than 10 inches of annual
precipitation. The landfill is owned by Idaho Waste Systems Inc. The commercially
licensed, Federal Subtitle D landfill, whiopened in 1999, is permitted and regulated by
the ldaho Department of nzironmental Quality and the Central District Health
Department. Simco Road is served by bmhroad and major highways. The site is
located on Union Pacific's main rail line widn 8,000 foot raispur and 2,000 foot
auxiliary spur on site. The lanltlfis located adjacent to tHenion Pacific main line with
over 10,000 feet of rail spur. A container hiends on site to unload containers for
disposal at the landfill, oa negotiated rate for intermodal transfers. There is also
capability to unload open top hoppers and gondolas.

Finley Buttes Landfill. Finley Buttes Landfill is located in Morrow County, Oregon,
approximately 180 miles east of Clark Courstyd approximately 12 miles south of
Boardman, Oregon. The facility is owheand operated by Finley Buttes Landfill
Company and is the designated disposal feiteMSW generated within Clark County.

The landfill is designed, constructed amgerated to be in compliance with all
requirements of the Oregon DEQ and ERAtgle D MSW landfill requirements. Finley

Buttes Landfill occupies a permitted 510 acre. ditee estimated available fill capacity at
the site, as currently permitted by the @ye DEQ, is 90 million tons of waste. The
landfill does not have a rail system but is permitted to allow this service.

30

0OC\1669191.1



References

0OC\1669191.1

31



Appendix A

Laboratory Results

0OC\1669191.1

32












ANALYTICAL REPORT

TestAmerica Laboratories, Inc.
TestAmerica Irvine

17461 Derian Ave

Suite 100

Irvine, CA 92614-5817

Tel: (949)261-1022

TestAmerica Job ID: 440-33744-1
Client Project/Site: Ash Analysis

For:

Charah, Inc

12601 Plantside Drive
Lousville, Kentucky 40299

Attn: Karl Beckemeier

Authorized for release by:
1/14/2013 9:26:27 AM

Jonathan Bousselaire
Project Manager |
jonathan.bousselaire@testamericainc.com

The test results in this report meet all 2003 NELAC and 2009 TNI requirements for accredited
parameters, exceptions are noted in this report. This report may not be reproduced except in full,
and with written approval from the laboratory. For questions please contact the Project Manager
at the e-mail address or telephone number listed on this page.

This report has been electronically signed and authorized by the signatory. Electronic signature is
intended to be the legally binding equivalent of a traditionally handwritten signature.

Results relate only to the items tested and the sample(s) as received by the laboratory.
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