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ABSTRACT

BIOCONTAINMENT OF PCBs ON FLAT CONCRETE
SURFACES AND COPRECIPITATION OF PCBs AND
METALS IN BOILER CHEMICAL CLEANING
WASTEWATER BY MICROBIAL CARBONATE
PRECIPITATION

by
George D.O. Okwadha
The University of Wisconsin-Milwaukee, 2010
Under Supervision of Dr. Jin Li

Some industrial equipment such as electric transformers and capacitors are
located in vaults and substations on flat concrete surfaces. Due to accidents, normal
routine maintenance or replacements, these equipments may spill oil which may
contain PCBs on these surfaces. These spills must be cleaned up in accordance with
United States Environmental Protection Agency’s (USEPA) guidelines. Current
cleanup operations are abiotic in nature, encompassing both physical and chemical
methods. These methods generate enormous amounts of impacted wastewater and
solid wastes which have to be disposed of carefully at a cost. In addition, some
chemicals used are harmful to both humans and other organisms. Epoxy coatings
have been used to encapsulate PCBs on concrete surfaces. However, these coating
systems can be ineffective because the adhesion with concrete is easily damaged by
elevated temperatures causing failure of the coating system.

The use of biosealant obtained from microbial carbonate precipitation (MCP) on

PCB-contaminated concrete surfaces was studied as a possible alternative to epoxy

iii



coatings. Sporosarcina pasteurii strain ATCC 11859 was used for this purpose. This
bacterium metabolizes urea, and in a calcium-rich environment precipitates calcite
which deposits on the surface.

This research therefore exploits this unique microbial activity to determine
optimum conditions for MCP, and uses these conditions to lay a biosealant on the
Polychlorinated Biphenyls (PCBs) contaminated concrete surface. An investigation
into the possibility of solid-phase capture (by co-precipitation) of PCBs and metals in
boiler chemical cleaning wastewater (BCCW) was also explored. The results indicate
that the presence of bacteria and bacterial cell concentration have a significant
influence in MCP and the rate of urea hydrolysis. At 25 mM/L Ca®" concentration,
increasing bacteria cell concentration from 10° to 10* cells/mL increases the CaCO;
precipitated and CO, sequestrated by over 30%. However, when Ca’" concentration is
increased 10-fold to 250 mM/L Ca®’, the CaCOj; precipitated and CO, sequestrated
increased by more than 100% irrespective of urea concentration. This result shows
that the amount of CaCOjs precipitated is determined by the concentration of the Ca*"
ions present. Reduction in the coefficient of water permeability by 1-5 orders of
magnitude and high resistance to carbonation was also exhibited by the biosealed
surfaces indicating a greater potential for obtaining a stronger coherent impermeable
durable surface by MCP.

Coprecipitation results have shown that the PCBs and BCCW had little effect on
the activity of the urease enzyme. Consequently. the hexane-based PCBs and the
metals in the BCCW were effectively coprecipitated. However, no coprecipitation

occurred in the oil-based PCBs. Chemical and Energy Dispersive X-ray (EDX)




analyses on the coprecipitated solids confirmed the precipitation of metals in the
BCCW. However, the ASTM Method D3987 test to determine the leaching potential
of the coprecipitated metals was inconclusive, and more research needs to be done in

this area.
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1.0 Introduction

Polychlorinated biphenyls (PCBs) are a class of organic compounds with | to 10
chlorine atoms attached to biphenyl (Fig.l) with a general formula of C;2H;oCl.
Theoretically, there are 209 individual isomers or congeners produced anthropogenically
in the environment with a wide range of individual applications in heat transfer fluids,
dielectric fluid, hydraulic fluids, flame-retardants, plasticizers, solvent extenders, and
organic diluents. PCBs are hydrophobic, lipophilic, with high chemical stability, low
transformation rate, and therefore are recalcitrant to biodegradation (Kamei et al., 2006).
Due to these properties, PCBs persist in the environment, and bioaccumulate in the food
chain.

meta ortho

3 2 2 3
para 4 4'
S 6 6' 5!
meta ortho

IFig. 1: Basic structurc of PCB

The toxicity and general resistance to biodegradability of individual congeners is
generally directly correlated with the number of chlorines substituted on the molecule
(De et al.2006). Moreover, the position of the chlorine atoms on the phenol rings also

influences the toxicity and persistence of the individual congeners. For example,



congeners having chlorine substitutions at one or more of the ortho positions of either
phenol ring tend to be particularly resistant to biological breakdown. Likewise, congeners
with one or more chlorines at the meta positions of either ring are classified as coplanar,
and are more toxic relative to the other noncoplanar PCBs. The more highly chlorinated
(5 or more chlorines) PCB congeners; Aroclors for example, are cometabolized under a
broad variety of anaerobic conditions. Their formulations are identified by four-digit
numbers, the first two indicating the number of carbons in the biphenyl ring and the last
two indicating the percent chlorine by weight in the molecule. Aroclors 1254 and 1260
most commonly used in dielectric fluids are the least amenable to biodegradation, and
thus makes bioremediation of such sites difficult.

PCB contamination may occur due to spills especially from transformer oil when
accidentally damaged or when being replaced. In addition, leaks and spills may occur in
industrial facilities where PCB-bearing organic liquids were employed (Pizzarro et al.
2002). Due to their hydrophobicity and lipophilicity, major portions of PCBs released
into the aquatic environment are adsorbed onto sediments (humic acids) or rest as sludge
(oil-water mixtures) on the bottom of rivers, lakes and oceans. Through mechanical
disturbances including sediment dwelling organisms, wind and rainwater, PCBs
subsequently enter food chains, and finally end up in the tissue of nearly all terrestrial and
marine plants and animals, fish, mammals, fish- and non-fish-cating birds and humans,
where it may bioaccummulate to harmful concentrations. It has been reported that PCBs
are absorbed by humans and other animals through the skin, the lungs, and the
gastrointestinal track (Wiegel et al., 2000). Once inside the body, they are transported

through the blood stream to the liver, various muscles and adipose tissue where they




accumulate. Research shows that PCBs cause a variety of adverse health effects
depending on the route of exposure, age, sex, and area of the body where PCBs are
concentrated. Studies done on animals show conclusive evidence that PCBs are toxic and
carcinogenic. Some of the health concerns include endocrine disruption, impairment of
immune system, reproductive system, nervous system (causing dizziness, headaches,
depression, nervousness, and fatigue) and endocrine system. Others are liver, stomach,
and thyroid gland injuries, immunosuppression, tumor promotion, and behavioral
alterations. PCBs are passed from mother to the fetus through placental blood and to the
body via breast milk (Tharakan et al. 2006). PCBs can affect the productivity of
phytoplankton and the composition of phytoplankton communities. Phytoplankton is the
primary food source of all sea organisms and a major source of oxygen in the atmosphere
(Borja et al. 2005). These factors, combined with growing awareness of the fragility of
the environment have resulted in the urgency in restricting and limiting the use of PCBs.
[n addition, PCB spill sites are thoroughly evaluated after remediation operations to
ensure that the USEPA set limit (<10pg/100cm®) is met and the metabolites of

remediation are not harmful to the environment.

1.1 Current remediation practice

The current PCB remediation methods are abiotic in nature, encompassing both
physical and chemical methods. Physical methods involve cutting away the contaminated
surface and treating both the wastewater and the solid waste generated. They include

sandblasting, shot blasting, scarifying, and scabbling (Mitchell and Scadden, 2001).




Sandblasting and shot blasting are the most commonly used techniques where
PCB contamination is limited to the upper 2 inches of a porous media such as concrete.
Sandblasting involves blasting fine-grained, abrasive sand onto the PCB-contaminated
surface to strip away surface coatings and remove porous material below. Shot blasting
involves shooting varying sizes of metal shot against the surface, and is more effective at
bulk material removal. The shot is recovered in the process using a specially fitted
vacuum system that separates the shot from PCB-contaminated residue.

Scarifying and scabbling are more applicable where PCBs extend 4 to 20 inches
into the porous material. Scarifiers contain a helical rotating cutting tool that is attached
to a tractor or large mobile roller and used to remove a layer of concrete. Scabblers use
small, high-pressure pistons to sequentially break up the concrete. Scabblers are generally
smaller than scarifiers and have a lower concrete removal rate, but scabblers are more
adaptable to indoor environments. Both devices are able to shave off from 1/16 inch to
1/8 inch of concrete per pass.

Hydroblasting uses high pressure water (between 1,000 psi and 60,000 psi) to
wash a PCB-contaminated concrete surface. The wastewater is then collected, treated,
and disposed. Hydroblasting can be effective for removing paint and coating layers.
Under very high pressure, it can also be used to cut and remove concrete, but is generally
less effective and results in more wastewater than other available methods. Hydro-
vacuuming involves using high pressure water to blast the concrete surface and vacuum-
cleaning the debris in one step. It is very effective and leaves a very clean surface.

Chemical methods are designed to decontaminate the PCB-contaminated surface.

They include solvent washing, degradation and encapsulation. Solvent washing uses




kerosene, diesel, terpene hydrocarbons and chemicals such as TechXtract® (Bonem and
Borah, 1995) to reduce the concentration of PCB in a concrete surface. However, PCB
must be 5% soluble in the selected solvent for it to be effective. Self-stripping polymers
painted onto the concrete surface to remove PCB have also been used. These polymers
flake off once dry, taking the PCB with it. An alkali metal-polyethylene glycolate
mixture (Glycolate dehalogenation) can also be applied directly onto the contaminated
concrete surface for in situ degradation of PCBs. Encapsulation has also been used as a
physical barrier when complete PCB removal is not technically achievable (Pizarro et al.
2002). It involves painting the concrete surface with one or more epoxy-coatings systems

to confine PCB in place and prevent it from leaching out.

1.2 Drawbacks

All these abiotic methods are expensive and generate enormous amounts of both
wastewater and solid waste which must be treated before disposal. Some of the methods
involve the use of chemicals. These chemicals degrade with age, and require several
applications from time to time, and may be harmful to humans through physical contact
and ingestion. Any spill from these chemicals would contribute to environmental
pollution (De Belie et al. 2006). In addition, epoxy coatings are less effective due to
“bleedback” (resurfacing of oils and PCBs from concrete after cleaning) caused by
clevated temperatures induced by heating. High temperatures lower the density of the oil,
preventing or damaging the epoxy-concrete adhesion (Pizarro et al. 2002). Poor bonding

due to the presence of free oil on the concrete surface may also cause failure of the




coating system. Epoxy resins are also degraded at temperatures above 177°C (350°F)

(Morena, 1988).




2.0  Bioremediation

Another way to clean up PCBs is to use biological processes (bioremediation).
Bioremediation is the use of microorganisms or microbial processes to degrade or
breakdown toxic substances especially xenobiotics to products which are less toxic to the
environment, humans, and other organisms. Bioremediation is often less expensive, and
can eliminate wastes permanently. Bioremediation technologies can be done both ex-situ
and in-situ. Ex-situ technologies involve the physical removal of the contaminated
material, whereas in-situ involves treatment of the contaminated material in place with
minimal site disruption. Successful bioremediation depends on correct identification of
the right microbes with high degradation potential, and putting them in the right place
with favorable environmental lactors to degrade the contaminants (Boopathy, 2000). The
right microbes are bacteria or fungi, which have the physiological and metabolic
capacities to degrade the contaminants. However, cleaned sites need to be re-evaluated to
make sure that toxic metabolites from microbial metabolism are not left in-situ
(Boopathy, 2000, Ganey et al., 2005).

Bioremediation may be divided broadly into biodegradation and biocontainment.
Biodegradation is the breaking down of highly chlorinated biphenyls to less chlorinated
molecules, which can then be removed from the environment easily. Biocontainment is
the in-situ introduction of a physical barrier between contaminants and the environment
through microbial deposition of calcium carbonate. Microbial carbonate precipitation
(MCP) occurs as a byproduct of common microbial metabolic processes, such as

photosynthesis, urea hydrolysis, and sulfate reduction (Knorre and Krumbein, 2000;




Castanier et al. 1999; Hammes et al. 2003). MCP can be referred to as bacterial
carbonatogenesis (Metayer-Levrel, et al., 1999, Castanier et al., 1999), biocalcification
(Zamarreno et al., 2009), or biomineralization (Konhauser et al., 2008, Phoenix and
Konhauser, 2008). However, another basic advantage of MCP is its ability to sequestrate
atmospheric CO, through calcium carbonate formation (Ferris et al. 1994, Rodriguez-

Navarro et al. 2003, Manning, 2008).

2.1 Biocontainment using MCP

Organic and inorganic coatings have been used in the past in conventional surface
treatments. However, environmental concerns from these volatile compounds have
shifted focus to biotechnology. The participation of numerous diverse microbial species
in biodeposition of CaCO; to act as coatings and sealants have been studied and
documented. Calcite precipitation is a function of cell concentration, ionic strength, and
pH in the surrounding aqueous environment (Ramachandran et al. 2001, Ramakrishnan et

al., 2001, 2002).

2.1.1 MCP by bacterial surface charge

Several studies have indicated that microorganisms whose net cell surface charge
. . . . . . . 2 TS
is negative are capable of removing divalent cations including Ca™" and Mg~ from the
environment, by binding them onto their cell surfaces, thereby making microorganisms

ideal crystal nucleation sites (Schultze-Lam, et al. 1996, Ferris et al. 1986, 1987, Stocks-



Fisher et al. 1999, Day et al. 2003, Ramachandran et al. 2001, Bang et al. 2001a,
Hontoria and Sanchez-Blanco, 2006). During this process, the microorganisms may plug
the pores in the substrata not only by acting as small particles but also by adhering to the
available surfaces through extracellular organic compounds (Ramachandran et al. 2001,
Ramakrishnan et al., 2001, 2002) and finally get entombed within the carbonate
precipitate. The following equations summarize possible biochemical reactions in an
aqueous environment to precipitate CaCO; at the bacterial cell surface that serves as a

nucleation site.

Ca’ + Cell — Cell-Ca®* (1)
Cl' + HCO; + NH; <> NH,Cl + COy™ 2)
Cell-Ca®* + CO4> — Cell-CaCOy | (3)

2.1.2  MCP by Photosynthetic organisms

The most common form of MCP in aquatic environments is caused by
photosynthetic organisms (McConnaughey and Whelan, 1997). The metabolic processes
of algae and cynobacteria utilize dissolved CO, (Equation 4), which is in equilibrium
with HCO5 and CO::,E' (Equation 5). The removal of CO, induces a shift in this
equilibrium resulting in an increase in pH (Equation 6) (Ehrlich, 1998). When this
reaction occurs in calcium rich environment, calcium carbonate is precipitated (Equation

7) (Hammes and Verstraete, 2002).

CO; + H,O — (CH,0) + O, (4)
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2HCO; < CO5 + CO3> + Hy,0 (5)
COs*+ H,0 « HCO5 + OH (6)
Ca’" + HCO; + OH — CaCOs + 2H,0 (7)

2.1.3 MCP by heterotrophic organisms

Heterotrophic organisms can precipitate calcite by the production of carbonate or
bicarbonate and modification of the environment to favor precipitation (Castanier et al.
1999). The abiotic dissolution of gypsum (CaS04.2H,0) (Equation 8) provides an
environment that is rich in both sulfate and calcium ions. In the presence of organic
matter and absence of oxygen, sulfate reducing bacteria (SRB) can reduce sulfate to
hydrogen sulfide (H,S) and release HCOs (Equation 9) (Castanier et al. 1999; Ehrlich,
1998; Wright, 1999). II H,S degasses from the environment, an increase in pH occurs

which favors CaCOjs precipitation (Equation 7) (Castanier et al. 1999).

CaS04.2H,0 — Ca®" + SO,* + 2H,0 (8)

2(CH,0) + SO4* — HS™ + HCO3 + CO, + H,0 )

2.1.4 MCP by Urea hydrolysis

Microorganisms involved in the nitrogen cycle through ammonification of amino

acids, nitrate reduction and hydrolysis of urea can induce MCP of which urea hydrolysis

is the simplest and most important process in biocontainment of contaminants. Ureolytic
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bacteria especially Bacillus pasteurii and Bacillus sphaericus have generated a lot of
interest in this area, and have been studied extensively (De Muynck et al. 2007, Ercole et
al. 2007, Dick et al. 2006, Hammes et al. 2003, Day et al. 2003, Fujita et al. 2000). These
aerobic bacteria are able to precipitate calcite through the enzymatic hydrolysis of urea.
The microbial urease enzyme hydrolyzes urea to produce dissolved ammonium (NH4),
dissolved inorganic carbon (DIC) and CO,, and the ammonia released in the surroundings
subsequently increases pH, leading to accumulation of insoluble CaCOj; (Day et al. 2003)
in a calcium rich environment. Quantitatively, one mole of urea is hydrolyzed
intracellularly to one mole of ammonia and one mole of carbamate (equation 10), which
spontancously hydrolyzes to form an additional one mole of ammonia and carbonic acid
(equation 11). These products subsequently equilibrate in water to form bicarbonate and
2 moles of ammonium and hydroxide ions (equations 12 and 13). The latter give rise (o a
pH increase, which in turn can shift the bicarbonate equilibrium, resulting in the
formation of carbonate ions (equation 14). These ions then precipitate as CaCOj in the
presence of soluble calcium ions (equation 15) (Castanier et al. 1999, Hammes et al.

2003).

CO(NH»); + H,O — NH,COOH + NH; (10)
NH,COOH + H,0 — NHs + H,CO4 (11)
H>CO; «» HCO; + H' (pKa = 6.37) (12)
2NH; + 2H,0 — 2NH," + 20H (13)
HCO5 + H' + 2NH4" + 20H" <> CO3> + 2NH," + 2H,0 (14)

COy” + Ca** e CaCOs (Kyo= 3.8x107) (15)
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As these reactions proceed, the carbonate crystals continue to grow, coating,
filling, and forming bridging links (Fig.2) in the voids between sand grains (or other
porous media). The result is a robustly cemented dense block of material (Hontaria and
Sanchez-Blanco, 2006), which is impermeable with high compressive strength, and is
resistant to deterioration due to freezing and thawing (Ramachandran et al. 2001,
Ramakrishnan et al., 2002). Similar results have been reported using anaerobic

thermophilic bacteria belonging to the Shewanella species (Ghosh et al., 2005).

Calcite Coaling

& Filling voids Porous media

Fig. 2: Calcium carbonate coating and filling in voids between porous media grains

Microbial pathways are very complicated to be precisely predicted, and results
reported by various researchers are hardly duplicated. However, the simplicity of MCP
by urea hydrolysis has made it attractive to researchers especially its application in
bioremediation because the rate and quantity of the carbonate precipitated can be easily
controlled (De Muynck et al. 2010). In addition, using ureolytic bacteria to cause an
increase in pH is additionally preferable to direct addition of a basic solution because the
gradual hydrolysis of urea is likely to promote a wider spatial distribution of calcite
precipitation in the subsurface than the direct addition of base, which in contrast is likely

to cause immediate precipitation only in the borehole (Ferris et al. 2003).
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2.2  Some reported applications of MCP

2.2.1 Crack repair in rocks and concrete

The quest for new, sustainable and environmental friendly methods to solve
engineering problems has come of age and is going strong. MCP has been used to
enhance oil recovery in oil reservoirs by plugging cracks in adjacent rocks which allow
ground water ingression in the pumping area (DeJong et al. 2006, Cacchio et al. 2003,
Stocks-Fisher et al. 1999, Gollapudi et al. 1995). De Muynck et al. 2007a and b, used
Bacillus sphaericus in the presence of CaCl, (as a calcium source) to improve concrete
durability by precipitating a dense and coherent layer of calcite on the concrete surface.
This microbiologically induced calcium carbonate precipitation and deposition (or
bioclogging) resulted in a decrease in capillary water uptake and permeability towards
gas (Ivanov and Chu, 2008). Although Bacillus pasteurii and Bacillus sphaericus are
both facultative, their bacteriologenic CaCOs precipitation activity is only intense near
the surface where oxygen is abundant (Ramachandran et al. 2001, Bang et al. 2001,

Bachmeier et al. 2002).

2.2.2 Monuments restoration

Dick et al. (2006) used Bacillus sphaericus and Bacillus lentus to restore a

deteriorated Enville limestone. The results showed that both Bacillus strains were able to

produce a carbonate layer that could reduce capillary water absorption on the treated
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stone. However, the amount of CaCO; precipitated was different. MCP has also been
used to clean, protect and consolidate porous ornamental limestone (Tiano et al. 1999,
2006, Rodriquez-Navarro et al. 2003, Dick et al. 2006, De Belie et al. 2006, Jimenez-
Lopez et al. 2008) by forming a heterogeneous organic-inorganic bond on the limestone
surface. Le Metayer-Levrel et al. (1999) used Bacillus spp. as a biocalcifying agent for
protection of three types of limestone with different pore sizes. The results showed that
the biocalcin deposited on the stone surface was similar to the limestone substrate. This
could be because biocalcification uses natural microbial mediation which follows the
same natural processes that formed many limestones (Le Metayer-Levrel et al. 1999).
Cappitelli et al. (2007) compared the use of sulfate reducing bacteria (Desulfovibrio
vulgaris ATCC 29579) and the traditional chemical technology in removing black crusts
(containing gypsum) on marble of the Milan Cathedral (Italy). The results showed that
the biological treatment not only resulted in more homogeneous removal of the surface
deposits, it also preserved the patina noble under the black crust. In this regard, the
microbial technology acted both as a cleaning treatment and a conservation treatment.
Whereas both methods converted gypsum (o calcite, the chemical technology also formed

the undesirable sodium sulfate on the marble surface.

2.2.3 Compressive strength and durability improvement

Day et al. (2003) and Bang et al. (2001) used Bacillus pasteurii immobilized in

hydrophilic polyurethane (PU), lime, silica fume and fly ash in concrete crack

remediation (Day et al., 2003, Bang et al., 2001a, 2001b, Ramakrishnan et al., 2002). The
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results indicated that microbiologically-enhanced crack remediation has the potential in
cementing concrete and other structural cracks as well as providing a significant increase
in compressive strength, and resistance to deterioration due to freezing and thawing
cycles. It was also observed that PU polymer was the most effective as compared with
other immobilization techniques. Moreover, encapsulated microbial cells retain high
metabolic activities, and arc protected from the high pH of concrete and adverse
environmental conditions. In addition, PU serves as additional nucleation sites for calcite
crystals (Bang et al. 2001b). Ghosh et al. (2005), Ramachandran et al. (2001),
Ramakrishnan et al. (2001), and Jonkers et al. (2010) successlully used Bacillus pasteurii
to make a bacteria-concrete mixture to improve compressive strength and durability of
concrete. The ability of ureolytic bacteria to produce endospores enabled them to endure
the highly alkaline pH (12.5) of fresh concrete without encapsulation. This has enabled
ureolytic bacteria to be used as a self-healing agent for the development of sustainable

concrete (Jonkers et al. 2010, Ramakrishnan, 2007).

2.2.4 Consolidation of soil and sand columns

Gollapudi et al. (1995), Stocks-Fischer et al. (1999) and Delong et al. (2006) used
Bacillus pasteurii in sand column plugging experiments, and observed that MCP was so
effective that it needed only a few days to reduce the permeability of sand columns to
zero. Nemati et al. (2003) observed that an increase in urease concentration enhances
CaCO; precipitation and hence plugging of unconsolidated porous media, and

consequently leads to a significant decrease in permeability. However, at low
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concentrations of the enzyme (0.03g/l urease), an increase in temperature from 22 (o
30°C is required to enhance the extent of bacteriologenic mineral plugging. In the
geotechnical engineering field, Harkes et al. (2010) used BioGrout to fix and
homogeneously distribute bacterial activity within sand. This biocementation technique
enhanced MCP, and in the process promoted ground reinforcement by improving soil
strength and stiffness of sandy soils with minimal reduction of permeability (Whiffin et

al. 2007, Ivanov and Chu, 2008).

2.2.5 Coprecipitation of divalent metals and radionuclides

MCP has also been investigated for the solid-phase capture and immobilization of
divalent metals and radionuclide contaminants such as 9”81’“, U()gz‘*, and Co”" in
groundwater aquifers (Fujita et al. 2000 and Warren et al. 2001). Warren et al. (2001)
reported that 95% and 30% of *’Sr** and UO,”" was captured respectively, reducing both
their radioactivity and chance of migration downstream. The divalent Sr** ion in
particular substituted Ca® readily in a CaCOs crystal lattice, precipitating out as *"SrCOs;.
Mitchell and Ferris (2006) have also reported that, higher bacterial concentrations are
needed during ureolysis to generate larger and less soluble carbonate crystals which
would promote co-precipitation of metals and radionuclides in contaminated aquifers.
lons with similar radius and same charge as the replaced ion should be incorporated more
efficiently in a crystal lattice than those with different size and charge. Consequently,
cations larger than Ca”" (ionic radius 1.00A) should partition weakly in calcite because

they are too large to occupy octahedral sites in the calcite lattice (Curti, 1999). However,
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this was not found to be true (Curti, 1999, Warren et al., 2001). Curti, 1999 then
concluded that differences in ionic charge between substituted and substituting ion do not
hinder coprecipitation. The partition coefficient of St** (ionic radius 1.12 A) and Ra™
(ionic radius 1.48 A) in calcite arc in the range of 0.03-0.09 and 0.003-0.053 respectively.
The partition coefficient of Ra’* in calcite falls within the range for Sr™". From this
analogy, it can be hypothesized that isomorphous substitution of Ra*" is possible in the
calcite crystal lattice. In addition, MCP have also been used in calcium removal from
wastewater (Hammes et al. 2003). These positive attributes of MCP are possible because
urea hydrolyzing bacteria are widespread in the environment (Fujita et al., 2000), and an
in situ remediation scheme based on urea hydrolysis is not likely to require the
introduction of foreign microorganisms. The subsurface hydrolysis of urea offers the
additional benefit of producing ammonium which can be exchanged for sorbed metals on
aquifer solids, which enhances their capture by coprecipitation in calcite (Fujita et al.,

2004).

2.3 Important factors affecting MCP and the derivation of the factorial
experiments

2.3.1 Type of Bacteria

The bacterial species to be used for calcite precipitation should be able to possess
high ureolytic efficiency, alkalophilic (optimum growth rate occurs at pH around 9, and
no growth at all around pH 6.5), deposit calcite homogeneously on the substratum, and a

very high negative zeta (£)-potential (Dick et al. 2006, De Muynck et al. 2007). Zeta
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potential is the potential difference between the dispersion medium and the stationary
layer of fluid attached to the dispersed particle (bacteria). Colloids with high &-potential
(negative or positive) are electrically stable and stay dispersed whereas low &-potential
potential colloids tend to adhere together and flocculate. This reduces their potential to
colonize a surface. Conversely, due to the positive &-potential of the substratum, the
bacteria with a high negative &-potential would have a high adhesion and surface
colonization. This promotes the formation of a good biofilm and production of abundant
extracellular polymeric substances (EPS), which traps and concentrates Ca”* ions on the
substratum. As well as meeting the needs for biocementation, the bacteria must also meet
the needs for safe environmental application. It must be non-pathogenic, non-genetically
modilied, and not contain any transferable elements that may increase the pathogenicity
of environmental strains which might be detrimental to other living organisms both
directly and indirectly.

During the biocementation reaction, the urease enzyme hydrolyzes urea releasing
two ammonium molecules. Researchers have observed that the generation of high
concentrations of ammonium suppresses urease activity (Kaltwasser et al 1972a,
Friedrich and Magasanik, 1977) in some bacteria. Consequently, the bacteria with the
ability to produce urease enzyme steadily in the presence of high concentrations of
ammonium would be the right choice for biocementation. Sporosarcina pasteuwrii and

Bacillus sphaericus meet this condition.
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2.3.2 Bacteria cell concentration

The rate of urea hydrolysis (ureolysis) is directly proportional to bacteria cell
concentration. High bacteria cell concentration would provide enormous amounts of
urease enzyme for ureolysis. Nemati and Voordouw (2003) reported that an increase in
urease concentration enhances the rate of MCP. However, at low urease concentration, an
increase in temperature enhances MCP. In addition, at high concentrations of urease

enzyme, temperature increase has insignificant role in enhancing MCP.

2.3.3 Temperature

Urease-catalyzed ureolysis like any other enzymatic reaction is temperature
dependent. However, the optimum temperature ranges from 20°C to 37°C depending on
environmental conditions and concentrations of other reactants in the system. Ferris et al.
(2003) reported that increasing the temperature from 15°C to 20°C increased the rate of
urcolysis, Kyea 5 times (from 0.18 to 0.91 d’i) and 10 times greater than Ky, at 10°C
(0.09d"). Nemati and Voordouw (2003), and Mitchell and Ferris (2005), observed a
similar trend. It can therefore be emphasized that increasing temperature within the

optimum range enhances the rate of ureolysis.
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2.3.4 Urea concentration

Ureolytic bacteria use urea as a food source. An increase in urea concentration

would definitely increase urease activity and rate of urea hydrolysis. Moreover, urea
. 2- . § . ‘

hydrolysis generate CO3;” at a 1:1 molar ratio (equation 16), and any increase in urea

i ¥ 2- . A . .
concentration would increase the CO3™ concentration with a subsequent increase in MCP.

CONH,), + 2H,0—27%¢_onm: + co> (16)

However, an increase in urea concentration should only be done to the limits of economic
advantage. Nemati and Voordouw (2003) established that increasing urea concentration

beyond 36g/L. had no effect in enhancing the rate of MCP.

2.3.5 Ca*'ions concentration

A rich Ca®" source is required for MCP. Stoichiometrically, the carbonate
precipitate and the Ca®* source at a 1:1 molar ratio (equation 17). An increase in Ca™*
concentration would increase MCP because it enhances urease activity (Hammes et al.
2003, Nemati and Voordouw, 2003). In addition, since Ca’* is not likely utilized by
microbial metabolic processes, it would accumulate outside the cell where it would be
readily available for MCP (Silver et al. 1975). However, Nemati and Voordouw (2003)

reported that increasing Ca™ concentration beyond 90g/L does not improve MCP.
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Urease

CO(NH,), +2H,0 +Ca®™ 2NH | +CaCO, 1 (17)

2.3.6 lonic Strength

lonic strength is the concentration of free ions in solution. It is closely related to
the concentration of electrolytes. It is higher if full ionization took place and/or when
some ions have more charge, and lower if incomplete ionization takes place or when the

ions are monovalent. It can be expressed as:

Y CZ! (18)

(Hunter, 1981), where C and Z are molar concentration and ionic charge respectively.
lonic charge influences enzymatic reactions like temperature and concentration. In
transport in porous media, the total interaction energy needed by microbial particles to
adhere and attach themselves to solid surfaces as explained by the classical Derjaguin-
Landau-Verwey-Overbeek (DLVO) theory, is composed of the repulsive electrostatic
forces and the attractive Van Der Waals forces. High ionic strength increases electrical
double layer (EDL) compression by decreasing EDL repulsive forces leaving attractive
Van Der Waals’ forces to dominate, and in the process promotes bacterial adhesion and
attachment to the substratum (Faibish at al. 1998, Foppen et al. 2006). Increase in ionic
strength from 0.1 to 1.0 may increase the equilibrium constant for ammonia speciation

from 9.3 to 9.4 (Martell and Smith, 1974).
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2.3.7 pH of the medium
A pH increase is an indication of urea hydrolysis, and is an important property of
alkalophiles (optimum growth at pH 9.25 and no growth below pH 6.5). pH also
determines which ammonia species exist and at what concentration. The pH at which

NH3 and NH,;" exist in a 50:50 ratio is about 9.25 (pKa~9.25). This relationship may be

derived from the chemistry of buffer solutions involving ammonium ion as follows:

Ammonium ionizes in water as

NH | (ag)+ H,0(l) — H,0" (aq) + NH ,(aq) (19)

The equilibrium constant for ammonium ion, K, may be expressed as

g - U0 IINH, | (20)
‘ [NH |

[H,0"] [NH]]
K. [NH,]

[

Then, (21)

[NH ]
[NH,]

And [0°# x] 0" = (22)
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The equilibrium constant for the ammonium ion, K, is5.6x10 ", and pKa is ~9.25.

[NH, |
[NH, ]

Finally, =10 (23)

When pH values are known, the ammonia species can be computed by equation 23 and

then may be plotted as in Fig. 3.

100

% Speciation
(@]
o

Fig. 3: Variation of chemical speciation of NHy (&) and NH," ( ® ) with pH. pKa of
ammonia (9.25) is the pH where the ammonia species exist in a 50:50 ratio.
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2.3.8 Biofilm

A biofilm may be defined as a gelatinous extracellular polymeric substance (EPS)
of biological origin containing a consortium of microbial cells such as bacteria, fungi,
and algae attached to biotic or abiotic surface (Decho 2000a, Ballance et al., 2001, Singh
et al., 2006). Biofilm formation occurs in response to an environmental stress (defense),
quest for nutrients (colonization), and utilization of cooperative benefits (community)
(Jefferson et al., 2004, Luttge et al., 2005, Bennett et al., 2001). Several authors have
reported that in order to decide when to form a biofilm, bacteria continually assess their
population densities by using an interbacterial communication mechanism called quorum
sensing (QS) (Achal et al. 2009, Decho, 2010, Blackwell, 2005, Costerton et al., 2005,
Hastings and Greenberg, 1999). When a sufficient number of bacteria (a “quorum’) are
present (Fig.4), they alter gene expression to carry out processes that necessitate the
cooperation of a large number of cells. Quorum sensing therefore, is a cell-to-cell
signaling mechanism that refers to the ability of bacteria to communicate and coordinate
behavior through signaling molecules (Singh et al., 2006, Reading and Sperandio, 2006)
in aqueous and solid surfaces. It occurs in both gram-positive and gram-negative bacteria
(Reading and Sperandio, 2006, Perbal, 2003, Costerton et al., 2005). Current research
suggests that QS differs from one bacterial species to another to enable each one of them
to preferentially colonize its substrate efficiently (Stanley and Lazazzera, 2004). In
addition, the structure of a mature biofilm in all bacterial species depends on nutrient
availability and QS (Stanley and Lazazzera, 2004, Bollinger et al., 2001). Effective

bioremediation therefore depends on the ability of bacteria to colonize a surface and form
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biofilm. The biofilm EPS provides protection to the bacteria, enhances bacterial cell

adhesion to a surface, traps and concentrates calcium ions and captures the produced

CaCOj; (Achal et al. 2009, Decho, 2010, Hammes et al. 2003).

Bacteria

Fig. 4. Schematic of the Bacterial-Biofilm Formation Process and its Inhibition by High
Concentrations of Iron. The Biofilm is depicted as a cut-away image. (Blackwell, 2005)

2.3.9 Mineral composition of the substratum

Bacteria attach themselves to mineral surfaces to extract and utilize phosphates
and metal oxides in varied amounts (Rogers et al. 1998, Luttge et al., 2005, Rogers and
Bennett, 2004). Iron is needed by bacteria for growth (Blackwell, 2005, Appenzeller et
al., 2005, Banin et al., 2005, Berlutti et al., 2005, Rogers and Bennett, 2004, Lunsdorf et
al., 1997, Banfield et al., 1999). However, excess iron blocks biofilm formation and
disrupts preexisting biofilm (Blackwell, 2005, Banin et al., 2005, Weinberg, 2004).
Certain metals and metal oxides inhibit biofilm formation. For example, aluminum forms
complexes with organic materials such as humic acids and EPS (Ballance et al., 2001).

When present as N cation, aluminum forms stable Al**-Adenosine Triphosphate (ATP)
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complexes. Aluminum also forms irreversible complexes with polyphosphates of nucleic
acids, thus interfering with the accuracy of DNA repair processes in microorganisms
(Lunsdorf et al., 1997), and blocks uptake of iron in Bacillus megaterium mutants.
Aluminum-bearing silicates containing greater than 1.2% Al;Oj is less colonized by most
microorganisms (Rogers, 2004). Consequently, aluminum is toxic (o mosl
microorganisms (Roberts, 2004, Lunsdorf et al. 1997, Ballance et al. 2001). However,
toxicity of metallic ions is bacteria specific (Lehtola et al., 2004). Generally,
microorganisms will preferentially colonize those mineral surfaces that offer beneficial

nutrients and avoid those that contain potentially toxic elements (Roberts, 2004).
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3.0 Objectives of the research

This chapter outlines the primary objectives of this research, and the systematic

approach to finding solutions to the problems.

The primary objectives of this research are to:

(2)

3)

Determine the optimum conditions for MCP using Sporosarcina
pasteurii strain ATCC 11859.

Use the optimum conditions to deposit a biosealant (calcite) on a
PCB-contaminated concrete surface

Evaluate the performance and durability of the biosealant
[nvestigate the possibility of solid-phase capture (by co-
precipitation) of the divalent metals in boiler chemical cleaning

wastewater (BCCW),

3.1 Systematic Approach

This section describes the equipment and materials needed for this research in

order to meet the outlined objectives.
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3.1.1 Concrete making

A 2.4 in. diameter by 4 in. high concrete cylinder mold was used for this research.
This specimen size was chosen to conform to the allowable size of the permeability
testing equipment. The mix design for concrete materials was selected from We Energies
Coal Combustion Handbook, 2" edition page 56, Table 4-2 (Ramme and Tharaniyil,
2004). It comprised of 341 Ibs cement, 100 Ibs fly ash, 273 Ibs water, 1610 Ibs sand and
1810 Ibs 3/8 in. coarse aggregates. No air entrainment was done. Concrete mixing,

casting and curing were performed in accordance with ASTM C33 and C192.

3.1.2 Determination of the optimum conditions for MCP

This involved acquiring the bacteria (S. pasteurii strain ATCC 11859, American
Type Culture Collection, (ATCC), Manassas, VA), making broth medium (brain heart
infusion, Fisher Scientific, Pittsburgh, PA ) for growing the bacteria, disinfecting the
broth in an autoclave (Sterilmatic Autoclave, Market Forge Co., Everett, MA), growing
the stock culture at 30°C for 72 hours with agitation, platting the bacteria in an agar plate
to confirm their viability and storage, making and autoclaving the culture medium,
varying and determining the bacteria cell concentration by dilution and
spectrophotometer (Spectronic Genesys 5, Thermo Electron Corporation, Madison, W)
respectively.

A pH meter (AB 15 accumel® Basic, Fisher Scientific, Pittsburgh, PA) and

ammonia electrode (Cole Parmer, Vernon Hills, IL) was used to measure pH and
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dissolved ammonium. They were calibrated periodically as recommended by the
manufacturers.

Factorial experiments were performed at room temperature (25°C), and in
triplicate. Bacterial cell concentration, Ca”" concentration, and urea concentration were
varied. lonic strength would remain constant at each experimental combination.

From the factorial experiments,

° Rate of urea hydrolysis was determined
© Urea replenishment time was determined
o Optimum condition for MCP was selected (shortest time to

equilibrium pH with high CaCOs precipitation)

° X-ray diffraction analysis (XRD) was used to identify the
minerals and quantily the deposited CaCOy

° Scanning Electron Microscopy (SEM) and Energy dispersive X-
ray (EDX) analyses were used o observe the morphology of

the particles and identify the chemical elements in the precipitate.

3.1.3 Biosealant deposition on a PCB-contaminated concrete surface

This involves designing the equipment for the experiment, acquiring PCB
samples (Oil-based PCB and Hexane-based PCB), and growing the bacteria on the
concrete cylinder surface to deposit the biosealant. The following tests were performed

on the biosealed concrete surface:
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Constant head permeability (ASTM D5084 Method F) test on the control and
specimen samples was performed by Giles Enginecering Associates (Waukesha,
WI). This test is designed to check the performance of the biosealant. The
specimens were coated with a thin layer of silicon vacuum grease to prevent
sidewall leakage due to irregular sidewalls by introducing a vacuum seal between
the specimen sidewall and the permeameter cell membrane (Bowders et al. 2002,
2003).

Carbonation test (using phenolphthalein indicator) to determine the durability of
the concrete surface was performed. Carbonation occurs when the products of
concrete hydration especially calcium hydroxide, calcium silicate hydrates, and
calcium aluminate hydrates react with carbonic acid. These carbonation reactions
cause the high pH of concrete to dramatically drop from about 12.5 to about 8.5 to
9 resulting into dusty weak surfaces. A strong concrete surface treatment therefore
should improve its resistance to carbonation (Basheer et al. 1997).

XRD was used to identify the minerals and quantify the CaCOj3 deposited, SEM
and EDX were used to observe particle morphology and identify the elements in

the biosealant respectively.

Coprecipitation factorial experiments

Oil-based PCB, hexane-based PCB  and BCCW were used for this exercise.

Bacterial cell concentration was varied. pH was measured and compared with the control.




31

A 1:1 pH variation with the control would indicate that these chemicals do not suppress

ureolysis. Coprecipitation was checked by XRD and chemical analysis.
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4.0 Determination of optimum conditions for MCP

4.1 Introduction

The factors that affect MCP as outlined in chapter 2 were carefully considered
when designing the factorial experiments. This is because too much or too little of any of
the requirements directly affect the outcome of these experiments. Qualitative analysis
therefore, disqualifies the notion that more is good, and instead embraces optimized
quantities that take into consideration economic advantage while at the same time
providing quality results.

The main objective of this research is to determine the optimum conditions for
urease catalyzed MCP. The urease enzyme will be supplied by the soil bacteria
Sporosarcina pasteurii strain ATCC 11859, and these conditions will be determined by
the factorial experiments. The factorial experiments were designed based on the

important factors that affect MCP as previously outlined.

4.2 Materials and Methods

4.2.1 Stock culture

Sporosarcina pasteurii strain ATCC 11859, (American Type Culture Collection

(ATCC), Manassas, VA) was grown at 30°C for 72 hours with agitation in brain heart
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infusion broth. After growth, cells were platted in an agar plate to confirm their viability

and storage.

4.2.2 Culture Medium

The culture medium consisted of 3 g of brain heart infusion broth, 10 g of
ammonium chloride, and 2.1 g of sodium bicarbonate (Fisher Scientific, Pittsburgh, PA)
per liter of distilled water. A varied amount of urea was added to the mixture and pH
adjusted to 6.5 using IN HCL (Fisher Scientific, Pittsburgh, PA) before addition of a
varied amount of CaCl, (Fisher Scientific, Pittsburgh, PA) to avoid premature CaCOs

precipitation. The mixture was then autoclaved at 121°C for 20 minutes.

4.2.3 Calibration of the pH electrode

The pH meter (accumet® AB 15, Fisher Scientific, Pittsburgh, PA) was calibrated
with pH 4, 7, and 10 buffer solutions in accordance with the manufacturer’s
requirements. When the calibration slope of the pH meter is in the range 90-102%, ‘good
clectrode” will be displayed, and the electrode is good for use. It is good to check this

slope periodically to ensure accurate results.
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4.2.4 Calibration of the ammonia electrode

A Cole-Parmer gas-sensing electrode (Cole Parmer, Vernon, IL) was used. The
electrode was calibrated weekly with a mixture of NHs standard solution and 10M NaOH
ionic strength adjuster (ISA) against the manufacturer’s calibration graph supplied. It is
recommended by the manufacturer that the change in potential observed when
concentration changes by a factor of 10 should be 56 +3 mV. Using this slope, a

calibration graph was drawn (fig. 5).

e = T T
1 y=-24.32Ln(x) - 182 v

70 ‘ R =1 | | Hl ]
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NH3 Concentration (M)

Fig. 5: Typical Cole-Parmer Gas-sensing ammonia electrode calibration graph
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From the calibration graph (Fig. 5) slope equation, a reading in millivolts was converted

to ammonia concentration in moles per liter as:

E,(mV)=-24.329(In[NH ;]) - 182 (24)
(~182-E,)
Then [NH,]=e *% (25)

Dissolved ammonium concentration, [NH | | can be computed from equation 23.
4

4.2.5 Factorial experimental Design

Factorial experiments were designed based on the important factors that affect
MCP (Table 1). Bacterial cell concentration was varied from 10° to 10 cells/mL by
dilution using ultrapure water (UPW) (Milli-Q® Gradient, Molsheim, France) and
quantified by measuring the absorbance (optical density) of the suspension using
Spectronic Genesys 5 Spectrophotometer (Thermo Electron Corporation, Madison, WI)
at 600nm wavelength. The concentration of cells suspended in the stock culture was

estimated by the expression

Y =8.59x107 xZ ' (26)

(Ramachandran et al. 2001) where Z is reading at ODgo, and Y is the concentration of

cells per mL.



For each test, 20 mL of the culture medium was mixed with 10 mL of the stock

culture in a beaker, and the mixture stirred slowly using a magnetic stirrer. A pH meter
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(accumet® AB 15, Fisher Scientific, Pittsburgh, PA) and ammonia electrode (Cole

Parmer, Vernon Hills, 1L) were then dipped into the solution in succession to measure pH

and ammonia concentration of the mixture. Measurements were done after 15 minutes, 30 |

minutes, | hour, 3 hours, 6 hours, 12 hours, 24 hours, and every 24 hours for 7 days. All

experiments were done in triplicate.

4.2.6 Estimation of urea replenishment time

In order to determine urea replenishment time, the rate of urea hydrolysis was first

determined. The determination of k

rea

follow first order, and may be expressed as:

Integrating

Gives

dlureal]

=—k |ureal
dt

“urea

Id[urea] _ _[_ k. di

lureal

Infurea) = —k +C

urea”

Applying boundary conditions, at t =0, C = In[urea],

Therefore,

In[ureal, = -k, .t +In[ureal,

mrea

is based on the assumption that ureolytic reactions

(27)

(28)

(29)

(30)



Manipulating equation 30 gives

Then

And

Finally

In[ureal], —In[ureal, = —k

urea*
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urea '’
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[ureal,
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(3D

(32)

(34)

where [urea], is the concentration of urea remaining at time t, and [ureal], is the initial

urea concentration at t = 0. From urea hydrolysis reaction stoichiometry (equation 16),

the amount of urea hydrolyzed at a time t is equivalent to one-half of the corresponding

dissolved ammonium [NH,'],. Therefore, the concentration of urea remaining at time (

may be expressed by the mass balance expression:

[urea), = [urea], —;[NH; Ji

Combining equations 34 and 35 gives

[NH; ]r = z[lu"e(:]o(] _ f_,fk,,,,.,, r)

(36)
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Equation 36 can then be used to compute the rate of urea hydrolysis &, for each and

ured
every factorial experiment since [NH ] and the initial urea concentrations [urea], are
4 It 0

known.

4.3 Results and discussion

4.3.1 pH changes and NH;" generated

Fig. 6 show pH changes and ammonium generated during urea hydrolysis. The
time taken for the experiments to reach equilibrium pH decreased with increase in
bacteria cell concentration (Figures 6A, 6C and 6E). There is a significant difference
between the control and the inoculated experiment (Figures 6A and 6B), indicating the
great influence urease enzyme has on urea hydrolysis. Ammonium production was

generally constant at about 0.09M (Figures 6B, 6D and 6F).

4.3.2 Rate of urea hydrolysis, k

wrea

Table 1 shows results from the factorial experiments. Bacterial cell concentration
and Ca”" concentration were varied by an order of magnitude from 2.5 mM/L to 250
mM/L and 10 cells/mL to 10* cells/ml. for Ca®" and bacteria respectively. However,

urea concentration was varied by a factor of 2, from 333 mM/L to 666 mM/L. The k

wrea
values increased consistently with increase in bacteria cell concentration irrespective of

initial urea concentration. These results show that k, . is controlled much by the bacteria

nreca

cell concentration. It can also be noticed that & result from combination C1UI (0.770

trea
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d") with the bacteria cell concentration of 5.5x10° cells/mL was lower than 0.91 d”' and
0.99 d' (at 5.9x10° cells/mL) obtained by Ferris et al (2003) and Mitchell and Ferris
(2005) (using strontium contaminated artificial groundwater (AGW)) respectively, but
slightly higher than 0.73 d" obtained by Mitchell and Ferris (2005) using AGW without
strontium contamination (Table 2).

The meank  values obtained by bacteria cell concentrations 10° (B1), 10" (B2)

Hrea
and 10® (B3) cells/mL were statistically compared at 95% confidence limit. The results

indicate that k_ values obtained by Bl and B2 were not statistically different (p-value =

urea

0.153). However, both Bl and B2 k_ values were statistically different from those

wrea
obtained by B3 (p-value = 0.001 and 0.017 respectively). Although individual k,,,, values
obtained by B3 were not statistically different (stdev = 0.07) as compared with B1 (stdev
= 0.11) and B2 (stdev = 0.10) for all the factorial experiments, the amount of the
carbonate precipitated and the speed at which the precipitation took place were
significantly different, and subsequently formed the basis for acceptance or rejection of a
combination. After carefully analyzing k,, values and the amount of CaCOj3 precipitated

from Table | and Fig. 7, combination C2U2 with the highest bacteria concentration (B3 =

2.3 x 10" cells/mL) was chosen as the optimum condition for MCP.




Table 1. Mean k

40

mean mass of CaCOj; precipitated and mean mass of CO,

urea ?

sequestrated during the factorial experiments using Sporosarcina pasteurii strain ATCC
11859 to determine the optimum conditions for MCP. C1: 25 mM/L Ca®, C2: 250 mM/L
Ca“, and C3: 2.5 mM/L Ca2+, Ul: 333 mM/L Urea, U2: 666 mM/L Urea. Mean mass of
CaCOs is + standard deviation.

Combination  Bacteria cell Mean Mean mass of Mean mass of CO»
concentration  kye/day  CaCOs precipitated consumed
(cells/mL) (mg) (mg)
ClUl Bl 5.5x10° 0.770 37.3+0.14 16.4
B2 7.4x10"  0.838 39.2422.2 72
B3 3.1x10° 0912 49.9+7.4 22.0
C2U1 Bl 89x10°  0.780 30.240.16 13.3
B2 7.2x10"  0.852 53.5+16.8 23.5
B3 2.9x10° 0924 66.7+6.26 29.3
C3U1 Bl 8.4x10° 0.768 . -
B2 7.1x10"  0.840 - 5
B3 2.7x10°  0.931 . :
Cl1U2 Bl 8.2x10°  0.768 43.6+9.35 9.2
B2 8.1x10" 0.804 53.2+16.6 23.4
B3 3.1x10®  0.922 56.8+28.9 25.0
202 Bl 8.5x10° 0.778 44.6+1.98 19.6
B2 7.5x10"  0.835 66.4+19.2 29.2
B3 23x10° 0924 91.149.1 40. 1
C3U2 Bl 87x10° 0.778 5 5

B2 82x10"  0.840 % .
B3 2.7x10°  0.902 . “
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Fig. 6: Graphical representation of changes in mean pH and NH," generated during urca
hydrolysis. A and B: at 8.5x10° cells/mL, C and D: at 7.5x10" cells/mL, E and F: at
2.3x10° cells/mL. A takes longer time to reach pH 9 than C and E.
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Table 2. Summary of rate of ureolysis (k,,,) values obtained with the AGW* (5.5x10°
cells/mL), AGW and Strontium contaminated AGW (5.9x 10° cells/mL).

Temperature Mixture Ferris et al., 2003  Mitchell and Ferris, 2005 This Research

OC kllf\'_’” (day-l) kf“'l.'“ (da.y?l) klll'[’“ (dily-])
10 AGW 0.09 0.069
10 AGW + Sr 0.073
15 AGW 0.18 0.064
15 AGW + Sr 0.068
20 AGW 091 0.730
20 AGW + Sr 0.990
25 AGW#* 0.770
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Fig. 7: Mean mass of CaCOj; precipitated at various combinations and bacteria cell
concentrations, and corresponding mean k,, values obtained. Bacteria cell

urete

concentration B1, B2, and B3 for each combination are listed in Table 1.
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4.3.3 Estimation of urea replenishment time

Fig. 8 shows the variation of bacteria cell concentration with the rate of urea
hydrolysis. This result indicates a linear relationship (R” = 0.9048) between the bacteria
cell concentration and rate of urea hydrolysis. Using this relationship, the rate of urea
hydrolysis can be estimated when bacteria cell concentration is known and under the

same conditions. It is also worth noting that the mean k£, values obtained by 333 mM/L

wrea
urea and 666 mM/L urea are in approximately 1:1 ratio (Fig. 9). Consequently, a lower
amount of urea would be needed for ureolysis so long as it is enough to sustain the
bacteria. However, it would be economical to replenish both bacteria and urea after

approximately 80 hours (Fig. 10).

4.3.4 Estimation of the amount of CaCOj; precipitated and CO; sequestrated

At the end of the experiments (7 days), the carbonate precipitate was vacuum-
filtered through a 0.20 pm filter paper of known mass, and then allowed to dry in air
inside a petri dish at room temperature for 4 days before being weighed. The mass of
carbonate deposited was then determined by difference. The results presented in Table |
and Fig. 7 indicate that the CaCOs; precipitated and CO, sequestered increase
monotonically with bacteria cell concentration. From ureolysis and CaCOs formation
stoichiometry, hydrolyzing one mole of urea sequestrates one mole of CO,.
Consequently, the amount of CO, sequestrated is directly proportional to the amount of
CaCOs precipitated by MCP (Table 1). In addition, at the same bacteria cell

¥ 5 . 2 . .
concentration, icreasing urca and Ca“" concentrations increases the amount of carbonate
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precipitated. At 25 mM/L Ca”" concentration, increasing bacteria cell concentration from
10° to 10® cells/mL increases the CaCOj5 precipitated and CO, sequestered by over 30%.
However, when Ca®* concentration is increased 10-fold to 250 mM/L Ca®*, the CaCO;
precipitated and CO, sequestered increased by more than 100% irrespective ol urea
concentration. This result indicates that the amount of CaCOs precipitated and CO,

2 .
sequestered depend more on the Ca™ concentration than the amount of urea.

1.0
= y = 0.0391Ln(x) + 0.1461
o)
3 R? = 0.9048
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5 08
]
=
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=
(=

0.6 | ‘

| E+06 I E+07 I.LE+08 1E+09

Bacteria Concentration (Cells/mL)

Fig. 8. Variation of bacteria cell concentration (cells/mL) with mean rate of urea
hydrolysis (k,,,, ).
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Fig. 9. A comparison between mean rate of urea hydrolysis (k,,,, ) obtained by Ul (333
mM/L Urea) and U2 (666 mM/L. Urea) al bacleria cell concentrations B (IO(’ cells/mlL.),
B2 (107 cells/mL) and B3 (10° cells/mL).
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Fig. 10. Estimation of the concentration of urea remaining al any given time using S.
pasteurii strain ATCC 11859. B1, B2 and B3 are bacteria cell concentrations at 5.5x10°,
7.4x10" and 3.1x10® cells/mL respectively for combination C1U1, and 8.5x10°, 7.5x10,
and 2.3x10° cells/mL respectively for combination C2U2. Ul and U2 are initial urea
concentrations at 333 mM/L and 666 mM/L respectively.
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4.3.5 XRD, SEM and EDX analysis

Fig. 11 shows X-ray Diffraction (XRD) (A), Scanning Electron Microscopy
(SEM) (B), and Energy Dispersive X-Ray (EDX) (C) analysis of the precipitated calcium
carbonate powder. The CaCOs precipitate is composed of calcite and vaterite crystals
(Fig. 11A) but predominantly calcite with a rhombohedra crystalline structure (Fig. 11B).
The EDX (Fig. 11C) peaks show that the elemental composition of the precipitate is
mostly calcium, carbon and oxygen. This is further evidence that the precipitate formed is

calcium carbonate.
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Fig. 11. The X-Ray Diffraction (XRD) at a continuous scanning rate of 2°/minute (A),
Scanning Electron Microscopy (SEM) (B) at 5000X magnification, and Energy
Dispersive X-Ray (EDX) (C) analysis of the precipitated calcium carbonate powder.
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4.4 Conclusions

The rate of urea hydrolysis, k,,, and the amount of CaCOjs precipitated formed

urea
the basis of selecting the optimum conditions for MCP. Our results indicate that &, is

dependant more on the bacteria cell concentration than initial urea concentration so long
as there is enough urea to sustain the bacteria. The bacteria cell concentration, initial urea
concentration and Ca’* concentration all influence the amount of CaCOjs precipitated and
CO, sequestered. However, increasing the Ca’* concentration 10-fold doubles the amount
of CaCO; precipitated and CO; sequestered irrespective of initial urea concentration.
Consequently, combination C2U2 at the highest bacteria cell concentration (B3 = 2.3x10°
cells/mL) gave the highest CaCOs deposited, and thus the optimum condition for MCP
for this work. These results also indicate that more CaCOj; would be precipitated with
higher bacteria cell concentration, Ca”" and urea so long as these quantities are within
their economic advantage. X-Ray Diffraction, Scanning Electron Microscopy and Energy
Dispersive X-Ray analysis confirmed that the precipitate formed was CaCOs, and

composed of predominantly calcite crystals with little vaterite crystals.
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5.0 Biocontainment Experiments

5.1 Introduction

As was mentioned in chapter 1, the use of abiotic methods to mitigate PCB spills
on concrete surfaces is not cost effective because physical methods generate enormous
amounts of solid waste and chemical methods use some chemicals which may have
detrimental effects both on human beings and the environment. For example, epoxy resin
adhesives are the main source of occupational asthma (Mayo Clinic, 2010). Moreover,
when used as surface coatings, epoxy sealants need to be reapplied periodically because
of their fast deterioration by environmental factors (degrades at [77°C). In addition, a lot
of money is also spent on contract disposal because of safety risk, disposal costs, and
haul distance to Toxic Substance Control Act (TSCA) waste handling facilities and
landfills. In this section, the use of MCP as a biosealant is proposed. It is hypothesized
that MCP would promote a wider spatial distribution of calcite precipitation on the
concrete surface than the direct addition of base, and the biosealant would form a
coherent, less permeable and a thermally stable (Calcite and CaCO3 decompose at 825°C

and 840°C respectively) durable surface.
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5.2 Materials and Methods

5.2.1 Experimental Setup

Concrete specimens were made in accordance with ASTM C33 and C192. Plastic
straws were incorporated during casting to mimic cracks. However, most of these
artificial cracks were blocked at the bottom by mortar, and were not easy to open up. The
artificial cracks were first filled with sand. A cylindrical ring was fitted at the top of the
concrete sample to act as a reservoir for bacteria stock culture and the culture medium
(Fig 12). PCB was sprayed on the surface and allowed to stand overnight. The culture
medium was prepared at optimum concentration (C2U2: 250 mM/L Ca™ and 666 mM/L
urca), and pH adjusted before adding Ca™ to prevent premature calcite precipitation. The
mixture was then autoclaved at 121°C for 20 minutes, allowed to cool to room
temperature (25°C) then poured into a burette. The stock culture was grown in brain heart
infusion broth at 30°C with agitation for 72 hours to an ODgyp of at least 1.90
(2.1x10%cells/mL). 10 mL of the stock culture and equal amount of the culture medium
were poured into the cylinder without agitation. The culture medium was allowed to drip
into the cylinder continuously from the burette (Fig. 12). The stock culture and the
culture medium were replenished after 3 days (72 hours). The experiment was allowed to
proceed for 4 more days. On the seventh day, sand was sprinkled on the biosealant (Fig.

13) to increase friction, and allowed to dry at room temperature.




51

Fig. 13: CaCO; biosealant deposited on the concrete surface. A: Without sand and B:

After sprinkling sand.
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5.2.2 Permeability Test

As was outlined in chapter 3, the permeability test was proposed to evaluate the
effectiveness of the biosealant surface at preventing PCB ingression into the concrete slab
matrix. Constant head permeability (ASTM D5084 Method F) test on the control and the
specimen samples were performed at Giles Engineering Associates (Waukesha, WI). The
specimens were coated with a thin layer of silicon vacuum grease to prevent sidewall
leakage due to irregular sidewalls by introducing a vacuum seal between the specimen
sidewall and the permeameter cell membrane (Bowders et al. 2002, 2003). All tests were
done in triplicate (using water as the permeating fluid) with a back pressure of 55 psi,
mean hydraulic gradient of 13.8 ¢cm, and maximum consolidation pressure of 5, 10, and

20 psi.

5.2.3 Carbonation Test

Carbonation test (using phenolphthalein indicator) was performed to determine
the durability of the concrete surface. Carbonation occurs when the products of concrete
hydration especially calcium hydroxide, calcium silicate hydrates, and calcium aluminate
hydrates react with carbonic acid. These carbonation reactions cause the high pH of
concrete to dramatically drop from about 12.5 to about 8.5 to 9 resulting in a dusty weak
surfaces. A strong concrete surface treatment therefore should improve its resistance to

carbonation (Basheer ct al. 1997).
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5.3 Results and Discussion

5.3.1 Permeability test results

The results of the permeability test are presented in Fig. 14. The permeability of
the carbonate treated samples were 3.26x10° cm/s (without artificial cracks), 1.55x 107
cm/s (with one artificial crack), and 7.35x10™ cm/s (with two artificial cracks) whereas
the control samples had permeabilities of 7.97;(10’3, 9.20x10™, and 7.33x10” cmy/s, all
without artificial cracks. These results indicate that the carbonate treatment reduced the
permeability of the surface by between | to 5 orders of magnitude as compared to the
untreated (control) surface. Consequently, both lateral and vertical movement of oil-

based PCB would have insignificant impact on the surroundings.
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Fig. 14: Mean Constant head permeability (ASTM D5084 Method F) test results before
and after the carbonate biosealant application.
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5.3.2 Carbonation test results

Fig. 15 shows carbonation test results. Figs. 15A and 15B show the concrete
cylinders before and after the addition of phenolphthalein indicator respectively.
Columns 1, 2, 3, and 4 contain cylinders whose surfaces were biosealed whereas columns
5 and 6 were not. All cylinders in columns 4, 5 and 6 were placed outside into the
ambient environmental conditions for three months. All other cylinders were left indoors
at room temperature. All the biosealed surfaces show the pink color when they were
treated with phenolphthalein indicator indicating a pH range of between 8.3 and 9. These
results show that carbonation reactions were suppressed by the carbonate biosealant.
However, the phenolphthalein indicator turned colorless on the untreated surfaces
indicating that carbonation reactions occurred. In addition, the column 4 cylinders
subjected to the ambient environmental conditions exhibited little carbonation reaction
because their surfaces were slightly pink. This is not an impediment but an indication that
the biosealant surface treatment is effective in encapsulating PCB spills indoors away

from the harsh ambient environmental conditions.
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Fig. 15: Carbonation test on the PCB contaminated concrete cylindrical surfaces before
and after calcium carbonate biosealant treatment. Columns are numbered from left to
right. Columns 1, 2, 3, and 4 were biosealed whereas columns 5 and 6 were not. Columns
1, 2, and 3 were left indoors whereas columns 4, 5, and 6 were subjected to ambient
environmental conditions outside for 3 months. A: Before phenolphthalein addition, and
B: After phenolphthalein application.

5.4 Conclusions

The reduction of the coefficient of permeability by 1-5 orders of magnitude
exhibited by the biosealed surfaces is an indication of the effective performance potential
of MCP at confining PCB in situ. The result is also an indication that migration of PCBs
from the concrete surface would be significantly reduced if water is the permeating fluid,
and on the basis of the concrete mix design used in this experiment. The low permeability
results obtained in this experiment is also a measure of durability of the concrete because
loss of fines and subsequent increase in porosity in the concrete matrix would be
suppressed, and the concrete slab would maintain its functional framework. Another
advantage of the biosealant is that CaCO; and calcite have very high thermal stability,
decomposing at 840°C and 825°C respectively as compared to epoxy resin adhesives

which degrades at only 177°C. This indicates that the prevailing temperatures at these
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equipment installations would not have effect on the performance of the biosealant.
Together with the high resistance to carbonation exhibited by the biosealant surfaces, our
experiments indicate that MCP is capable of forming a strong durable surface suitable for

indoor applications.
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6.0 Coprecipitation of PCBs and metals

6.1 Introduction

As was mentioned in chapter 2, the use of MCP in the solid phase capture of
common groundwater inorganic contaminants by coprecipitation takes advantage of the
equilibrium conditions with respect to calcite solubility that favors the recrystalization of
mostly divalent ions although there is evidence that trivalent and tetravalent ions may
also be recystalized (Curti, 1999). The divalent metallic ions are sorbed onto the surface
of calcite and immobilized into a monolithic material. Theses metallic ions are toxic (o
the environment especially when they get into contact with surface and/or ground water
or when ingested by animals. Coprecipitation therefore, would not only make water safe
but also remove some metallic ions from the environment. Calcite has been selected for
coprecipitation experiments because it forms ubiquitously in near surface environments,
and would play a key role in many other repository situations. It is therefore worth
investigating what role microbial calcite precipitation may play in mitigating PCBs and

boiler chemical cleaning waste water (BCCW).

6.1.1 Boiler Chemical Cleaning Wastewater (BCCW)

Boiler chemical cleaning wastewater (BCCW) is obtained when chelating

solutions such as inhibited hydrochloric acid, ammonium bromate, ammoniated

ethylenediamine tetraacetic acid (EDTA), ammoniated citric acid and hydroxyacetic-
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fomic acid (HFA) are used to remove scales and deposits of iron oxides, metallic copper,
and other impurities in boiler tube surfaces. This is essential to improve heal transfer
efficiency of these tubes. BCCW therefore contains large amounts of dissolved and
suspended metals of iron, copper, and chelating agents. Chromium, magnesium, nickel,
zinc and organic compounds are also present (see the Chemical Hazard Evaluation
System (CHES) sheet in Appendix B).

BCCW is considered a hazardous material because the concentration of most of
its chemical constituents exceeds water quality disposal standards, and most wastewater
treatment plants would not handle them. Wisconsin Department of Natural Resources
(WDNR) and USEPA consider BCCW hazardous when chromium concentration is more
than 5 mg/L. However, when chromium concentration is less than 5 mg/L, some coal-
fired utilities without selective catalytic reduction (SCR) for nitrogen oxides (NOy)
control, evaporate it in the boiler. We Energies has applied for an exemption from the
WDNR to exclude BCCW from hazardous material classification because the chromium
in the BCCW is exclusively trivalent chromium, and the reducing atmosphere in the
boiler tubes cannot allow the hexavalent chromium to form. These conditions qualify
BCCW for exclusion in accordance with Wisconsin Administrative Code NR 661.04(2)
(1) (1) (a) to (c¢). But even if this exclusion is granted, wastewater utilities may still not
accept BCCW. Utilities thercfore have a need for other cost-effective methods for its

handling and disposal.
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6.2 Materials and Methods

6.2.1 Effect of contaminants on urease enzyme

In order to investigate coprecipitation of inorganic constituents in BCCW by
MCP, the effect of these constituents on the bacteria must first be investigated. To do
this, 20 mL of the culture medium (at optimum conditions) was mixed with [0 mL of
varied amounts of bacteria (7.5x106, 5.2x107, and 2.3x10% cells/mL). 10 mL of the
contaminant was added to the mixture, and pH measured under agitation at room
temperature. A bacterial control was also set up without addition of the contaminants. All
experiments were done in triplicate, and run concurrently. A plot of pH values in
bacterial treatments as a function of pH values in the bacterial control was made (Fig.
16). A 1:1 slope of the graph would indicate no toxic effect of the contaminants on the

bacteria.

6.2.2 Chemical analysis

Chemical analysis of the CaCO; precipitate and the solution (Table 4) was
performed by Pace Analytical Services, Inc. (Green Bay, WI) in accordance with the
National Environmental Laboratory Accreditation Conference (NELAC) standards to
determine if coprecipitation occurred. Energy Dispersive X-ray analysis (Fig. 17) was

also performed to confirm the elemental constituents of the carbonate precipitate.
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6.2.3 Leaching test

Leaching tests were performed in accordance with the ASTM D3987 (using
distilled de-ionized water as the leaching solution) on the solid material to determine the
mobility of the coprecipitated metals. A known weight of the solid material was shaken
for 18 hours in de-ionized water followed by the separation of the aqueous phase for total

elemental analysis. The results are shown in Table 5.

6.3 Results and discussion

Fig. 16 shows pH values in bacterial treatments as a function of pH values in
bacterial control. The results show that the bacterial activity is less affected by hexane-
based PCB than oil-based PCB (Fig. 16B & 16C). In addition, higher bacteria cell
concentration does not improve the bacterial activity in both the PCB media (Fig. 16C).
However, the BCCW does not negatively affect the bacteria (Fig. 16), and higher bacteria
cell concentration exhibits higher pH values indicating greater bacterial activity.

Tables 3 and 4 show PCBs and BCCW coprecipitation results respectively. The
oil-based PCB was stratified into three distinct layers of oil underlain by a water-like
liquid and solids at the bottom, whereas the hexane-based PCB was homogencously a
water-like liquid. The oil layer retained 98%, 54% and 66% of PCBs using bacteria cell
concentrations B1, B2, and B3 respectively. The PCBs concentration in the water-like
liquid was slightly more than 2% for bacteria cell concentrations Bl and B2, and less

than 1% for bacteria cell concentration B3. In the solid phase, 44% and 33% of PCBs was
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retained using bacteria cell concentrations B2 and B3 respectively. No solids were
recovered using bacteria cell concentration B1. This result shows that more PCBs were
retained in the oil layer than in the solid layer indicating that MCP is not an effective
method for coprecipitation of oil-based PCBs. Like in the oil-based PCB, the hexane-
based PCB was stratified into two distinct layers of water-like liquid underlain by the
solid layer. The solid layer retained 98.5%, 99.8% and 99.8% of PCBs using bacteria cell

concentrations B1, B2, and B3 respectively. These results indicate that coprecipitation of

hexane-based PCBs might have occurred using these bacteria cell concentrations.
However, since hexane is very volatile (boiling point 68.7°C and vapor pressurel6.0 —
25.3 kPa), it might have casily evaporated leaving the PCBs trapped by the carbonate

solids. More research needs to be done to confirm this coprecipitation hypothesis.

Table 3: Coprecipitation of PCBs by MCP using bacteria cell concentrations Bl (10°
cells/mL), B2 (l()? cells/mL) and B3 (108 cells/mL) at optimum conditions (250 mM/L
Ca”* and 666 mM/L urea). All concentrations are in pg/L.

Bacteria Concentration

Layer Bl B2 B3
PCB Media Tested Conc.in  Conc.in  Conc.in  Conc. in  Conc. in Conc. in
Liquid Solid Liquid Solid Liquid Solid
Qil-based Oil 2500 2500 2050 6250 3160
Waler 58.5 67.6 81.5

Hexane-
based Water 6.2 407 6.9 2800 6.0 3490




62

A B
9.00 — 7.80
m PCB in Hex A PCBin Oil B PCB in Hex A PCB in Oil
m 8.60 -
=} 7.60
- AL A AA oy
£ 8.20 A : © B2
=
ot A g o,
= a n 'l. B1 = 740 n,
3 7.80 & -
3 " 2 A A
5 5 A 4
v 740 2 7.0
% '\ A
A
7.00 : (™
7.00 7.50 8.00 8.50 9.00 7.00 ) '
. 7.00 7.20 7.40 7.60 7.80
S. pasteurii Control plIl
S. pasteurii Control pH
C D
8.00 9.00
m PCB in Hex A PCB in Oil
o860
. 7.60 -
- :
g O 8.20
@
= 720 |
i b =
g g 7.80
= &
g 6.80 E.
7 w740
® BCCW @ B2 A BCCW @ B3
6.40 N —— 7.00 - R
6.40 6.90 7.40 7.00 7.0 7.50 8.00 8.50 9.00
S. pasteurii Control pIl §. pasteurii Control pH

Fig. 16: Mean pH values in bacterial treatments as a function of mean pH values in
bacterial control. All experiments were done concurrently and in triplicate. Bacterial cell
concentrations were (B1) 5.7x10% (B2) 7.4x107, (B3) 1.4x10% 6.4x10", and 1.4x10°
cells/mL for A, B, C, D (B2 & B3) respectively.

Fig. 16D shows bacterial activities in terms of pH values in both bacteria-BCCW
mixture at bacteria cell concentrations B2 and B3, and bacterial control. The results show

that the addition of BCCW enhances bacterial activity.
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Table 4 shows the chemical analysis results of the stratified portions of the
bacteria-BCCW mixture. Both the liquid and solid portions were analyzed for barium,
calcium, chromium, copper, iron, magnesium, manganese, nickel, and zinc. These nine
elements were chosen based on their measurable quantities in the original liquid. Over
93% and 85% of the chemical constituents were retained in the solid calcite layer using
bacteria cell concentrations B2 and B3 respectively. This result shows that MCP
successfully coprecipitated the analyzed chemical constituents at the bacteria cell
concentrations used in this experiment, reducing chromium concentration to less than 2
mg/L well below the toxicity regulatory level. However, the concentrations of all these
chemical constituents are still well above the Water Quality-Based Effluent Limits (NR
105) and Technology-Based Effluent Limits (NR 290.12). In addition, EDX analysis
spectrum (Fig. 17) on the solids confirmed the presence of the coprecipitated elements in

the solid matrix.
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Fig. 17. Elemental composition of the coprecipitated solids by Energy Dispersive X-ray
(EDX) Analysis.
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Table 4: Coprecipitation of the chemical elements in the boiler chemical cleaning waste
water (BCCW) by MCP using bacteria cell concentrations B2 (107 cells/mL) and B3 (10°
cells/mL) at optimum conditions (250 mM/L Ca’" and 666 mM/L urea). All
concentrations are in mg/L.

Bacteria Concentration, B2 Bacteria Concentration, B3
Parameter Conc.in the  Conc.in % Conc. in Conc. in %
Liquid the solids  coprec  the Liquid the solids  coprec

Ba 0.109 124 99.9 0.141 134 99.9
Ca 3330 58900 94.6 4600 74600 04.2
Cr 1.59 294 94.9 1.76 19.8 9].8
Cu 9.36 145 93.9 10.5 102 90.7
Fe 720 162000 99.6 820 148000 99 4
Mg 6.65 123 94.9 7.06 83.3 92.2
Mn 13 237 94.8 14.7 155 91.3
Ni 10 132 93.0 1.4 68 85.6
Zn 1.56 25.7 94.3 1.92 19.7 91.1

Statistical analysis on the coprecipitation of these metals by bacteria cell
concentrations B2 and B3 show no significant difference at 95% confidence limit (p-
value = 0.1464).

Table 5 and Appendix A (C) show the concentration of melals in the
coprecipitated solid material after extraction using ASTM Method D3987. The means of
all results obtained by both the bacteria and the control were not significantly different at
95% confident limit (p-values greater than 0.05). Of the 8 regulated metals in drinking
water, only barium and chromium concentrations were determined as explained
elsewhere in this section. These concentrations were significantly lower than the TCLP
limits of 100 mg/l and 5 mg/l for barium and chromium respectively. However, these
results are inconclusive because most of the metal concentrations are inconsistent with

their respective control concentrations.
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Table 5: Concentrations of the metals in the leachate extracted by the ASTM Method
D3987 from the coprecipitated solids using de-ionized water as the leaching solution. The
bacterial cell concentrations used were: B2 (lO%ells/mL) and B3 ([()Bcells/mL'). No
bacterial cells were used in the Control.

Parameter Concentrations of the metals in the Leachate (mg/L)
B2 B3 Control
(cells/mL) (cells/mL) (No cells)
Ba Less than 0.0094  Less than 0.0094 0.0100
Ca 350.00 290.00 400.00
Cr 0.28 0.30 0.37
Cu 0.33 0.27 0.26
Fe 100.00 140.00 120.00
Mg 1.20 1.10 0.85
Mn 2.00 2.00 3.10
Ni |.40 1.40 1.20
Zn 0.40 0.24 0.28
6.4 Conclusions

Our experimental results have shown that the PCBs and BCCW had little effect
on the activity of the urease enzyme. However, the carbonate effectively
coprecipitated the hexane-based PCB and the metals in the BCCW. No
coprecipitation occurred in the oil-based PCB. Chemical and EDX analyses on the
coprecipitated solids confirmed the precipitation of metals in the BCCW. However,
the ASTM Method D3987 test to determine the leaching potential of the
coprecipitated metals was inconclusive. In addition, the results obtained by both the

bacteria and the control were not significantly different at 95% confidence limit.
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7.0 General Conclusions

This research has demonstrated that a higher concentration of both bacterial cells
and Ca”" jons are required (o achieve the optimal conditions for MCP so long as there
is enough urea to sustain the bacteria. However, the amount of calcium and urea
required must be within their economic advantage because increasing the amounts of
urea and calcium beyond 36 g/L. and 90 g/L respectively do not enhance the rate of
MCP and the amount of carbonate precipitated.

Our results have also demonstrated that the biosealant deposited by MCP on the
concrete surface reduces the permeability by 1-5 orders of magnitude, and also forms
a very strong durable surface barrier with a very high resistance to carbonation
suitable for indoor application away from the ambient environmental conditions.
Another advantage of the biosealant is that CaCOs and calcite have very high thermal
stability, decomposing at 840°C and 825°C respectively as compared to epoxy resin
adhesives which degrades at only 177°C. This indicates that the prevailing
temperatures at these ecquipment installations would not have effect on the
performance of the biosealant. Consequently, the biosealant would provide a safe
working environment while the equipment is still in service.

In addition, MCP has the potential to coprecipitate hexane-based PCBs and metals
in BCCW. However, more research needs to be done to evaluate the leaching

potential of these metals from the calcite crystal lattice.
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APPENDIX A
STATISTICAL ANALYSIS (HYPOTHESIS TESTING)
Null hypothesis, Ho: p; = po
Alternative hypothesis, Hy: py # p2
Data size, n

At 95 % confidence limit, o = 0.05

Test statistic is t-distribution (()']2#0'32 and are unknown)

Test Statistic, o \/ﬁ
b I i 2
. +
n, n,
Degree of Freedom @ (2
' | D22
—=+—=)
noon
V= ("Q l' ZS'Z I
N2y I
(( ))? +(( 2) )t
y n—1 n #,—

Where I,: is the test statistic, v is the degree of freedom for the distribution, y, and .

and § and §  are means and standard deviations respectively of the distributions to be

compared.
f 42 92
1 e val: 3 — v — % _PEL g B2 = =i B3
Confidence Interval: ' =X, = f, 05, . + . LU= % = T B,
I 2]
Decision Conditions: (1) Reject Ho: py=p, if tn* > o250 Orif to*< -1loo2sy

(2) Means are not different if the 95% Cl includes zero
(3) Do not reject Ho if the p-value is greater than 0.05 at 95%

Confidence limit.
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(A) THE EFFECT OF BACTERIA CELL CONCENTRATION ON THE RATE
OF UREA HYDROLYSIS
Test No Kurea (per day)
Bl (cells/mL) B2 (cells/mL) B3 (cells/mL)
| 1.1112 0.8352 0.9216
2 0.6240 0.9120 0.9360
3 0.9360 0.7920 0.8880
4 0.9024 0.9744 0.9432
5 0.6696 0.7680 0.9552
6 0.9048 0.8880 0.8832 |
7 0.6864 1.0632 1.0680
8 0.8616 0.7128 0.9312
9 0.8206 0.9864 0.8592
10 0.7776 0.7776 1.0296
I 0.8904 0.8400 0.8544 }
12 0.6960 0.7992 0.9600 '
13 0.7848 0.8016 0.9696
14 0.7920 0.9144 0.8496
15 0.7560 0.8160 1.0032
16 0.7896 0.8256 1.0440
17 0.7800 0.7680 0.8712
18 0.7656 1.0392 0.8560
Mean 0.8083 0.8619 0.9346
Stdev 0.11481442 0.10003 0.06877
Variable Bl vs B2 Bl vs B3 B2 vs B3
X, 0.8083 (0.8083 0.8619
X, 0.8619 0.9346 0.9346
s, 0.1148 0.1148 0.1000
5. 0.1000 0.0688 0.0688
n |8 18 18
to* -1.4934 -4.0038 -2.5409
v 33.3738 27.8070 30.1356
to.025.v 2.0420 2.0480 2.0420
p-value 0.14438 0.0004 0.0165 |
Lower Conf. Interval -0.1269 -0.1909 -0.1311 |
Upper Conf. Interval 0.0197 -0.0617 -0.0143 ‘

Mean Different? NO YES YES
Reject Ho? NO YES YES ‘




78

(B) PERCENTAGE COPRECIPITATION OF CHEMICALS AT BACTERIA
CELL CONCENTRATIONS B2 (107 cells/mL) AND B3 (10° cells/mL)

Parameter % Coprec. @ B2 % Coprec. @ B3
Ba 99.9 99.9
Ca 94.6 94.2
Cr 94.9 91.8
Cu 93.9 90.7
Fe 99.6 99.4
Mg 94.9 92.2
Mn 94.8 913
Ni 93.0 85.6
Zn 94.3 91.1

Mean 95.5 92.9
Stdev 2.4602 4.45209
Variable B2 vs B3
Mean % prec. (B2), ¥, 95.5444
Mean % prec. (B3), ¥, 929111
Standard dev. (B2), [+ 2.4602
Standard dev. (B3), ¢ 4.4521
Data Size, nj = np 9
Test Statistic, to* 1.5531
Degree of Freedom, Y 12.4692
lo.025,v 2.1701
p-value 0.1464
Lower Conf. Interval -1.0461
Upper Conf. Interval 6.3128
Mean Different? NO
Reject Ho? NO
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(C) LEACHING OF THE METALS FROM THE COPRECIPITATED
SOLIDS (ASTM D3987 EXTRACT)

Parameter Concentrations of the Leachate (mg/L)
B2 B3 Control
(cells/mL) (cells/mL.) (No cells)
Ba 0.0094 0.0094 0.0100
Ca 350.00 290.00 400.00
Cr 0.28 0.30 0.37
Cu 0.33 0.27 0.26
Fe 100.00 140.00 120.00
Mg 1.20 1.10 .85
Mn 2.00 2.00 3.10
Ni 1.40 1.40 1.20
Zn 0.40 0.24 0.28
Mean 50.6244 48.3688 58.4522
Stdev 116.9628 101.6437 134.0066

Variable B2vs B3 B2 vs Control B3 vs Control
Mean Conc. (BZ), Xl 50.6244 50()244 48.3688
Mean Conc. (B%)’ EZ 48.3688 58.4522 58.4522
Mean Conc. (Control), y, 58.4522 48.3688 50.6244
Stdev (B2), S, 116.9628 116.9628 101.6437
Stdev (B3), S, 101.6437 134.0066 [34.0066
Stdev (Control), & 134.0066 101.6437 116.9628
Data Size, n 9 9 9
to* 0.0437 -0.1320 -0.1799
v 15.6947 15.7128 14.9160
Lg.025,v 2.1234 2.1232 2.1319
p-value 0.9657 0.8966 0.8595
Lower Conf. Interval -107.4231 -133.7130 -129.6076
Upper Conf. Interval 111.9343 118.0574 109.4408
Mean Different? NO NO NO
Reject Ho? NO NO NO
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BOILER CHEMICAL CLEANING WASTEWATER (BCCW) CHES SHEET

S
%{V/ﬁtl Wisconsin Energy
44518 Corporation
C.H.E.S. - Chemical Hazard Evaluation System
PRODUCT DATA SHEET

CHESH: 16754
REVISION: 03
DATE; 01/19/07
SUPERCEDES: lilg?t‘]g?

[ I General Information
Trade Name: BOILER CHEM - CLEANING LIQUID

Chemical Name: Mixture

Manufacturer: Wa Energles

333 W. Everell St,
Milwaukee, WI 53201

Emorgency Phone:

Information Phone No.: 414-221-2345

262-542-1440

[l Ingredients

CHEMICAL % CAS TLV PEL STEL CEIL TRI
EDTA (Telraammonium Sall) 0.04 -1  22473-T8-5 i |
EDTA 0.2-5 60004 1
(Chalated wiFe, Cu, Ca, Mg, & Trace molals)
AMMONIUM SALTS (As Sulfate, Chlorido, — 0.1- 1.6 NIA il
and Carbonala)
AMMONIUM HYDROXIDE 0.02-05 1336-21-8 2
(Dissoclalion product)
IRON 50 - 16000 7439-89-6 ]
ppm
(Chalated w/iEDTA)
COPPER 6 - 500 ppm  7440-50-8 0.2 mg/m3 0.1 mg/m3 )
(Chelalod w/EDTA)
CHROMIUM 0.2 - 26 ppm 7440-47-3 0.5 mgimd 1 mg/m3 "
(Chelaled W/EDTA)
MAGNESIUM 6 - 6500 ppm 7430-05-4 )
{Chelated wW/EDTA)
TRACE METALS 6 - 500 ppm |
(Chelated w/EDTA)
HEAVY AROMATIC NAPHTHA 0.2 - 16 ppm B4742-94-56 LJ
WATER 93-99.9 7732-18-6 ol
[ Il Health Hazard Data |
Routos/Effocts of Acute Overaxposure
Skin May causo slight Irritation to the skin. Drled product may causa irritation to the skin.
Eyos May cause mild Irilalion and a burning sansalion. Parlicles from drled malerial may cause irritation,
Inhalation Lillle hazard produced by normal operaliona in open or woll vanlilaled areas. Nase and throal irrilation.
Dust from dried material may be hazardous to your health wilh irritation to the noselthroat, chills, fever,
and drynoss In throat - molal fume fover.
Ingestion Harmlul if swallowed. Mild Irdtation of throat and G.1. tract.

Chronle Ovaroxposura Effects Warning Proparties

Chronic overexposuro unlikely. Lung damage. Cancer

Eyoe, nose, andor throat irritation. Skin radness or burning.

(IANRCINTP/OSHA). Coughing.

First Ald

Skin Wash wilh mild soap and water,

Eyes Flush wilh larga amount of waler for al loast 15 minutes -- Seck medical allention.

Inhalation Remove lo lresh air -- Seek medical halp promplly -- Use arlificial respiration, if necessary.

Ingestion Giva milk or water - DO NOT induce vomiling - Seek madical allention promplly.

[ IV Exposure Controls / Personal Protection ]

Enginearing Controls
Local exhaust if uncontrolled dust/mistvapor present.




Parsonal Protective Equipment

EyeslFace Faceshiald or goggles shall be worn at all limes.

Skin Rubber apron. Rubbar glovas shall ba worn al all imes.

Rasplratory Lol No. 742-8046/6088 (Grean) Ammonla carlridge il neaded with fullihalf respirator.

Spoclal Clothing or Wash allar use/handling; aye wash/shower access. ChangeAvash contaminaled clothing belfore reuse.
Equipment

V' Fire/Explosion Data

Flash Paint (PMCC) MONE
Auto Ignilion NIA
Extinguishing Media

Carbon Dioxide , Dry Chemical

VI Physical Data

Bolling Point 210F 989C Appearance Red lo grey colored liquid
Malling Point 30F 414C Odor Ammonia

Vapor Donsity NIA Vapor Pressura (mmHg) N/A

Speclfic Gravily 1.01 - 1.06 Porcont Volalile <056

Bulk Dansity NIA pH 9-96

Solubllity (H20) Complote Corroslvity on Metal Brass
[ VIl Reactivity

Chemical Stablility Incompalibility

Stable. Reactive molals such as aluminum. Stiong oxldizers.
Hazardous Polymarization Hazardous Docomposition

May not oceur, Ammaonia, hydrogen.

VI Environmental/Handling/Storage
Spill Or Leak Procedure Slorago Procedures

Collect and dispose of per environmental. Prevent from entering Slora away from slrong oxidizers. Slore bolwean 32 F - 120 F. Do

drains or walerways, Sonk up wilh absorbanl. nol store In aluminum, nickel, zinc or copper containers. Label all
unlabaled containers with a CHES label (LIN 138-2010).

Is This Product Listed Or Doas It Contaln Any Ghemical Listed For The Followlng:

1. Olsposal Of Producl Or Any Residue A Hazardous Waste?  No
Hazardous Wasta Code:

2. An Exiremaly Hazardous Substance Undor Emargency Planning And Community Right-To-Knawi

Substanca Namo: Thrashold Planning Quanlity (lbs.).
Na NIA
3, An EPA Hazardous Substanca Requiring Spill Reporling?
Lisled Subslance: Raportable Quanlily (Ibs.):
AMMONIUM HYDROXIDE 1000
CHROMIUM 5000
COPPER G000
EDTA 5000
4. An OSHA Hazardous Chamical?  Chemical Nama: CHROMIUM
COPPER

Doos It Contaln Any Malaerials Rogulated As Hazardous Malarlals Or Hazardous Substances By The Departmenl
Transportation?
Proper Shipping Nama:  Environmentally hazardous substances, liquid, n.o.s.

Hazard Class: 9 : Packaging Group n
UN/NA Code:  UNIDB2 Quanlity Required for Placarding ~ Oplional =1
Labels Required: 9
l IX Other

This information was based upon currenl sclentific lileralure, Information may be doveloped from lima lo tima which may randar this
documenl incorrect; lharefora, the Wiscansin Energy Corporatlon nor any of it's subsidiaries makes any warranties lo it's agonls,
amployees, or conlractors as lo the applicability of this data Lo the user's Intended purposo.
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APPENDIX C

COPRECIPITATION LABORATORY TEST RESULTS

To: Bruce Ramme
PSB Armex A231

we energies
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—
From Laboratory Services Divistor »

PSB Arnex AT

WDNE. Cert # 241320000
Feport Date:  Mouday, February 3, 2010
Tha foliowing are 1l acalvtical results for the sample(s) racaived by Laboratory Services on 12810 .

Sample Description: B! = BCCW Liquid
Sample [D:  AD19168 Senal Impact ID
Sample Collector: OEWADA Sample Collection Date:  1/28/10 Collection Time 0000
Result  Amalyzic Analysis
Paramerer Resule ADL Unity Flag Method Date Analvit
2110 a0

Sendout Analysis

Sample Comments:

Ses anxched rapent

If there are any questions corcerring this report, please comtact Dave Koliakowsky at (414) 221-2835.
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To: Brucz Ramme
PSE Acnex A231 " o

WE Energies B

From Labegatory Services Division -

PSB Arnex AQT0
WDNF. Cen# 241328009

Report Date:  Mouday, February 8, 2010
The following are the aralyvtical results for the sample(s) raceived by Laboratery Servicas on 12810

Sample Description: B3 = BCCW Liquid

Sample [D:  AD1S170 Senal Tmpact ID
Sameple Collector: OKWADA Sample Collsction Date: 12810 Collection Time 0000
Rewule  Amaly: Azalysis
Paramerer Reuule AIDL Uity Flag Method Date Analvit
Sendout Anslysis Ses artached repest 2110 920
Sample Coruments

If there are any questions cotcaring this report, please contact Dave Kolinkowsky at (414) 221-2835




84

To: Brucz Ramme
PSB Annex A231 .
WB ENErjies
From Laberatory Services Division
PSB Arnex A070

WDNF. Cert# 241328000

ReportDate:  Monday, February 8, 2010

The following are the acalytical results for the sample(s) racaived by Laboratory Servicas on 1128710

Sample Description: BCCW + B2 A&B Selid

Sample ID:  ADI®IT1 Serial Tmpact ID
Sample Collector: OEWADA Sample Collection Date: 12810 Callection Time: 0000
Resule  Analyis Asmalysis
Sendout Amalysis Ses amached repest we 020

Samiple Comments:

If there ara any questions corcerwing this report, please contact Dave Kollakowsky at (<14) 121-2835,



To: Bruce Ramme
PSB Arnex A231

From Laberatory Services Division
PSB Arnex A0
WDINE. Cert# 241320000

Report Daze:  Monday, Febnuary 8, 2010

We Energies B

The foliowing are the acalytical results for the sample{s) racsived by Laboratory Services on 128110

Sample Description:  BCCW + B3 A&B Selid

Sample ID:  ADISIT2 Serial Tmpact ID
Sample Collector; OKWADA Sample Collection Date:  1/28/10
Rewule Amaly:s
Paramerer Resule AIDL Uity Flag Method
Sexdout Analysis Ses artached raport
Sample Comments.

If there are any quastions concerng this report, please contact Dave Koliakowsky at (414) 221-2835.

Collection Time 0000

Azalysis
Date Asalvat
110 020




Wi paoalds com

February 05, 2010

David Kollakowsky

We Energies

PO Box 2179

Room P129

Milwaukee, WI 532012179

RE: Project: 1302398 BCCW METALS
Pace Project No.: 4028016

Dear David Kollakowsky

86

Paos Analytizal Servioss, Inc.
1241 Balevue 2Mreet-Cute §
Green Bay, W1 34302
(920)465-242€

Enclosed are the analytical resuits for sample(s) received by the laboratory on January 30, 2010,
The results relate only to the samples included in this report. Results reported herein conform to the
most current NELAC standards, where applicable, uniess otherwise narrated in the body of the

report.

If you have any questions concemning this report, please feel free to contact me.

Sincerely,
ﬁ T'A'--..‘ /:'./—v, g

Brian Basten

brian.basten@pacelabs.com
Project Manager

Enciosures

REPORT OF LABORATORY ANALYSIS

Tovs repaet shall ot be reprcguced, excedt n Al
WEcLt e writen consent of Pace AnalyScal Services, Inc.,

Page 10of9
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Paoe Analyteal Servioss, ino.
1241 Belevve Sireet-Sute &
Geeen Bay, Wi 84302

W pooalnds com
(320)463-2426
CERTIFICATIONS
Preject 1202208 BCCW METALS
Pace Projact No.. 4028018
Graen Bay Certification IDs

Californla Cariification #: 03263CA New York Centfication # 11383
Florisga'NELAP Certification 8 EE7943 Morh Carciina Canlifcation #: 503
llineis Cerlification #: 200050 North Dakola Cestification # R-150
Kentucky Cerlification #: 32 Souln Caralina Cestificalion #: 83008001
Loutelana Cestification & D4 166 Wisconsin Certfication ® 405132720
wMinresola Cerincalion #: 058-695-324 ‘Wisconsin DATCP Cenification # 105-244
Kew Yors Carlificatien #: 11337 1241 Bellevus Strest Green Bay, WI 54302

REPORT OF LABORATORY ANALYSIS Page 2afd

Th's report shall et be reorcduced, evceat im AL
wircut T¢ wrinen consent of Pace Analyscyl Services, Ing..
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W pacapid com

Paos Analytical Sarvices, Ino.
1241 Belevue Strest - Gute §
Green B3y, W1 54302
(9201483-2426

SAMPLE SUMMARY

Project 1302208 BCCW METALS

Pace Project No..  4028D1E

Lab ID Sample ID Matrix Date Collactad  Data Recalvad
4028016001 AD131€5 LIQUID Waler 01/27/10 0000 13001100805
4028016002 AD13170 LIQUID Waler 01/27/10 0C:00 £1/30/10 03:05
4023016003 AD13171 S30OLID Soid 01/27/10 0C.00 C1/3C10 0205
4023016004 AD13172 SOLID Soid 012710 00.00 C1/30/10 02:05

REPORT OF LABORATORY ANALYSIS

Tris repert shall not be reoroduced, evcest n Al

WHRCLt e wrimen consent of Pace Analytcal Qervices, Inc.

Page 2ara
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Wi pacainds com

SAMPLE ANALYTE COUNT
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Paoe Analytsal Servioss, Ina.
13241 Belewue Dtreet - Sute 9
Geeen Bay, W' 34302

19201463-2426

Preject 1302393 BCCW METALS
Pace Project Moo 2028018

analytea
Lan ID Sample ID Mathod Analysts Reportad
4028016001 AD131€S LIQUID EPA €010 DLe 9
4023016002 AD13170 LIQUID EPAEQID cLe 9
4028016003 AD19171 SOLID EPAEQ1D DLE E]
4028016004 AD13172 8OLID EPAEDID oLe 9

REPORT OF LABORATORY ANALYSIS

This recert shall net be rearcouced, excent n Al

‘WERGLE e wrmen consent of Face Analytcal Qervices, Inc.

Page 4013
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W pacardl cam

Pace Analytzal Servioes, ino.
1241 Belevue Street - Gume §

ANALYTICAL RESULTS

Projact 1302203 BCCW METALS

Pace Project No. 2028018

Green Bay, W 8402
18201483-242€

Sample: AD13169 LIQUID

Lab ID: 4028016001

Collecied: 01/27/1000:00 Recened: 01/2011008:05 Malrix: Water

Parametars Resulls Urits Lca LoD OF Preparad Aralyzed CAS No. Qual

€010 MET ICP Analytical Melhed: EFA €010 Preparalion Melhcd: EPA 2010

Barlum 108 uglL 280 080 1 02011101330 0202110 18:09 7440-3%-3
Calcum 3330000 ug'L 10000 a03 10 0201101230 Q20410 11:33 7440-70-2
Chromium 1530 ugll 250 15 1 C2/01/10 12:30 02:02110 18:08 7440-47-3
Copper 9360 uglL 500 14 1 02011101330 02:02110 18:02 7440-50-8
iron 720000 uglL £000 188 10 0201101330 020410 11:33 7439-3¢-6
Magnesium 6650J ug'L 10000 G569 10 0209/10 1330 020410 1133 7439954
Manganese 13000 ug'L 280 045 1 £2/01/10 1330 02/02/10 18:08 7439-9€-5
Nicke! 10000 ug'L 50.0 1 1 0201101330 0202110 18:.03 7440-02-0
2Zine 1560 ugl 200 100 1 0201101330 0202110 18:02 7440-56-6

Sample: AD13170 LIGUID

Lab ID: 4028016002

Collected: 01/27/1000:00 Racened: 0120/1008:05  Malrlx: Water

Parameters Resulls Urits LoQ LoD OF Prepared Aralyzed CAS No, Qual

€010 MET ICP Anaylical Mealhod: EFA 21D Preparalion Melhad: EPA 2010

Barum 141 ug'L 250 D.20 1 02/01/10 12:30 02'C2/10 18:14 7440-38-3
Calcum 4800000 ug'L 10000 603 10 C201/10 13:30 02/04M10 1145 7440-70-2
Chramiurm 1760 ug'L 280 18 1 0201101230 0200210 18:14 T440-47-3
Copper 10500 ug'L 500 14 1 0201/10 1330 Q2/02/10 18:14 7440-30-8
lron 520000 ug'l £000 193 10 0201/10 1230 0204110 1145 7439-8%-6
Magnesium 7060J ug'L 10000 €9 10 0201101330 0200410 1145 7439-95-4
Manganese 14700 ug'L 250 045 1 C201/10 1330 Q202110 18:14 T7439-9€-5
Micke! 11400 ug'l 500 11 1 020110 12°30 02:027110 18:14 7440-02-0
Zinc 1520 ug'L 200 100 1 0201101330 Q202110 18:14 7440-56-6
Sample: AD13171 S0LID Lab ID: 4028016003 Collected: 01/27'1000:00 Recened: 01/20/1008:05 Malrix: Scllg

Resulrs reponed on a “wer-weight” basis

Parametars Resulls Units LoQ LoD DF Preparad Aralyzed CAS Ka. Qual

€010 MET ICP Anaiylical Melhod: EPA €210 Preparalion Melhed: EPA 2050

Bardum 124 mygg 27 0.15 § 0201101210 Q20110 17:28 T7440-3%-3

Calcum 56500 mgkg 108 137 $ 0201101210 02001110 17:29 7440-70-2
Chramium 29.4 myikg 27 0.2% § 0209101210 Q20110 1T:28 T7440-47-3

Copper 145 mgkg S4 0.15 § 0201101210 Q201710 17:23 7440-50-8

lron 162000 mgikg 542 107 § 0201101210 020110 17:28 7430-8%-6
Magnesium 123 mgkg 108 78 § 0201101210 0201/1017:28 7439-95-4
Manganess 237 mgxg 27 034 5 0201101210 Q201110 17:28 7439-96-5

Micke! 132 mgkg £4 0.22 5 (201101210 0201/1017:23 7440-02-0

2ine 25.7 mygikg 217 1.1 § 0209101210 020110 17:29 7440-56-6

Dafe: 02/05'2010 01:22 FPM REPORT OF LABORATORY ANALYSIS Page Sof9

Tris repcet shall rct be reorcouced, excent in AL
wMnCut e wrimen consent of Pace AnalyScyl Services, inz.
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Paoe Analytical Servioss, Inc.
1241 Belzvue rest-Sum S
Green Bay, W1 84302

W pocalinda cam
(923)465-2436
ANALYTICAL RESULTS

Project 1202208 BCCW METALS
Pace Project Mo.. 4028018
Sample: AD13172 SOLID Lab ID: 4023016004 Collectad: 01/27/1000.00 Recenved: 01/201008:05 Malrix: Sallg
Results reponed on a “wer-waight” basis

Parametars Resulls Units LcQ LoD DF Prepareg Aralyzed CAS No. Qua
€010 MET ICP Analytieal Mathod: EFA D10 Preparalion Melthod: EPA 2050
Barlum 134 mgixg 26 0.15 5 0201101210 020110 17:33 7440-3%-3
Caicum T4800 mgng 105 133 § 0201101210 0201710 17:33 7440-70-2
Chromium 19.8 mgig 26 025 5 020%1012:10 020110 17:33 7440-47-3
Copper 102 mgxg 53 D14 5 C201101210 0201/1017:33 7440-50-8
Iron 148000 mgxg 528 10.3 § 0201101210 020110 17:33 T7439-8%-6
Magnesium 83.3) mgig 108 74 5 0201101210 0201710 17:33 7439-95-4
Manganese 155 mgixg 26 0.33 5 0201101210 0201110 17:33 7430-9€-5
Micke €8.0 mgixg 53 022 § 0201101210 0201/1017:33 7440-02-0
2ne 18.70 mgg 210 10 5 0201101210 0201710 17:33 7440-56-6
Dale 02/05/201001:22FM REPORT OF LABORATORY ANALYSIS Page €ard

This recert shall ret be rearcduced, sxcest n AL
WErCUt e Weinen consent of Face Analyszy Qeriices, inz..
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Wi peosieda (om

QUALITY CONTROL DATA

Paos Analytieal Bervicss, Inc.
1241 Belewe 2treet - Oute §
Green 83y, W1 84302
(8221465-242¢

Projecl 1302298 BCCW METALS
Pace Project No.. 4028016
QcC Baten: MPRPIZ541 Analysls Method: EFAB01D
QC Bawcn Metned:  EPA 3050 Analysis Description 5010 MET
Associated Lab Sampies: 4023016003, 4023015004
METHOD BLANK: 260974 Maire Sold
Assoclated Lab Sampies: 4023016002, 4028018004
Blarx Reporing
Paramesar Unlis Result Limit Analyzed Qualiners
Barnum mgikg «0.023 0.50 D201/10 15:06
Calclum mgxg 27) 200 020110 18:06
Chromium mgg 21 050 0201101606
Copper mgig «0.028 1.0 020110 18:06
Iren mgxg 24) 10.0 0201/10 156:06
Magnesium mgiKg <14 200 020110 1506
Mangarese mgg «0.0€62 0.50 D2:01/10 1506
Kickel mgRg <0041 1.0 D201/10 15:.08
Zinc mgg 027 40 020110 18.06
LABORATORY CONTRCL SAMFLE: 260975
Splke LCS LCS % Rac
Parameter Jnits Care. Resuit % Rec Limits Qualifers
Barum mgxg 50 46.1 92 80-120
Calclum mgug £00 £01 100 80-120
Cnromium mgxg 30 480 96 80-120
Coppar mgg 50 45.2 20 80-120
Iren mgng €00 433 99 B0-120
Magnesium mgxg £00 473 25 80-120
Manganese mgKg 50 ELE) kL) 80-120
Niskel mging 50 49.0 28 80-120
Zinc mgng 50 51.8 104 ac-120
MATRIX SPIKE & MATRIX SPIKE DUPLICATE:  28037¢€ 280377
MS MSD
4027920001  Spike Splke WS MSD L] MsD % Rec Max

Paramater Units Resut  Cene. Care. Result Result %Rec % Res Limis RFD RPD Quai
Barum mo/kg E5.1 644 836 1ne 120 a4 85 78125 9 N
Calclum mg/kg 42100 ad4 €36 42300 33800 -122 -1470 75125 22 20 P6,R1
Chromium mo'kg 1.1 644 836 721 71.8 as 85 Te125 4 20
Copper mg/kg 8.7 644 £36 939 104 a4 101 75125 10 20
Iron mg/kg 32000 842 €36 26300 26700 -384 -§28  7E-125 2 0P8
Magneslum mg/kg 23200 844 €36 23300 15100 19 -1280 TE-128 43 20 PERI
Mangarese mg/kg 443 644 €36 d4s 373 -2 -114 TES125 17 20 P6
Nickel mo/kg 19.1 644 £3.6 814 78.7 a7 o4 7S125 3 20
Zinc mg/kg 128 644 £3.6 183 178 &0 €4 75125 & 20 MO

Date 021052010 01:22 PM

REPORT OF LABORATORY ANALYSIS

Tr's receet shall ret be reoroduced, exceat n Il
Wincut Te writen consent o Pace Analyscyi Seriices, inz.

Page Taf3
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W facandl cam

QUALITY CONTROL DATA

Paoe Analytical Servioss, Ino.
1241 Belevee treet-Cute §
Gresn Bay, W) 54302
(9201463-2428

Preject 1302293 BCCW METALS
Pace Project No.. 4028018
Qc Baen: MPRPI2EIS Analyels Melhod: EFAGDID
Qc Batkch Melhod: EPA 3010 Analysls Cescription G010 MET
Assoclated Lab Sampies: 4028018001, 4025016002
METHCD BLANK: 261047 Matroc Waler
Agsoclated Lab Sampies: 4022016001, 4028015002
Biank Reporling
Parameer Jnits Result Limit Analyzed Qualiners
Banum uglL 0.22) £0 020210 17:26
Calclum uglL <122 200 02102110 17:26
Chromium uglL 074 50 02021017:26
Coppsr uglL «0.29 10.0 020210 17:26
Iren uglL 67J 100 02104710 1112
Magnesium uglL 1.5 200 020041101113
Manganese uglL 0.083J £0 020210 17:26
Nickel uglL <023 10.0 02102110 17:26
Zine uglL <20 40.0 02/02/10 17:26
LABORATORY CONTROL SAMFLE. 261048
Splke LCS LCS % Rec
Parameter units Care, ResLit % Rec Limits Qualifiers
Barnum ug'lL £00 433 v 80-120
Calclum uglL sca0 4E70 3 80-120
Cnromium ug'll 200 433 a7 80-120
Copper uglL £00 456 23 80-120
Iren vg'L 5ca0 5040 102 80-120
Magnesium uglL 5ca0 4850 a7 B0-120
Mangar2se uglL €00 474 b 80-120
Nickel ug'lL £00 470 a4 80-120
Zinc ug'lL £00 474 a5 80-120
MATRIX SPIKE & MATRIX SPIXE DUPLICATE: 261040 261050
MS MSD
4022003001 Spike Splke M3 MZD Ms MSD % Rec Max
Parametar Units Resut  Conc. core, Result  Reeut % Rec % Rec Limas RFD RPD Qual

Barum ugiL «0.13 500 £a0 473 439 as e 75125 3 0
Calclum ugiL 18.0J €000 5000 4510 4670 a0 83 Te12% 3
Chromium ugil <032 50 £00 a7e 433 98 ¢« TE-125 4 0
Copper ugiL 280 500 £00 492 515 a3 97 TS125 4 20
Iron ugil 223) £000 5000 €010 8220 e 104 75125 4 20
Magnesium ugiL «13.4 £0co icao 4710 4910 o €3 7125 4 0
Mangarase ugiL 025 500 £00 463 437 a4 97 76128 4 20
Nickel ugiL =023 sc0 £30 454 420 a1 & 78125 § 20
Zinc ugiL a.1J 500 £00 472 434 a3 o7 7125 3 2
Date: 02/05/2010 01:22 FM REPORT OF LABORATORY ANALYSIS Page 3of3

Trs repert shall met be redreduced, exceat ' Il
WERCLS e writen consent of Face AnalyScal Services, Inc
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, * Paos Analytical Sarvioss, Inc.
LA CeAnalyUcal 1241 Beleve Sireet - Sume §

Green Bay, Wi S4202

www zacards cam
(9201463-242€
QUALIFIERS
Preject 1202393 BCCW METALS
Pace Project No.. 4028015
CEFINITIONS
DF - Diution Factor, If reported, represents the factor appiled to the reporied data dus to changes in samiple préparation. ciution of
thhe sampie aiqual. or moisture content.
ND - Not Detected 3t or above acjusled reparting lima.
J - Estimatao concentralion above Ihe adjusted metnod delection limit ana below the adjusted reporing limit.
MDL - Agjusted Metnod Delection Linut.
5 - Surogate
1.2-Diphenyinydrazine (8270 isted analyle) decomposas 10 Azcbenzene.
Consistent win EPA guidelings, unrounded data are dispiayed and have Deen usad lo caiculate % recouery and RPD values.
LCS(D) - Laboratory Conlrol Sample (Ouplicate)
MS(D) - Matix Spike (Duplicate)
DUP - Sampie Duplicate
RPD - Relative Percent Difference
NC - Not Caiculable
Pace Analylical is NELAP accreditad. Contact your Face FM for the current list of accredited analyles.
U - Indicates the compound was analyzed for, bul not detected,
ANALYTE QUALIFIERS
Vo Matrix spike recovery andiar mairx spike dupicale recovery was outsice Iatoratory consral imits.
P Matrix splke recovery was outside laboralory conlrol Imils due 1o a parert sanple concentralion notably rigrer Ihan the
spie level
R1 RPD value was outside control imits
Date: 02052010 01:32 FM REPORT OF LABORATORY ANALYSIS Page 2 af9

Tris repeet shall ot be reoreduced, sxceod 'n Al
wircut e writen consent of Face Analy¥cal Services, Inc..

94




95

To: Brucz Ramume
PSB Armex A23]

we energies =

From Laberatory Services Diviston ™
PSE Armex A0T0
WDNR. Cert # 241322000

ReportDate:  Thursday. February 4. 2010
Tha following ara the acalvtical results for the sample(s) racsived by Laboratory Servicas o 12810

Sample Description: B2 = PCB-Oil A Solid

Sample [D: ADISIET Serial Tmpact ID
sample Collecror:  OKWADA Sample Collection Date: 112710 Collection Time. 0000
Paramens Resule  Analysis Analysis
. Resdle MDL s Far Meiod Dee Asb
Sendout Amalysis Ses anached repest 2010 020
Sample Comments:

If there 2re any questions concerning this report, please conract Dave Kollakowsky at (414) 221-2835.




To: Brice Ramme
PSB Annex A231 " -
Weenergies —
From Laberatory Services Division -
PSB Arnex A070

WDNF. Cert # 241328000

Feport Date:  Thursday, Febreary 4, 2010

Tl following are the aualyrical results for the sample(s) racaived by Laboratory Services on 1123110

Sample Description: B2 + PCB-0il B Solid

Sample [D:  AD1OISE Serial Tmpact ID
Sample Collector: OKWADA Sample Collection Date: 12710 Collection Time 0000
Resule  Amalysic Analysiz
Paramerer Resule ADL Units Flag Metbod Date Analvat
Sendout Analysis Ses attached ropast 2110 (]
Sample Comments:

If there are any questions corcernieg this repott, please conract Dave Kollakowshy at (314) 221-2835.
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To: Bruce Ramme
PSB Arnex A231 - .
wae energies -
From Laberatory Services Division -
PSB Arnex ADT0
WDNR Cen # 241320000

ReportDage.  Thursday, February 4, 2010
Tha following are 1l acalytical resuits for the sample(s) received by Laboratory Services on 12810

Sample Description- B3 = PCB-Oil A Solid

Sample [D: ADISISS Senal Impact ID
Sample Collector: OKWADA Sample Collsction Date:  127/10 Collection Tine  00.00
Result  Asaly:is Analy:i
Parameter sule AIDL Units Flaz Alethod Date Amnalvst
Sendout Amalysis Ses attached rapeat mae az0
Sample Corunents

If there are any quastions concering this report. plense contact Dave Kolizkowsky at (<14} 121-2835.




To: Bruce Ramume
PSE Arnex A3l = -
we energies -
From Laboratory Services Division -
PSB Armex ADT0

WDNF. Cert# 241320000

ReportDate:  Thuriday, February 4, 2010

The foliowing are the acalytical resuits for the sample(s) raceived by Laboratory Servicas on /28110

Sample Description: B3 = PCE-Oil B Solid

Sample [D:  AD1919C Senal Impact ID
Sample Collector:  OKWADA Sample Collection Date: 12710 Collection Time D000
Resule  Analysic Analyiis
Paramerer sl AIDL Unizs Flag Method Date Analvit
Sendout Azalysis Ses atisched ropest 2110 a0
Samyple Corunents:

If there are auy questions concering this report, pleaie contact Dave Kollakowsky at (414) 221.2835
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Te: Brucs Ramme
PSB Arnex A23] . -
We efnergies -
From Laboeratory Services Division 9
PSB Arnex ACT0
WDNR Cert# 241322000

ReportDate  Thursday, February 4, 2010

Tha foliowing are the acalytical resuits for the sample(s) received by Laboratory Services oa 1/2810

Sample Description: Bl = PCB in Hexane Solid

Sample [D: ADI0191 Senal Impact ID
Sample Collector: OKWADA Sample Collection Date 2010 Collection Time. 0000
Resule  Amalysis Analysis
Parameter Reiule ADL Unizy Flagz Aetbod Date Analvst
Sesdout Azalyzis Soa artached repest 21 020
Sample Coruments.

If there are auy questions coucerning this repost, please conract Dave Koliakowsky at (414) 221-2835.
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To: Brice Ramme
PSE Anmex A23]

we energies o
From Laboratory Services Civislon ‘

PSB Araex A070
WDNE. Cert# 241320000

Report Date:  Thursday, Febrvary 4, 2010

The following are the acalvtical resuits for the sample(s) recaived by Laboratery Services on 1/28710

Sample Description: B = PCB in Hexane Solid

Sample ID:  ADIO192 Sertal Impact ID
Sample Collector: OKWADA Sample Collecnon Date: 12710 Collection Time 0000
Resule  Amalysic Analysis
Faramerer Resule ADL Units Flag Alethod Date Analvit
Sendout Analysis Ses artzchad repest 210 020
Samyple Comments

If there are ary questions concerwing this report, please contact Dave Koliakowsky at (414) 221-2835,
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To: Brucz Ramme
PSB Arnex A231 . :
we energies B2
From Laboratory Services Diviston ~
PSB Arnex A0
WDNE. Cer & 241318000

Report Date:  Thuriday, February 4, 2010

The foliowing are the acalytical results for the sample(s) raceived by Laboratory Services on 112870

Sample Description: B3 = PCB in Hexane Solid

Sample [ ADIE193 Senal/Tmpact ID
Sample Collector: OKWADA Sample Collection Date: 12710 Collectio Tume. 0000
Rewslt  Amalysis Analyus
Paramerer Rewale AL Uniey Flag Afeibod Date Asalyzt
Sendout Azmalysis Ses artached repest 2110 020

Sample Comments:

If there are ary questions corcerting this repost, please contact Dave Koliakowsky at (414) 221-2835,



_,,/',zematyﬁcaf'

Wi pacnieds com

February 03, 2010

David Kollakawsky
We Energies
PO Box 2179

Roam P129
Milwaukee, WI 532012179

RE: Project: 1302398 BECW SOLIDS
Pace Project No.: 4028014

Dear David Kollakowsky:

Paos Analytical Servioss, Ino.
1241 Beiewe Jireet-Cune
Green Bay, W) 34302
(9271465-242¢€

Enclosed are the analytical results for sample{s) received by the laboratory on January 30, 2010.
The results relate only to the samples included in this report. Results reported herein conform to the
most current NELAC standards, where applicable, uniess otherwise narrated in the body of the

report.

If you have any questicns conceming this report, please feel free to contact me

Sincerely,
p, S /j,'.’,..‘z:r-

Erian Basten
brian basten@pacelabs.com
Project Manager

Enciosures

REPORT OF LABORATORY ANALYSIS

Trvs repert thall et e resrcquced, evcest in Al
WErCLE The written consent of Pace Analytcal Jervices, s

Page 10f3
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Paoe Analytical Servioss, Inc.
1241 Belevue Street-Sun §
Green B3y, W1 54302

W pacaled com
(9201465-2426
CERTIFICATIONS
Project 1202303 BECW SCLIDS
Pace Project No.. 4028014
Green Bay Certification ID3
Californla Cartification #: 022€3CA New York Cenfication # 11383
FrdaNELAR Certfication 8 EE7943 Norn Carcina Carifcation #: 303
lincis Cerlifcalion #. 200020 Norh Dakola Cestificalion #: R-150
Kentucky Certification #: 32 Sculn Carolina Certficalion #: 83008001
Louislana Certfication 8- 04156 Wiscongin Certication & 405122750
Minresota Cerificalion #: 055-698-324 Wisconsin DATCP Cerficaton # 103-242
New York Cartincation #: 11337 1241 Ballevue Street Green Bay, WI £4202
REPORT OF LABORATORY ANALYSIS Page 2af9

Tris repent thall rot be resrouced, exvcest m il
wircLt the writen consent of Face Analy¥cal Qervices, Inc..




_PaceAnalytical

Paoe Analytsal Servioec, Inc.
1241 Belevue 2irest-Cute §
Green Bay, Wi 54302

Wi pocaleds com
(52014852426
SAMPLE SUMMARY

Project 1302263 BECW SCLIOS
Pace Project No. 4028014
Lab ID Sample ID Matrix Date Collacted  Dals Recalvad
4028014001 AD13187 Sofd 01/27/10 0000 0173010 08.05
4028014002 AD13188 Soid 112710 00:00 C1/30V10 03:05
4028014003 AD13185 Sord 01/27/10 0000 C1/30/10 05:05
4028014004 AD13130 Soid 01/27,10 0G:C0 £1/30/10 03:05
4028014005 ADIN Soid 01/27/10 00.00 01/30/10 03:05
40280140068 AD13132 Soid 01/27/10 0C:CO C1/30v10 0805
4028014007 AD19133 Sold 01/27/10 0000 01/30/10 0205

REPORT OF LABORATORY ANALYSIS Page 2of 9

Th's repert shall rot e reoreduced, excent ', Al

wircut The writen consent of Face Aralytcal Serskes, inc.
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Paos Analytcal Servioss, Ina.
1241 Belewue Sureel-Cune §
Green Bay, W) 84302

WA pacanie com
(52014852438
SAMPLE ANALYTE COUNT

Project 1302393 BECW SOLIDS
Pace Project No.. 2028014

analytes
Lab ID Sampls ID Mathod Analysts Reportad
4028014001 AD13187 EPA 082 CaH 10
4028014002 AD19188 EPA BQE2 CAH 10
4028014003 AD13189 EPA E062 CAH 10
4028014004 AD13130 EPA BOE2 CAH 10
4028014005 AD13131 EPA EQE2 CAH 10
4028014006 AD13132 EPA BQE2 CAH 10
4028014007 AD13133 EPA EDE2 CAH 10

REPORT OF LABORATORY ANALYSIS

Tres repet shall ret be redreduced, excest n All
WIrCLt e writen consent of Face Analytcal Ser/kes, Ing

Page 409
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Paos Anaiytcal Servioes, Ino.
1241 Belevee Street-Cute §
Geeen Bay, W) 54302

Wi Facabdl com
(92014852436
ANALYTICAL RESULTS
Project 1302293 BECW SCLIDS
Pace Projacl No.. 4028014
Sample: AD13187 Lab ID: 4023014001 Collecied: 01/27/100000 Received: 01/20/1008:C5 Malrix: Sollg
Resulis repored on a “wer-weign” basis
Parameters Resulls Units Loa Loo OF Prepared Analyzed CAS No, Qua
8082 GCS PCB Anantica Melncd: EPA £082 Preparalicn Melhod: EPA 3541

PCB-1018 {Aracior 1D16)
PCB-1221 (Aroclor 1221)
PCB-1232 (Aracior 1232)
PCB-1242 (Araclor 1242)
PCB-1243 (Arocior 1248)
PCB-1254 (Aroclor 1254)
PCB-1260 (Aracior 1250)
PCB, Total
Telracnloro-m-xylene (S)
Decachicrotipnenyt (S)

<1130 ug'kg 4760 1 1 0201/10 1358 02/02/10 16:48 12574-11-2
=1130 ug'kg 4760 1120 1 C201/1012:38 Q20210 16:43 11104-28-2
«1130 ug'kg 4760 120 1 020110 1358 0202101648 11141-16-5
=1130 ug'kg 4762 120 1 0200110 1358 0202110 16:48 352483-21-3
=1130 ug'kg 4780 1130 1 [201/10 1258 Q2:02/10 16:48 12672-29-€
<1130 ug'kg 4760 1 1 020110 1256 020210 16:48 11CA7-6%-1
<1130 ug'kg 4780 1 1 020110 13:58 0202110 16:48 11C96-82-5
<1130 ug'kg 4780 1120 1 02011013568 Q20210 16:48 1336-36-3
62 % £0-137 1 020110 1358 02/02/10 16:48 377-09-8
74 % £6-130 f 02001101258 02/02/10 16:48 2051-24-3

Sample: AD13188

Lab ID: 4028014002 Collecsed: 01727100000 Recenved: 01/2011008:05 Malrix: Solld

Resuls repored on a “wer-waigh!” basis

Parametars

Resulls Urits LoQ LoD DF Preparad Analyzed CAS Ka. Qual

8082 GCS PCB

PCB-1015 (Aracior 1016)
PCB-1221 (Aroclor 1221)
PCB-1232 (Araclor 1232)
PCB-1242 (Araclor 1242)
PCB-1243 {Arocior 1248)
PCB-1254 (Aracker 1254)
PCB-1260 {Araclor 1250)
PCB. Total
Tetrachicro-m-xylene (S)
Decacnicrotipneny! (S)

Ananylical Melhod: EFA £082 Preparalion Methad: EPA 2541

“T38 ug'kg 3120 73 1 020110 1358 02021101708 12574-11-2
“738 ug'kg 3120 723 1 020110 13:58 02'02/1017:05 11104-28-2
“T38 ugky 3120 733 1 020110 1358 02021017.05 11141-16-5
12304 ug'kg 3120 7¥ 1 020110 12:58 0202110 17:05 353463-21-3
<738 ug'kg 120 724 1 C201/10 1238 02/02/10 17.05 12572-29-¢
“T38 ug'kg 3120 733 1 020110158 02021017:0% 11C97-6%-1
816J ug'kg 3120 74 1 0201/10 1258 Q202110 17:05 11096-82-3
20500 ug'kg 320 723 1 0201/10 1358 0202110 17:05 1336-36-3
61 % £0-137 1 0200110 1356 0202110 17.0% 877-09-8
9% £6-130 1t 0201/10 1358 0202110 17:05 2051-24-3

Sample: AD13189

Lab ID: 4028014002 Collected: 01/27/1000:00 Received: 01/20/1008:C5 Malrix: Solld

ReSulTs (eporied on a “Wer-waight” Dasis

Parameters

Resulls Urits LoQ LoD DF Prepared Analyzed CAS No. Qual

8082 GCS PCB

PCB-1015 (Araclor 101€)
PCB-1221 (Araclor 1221)
PCB-1232 (Araclor 1232)
PCB-1242 (Aracor 1242)
PCB-1243 (Aracior 1248)
PCB-1254 (Araclor 1254)
PCB-12€0 (Araclor 1250)
PCB. Total

Date: 020/2010 03:17 FM

Anaiytical Method: EPA 8062 Preparalion Melhod: EPA 2541

“281 ug'kg 1060 281 1 0201/10 13:58 0202110 17:22 12574-11-2
=251 ug'kg 1060 251 1 0201101358 02/02/10 17:23 11104-28-2
“251 ug'kg 1060 281 1 0201101358 020210 17:22 11141-16-5
883J ug'kg 1060 251 1 0201101358 Q202110 17:23 53463-21-3
«251 ug'kg 1060 251 1 020110 1358 0202110 17:23 12672-29-6
5050 ug'kg 1060 281 1 020110 1358 020210 17:23 11097681
7740 ug'kg 1060 251 1 020110 1358 0202110 17:23 11096-82-5
2170 ug'hg 1060 251 1 020110 1358 0202110 17:23 1336-36-3
REPORT OF LABORATORY ANALYSIS Page Sof 9

Tnis repert shall not be resreduced, excedt n Al
WISt Te writen consent of Pace Analytcal Jervices, ing.
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www pacaieds cam Green Bay, Wi 84302
(8201485-2426

» Paoe Analytical Sarviose, Ina.
.
/" _APaceAnalytical 1281 Belewe Sweet-ute s

AMNALYTICAL RESULTS

Projact: 1302308 BECW SCLIDS
Pace Projact No.. 4028014
Sample: AD1318% Lab 1D: 4028014003  Collected: 01727100000 Received: 01/2011308:05 Malrix: Solid
Results reporned on  “wel-weaight” basis
Parameters Resulls Urits Loa LoD DF Prepatad Aralyzed CAS No. Qual
8082 GCS PCB Anaiytical Melhcd: EFA 8062 Preparallon Method: EPA 3341
Telrachioro-m-xylene (S) 56 % £0-137 t 0201101358 020210 17:22 877-09-8
Decacnloronipnenyt (3) 9% £8-130 1 020110 1358 Q202110 17:22 2051-24-3
Sample: AD13130 Lab ID: 4028014004  Collected: D1/27/1000:00 Received: 01/2011008:03 Malrlx: Solld

ResuiTs repored on a "wWer-weighi” basis

Parametars Resulls Urits Lca LoD DF Preparag Aralyzed CAS Na. Qual
8082 GCS PCB Ananytical Metned: EPA 8082 Preparalion Melhod: EPA 3541
PCB-1015 {Aracicr 1016) “269 ug'kg 140 2€9 1 C2/01/10 13:38 Q2/02/10 17:40 12674-11-2
PCB-1221 {Aracior 1221) %269 ug'kg 1140 269 1 C201/10 13:58 0202110 17:40 11102-28-2
PCB-1232 |Arocior 1232) “269 ug'kg 140 269 1 02001/10 13:58 02102110 17:40 11141-16-5
PCB-1242 (Araclor 1242) 1350 ug'kg 140 2€3 1 C2001/10 1358 Q2/02/10 1740 53463-21-3
PCB-1243 {Aracior 1248) “269 ug'kg 140 263 1 020110 13:58 02/02/10 17:40 12672-29-8
PCB-1284 (Aracior 1254) 8460 ug'kg 140 2639 1 201110 1358 02027110 17:40 11097-65-1
PCB-12€0 |Arockor 1250) 371J ugkg 140 269 f 02011101358 02/02/10 17:40 1109€-82-5
PCBH, Total 3160 ug'kg 140 269 1 020110 13:58 02/02/10 17:40 1236-36-3
Talrachloro-m-xytene (S) 80 % £0-137 1 02001/10 13:58 Q2/02/10 17:40 877-09-8
Decachicrotiphenyt {S) 65 % 26-130 t 02001/10 1358 0202010 17:40 2051-24-3
Sample: AD13131 Lab ID: 4023014008 Callected: D1/27/100000 Racewed: 01/20/11008:05 Malrix: Sollg
Resuits repored o a “weI-waight™ basis

Parametars Resulls Urits LoQ LoD DF Preparad Aralyzed CAS No Qua
8082 GCS PCB Anaiytical Melnod: EPA 8082 Preparalion Melhod: EPA 2541
PLCB-1015 (Aracier 1016) “407 ug'kg 1720 407 1 £201/10 13:58 02/02/11017:38 125674-11-2
PCB-1221 (Arocior 1221) «407 ug'ky 1720 407 1 0201101358 02/02/10 17:58 11104-28-2
PCB-1232 (Aracior 1232) «407 ug'kg 1720 407 1 02001/10 13:58 Q2027110 17:58 11141-16-5
PCB-1242 {Araclor 1242) “407 ug'kg 1720 407 1 C201/10 12:58 Q2/02/10 17:58 5346%-21-2
PCB-1243 (Aracior 1248) “407 ug'kg 1720 407 1 0210110 13:58 02'0210 17:38 12672-29-€
PCB-1284 (Aracior 1254) «407 ug'kg 1720 407 f 0200110 1258 02/0211017:53 11097-6%-1
PCB-12€0 (Aracior 1260) =407 ug'kg 1720 407 1 02/01/10 13:58 02/02/10 17:58 11096-82-5
PCB. Total «407 ug'kg 1720 407 1 020110 1358 0202110 17:58 1236-3€6-3
Telracnicro-m-xyiene (S) T £0-137 1 0201/10 13:58 Q2/02/10 17:58 877-09-8
Decachlorotiphenyt (S) 24 % £6-130 1 0201/10 12:58 02/02/10 17:58 2051-24-3
Date: 020320100217 PM REPORT OF LABORATORY ANALYSIS Page Sard
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. » Paoe Analytical Serviess, Ino.
_Pace Analytical 1241 Betewe abreet - Duse 3
Wi pacainds com Green Bay, Wi 84302
1920)463-242€

ANALYTICAL RESULTS

Projact 1302293 BECW SCLIDS
Pace Project No.. 4028014
Sample: AD13132 Lab ID: 4028014006  Collecied: 01/27/1000:00 Recened: 0120/1008:03 Malrx: Sclid
Results reporned on a "wel-waight” basis

Parametars Resulls Units Lca Loo OF Preparag Aralyzed CAS No. Qual
8082 GCS PCB Ananylical Melnod: EFA 8082 Preparalion Melhod: EPA 3341
PCB-1015 (Araclor 1016) «348 ugky 1470 343 1 0201101358 0202110 18:15 12674-11-2
PCB-1221 (Araclor 1221) «348 ugkg 1470 343 1 C201/10 13:58 0202110 18:15 11104-26-2
PCB-1232 (Araclor 1232) «348 ug'kg 1470 343 1 C201M0 1258 0202010 18115 11141165
PCB-1242 (Aracior 1242) «348 ug'kg 1470 343 1 02011101358 02/02110 18:15 53463-21-3
PCB-1243 (Aroclor 1248) «348 ug'ky 1470 343 1 C201/10 13:58 02002710 18:15 12572-29-6
PCB-1284 (Araclor 1254) «348 ug'kg 1470 343 1 C201/10 1258 0202110 1815 11097851
PCB-12€0 (Araclor 1250) 2800 ugky 1470 343 1 C2/01/10 13:58 02/02/10 18:15 1109€-82-5
PCB. Tetal 2800 ug'kg 1470 343 1 C2/01/10 13:58 02:02/10 18:15 1236-36-3
Telracnioro-m-xylene (S) 7% £0-137 1 0201/10 13:58 0202/110 18:15 &877-09-3
Decachiorotipnenyt () 85 % £6-130 1 C2/01/10 12:38 02:02/10 18:15 2051-24-3
Sample: AD13133 Lap ID: 4028014007 Collected: 01/27/1000:00 Racenved: 01/2011008:03 Malrix: Sallg
Results reponed on a "wer-waight” basis

Parameters Resulls Units Lca [Ralu] COF Preparad Aralyzed CAS No. Quat
8082 GCS PCB Anaytical Malhod: EPA 8082 Preparalion Melnad: EPA 3541
PCB-1015 (Arockor 1016) =211 ugkg 493 211 1 0201101358 Q20210 18:33 125674-11-2
PCB-1221 (Aroclor 1221) <211 ugkg 293 mn 1 0201/10 1358 02/02/10 18:33 11104-28-2
PCB-1232 (Arockor 1232) =211 ugkg 803 n 1 C2001/10 12 58 Q2002110 18:32 11141165
PCB-1242 (Aroclor 1242) <211 ugkg 293 21 1 C201/10 12:38 Q2/02/10 18:33 5)468-21-3
PCB-1243 (Aroclor 1248) <211 ugkg 803 mn 1 0201101358 0202110 18:33 12672-29-6
PCB-1254 {Arocior 1254) <211 ugkg 802 21 1 0201101356 0202110 18:32 11097-6%-1
PCB-12€0 (Araclor 1280) 3430 uokg 893 21 1 C201/10 13:58 02:02/10 18:32 11096-82-5
PCB, Tctal 3430 ug'kg go3 n 1 C201/10 1358 Q202110 18:32 1336-36-3
Telracnicro-m-xyl@ne (S) 75 % 50-137 1 C201/10 13:56 02/02/10 18:32 477-09-3
Decacnicrocipnenyt (3) 8T % £6-130 1 C201/10 1258 02/02/10 18:32 2051-24-3
Date: 020M2010 0317 PM REPORT OF LABORATORY ANALYSIS Page 7of 9
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Paoe Analytizal Servioes, Ino.
1241 Belevue Sireet- Sute §
Green Bay, W1 B4302
(8201483-242¢

QUALITY CONTROL DATA

Project 12023483 BECW S0LIDS
Pace Project Mo.. 2028014

Qc Bawen: CEXTHE4T
QcC Satch Metned:  EPA 3541

Agsaclated Lab Sampies:

Analysls Method: EPABD&2
Analysls Description 8082 GCS FCB
4022014001, 4022014002, 4026014003, 4026014004, 2028014003, 4028014005, 4023014007

METHOD BLANK: 261053 Matric: Soid
Asgsoclated Lab Samples: 4028014001, 4028014002, 4028014003, 4028014004, 4028014003, 4028014004, 4028014007
Bark Reporiing
Parameter Units Result Limit Analyzed Qualifiers
PCE-1016 (Arocior 1015) ugky <235 100 02102110 15:58
PCE-1221 (Arosiof 1221) ugkg <235 100 0200210 15:38
PCE-1232 (Arocior 1232) ugkg <234 100 02/02/10 15:58
PCE-1242 (Araior 1242) ugkg <228 100 0210210 15:58
PCE-1248 (Arocior 1243) ugkg <214 100 0200210 15:58
PCE-1234 (Arocior 1284) ugkg <226 100 0202/10 15:58
PCE-1250 [Arccior 1260) ug'kg <2318 100 02/02/10 15:38
Decachiorchighenyl (5) % €0 56-120 02/02/10 15:58
Tetrachiore-m-xylene (5) % 7 50-127 02102101558
LABORATORY CONTRCL SAMPLE & LCSD: 261064 261063
Splke LCS LCSD LCS LCSD % Rec Max
Parameter Lnilts Canc. Resut  Resull %% Rec % Rec  Linuts RFC RPD Cuaifiers
PCB-1016 (Arocior 1018) ugkg <18 «23 4
PCB-1221 (Arocior 1221) ugkg <238 <238
PCE-1232 (Arocior 1232) ugkg <238 <234
PCB-1242 (Arocior 1242} ugrkg 23§ <236
PCB-1248 (Arocior 1243) ug'kg =236 «235
PCB-1254 (Arocior 1264) ugkg <236 «235
PCB-1250 (Arocior 12€0) ug'kg 500 208 398 19 80 83109 7
Decacriorcbiphenyl (S) L] LR 84  £5130
Tetrachiore-m-xyiene (S) L 30 7 037
Date 020220100317 PM REPORT OF LABORATORY ANALYSIS Page 5 of 3
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WEPout Te writen consent of Face AnalyTcal Services, Inc.
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% ® Paoe Analytical Serviees, Ino.
v Aﬂafytjca] 1241 Beles trest- Cute ©

W pacands com Geeen Bay, W1 54302
192714852426

QUALIFIERS

Project 1202393 BECW SOLIDS
Pace Project No.. 4028014

DEFINITIONS

DF - Diuton Factor, If reporied, represents the faclor appiled 10 the regoried data due to changes n sample preparation, diution of
he sample alquot. or molsture content.

ND - Not Detected 3t or above acusled reporting lima.

J - Eslimatad concentralicn atove he adustad method detection limit and below the adjusted reporiing limit.
MDL - Acjusted Metned Detection Limit,

S - Surcgate

1.2-Diphenyinydrazing (5270 isted analyle) decomposes 10 Azobenzene.

Caonsistent wan EPA guideliras, unrounded 0ata are displayed and nave besn used o casulate % recovery ana RPO valLas
LCS(D) - Laboralory Conlroi Sample (Dupiicate)

MS(D) - Matrix Spike (Duplicata)

DUP - Sample Duplicate

RPD - Relatve Percent Difference

NC - Not Caiculabie

Pace Analytical is NELAP accredtad. Contact your Face FM for the current Iis? of aceredited analyles,

U - Ingicales Ine compourd was analyzed far, bal not detectad.

BATCH GUALIFIERS
Batch: GCSVIIG49
M) A Matnx spik@mainx spike duplicate was net performed *or thls baseh due 50 neumMmclent sampie volume.
Date: 020022010 0317 PM REPORT OF LABORATORY ANALYSIS Page 3of3
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February 11, 2010

David Kollakowsky

We Energies

PO Box 2179

Room P129

Milwaukee, WI 532012179

RE: Project: 1302398 BCCW LIQUIDS
Pace Project No.: 4028015

Dear David Kollakowsky:

111

Paoe Analytical Servioss, Ino.
1241 Beievue Sireet-Due §
Green Bay, Wi 54302
(9201483-2426

Enclosed are the analytical resuits for sample(s) received by the laboratery on January 30, 2010,
The results relate only to the samples included in this report. Results reported herein conform to the
most current NELAC standards, where applicable, un'eas otherwise narrated in the body of the

report.

If you have any questions conceming this report, please feel free to contact me.

Sincerely,

L —

Steven Mieczka for

Brian Basten

brian basten@pacelabs.com
Project Manager

Enciosures

REPORT OF LABORATORY ANALYSIS
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Page 1 of 1




/" PaceAnalytical”

W facaids com

Prejact 1202208 BCCW LIQUIDS

Pace Project No.. 4028015

112

Paoe Anaiytcal Servioes, Ine.
1241 Belevoe 2treet - Cute §
Green Bay, Wi 54302
(B201459-2426

CERTIFICATIONS

Minnasota Certification 1Ds
Alaska Certification #: UST-078
Arlzena Cedificalion #; AZ-0014
Callfornia Cariification #, 01135CA
FlarldaiNELAP Certication  ESTE0S
lincis Cerificalien #: 200011
lowa Cenffication # 248
Kangas Cenfication & E-101€7
Loufslana Certfication & 03036
Louislana Certfication 8- LADSCACA
Malne Cenficataon # 2007029
Mienigan DEQ Carlificalion #: 9909
Minresota Cerificalion #: 027-052-137

Green Bay Certification ICa
California Cerfincaticn #: 02263CA
FurdaNELAP Certification # E87043
lincis Cerification #: 200050
Kentucky Cerlication #: 32
Louislana Cestincaton = D4 158
Minresota Cerlificalion #: 0S5-698-324
New York Cerliication #: 11857

\lortana Cartincation #: MT CERTOCSZ
New Jersey Cerfifcation #: MN-002
New York Cenification #. 11847

Narth Carciina Certincation #: 520
North Dakola Certificalion # R-025
Oragon Certfication & MN200001
Pennsylvania CerMication # 68-00583
Tennessea Cenlfication # 02318
‘Washinglon Cerlincation # C724
Wisconein Certfication # 206407670
1700 Em Street SE. Sulle 200 Mnngapols, MN 35414

Naw York Cerfication # 11383

Narih Carciina Ceriification #: 503

Narh Dakola Certification # R-150

Soulh Caralina Cedtficalion # 23008001
Wisconsin Certificaton & 405122750
Wisconsin DATCP Cenlfication # 105244
1241 Babeuue Street Green Bay, WI 54202

REPORT OF LABORATORY ANALYSIS Page 2af 11
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SAMPLE SUMMARY
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Paos Analytizal Sarviees, Ine.
1241 Beleve Strzet-Sute &
Green Bay, W0 4202
(8201483-2426

Preject 1202298 BCCW LIQUIDS

Pace Projact No.. 4028015

Lab ID Sampls ID Matrlx Dste Collactad Dala Recalvad
4028015001 AD13134 Water 01/27/10 0000 C1/30110 03105
4028015002 AD13135 Waler 01/27/10 0000 013010 03.05
4023015003 AD13136 Waler 01/27110 0C:20 C1/30010 0505
4028015004 AD13137-0IL LAYER Waler 01/27/10 0000 01730010 03:05
4028015005 AD13138-0IL LAYER Waler 01/27/10 00:00 C1/30/10 02.05
4028015006 AD13139-0IL LAYER Waler 01/27/10 00:00 01/30410 02:03
40280135007 AD13200-WATER LAYER Waler 01/27/10 0600 C1/3C/10 02:03
4028015008 AD13201-WATER LAYER Waler 1/27/10 00:00 01/30¢10 03:05
4028015009 AD13202-WATER LAYER Waler 01/27/10 00:00 0173010 0203

REPORT OF LABORATORY ANALYSIS

Tres repert shall not be resrocduced, exceat 'n 4ll

WERCLt e Wrinen consent of Face Analyscal Services, inc
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SAMPLE ANALYTE COUNT

Paoe Analyteal Servioes, Inc.
1241 Belevce ireet- Sute §
Green By, W1 54202

(927)465-242€

Preject 1302208 BCCW LIQUIDS
Pace Project Na.. 4028015
analytes

Lab ID Sample ID Mathod Analysts Reportad  Laboralory
4028015001 AD13134 EPA B0B2 CAH 10 PASIG
4025015002 ADII135 EPAEOB2 CAH 10 PASI-G
4025015003 AD13136 EPA BOB2 Car 10 PASI-G
4028015004 AD19137-0IL LAYER EPA B0B2 “L1 " FASIM
4028015005 AD131328-OIL LAYER EPA 8082 KLY 11 FASI-M
4028015006 AD13138-0IL LAYER EPA BOB2 wL1 " FASI-M
4028015007 AD13200-WATER LAYER EPA E0E2 ChAH 10 PASI-G
4028015008 AD13201-WATER LAYER EPA 80E2 CAH 10 PASI-G
4028015003 AD13202-WATER LAYER EPA £082 CAM 10 PASI-G

REPORT OF LABORATORY ANALYSIS Page d0r 11

Trvs repoct shall met be reareduced, sxceot n Al
Wihcut e wrisen content of Face AnalyTcyl Services, Ing
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. ' Paoe Analytzal Servioss, Inc.
/ 1 ceAﬂ&Mcaf 1241 Beievue Street - Cue

Green Bay, W §4302

Www pacaims com
(B201455-2426
ANALYTICAL RESULTS

Project 1302298 BCCW LIQUIDS
Pace Project No.. 4028015
Sample: AD13134 Lab ID: 4023015001 Collected: 01/27/1000°00 Racenved: 01/20/1008:C5  Matr: Water

Paramatars Resulls Units LoQ LoD CF Preparsg Analyzed CAS Na. Qual
8082 GCS PCB Anantical Methed: EFA 8082 Preparalion Method: EPA 3510
PCB-1015 (Araclor 101€) <8.2 uglL 2568 62 1 20210 12:00 02'C5/1001:58 12874-11-2
PCB-1221 {Aracler 1221) «6.2 uglL 286 62 1 020210 1200 02051001528 11104-28-2
PCB-1232 (Araclor 1232) 6.2 ugL 258 62 1 C202/10 13:0C 02:C5/1001:58 11141-18-5
PCB-1242 (Araclor 1242) “6.2 ugiL 256 62 1 02/03/10 1300 02'05/1001:58 532639-21-9
PCB-1243 (Aracler 1248) «8.2 ugL 256 €2 1 0202101300 02051001:58 12672-29-6
PCB-1284 (Araclor 1254) 6.2 uglL 2586 62 1 20210 1300 02310 01:38 11097-68-1
PCB-12€0 (Araclor 1260) “6.2 uglL 256 62 1 020210 12:00 020510 01:832 11096-82-5
PCB. Total «8.2 ugL 258 g2 1 C2102/10 1200 Q20510 01:82 1236-36-3
Telracnioro-m-xylene (S) 83 % §1-130 1 020310 1300 02/051001:58 377-09-8
Oecacnloronipnenyt (S) 6% 18-150 1 02102410 1300 02'CS/1001:33 2051-24-3
Sample: AD13135 Lab ID: 4028015002  Collected: 01/27/1000:00 Received: 01/20/1008:05 Malrix: Water

Parameters Resulls Urits LoQ LOD OF Preparea Aralyzed CAS Na. Qual
8082 GCS PCB Analylical \Mtathed: EPA 8082 Preparalion Melhod: EPA 2510
PCB-1016 (Araclor 101E) “4.5 uglL 204 49 1 02102/10 1300 02/C511002:16 12674-11-2
PCB-1221 (Araclor 1221) “4.9 uglL 204 43 1 02/02/10 1200 02051002118 11102-28-2
PCB-1232 (Araclor 1232) «4.9 ugL 204 49 1 C200210 1200 020510 02118 11141-16-5
PCB-1242 (Araclor 1242) “4.9 uglL 204 49 1 020210 1200 020510 02:18 52463-21-3
PCB-1243 {Aracior 1248) “4.9 ug'L 204 43 1 020210 1300 02'05/10 02:16 12672-29-6
PCB-1254 (Araclor 1254) <49 uglL 204 49 1 0202/10 1200 02051002:16 11097-68-1
PCB-12€0 (Araclor 1240) 630 uglL 204 49 1 020210 1200 020510 02:16 11096-82-5
PCB, Total €.3J uglL 204 49 1 02/02/10 1200 02051002116 1236-36-3
Telrachioro-m-xylene (3) % $1-130 1 0202/10 1200 020510 02:16 877-09-8
Decachicronipnenyt (S) % 18-150 1 020N10 1300 02/05/1002:16 2051-24-3
Sample: AD13136 Lab ID: 4028015003 Collected: 01/27/1000°00 Racened: 01301100805  Malrlx: Water

Parametars Resulls Units LoQ LOD OF Preparao Analyzed CAS No Qual
8082 GCS PCB Ananylical Method: EPA B082 Preparalion Melhod: EPA 2510
PCB-1015 (Araclor 1016) «6.0 ug'L 280 €0 1 0203/10 1200 0205/10 0232 12874-11-2
PCB-1221 (Aroclor 1221) “6.0 uglL LY 0 1 020X10 1300 02/05/1002:33 11104-28-2
PCB-1232 (Aracior 1232) «6.0 uglL 250 60 | 020X10 1300 02/0510 02:33 11141-16-3
PCB-1242 (Aroclor 1242) “€.0 ug'L 280 60 1 0203/10 1200 02/05/10 02:33 52463-21-3
PCB-1243 (Aroclor 1248) 8.0 ug'lL 250 60 1 02002/10 1200 02/05/10 02:33 12572-29-8
PCB-1254 {Aroclor 1254) “6.0 ug'L 250 60 1 0203101300 020510 02:32 11097-68-1
PCB-12€0 (Aroclor 1260) 6.0 ug'L 250 1] 1 020101200 02'05/10 02:32 11036-82-53
PCB, Total 5.0 ug'L 280 0 1 020210 1200 02/05/10 02:32 1336-36-3
Telrachloro-m-xylene () 83 % £1-130 1 020310 13.00 02/05/10 02:33 577-09-8
Decachicrobiphenyt (S) % 18-150 1 0202/10 1200 02/05/10 02:33 2051-24-3
Date: 02/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page Saf 11
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L. Page Analytizal Sarvioes, Ino.
oy AIHMC&! 1241 Belevue Diraet-Cute &

Green Bay, W 84302

W pacalds com
(8201458-2426
ANALYTICAL RESULTS

Projact 1302293 BCCW LIQUIDS
Pace Project No.. 4028012
Sample: AD13137-0IL LAYER Lab ID: 4028015004  Collected: 01/27/1000:00 Received: 01/2011008:05  Malrix: Water

Paramsaters Resulle Units LoQ LOD OF Preparsd Analyzed CAS ~o. Qual
8082 GCS PCB Ol Anaiytical Melned: EFA 8082
PCB-1015 (Arocker 101€) «<2500 ugkg £000 2500 1 02/04/10 17.01 0209710 21:44 12574-11-2
PCB-1221 (Araclor 1221) «2500 ug'kg $000 2500 1 0204/10 1701 02C/1021:44 11104-28-2
PCB-1232 (Araclor 1232) <2500 ug'kg £000 2500 1 020410 1701 02C3/10 21:44 11141-186-5
PCB-1242 (Aracior 1242) <2500 ugkg £000 2500 1 C2/04/10 17:07 02'09/10 21:44 52463-21-3
PCB-1243 (Araclor 1248) <2500 ug'kg §000 2500 1 0204/1017.01 0209/1021:44 12672-29-6
PCB-1254 (Araclor 1254) <2500 ug'kg £000 2300 1 C2/04/10 1701 0209710 21:44 11097681
PCB-12€0 (Araclor 1250) <2500 ug'kg £000 2500 1 02/04/10 17:01 020910 21:44 11096-82-3
PLB-1262 (Araclor 1252) <2500 ug'kg £000 23500 1 C204/10 1701 Q203710 21:44 37324-23-5
PCB-1263 (Aracicr 1268) <2500 ug'kg §000 2500 1 0204101701 0209102144 11100-14~4
Telrachicro-m-xylene () 81 % 72-130 1 02104/10 17:01 02/C9/10 21:44 B77-09-3
Desacnicrotipheny! (S) 81 % 42-150 1 02041017:01 0209010 21:44 2051-24-3
Sample: 4D13138-0IL LAYER Lab ID: 4028015005 Callecied: 01/27/100000 Recenved: 01/20/1008:05  Malrb: Water

Parameters Resulls Urits LcQ LoD OF Preparad Analyzed CAS No. Qua
2082 GCS PCB Ol Ananylica Melhcd: EPA 8082
PCB-1015 (Arotler 101€) «2500 ug'kg £000 2500 1 C2/04/10 1701 020910 22:00 12574-11-2
PCB-1221 (Aracior 1221) <2500 ug'kg £000 25C0 1 C2104/10 1701 Q20310 22:00 11104-28-2
PCB-1232 (Arackor 1232) «2500 ug'kg €000 2500 1 C204/1017:01 020910 22:00 11141-16-5
PCB-1242 (Aracler 1242) «2500 ug'kg 5000 a5c0 1 C204/1017:01 020910 22:00 53463-21-9
PCB-1248 (Araclor 1248) <2500 ug'kg 5000 2500 1 0204/1017:01 020C9/1022:00 12872-29-6
PCB-1284 (Arocler 1254) <2500 ug'ky £000 500 1 C2104/10 17:01 0209710 22:00 11097-68-1
PCB-12€0 (Aroclor 1260) «2500 ug'kg £000 2500 1 C204/10 17:01 0209710 22:00 1109€-82-5
PCB-1262 (Aroclor 1252) 2500 ug'kg £000 2500 1 C204/10 17:01 0209710 22:00 37324-23-5
PCB-1263 (Aroclor 1268) =2500 ug'kg £000 2500 1 C2:04/10 1701 020910 22:00 11100144
Telrachicro-m-xy'ene (S 3% 72-150 1 0204/10 17:01 02/09/10 22:00 877-09-8
Decachiorociphenyl {S) 8% 42-150 1 £204/10 17.01 020910 22:00 2051-24-3
Sample: AD13139-0IL LAYER Lab ID: 4028015006 Collecied: 01/27/1000:00 Recened: 01/2011D08:05 Malrie: Water

Parametars Resulls Units LcQ LoD oF Preparag Analyzed CAS No. Qual
8082 GCS PCB OIl Anaiylical Melhod: EPA 8082
PCB-1015 (Arackor 1016} <2500 ugkg £000 2500 1 0204/10 17:01 Q209710 22:15 12574-11-2
PCB-1221 {Aratior 1221) =2500 ug'kg $000 2500 1 0204/10 17:01 020910 22:16 11104-28-2
PCB-1232 (Araclor 1232) <2500 ug'kg 00D 25C0 1 02/04/10 1701 02010 2218 11141-18-5
PLB-1242 (Aroclor 1242) =2500 ugkg €000 2500 1 0204/10 17:01 027097102216 52463-21-2
PCB-1243 (Araclor 1248) <2500 ugkg £000 2500 1 0204/10 17:01 020310 22:116 12572-29-6
PCB-1284 (Aroclor 1254) <2500 ugkg €000 2500 1 0204/10 17:01 02709710 22:116 11C97-65-1
PCB-12€0 (Araclor 1260) 6250 ug'kg £000 2500 1 02104/10 17.01 Q20910 22:18 11096-82-3
PCB-1262 (Aracler 1252) <2500 ugkg £000 2500 1 02/04/10 17:01 02T9/10 22118 37324-23-8
Dafe: 02/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page s of 11
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Paoe Analytisal Servioes, Inc.
1241 Belewue 2irest-Sune &
Green Bay, W1 34302
(92;483-242¢

ANALYTICAL RESULTS

Projacl 1202308 BCCW L:QUIDS

Pace Project No.. 4026015

Sample: AD19139-0IL LAYER

Lab ID: 402801500€ Callected: 01727100000 Received: 0120100805  Malrhe: 'Water

Parametars Resulls Units Loa LoD DF Prepared Aralyzed CAE No. Cual
8082 GCS PCB Oll Anantical Mathod: EPA E082
PCB-1263 (Aroclor 1258) <2500 ug'kg £000 2500 1 020410 17.01 02:09/M0 22:18 11100-14~8
Telracnicro-m-xylene (S) 82 % 72-150 1 02/04/10 1701 0209110 22:16 877-09-8
Decachlcronipnenyt (S) 80 % 42-150 1 C204/10 17:01 0209710 22:18 2051-24-3
Sample: AD13200-WATER LAYER Lab ID: 4028015007 Collecied: C1/27/1000.00 Received: 01201100805  Malrlx: Water
Paramatars Resulls Urits Lca Lop OF Preparsd Aralyzed CAS No. Quat
8082 GCS PCB Ananylical Melhed: EPA 8082 Preparalion Melhod: EPA 3510
PCB-1015 (Araclor 101€) 6.5 ug'L 286 €9 1 C20310 12:00 02:CS/1002:51 12674-11-2
PCB-1221 (Aroclor 1221) “8.9 ugll 286 &9 1 02102110 1300 02/05/10 02:51 11104-28-2
PCB-1222 (Araclor 1232) “€.9 ugll 206 69 1 020101200 02/C51002:51 11141-16-5
PCB-1242 (Araclor 1242) 30.5 uglL 286 6.9 1 L2030 1200 02:0S/10 02:51 53468-21-2
PCB-1243 (Arocior 1248) “8.9 uglL 286 69 1 C2/03/10 13:00 020510 D2:51 124672-29-6
PCB-1284 (Aracior 1254) “§.9 uglL 286 €9 1 C2/02/10 13:00 02/0510 02:51 11C97-68-1
PCB-12€Q (Araclor 1280) 28.0J uglL 286 69 1 C20210 1200 02/0S/1002:51 11096-82-5
PCB, Tatal £8.5 uglL 286 €9 1 C2/02/10 1300 020510 02:51 1336-36-3
Telrachicro-m-xylene (S) 71 % £1-130 1 C20210 1200 020510 02:51 477-09-9
Decacnlorozipnenyt (S) £8 % 18-150 1 020310 1200 02/C5/1002:51 2051-24-3
Sample: AD13201-WATER LAYER Lab ID: 4028015008 Caollecied: 01/27/100000 Racened: 0120/1008:05  Malrlx: Water
Parameters Resulls units Loa Loo OF Prepareo Aralyzed CAS No. Qual
8082 GCS PCB Analylical Melned: EFA 8082 Preparalion Melnod: EPA 3510
PCB-1015 {Araclor 1016) «7.3 ug'L o2 7.3 1 £2/03/10 1200 02/CS/1003.08 12874-11-2
PCB-1221 (Araclor 1221) “7.3 gl 303 73 1 020310 13:00 02051003:08 1110s-28-2
PCB-1232 (Araclor 1232) <7.3 uglL 303 73 1 C2003/10 1200 020510 03:08 11141-18-5
PCB-1242 {Arockor 1242) 5.4 uglL 303 73 1 0203101300 02/05/1003:08 53463-21-2
PCB-1243 (Arocler 1248) <7.3 ug'L 30.3 73 1 0210310 13:00 02/C5/1003:08 12672-29-E
PCB-1284 (Aroclor 1234) <7.3 ug'L 302 73 1 0200210 1200 02/05/1003:08 11C97-68-1
PCB-12€0 (Aracler 1250) 32.2 gL 302 7.3 1 0200210 12:00 02/05/1003:08 11096-82-5
PCB. Total 67.6 ug'lL 30.2 73 1 02/03/10 1200 02/05/1003.08 1236-3€-3
Tetrachioro-m-xylene (S) % £1-130 1 02010 1300 02/05/1003:.08 877-09-2
Decachicrotipnenyt (S) 70 % 18-130 1 0200210 12:00 02/05/1003:.08 2051-24-3
Date: [2/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page 7of 1
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ANALYTICAL RESULTS

Project 1302298 BCCW LIQUIDS
Pace Project No.. 4028015

Sample: AD13202-WATER LAYER Lab ID: 4023015008 Collzcted: 01/27/1000:00 Raceived: 01/20/1008:C5  Malrix: Water

Parameters Resulls Units Lca Loo OF Preparea Analyzed CAS ha. Qua
8082 GCS PCB Anaiytical Malhed: EPA ED82 Preparaltion Methed: EPA 3510
PCB-1015 (Aracior 1C1E) «8.9 uglL 286 69 1 020310 1300 02'C05/10 03:26 12874-11-2
PCB-1221 (Araclor 1221) <4.9 ugl 286 69 1 [20X10 1200 0205100326 11104-28-2
PCB-1232 (Araclor 1232) 6.9 uglL 286 €9 1 C202/10 1200 Q2'C5/10 0328 11141-16-5
PCB-1242 (Araclor 1242) 42.5 ugl 286 69 1 (202101300 02'T51D0328 52463-21-8
PCB-1243 (Aracior 1248) <6.9 uglL 286 69 1 [20X10 1200 0205100326 12672-29-6
PCB-12E4 (Araclor 1254) <6.9 uglL 286 89 1 0203410 1300 020510 03:26 11097681
PCB-12€0 (Aroclor 1250) 28.6 uglL 286 69 1 C2i03/10 1300 020510 03:26 11096-82-5
PCB. Total 81.5 uglL 286 €9 1 [20X1013:00 0205100326 1336-36-3
Telracnloro-m-xylene (S) 70 % 51-130 1 020310 1200 020510 0326 877-09-3
Decacnlorodipneny (S) 7% 18-150 1 G200 1300 02/05/1003:26 2051-24-3
Date: 02/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page 2of 11

Tns repert shall rot be reproduced, exceat in AL
WITGLt e writen Consent of Face AnalyScal Qervkes, Inc
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Paoe Analytical Sarvioes, Inc.
1241 Belevee Street-Sute §

W FAcARAY COM Geeen Bay, Wi 54302
(9201483-242€
QUALITY CONTROL DATA
Project 1202363 BCCW LIQUIDS
Pace Project No.. 4028015
Qc Baweh: GCsVN2327 Analyels Method: EFA 8082
QcC Bawen Melnod:  EPA 3082 Analyels Description 8082 GCS PCB O
Assoclated Lab Sampies: 4022013004, 4022013008, 4026015006
METHOD BLANK: 744753 Mairoe Gl
Assoclated Lab Sampées: 4023013004, 40280135C08, 4026015006
Blank Rapording

Parameter units Result Limit Analyzed Qualifers
PCB-101€ (Arocior 1016) ugkg «2500 £0C0  D2109/10 20:08
PCB-1221 (Arccior 1221) ug'kg <2500 €000 D210%/10 20:08
PCB-1232 (Arccior 1232) ug'kg <1500 £0C0  D2103/10 20:08
PCB-1242 (Arccior 1242) ugkg <2500 £0CO0 D210%/10 20:08
PCB-1248 (Arocior 1243) ugkg <2500 £000  D2003/10 20:08
PCB-1234 (Arocior 1254) ugkg <1500 £000  D2/03/10 20:08
PCB-1260 (Arccior 12€0) ugkg <2500 £0CO0 0209/10 20:08
PCB-1282 (Arccior 1262) ugkg <2500 €000 02109110 20.08
PCB-1248 (Arocior 12€3) ugkg <1500 €000 D2/03/10 20008
Cecacriorckiphenyl (5) * 1c7 424150 D20098010 20:08
Tetrachwarc-m-xyléne (S) % 120 72-150 D2/0%/10 20:08
LABCRATORY CONTRCL SAMFLE: 744754

Splke Lcs LCS % Rec

Parameter units Cone. Resuit % Rac Limits Qualiners
PCB-101€ (Arccior 1015) ugkg 1CACa0 113C00 1 7134
PCB-1260 (Arccior 12€0) ugkg 1COC00 114000 14 7E-138
Decacriarchiphenyl (S) Y 114 42-150
Tetrachiare-me-xylene (S) * 123 72-150
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 744755 744758

NS MSD
10121728001 Spike Splke s MSED MS MSD % Rec hax

Parameter

Urits Resut  Conc. Cora. Result Result % Rec % Res Limis RFD RPD Qual

PCB-101€ [Arccior 1015)
PCB-1280 (Arocior 1260)
Decachiorobiphenyl (5)

Tetrachiore-m-xyleng (S)

Date: 02/11/2010 09:07 AM

ugikg ND  10COCO  1COCO0 103000 102000
ug'kg ND  10COCO  1COCD0 76300 78300
%
%

REPORT OF LABORATORY ANALYSIS

Th's regert shall met be rearcduced, evcent m Al
WERCLS e wrilen Consent of Face Apalytcal Qervices, Inc

103 102 45150 1 24
76 78 40150 3 W
T8 79 d2-1%0
114 15 72-150
Page of 1
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Paos Analytizal Serviosc, ino.
1241 Belevue Street - Dute §
Green Bay, W) 54302

W pachlnda com
(320)463-2426
QUALITY CONTROL DATA

Project 1302298 BCCW LIQUIDS

Pace Project No.. 4028015

QC Bach: OEXT/5682 Analysis Method: EFAGDE2

QC Bawch Melhed: EPA 3510 Analysls Dascription 8022 GCSFCB

Assaclated Lab Sampies: 40223015001, 4022015002, 4028013003, 4028015007, 4028015008, 24028015009

METHOD BLANK: 2616883 Matrc Waler

Agsoclated Lab Samples: 4028015001, 4028015002, 4028015003, 4028015007, 4028015003, 4028015009

Barg Raporting
Parameser Jnlte Result Limit Analyzed Quallfiers

PCB-1016 (Arccior 1015) uglL «0.24 1.0 020%51001.05

PCB-1221 (Arocior 1221} uglL <0.24 10 0205100108

PCB-1232 (Arocior 1232) uglL «0.24 10 02081001:08

PCB-1242 (Arccior 1242) ug'lL «0.24 10 02051001:058

PCB- 1248 (Arocior 1248) uglL «0.24 10 02051001.08

PCB-1254 (Arocior 1284) uglL «0.24 1.0 02051001:058

PCB-1250 (Arocior 1260) ug'L «0.24 10 0205/1001:08

Dacachorobiphenyl (S) * £3 18-160 D2/05/10 01:08

Tetrachwore-m-xyleng [3) % 73 51-120 D2/05/1001:08

LABORATORY CONTROL SAMFLE & LCSD: 261864 261665

Splke LCS LCSD LCS LCSD % Rec Max
Parameter Lnlls Cone. Resut  Resull % Rec % Rec  Limits RPD RPD Cuaifers

PCB-1016 (Arccior 1015) uglL «0.24 =024 20
PCB-1221 (Arocior 1221) ug'lL Q.24 =<0 24 20
PCB-1232 (Arccior 1232) ug'lL «0.24 «0 24 20
PCB-1242 (Arccior 1242) ug'lL «0.24 <024 20
PCB-1248 (Arccior 1243) ugiL <024  <D22 0
PCB-1254 (Arocior 1284) ug'lL «0.24 <024 20
PCB-1250 (Arccior 1260) uglL 5 48 45 2 91 62-130 1 0
Decacriorobipghenyl (3) % 92 23 18-150
Tetrachioro-m-xylene (S) * 83 ] §1-130
Date: 02/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page 10af 1

Twvs recent shall ret be rearcduced, evcedt ' il
wircut tre wrimen consent of Face AnalyScsl Qervices, Inc.
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o » Paoe Analytizal Servioes, Ino.
/ 1 C&A(HMC&] 1241 Belevee Jreel-Cute §

Gresn Bay, W1 54302

WA pacands com
(920)468-2436
QUALIFIERS

Projact 1202398 BCCW LIQUIDS

Pace Project No.. 4028015

DEFINITIONS
DF - Dittion Factor, If reporiad, represents the faclor appied to the reporied data due to changes in sampie preparation. @iution of
he sample alquol. or moisture content.
KD - Not Detected 3t or above agjusled reporting limit.
J - Esfimatad concentralicn atave Ing aduetao metnod detection [IMt ano b2lew tne adjusied reporting limit.
MDL - Aojsted Metned Delection Limit,
S - Surrcgate
1.2-Dighenyinydrazine (8270 listed analyte) decomposas 10 Azcbenzene.
Consistent win EPA guidelines. unrounded data are dispiayed and have Deen used lo caculale % reccuery and RPO values
LCS{D) - Laboralory Cenlrod Sample [Dupilcate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sampie Duplicate
RPD - Relatve Percent Drlerence
NC - Not Calculable
Pace Analylicai is NELAP accredted. Contact your Pace PM for the current st of accredited analyles.
U - Indicales he compaund was analyzed far, bul not detected.

L4BORATORIES
PASIG Face Aralylicai Servicas - Graen Bay
PASEM  Pace Analylical Services - Minneapeils

BATCH QUALIFIERS

Batch: GCSVIA058

me] A M3NX SHIXEIMIINX SpKe duplcate was not performed for 1 baten due to MEuMiclent sampie volume.

Date: 02/11/2010 09:07 AM REPORT OF LABORATORY ANALYSIS Page 11.af 11

Thvs regent shall net be rearccuced, excet m Al
WIroLt T wrimen consent of Pace AnalyScal Jervkes, ing.




APPENDIX D
(A) PERMEABILITY TEST RESULTS FOR CONTROL SAMPLES
Giles Engineering Associates, Inc.

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N W22330 JCHNSON DRIVE, SUITE A1/ WAUKESHA, Wi 53136 / (262) 544-0118 / FAX: [252) S48-38482

REPORT OF FLEXIBELE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng. FROJECT: Biocontainment Research
PO Box 784 EMS Room 582-C/0 Dr. Jin Li
Mitwaukee, Wisconsin  £3201784 Milwaukee. WI
DATE: March 08, 2000 PROJECT NO.: 1M- 0002022
SAMPLE PREPARATION
Height (in). 4.09 Maximum Effective Consolidation (psi): 5.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi). 4.0
Area (sqin); 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%). 0.94
Hydraulic Gradient; 13.5 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cmi/s)
2i27/09 10:42 1 90.0000 | 91.0000 | 905000 7.94E-03
2/27/09 10:45 1 91.0000 | 91.0000 | 91.0000 7.98E-03
2127109 10:47 1 91.5000 | 92.0000 | 91.7500 §.05E-03
2127109 10:49 1 91.0000 | 92.0000 | 915000 8.02E-03

Time Weighted Average Hydraulic Conductivity, K {cm/s): 3 00E-03

SAMPLE CHARACTERISITICS

%W |Dd(pcf)| P200 |%Clay| LL PL Pl | Max. Dd (pcf) | Optimum % W

Material Description Samuoie tion and h
Concrete Cylinder No. 1

Date Received. 2/14/09
Sample No.: AD9044A

Reviewing Engineer: Charles 5. Gresser, P.E.
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s ] " ] '. e - .
Giles Engnneel ing Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N W22350 JOHMSON DRIVE, SUITE Al ! WAUKESHA, Wi 53186 / (262) 544-0113 | FAX: (282) £4E2-5858

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Miwaukae Dept. of Civil Eng. PROJECT: Biocontainment Research
PO Box 784 EMS Room 562-C/O Dr. Jin LI
Milwaukee, Wisconsin  £3201784 Miwaukee, WI
DATE: March 05, 2000 PROJECT NO.: 1M- 002023
SAMPLE PREPARATION
Height (in): 4.09 Maximum Effective Consolidation (psi}. 10.0
Diameter (in). 2.35 Minimum Effective Consolidation (psi). 9.0
Area (sqin): 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.5 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) {cm/s)
2127109 10:65 1 91.0000 | 91.0000 | 91.0000 7.98E-03
2127109 10:57 1 91.0000 | 91.0000 | 910000 7.98E-03
2/27/09 10:69 1 §1.0000 | 92.0000 | 91.5000 8.02E-03
2/27109 11.01 1 91.5000 | 91.0000 | 912500 8.00E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 8 00E-03

SAMPLE CHARACTERISITICS
% W | Dd(pcf)| P200 | % Clay LL PL PI | Max. Dd (pcf) | Optimum % W

Material Description Sample Location and Depth
Concrete Cylinder No_ 1

Date Received: 2/14/09
Sample No.: A09044B

Reviewing Engineer: Charles 5. Gresser, F.E.




Giles Engineerin

GEOTECHNICAL, ENVIRON! \Iz\"l'-\]'. AND C
NG W22330 JG-!NSGN DRIVE, SUITE A1 ! WAUKESHA. W1 53186 / (262) 544-0113 | FAX: {262) S48-5848

5,

Associates, Inc.

NSTRUCTION MATERIALS CONSULTANTS

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng.
PO Box 784 EMS Room 532-C/O Dr. Jin Li

PRCJECT: Biccontainment Research

Milwaukee, Wisconsin  £3201784 Miwaukese WI
DATE: March 08, 200¢ PROJECT NO.: 1M- 0002023
SAMPLE PREPARATION
Height (in): 4.09 Maximum Effective Consolidation (psi): 20.0
Diameter (in): 2.35 Minimum Effective Consalidation (psi): 19.0
Area (sqin). 4.34 Back Pressure (psi): 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.5 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cmis)
2127109 11:08 1 90.0000 | 90.0000 | 90.00CO 7.89E-03
2127109 11:10 1 90.0000 | 90.0000 | 90.0000 7.29E-03
2127109 11:12 1 90.5000 | 91.0000 | 90.7500 7.96E-03
2127109 11:14 1 90.0000 | 91.0000 | 905000 7.94E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 7.92E-03

SAMPLE CHARACTERISITICS

%W |Dd{pcf)| P200 | % Clay LL PL Pl |Max. Dd (pcf) | Optimum % W
Material Descriotion Samole Location and Depth

Concrete Cylinder No_ 1

Date Received: 2/14/09
Sample No.: A09044C

Reviewing Engineer: Charles 5. Grasser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N3 W22350 JCHNSOMN DRIVE, SUITE A1 ! WAUKESHA, Wi §3186 / [262) 544-0118 / FAX: (262) 546-5868

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukae Dept. of Civil Eng. PROJECT: Biccontainment Research
PO Box 784 EMS Room 562-C/O Or. Jin Li
Milwaukes, Wisconsin  £3201784 Miwaukes, WI
DATE: March 05, 2008 PROJECT NO.© 1M- 0902022
SAMPLE PREPARATION
Height (in). 4.06 Maximum Effective Consaolidation (psi): 5.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi). 4.0
Area (sqin): 4.34 Back Pressure (psi):
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper {mL) (cm/s)
2i27/09 14:38 1 100.0000 | 100.0000 | 100.0000 8.70E-02
2(27109 1451 1 102.0000 | 101.0000 | 101.5000 8.84E-03
2i27/09 1463 1 101.5000 | 102.0000 | 101.7500 8.96E-02
2i27/09 1465 1 102.5000 | 102.5000 | 102.5000 8.92E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 2 83E-03

SAMPLE CHARACTERISITICS
%W |Ddi{pch)| P200 [%Clay | LL PL Pl |Max. Dd (pcf) | Optimum % W

Material Descriotion Samol ion and th
Concrete Cylinder No 2

Date Received: 2/14/09
Sample No.: AQ09045A

Reviewing Engineer: Charles 5. Grasser, F.E.
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Giles Engineering Associates, Inc.

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22350 JOHNSOM DRIVE, SUITE A1 ! WAUKESHA. W1 $3186 / (262) 544-0118 ! FAX; (262) S48-5658

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Miwaukae Dept. of Civil Eng. PROJECT: Biocontainment Research
PO Box 784 EMS Room 582-C/O Or. Jin Li
Milwaukee, Wiscaonsin  £3201784 Miwaukes, Wi
DATE: March 08, 2000 PROJECT NO.: 1M- 0002022
SAMPLE PREPARATION
Height (in): 4.06 Maximum Effective Consolidation (psi): 10.0
Diameter (in): 2.356 Minimum Effective Consolidation (psi). 9.0
Area (sqin); 4.34 Back Pressure (psi). 60.0
Membrane Type: Latex B Parameter (%). 0.94
Hydraulic Gradient: 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) (cm/s)
20127109 14:58 1 104.0000 | 106.0000 | 105.0000 9.14E-03
2i27105 15:00 1 108.0000 | 109.C000 | 108.5000 9.44E-03
2127109 15:02 1 108.0000 | 109.0000 | 108.5000 9.44E-03
2i27109 15:04 1 107.0000 | 107.C000 | 107.0000 9.31E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 9 34E-03

SAMPLE CHARACTERISITICS
% W |[Dd(pcf)| P200 | % Clay LL PL Pl Max. Dd (pef) | Optimum % W

Material Description Sampl tion and Depth
Concrete Cylinder No. 2

Date Received: 2/14/09
Sample No.. A09045B

Reviewing Engineer: Charles 5 Gresser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHENICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22230 JCHNSON DRIVE, SUITE A1 ! WAUKESHA, 'Wi £3136 / (2€2) 544-0113 / FAX: (282) £42-5652

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng. PRCJECT: Biccontainment Research
PO Box 784 EMS Room 582-C/0 Dr. Jin Li
Milwaukee, Wisconsin  £3201784 Miwaukee WI
DATE: March 08, 2000 PROJECT NO.: 1M- 0802022
SAMPLE PREPARATION
Height {in): 4.06 Maximum Effective Consolidation (psi): 20.0
Diameter (in): 2.36 Minimum Effective Consolidation (psi). 19.0
Area (sqin). 4.34 Back Pressure (psi). 60.0
Membrane Type: Latex B Parameter (%). 0.94
Hydraulic Gradient. 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cmis)
2/27/09 15:08 1 112.0000 | 112.5000 | 112.2500 9.77E-03
2i27/09 15:10 1 112.0000 | 113.0000 | 112.5000 9.79E-03
2127109 15:12 1 112.0000 | 111.0000 | 111.5000 9.71E-03
2i27/09 15:14 1 110.0000 | 110.5000 | 110.2500 9.60E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 9 72E-03

SAMPLE CHARACTERISITICS

%W | Dd(pcf)| P200 | % Clay LL PL Pl Max. Dd (pcf) | Optimum % W

Material Description Sample Location and Depth
Concrete Cylinder No. 2

Date Received: 2/14/09
Sample No.. A09045C

Reviewing Engineer: Charles 5. Grasser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
NG W22230 JOHNSOM ORIVE, SUITE A1 ! WAUKESHA, Wi 53126 / (262) 542-0118/ FAX: (262) 465852

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Mitwaukee Dept. of Civil Eng. PROJECT: Biocontainment Research
PO Box 784 EMS Room 582-C/O Dr. Jin Li
Milwaukees, Wisconsin  £3201784 Miwaukes, Wi
DATE: March 05, 2000 PROJECT NO.: 1M- 0002022
SAMPLE PREPARATION
Height (in); 4.05 Maximum Effective Consolidation (psi): 5.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi): 4.0
Area (sqin): 434 Back Pressure (psi): 60.0
Membrane Type: Latex B Parameter (%) 0.92
Hydraulic Gradient: 13.7 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min} lower upper (mL) (cmis)
3/2/09 13:63 1 86.0000 | 87.0000 | 2465000 7.51E-03
3/2/09 13:65 1 86.0000 | 86.0000 | 86.0000 7.47E-03
312109 14:00 1 90.0000 | 89.5000 | 89.7500 7.79E-03
312109 14:02 1 88.0000 | 89.0000 | 485000 7.68E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 7.61E-03

SAMPLE CHARACTERISITICS

%W | Dd(pcf)| P200 | % Clay LL PL Pl | Max. Od (pcf) | Optimum % W

Material Description Samole Location and Depth
Concrete Cylinder No_ 3

Date Received: 2/14/00
Sample No.: A09046A

Reviewing Engineer: Charles 5. Grasser, P.E.
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Giles Engineering Associates, Inc.

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22250 JOHNSON DRIVE, SUITE A1 | WAUKESHA. Wi 53136 / (262) $44-0113 | FAX: (282) S48-3853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Miwaukae Dept. of Civil Eng.
FO Box 784 EMS Room 582-C/O Or. Jin Li

PROJECT: Biocontainment Research

Milwaukee, Wisconsin 53201784 Miwaukes, WI
DATE: March 05, 2008 PROJECT NO.: 1M- 0902022
SAMPLE PREPARATION
Height (in); 4.05 Maximum Effective Consolidation (psi). 10.0
Diameter (in). 2.35 Minimum Effective Consolidation (psi): 9.0
Area (sqin); 4.34 Back Pressure (psi). 60.0
Membrane Type: Latex B Parameter (%) 0.92
Hydraulic Gradient: 13.7 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) {cm/s)
3/2/09 14.05 1 84.0000 | 835000 | 83.7500 7.27E-03
3/2/09 14:07 1 83.5000 | 845000 | 340000 7.29E-03
3/2/09 14:09 1 82.5000 | 83.0000 | 82.7500 7.19E-03
3/2/09 14:11 1 82.5000 | 825000 | 33.00C0 7.21E-03

Time Weighted Average Hydraulic Conductivity, K (cm/s): 7.24E-03

SAMPLE CHARACTERISITICS

%W | Dd(pcf)| P200 | % Clay LL PL Pl Max. Dd (pcf) | Optimum % W

Concrete Cylinder No. 3

Material Description Sample Location and Depth

Date Received: 2/14/09
Sample No.. A09046B

Reviewing Engineer: Charles 5. Gresser, P.E.

129




(B) PERMEABILITY TEST RESULTS FOR THE TEST SAMPLES

k. : . 2 l. . L - .
Giles Engineering Associates, Inc.
b
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 V22350 JOHNSOM DRIVE, SUITE Al ! WAUKESHA, Wi §3186 / [262) 344-0118/ FAX: (282) S45-3853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukae Dept. of Civil Eng.
PO Box 784 EMS Room 582-C/O Dr. Jin Li

PRCJECT: Biccontainment Research

Milwaukee, Wisconsin  £3201784 Miwaukee, WI
DATE: September 25. 2000 PROJECT NO.. 1M- 0802022
SAMPLE PREPARATION
Height (in): 4.02 Maximum Effective Consolidation (psi): 5.0
Diameter (in). 2.35 Minimum Effective Consolidation (psi): 3.0
Area (sqin). 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%). 0.94
Hydraulic Gradient: 13.8 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) {cm/s)
9/16/09 11:22 111 01245 0.1394 0.1320 5.12E-08
9/16/09 13:11 109 0.1079 0.1148 0.1114 4. 40E-08
9/16/09 1353 42 0.0415 0.0451 0.0432 4.44E-08
9/16/09 15:12 79 0.0820 0.0779 0.0805 4.39E-08

Time Weighted Average Hydraulic Conductivity, K (cm/s): 4 64E-08

SAMPL

E CHARACTER

ISITICS

Dd {pcf)

P200

% Clay

LL

PL

Pl |Max. Dd (pcf) | Optimum % W

Material Description

Concrete Cylinder A-1

mple Location and

th

Date Received: 9/15/00
Sample No.: A09475A

Reviewing Engineer: Charles 5. Gresser, P.E.
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Giles Engineering Associates, Inc.

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONS

ULTANTS

N8 W22350 JOHNSON DRIVE, SUITE At/ WAUKESHA, ‘Wi £3186 / (262) 544-0118 / FAX: {262) 548-5858

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 508

CLIENT: UW-Milwaukee Dept. of Civil Eng.
PO Box 784 EMS Room 5562-C/O Dr. Jin Li

Milwaukes, Wisconsin  £3201784 Miwaukes, WI

DATE: September 25, 2000 PROJECT NO.: 1M- 0902022

4)

PRCJECT: Biccontainment Research

SAMPLE PREPARATION

Height (in). 4.02
Diameter (in): 2.35
Area (sqin): 4.34
Membrane Type: Latex
Hydraulic Gradient: 13.8

Maximum Effective Consolidation (psi):
Minimum Effective Consaolidation (psi):
Back Pressure (psi).

B Parameter (%)

Permeant Fluid:

10.0

8.0

55.0

0.94

Deaired water

TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cm/s)
9/17/09 9:09 63 0.0332 00410 0.0371 2.54E-08
9/17/09 10:04 55 0.0415 0.0369 0.0392 3.07E-08
9/17/09 12:46 162 0.0996 0.1148 0.1072 2.85E-08
9/17/09 14:02 76 0.0498 0.0492 0.0495 2.81E-08

Time Weighted Average Hydraulic Conductivity, K (cm/s): 2.62E-08

SAMPLE CHARACTERISITICS

%W |[Dd{pcf)| P200 | % Clay | LL PL Pl | Max. Dd (pcf)

Optimum % W

Concrete Cylinder A-1

Material Description amul tion and Depth

Date Received: 9/15/09
Sample No.: A039475B

Reviewing Engineer: Charles 5. Gresser, P.E.
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Giles Eng meeling Associates, Inc.

GEOTECHNICAL, ENVIRONMENTAL AND C

NSTRUCTION MATERIALS CONSULTANTS

M8 W22250 JCHNSOMN DRIVE, SUITE A1 ! WAUKESHA, Wi 83138 / 262) 344-0118  FAX: (262) S48-5852

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Miwaukee Dept. of Civil Eng.
PO Box 784 EMS Reom 5&2-C/0 Dr._ Jin Li

PROJECT: Biocontainment Research

Milwaukee, Wisconsin  £3201784 Miwaukes, Wi
DATE: September 25, 2004 PROJECT NO .- 1M- 0802022
SAMPLE PREPARATION
Height (in): 4.02 Maximum Effective Consolidation (psi}. 20.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi). 18.0
Area (sqin). 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.8 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) (cmis)
9/17/09 16:20 152 0.0912 0.0779 0.0846 2.40E-08
9/18/09 a:00 1000 0.5271 05084 0.5177 2.23E-08
9/18/C9 9:54 52 0.0374 00328 0.0351 2.91E-08
9/18/09 12:14 140 0.0871 0.0320 0.0846 2.60E-08
9/18/09 1342 as 0.0415 0.0574 0.0495 2.39E-08

Time Weighted Average Hydraulic Conductivity, K {cm/s): 2 32E-08

SAMPLE CHARACTERISITICS

%W | Dd(pefy| P200 |%Clay| LL PL PI  |Max. Dd (pef) | Optimum % W

Material Description Sample Location and Depth

Concrete Cylinder A-1

Date Received: 9/15/09
Sample No.. A09475C

Reviewing Engineer: Charles 5. Gresser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22230 JOHMNSON DRIVE, SUITE A1/ WAUKESHA, Wi 53136/ [262) 544-0118 ! FAX; {262) S48-5653

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 65084)

CLIENT: UW-Milwaukee Dept. of Civil Eng.
PO Box 784 EMS Room 582-C/Q Dr. Jin Li

PRCJECT: Biccontainment Research

Mitwauke=, Wisconsin  £3201784 Miwaukee, WI
DATE: September 25. 2009 PROJECT MO : IM- 0002022
SAMPLE PREPARATION
Height {in): 4.10 Maximum Effective Consolidation (psi}: 5.0
Diameter (in): 2.35 Minimum Effective Consolidation (psi): 3.0
Area (sqin); 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.5 Permeant Fluid. Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cm/s)
9/17/09 15:12 2 0.8200 0.8200 0.8200 1.80E-05
9/17/09 15:15 2 0.8364 0.8610 0.8487 1.87E-05
9/17/C9 15:18 2 0.7544 0.7872 0.7708 1.69E-05
9/17/09 15:21 2 0.7708 0.7954 0.7831 1.72E-05

Time Weighted Average Hydraulic Conductivity, K (cm/s): 1.77£-05

SAMPLE CHARACTERISITICS

Concrete Cylinder No. B-2

%W |Dd{pef)| P200 [%Clay | LL PL PI | Max. Dd (pcf) | Optimum % W
Material Description Sample Location and Depth

Date Received: 9/15/09
Sample No.: A09479A

Reviewing Engineer: Charles S. Gresser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22250 JOHMSON ORIVE, SUITE A1 ! WAUKESHA, W1 £3186 / [262) 544-0113 / FAX: (282) S48-5853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng. FPROJECT: Biccontainment Research
PO Box 784 EMS Room 582-C/O Dr. Jin Li
Milwaukee, Wisconsin  £3201784 Miwaukes, WI

DATE: September 25, 2008 PROJECT NO .- 1M- 0902022

SAMPLE PREPARATION
Height (in): 4.10 Maximum Effective Consolidation (psi): 10.0
Diameter (in); 2.35 Minimum Effective Consolidation {psi}: 8.0
Area (sqin); 4.24 Back Pressure (psi) 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.5 Permeant Fluid. Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) (cmfs)
9/17/09 15:35 2 0.6560 0.6642 0.6601 1.45E-05
9/17/09 15:38 2 0.6724 0.6306 0.6765 1.49E-05
9/17/09 15:41 2 0.6806 0.6970 0.6888 1.51E-05
9/17/09 15:44 2 0.6560 0.6642 0.6601 1.45E-05

Time Weighted Average Hydraulic Conductivity, K (cm/s): 1.42E-05

SAMPLE CHARACTERISITICS

%W | Dd{pcf)| P200 | % Clay LL PL Pl Max. Dd (pef) | Optimum 2% W

Material Description Samoje Location and Depth
Concrete Cylinder No. B-2

Sample No.. A09479B

Date Received: 9/15/09 u

Reviewing Engineer: Charles 5. Grasser, P.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N& W22330 JOHNSOM DRIVE, SUITE A1/ WAUKESHA, Wi £3126 / (262) 542-0113 / FAX: (282) 548-5853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng. PROJECT: Biccontainment Research
PO Box 784 EMS Room 582-C/0 Dr. Jin Li
Milwaukes, Wisconsin  £3201784 Miwaukee, WI
DATE: September 25, 2009 PROJECT MO 1M- 0202022
SAMPLE PREPARATION
Height (in): 4.10 Maximum Effective Consolidation (psi): 20.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi): 18.0
Area (sqin). 4.34 Back Pressure (psi): 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.5 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{(min) lower upper (mL) {cm/s)
9j17/09 15:59 2 0.6478 0.6437 0.6458 1.42E-05
9/17/09 16.02 2 0.6478 0.6478 0.6478 1.42E-05
9/17/09 16:05 2 06478 0.6560 0.6519 1.43E-05
9/17/09 16:08 2 0.6232 0.6314 0.6273 1.38E-05

Time Weighted Average Hydraulic Conductivity, K (cm/s): 1.41E-05

SAMPLE CHARACTERISITICS

%W |Dd{pch)| P200 | % Clay| LL PL Pl |Max. Dd (pcf) | Optimum % W

Concrete Cylinder No. B-2

Date Received: 9/15/09
Sample No.: A09479C

Reviewing Engineer: Charles 5. Grasser, P.E.
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Giles Engineering Associates, Inc.
- d
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N& W22250 JOHNEON ORIVE, SUITE A1 ! WALUKESHA, Wi £3136 / (262) 544-0113/ FAX: (282) S45-5853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng. PROJECT: Biocontainment Research
PO Box 784 EMS Room 582-C/O Dr. Jin Li
Milwaukee, Wisconsin  £3201784 Miwaukes, WI
DATE: September 25, 2000 PROJECT MNO.: 1M- 0902023
SAMPLE PREPARATION
Height (in): 4 07 Maximum Effective Consolidation (psi) 5.0
Diameter (in); 2.35 Minimum Effective Consolidation (psi}: 3.0
Area (sqin): 4.34 Back Pressure (psi). 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) (cm/s)
9/22/09 8:24 4 59.0000 | 56.0000 [ 57.5000 6.27E-04
9/22/)09 8:29 4 66.0000 | 650000 | 655000 7.14E-04
9/22/09 8:24 4 62.0000 | 61.0000 [ 61.5000 6.71E-04
9/22/09 8:39 4 60.5000 | 60.0000 | 60 2500 6.57E-04

Time Weighted Average Hydraulic Conductivity, K (cm/s): 6 67E-04

SAMPLE CHARACTERISITICS
%W | Dd(pcf)| P200 | % Clay LL PL Pl Max Dd (pef) | Optimum % W

Material Description moie Location an h
Concrete Cylinder No, C-3

Date Received: 9/15/09
Sample No.. A09483A

Reviewing Engineer: Charles 5 Gresser, F.E,
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
M3 V22230 JOHMEON DRIVE, SUITE A1/ WAUKESHA, Wi 53186 / [262) 544-D113 / FAX: (262) S42-38583

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Miwaukee Dept. of Civil Eng. PROJECT: Biocontainment Research
PO Box 784 EMS Room 532-C/Q Dr. Jin Li
Miwaukes, Wisconsin  £3201784 Miwaukes, WI
DATE: September 25,2008 PROJECT NO.: 1M- 0202022
SAMPLE PREPARATION
Height (in): 4.07 Maximum Effective Consalidation (psi). 10.0
Diameter (in); 2.35 Minimum Effective Consalidation (psi): 8.0
Area (sqin). 4.34 Back Pressure (psi). 65.0
Membrane Type: Latex B Parameter (%): 0.94
Hydraulic Gradient: 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
(min) lower upper (mL) (cmfs)
9/22/09 9:19 4 81.5000 | 81.0000 | 812500 8.86E-04
Q/22/09 9:24 4 81.0000 | 80.0000 | 20.50C0 §8.78E-04
9/22/09 9:29 4 81.0000 | 80.0000 | 80.5000 8.78E-04
8/22/09 9:34 4 80.0000 | 78.0000 79.0000 8.62E-04

Time Weighted Average Hydraulic Conductivity, K (cm/s): 8 76E-04

SAMPLE CHARACTERISITICS
% W | Dd{pcf)| P200 | % Clay LL PL PI | Max. Dd (pcf) | Optimum % W

aterial Description Samole Location and Depth
Concrete Cylinder No. C-3

Date Received: 9/15/09
Sample No.: A09483B

Reviewing Engineer: Charles 5 Gresser, F.E.
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Giles Engineering Associates, Inc.
GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS
N8 W22350 JOHNEOM DRIVE, SUITE Al / WAUKESHA, 'W1 $3186 / (262) 544-0113 | FAX: {282) S45-5853

REPORT OF FLEXIBLE WALL PERMEABILITY TEST (ASTM D 5084)

CLIENT: UW-Milwaukee Dept. of Civil Eng.

PROJECT: Biccontainment Research

PO Bax 784 EMS Reom 582-C/O Dr. Jin Li
Milwaukee, Wisconsin  £3201784 Miwaukee, Wi
DATE: Saptember 25, 2000 PROJECT NO.: 1M- 0002022
SAMPLE PREPARATION
Height (in): 4.07 Maximum Effective Consolidation (psi). 20.0
Diameter (in). 2.35 Minimum Effective Consolidation (psi): 18.0
Area (sqin). 4.34 Back Pressure (psi): 55.0
Membrane Type: Latex B Parameter (%) 0.94
Hydraulic Gradient: 13.6 Permeant Fluid: Deaired water
TEST DATA
Date Clock Time Burette Change Flow Permeability
{min) lower upper (mL) (cm/s)
8/22/09 10:41 4 G67.0000 | 65.6000 | 662500 7.23E-04
9/22/09 10:46 4 59.0000 | 58.0000 | 585000 6.38E-04
9/22/09 10:51 4 60.5000 | 59.0000 59 7500 6.52E-04
9/22/09 10:57 5 74.0000 | 72.0000 | 73.0000 6.37E-04
Time Weighted Average Hydraulic Conductivity, K (cm/s): 6.61E-04
SAMPLE CHARACTERISITICS
%W | Dd(pcf)| P200 | % Clay LL PL Pl | Max. Dd {pcf) | Optimum % W

Material Description
Concrete Cylinder No, C-3

Sample Location and Depth

Date Received: 9/15/09
Sample No.. A09483C

Reviewing Engineer: Charles 5. Gresser, P.E,
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VITA
Curriculum Vitae

George D.O. Okwadha

833 N 14" Street Apt# 203 ogingad @hotmail.com, gokwadha@uwm.edu
Milwaukee, WI 53233, USA Phone: (414) 526-1865

Education:

PhD in Environmental Engineering (GPA 3.521) May 2010

Minor: Mathematics
(University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, USA)

Dissertation Title: Biocontainment of PCBs on flat concrete surfaces.

M.sc. in Environmental Engineering (GPA 3.667) Dec. 2006
(University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, USA)

Thesis Title: Thermal removal of mercury in spent powdered activated carbon from
the TOXECONT™ process.

Bsc. in Civil Engineering (GPA 3.092) Dec. 2003
(University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, USA)

B.sc. Environmental Science-Physical Systems (GPA 3.75) Dec. 2003
(University of Wisconsin-Green Bay, Green Bay, Wisconsin, USA)

Higher Diploma in Construction Engineering (Soil Mechanics & Foundation
Engineering Option) (Credit Pass & Best Student Award) Dec. 1991
(The Kenya Polytechnic-Nairobi, Kenya)

Ordinary Diploma in Civil Engineering (Credit Pass) Dec. 1986
(The Mombasa Polytechnic-Mombasa, Kenya)

Other Trainings:

Wokingham, England:
e Roads and Transport for developing countries July 1996
e Appropriate technology roadworks for developing countries June 1996

Nairobi, Kenya:
e Geotechnical site investigation and laboratory analysis Oct. 1990
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Publications
Refereed Journal Publications

e Dombrowski, F.J., Ramme, B.W., Okwadha, G.D.O., and Kollakowsky, D.
“Evaluation of Surface Water Runoff from Fly Ash-Stabilized and Non-Stabilized
Soil  Surfaces”.  Journal of  Environmental Engineering, 2009, doi:
10.106 I/ASCE)EE. 1943-7870.0000214. (Article in press).

e Okwadha, G.D.O., Li, I, Ramme, B., Michaud, D., and Kollakowsky, D.
“Thermal removal of mercury in spent powdered activated carbon from the
TOXECON™ process”. Journal of Environmental Engineering, 2009, 135(10),
1033-1040.

Technical Guidelines

o Okwadha, G. “Smoke Detectors Management”. We Energies Environmental
Procedures, EN 1507, I-7, December 9, 2008.

e Okwadha, G. “Operation, handling and maintenance of the Dynamic Cone
Penetrometer”. Materials Testing and Research Department, Ministry of Public
Works-Kenya, August 1997.

Reports

e Okwadha, G., and Li, J. “Thermal removal of mercury in spent powdered
activated carbon (PAC) from the TOXECON™ process” Report to We Energies,
Milwaukee, Wisconsin, January 2007.

Unpublished Research

® Okwadha, G. and Mutunga, G, “Calibration of the 5" Wheel Towed Bump
Integrator with a Profile Beam in flexible pavements in Kenya”. Materials Testing
and Research Department, Ministry of Public Works-Kenya, April 1998.

e Okwadha, G., “The use of Dynamic Cone Penctrometer (DCP) to estimate the
shear strength parameters, Cohesion C, and the angle of shearing resistance ¢ for
the design of foundations for low-cost housing in developing countries™ Higher
Diploma Research project, Kenya Polytechnic, Dec. 1991.

Research proposals
® Hazardous waste immobilization using fly ash-powdered activated carbon mixture

® The use of Dynamic Cone Penetrometer (DCP) to estimate the Relative
Compaction of flexible pavement embankments.
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On-going Research
e Biocontainment of PCBs on flat concrete surfaces

e Coprecipitation of metals in boiler chemical cleaning wastewater by microbial
carbonate precipitation

Technical Experience

University of Wisconsin, Milwaukee, Wisconsin, USA

e Teaching Assistant Fall 2005-Fall 2009
(Statics, Water Quality Assessment, Soil Mechanics, Strength of Materials,
Principles of Water Resources Design, and Coaching Mathematics)

e Research Assistant Spring 2005 & Spring 2010

We Energies, Milwaukee, Wisconsin, USA April 2007 to date
e Student Engineer Intern

o Bioremediation of PCBs (Literature review)

o Manufacture of lightweight aggregates using Elastizell bio-foaming agent
and fly ash.

o Evaluation of Petroflag as a reliable test method for field determination of
mineral insulating oil concentration.

o Radiochemical analysis of coal combustion products

o Boiler chemical cleaning wastewater treatment research

Giles Engineering & Associates, Waukesha, Wisconsin, USA June 2004-Dec. 2006

e Engineering Technician: Construction materials testing

o Quality control of asphalt road surfaces
o Quality control of road embankments

Waukesha County Dept. of Public Works, Waukesha, Wisconsin, USA  May-Aug., 2003

e Technical Intern: Survey, paving operations supervision and inspection,
culvert/bridge inspection, signs inventory, Automatic traffic counters installation
and manual traffic counts.

Proctor & Gamble, Green Bay, Wisconsin, USA January —-May 2002

Company production activities” evaluation with regards to environmental
pollution control and prevention. (Industrial Project)




Ministry of Roads and Public Works-Kenvya Jan. 1987- Dec. 1999

Senior Laboratory Technologist (Team leader): Flexible pavement evaluation
activities (Flexible pavement deflection measurements, in-situ California Bearing
Ratio (CBR) measurements, moisture content and density measurements using
nuclear techniques), and general laboratory testing of concrete, bitumen and soils
for engineering purposes.

Kenya Institute of Highways and Building Technology (KIHBT)-Nairobi, Kenya

Jan. 1996- Dec. 1999

Lecturer: Soil Mechanics; teaching and evaluation of students
Instructor: International course on In-situ CBR measurements at KIHBT’s
School of Appropriate Technology.
Curriculum Developer:
o Preparation of training modules for the determination of CBR using
Dynamic Cone Penctrometer (DCP), in collaboration with International
Labor Organization (ILO/ASIST Program, Nairobi, Kenya).
o Preparation of a technical syllabus for technical colleges in Kenya for the
Kenya Institute of Education (KIE), Nairobi, Kenya.

Honors and activities

e ® o o

Graduate Poster Competition (Honorary Mention) Spring 2010
Graduate Poster Competition (Honorary Mention) Spring 2009
Chancellor’s Graduate School Award (UW-Milwaukee) — Spring 2005-Fall 2009
Dean’s Honor List (UW-Milwaukee) Spring 2003
Vice Chancellor’s honors (UW-Green Bay) Spring 2000-2002
Engineering Scholarship Award (UW-Green Bay) Spring 2001 & 2002

Federation of Environmental Technologies (FET) Scholarship (UW-Green Bay)
Spring 2001

Member of the honor society of Phi Kappa Phi Spring 2000 to date
Member of the National Scholars Honor Society Dec 2006 to date
Member of the Air and Waste Management Association 2005 to date
Member of American Society of Civil Engineers 2002
Member of the National Society of Black Engineers 2002
Member of the Institute of Transportation Engineers 2003

Registered Graduate Technician Engineer (Engineers Registration Board-Kenya)
1993

Best Student Award (Foundation Engineering-Kenya Polytechnic-Kenya)
1991
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Community involvement

o Assisting individuals with mental disabilities carryout their activities of daily
living (Dungarvin Wisconsin inc, Milwaukee)

e Coaching a senior citizen in the Lifetime Learner’s Program (geared towards
reducing the early onset of Alzheimer’s disease) at Cardinal Stritch University
carryout simple maths and economics.

References:
(1) Dr. Jin Li (E-mail: li@uwm.edu, 414-229-6891)
(2) Dr. Erik Christensen (E-mail: erc @uwm.edu, 414-229-4968)
(3) Dr. Bruce Ramme (E-mail: bruce.ramme @ we-energies.com, 414-221-2440)
(4) Dr. Maurice Ogutu (E-mail: ogutu@illinois.edu, 708-352-0109)
(5) Dr. Hani Titi (E-mail: hanititi@uwm.edu, 414-229-6893)

(6) Dr. Rev. Fr Joseph Oduor Afulo, S.J.(E-mail: Oduorafulo@ gmail.com, 254-20-
3870436/254-20-3878015/254-20-3870489.
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