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1. INTRODUCTION AND BACKGROUND 
The Demonstration Program Coordinator (DPC), Vaughan Engineering Limited (Vaughan), 
was contracted in Spring 2000 to The Nova Scotia Department of Transportation & Public 
Works (TPW) to develop and implement a Technology Demonstration Program (TDP) for 
the Sydney Tar Ponds Clean-up. On behalf of TPW, the DPC invited interested parties to 
demonstrate one or more commercially available technologies on sediment excavated from 
the South Pond of the Sydney Tar Ponds, located in Sydney, Nova Scotia. After a formal 
bidding and selection process, seven proponents were selected to undertake bench-scale 
demonstrations. This report presents a technical evaluation of the technology demonstration 
undertaken by Colmac Resources Inc of incineration to treat low-PCB (<50 mg/kg) South 
Tar Pond sediment at pilot scale.  The study was to demonstrate the capability of Coal Fired 
Power Generation Plants to co-burn the sediment with coal. 

1.1 Proponent Selection Process 

The TDP followed a program that ultimately led to the selection of qualified companies 
using commercially available technologies to undertake bench-scale demonstrations. This 
program included assembling a team of national and international experts who, along with 
the DPC team, ranked all interested parties during the pre-qualification stages against a strict 
set of criteria developed by the DPC and approved by the client. The proponent selection 
process is presented in detail in a report entitled, “Demonstration Project Coordinator 
Review of Bench Scale Demonstration Proposals”, dated August 16, 2001. A summary of 
this report is provided below. All referenced reports are available electronically. 

Proponent selection for the bench-scale demonstration was completed during a two stage 
pre-qualification process including an Expression of Interest (EOI) and a subsequent 
Request for Proposal (RFP). The EOI was posted in major newspapers, on government 
tender web-sites and in engineering and environmental journals across Canada, the United 
States and Europe. Thirty-one interested parties replied to the EOI by the October 11, 2000 
deadline, and after a thorough review of the EOIs by the DPC and independent technology 
experts, 14 proponents were invited to submit technical and cost proposals for the bench-
scale work. By the March 28, 2001 RFP deadline, 12 proponents had submitted proposals. 
Nine proponents passed the review stage and were invited to undertake a bench-scale 
demonstration. Due to various reasons including the requirement to do the testing in Canada 
due to US PCB import restrictions, problems securing a bench test location and the available 
funding, six proponents completed seven bench-scale demonstrations. Table 1-1 presents the 
six proponents bench-scale testing on the Sydney Tar Pond sediment, and the principal 
technologies involved in each demonstration. 

The TDP bench demonstration data will be fed into the Remedial Action Evaluation Report 
(RAER).  The purpose of the RAER is to evaluate all remedial alternatives for both the Tar 
Ponds and the Coke Ovens sites. 
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1.2 Report Scope and Outline 

The purpose of this report is to present the results of the Colmac pilot scale test and provide 
an evaluation of using the sediment mixed with coal as fuel for power plants for treating 
Sydney Tar Ponds sediment, albeit at a limited scale. The overall report for the Technology 
Demonstration Program (TDP) consists of a Summary (Volume 1) and seven volumes each 
covering individual technology demonstrations as stand-alone documents. The Summary 
Report (Volume 1) provides a concise summary of all the bench-scale demonstrations and 
their evaluation.  All volumes are listed in Table 1-1. 

An evaluation of the Colmac pilot demonstration is presented herein as follows: 

Section 1: TDP introduction, background, and sediment collection. 
Section 2: Description and experience of Colmac Resources 
Section 3: Technical description the CFB treatment process 
Section 4: Summary of the Colmac pilot demonstration report 
Section 5: Summary of the DPC Audit of the demonstration 
Section 6: Bench demonstration evaluation 
Section 7: Summary 
Section 8: References 

1.3 Treatment Criteria 

The treatment criteria applied by the DPC during the TDP are specified in the RFP and its 
Addenda, and are provided on analytical Tables 6-1, 6-2 and 6-3. 

The criteria were developed by DPC with input from the Remedial Options Working Group 
(ROWG) of the JAG organization and were approved by the client. 

The project specific criteria were: 

- For sediment remediation – treatment to the guideline maximum values for 
contaminants as recommended by the Canadian Council of Ministers of the 
Environment (CCME) for Industrial Soils (hereafter referred to as the TDP soils 
criteria). 

- For waste process water – site specific waste water criteria developed for the 
Muggah Creek Watershed projects during work by JDAC Environment Ltd. 

- For air emissions – a combination of EPA, Environment Canada, and Ministry of 
Ontario Environment limits. 

- For sediment stabilization – limits of contaminants in leachate as specified in the 
current and pending Transportation of Dangerous Goods Regulations (TDGR) 
for disposal of the material in a landfill, as presented in the following procedures: 
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o Toxicity Characteristic Leaching Procedure (TCLP) – EPA Solid Waste 
Method 1311. 

o Canadian General Standards Board (CGSB) – Leachate Extraction Procedure 
164-GP-IMP. 

1.4 Sydney Tar Pond Sediment 

1.4.1 Historic Sediment Deposition 

The Muggah Creek tidal estuary, commonly referred to as the Sydney Tar Ponds, is located 
in Sydney, Nova Scotia. The Muggah Creek watershed drains land occupied by a former 
steel plant, the remains of a former coking facility, a rail yard and numerous active and 
abandoned waste material dumps, as well as residential and commercial areas.  Steel making 
operations have been present in this area for over 100 years, and raw industrial and domestic 
sewage also discharges directly into the Tar Ponds. 

Until relatively recently, process wastes from adjacent industrial operations were discharged 
into surface waters or deposited straight onto the soil. For years Coke Ovens Brook has 
transported contaminated sediments to the Sydney Tar Ponds. 

1.4.2 Contaminants in the Sediment 

Numerous outfalls exist in the Tar Ponds area; however, the most significant source of the 
Tar Ponds material is the Coke Ovens Brook which runs through former coke ovens and an 
old tar plant. Historical industrial activities have deposited approximately 550,000 m³ of 
contaminated sediment and industrial waste to the Tar Ponds.  Due to the various forms of 
sediment deposition, in addition to channel currents and historical infilling of the Tar Ponds, 
the sediment characteristics vary throughout.  Contamination in the Ponds includes 
polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), other organic 
compounds, coal tar, coal and coke fines, heavy metals and raw sewage (industrial and 
domestic).  Testing to date indicates that the average total PAH concentration is in the order 
of 6,000 mg/kg with a range of approximately 880 mg/kg to 27,800 mg/kg.  The PCB 
concentration ranges between less than 1.0 mg/kg to 2,600 mg/kg, concentrated in eight 
areas of the Tar Ponds (Kelly 1996). The average heating value of the sediment is 19,860 
kJ/kg (8,544 BTU/lb) with a range of approximately 7,072 to 28,678 kJ/kg (Kelly 1996). 

1.4.3 Physical Characteristics of the Sediment 

Samples for the bench-scale testing were collected from the South Pond. The South Pond 
sediments generally consist of very loose medium sand size particles with some coarse sands 
and fine gravel size coal and coke fragments.  There are some areas/zones where material is 
more hard packed. South Pond sediments generally contain a higher tar content than those in 
downstream areas and sometimes contain thin tarry layers. Some of the sediment is very 
cohesive and changes its characteristics upon pumping. One pump test showed that the 
sediment’s behaviour was non-Newtonian in nature (Acres 1990). The maximum thickness 
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of South Pond sediments in one study was determined to be approximately 3.5 m.  An 
estimated 225,000 m³ of contaminated sediments are contained in the South Pond (Kelly, 
1996). 

The coal and coke fragments range in size from less than 0.1 mm in diameter to as much as 
20 mm in diameter with the largest fraction typically smaller than 1 mm in diameter (CBCL 
and CRA 1999). There is a relatively sharp visual demarcation between the black 
contaminated sediment and the reddish brown underlying till material.  Recent analysis of 
this material and the till below, indicate that it is largely uncontaminated (Vaughan, 2000). 

The sediments are typically very soft, porous and saturated with oil/sludge and water. When 
removed from the Ponds, some of the sediments behave in a cohesive manner, with little or 
no slump. During an April 1990 test, when sediment was removed from the South Pond, the 
sides of the excavation remained vertical (Acres 1990).  The material possessed an inherent 
undrained shear strength, which was measured in-situ during the April 1990 test with a 
Pilcon vane, to be in the order of 8 to 12 kN/m². The shear strength of sediment deposited 
throughout the Tar Ponds is reported to be relatively low and is marginally capable of 
supporting a person’s weight.  Shear strength values reported for more widespread locations 
of Tar Pond material range between 0.5 and 53 kN/m² (Kelly 1996). 

The average in-situ wet density of the sediments has been reported to be 1230 kg/m³  (with a 
range of 1150 to 1500 kg/m³) with an average dry density of approximately 640 kg/m³.  The 
average in-situ moisture content of sediments is 70 % of the dry weight (with a range 40% to 
85%).  The pH of the deposits is near neutral and varies from 6.9 to 7.1 (Acres 1990, Kelly 
1996). 

1.5 DPC Audit Process 

The DPC completed detailed audits of each of the seven bench-scale demonstrations. Before 
testing commenced, the audit process began with a thorough review of each Work Plan to 
ensure that all DPC requirements were addressed. A review of the bench facility and 
analytical laboratories was also completed. The facility audit included a review of the 
facility health and safety plan (HASP) and emergency response plan (ERM) in addition to 
ensuring that the facility had the experience and permitting to undertake the demonstration. 
The analytical laboratory audit included a review of the laboratory’s Canadian Association 
of Environmental Analytical Laboratories (CAEAL) accreditation, the laboratory’s proposed 
analytical methods, and the laboratory’s capabilities via a “Round Robin”. The Round Robin 
was initiated due to historical difficulties some analytical laboratories had experienced 
analyzing the Tar Ponds sediment matrix and the need for the DPC to do comparisons 
between the DPC audit sample laboratory and the bench demo contractors laboratory. The 
DPC sent a sample of the South Pond sediment to each laboratory and requested analysis for 
PAH compounds. The results of the Round Robin are included in Section 1.6.2. Collection 
of the South Pond sediment samples is described in Section 1.7. 
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Before initiation of the bench demonstration, a kick-off meeting was held to discuss the 
work plan, schedule and any outstanding issues. Once the technology contractors began 
testing, some completed preliminary runs on the sediment using their chosen technology, 
before inviting the DPC for an audit of the “optimized” run. Auditing the optimized run 
included, but was not restricted to, verifying that the bench set-up corresponded to the Work 
Plan, obtaining split samples from key sampling locations to conduct an independent 
analysis of the material, observing the technology contractor’s sampling practices, and 
generally verifying that the demonstration met DPC requirements. 

When the demonstration was completed, the DPC and an independent external reviewer 
reviewed the contractor’s Final Report to ensure that DPC requirements were addressed. The 
DPC also assisted the technology contractors to enter their data into an electronic database. 
This database includes information on each proponent and contains the data from their 
optimized run. 

Results and observations from the DPC audit of the Colmac pilot demonstration are included 
in Section 5. 

1.6 Analytical Issues 

1.6.1 Quality Assurance/Quality Control (QA/QC) 

QA/QC is a term used to describe the steps that are taken to assure that the data produced 
meets defined quality standards so that the user can have confidence in the data.  In the case 
of the bench–scale demonstrations the RFP required the technology contractors to meet the 
1999 Joint Action Group (JAG) QA/QC Protocol requirements.  The JAG Protocol describes 
four levels of data quality. Remediation technology evaluations follow a Level 2 
requirement. Level 2 requires that 5 to 15% of the total samples be QC samples (10% is a 
commonly used number, which means that for every 10 samples one duplicate sample 
would be submitted for analysis). 

In 1994 the Canadian Association of Environmental Analytical Laboratories (CAEAL) in 
partnership with the Standards Council of Canada (SCC) established an accreditation 
program for environmental laboratories across Canada.  The intent of the accreditation is to 
ensure that CAEAL accredited laboratories produce quality analytical results and have a 
good internal QA/QC program.  Accredited laboratories undergo independent proficiency 
testing, which includes inter-lab comparisons twice a year and an independent onsite 
assessment every two years for the compounds for which the laboratory is accredited. 

The DPC requested that the technology contractors use a CAEAL accredited laboratory to 
do the analysis of samples on at least the optimized run that was being audited. The DPC 
also requested that the laboratory certificates with the raw data be submitted with the final 
report and that surrogate recoveries be reported on radioactively labelled PAHs (surrogate 
recoveries indicate how effectively the contaminants have been removed from the matrix 
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into which they have been spiked and therefore the level of accuracy of the analytical 
result).  The raw data includes the laboratories internal QA/QC results.  

A “Round Robin” undertaken by the DPC on the technology proponents proposed 
laboratories is another form of QA/QC (see Section 1.6.2). This ensures both the 
comparability of the various laboratories analytical data with the DPC’s audit sample 
analytical laboratory and the ability of the laboratory to work effectively with the complex 
sediment matrix.  The DPC audit itself performs a QA/QC function in that it is an 
independent evaluation of the performance of the technology contractors claims for their 
technology.  The contractors were required to take either duplicate or split samples during 
the audit run, providing one of the samples at each sampling point to the DPC auditor and 
retaining the other for analysis at their selected CAEAL laboratory. 

The DPC did occasional spot checks on its own samples as a further QA/QC check. 

1.6.2 Round Robin of Analytical Laboratories 

In early December 2001 the DPC conducted a Round Robin sample analytical test program 
with all the CAEAL accredited laboratories proposed by the bench demonstration 
contractors.  The purpose of the Round Robin, which is a comparative assessment of the 
participating laboratories analytical results on a specific sample for specific parameters, was 
to give the DPC confidence in the contractors selected laboratories ability to produce results 
similar to the DPC’s selected audit laboratory, Environmental Services Laboratory (ESL) in 
Sydney.  The DPC provided each of the following laboratories, through their bench 
demonstration contractor, a well-mixed low PCB sample from drum #9: 
 

Maxxam Analytics Inc., Mississauga 
Norwest Labs, Edmonton 
Wastewater Technology Center, Burlington  (WTC) 
Science Applications International, Ottawa  (SAIC) 
Caduceon Enterprises Inc., Ottawa    
Research Productivity Council, Fredericton  (RPC) 
Philip Analytical Services, Halifax   (PSC) 
Philip Analytical Services, Burlington  (PSC) 
Environmental Services Laboratory, Sydney  (ESL) 

 
The results of the Round Robin for PAH analysis are summarized in Table 1-2. Two 
laboratories had difficulties with the matrix, and provided no or unsatisfactory results.  The 
remainder of the laboratories had reasonably comparable results and the DPC was satisfied 
that a comparison could be made between the DPC’s audit analytical results and the bench 
demonstration contractor’s analytical results on extraction methodologies. 

Bench demonstration contractors previously planning to use the two unsatisfactory 
laboratories were provided with a list of laboratories that produced reasonable results for 
PAH in the Round Robin. 



Page 7 

1.6.3 Analytical Methods 

The analytical methods requested by the DPC for analytical testing of solid, liquid and gas 
phases are provided in Table 1-3. 

1.7 Sydney Tar Pond Sediment Collection and Shipment 

Extensive analytical work done during the Phase 3 work on the Tar Ponds by JDAC 
Environmental, and a borehole program undertaken by Vaughan, both in 2000, confirmed 
historical analytical findings that the contaminated zone of sludge/sediment contained 
widespread PAH, BTEX and petroleum hydrocarbons, some heavy metals, and area specific 
high levels of PCB.  This work also confirmed the wide variation in contaminant levels and 
physical characteristics of the sediment across South Pond.  Due to this wide variability, 
Vaughan obtained samples for the bench-scale treatment demonstrations from two areas that 
had fairly high levels of contamination but different physical characteristics in-order to test 
the technologies ability to treat sediment with different characteristics. 

The primary target compounds for treatment were PAH and PCB, secondarily for BTEX, 
petroleum hydrocarbons, cyanide, phenols and heavy metals.   

Since some of the technologies were either not suited to treat PCBs > 50 mg/kg or the 
demonstration facility was not permitted to handle them, two types of bulk samples were 
required, one high in PCBs and one with PCBs < 50 mg/kg.  Prior to obtaining the samples 
the sampling plan was prepared and approved by the Project Management Consultant 
(PMC). This report was prepared under separate cover and, is entitled, “Tar Pond Sediment 
Sampling Plan for Bench Demonstrations”, and is dated August 28, 2001. 

Approximately one tonne of each bulk sample was taken from South Pond in September 
when the water level was low and the sediment near the shore was exposed.  This prevented 
the dispersion of sediments into the waterway and the appropriate material was readily 
accessible from shore.  Three areas in South Pond near Ferry Street, identified in work by 
ACRES (1992) and mapped by JWEL-IT Joint Venture (1996) as having reasonably high 
PCB concentrations  (200 – 400 mg/kg) in the top 45 cm (1.5 ft) of sediment, were 
considered.  Preliminary samples were taken to confirm the PCB, PAH and metals 
concentration.  Based on the analytical results the bulk samples were taken from the 
locations shown on Figure 1-1 using a shore based long reach excavator equipped with a 
toothless bucket (Photo 1-1).  All equipment was decontaminated between recoveries of the 
two sediments. 

The sediment was gently mixed in the excavator bucket using a mud/plaster mixing blade on 
an electric drill and shovels to minimize volatile loss (Photo 1-2).  The mixed sediment was 
then distributed one shovel full at a time to alternate barrels, through a 50 mm mesh coarse 
screen, so as to obtain as similar characteristics as possible in each barrel.  This procedure 
was followed until 18 drums (10 for low PCB sediment and eight for high PCB sediment) 
were each filled with approximately 100 litres of sediment. The sediments were then mixed 
in the drums using the mud mixer powered by the electric drill prior to sampling for 
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analysis.  All mixing was done on a geomembrane to contain any spillage and the mixers 
were decontaminated between mixing the high and low PCB sediment.  Once filled and 
thoroughly mixed the drums were sampled for analyses and covered and sealed, 
decontaminated with a steam “Jenny”, labelled and stored in an HDPE lined area in the 
unheated Sydney Environmental Resources Limited (SERL) pipeline transfer station, which 
was permitted for this purpose by the Nova Scotia Department of Environment and Labour 
(Photo 1-3). All requirements of the permit were met for storage of the sediments.  All 
screened material and wash water were put into South Pond. 

Samples from each drum were submitted to Environmental Services Laboratory in Sydney 
for the analysis identified in Table 1-4. The average analytical results for the drums are 
shown in Tables 1-5 and 1-6, and the individual drum analytical results are shown in Tables 
1-7 to 1-10.  On average the low PCB sediment had 3.0 mg/kg PCB and 4,064 mg/kg PAH, 
and the high PCB sediment has 229 mg/kg PCB and 3,113 mg/kg PAH.  Arsenic, copper 
and zinc were the only metals exceeding the TDP soil criteria. 

In November 2001, methane gas, generated in the drummed samples from the anaerobic 
decomposition of the sewage in the sediment, resulted in expansion and deformation of 
some of the drums during storage.  All the drums were vented to atmosphere by removing 
the sealed lids under very controlled conditions (a backhoe bucket was placed on the top of 
the drum, the cover unsealed and the bucket slowly raised).  The eight drums of high PCB 
sediment, which were only slightly deformed, were each placed in a 205 L (45 gallon) new 
salvage drum in a containment area outside the storage building.  The bands on the original 
drums were left slightly loose to allow any additional gas to escape into the salvage drum.   
The space between the inner and outer drums was filled with vermiculite and the cover 
tightly sealed with one cover bung left loose to relieve any pressure build up during storage. 

A similar approach was taken to relieve the pressure in the 10 low PCB sediment drums. 
The contents of each damaged drum were emptied into a new 205 L (45 gallon) drum thus 
maintaining the original sample integrity as much as possible.  Each bulk sample was 
remixed for two minutes in the new drum, using the same mud mixer used in the initial 
drum mixing, at which time it appeared very uniform.  A composite grab sample was 
prepared by taking a scoop of the sediment after the two minutes of mixing and then after 
each of two additional one minute mixing intervals.  The scooped sediment was placed in a 
bowl and the composite mixed before sampling for analysis to confirm PAH concentrations.  
The drums were then tightly covered with one bung left loose to allow further venting. 

Results of the analytical testing of the remixed drums compared to the original are shown on 
Table 1-5.  While there are some variations, overall there is no significant difference in the 
average values. 

HDPE liners, contaminated equipment/items and the drums were decontaminated with a 
high pressure hot water wash, with all the wash water going into South Pond at the bulk 
sampling site.  A new HDPE liner was placed in the storage building drum containment area 
and the drums placed back into storage. 
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Each drum was fitted with a pressure relief valve prior to shipment of the drums to the 
technology contractors test facilities on November 30, 2001.  The DPC also sent a special 
“demo sample” for analysis by the contractor’s CAEAL accredited laboratory.  This analysis 
was part of the “round robin” (see Section 1.6.2). 
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2. PROPONENT DESCRIPTION AND EXPERIENCE 

2.1 Proponent and Proponent History 

Established in May 2000, Colmac Resources Inc. is a US-based, Canadian-owned company 
whose main function is to process and supply power plants with alternative fuel. Colmac’s 
parent company, American Consumer Industries (ACI), owns three CFB power plants, of 
which two are equipped with high-ash handing capabilities. One is currently permitted to 
accept non-hazardous coal tar sediment and a second is expected to obtain the required 
permitting in the Fall 2002. The Piney Creek LP power plant and the Sunnyside 
Cogeneration Associates power plant are located in Clarion, Pennsylvania and Sunnyside, 
Utah, respectively, and both have supplemented their fuel streams with coal tar wastes. Each 
power plant is run with a staff of between 30 and 50 persons. 

At full-scale, Colmac proposes to form a joint team venture using local Cape Breton 
individuals or companies, and if need be bring the technical expertise of the German 
remediation contractor, Lobbe GmbH & Co., the Lobbe Group (Lobbe), onto the team. 
Information on Lobbe is provided in Section 2.2 

Colmac operates from the following address: 

Colmac Resources Inc. 
8337 Ingleton Circle 
Easton, Maryland, USA 
21601 

Contact information for Lobbe GmbH & Co. is: 

Lobbe GmbH & Co. 
Friedrich-Kaiser-Straβe 13 
D 58638 Iserlohn, Germany 

2.2 Proponent Experience with Selected Technology 

Combining coal tar waste with power plant fuel is an approach commonly applied at select 
power plants in North America. Mr. Richard Turnbell, Colmac’s general manager and 
Colmac’s pilot demonstration co-ordinator, has been directly involved with companies 
recycling tar waste from more than eighty coal tar contaminated sites. According to 
Colmac’s EOI, dated September 2000, while Mr. Turnbell worked for Illinova Resource 
Recovery, the Illinois Power Baldwin Power Station burned coal tar waste shipped from 
over 60 former town coal gas plants, coke plants or tar refineries from 1996 to 1999. 

Parent company, AGI, has been burning “waste” coal at it’s Piney Creek and Sunnyside 
facilities since their construction circa 1992, and has supplemented the fuel streams with 
more than 15,500 tons of coal tar waste. Some of this coal tar waste was generated from a 
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US Environmental Protection Agency Superfund site located in Ironton, Ohio.  The Ironton 
site was a former by-product coke plant which had five buried tar lagoons.  Waste was 
excavated from the lagoons, stockpiled, and shipped to the Piney Creek plant for reuse as an 
alternative fuel. Recent experience at the Sunnyside power plant includes a test burn of 
1,200 tons of coal tar waste generated from a former Manufactured Gas Plant. 

Colmac also has access to the expertise of Lobbe. According to Colmac’s EOI, dated 
September 2000, Lobbe operates at more than 60 sites across Europe providing a full 
spectrum of services including waste disposal, and site clean-up.  Lobbe dominates the 
industry in the tar clean-up and industrial cleaning sectors, and in Germany alone Lobbe’s 
contracts exceed $75 million ($100 million DM).  Recently Lobbe was awarded the contract 
to remediate 440,000 tons of coal tar sludge from the Zerre and Terpe Tar Pits located at 
Schwarze Pumpe, Germany. Waste removed from the tar pit is pumped to a fuel processing 
area where an alternative fuel is produced for use at a local coal gasification plant. 

According to Colmac’s proposal, dated March 2001, Lobbe’s efficiency in cleaning up tar 
contaminated sites has been successfully proven on several different projects, which range 
from a few hundred tons to large tar lakes containing half a million tons. 
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3. TECHNOLOGY DESCRIPTION 
Coal tar waste from coke plants, tar refineries, and coal gasification plants has been 
successfully utilized as an alternative fuel at coal-fired power plants across North America 
and Europe. This bench-scale demonstration examined the suitability of co-burning Tar 
Ponds sediment in a coal-fired circulating fluidised bed (CFB) pilot plant. There are two 
important components of this remediation technology: (i) fuel blend preparation, and (ii) 
fuel blend destruction in the CFB power plant. 

3.1 Fuel Blend Preparation 

Commercial coal-fired power plants are not permitted to accept hazardous waste as an 
alternative fuel, and therefore waste classification is important to determine if this 
technology is applicable. Non-hazardous waste is typically dewatered (if need be), screened, 
and sized, before being metered into the main feed handling system of a coal-fired plant. Up 
to 25% of the input fuel may be composed of non-hazardous waste (according to US 
regulations). Important characteristics of the waste include the material calorific or heating 
value (in units of kJ/kg or in BTU/lb measurement), and the ash content. Colmac reports that 
material with basically no heating value and with ash percentages as high as 90% may be 
considered; however, the power plant accepting this waste must be specifically designed to 
handle a high ash loading. For comparison, good quality coal has an ash content less than 
10%, and a heat of combustion value of 10,000 to 13,000 BTU/lb. 

Typically the waste material is combined with coal to form the power plant feed. Limestone 
is metered into the feed based upon the on-line SOx measurements in the power plant’s stack 
in order to control sulfur emissions. Calcium in the limestone reacts with sulfur in the coal 
and/or waste material to form calcium sulfate in the resultant ash material. 

The percentage waste material in the power plant feed may change with time as certain 
factors at the power plant change, including the input coal and waste material quality and the 
effluent stack quality. 

3.2 Circulating Fluidized Bed (CFB) Power Plant 

The heat required to produce electricity at CFB power plants is generated through fuel 
combustion in a circulating fluidized bed unit. Basically, a CFB uses high velocity air to mix 
circulating solids in a highly turbulent combustion loop resulting in uniform temperatures in 
the two main components of a CFB: the combustion chamber and the cyclone. 

Fuel is injected into a CFB where it mixes with combustion air and a circulating bed of hot 
sand. When the fuel and hot sand contact one another, heat is transferred, and combustion 
results. Fresh surfaces on the fuel particles are continuously exposed in the highly turbulent 
regime as the sand “scrubs” the fuel until the fuel particle is spent. Proper operation of a 
CFB results in very effective mass and heat transfer and complete fuel combustion. 
Typically CFB units are operated in the 500 to 900°C temperature range. At these 
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temperatures, most waste organics introduced with the fuel (i.e. coal tar) are oxidized. A 
schematic of a CFB unit is presented in Figure 4-1. 

Bed material, along with particulates generated through the combustion process, are 
entrained in the off-gas (or flue gas), carried from the combustion chamber, and collected in 
the cyclone. The cyclone is used to separate the coarse bed material, which is returned to the 
combustion chamber, from the flue gas exiting the combustion chamber. The fine 
particulates in the flue gas are removed in a bag-house before the flue gas is released from a 
stack to the atmosphere. The gas release is continuously monitored on-line for various 
compounds, including carbon monoxide (CO), nitrogen oxide (NOx), sulfur dioxide (SO2), 
particulate matter, and hydrogen chloride (HCl), among others. 

The volume of coarse bed material increases with time due to the continuous introduction of 
fresh fuel containing non-combustible particles. Periodically any excess bed material is 
removed from the base of the combustion chamber. This coarse material is typically referred 
to as “Bottom Ash”, and the fine particulate that collects in the bag-house is typically termed 
“Fly Ash”. Both ashes are typically combined and sent for beneficial use in concrete or as a 
land-fill cover, or the ashes are simply disposed of off-site. 

Circulating fluidized-bed systems can be used to process a variety of wastes, but are 
primarily used for sludges, shredded solid materials, and other wastes with low heating 
values. Generally, solids that are treated with this system have to be less that two inches in 
diameter.  The technology has been proven to be capable of destroying a wide range of 
solid, liquid and gaseous wastes and can tolerate large fluctuations in the waste feed rate and 
composition because of the large amount of heat stored in the bed. 
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4. BENCH DEMONSTRATION 
Colmac reported results of their bench/pilot-scale demonstration on the Sydney Tar Pond 
sediment in a report entitled; “Report of Colmac Resources, Inc. Bench Scale Sydney Tar 
Pond Sediment Test Burn”, dated May 17, 2002 (the Colmac Final Report). The Colmac 
Final Report is summarized below, and is presented as Appendix A. 

Before testing commenced, a work plan was developed by Colmac that fulfilled the 
requirements of the RFP / Contract and it was approved by the DPC. The Colmac Work Plan 
entitled, “Bench Scale Work Plan, Bench Scale Treatment of Sediment, Sydney Tar Ponds” 
and dated February 3, 2002 (the Work Plan) is included in Appendix B of the Colmac Final 
Report.  The work was conducted in accordance with the Work Plan with the exception that 
duplicates were not submitted for any samples, and the feed blends for the CFB unit had to 
be partially air-dried to feed properly. 

This Section describes the work done by Colmac. 

4.1 Bench Demonstration Program 

4.1.1 Study Objectives 

According to the Colmac Final Report, the purpose of this work was to demonstrate the 
destruction efficiency of a circulating fluidized bed combustor to destroy sediment 
contaminants with specific objectives summarized as follows: 

• Assess the operational impact of firing contaminated tar pond sediments and coal in a 
CFB combustor. 

• Assess the suitability of commercial power plants fuel storage and conveyance systems 
for handling blended fuel. 

• Perform stack emissions testing to obtain empirical data regarding potential air 
pollutants. 

• Assimilate and evaluate the findings from the above assessments and tests relative to the 
technical and economic feasibility of utilizing a commercial power plant to fire tar pond 
sediment as an alternative fuel. 

Due to power plant restrictions on fuels with >50 mg/kg PCB, Colmac tested only the low 
PCB sediment, and suggested other means of disposing of any sediment with greater than 50 
mg/kg PCB, such as disposal at a licensed off-site facility. 

4.1.2 Bench Test Facility and Analytical Laboratory 

Testing was conducted at the CANMET Energy Technology Centre (CETC), located in 
Nepean, Ontario (near Ottawa, Ontario). CETC is one of Canada's premier organizations in 
the field of energy, science and technology. As part of Natural Resources Canada’s Energy 
Sector, CETC works with private and public sector partners to develop and deploy leading-
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edge energy products and processes for many sectors of the Canadian economy. CETC also 
has world-class laboratory facilities and employs some 180 people. 

CETC provided the facility, equipment and technicians to complete treatability testing while 
Mr. Richard Turnbell of Colmac supervised and directed demonstration activities. 

Analytical testing for Colmac’s demonstration program was completed by Environmental 
Services Laboratory Incorporated (ESL), located in Sydney, Nova Scotia, and by CETC 
analytical laboratories in Ottawa and Philip Analytical Services (PSC) in Burlington, 
Ontario. ESL and PSC are CAEAL accredited for all of the analytical parameters required 
for the bench demonstration. Analytical methods are shown in Table 4-1. 

4.1.3 Sydney Tar Pond Sediment Delivery and Storage 

Vaughan Engineering delivered one drum of Sydney Tar Ponds low PCB sediment to the 
CETC facility during the week of December 3, 2001. The sediment was supplied in a 205 L 
(45 gallon) steel drum and stored at room temperature inside of CANMET’s Building #1 
prior to the start of the demonstration. 

4.1.4 Apparatus 

Mixing sediment within the drums was completed using an electric drill equipped with a 
paint-mixing blade. 

A CFB pilot plant, located at the CETC facility, was used for this demonstration. The CFB 
pilot plant consists of a vertical combustion chamber, 5 m in height, a high temperature 
cyclone, bag house, material feed system, flue gas analysis system, in addition to other 
auxiliary equipment including an induction fan on the exhaust system and data acquisition 
systems. A detailed description of the CFB pilot plant is provided in Section 4.0 of the 
Colmac Final Report while photographs taken by Colmac are provided in Appendix A of the 
Colmac Final Report. Photographs taken by the DPC include the bottom portion of the CFB 
unit (Photo 4-1) and the bag house (Photo 4-2). Figure 4-1 presents a schematic of the CFB 
pilot plant, and a brief summary of the unit is provided below. 

Four stock ceramic insulated band heaters are located at the base of the combustion 
chamber, or combustor, to assist with pre-heating and temperature control during testing. A 
natural gas heater is also present to assist with pre-heating the approximate 4.5 kg of clean 
coarse bed sand. Excess bottom ash can be removed through a port in the base of the 
combustor. 

Fuel is fed into the combustor via an automated “loss in weight” weight feeder with 
computer control. Material in the combustor (i.e. the fuel and bed sand) is fluidized by 
introducing compressed ambient air into the combustor through a port located at the base of 
the unit. Material passes from the 100 mm internal diameter combustion chamber through a 
transition section, into the cyclone and down through the back leg where it re-enters the 
combustor directly above the bottom bed section. The cyclone measures 175 mm at the 
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entrance, 98 mm at the exit, and 50 mm at the drain port. The combustion chamber and 
cyclone are designed to operate at temperatures ranging from 750 to 950oC. 

The majority of flue gas exiting the cyclone passes through a bag house consisting of nine 
bags comprised of 14 oz. Nomex felt with a total filtering area of 4.7 m2. The bags are 
cleaned by pulse air jets, which release the fly ash from the bags. The maximum continuous 
operating temperature of the bag fabric is 200 oC. The majority of gas exiting the bag house 
is then discharged to the atmosphere. One slip stream is removed from the top of the cyclone 
which passes through the flue gas analysis system for continuous analysis of nitrogen oxide 
(NOx), sulfur dioxide (SO2), carbon monoxide (CO), carbon dioxide (CO2) and oxygen (O2). 
A second slip stream is removed after the bag house which passes through sampling 
apparatus set up specifically to analyze target compounds (i.e. PAHs, HCl, etc). 
Temperatures, pressures, and flow rates are continuously recorded using various 
instrumentation placed at key points on the CFB pilot plant. An induction fan on the exhaust 
system is operated to create a slight negative pressure in the system to prevent the release of 
any fugitive emissions. 

4.1.5 Study Approach and Sampling Plan 

Colmac undertook preliminary sampling of the sediment to obtain standard fuel parameters. 
The sediment was homogenized in the drum prior to any sampling event. Characterization of 
materials used during this demonstration included total analysis of input materials (i.e. 
sediment, coal, limestone, blended fuel) and total analysis of output materials (i.e. the ashes, 
and stack gases). TCLP and CGSB leachability tests were also undertaken on the combined 
fly and bottom ashes. 

No preliminary runs were completed using the Tar Pond sediment, in part due to the effort 
required to conduct one test on the CFB pilot unit. However, prior to commencing the 
demonstration, the lead technician tested the CFB unit to ensure all instrumentation and 
equipment were functioning properly. To accommodate the stack gas sampling methods, 
three CFB runs were undertaken, as follows: 

• Day 1: Metals and particulate (EPA Method 29), HCl and total hydrocarbons 
sampling. 

• Day 2: VOCs (EPA Method 30) and total hydrocarbons sampling. 
• Day 3: PAHs, PCBs, and Dioxins/Furans (EPA Method 23) and total hydrocarbons 

sampling. 

All three test burns were conducted using the same blended fuel mixture, and Colmac 
attempted to keep the operating conditions and temperatures similar for each of the three test 
burns. The blended fuel was created as follows: 

1. Coal at 90% by weight of the fuel mix (coal/sediment) was weighed on a digital 
scale and placed into a mixing box. 
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2. Tar Pond sediment at 10% by weight of the fuel mix (coal/sediment) was weighed on 
a digital scale and placed in the mixing box. 

3. Coal and sediment were mixed in the mixing box using an electric drill equipped 
with a paint-mixing blade. 

4. Limestone at 20% by weight value for the total mix was mixed with the blended coal 
and sediment forming the fuel mix. 

5. After an initial blended fuel feeding attempt, all remaining blended fuel was air dried 
prior to staging and continued use in the combustor. 

The blended fuel was staged in 20-liter plastic pails adjacent to the mini-CFBC fuel feed 
hopper. The start-up procedure used for the CFB pilot plant was similar for each of the three 
test burns, and included initially heating the unit by the electric band heaters, and 
introducing coal when the bed was above the ignition temperature of coal (∼650oC). When 
the unit reached operating conditions (∼850oC), feeding of the blended fuel commenced. At 
the conclusion of each test, fly and bottom ash were collected and weighed. The fly and 
bottom ashes were stored in separate containers (20-liter plastic pails) after each day of 
testing. 

4.2 Bench Demonstration Results 

Initial sediment, coal, limestone, and blended fuel characterization results are presented in 
Table 6-1. Colmac provides no comment on the observed versus expected levels of the 
reported compounds for each material, but does indicate that the raw coal exceeds the TDP 
soils criteria for arsenic and thallium. Colmac states that the analysis for standard fuel 
parameters undertaken on the Tar Pond sediment appear to support the idea that the 
sediment can be utilized as an alternative fuel at commercial power plants capable of 
handling high ash fuel. The heating values of the sediment and coal were reported at 9,300 
and 23,000 kj/kg, respectively. Additional fuel parameters are reported in Table 3 of the 
Colmac Final Report included in Appendix A. Final percentages selected for the blended 
fuel were 8%, 72%, 20% sediment, coal, limestone, respectively. The amount of blended 
fuel consumed during all three CFB pilot plant runs totalled 51.6 kg, and included 4.1 kg of 
Tar Pond sediment. 

4.2.1 CFB Pilot Plant 

The pre-demonstration test of the CFB pilot plant showed that the unit was fully operational. 
On Day 1, prior to initiation of the stack testing, the high moisture levels of the blended fuel 
caused the feeder to bridge over and plug. In order to keep the fuel flowing during the test 
burns, Colmac air dried all remaining fuel on plastic prior to use, and reduced the blend ratio 
of the coal / sediment fix from an initial 15 % sediment, as proposed in the Colmac Work 
Plan, to the 10 % sediment ratio used during this demonstration. The air-drying period was 
approximately two hours in length, and the resultant moisture content of the blended feed 
was approximately 4.0%. No additional problems were encountered feeding the air-dried 
fuel through the feeder during all three-test runs. 
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This was a problem relating to the bridging of the feed mechanism, which at larger scale 
would not necessitate drying, beyond a normal dewatering step. 

Heating up the unit prior to testing typically required a minimum of 3 hours, and the test 
burns ranged from 3 to 4 hours in duration depending on the stack gas sampling method. For 
the purposes of this discussion the heat up period is not considered as part of the “run”. The 
CFB pilot plant operational functions recorded during the test burns, including the average 
operating temperature and average NOx, SO2, CO, CO2 and O2 concentrations, are 
summarized in Table 4-2. The average operating temperature ranged from 835 oC to 860 oC. 

4.2.2 Stack Gas Sampling 

The gas sampling analytical results are presented in Table 6-3, and show that the gaseous 
emissions from the CFB unit were high and many parameters exceeded the Canadian 
Incinerator Guidelines. Volatile and semi-volatile destruction efficiency was not at the 
acceptable level of 99.99% or better. According to Colmac, this was due to poor combustion 
and / or lack of residence time in the CFB unit. Carbon monoxide levels averaged 1,868 
mg/m³ of stack gas, and the allowable limit is 57 mg/m³. The CANMET test report states 
that this level of CO is typical of the CETC mini-CFBC burning coal and is always higher 
than industrial CFBC boilers. The difference is due to the shorter residence time and the 
lower cyclone temperature in the CETC mini-CFBC (630 – 713 oC vs. > 800 oC).  Oxygen 
levels of gas in the combustor were also fairly low throughout the test averaging 3.4% and 
higher than anticipated levels of benzene, toluene, and xylene present in the stack gas caused 
Colmac to conclude that benzene is generated during the test burn.  According to Colmac, 
the CFB operators did not increase airflow into the combustor during the stack testing 
periods in order to maintain constant gas flow exiting the stack during test periods.  The 
oxygen level is normally maintained between 3-5% during pilot tests using the mini-CFBC.  
The commercial power plant that supplied the coal for the test operates with an oxygen level 
of approximately 4.5%. 

The mini-CFBC is five meters tall with a gas retention time in the combustor of 
approximately 1.5 seconds to 2 seconds (a limitation of the mini-CFBC design). Most 
commercial CFBC power plants have a gas retention time in the combustor of at least 5.0 
seconds allowing further combustion and thermal oxidation of the gas stream as the gas 
ascends through the unit to the stack.  Colmac estimates that stack gas testing results for a 
coal feed may be similar to the blended feed used (i.e. introduction of the sediment was not 
the reason for the stack gas exceedances).   This was corroborated by a subsequent report 
from CETC (Appendix D). 

4.2.3 Bottom and Fly Ash Sampling 

Fly ash and bottom ash was collected from the bag house and combustor, respectively.  The 
quantity of fly ash collected on Day 1 was double the anticipated amount. Colmac suspected 
that extra fly ash was trapped in the baghouse from a previous CFB test and did not become 
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dislodged when the baghouse was emptied prior to the start of stack sampling. Fly and 
bottom ash from the first day of testing was therefore not included in the composite sample. 

Analytical results for total concentrations from the fly and bottom ashes and the combined 
ash sample are presented in Table 6-1. The fly ash exceeded TDP criteria for soil for 
benzene, thallium, and arsenic. According to Colmac, the benzene detected in the fly ash 
supports their theory that longer residence time or better combustion is required in the 
combustor to ensure complete destruction. There was only a trace amount of naphthalene in 
the flyash but no other PAHs were detected and there were no PAHs detected in the bottom 
ash. The bottom ash exceeded TDP criteria for soil for arsenic and nickel. The combined ash 
exceeded TDP criteria for soil for arsenic, nickel, and thallium. The TCLP and CGSB leach 
test results for the combined ash are presented in Table 6-2, and show that the combined ash 
meets the leaching standards. 

4.2.4 Mass Balance 

Colmac undertook a mass balance by calculating the percent mass destruction and removal 
efficiency (DRE) for the overall system (i.e. the CFB unit and the baghouse). The results of 
this mass balance are included in Table 4 in the Colmac Final Report with an accompanying 
explanation of the calculations by Air Compliance Consultants Inc. Generally there was a 
greater than 99% destruction rate of the PAHs while the BTEX results indicate that benzene 
was generated during the destruction process.   This may be due to the thermal cracking of 
the PAHs under low oxygen conditions. 

4.2.5 Disposal of Material Remaining 

All ash, remaining blended fuel, remaining Tar Ponds sediment, sampling equipment, and 
plastic sheeting was blended together inside the tar pond sediment drum.  The drum was 
sampled, labelled, sealed, and picked up by Philip Services (PSC) for disposal as non-
hazardous waste at an approved disposal facility located at Barrie, Ontario. 
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5. DPC AUDIT 
The DPC audited the Colmac bench-scale demonstration and recorded observations in a 
report entitled, “Audit Manual: Bench Scale Tests, Colmac Resources, Inc.”, dated May 
2002 is provided in Appendix B (The Colmac Audit Manual). 

The audit process is described in Section 1.5, and items specific to the Colmac bench-scale 
demonstration are presented below. 

5.1 Audit Dates, Locations and Scope of Work 

The DPC conducted the demonstration audit at the CETC facility in Nepean, Ontario 
between February 25, 2002 and February 28, 2002. Mr. Robert Booth of Applied 
Environmental Science was the principal DPC auditor while Mr. Bruce Tunnicliffe of XCG 
Consultants Ltd. assisted. Mr. Booth was present over the 4 day test period, while Mr. 
Tunnicliffe was present from February 26 to 28. 

Mr. Rick Turnbell, General Manager of Colmac, and Mr. Gill Lett, lead CFB technician, 
met the primary auditor at the CETC facility on February 25. At this time, the auditor 
observed the initial sampling, fuel preparation and completion of the first CFB test (Day 1 
test burn). The auditors returned to the CETC facility each day and witnessed the Day 2 and 
Day 3 test burns on February 27 and February 28, respectively. 

5.2 Pre-Demonstration Audit Checks 

The suitability of the CETC facility and the ESL analytical laboratory to undertake the pilot-
scale testing was examined by the DPC before Colmac commenced testing. The results of 
these pre-demonstration audit checks are provided in Table 5-1. The DPC also conducted a 
thorough review of the Colmac Work Plan, which included the facility HASP and the ERP. 
The Work Plan, including the HASP and the ERP, were accepted by the DPC. 

Based upon these results, the DPC accepted the use of the CETC facility and the ESL 
analytical laboratory for the pilot-scale demonstration. 

5.3 Demonstration Audit 

5.3.1 Sediment Storage and Test Locations 

The one drum of low PCB Sydney Tar Pond sediment was stored near the CFB unit inside 
of CETC Building # 1 (Photo 5-1). The drum remained sealed at all times, except during 
inspection or sampling events, and was stored at room temperature (∼20 oC). With the 
exception of temperature, there were no other possible influences due to the storage location. 
The DPC had requested that the sediment be stored at approximately 4oC; however, the DPC 
characterization of the sediment after its storage period from December to February did 
show good correlation with the DPC characterization of Colmac’s sediment shortly after its 
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removal from the South Pond (Drum 7 analysis). Secondary containment in the drum 
storage area was in the form of a large clear plastic sheet (Photo 5-1). 

Sediment homogenization, sampling, and fuel blending / air drying were undertaken within 
CETC Building #1. No fume hood was available during the demonstration and generally 
gaseous emissions were not controlled during the sampling and fuel preparation stages. 
However, persons nearing the sediment drum when the lid was removed for any length of 
time wore personal protective masks (see Photo 5-2), and during the air drying stage, 
portable fans were used to limit possible vapour build-up. Secondary containment used 
during fuel blending and air drying stages consisted of clear plastic sheets laid over the 
concrete floor (see Photo 5-3).   

The only nearby activity capable of impacting the demonstration results was welding of a 
nearby test apparatus, located approximately 20 m from the CFB unit. Due to the separation 
distance, the DPC considers it unlikely that the welding could have influenced the 
demonstration.   

The sediment storage area, fuel blending areas and test location were considered acceptable 
by the DPC. 

5.3.2 Pilot-Scale Apparatus 

The apparatus used during the demonstration, described in Section 5.1.5, was considered 
acceptable by the DPC. 

5.3.3 Pilot-Scale Test 

On February 25, 2002, the DPC observed initial sediment, coal and limestone 
homogenization and sampling activities, and blended fuel preparation, including weighing 
and mixing of each component. Sampling and fuel preparation was conducted as discussed 
in Section 4.1.5. Creation of the coal / sediment blend is shown in Photo 5-4, and the 
limestone addition to the coal / sediment blend is presented in Photo 5-5. 

Preheating the CFB pilot plant was completed as expected. As discussed in Section 4.2.1, 
problems were encountered when feeding non-air dried blended fuel into the CFB unit. 
Colmac reduced the percentage of sediment (from 15% to 10%) in the new blended fuel and 
undertook air drying to avoid further plugging of the fuel feeder system. The DPC agreed 
with this change to accommodate the small size of the screw auger and to ensure continuous 
operation of the feed. The air dried blended fuel within the feeder is shown in Photo 5-6. 

After changing the blended fuel ratios, all test runs proceeded as expected, albeit the Day 1 
test burn commenced later in the day than originally proposed. All equipment and 
instrumentation appeared to function well, and sampling and heat up / cool down periods 
occurred in the time frames estimated by the CETC staff. 
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The fly ash and bed ash were removed from the CFB unit after the completion of each run. 
As discussed in Section 4.1.4, bottom ash was removed from a port in the bottom of the 
CFB (see Photo 5-7) and fly ash was removed from the bag house by pulsing air through the 
bags. At full-scale some bed ash would likely remain in the CFB plant; however, to maintain 
uniformity between all three runs, a clean sand bed (approximately 4.5 kg) was used for 
each run. After all three runs were completed, the bottom and fly ashes were compared. The 
bottom ashes were similar to one another in colour and volume; however, the Day 1 fly ash 
differed from that collected on Day 2 and Day 3. The Day 1 fly ash was greater in volume 
and darker in colour. As discussed in Section 4.2.3, it was suspected that extra fly ash was 
trapped in the baghouse from a previous CFB test. After discussion with CETC staff, the 
DPC agreed that this was likely the case. As a result, the fly and bottoms ashes from the first 
day of testing were not included in the composite sample. 

The solid material samples and the stack gas sampling components (i.e. the impinger liquids, 
charcoal and XAD resin tubes, etc) provided to the DPC by Colmac were transported to 
their respective analytical laboratories. The solid material was sent to ESL in Nova Scotia 
and the stack gas sampling components where either analyzed at the CETC laboratories or 
by PSC in Burlington, Ontario. 

The sampling plan undertaken, as described in Section 4.1.5, was acceptable to the DPC. 
Colmac undertook all sampling activities, and provided the DPC with split samples of all 
material used and produced during this bench demonstration. Samples were stored in ice or 
refrigerated at CETC prior to shipping to the various laboratories at which time the samples 
were packed in coolers containing several ice packs. 
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6. TECHNOLOGY EVALUATION 
Colmac’s bench-scale demonstration and the DPC demonstration audit are summarized in 
Sections 4 and 5, respectively. Results from these efforts are summarized and evaluated 
below. Scale-up and cost issues are also presented in addition to Colmac’s preliminary 
design of treatment at full-scale. Advantages and limitations of the technology are also 
discussed. 

6.1 Data Comparison and Discussion 

Results of the sampling and analysis efforts undertaken by Colmac and the DPC are 
presented in Tables 6-1 to 6-3. The DPC certificates of analysis are located in Appendix C. 

6.1.1 Solid Material Assessment 

Analyses reported for the samples by Colmac and those obtained by DPC on audit samples 
are presented in Tables 6-1. There is excellent agreement between the two sets of data 
except for the PAH analysis reported by Colmac for the as-received low PCB sediment. 

The individual and Total PAH reported by Colmac on the as-received sediment are one third 
to one quarter of those for: 

1) Sample Average from the Pond analyzed in September 2001 

2) Sample of Drum 7 when shipped to Colmac / CETC 

3) Sample analyzed by DPC. 

These three samples are in reasonable agreement with one another for PAH.  The analyses 
for all of the sediment samples, including the Colmac as-received sediment, are in close 
agreement for all other analytes (PCB, BTEX/TPH and metals). The surrogate recoveries for 
the PAH in Colmac’s anomalous as-received results, are excellent (not shown in the table). 

The above findings lead to the conclusion that the sample giving the anomalous result was 
not well mixed before the PAH sub-sample was taken.  Problems with stratification and 
ineffective mixing have been well known by the DPC team, and a special notice warning the 
proponents had been distributed before the Demonstration began. 

The disparity in PAH analyses did not show up in the blended fuel, where Colmac and DPC 
PAH analyses were very similar.  The erroneous initial low PAH analyses results would 
have carried errors through the Mass Balance calculations, since more contaminant mass 
than Colmac thought was introduced into the CFB unit.  Thus the actual efficiency of the 
CFB unit was probably better than that calculated by Colmac. 

The starting material (or as received sediment) exceeded the TDP criteria for all 8 individual 
PAH compounds, benzene, copper, zinc and arsenic, and some analyses indicating thallium. 
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The coal and limestone were not audited by the DPC. The reported Colmac and DPC results 
for the remaining samples in Table 6-1 generally compared well to one another. The 
leachate results for the combined bottom and fly ash samples, presented in Table 6-2, also 
generally compared well to one another. The leachate analyses reported were below the 
TCLP and the CGSB criteria. 

 As presented in Section 4.2.3, and noted on Table 6-1, the contaminant levels in the ashes 
did not meet the TDP criteria for every compound. It was not unexpected that some 
inorganic concentrations would exceed the TDP criteria since thermal processes, such as 
CFB plants, are not effective inorganic treatment methods. In addition, the coal itself 
contributed to high arsenic levels in the ash.. Analysis of the fly and bottom ashes reported 
arsenic, nickel and thallium concentrations greater than their respective TDP criteria. It was 
anticipated however, that the organic concentrations would meet the criteria, and did with 
the exception of benzene in the fly ash. This exceedance, reported by Colmac and confirmed 
by the DPC, coupled with the high CO stack gas concentrations likely indicated incomplete 
combustion in the CFB unit. Since benzene and toluene are both generated during PAH 
heating in the absence of air (coking process), incomplete combustion may have permitted 
some benzene and toluene to remain in the ash.  Better combustion is expected at full-scale, 
since full-scale power plants typically have a high residence time (i.e. 5 seconds) compared 
to the residence time for this bench test (i.e. ∼1.5 seconds). Greater than 99.9% of the 
organic mass was destroyed during testing, with total PAHs in the feed material decreasing 
from 127 mg/kg to <1 mg/kg in the combined ash sample. 

Different criteria than the TDP soils criteria are typically applied to the ash from power 
plants, and so exceedances discussed above are presented solely for information purposes.  

Overall, the CFB pilot plant destroyed the majority of the organic compounds and the 
inorganic concentrations were not unexpected and should not inhibit the use of the sediment 
in this application. 

6.1.2 Stack Gas Testing Assessment 

Gas concentrations reported for the samples analyzed by Colmac and the DPC are presented 
in Table 6-3. 

Generally, the Colmac and DPC gas results were comparable. The DPC did not audit the 
Method 23 sampling train (PCBs, PAHs, Dioxins/Furans) as only one semi-volatile train 
was run and splitting the small quantity of extracts produced from this train would have 
compromised sample quality. NOx, SO2, CO, CO2 and O2 concentrations and operating 
temperatures were measured on-line and the DPC could not obtain samples to verify the 
results. The direct readout measurements were observed and printouts with the concentration 
of these parameters from each run were provided by CETC. 
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6.2 Colmac QA/QC 

Colmac did not submit duplicate samples for analysis on any of the solid material sampled 
which had been intended in the Work Plan.  However, with the exception of one PAH 
analysis, the Colmac samples generally compared well with the DPC results. 

Colmac’s analytical laboratory, ESL of Sydney, Nova Scotia, followed acceptable QA/QC 
practices.  QA/QC measures undertaken by ESL included laboratory blanks, matrix spikes 
and duplicate analysis.  Radio-labelled PAH surrogate recoveries were also analyzed with 
limited success in some samples, due to matrix interferences. QA/QC analytical results are 
located in the Colmac Final Report in Appendix A. 

6.3 Scale-Up Issues 

Co-burning non-hazardous waste in CFB power plants is a proven technology and in 
common practice across North America. Based upon Colmac’s experience, it is typical to 
conduct a pilot test with a few hundred tons of waste at a power plant to assess the 
applicability of employing this technology. Thus, the scaling up of this test is difficult to 
assess. However, according to Colmac, coal tar waste has been successfully used as an 
alternative fuel at their power plants. Given the sediment’s heating value (9,300 kj/kg), it is 
likely that this technology could be used with the Tar Pond sediment. 

6.4 Treatment at Full-Scale 

Use of this technology at full-scale is described in Section 9.0 of the Colmac Final Report. 

Colmac proposes to segregate the Tar Ponds sediment according to the level of PCB 
contamination for two separate disposal options.  PCB waste containing levels lower than 50 
mg/kg will be utilized as supplemental fuel at power plants. PCB waste containing levels 
greater than 50 mg/kg will be shipped off site for disposal at an approved PCB destruction 
facility. However they do not propose how this segregation will be done. This will be an 
important issue to be addressed in the RAER. 

Colmac proposes to form a joint team using local Cape Breton individuals or companies to 
prepare fuel for use at Canadian or Colmac’s power plants. The Tar Pond sediments would 
be mechanically removed from the ponds to a truck loading station where trucks would be 
top loaded either directly or from a storage silo.  The trucks would deliver the sediment to a 
fuel processing facility installed adjacent to the existing incinerator fuel storage pits / water 
treatment system. At the fuel-processing centre, treatment would primarily consist of 
dewatering / drying of the sediments to approximately 20% moisture content.  The existing 
water treatment plant would be utilized to treat the contaminated water separated during the 
dewatering process.  Finished fuel (dewatered product) would be loaded into railroad cars, 
tarped, and shipped to the selected power plant(s). 
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Colmac proposes that a large field scale demonstration can be undertaken to precisely 
determine the destruction efficiency of the Colmac Power Plants by test burning 
approximately 2,750 tonnes of dewatered sediments at a United States power plant.  The test 
burn could be conducted by burning the waste at 10% alternative fuel feed rate mixed with 
the daily coal feed.  All sediments shipped to the US would have to pass TCLP testing and 
contain less than 2 mg/kg PCBs prior to shipment. Colmac anticipates that once the Tar 
Pond sediment is tested and proven as an environmentally acceptable alternative fuel at the 
US power plant, Canadian power plants will join the project, and the cost of transportation 
will be greatly reduced. 

6.5 Technology Assessment: Advantages and Limitations 

Co-burning non-hazardous waste in CFB power plants is a proven technology, and has been 
applied at numerous power plants across North America. While some results of this 
demonstration program did not meet all applicable criteria (i.e. stack gas sampling 
standards), it did show that on average greater than 99.9% of the organic compounds were 
destroyed. It is expected that at full-scale, co-burning Sydney Tar Pond sediment in a power 
plant with high ash handling capabilities, will pose no more difficulties than other coal tar 
wastes. The Colmac power plants successfully burn coal tars wastes on a regular basis.  
Some of the advantages and limitations of this technical approach are identified below. 

Advantages 

• Beneficial reuse of the Sydney Tar Pond material via electricity production 

•  Low initial capital costs since this technology uses existing power plants, CFB 
power plants are able to handle a highly variable input feed such as that expected 
from the Sydney Tar Pond material. 

• Several power plants could be used simultaneously thereby decreasing treatment 
time if required. 

• On site blending of the materials to produce the fuel is simple and employs 
conventional material handling technology. 

• Organic contaminants in the Tar Pond sediment are destroyed. 

• Metals in  blended fuel should not impact negatively on the metals in current bottom 
ash from CFB power plants. 

• Discussions have been held with interested users. 

• Utilizes the existing onsite water treatment plant and sediment handling/dewatering 
facilities. 
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• Colmac would establish  a local company to undertake sediment dredging, truck 
loading and on-site transportation of sediment  and fuel processing  

Limitations 

• Selected CFB power plants must have high ash handling capabilities and be willing 
to accept the Tar Pond material. 

• Temporary on-site storage of the material may need odour control. 

• Dewatering and treatment of resulting product water will be required. 

• The sediment with PCBs > 50 mg/kg requires separate removal, transportation and 
off-site treatment at a licensed facility. 

• A high percentage of the Tar Ponds sediment may not meet the 2 mg/kg US import 
restriction.  If local Canadian power plants will not accept the blended fuel, the high 
cost of transportation for sediment disposal off site, and the high cost of separation of 
<2 mg/kg PCB material for shipment to the US will have a major impact on the 
overall cost. 

• Existing water treatment plant and sediment dewatering facilities need to be made 
available and operational. 

6.6 Evaluating Colmac’s Cost Estimate 

A brief cost summary in Canadian dollars of the field- and full-scale costs associated with 
Colmac’s proposed technology is provided in Section 9.4 of their Final Report located in 
Appendix A.  The major cost components included or excluded from the costs are shown in 
Tables 6-4 (Field Demonstration) 6-5 (Full-scale Treatment).  

The field-scale demonstration would be done on 2700 tonnes of sediment, with < 2mg/kg 
PCB and a moisture content of 20%, using Colmac’s power plants in the US to precisely 
determine the destruction efficiency.   The field demonstration would cost $876,000 which 
includes the transportation of the sediment and test burn. 

Colmac estimates that the cost to dredge, transport and treat 715,000 metric tonnes of low 
PCB sediment (at a 42% moisture content when excavated) is $117,749,325, or $165 per 
tonne. A breakdown of this total cost is provided as follows: 

• $82,550,000 – Dredge, dewater (to 20% moisture), water treatment, dried fuel loading 
(estimate 650,000 metric tonnes x $127/tonne) 

• $34,323,325 – Transport and burn in Nova Scotia 
(estimate 501,803 tonnes at 20% moisture x $68.40 / tonne) 
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Mobilization of the fuel processing company would be an additional $250,000.  

Colmac estimates that the Tar Pond clean-up could be conducted over a period of five to ten 
years. One advantage of this approach is the clean up of the Tar Ponds is paid on a per tonne 
basis with very little capital costs.  Payments are spread out during the length of the project. 
Colmac states that the estimated per tonne cost was calculated from project experience on 
other coal tar projects. 

The cost includes dredging, of the low PCB material (<50 mg/kg) but does not include 
dredging, transportation and off-site treatment of any high PCB sediment, and is based upon 
the fuel blend being used at a Cape Breton power plant.  Should this not be possible the 
material would have to be shipped a considerable distance, which would have a significant 
impact on the cost.  Should the material have to be shipped to the US the PCB import 
restriction of 2 mg/kg PCB content would have a major impact on the overall scenario. 



Page 29 

7. SUMMARY 
The technical evaluation and results from the Colmac bench demonstration completed as 
part of the technology demonstration program for the Sydney Tar Ponds Clean-up effort are 
presented as follows: 

• Co-burning non-hazardous coal tar waste in coal-fired circulating fluidized bed (CFB) 
power plants is a proven technology and is commonly applied at select power plants 
across North America. These power plants must be equipped with high ash handling 
capabilities and may accept up to 25% of their input feed material as non-hazardous 
waste. 

• Colmac examined the suitability of co-burning low PCB sediment (<50 mg/kg) in a coal-
fired CFB pilot plant. No tests were performed on the high PCB sediment (>50 mg/kg), 
and Colmac proposes excavation and off-site disposal of this material as the remedial 
option; however they have not proposed how this would be done nor how much it would 
cost. 

• Colmac has, or has access to, a wealth of experience co-burning coal tar material in CFB 
power plants. Currently one of their power plants is permitted to accept non-hazardous 
coal tar waste, while a second is expected to obtain the required permitting in Fall 2002. 

• The bench-scale demonstration was completed at the CANMET Energy Technology 
Centre (CETC), located in Nepean, Ontario (near Ottawa, Ontario). The CFB pilot plant 
was located at this facility. CAEAL analytical services were provided by ESL and PSC. 
The facility, apparatus, and the analytical laboratories were accepted by the DPC. 

• The final fuel blend selected was an air-dried mixture comprised of 8% sediment, 72% 
coal, and 20% limestone. Due to stack gas sampling requirements, three test burns were 
completed using identical input feeds and similar operating conditions. No preliminary 
runs were completed prior to these “optimized” runs. 

• The Colmac and DPC analyses for contaminants in solid materials and leachates 
generally compared well with one another. There was one anomalously low PAH 
analysis which did not reflect in the results of the demonstration. 

• Stack gas sampling results reported many compounds above their respective guideline 
values. This was likely due to incomplete combustion due to lack of residence time in 
the CFB unit. Higher than anticipated levels of benzene and toluene in the stack gas and 
the fly ash sample suggested that these compounds were generated during PAH heating 
under low oxygen conditions., and not destroyed. These levels are in the range of what 
CANMET experience in their pilot CFBC when burning coal and are a limitation of the 
design of the unit.  Full-scale power plants typically have a greater residence time (i.e. 5 
seconds) than the residence time for this pilot test (i.e. 1.5 seconds) and operate at higher 
oxygen levels (4.5% vs 3.4%).  More complete combustion is expected at full-scale. 
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• The resulting ash from the test burn did not meet the TDP soil criteria for all compounds. 
Benzene failed the criteria in the fly ash sample, and arsenic, thallium, and nickel failed 
in both fly and bottom ash samples. However these criteria do not apply to ash from 
fuels used at power plants. The metals contribution to the ash from the sediment would 
not be significantly more than would be contributed by the coal component of the fuel. 

• Greater than 99.9% of the organic mass was destroyed during testing, with total PAHs in 
the feed material decreasing from 127 mg/kg to <1 mg/kg in the combined ash sample. 

• Colmac proposed co-burning low PCB sediment at full scale in one of their power plants 
located in the US, or at a Canadian power plant. On-site de-watering would be required 
to a 20% moisture content prior to shipment. Colmac estimates that the cost to dredge, 
transport and treat 715,000 metric tonnes of low PCB sediment (at a 42% moisture 
content when excavated) at a local Cape Breton power plant is $117,749,325, or $165 
per tonne.  This cost includes the field demonstration ($876,000).  It also includes 
dredging (deletion) the low PCB material but does not include dredging, transportation 
and off-site treatment of any high PCB sediment.   



Page 31 

8. REFERENCES 
1. Acres International Limited. 1990. “Excavation and Transport Report, Volume 1, 

Sediment Transport”.   Sydney Tar Ponds Clean-up Inc.. June. pgs 33-36. [Available on 
the TPW website] 

2. Acres International Limited 1992 – “PCB Contamination Interim Report”, October. 

3. Kelly, Warren. 1996. “Review of Extent of Contamination in Sydney Tar Ponds”. 
Sydney Tar Pond Clean-up Inc., Sydney, Nova Scotia. September 25. [Available on the 
TPW website] 

4. CBCL Limited and CRA. 1999 “Phase 1 Site Assessment, Muggah Creek Watershed, 
Sydney, Nova Scotia". Supply and Services Canada. January.  

5. Vaughan 2000 “Subsurface Investigation South Pond Muggah Creek Phase II/III 
Environmental Site Assessment Muggah Creek Watershed”, JDAC, Dec 18 

6. Muggah Creek Watershed Joint Action Group, “Quality Assurance/Quality Control 
Protocol”, prepared by Water Technology International, March 1999. 

7. JWEL-IT  Joint Venture 1996, “ PCB Delineation and Remedial Options for The 
Muggah Creek Containment Project, May.  

8. CANMET Energy Technology Centre Report “Treatment of Sydney Tar Pond Sludge in 
CFBC”, April 2002. 

 

 

 

 

 

 

 

 

 
P:\PROJECTS\3128\TEXT\Colmac Final Report\Colmac DPC Final Report.doc 



 

 

Table 1-1: Bench Demonstration Reports, Proponents and Technologies 

Document Proponent Principal Technology 

Volume 1 
Summary 

Summary of all Vendors Summary of all Technologies 

Volume 2 IT Corporation, 
Demonstration No. 2 

Stabilization 

Volume 3 Colmac Resources Co-burning Sediment 
in CFB Power Plant 

Volume 4 IT Corporation, 
Demonstration No. 1 

Thermal Desorption 

Volume 5 UMATAC Alberta Taciuk Process 
(Pyrolysis and Combustion) 

Volume 6 TDEnviro Clean Soil Process 
(to produce a fuel product) 

Volume 7 Grace Bioremediation 
Technologies 

Bioremediation 
(Sediment and Water Phase) 

Volume 8 SAIC Canada Solvent Extraction, Acid Leaching and 
Plasma Destruction 

 



Table 1-2: Round Robin PAH Analysis
Av of 10 Drums

Parameter of Low PCB
(mg/kg) Lab 1 Lab 2(1) Lab 3 Lab 4 Lab 5(2) Lab 6 Lab 7 Lab 8 Lab 9 Sediment when

Shipped
  PAHs(4)

Naphthalene 480 800 945 453 976 731 - (3) - (3) 576 733
Acenaphthylene 81 16 48.0 15.1 46 61.0 - (3) - (3) 66.0 16.2
Acenaphthene 120 170 180 113 197 120 - (3) - (3) 177 203
Fluorene                           140 220 185 125 232 151 - (3) - (3) 232 230
Phenanthrene 390 480 670 338 693 464 - (3) - (3) 623 776
Anthracene 150 220 230 155 257 195 - (3) - (3) 309 280
Fluoranthene 350 440 525 276 608 341 - (3) - (3) 559 567
Pyrene 290 330 410 210 475 255 - (3) - (3) 430 468
Benzo (a) anthracene 130 200 185 132 271 162 - (3) - (3) 187 228
Chrysene 130 180 170 116 235 126 - (3) - (3) 150 212
Benzo (b+k) fluoranthene 200 240 254 168 355 153 - (3) - (3) 226 332
Benzo (a) pyrene 120 160 165 106 212 106 - (3) - (3) 158 199
Indeno (1,2,3-cd) pyrene 73 100 105 58 138 63 - (3) - (3) 40 114
Dibenzo (a,h) anthracene 14 28 23 16 31 24.0 - (3) - (3) 15.0 47
Benzo (g,h,i) perylene 57 81 85 48 118 44 - (3) - (3) 31 96
  PAHs - QA/QC data
Naphthalene-d8 - 83 - - 84 - - (3) - (3) - -
Acenaphthene-d10 106 86 - - 92 - - (3) - (3) - 110
Fluorene-d10 - - - - 90 - - (3) - (3) - -
Phenanthrene-d10 98 - - - 93 - - (3) - (3) - 101
Pyrene-d10 - 83 - - 94 - - (3) - (3) - -
Chrysene-d12 102 - - - 98 - - (3) - (3)

- 90

Notes:   (1)   Average of Duplicate Determinations
(2)   Average of Six Determinations 
(3)   Out of range - very low or not reported
(4)   Low PCB Sediment Used for Round Robin



 

 

Table 1-3: Analytical Methods for the Bench Demonstration (1) 

Compound Solid Phase Water Phase Gas Phase 

PAH EPA 8270 EPA 8270 EPA 23 
(EPS method) 

PCB EPA 8082 EPA 8270 
EPA 608 

EPA 23 
(EPS method) 

Metals EPA 200-8 or 
EPA 6020 

EPA 200-8 or 
EPA 6020 

EPA 29 

Mercury AWWA 4500 
– Hg B 

AWWA 4500 
– Hg B 

- 

Free Cyanide EPA 9012 or 
EPA 9010 

EPA 9012 or 
EPA 9010 

- 

BTEX Atlantic PIRI 
Guideline 1.0 

Atlantic PIRI 
Guideline 1.0 

EPA 30 
(VOST train) 

Total Petroleum 
Hydrocarbons (TPH) 

Atlantic PIRI 
Guideline 1.0 

Atlantic PIRI 
Guideline 1.0 

EPA 25a 

Phenolics EPA 9066 or 
EPA 9060 

EPA 9066 or 
EPA 9060 

- 

Dioxins/Furans EPA 8290 EPA 8290 EPA 23 
(EPS method) 

 

(1) Methods used by individual labs may be modifications of the EPA or other listed method, 
but are accredited by CAEAL on a performance basis.



 

 

Table 1-4: Drum Sediment Analysis and Methods 

  

Method 

Low PCB 
Material 

(number of 
samples) 

High PCB 
Material 

(number of 
samples) 

Preliminary Sample(2) 
PAH 
PCB 

Metals 

 
EPA 8270 
EPA 8082 
EPA 6020 

 
1 
1 
1 

 
1 
1 
1 

Bulk Samples 
Number of Drums 
PAH 
PCB 
Metals 
BTEX/Hydrocarbons (TPH) 
VOCs 
Acid/Base Neutrals 
Dioxin/Furans 

 
- 

EPA 8270 
EPA 8082 
EPA 6020 

Atlantic PIRI 
EPA 8260 
EPA 8270 
EPA 8290 

 
10 

11(1) 
11(1) 

11(1) 
11(1) 

One Composite 
One Composite 
One Composite 

 
8 

9(1) 

9(1) 

9(1) 
9(1) 

One Composite 
One Composite 
One Composite 

Notes: (1) One duplicate for each type of bulk sample 
 (2) Sample collected from the Tar Ponds before sample excavation. 



 

 

Table 1-5: Organic Compound Concentrations for Ten Low PCB Drums 

PARAMETER 
(mg/kg) 

TDP Soil 
Criteria (1) 

First 
Mixing 

Min. 

Second 
Mixing 

Min. 

First 
Mixing 
Max. 

Second 
Mixing 
Max. 

First 
Mixing 

Ave. 

Second 
Mixing 

Ave. 
Benzene 5 27  82  55  
Toluene 0.8 77  120  100  

Ethylbenzene 20 12  18  15  
Xylenes 20 41  89  64  
PCBs 33 1.8  4.6  3.0  

Total PAH (3)  2153 2586 6223 7481 4064 4524 
Benzo (a) anthracene 10 95 140 270 380 169 228 

Benzo (a) pyrene 0.7 85 120 210 310 145 199 
Benzo (b) fluoranthene 10 150 210 410 510 263 332 
Benzo (k) fluoranthene 10 Incl (2)  Incl (2)  Incl (2)  

Dibenzo (a,h) anthracene 10 <16 14 27 35 21 23 
Indo (1,2,3-cd) pyrene 10 45 69 120 170 74 114 

Naphthalene 22 400 390 1500 1100 827 733 
Phenanthrene 50 280 420 920 1400 587 776 

Pyrene 100 200 280 440 780 337 468 
Chlorobenzene 10     nd  

1,2-Dichlorobenzene 10     nd  
1,3-Dichlorobenzene 10     nd  
1,4-Dichlorobenzene 10     nd  

Styrene 50     nd  
Chlorophenols (each) 5     nd  
Nonchlorinated (each) 10     nd  

Pentachlorophenol 7.6     nd  
Phenol 3.8     nd  

Chlorinated aliphatics 
(each) 50     nd  

Chlorobenzenes (each) 10     nd  
DDT (total) 12       

Hexachlorobenzene 10     nd  
Tetrachloroethylene 0.6     nd  
Trichloroethylene 31     nd  

 

  nd means not detected 
(1) For Industrial Soils (Set by DPC as Criteria to Achieve in the TDP) 
(2) Benzo (b) and (k) fluoranthene integrated together 
(3) Includes several compounds besides the TDP criteria



 

 

Table 1-6: Average Inorganic Concentrations for Drummed Samples 

Parameter 
(mg/kg) 

TDP Soils 
Criteria (1) 

Low PCB 
Sediment 

Average (2) 

High PCB 
Sediment 

Average (3) 
Percent Moisture  38 21 

Aluminum  8,650 3,650 

Antimony 40 <1.0 5.3 

Arsenic 12 48 45 

Barium 2000 100 50 

Beryllium 8 1.1 <1 

Cadmium 22 1.0 0.8 

Chromium 87 27 67 

Cobalt 300 5.6 6.8 

Copper 91 116 154 

Iron  29,400 53,644 

Lead 600 204 580 

Molybdenum 40 6.0 14.5 

Nickel 50 12.6 31 

Selenium 10 2.7 1.2 

Silver 40 <1.0 1.4 

Thallium 1 <1.0 <1.0 

Tin 300 <1.0 15 

Vanadium 130 18 23 

Zinc 360 368 285 

Mercury 50 1.4 1.7 

Cyanide (Free) 8   
 
(1) For Industrial Soils (Set by DPC as Criteria to Achieve in the TDP) 
(2) Average of 10 drums individually analyzed – Drums identified as drums 1 to 10 
(3) Average of 8 drums individually analyzed – Drums identified as drums 11 to 18 
nd means not detected 



Table 1-7: PAH Analyses for Individual Low PCB Sediment Drums

   Results After First Mixing

Parameter Drum 1 Drum 2 Drum 3 Drum 4 Drum 5 Drum 6 Drum 7 Drum 8 Drum 9 Drum 10 Average
(mg/kg)

Total PAH (1) 3794 6223 4924 4344 3429 3681 2153 5618 3237 3241 4,064

Benzo(a)anthracene 140 240 220 160 130 160 95 270 130 150 170
Benzo(a)pyrene 120 210 180 130 110 150 85 230 110 130 146
Benzo Fluoranthene 410 340 310 220 190 250 150 370 180 210 263
Dibenz(a,h) anthracene <19 27 23 <20 <16 <19 <20 27 <19 <19 26
Indeno (1,2,3-cd) pyrene 59 110 94 64 55 83 45 120 51 63 74
Napthalene 860 1,500 1,000 770 780 720 400 960 710 570 827
Phenanthrene 560 920 700 610 500 510 280 850 460 480 587
Pyrene 300 440 420 310 270 320 200 530 280 300 337

   Results After Second Mixing

Parameter Drum 1 Drum 2 Drum 3 Drum 4 Drum 5 Drum 6 Drum 7 Drum 8 Drum 9 Drum 10 Average
(mg/kg)

Total PAH (1) 4,096 7,481 4,146 4,707 5,281 3,629 4,651 4,489 4,181 2,586 4,525

Benzo(a)anthracene 190 380 190 230 250 180 280 230 210 140 228
Benzo(a)pyrene 150 310 160 210 210 160 280 210 180 120 199
Benzo Fluoranthene 270 510 270 340 360 270 440 350 300 210 332
Dibenz(a,h) anthracene 17 35 18 23 24 18 31 25 20 14 23
Indeno (1,2,3-cd) pyrene 86 170 91 120 120 97 160 130 100 69 114
Napthalene 790 1,100 820 750 970 540 500 780 690 390 733
Phenanthrene 720 1,400 730 830 920 600 700 710 730 420 776
Pyrene 400 780 400 490 530 380 530 460 430 280 468

(1)  Includes several compounds in addition to those listed below



High PCB Sediment

Drum 11 12 13 14 15 16 17 18 Duplicate #14
Total PAH (1) 3,937.0 4,122.0 3,304.0 2,520.0 2,383.0 2,210.0 3,182.0 3,230.0 3,113.0
Benzo(a)anthracene 210.0 360.0 160.0 210.0 190.0 170.0 270.0 280.0 210.0
Benzo(a)pyrene 220.0 240.0 170.0 250.0 210.0 180.0 300.0 320.0 220.0
Benzo Fluoranthene 430.0 460.0 350.0 470.0 410.0 360.0 590.0 590.0 430.0
Dibenz(a,h) anthracene 35.0 37.0 29.0 40.0 33.0 30.0 52.0 50.0 36.0
Indeno (1,2,3-cd) pyrene 170.0 190.0 140.0 210.0 170.0 150.0 270.0 260.0 180.0
Napthalene 360.0 360.0 380.0 370.0 400.0 410.0 480.0 450.0 400.0
Phenanthrene 530.0 540.0 450.0 500.0 510.0 490.0 620.0 650.0 530.0
Pyrene 500.0 520.0 390.0 470.0 460.0 420.0 600.0 630.0 480.0

(1)  Includes several compounds in addition to those listed below

Table 1-8: PAH Analyses for High PCB Sediment Drums



Table 1-9: BTEX and TPH Results for Individual Drums (1)

   Low PCB Sediment Results

Parameter Drum 1 Drum 2 Drum 3 Drum 4 Drum 5 Drum 6 Drum 7 Drum 8 Drum 9 Drum 10 Average
(mg/kg)
Benzene 64 82 74 82 57 42 43 38 38 27 55
Toluene 113 110 110 120 98 91 96 80 84 99 100
Ethylbenzene 17 18 16 18 15 12 12 11 15 12 15
Xylenes 72 89 76 89 69 57 42 48 60 41 64
C6-C10 TPH 790 1,400 1,300 1,400 1,200 790 270 810 490 380 883
>C10-C21 TPH 19,000 28,000 20,000 23,000 20,000 14,000 12,000 15,000 17,000 16,000 18,400
>C21-C32 TPH 31,000 44,000 31,000 35,000 34,000 23,000 26,000 25,000 27,000 33,000 30,900
Mod TPH 50,579 73,400 52,300 59,400 55,200 37,790 38,270 40,810 44,490 49,380 50,162

   High PCB Sediment Results

Parameter Drum 11 Drum 12 Drum 13 Drum 14 Drum 15 Drum 16 Drum 17 Drum 18 Average
(mg/kg)
Benzene 19 16 14 13 12 14 12 14 14
Toluene 26 24 22 23 20 21 19 22 22.1
Ethylbenzene 8.6 9.1 8.7 9.4 9.0 8.2 7.6 9.0 8.7
Xylenes 20 20 20 19 17 18 16 20 19
C6-C10 TPH 200 180 150 110 370 250 170 840 284
>C10-C21 TPH 59,000 62,000 58,000 61,000 61,000 56,000 57,000 68,000 60,250
>C21-C32 TPH 190,000 210,000 200,000 210,000 200,000 190,000 190,000 220,000 201,250
Mod TPH 249,200 272,180 258,150 271,110 261,370 246,250 247,170 288,840 261784

(1)  After this sampling event was completed and the above analytical results were obtained, the analytical method was changed to the 
     Atlantic PIRI method.  The data above were obtained by dichloromethane extraction/GC/FID - the solvent was too aggressive, 
     giving erroneously high results.All subsequent data in the program were obtained by the Atlantic PIRI method.



Low PCB Sediment Results

Parameter Drum 1 Drum 2 Drum 3 Drum 4 Drum 5 Drum 6 Drum 7 Drum 8 Drum 9 Drum 10 Average
(mg/kg)

Iron 26,400 32,600 30,000 24,200 29,200 27,600 21,200 31,400 32,700 33,200 28,850
Cadmium 0.9 1.1 1.0 0.7 0.9 0.9 1.0 1.2 1.1 1.2 1
Chromium 23.3 29.3 28.5 22.3 26.2 24.1 18.3 26.4 28.9 32.0 26
Copper 100 110 110 90 110 120 110 120 130 150 115
Lead 200 242 212 174 207 196 163 214 217 218 204
Thallium <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.1 <1.0 <1.0 <1
Vanadium 16.1 19.5 19.1 15.5 17.2 17.5 23.6 20.6 22.6 19
Zinc 320 440 370 300 380 350 320 360 380 410 363
Arsenic 46.8 58.8 51.3 41.7 51.8 41.9 29.1 43.8 51.1 48.0 46
PCB 3.1 3.0 2.9 2.7 2.9 1.8 3.0 2.7 2.5 3.8 3
% Moisture 39.2 38.9 34.9 39.1 36.0 39.4 40.1 39.2 39.8 40.6 39

High PCB Sediment Results

Parameter Drum 11 Drum 12 Drum 13 Drum 14 Drum 15 Drum 16 Drum 17 Drum 18 Average
(mg/kg)

Iron 47,400 61,200 62,900 49,600 64,800 54,200 47,000 47,600 54,338
Cadmium 0.8 0.8 0.9 0.9 0.9 0.8 0.9 0.8 0.9
Chromium 62.0 72.8 88.0 60.6 71.9 67.7 59.3 65.3 68.5
Copper 156 147 162 153 171 157 139 150 154
Lead 583 510 585 562 688 621 538 566 582
Thallium < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 <1.0
Vanadium 24.8 22.2 21.5 22.5 26.2 19.0 23.3 22.8
Zinc 283 264 332 275 313 282 258 278 286
Arsenic 44.1 40.6 50.6 48.0 48.2 50.2 35.8 38.6 44.5
PCB 250 220 230 230 260 180 240 220 229
% Moisture 25.6 22.1 17.8 22.0 18.8 13.2 18.9 22.9 20.2



 

Table 4-1: Colmac Analytical Methods – Bench Demonstration 

Analysis Solids / Liquids 
Methodology – Based On 

Methodology - Gas 

Total PAHs EPA 8270 EPA Method 23 
Total PCBs EPA 8082 EPA Method 23 

BTEX / TPH ATLANTIC PIRI  
VOCs EPA 8260 EPA Method 30 

Total Metals EPA 200 – 8 or 6020 EPA Method 29 
Mercury AWWA-4500-HgB EPA Method 29 

Free cyanides EPA 9012 or 9010 - 
Phenols EPA 9066 or 9060 - 

Dioxins / Furans EPA 8290 EPA Method 23 
TCLP EPA 1311 - 
CGSB CGSB-164-GP-IMP - 

 



Table 4-2:  CFB Operating Parameters During Demonstration

Parameter1 Day 1 Test Burn Day 2 Test Burn Day 3 Test Burn
Unit Feb 25 / 02 Feb 27 / 02 Feb 28 / 02

Combustor Temperature oC 857.9 859.7 834.6
Oxygen % 4.1 3.2 2.9
Carbon Monoxide ppm 1,217 1,622 2,213
Carbon Dioxide % 15.1 15.9 16.1
Sulfur Dioxide ppm 341 405 319
Nitrogen Dioxide ppm 178 199 154

Notes:  1  Parameters are the average over the entire test burn



 

Table 5-1: Pre-Demonstration Audit Checks 

Question Response 
CETC Facility  
Facility is as proposed in the Colmac Work Plan? Yes 
Facility licensed to handle hazardous wastes? Yes 
Facility has licensed area to store the Tar Ponds sediment? Yes 
Facility has a licensed area to store bench samples? Yes 
Facility licensed to operate bench-scale tests? Yes 
Analytical  
Analytical laboratory is as proposed in the Colmac Work Plan? Yes 
Analytical laboratory is CAEAL accredited (or equivalent)? Yes 
Are appropriate analytical methods proposed? Yes 
Do the laboratory QA/QC procedures meet the DPC standards? Yes 
Do the method detection limits meet the DPC standards? Yes 
Has the laboratory passed the Round Robin? Yes 

 



Table 6-1:  Solids Characterization Results for Colmac Demonstration

Description: Low PCB Sediment Low PCB Sediment Coal Limestone Blended Fuel

Description: From Pond1 As Received Air Dried Blend
Sample ID: Average Drum 7 Sediment CO-1-RB Coal Limestone Fuel Blend CO-4-RB
Sampler: - DPC Colmac DPC Colmac Colmac Colmac DPC
Audit Of: - - - Sediment - - Fuel Blend Fuel Blend

Tracking #: (Nov 2001) (Nov 2001) CRI#S/SD2 9952465-01 CRI#C3/CD4 CRI#L5/LD6 CRI#F7/FD8 9952465-04

PAH
Naphthalene mg/kg 827 400 96 430 1.2 <0.05 12 17
2-Methylnaphthalene mg/kg - 82 - - - 6.4
1-Methylnaphthalene mg/kg - 92 - - - 6.6
Acenaphthylene mg/kg 2 7.6 0.05 <0.05 0.5 0.38
Acenaphthene mg/kg 26 98 0.1 <0.05 5.4 4.5
Fluorene mg/kg 32 110 0.18 <0.05 6.4 5.2
Phenanthrene mg/kg 587 280 99 360 2.3 <0.05 24 20
Anthracene mg/kg 39 130 0.14 <0.05 8.1 6.7
Fluoranthene mg/kg 84 300 0.36 <0.05 18 15
Pyrene mg/kg 337 200 69 250 0.48 <0.05 15 13
Benzo(a)anthracene mg/kg 169 95 35 120 0.27 <0.05 7.8 6.4
Chrysene mg/kg 30 110 0.46 <0.05 7 6.2
Benzo Fluoranthene mg/kg 263 150 46 150 0.23 <0.10 10 8.5
Benzo(a) pyrene mg/kg 145 85 27 90 0.1 <0.05 5.5 4.4
Perylene mg/kg - 22 - - - 1.1
Indeno (1,2,3-cd) pyrene mg/kg 74 45 19 56 <0.05 <0.05 3.5 2.8
Dibenz(a,h,) anthracene mg/kg 21 <20 3.9 12 <0.05 <0.05 0.85 0.69
Benzo(g,h,i) perylene mg/kg 14 44 0.08 <0.05 2.6 2.1

TOTAL PAH (1) 4,064 2,153 622 2,464 6.0 <0.05 127 127

PCB mg/kg 3.0 3.0 1 <1 <1 <1 <1 <1

BTEX / TPH See See
Benzene mg/kg Table 1-9 Table 1-9 6.4 8.1 0.069 <0.005 0.6 0.57
Toluene mg/kg 1.8 2.6 <0.18 0.021 0.55 0.49
Ethylbenzene mg/kg 1.8 2.0 <0.08 0.009 0.13 0.16
Total Xylenes mg/kg 12 14 <0.59 <0.059 0.88 1.0
C6-C10 Hydrocarbons mg/kg 33 30 <17 <1.7 <17 <17
>C10 - C21 Hydrocarbons mg/kg 13,000 11,000 160 6.3 400 590
>C21 to C32 Hydrocarbons mg/kg 13,000 9,200 160 16 450 470
Modified TPH mg/kg 26,000 20,000 320 22 850 1100

Dioxins/Furans pg/kg 5 5

Metals
Aluminum mg/kg 8650 8220 9470 1190 554 1020 1120
Antimony mg/kg <1.0 <1.0 1.7 <1.0 <1.0 <1.0 <1.0
Barium mg/kg 100 160 580 50 330 80 120
Beryllium mg/kg 1.1 <1.0 <1.0 1.7 <1.0 1.3 1.3
Boron mg/kg <20 <20
Cadmium mg/kg 1.0 1.0 2 1.4 <0.6 <0.6 <0.6 <0.6
Chromium mg/kg 27 18.3 31.7 35.7 13.5 3.3 10.7 12.1
Cobalt mg/kg 5.6 6.9 6.7 6.4 2.8 4.9 4.9
Calcium mg/kg 5300 88400
Copper mg/kg 116 110 160 150 20 <10 10 20
Iron mg/kg 29400 21200 35600 30300 36700 12400 25800 25400
Lead mg/kg 204 163 229 268 18.7 9.1 18.8 22.7
Manganese mg/kg 350 260
Molybdenum mg/kg 6.0 3.4 4.1 2.2 <1.0 1.7 2.5
Nickel mg/kg 12.6 13.7 14.5 13.7 14.7 13.1 13.3
Silver mg/kg <1.0 9 3.7 7.6 3.5 4.4 <1.0
Sodium mg/kg 540 <350
Thallium mg/kg <1.0 <1.0 <1.0 9.0 3.8 <1.0 2.7 8.9
Tin mg/kg <1.0 <10 <10 <10 <10 <10 <10
Uranium mg/kg 1.1 1.4
Vanadium mg/kg 18 21 23.4 12.9 5.6 10.5 13.1
Zinc mg/kg 368 320 490 490 <50 <50 <50 <50
Strontium mg/kg 55.3 188
Magnesium mg/kg 2530 1130
Potassium mg/kg 500 430
Sulfur mg/kg 22000 22000
Arsenic mg/kg 48 29.1 35.1 36.0 54.4 6.9 35.3 33.1
Selenium mg/kg 2.7 2.2 2.0 5.3 1.2 3.1 3.7
Mercury mg/kg 1.4 1.76 1.19 0.5 <0.5 1.17 0.45

% Moisture % 38 40 53 49.8 8.8 1.6 4.0 3.9
Cyanide - Free mg/kg 6.1 30.8 8.8 <0.4 <0.4 <0.4
Phenolics Total mg/kg nd 21 11.8 1.4 0.6 0.9 <0.5

Note:   Bold = TDP Soil Criteria Exceedence
(1) Includes several compounds besides the TDP list
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Table 6-1:  Solids Characterization Results for Colmac Demonstration

Description: 

Description: 
Sample ID: 
Sampler: 
Audit Of: 

Tracking #: 
PAH

Naphthalene mg/kg
2-Methylnaphthalene mg/kg
1-Methylnaphthalene mg/kg
Acenaphthylene mg/kg
Acenaphthene mg/kg
Fluorene mg/kg
Phenanthrene mg/kg
Anthracene mg/kg
Fluoranthene mg/kg
Pyrene mg/kg
Benzo(a)anthracene mg/kg
Chrysene mg/kg
Benzo Fluoranthene mg/kg
Benzo(a) pyrene mg/kg
Perylene mg/kg
Indeno (1,2,3-cd) pyrene mg/kg
Dibenz(a,h,) anthracene mg/kg
Benzo(g,h,i) perylene mg/kg

TOTAL PAH (1)

PCB mg/kg

BTEX / TPH
Benzene mg/kg
Toluene mg/kg
Ethylbenzene mg/kg
Total Xylenes mg/kg
C6-C10 Hydrocarbons mg/kg
>C10 - C21 Hydrocarbons mg/kg
>C21 to C32 Hydrocarbons mg/kg
Modified TPH mg/kg

Dioxins/Furans pg/kg

Metals
Aluminum mg/kg
Antimony mg/kg
Barium mg/kg
Beryllium mg/kg
Boron mg/kg
Cadmium mg/kg
Chromium mg/kg
Cobalt mg/kg
Calcium mg/kg
Copper mg/kg
Iron mg/kg
Lead mg/kg
Manganese mg/kg
Molybdenum mg/kg
Nickel mg/kg
Silver mg/kg
Sodium mg/kg
Thallium mg/kg
Tin mg/kg
Uranium mg/kg
Vanadium mg/kg
Zinc mg/kg
Strontium mg/kg
Magnesium mg/kg
Potassium mg/kg
Sulfur mg/kg
Arsenic mg/kg
Selenium mg/kg
Mercury mg/kg

% Moisture %
Cyanide - Free mg/kg
Phenolics Total mg/kg

Note:   Bold = TDP Soil Criteria Exceedence
(1) Includes several compounds besides the TD

Fly Ash Composite Bottom Ash Composite Combined Bottom and Fly Ash

Runs 2 and 3 Runs 2 and 3 Runs 2 and 3
Fly Ash CO-5-BT Bottom Ash CO-6-BT Combined Ash CO-7-BT

TDP Colmac DPC Colmac DPC Colmac DPC
Soils - Fly Ash - Bottom Ash - Combined Ash

Criteria CRI#FA9/FAD10 9952465-02 CRI#BA11/BAD12 9952465-03 CRI#CA13/CAD13 9952465-05

22 0.54 0.55 <0.05 <0.05 0.38 0.21
- 0.05 - <0.05 - <0.05
- 0.11 - <0.05 - 0.07

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05

50 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05

100 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

- <0.05 - <0.05 - <0.05
10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05

0.5 0.7 <0.05 <0.05 0.4 <0.05

33 <1 <1 <1 <1 <1 <1

5 10 7.0 <0.005 <0.005 3.2 2.1
20 2 1.9 <0.018 <0.018 0.65 0.42
20 0.17 0.17 <0.008 <0.008 0.06 0.050
20 0.38 0.40 <0.059 <0.059 0.15 0.13

<1.7 <3.4 <1.7 <1.7 <1.7 <1.7
5.9 8.1 8.4 36 <5 9.0
<12 <12 <12 <12 <12 <12
5.9 8.1 8.4 36 ND 9.0

4 4 5.3

21000 33900 3510 3850 12000 12200
40 <1.0 <1.0 <1.0 <1.0 <1.0 <1.00
2000 300 430 40 60 170 157
8 2.6 2.9 <1.0 <1.0 1.6 1.36

50 <20 26.4
22 <0.6 <0.6 <0.6 <0.6 <0.6 <0.600
87 24.7 33.8 29.4 28.4 22.1 26.8
300 9.2 10.4 11.1 10.6 7.7 7.99

104000 233000 168000
91 40 40 <10 <10 20 17.0

54200 29500 14100 10500 19500 17800
600 40.1 57.3 4.5 6.9 19.6 20.8

370 550 478
4.1 5.1 1.3 1.5 2.9 3.00

50 36.4 43.0 183 179 77.2 92.0
40 2.3 3.7 <1.0 2.8 1.1 1.30

760 <350 <350
1 6 9.4 <1.0 1.1 2.7 2.62
300 <10 <10 <10 <10 <10 <10.0

2.7 2.4 2.27
130 42.7 53.4 9.6 13.0 26.1 25.7
360 100 90 <50 <50 70 <50.0

348 327 296
3440 16700 11400
4590 670 1780
31000 34000 31100

12 85.4 64.9 47.2 32.6 64 44.0
10 5 5.1 1.3 1.2 3 2.40
50 1.92 1.91 <0.05 <0.05 0.6 0.46

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5
8 <0.4 7.2 <0.4 <0.4 <0.4 <0.4

<0.05 0.6 <0.05 <0.5 <0.05 <0.5
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Table 6-1:  Solids Characterization Results for Colmac Demonstration

Description: 

Description: 
Sample ID: 
Sampler: 
Audit Of: 

Tracking #: 
PAH

Naphthalene mg/kg
2-Methylnaphthalene mg/kg
1-Methylnaphthalene mg/kg
Acenaphthylene mg/kg
Acenaphthene mg/kg
Fluorene mg/kg
Phenanthrene mg/kg
Anthracene mg/kg
Fluoranthene mg/kg
Pyrene mg/kg
Benzo(a)anthracene mg/kg
Chrysene mg/kg
Benzo Fluoranthene mg/kg
Benzo(a) pyrene mg/kg
Perylene mg/kg
Indeno (1,2,3-cd) pyrene mg/kg
Dibenz(a,h,) anthracene mg/kg
Benzo(g,h,i) perylene mg/kg

TOTAL PAH (1)

PCB mg/kg

BTEX / TPH
Benzene mg/kg
Toluene mg/kg
Ethylbenzene mg/kg
Total Xylenes mg/kg
C6-C10 Hydrocarbons mg/kg
>C10 - C21 Hydrocarbons mg/kg
>C21 to C32 Hydrocarbons mg/kg
Modified TPH mg/kg

Dioxins/Furans pg/kg

Metals
Aluminum mg/kg
Antimony mg/kg
Barium mg/kg
Beryllium mg/kg
Boron mg/kg
Cadmium mg/kg
Chromium mg/kg
Cobalt mg/kg
Calcium mg/kg
Copper mg/kg
Iron mg/kg
Lead mg/kg
Manganese mg/kg
Molybdenum mg/kg
Nickel mg/kg
Silver mg/kg
Sodium mg/kg
Thallium mg/kg
Tin mg/kg
Uranium mg/kg
Vanadium mg/kg
Zinc mg/kg
Strontium mg/kg
Magnesium mg/kg
Potassium mg/kg
Sulfur mg/kg
Arsenic mg/kg
Selenium mg/kg
Mercury mg/kg

% Moisture %
Cyanide - Free mg/kg
Phenolics Total mg/kg

Note:   Bold = TDP Soil Criteria Exceedence
(1) Includes several compounds besides the TD

CCME
Industrial

Soils
Criteria

22

50

100
10

10
10

10
10

33

5
20
20
20

40
2000
8

22
87
300

91

600

50
40

1
300

130
360

12
10
50

8
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Table 6-2:  TCLP and CGSB Leachate Analyses for Colmac Demonstration

Description: Combined Bottom and Fly Ash Combined Bottom and Fly Ash
Description: TCLP Analysis CGSB Analysis
Sample ID: Combined Ash CO-7-BT Combined Ash CO-7-BT
Sampler: Colmac DPC TCLP Colmac DPC CGSB

Audit Of: - Combined Ash Leachate - Combined Ash Leachate
Tracking #: CRI#CAT 1,2,3 9952465-05 Criteria CRI#CAG 1,2,3 9952465-05 Criteria

PAH
Naphthalene ug/l <0.03 <0.03 <0.03 <0.03
2-Methylnaphthalene ug/l <0.03 <0.03
1-Methylnaphthalene ug/l <0.03 <0.03
Acenaphthylene ug/l <0.03 <0.03 <0.03 <0.03
Acenaphthene ug/l <0.03 <0.03 <0.03 <0.03
Fluorene ug/l <0.03 <0.03 <0.03 <0.03
Phenanthrene ug/l <0.03 <0.03 <0.03 <0.03
Anthracene ug/l <0.03 <0.03 <0.03 <0.03
Fluoranthene ug/l <0.03 <0.03 <0.03 <0.03
Pyrene ug/l <0.03 <0.03 <0.03
Benzo(a)anthracene ug/l <0.03 <0.03 <0.03 <0.03
Chrysene ug/l <0.03 <0.03 <0.03 <0.03
Benzo Fluoranthene ug/l <0.06 <0.06 <0.06 <0.06
Benzo(a) pyrene ug/l <0.01 <0.01 1 <0.01 <0.01
Perylene ug/l <0.03 <0.03 <0.03
Indeno (1,2,3-cd) pyr ug/l <0.03 <0.03 <0.03 <0.03
Dibenz(a,h,) anthrace ug/l 0.05 <0.03 0.04 <0.03
Benzo(g,h,i) perylene ug/l 0.04 <0.03 <0.03 <0.03

PCB               ug/l <0.001 <1 <0.001 <1

BTEX / TPH
Benzene mg/l <0.005 <0.005 0.5 <0.001 <0.005
Toluene mg/l <0.005 <0.005 <0.001 <0.005
Ethylbenzene mg/l <0.005 <0.005 <0.001 <0.005
Total Xylenes mg/l <0.005 <0.005 <0.002 <0.005
C6-C10 as Gasoline mg/l <0.03 <0.03 <0.05 <0.03
>C10-C21 as Diesel mg/l <0.12 <0.12 <0.05 <0.12
>C21-C32 as Lube mg/l <0.4 <0.4 <0.51 <0.4
Total TPH mg/l - - - -

Dioxins/Furans ng/l Units 0.005 0.005

Metals
Aluminum mg/l <0.02 <0.02 <0.02 <0.02
Antimony mg/l <0.0004 <0.0004 0.0056 0.0037
Arsenic mg/l 0.0053 0.0133 2.5 0.0106 0.0099 5
Barium mg/l 0.665 0.410 100 0.515 0.529 100
Beryllium mg/l <0.0005 <0.0005 <0.0005 <0.0005
Boron mg/l <0.10 500 <0.1 500
Cadmium mg/l <0.0003 <0.0003 0.5 <0.0003 <0.0003 0.5
Calcium mg/l 3600 3020
Chromium mg/l 0.002 <0.002 5 0.012 0.013 20
Cobalt mg/l 0.002 0.004 0.002 0.002
Copper mg/l <0.002 <0.002 <0.002 <0.002
Iron mg/l <0.10 <0.10 0.17 0.1
Lead mg/l <0.001 <0.001 5 0.004 0.003 5
Lithium mg/l <0.001 0.010
Magnesium mg/l 0.10 0.07
Manganese mg/l <0.004 <0.004
Mercury mg/l 0.0019 0.0022 0.1 0.0011 0.0003 0.1
Molybdenum mg/l 0.096 0.072 0.098 0.099
Nickel mg/l 0.014 0.050 0.018 0.017
Potassium mg/l <0.6 1.3
Selenium mg/l 0.046 0.058 1 0.022 0.021 1
Silver mg/l <0.002 <0.002 5 <0.002 <0.002 2
Sodium mg/l <0.3 0.4
Strontium mg/l 6.27 7.19
Sulfur mg/l 474 631
Thallium mg/l <0.0008 <0.0008 <0.0008 <0.0008
Tin mg/l <0.02 <0.02 <0.02 <0.02
Uranium mg/l 0.00024 2 <0.00015 2
Vanadium mg/l 0.007 0.005 0.011 0.010
Zinc mg/l 0.003 <0.002 0.003 0.003

Cyanide - Free mg/l <0.02 <0.02 <0.02 <0.02 20
Phenolics Total mg/l <0.05 <0.05 <0.05 <0.05



Table 6-3:  Stack Gas Results for Colmac Demonstration

Description: Stack Gas Sampling
Description: Runs 1, 2 and 3 Stack
Sample ID: Stack Gas Stack Gas Gas
Sampler: Colmac DPC Release

Audit Of: - - Limits
Tracking #: (2001)

PAH
Naphthalene ug/m³ 0.089
Acenaphthylene ug/m³ <0.10
Acenaphthene ug/m³ <0.10
Fluorene ug/m³ <0.10
Phenanthrene ug/m³ 1.1
Anthracene ug/m³ 0.42
Fluoranthene ug/m³ 2.4
Pyrene ug/m³ 2.9
Benzo(a)anthracene ug/m³ 0.59
Chrysene ug/m³ 0.97
Benzo Fluoranthene ug/m³ 0.79
Benzo(a) pyrene ug/m³ 0.12
Indeno (1,2,3-cd) pyrene ug/m³ 0.16
Dibenz(a,h,) anthracene ug/m³ 0.042
Benzo(g,h,i) perylene ug/m³ 0.13

Total PAHs as benzo(a) pyrene ug/m³ - 5

PCB ug/m³ <0.20 1

BTEX / TPH
Benzene ug/m³ 60.5 133
Toluene ug/m³ 8 7.5
Ethylbenzene ug/m³ 0 0.0
Total Xylenes ug/m³ 1.09 1.22
TOTAL TPH (as CH4) ug/m³ 0 0.0 33

Dioxins/Furans ng/m³ 0.0004 0.08

Metals
Aluminum ug/m³ 431 534 NA
Antimony ug/m³ 0.059 0.053 *
Barium ug/m³ 7.8 10.0 NA
Beryllium ug/m³ 0.06 0.03 50
Boron ug/m³ 5.1
Cadmium ug/m³ 0.19 0.16 50
Chromium ug/m³ 0.93 0.00 50
Cobalt ug/m³ 0.16 0.15 *
Copper ug/m³ 0.99 1.62 *
Iron ug/m³ 389 488 NA
Lead ug/m³ 0.91 1.07 100
Lithium ug/m³ 0.49
Molybdenum ug/m³ 0.15 8.83 NA
Nickel ug/m³ 1.7 1.99 50
Silver ug/m³ not tested 0.00 *
Thallium ug/m³ not tested 0.06 *
Tin ug/m³ not tested 14.9 *
Uranium ug/m³ 0.17
Vanadium ug/m³ 0.84 0.83 *
Zinc ug/m³ 9.2 10.6 50
Strontium ug/m³ 3.7
Magnesium ug/m³ 53.4
Sulfur ug/m³ 154,882
Arsenic ug/m³ 1.06 0.82 50
Selenium ug/m³ 0.31 0.24 *
Mercury ug/m³ 0.042 20

Total of *s 2.36 17.8 500

Hydrogen Chloride (HCl) mg/m³ 0.79 - 10
Carbon Monoxide (CO) mg/m³ 1868 - 57
Sulfur Dioxide (SO2) mg/m³ 915.8 -
Nitrogen Oxide (NOx) mg/m³ 327.8 -
Particulate Matter mg/m³ 3.08 - 10

Notes:   *  A total of 500 ug/m3 for all metals identified by an *



 

Table 6-4: Cost Information Summary for Field Demonstration 

Proponent Name: - Colmac Resources, Inc. Please enter Yes or No:  Please add brief comments/explanations: 

 Costs  Included for:  

 Low PCB 
Sediment 

High PCB 
Sediment  

Basic information:     
Total Cost - CAN $ 633,500  Yes  Tonnage treated 3500, Cost CAN $181/tonne  
Cost Items:    
Engineering, permitting, etc Yes   
Mobilization No  $25,000 
Excavation/Dredging of Sediment Yes   
De-watering Sediment Yes   
Transportation of sediment Yes   
Site Preparation and Construction Yes   
Capital Costs for Main Treatment Technology(s) Yes   
Capital Costs for Supplemental Treatment Technology(s) Yes   
Commissioning Main Treatment Technology(ies) Yes   
Commissioning Supplemental Treatment Technology(s) Yes   
Operating and Maintenance Costs (inc. all treatment) Yes   
Utilities Costs Yes   
Analytical Costs No   
Reporting and Management Costs Yes   
Travel and Related Expenses Yes   
Disposal of Treated Sediment Yes   
Disposal of Other Wastes No   
Any others (please specify)    
Demobilization No   



 

DEFINE MAIN AND PERIPHERAL TECHNOLOGIES 
 
CRI will form a joint team using local Cape Breton individuals or companies to prepare fuel for use at the CRI power plants or for 
use at Canadian power plants.  A fuel preparation facility will be installed adjacent to the existing incinerator fuel storage 
pits/water treatment system.  Only tar pond sediment containing levels lower than 50ppm will be utilized as supplemental fuel at 
power plants.  Any PCB waste containing levels greater than 50ppm (65,000 tonnes) will be shipped off site for disposal at 
approved PCB destruction facilities.  Tar pond sediments will be mechanically removed from the ponds and transported in sealed 
trucks to the fuel processing facility.  At the fuel-processing center, the trucks will be unloaded into the incinerator fuel storage 
pits.  Treatment will consist of dewatering/drying of the sediments in enclosed buildings.  The buildings may be operated under 
negative air pressure, treating all air exiting the building if required. The existing water treatment plant will be utilized to treat the 
contaminated water separated during the dewatering process.  Finished fuel (dewatered product) will be loaded into railroad cars 
or trucks, tarped, and shipped to the power plants 

 All or a portion of the steps will include the following: 

• Dredging – Sediments will be dredged from the tar ponds using an excavator/gradall or by modifying the existing dredge boat 
or using a new dredge boat.  The dredge will be capable of pumping or conveying dredged material to shore.  A truck loading 
station will receive and store pumped/conveyed material. 

• Truck Loading - At the truck loading station, trucks will be top loaded directly along the shore adjacent to the tar ponds.  The 
truck will be tarped or covered after loading.  The loaded truck will then proceed to the fuel-processing center. 

• Fuel Processing Center - Sludge trucks will deliver waste to the fuel processing plant truck receiving area.  The waste will be 
emptied into a sludge pit.  Sludge will be hoisted from the sludge pit using a clam shell bucket crane.  The sludge will be 
dropped into a dewatering screw conveyor, which transports the sludge to a dewatering screen.  Excess water will be removed 
by the dewatering screw feeder and the dewatering screen.  After dewatering, the dry sludge (20% moisture) will be sized and 
stockpiled.  The stockpiled finished product will be loaded into railroad cars or trucks and tarped.  The railroad cars or trucks 
are sent to power plants, which will utilize the dried sediment as alternative fuel.  



 

Table 6-5: Cost Information Summary for Full-Scale Clean-up 

Proponent Name: - Colmac Resources, Inc  Please enter Yes or No:  Please add brief comments/explanations: 

 Costs  Included for:  

 Low PCB 
Sediment 

High PCB 
Sediment  

Basic information:     
Total Cost - CAN $ 117,059,510.00 Yes  Tonnage treated 650kt, Cost CAN $/180.09tonne  
Cost Items:    
Engineering, permitting, etc Yes   
Mobilization No  $250,000.00 
Excavation/Dredging of Sediment Yes   
De-watering Sediment Yes   
Transportation of sediment Yes   
Site Preparation and Construction Yes   
Capital Costs for Main Treatment Technology(s) Yes   
Capital Costs for Supplemental Treatment Technology(s) Yes   
Commissioning Main Treatment Technology(ies) Yes   
Commissioning Supplemental Treatment Technology(s) Yes   
Operating and Maintenance Costs (inc. all treatment) Yes   
Utilities Costs Yes   
Analytical Costs No   
Reporting and Management Costs Yes   
Travel and Related Expenses Yes   
Disposal of Treated Sediment Yes   
Disposal of Other Wastes No   
Any others (please specify)    
Demobilization No   
 



 

DEFINE MAIN AND PERIPHERAL TECHNOLOGIES 
 
CRI will form a joint team using local Cape Breton individuals or companies to prepare fuel for use at the CRI power plants or for 
use at Canadian power plants.  A fuel preparation facility will be installed adjacent to the existing incinerator fuel storage 
pits/water treatment system.  Tar pond sediment will be segregated according to the level of PCB contamination for two separate 
disposal options.  PCB waste containing levels lower than 50ppm (650,000 tonnes) will be utilized as supplemental fuel at power 
plants.  PCB waste containing levels greater than 50ppm (65,000 tonnes) will be shipped off site for disposal at approved PCB 
destruction facilities.  Tar pond sediments will be mechanically removed from the ponds and transported in sealed trucks to the 
fuel processing facility.  At the fuel processing center, the trucks will be unloaded into the incinerator fuel storage pits.  Treatment 
will consist of dewatering/drying of the sediments in enclosed buildings.  The buildings may be operated under negative air 
pressure, treating all air exiting the building if required. The existing water treatment plant will be utilized to treat the 
contaminated water separated during the dewatering process.  Finished fuel (dewatered product) will be loaded into railroad cars 
or trucks, tarped, and shipped to the power plants 

 All or a portion of the steps will include the following: 

• Dredging – Sediments will be dredged from the tar ponds using an excavator/gradall or by modifying the existing dredge boat 
or using a new dredge boat.  The dredge will be capable of pumping or conveying dredged material to shore.  A truck loading 
station will receive and store pumped/conveyed material. 

• Truck Loading - At the truck loading station, trucks will be top loaded directly or from a small storage silo located along the 
shore adjacent to the tar ponds.  The truck will have a hydraulic slide gate or cover system located on top of the truck, which 
can be activated by the truck driver.  The loaded truck will then proceed to the fuel processing center. 

• Fuel Processing Center - Sludge trucks will deliver waste to the fuel processing plant truck receiving area.  The waste will be 
emptied into a sludge pit.  Sludge will be hoisted from the sludge pit using a clam shell bucket crane.  The sludge will be 
dropped into a dewatering screw conveyor, which transports the sludge to a dewatering screen.  Excess water will be removed 
by the dewatering screw feeder and the dewatering screen.  After dewatering, the dry sludge (20% moisture) will be sized and 
stockpiled.  The stockpiled finished product will be loaded into railroad cars or trucks and tarped.  The railroad cars or trucks 
are sent to power plants, which will utilize the dried sediment as alternative fuel.  The anticipated volume of dry fuel needed 
will be approximately 250 - 400 tonnes per day.       

 



 

 

 



 

Figure 4-1: Schematic of CFB Pilot Plant at CETC Facility 

Source The Colmac Final Report, May 2002 
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