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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 bench-scale demonstration 
undertaken by UMATAC Industrial Processes (UMATAC) of the Alberta Taciuk Process 
(ATP) to treat South Pond sediments contaminated with both high and low levels of PCB. 

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 (31) 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, fourteen (14) proponents were invited to submit technical and cost 
proposals for the bench-scale work. By the March 28, 2001 RFP deadline, twelve (12) 
proponents had submitted proposals. Nine (9) 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 (6) proponents completed seven 
bench-scale demonstrations. Table 1-1 presents the 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 UMATAC bench-scale test and 
provide an evaluation of the Alberta Taciuk Process (ATP) for treating Sydney Tar Ponds 
sediment, albeit at a limited scale.  The Summary Report, volume number one, provides a 
concise summary of all the bench-scale demonstrations and their evaluation.  As shown in 
Table 1-1, each of the seven bench-scale tests is presented in a separate stand-alone report. 

An evaluation of the UMATAC bench demonstration is presented herein as follows: 

Section 1: TDP introduction, background, and sediment collection. 
Section 2: Description and experience of UMATAC 
Section 3: Technical description the ATP treatment process 
Section 4: Summary of the UMATAC bench 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 

- 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: 

o Toxicity Characteristic Leaching Procedure (TCLP) – EPA Solid Waste 
Method 1311. 
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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 
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). 



 
 

Page 4 

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. 

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 
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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 UMATAC bench 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 
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 
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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. 

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 
Environment, and a borehole program undertaken by Vaughan, both in 2000, confirmed 
historical analytical findings that the contaminated zone of sludge/sediment contained 
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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 cope with the physical variations. 

The primary target compounds for treatment were PAH and PCB, secondarily BTEX 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 a 
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 
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. 
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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. 

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). 

 



 

 

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 Du
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
Benzo(a)anthracene 210.0 360.0 160.0 210.0 190.0 170.0 270.0 280.0
Benzo(a)pyrene 220.0 240.0 170.0 250.0 210.0 180.0 300.0 320.0
Benzo Fluoranthene 430.0 460.0 350.0 470.0 410.0 360.0 590.0 590.0
Dibenz(a,h) anthracene 35.0 37.0 29.0 40.0 33.0 30.0 52.0 50.0
Indeno (1,2,3-cd) pyrene 170.0 190.0 140.0 210.0 170.0 150.0 270.0 260.0
Napthalene 360.0 360.0 380.0 370.0 400.0 410.0 480.0 450.0
Phenanthrene 530.0 540.0 450.0 500.0 510.0 490.0 620.0 650.0
Pyrene 500.0 520.0 390.0 470.0 460.0 420.0 600.0 630.0

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

   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.



Table 1-10: Inorganic and PCB Results for Individual Drums

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
(mg/kg)

Iron 26,400 32,600 30,000 24,200 29,200 27,600 21,200 31,400 32,700 33,200
Cadmium 0.9 1.1 1.0 0.7 0.9 0.9 1.0 1.2 1.1 1.2
Chromium 23.3 29.3 28.5 22.3 26.2 24.1 18.3 26.4 28.9 32.0
Copper 100 110 110 90 110 120 110 120 130 150
Lead 200 242 212 174 207 196 163 214 217 218
Thallium <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.1 <1.0 <1.0
Vanadium 16.1 19.5 19.1 15.5 17.2 17.5 23.6 20.6 22.6
Zinc 320 440 370 300 380 350 320 360 380 410
Arsenic 46.8 58.8 51.3 41.7 51.8 41.9 29.1 43.8 51.1 48.0

PCB 3.1 3.0 2.9 2.7 2.9 1.8 3.0 2.7 2.5 3.8

% Moisture 39.2 38.9 34.9 39.1 36.0 39.4 40.1 39.2 39.8 40.6

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
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2. PROPONENT DESCRIPTION AND EXPERIENCE 

2.1 Proponent and Proponent History 

UMATAC Industrial Processes is a division of UMA Engineering Ltd, a large, diversified 
and privately owned Canadian engineering company established in 1911.  UMATAC has 
been in operation since 1974 and is the developer and supplier of the Alberta Taciuk Process 
(ATP) and also the licensor for use of the ATP in industrial applications in the 
environmental field.  UMATAC is located at the following address: 

UMATAC Industrial Processes  
2540 Kensington Road  
Calgary, Alberta  
T2N 3S3 

2.2 Proponent Experience with Selected Technology 

UMATAC originally developed the ATP to produce oil from the Athabasca oil sands in 
Alberta.  They currently have a 210 tonne/hr unit operating at the Stuart Oil Shale Project in 
Australia.  Having developed the technology, they have a long history with the technology 
and its various applications having undertaken over 3500 bench scale tests on various media. 
The technology was tested by UMATAC on PCB contaminated sediments beginning in 
1989 and has been commercially applied at two US Superfund sites for the remediation of 
PCB contaminated soils - Wide Beach and Waukegan Harbour.  
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3. TECHNOLOGY DESCRIPTION 
. The ATP system is comprised of four main components: 

1. The ATP Processor is an indirectly heated rotating thermal processing unit that 
operates in the absence of oxygen to separate the water and organic 
contaminants from the soil or sediments.  

2. The vapour recovery system that receives and condenses the vapours from the 
Processor. 

3. The flue gas treatment system, which cleans Processor combustion gases 
suitable for release to the atmosphere. 

4. Auxiliary equipment, utilities and services to handle the materials and supply 
the Process System. 

 
The Processor is a multi-chambered kiln, as shown in Figure 3-1, that incorporates 
individual compartments or “zones” to perform the processing steps needed to separate 
constituents of the feed and recover the product streams.  These zones are: 
 

• The Preheat Zone in which slurried feed is heated under an inert atmosphere to 
approximately 200 °C to vaporize the water and light hydrocarbons from the feed.  
The resulting steam and organic vapours are condensed externally and the light 
hydrocarbons are recovered. 

. 
•   The Reaction/Retort Zone is a pyrolytic (high temperature, no oxygen) zone in which 

the pre-heated feed is mixed with hot recycled solids (650°C) from the Combustion 
Zone to produce a temperature of 500 to 600°C.  At these temperatures the organics 
thermally crack yielding a recoverable hydrocarbon vapour product and carbon-
coated sand or solids particles.  The hydrocarbon vapour product is extracted from 
the Processor and condensed externally, yielding a product oil. 

 
•   The Combustion Zone receives the pyrolyzed solids from the Reaction Zone.  Air is 

introduced to burn the carbon from the carbon-coated solids, raising the temperature 
of the solids (700-750°C).  A portion of the hot solids is recycled to the pyrolysis 
zone and the rest of the hot solids and combustion gases flow to the Cooling Zone. 

 
•   The Cooling Zone in which the temperatures of the hot solids and flue gases are 

reduced by direct transfer of heat to the steel shell of the preheat chamber. Clean, 
processed solids (tailings) are discharged from the Processor.  Externally, they are 
quenched and available for landfill disposal.  Flue gases are discharged to the Flue 
Gas Treatment System. 

 
A photograph of UMATAC’s 10 tonne/hr full-scale unit that was licensed to Soil Tech 
ATP Systems Inc. for use at the US Superfund sites is shown in Figure 3-2. 
 



Figure 3-1 ATP Internal Process Flows   
(Source: UMATAC WorkPlan, 2002) 

 
 

 
Figure 3-2 Soil Tech 10 tonne/hr ATP Plant at Waukegan 
Harbour(Source: UMATAC Expression of Interest) 
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4. BENCH DEMONSTRATION 
UMATAC reported results of their bench-scale demonstration on the Sydney Tar Pond 
sediment in a report that fulfilled the requirements of the RFP/Contract entitled; “Bench 
Scale Demonstration of the Alberta Taciuk Process, Technical Report, Revision 2 Sydney 
Tar Ponds, Sydney, Nova Scotia” dated May 4, 2002 (the UMATAC Final Report). The 
UMATAC Final Report is summarized below, and is presented as Appendix A. 

Before bench testing commenced, a work plan was developed by UMATAC and approved 
by the DPC. The UMATAC Work Plan entitled, “Work Plan for Bench Scale Demonstration 
of Treatment /Remediation Technology, The Alberta Taciuk Process (ATP) for the 
Technology Demonstration Program Sydney Tar Ponds Sediments” and dated January 31, 
2002 (the Work Plan) is included in Appendix A of the UMATAC Final report. 

4.1 Bench Demonstration Program 

4.1.1 Study Objectives 

The main objectives of this demonstration program for the ATP process were: 

• To investigate the treatability of two different sediment types using the ATP batch 
scale testing apparatus. 

• To perform mass balances of the ATP batch unit process streams and use the 
materials of the product streams (feeds and treatment products) to investigate the 
fates of selected environmental contaminants from processing in the ATP. 

• To prepare a conceptual process flow diagram for the ATP treatment of the 
sediments.  

• To prepare a scale-up to commercial scale of the ATP System for the treatment of 
the Tar Ponds sediment with descriptions and preliminary cost estimates for field 
trials and full scale clean-up. 

 
4.1.2 Bench Test Facility and Analytical Laboratory 

The bench tests were conducted at UMATAC’s pilot plant laboratory located at 6727 – 114 
Av. SE, Calgary, Alberta under the direction of J. F. Riverin, P.Eng., Senior Process 
Engineer.  The laboratory is dedicated to bench and pilot scale testing of the ATP on various 
wastes.  An associated on-site analytical laboratory, Chiral Environmental Technologies Inc, 
performed the analysis on samples from the pre-audit test runs.  Chiral is not a CAEAL 
accredited laboratory, however they have a long history analyzing samples from the ATP 
systems and have developed methods to offer UMATAC economical quick turn-around 
results. 
 
Analytical testing for UMATACs audit runs was completed by Philip Analytical Services in 
Bedford, Nova Scotia.  Philip is CAEAL accredited for all of the analytical parameters 
required for the bench demonstration.  Analytical methods are shown in Table 4-1. 
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4.1.3 Sydney Tar Pond Sediment Delivery and Storage 

UMATAC’s bench-scale demonstration was conducted on two sediment samples; one high 
in PCBs and one low in PCBs. Vaughan Engineering delivered two drums of Sydney Tar 
Ponds sediment to the UMATAC laboratory facility on December 7, 2001.  There was 
approximately 107 kg of low PCB sediment in one drum and 136 kg of high PCB sediment 
in the second.  The drums were stored at room temperature in the receiving area of the main 
pilot plant workshop until early January 10th at which time they were stored in an adjacent 
building at 0 to 4 °C. 

4.2 Bench Test Program 

4.2.1 Apparatus 

A flow diagram of the bench scale set-up is shown in Figure 4-1.  The key process streams are 
identified by number on the flow diagram and described in Table 4-2. The main components of 
the system are the ATP batch Retort Unit (Photo 4-1), a vapour condensing /cooling 
recovery system (Photo 4-2) and a non-condensable gas handling system (Photo 4-3).  The 
following descriptions are extracted from the UMATAC Work Plan. 

ATP Retort Unit 
The retort unit is a rotating vessel that is 483 mm (19") in diameter and 254 mm (10") wide.  
The unit is rotated at speeds ranging from 0.5 to 8 rpm by a variable frequency drive system 
and is electrically heated by 6 kW of heater capacity installed on the outside of the steel 
shell.  A thick layer of insulation covers all hot surfaces, and this in turn is enclosed within a 
stainless steel shell.  Thermocouples are located throughout the system to measure the retort 
unit bed, shell and vapour temperatures as well as the liquid and cooled gas temperatures.  A 
series of slip rings is used to provide electric power to the heaters and to obtain the 
thermocouple output readings that are recorded on the chart recorder. A threaded pipe nipple 
and cap are used for feed and discharge access to the drum. 
 
Vapour Condensing/Cooling System 
 
Hot vapours produced in the retort unit flow through the vapour pipe, rotary seal, and then to 
the primary inclined condenser.  The jacketed condenser is externally cooled by water 
circulation with a temperature adjustment capability for optimum condensing conditions.  
Condensed liquids drain by gravity to a graduated liquid condensate trap, or reservoir.  A 
secondary, vertically oriented, condenser located after the condensate trap captures any 
vapours that were not previously condensed.  The reservoir is equipped with a drainage 
valve to enable removal of condensed liquids during the test without interruption of the test. 
 
Incondensable vapours pass through PVC tubing to a filtering flask (impinger) where mists 
or aerosols are trapped to prevent fouling of the gas meter.  Vapours that pass through the 
impinger are then measured by the wet gas flow meter and finally discharged into a gas 
collection bag.  At the completion of a test, the gases (or sample of) are drawn from the bag 
with the vacuum pump into a gas sample cylinder from which the gas may be injected into a 
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gas chromatograph for analysis.  The PVC tubing is replaced after every few tests, between 
tests on different feedstocks, and before combustion tests to prevent cross-contamination of 
samples. 
 
Purge Gas System 
 
A centrally located pipe, passing through the drive assembly of the reactor, provides a 
means of injecting purge gas into the retort unit.  The purge gas, normally nitrogen but 
helium is sometimes used, passes through a rotameter to regulate the flow, and then through 
a rotating seal and into the retort feed pipe.  Steam or air may also be used as a purge gas, 
depending upon the requirements of the test(s). 
 
Feed Addition/Discharge Port 
 
A 203 mm diameter pipe cap and nipple is used for access to the retort unit.  This cap is 
fitted with a graphite gasket 3 mm (1/8") thick x 146 mm (5¾") ID x 197 mm (7¾") OD 
which is used to prevent leakage of vapours from the unit.  This gasket is replaced after 
every test. 
 
Carbon Filter System 
 
The test equipment includes two carbon filters connected in series, which are used to filter 
contaminants from the gases before they are released to atmosphere.  Retort gases generated 
during the test are discharged through these filters at the completion of the test after the gas 
sample has been taken from the gas collection bag.  If it is necessary to empty the gas 
collection bag during the test, the retort gases originating from the test unit, and those 
already collected and held in the gas bag, may be simultaneously but independently filtered 
and discharged to atmosphere through the two carbon filters as shown in Figure 4-1. 
 
Water Cooling System  
 
A water cooling system is provided for condensing of hot retort vapours by indirect contact 
heat transfer in the primary and secondary condensers.  Both hot and cold water are 
available for cooling and are used depending on the specific characteristics of the recovered 
hydrocarbon material.  For instance, highly viscous hydrocarbons will require cooling with 
hot water in the primary inclined condenser to prevent plugging of the condenser. 
 
The Controls and Recording Equipment 
 
A programmable indicating process controller for control of retorting temperature and 
temperature ramp rate provides temperature control to the unit. Thermocouples placed 
throughout the system measure temperature of the retort unit shell, hot bed and retort 
vapour.  The thermocouple readings are transmitted through the slip rings to the 20-point 
microprocessor-based chart recorder Surplus channels provide the flexibility of recording 
additional information on the chart recorder, such as system pressure, retort gas volume 
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make, liquid volume make, or retort and combustion gas components if online gas analyzers 
are available. 
 
Batch Combustion Test Apparatus 
 
A combustion test is performed in the same retort unit on the coked solids product from the 
pyrolysis testing.  Combustion air is injected to the unit via the purge gas line, and the 
injection rate is controlled with a rotameter.  The source of the combustion air may be either 
a compressed gas cylinder or an air compressor.   
 

4.2.2 Study Approach and Sampling Plan 

 
UMATAC tested both the low PCB sediment and the high PCB sediment.  The study 
approach consisted of the following three phases: 

• Initial mixing of the individual drummed samples and subsampling for 
characterization. 

• Batch test scoping studies. 
• Optimized audit runs. 

 
Initial Mixing 
 
Both the low and the high PCB sediments were mixed in their shipping drums with an 
electric drill fitted with a concrete mixer until homogenized.  Subsamples were then taken 
for characterization.  The remaining sediment was left to settle and the free water removed 
prior to a 20 L sample of each sediment being taken for the batch scoping tests. 
 
Batch Scoping Tests 
 
UMATAC performed six scoping tests on each sediment, five pyrolysis tests and one 
combustion test (Table 4-3).  The purpose of theses tests was to provide basic 
characterization and processing data to determine the optimum conditions for the audit test.  
The factors investigated in the scoping tests were: gravity dewatering of the sediments, 
sediment/sand ratio for acceptable handling, behaviour inside the batch unit (fouling of the 
unit) at low and high temperature (preheat phase - <250°C and pyrolysis phase 250-510°C) 
and generation of products (water, oil and non-condensable gases). The batch unit data for 
each test are included in Appendix B of the UMATAC Final Report. 

UMATAC added sand to both sediments to obtain a mixture that was more handle-able and 
easier to feed to the ATP unit and to provide a nucleous for agglomeration so that the fine 
particles would not be carried away in the gas stream in the preheat and pyrolysis zones. 
After dewatering, the moisture content of the low PCB sediment remained sufficiently high 
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that sediment/sand ratios of 3/1 to 5/1 were evaluated during the scoping tests. For the 
higher tar high PCB sediment sediment/sand ratios of 3/1 to 9/1 were evaluated. 
 
The process streams were numbered as shown on Table 4-2.  The stream numbers are the 
same as those UMATAC uses for their continuous flow ATP systems. 
 
The preheat, pyrolysis and combustion process steps were undertaken in the same batch 
reactor. The reactor shell was rotated and heated to 150 °C prior to charging with 
sediment/sand mixture feed (stream 104).  Once up to temperature, 1.5 to 2.5 kg of feed was 
placed into the reactor and the temperature gradually raised to 250 °C, thus representing the 
preheat zone in the continuous ATP Processor.   The water was vapourized, and condensed 
(stream 109) and collected.  The non-condensable gas (stream 111) was collected in a Tedlar 
bag for analysis.  The Preheat phase was over when no more vapour was produced and the 
solids were at the same temperature as the shell of the reactor.  The reactor was then purged 
with 10L of helium to remove any remaining vapours. 
 
The pyrolysis phase followed the preheat phase.  The Tedlar bag was changed and the shell 
temperature on the batch reactor was raised to 510°C.  The hydrocarbon vapours generated 
in the batch reactor were condensed and collected in the condensate reservoir (stream 156).  
Two layers formed in the reservoir – a condensed oil floating on top of the preheat water.  
The pyrolysis non-condensable gases were metered and collected in the Tedlar bag for 
analysis (stream 148).    The pyrolysis phase was over when no more vapours were produced 
and the solids were the same temperature as the shell of the reactor. The reactor was then 
purged with 10L of helium to remove any remaining vapours.  The solids were discharged to 
a stainless steel container and cooled under a nitrogen purge prior to analysis (stream 115). 
 
Upon completion of each pyrolysis test the batch ATP unit was disassembled and the 
components weighed and cleaned.  The liquid in the condensate reservoir was poured into 
vials, centrifuged and separated into an oil and water phase. All the test apparatus was 
cleaned between tests. 
 
Combustion tests were performed by preheating the cleaned batch reactor to 700°C prior to 
charging it with the pyrolysed solids.  Once charged, combustion was initiated and sustained 
by air fed into the reactor at 4L/min.   The combustion gas was cooled and metered and then 
divided into two streams – one to a Tedlar bag (stream 139) and one to a continuous 
emissions monitoring system for on-line O2, CO, CO2 and SO2 measurement.  The 
combustion test was terminated after approximately 160 min. This time was selected based 
on UMATAC’s calculations and results from the scoping tests as being sufficient to combust 
approximately 40% of the coke present in the pyrolysed solids. This amount of coke 
combustion was judged as sufficient to provide the necessary process heat in the continuous 
flow ATP system. At the end of the combustion test, the partially combusted material 
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(stream 143) was removed and placed in a stainless steel container that was covered and 
cooled under nitrogen purge. 

Audit Tests 
 
The bulk samples in the shipping drums were rehomogenized and a 20L subsample was 
taken from each drum.  Following this second mixing UMATAC noted that the low PCB 
sediment was significantly more fluid than that used for the scoping tests.  As a result a 
sediment/sand ratio of 3/1 was used for this sediment for the audit tests.  A sediment/sand 
ratio of 9/1 was used for the high PCB sediment audit tests. 
 
The audit runs 100-6, and 200-6 were carried out, with the DPC auditor present conducted in 
exactly the same way as the scoping runs.   The scoping runs demonstrated that multiple 
runs were required to obtain sufficient volume of gas and condensate for analysis.   Five 
pyrolysis tests and one combustion test were undertaken on the low PCB sediment and four 
pyrolysis tests and one combustion test were undertaken on the high PCB sediment, as 
shown in Table 4-3.  The results of this testing is discussed in Sections 4-3 and 6-1 below. 
 

4.3 Bench Demonstration Results 

Results for the ATP tests are presented in the UMATAC Final Report, included in Appendix 
A, and are summarized below. 
 
4.3.1 Sediment Characterization 

UMATAC found that the solid and liquid phases of the low PCB sediment mixed well 
together to form very fluid homogenized black sediment.  The as-received moisture content 
was 54.5% and upon dewatering (by settling after mixing and decanting the free water) was 
41.2%.  The organic content was 22.7% by weight. 

The high PCB sediment had an as-received moisture content of 24.1 % and a dewatered 
moisture content of 19%.  The organic content 49.2 % by weight.  This sediment was 
reported as very “tarry” in nature and very difficult to homogenize.  

The solids content of both sediments was low, if the carbon and coal fines were removed, at 
23 % and 27% for the low and high PCB sediment respectively.   Size distribution analysis 
by UMATAC on the solids showed that most of the particles are <0.15 mm in diameter.  
This was a concern because these fine particles would be carried away in the gas stream 
from the combustion zone.  To overcome this UMATAC added sand to the sediments which 
provided a nucleus for agglomeration in both preheat and pyrolysis zones as well as a better 
heat transfer. This also made the sediments easier to handle.  As mentioned previously, 
sediment/sand ratios were selected for the audit runs of 3/1 for the low PCB sediment and 
9/1 for the high PCB sediment. 
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4.3.2 Scoping Tests 

The results of the scoping tests were very comparable.  The high PCB sediment, which had 
almost twice the organic carbon content of the low PCB sediment, yielded three times more 
oil than the low PCB sediment.  The oil and the pyrolysed solids sulphur content would 
make them low to medium sulphur fuels. 

The contaminants in the scoping tests feed and product streams reported by UMATAC are 
shown on Table 4-4.  Both the PAHs and PCB concentrated in the oil.  This resulted in a 
treated sediment solid PCB concentration of <0.2 mg/kg for both the high and low PCB 
sediments, well below the TDP soil criteria for PCBs of 33 mg/kg. Total PAHs in the treated 
solids were <0.76 mg/kg for the low PCB sediment and 5.1 mg/kg for the high PCB 
sediment indicating that the TDP soils criteria are also likely met.  However, this cannot be 
stated definitively because the individual PAHs were not identified. 

For the scoping tests environmental parameter analysis was limited to the principal target 
contaminants, i.e. total PAHs and PCBs, to minimize cost (effective treatment of these 
contaminants should also result in acceptable treatment of other organic contaminants). 

4.3.3 UMATAC Audit Tests  

The results of UMATACs audit test results are shown on Tables 6-1, 6-2 and 6-3.  Due to 
the small scale of the test runs two pyrolysis batch test runs on each sediment type (see 
Table 4-3) had to be performed to generate enough sample for the DPC audit analytical 
requirements. Only one combustion test was required for each sediment type. Due to sample 
volume limitations, UMATAC gave the samples to the DPC. They ran a suite of 
supplementary unaudited tests several days later at the same audit conditions.  These tests 
are called the UMATAC audit tests and should not be mistaken with the DPC audit tests.  

Sediment/Sand Mixture and Combusted Solids 

The characterization of UMATAC’s sediment/sand feed mixtures (stream 104) and the 
resulting solids byproduct streams for their audit run can be found in Table 6-1.   The low 
PCB feed mixture had a total PAH of 3425 mg/kg with all the individual PAHs greatly 
exceeding the TDP soils criteria.  The PAHs in the solids after combustion were below the 
detection limit of 0.05 mg/kg.  Similar PAH results were found with the high PCB sediment.   

The mass of combusted solids was approximately 60 percent of the mass of the feed 
sediment for both the high PCB and the low PCB sediment.   

TPH levels were reduced from 20,000 mg/kg in the low PCB sediment/sand mixture and 
100,000 mg/kg in the high PCB sediment/sand mixture to less than the detection limit in the 
combusted solids.  The BTEX compounds in both sediment/sand mixtures were also reduced 
to near or below the detection limits. 
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PCB concentrations of 2 mg/kg and 150 mg/kg in the low and high PCB sediment 
respectively were reduced to <0.05 mg/kg, well below the TDP criterion of 33 mg/kg. 

Metal concentrations were not reported in the as received sample.  UMATAC reported 
metals concentrations in the feed that had been diluted with sand and only arsenic exceeded 
the TDP soils criteria in the low PCB sediment and copper and arsenic in the high PCB 
sediment.   In the combusted solids only arsenic exceeded the TDP soils criteria.  When the 
combusted solids were subjected to TCLP, all the metals were below the leachate criteria. 

Decant and Preheat Water 

Analytical results for the decant water and preheat water are shown on Table 6-2. The 
decant water for both the low and high PCB sediment exceeded the specified water 
discharge criteria for total PAHs (17 and 13 mg/L respectively vs. the criteria of 0.10 mg/L) 
and for numerous metals including arsenic, barium, copper, iron, lead, manganese, nickel, 
zinc and mercury.  No BTEX or TPH analysis was reported, however UMATAC clearly 
stated the need for water treatment, which was outside the scope of their bench 
demonstration. 

In the preheat water total PAH, all BTEX compounds, TPH and arsenic exceeded the water 
discharge criteria for both sediments and would require treatment at full-scale. 

Non-condensable Gases 

At bench scale the non-condensable preheat gas and the pyrolysis non-condensable gas were 
collected separately for only the first two pyrolysis runs and then combined because of the 
low volume and the fact that at full scale they would be combined.  UMATAC observed low 
quantities of light hydrocarbons in the preheat non-condensable gas that they attribute 
largely to the methane in the feed samples or low boiling point hydrocarbons.  This stream 
represented <0.1% by weight of the total products and was considered negligible. 

The non-condensable pyrolysis gas (combined preheat and pyrolysis gases) were < 2 and 4 
% by weight of the total products for the low and high PCB sediments respectively. The 
gases were comprised of nitrogen, oxygen, carbon monoxide and carbon dioxide (44 and 37 
wt%), light hydrocarbons (27 and 30 wt%) and heavier hydrocarbons (29 and 33%).  
Environmental contaminants such as PAH and PCB were either very low or below 
instrument detection limits.  

Toluene was also measured in the high PCB sediment gas but UMATAC believes that this 
measurement is from contamination in the analytical laboratory.  However, toluene can be 
produced from the thermal cracking of PAHs and this source should not be ruled out.  

The calorific values of the low PCB sediment gas and the high PCB sediment gas were 
reported to be 26,200 kJ/kg and 32,900 kJ/kg respectively. 
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Condensed Oil Product  

The characteristics of the condensed oil are shown on Table 6-3.  UMATAC did not test the 
calorific value of the oils; however, they expect the calorific value to range from 42,000 to 
45,000 kJ/kg (medium to heavy fuel oil) based upon the concentrations of PAHs, PCBs and 
other condensable organics. Total PAH levels were 21,400 mg/kg and 2,180 mg/kg for the 
oils from the low and high PCB sediments respectively.  These levels are much lower than 
those from the scoping tests shown in Table 4-4.where the total PAH concentrations were 
117,900 and 65,700 mg/kg for the oil from the low and high PCB sediments respectively. 

TPH levels were in the order of 70% (700,000 mg/kg) for the oil from both low and high 
PCB sediments. 

The PCB concentrations were 20 and 330 mg/kg for the low and high PCB sediment oils 
respectively. These results are very comparable to the scoping test results in Table 4-4.  
UMATAC claim that at full-scale multiple oil product streams can be produced and that it 
would be possible to concentrate the PCB into a smaller fraction of the total oil. 

Combustion Gas 

Combustion of coked solids in the batch unit is not representative of a continuous flow ATP 
because of differences in the mixing of the solids and hot combustion gas and the residence 
time.  However bench scale batch tests do provide heat and mass balance information that 
can be used for scale up.  The low combustion temperature of 705 °C and the low airflow of 
4 L/min resulted in incomplete combustion, which resulted in high CO and hydrocarbon 
concentrations in the flue gas.  Sulphur dioxide levels were also high indicating that a 
sulphur reduction air pollution control system would be required on a full-scale ATP.  
Toluene was also found in the gas, which UMATAC again believes is due to external 
contamination.  However toluene can be produced from the thermal cracking of PAHs and 
from the coking of coal and these sources are also possibilities. 

4.3.4 Mass Balance 

UMATAC performed mass balance calculation for both PCB and total PAH.  There was a 
great deal of variability in the % closure -from 21 to 65 %.  Some of this can be explained 
by the thermal cracking of the PAHs and PCBs into other compounds. However for PCB’s, 
which are more stable under the temperatures of the test than PAHs, closures for both the 
low and the high PCB sediment in the 65 – 75 % range would have been expected.  
UMATAC believe that the use of analytical results from two laboratories, one CEAEL 
accredited and one not, for the purposes of the mass balance calculation may be a significant 
contributor to this variability.  However, the data did provide useful mass balance 
information. 
  
4.3.5 Sediment Disposal 

The unused samples of the Tar Ponds sediments and all of the products of the bench scale 
tests were sent to the waste disposal facility in Swan Hills, Alberta. 



Table 4-1.  UMATAC List of Analytical Tests and Reference Methods  
(Source: UMATAC Final Report) 
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104A1 X X X X X X    
104B  U U X X X X   
104C    X   X   
104 X X X X X X X   
109 X X X X X X    
111  U U     U  
1562 X X X X     U 
148  U U     U  
115  U U     U  
1432 X X X X3 X X X   
139  U U     U  

 
Legend : 
1 – Analyses performed on the T-0 samples of each sediment type; 
2 – Duplicate analyses performed on the samples of these streams for the high PCB sediment Audit Test; 
3 – Leachable metals also analysed on stream 143; 
X – Analysis performed by PSC Analytical Services, Bedford, NS; 
U – Analysis performed by UMATAC and Chiral Environmental 

 



 

Table 4-2: Batch Unit Process Streams   
(Source: UMATAC Final Report) 
 

Stream # Description 

104A As provided Sydney Tar Ponds Sediments (slurry) 

104B Decant water of the as received sediments (water) 

104C Sand added to dewatered sediment 

104 Feed sediment mixed with sand (test feed in batch unit) 

109 Condensed steam evolved during preheating phase (water) 

111 Non-condensable gas evolved during preheating phase (gas) 

115 Coked solids resulting from pyrolysis of the feed material (solid) 

156 Condensed hydrocarbon vapours resulting from pyrolysis of the 
feed material (oil) 

148 Non condensable gas evolved during pyrolysis (gas) 

143 Combusted solids resulting from the combustion phase (solid) 

139 Combustion flue gas (gas) 

 



Table 4-3: Test Program Sequence  
(Source: UMATAC Final Report) 
 
Test Type Low PCB Sediment High PCB Sediment 
 Test Number Date Run Test Number Date Run 
Scoping Tests     

Pyrolysis 100-1, 100-2 January 16 200-1 January 22 

Pyrolysis 100-3, 100-4 January 17 200-2, 200-3, 
200-4 

January 23 

Pyrolysis 100-5 January 24 200-5 January 24 
Combustion 100-A January 28 200-A January 29 

     
Audit Tests     

Pyrolysis 100-6, 100-7 January 31 200-6, 200-7 January 31 
Combustion 100-10 February 1 200-10 February 1 

Pyrolysis 100-8, 100-9 February 4   
Pyrolysis 100-11 February 5 200-8, 200-11 February 5 

     
Total Tests     

Pyrolysis 11  9  
Combustion 2  2  

 

Notes:  In the test numbers -100 represents the low PCB sediment, 200 the high PCB 
sediment.  The second number represents the test run. 



Table 4-4: Contaminants in Scoping Tests Feed and Product Streams 1  
(Source: UMATAC Final Report) 
 

Parameter TDP Soil 
Criteria 
(mg/kg) 

Sediment 
Feed with 
Mix Sand 
(Stream 104) 

(mg/kg) 

Condensed 
Water 

(Stream 109) 
(mg/L) 

Product 
Oil 

(Stream 156) 
(mg/kg) 

Pyrolysed 
Solids 

(Stream 115) 
(mg/kg) 

Non-Condensable 
Gas 

(Stream 148) 
(µg/Nm3) 

Low PCB3       
PCB 33 1.2 0.27 8.74 0.13 <0.01 
PAH  6181 336 117920 0.76 <0.01 
Sulphur2 
(wt%) 

 1.86 N/a 1.14 1.04 5400 ppm 

High PCB3       
PCB 33 88.4 0.07 154.6 0.19 n/a 
PAH  n/a 23.5 65700 5.1 n/a 
Sulphur2 
(wt%) 

 1.00 n/a 0.61 0.69 6500 ppm 

 
Notes: 
1: Analysis performed by Chiral Environmental. Results for solids are on a dry basis including the sand fraction 
2: Analysis by UMATAC – total sulphur by combustion method 
3: Analysis of Low PCB Run 100-3 and High PCB Run 200-5 

 



Figure 4-1 Bench ATP Flow Diagram  
(Source: UMATAC Work Plan) 
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5. DPC AUDIT 
The DPC audited the UMATAC ATP bench-scale demonstration and recorded observations 
in a report entitled, “Audit Manual: Bench Scale Tests, UMATAC”, dated April, 2002 (the 
UMATAC Audit Manual). The UMATAC Audit Manual is provided in Appendix B. 
 
The audit process is described in Section 1.5, and items specific to the UMATAC ATP 
bench-scale demonstration are presented below.  

5.1 Audit Dates, Locations and Scope of Work 

The DPC conducted the ATP demonstration audit at UMATAC’s pilot plant facility in 
Calgary, Alberta on January 31 and February 1, 2002.  Mr. Jim Wilson of Vaughan 
Engineering Ltd was the DPC auditor.  

Mr. J.F. Riverin, P.Eng., a senior process engineer with UMATAC, was in charge of the 
bench tests with overall direction given by Mr. Bob Ritcey, P.Eng., UMATAC’s Project 
Manager. UMATAC technicians Mark Negenman and Allan Erosliensky assisted in the 
operation of the bench unit and sampling program. 

During his time on site Mr Wilson also inspected the Chiral Environmental Technologies 
analytical laboratory. 

The scope of work was completed as per the UMATAC Work Plan except that additional 
audit runs were taken in order to obtain sufficient sample volume for both the DPC and 
UMATACs analytical requirements, the feed samples were increased from 1.5 kg to 
approximately 3.0 kg and ASTM D-86 distillation on the oil was replaced by sim-dis GC 
analysis by mutual agreement with the Auditor.  In addition, the Auditor had UMATAC 
extract gas samples from the Tedlar bags into 1.6 litre stainless steel gas canisters through a 
direct connector since Tedlar bags are not suitable for storage and shipment of gas samples. 

5.2 Pre-Demonstration Audit Checks 

The suitability of the UMATAC facility and CAEAL accredited analytical laboratory to 
undertake the bench-scale testing was examined by the DPC before UMATAC 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 UMATAC 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 UMATAC facility and the Phillip 
Analytical Services, Bedford, Nova Scotia analytical laboratory for the bench-scale 
demonstration. 



 
 

Page 21 

5.3 Bench-Scale Demonstration Audit 

5.3.1 Bench-Scale Sediment Storage and Test Locations 

Two drums of Sydney Tar Pond sediment were stored in a cool building (approximately 
4°C) adjacent to the pilot plant facility.  There were no possible adverse influences due to 
the storage location.   

The ATP tests were undertaken within a dedicated room in the pilot plant facility which was 
vented to atmosphere.  There was no nearby activity that could have influenced the 
demonstration. 

The sediment storage area and the bench demonstration location were considered acceptable 
by the DPC. 

5.3.2 Bench-Scale Apparatus 

The apparatus used during the demonstration, described in Section 4.2.1, was considered 
acceptable by the DPC. 

5.3.3 Bench-Scale Test 

All samples for the purpose of the audit were collected by UMATAC and witnessed by the 
DPC auditor. 

The bench ATP audit tests were conducted on January 31 and February 1, 2002.  On January 
31, four pyrolysis tests (preheat, pyrolysis, condensation and collection of non-condensable 
gases) were undertaken, two on the low PCB sediment and two on the high PCB sediment.  
On February 1 two combustion runs were undertaken. 

As noted above, there was insufficient sample volume generated during the pyrolysis tests to 
provide both UMATAC and the DPC with samples.  UMATAC provided the January 31 and 
February 1 samples to the DPC and subsequently ran additional pyrolysis runs under the 
same conditions on February 4 and 5 to obtain their own samples for analysis at Phillip 
Analytical Services. 

The tests were run in accordance with the UMATAC Work Plan with the minor exceptions 
noted in Section 5.1.  All tests ran smoothly and without incident. 

The DPC samples were packed in coolers with ice packs and sent to Environmental Services 
Laboratory in Sydney Nova Scotia for analysis. 

 



 

TABLE 5-1: PREAUDIT CHECKS OF FACILITIES 
Question Response 

UMATAC BENCH TEST FACILITY  

Is the laboratory licensed to handle hazardous wastes?  Yes 
Does the laboratory have a licensed area to store the drum(s) of 
shipped Tar Pond sediment?  

Yes 

Does the laboratory have a licensed area to store bench samples?  Yes 
Have you obtained the photocopy of their hazardous waste 
license?  

Yes 

Is the laboratory licensed to operate bench-scale tests?  Yes 
CAEAL LABORATORY  
Is the laboratory CAEAL accredited (or equivalent)? Yes 
Are there any compounds for which the laboratory is not CAEAL 
accredited? 

Not for 
these tests 

Do the laboratory QA/QC procedures meet DPC standards? Yes 
Are the QA/QC procedures within acceptable limits for all 
parameters? 

Yes 
 

Are the method detection limits within acceptable limits for all 
parameters? 

Yes 
 

Has the laboratory passed the Round Robin for PAHs? Yes 
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6.  TECHNOLOGY EVALUATION 

6.1 Data Comparison 

Results of the sampling and analysis efforts undertaken by UMATAC and the DPC are 
presented in Tables 6-1 to 6-3. 

As-Received Sediment 

As shown in Table 6-1, UMATAC did not analyse the as-received sediments. The DPC as- 
received results for the low PCB sediment generally showed good agreement with the 
September 2001 results with the exception of lead (370 mg/kg reported in September 2001 
and 490 mg/kg in January, 2002). The total PAH concentrations were higher in the as –
received samples but were within acceptable ranges, (5996 mg/kg vs. a range of 4,064 to 
4,924 mg/kg in September, 2001).  The variability on an individual PAH basis was 
acceptable. PCB levels were comparable at 1.9 mg/kg for the as-received and 2.9 mg/kg in 
the September 2001 sample. 

In the high PCB sediment, the DPC results for total PAH concentrations were 2423 mg/kg 
for the as-received sample and between 3,111 and 3,937 for the September 2001 sample.  
Greater variability occurred between the individual PAHs than in the low PCB sediment. 
This variability may be due to inadequate homogenisation of the sample in the laboratory 
prior to analysis due to the sample stratification. 

Sediment/Sand Mixture 

There was very good agreement between the UMATAC and DPC sediment/sand test feed 
mixtures analytical results with total PAHs in the low PCB sediment being 3425 mg/kg and 
3251 mg/kg respectively and in the high PCB sediment 1899 and 2340 mg/kg respectively. 
Eight individual PAHs exceeded their respective TDP soils criteria  

BTEX and TPH results in the low PCB sediment/sand mixture were in very good agreement 
with total BTEX of 60.8 and 60 mg/kg and TPH of 20,000 and 18,000 mg/kg for UMATAC 
and the DPC respectively.  Benzene, toluene and total xylenes exceeded the TDP soils 
criteria.   In the high PCB sediment /sand mixture the agreement between UMATAC’s result 
and the DPC’s was not as good. The total UMATAC BTEX was 11.33 mg/kg compared to 
the DPC’s 6.26 mg/kg. Only toluene exceeded the TDP soils criteria.  The TPH results were 
100,000 mg/kg and 54,000 mg/kg respectively 

PCB results were comparable in the low PCB sediment/sand mixture (2 mg/kg and 1.4 
mg/kg) but not in such good agreement in the high PCB sediment (150 mg/kg for UMATAC 
and 86 mg/kg for DPC).  

Overall there was good agreement between the UMATAC and DPC inorganic analytical 
results in both the low and the high PCB sediment /sand feed mixtures.  Arsenic and copper 
exceeded the criteria, as did thallium based on the DPC results. 
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Combusted Solids 

There was very good agreement between the UMATAC results for PAH, BTEX, PCBs, 
petroleum hydrocarbons and inorganics for both sediment types in the combusted solids.  
The organics were all below or very near their detection limit and well within TDP soils 
criteria.   

Inorganics data was also in good agreement.  Arsenic was over the TDP soils criteria for the 
combusted solids from both sediment types. Based on the DPC results copper also exceeded 
the criteria in the treated low PCB combusted sediment.   In the treated high PCB combusted 
sediment UMATAC and the DPC data confirmed that chromium, copper, lead and nickel 
also exceeded the TDP criteria. 

The DPC undertook dioxin and furans analysis on the drummed sediments in September 
2001 and found an average of 141 pg/kg and 33 pg/kg in the low and high PCB sediment 
respectively.  These levels were reduced in the combusted solids to 4.7 pg/kg for both 
sediments. 

TCLP leaching tests confirmed that the process did not impact on the low leachability of 
metals from the sediment supplied to UMATAC. 

Product Water 

The bench ATP produced a very small quantity of preheat water, even though multiple audit 
runs were done.  As a result there was only sufficient water for the DPC to analyse the 
preheat water from the low PCB sediment test.  UMATAC analysed the preheat water from 
both the low and the high PCB sediment tests.  

There was very good agreement between UMATAC and the DPC results for the PAHs, with 
total PAHs of 44.4 and 36.4 mg/kg respectively, and for TPH 164 and 149 mg/kg 
respectively.  UMATAC’s total BTEX is double the DPC’s at 22.84 vs. 10.45 mg/kg. 

There was not good agreement between the UMATAC and DPC PCB data with UMATAC 
reporting 1.83 mg/l and the DPC <0.005 mg/L for the product water from the low PCB 
sediment. Similarly there was poor agreement between metals results.  However both 
UMATAC and DPC results indicate that treatment of the product water would be required 
for both organic and inorganic contaminants. 

Product Oil 

The Product oil UMATAC and DPC analytical results are not in agreement, and the 
discrepancy was not resolved.  For PAHs the DPC results are generally an order of 
magnitude higher than UMATACs. The DPC’s results are also much higher for the BTEX 
compounds and petroleum hydrocarbons.  The DPC PAH values are more in-line with 
UMATAC’s scoping test results shown in Table 4-4, where the total PAH concentrations 
were 117,900 and 65,700 mg/kg for the oil from the low and high PCB sediments 
respectively.  The DPC results were 97,500 and 19,110 mg/kg and UMATACs audit results 
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were 21,390 and 2180 mg/kg for the oil from the low and high PCB sediment respectively in 
the audited runs. 

The PCB values in the oil from the low PCB sediment were low for both the DPC and 
UMATAC at 11 and 20 mg/kg respectively.  The PCBs in the oil from the high PCB 
sediment were 152 and 330 mg/kg for the DPC and UMATAC analyses respectively.   

The DPC expected the PCB concentrations to be higher in the oil fractions.  A review of the 
mass balance information provided by UMATAC based on their analyses results indicates 
that from a total mass of 280 mg of PCB in the high PCB sediment feed mixture only 107 
mg ended up in the oil.  While there may be some thermal cracking of PCBs in the pyrolysis 
desorption phase of the test this would be minimal since the temperature is only 100 to 150 
°C above the PCB boiling point. There is an unexplained discrepancy in the mass balance. 

Dioxin and furans levels in the oil were 497 pg/kg and 95 pg/kg for the low and high PCB 
sediment oil respectively.  Metals were generally below the detection limits and would 
appear to concentrate in the combusted solids and not in the oil, as would be expected. 
 
The product oil is very high in organic contaminants that have been removed from the 
sediment. This is the intention of the ATP process and in that regard UMATAC  
accomplished its goal. 
 

6.2 UMATAC QA/QC 

UMATAC and their CAEAL accredited laboratory Philip Environmental Services have 
followed acceptable QA/QC requirements.  While UMATAC did not submit duplicate 
samples they undertook five repetitive screening runs and compared the results.   

Philip Analytical Services ran surrogate recoveries on PAHs and PCBs.  Recoveries were 
good (71 – 109%) for PAHs in all media tested and good for PCBs in the oil product.  
However PCB recoveries in the preheat water were poor (34 % and 62 %) Comparison with 
the DPC results indicated that analytical results were generally acceptable. The QA/QC 
analytical results can be found in UMATAC’s Final Report in Appendix B. 

6.3 Scale-Up Issues 

UMATAC have experience in scaling up from bench scale to full-scale as evidenced by 
their work on two Superfund sites in the US with the 10 tonne/hr SoilTech unit plus their 
210 tonne/hr unit working at the Stuart Oil Shale Project in Australia..  There are several 
significant differences between bench and full-scale that need to be taken into account: 

• The bench ATP is a batch unit versus continuous flow at full scale. Changes seen 
in the fluid behaviour of the low PCB sediment upon remixing for the audit test 
runs demonstrated that the sediment/sand ratio of 3/1 used in the bench test may be 
too high from an ease of handling perspective and a lower ratio may be required at 
full-scale. 
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• Only a limited number of samples have been run which may not represent the full 
variety of physical and chemical nature of the sediments in the tar ponds. 

• The combustion zone in the bench unit has a lower temperature and residence time 
than the full-scale unit. Better performance at full-scale would be expected. 

• Improved dewatering could be done at full scale resulting in a lower moisture 
content feed that may improve the ease of handling the sediment. 

• At full-scale the pyrolysed coal and coke would be used as fuel in the ATP 
Processor to provide make-up heat. 

• An air pollution control system is required at full-scale to treat the sulphur, acid 
gases and particulates. 

• Water treatment is required for the condensed water from the steam produced in 
the preheat zone. 

• Metals in the combusted solids exceeding the TDP soils criteria may need to be 
treated prior to disposal. 

 

6.4 Treatment at Full-Scale 

UMATAC’s concept for full-scale treatment, as shown in Figure 6-1, is to use the ATP 
Processor as part of a treatment train to separate the water from the sediment, to volatilize 
the organics under anaerobic conditions at 550 °C, to produce an oil that could be used as a 
fuel or sent off-site for incineration and to produce a solid product that can be disposed of at 
a landfill.  Water from the steam produced in the preheat zone would be condensed and 
treated prior to discharge.  The pyrolysed coal and coke would be used in the Processor as a 
fuel to provide make-up heat.  An air pollution control system would be used to treat the flue 
gas from the combustion process for acid gases and particulates.  
 
Pretreatment of the sediment would be required.  The sediment would have to be received 
and separated into < and > 75 mm (3”) size fractions.  The > 75 mm would have to be size 
reduced and/or treated.  The < 75 mm fraction would need to be blended with sand and/or 
limestone to a specified ratio to ensure proper flow characteristics, temporarily stored and 
then conveyed to the ATP Processor.  
 
The sediment throughput of the ATP would be 11 tonnes/hour with an overall throughput, to 
take into account the sand required, of 25 tonnes/hour. Estimated utility requirements, based 
upon a previously quoted job for a similar sized unit, would be as follows: 

• Electrical – connected load @1430 kW 1680 kVA 
• Water – 380 L/min at  276 kPa (40 psig) 
• Firewater – 570 L/min 
• Natural gas –  10.1 MM Calorie-kg/hr (40 MM BTU/h) 
• Nitrogen – 24 L/s at 862 kPa (50 scfm at 125 psig), bulk storage – 1416 cubic metres 

(50,000 scf). 
• Steam – 1.26 MM Calorie-kg/hr ( 5MMBTU/h) 
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Based upon a layout drawing provided in the UMATAC final report the site layout would be 
approximately 120 m x 120 m. 
 

6.5 Technology Assessment: Advantages and Limitations 

UMATAC’s ATP technology produces numerous product streams some of which must be 
further treated and one which has a potential use as a fuel oil.  It must work in conjunction 
with other processes in order to provide complete treatment of the sediment, as discussed in 
Section 6.4.   Below are some of the advantages and limitations of this technology: 
 
Advantages 

• The ATP can produce a fuel oil product for commercial use. 

• The oil produced concentrates the organic contaminants in a reduced volume stream 
which should result in cost savings over disposal or off-site treatment of much larger 
volumes of contaminated sediment.   

• The oil may have a value as a fuel that may offset a portion of the treatment cost. If 
required the ATP process can incorporate a dechlorination step to produce a PCB 
free oil.  

• For other large jobs UMATAC have conducted proof of performance tests with the 
full-scale equipment to ensure that all the secondary processes are working in 
conjunction with the ATP in order to meet applicable criteria. 

• The full-scale treatment concept proposed by UMATAC would result in the 
destruction of the organic contaminants of concern. 

• The equipment has proven long-term commercial performance and reliability.  

Limitations 

• If metals were found to be present above the TDP soils criteria additional treatment 
may be required for onsite disposal or they may have to be shipped off-site for 
disposal in a landfill. 

• The variables with the greatest impact on the operation of the plant are water content 
and particle size therefore feed preparation for the efficient operation of the ATP 
Processor is very important. Fine-grained particles like those in the Sydney Tar 
Ponds sediment require the addition of sand.  This sand, while essential for the 
operation of the process increases the volume of treated solid material for disposal 

• The ATP is not a stand-alone process.  It produces byproduct streams (water, 
noncondensible gas, solids and oil) that require subsequent treatment.  The oil may 
require dechlorination prior to use as an industrial fuel and a buyer for the fuel must 
be found. 
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• The ATP concentrates the PCBs in the oil, therefore since low levels of PCB are 
widely distributed in South Pond it is likely that most of the sediment will require 
dechlorination prior to use as an industrial fuel.  A buyer for the fuel must also be 
found. 

6.6 Evaluating UMATAC’s Cost Estimate 

UMATAC’s cost for undertaking a field-scale demonstration is $3.6 million (Cdn) to treat 
1,000 to 1,500 tonnes over a four-month period   Cost components included and excluded 
are shown in Table 6-4.  
 
UMATAC’s cost estimate for full-scale treatment of 550,000 cubic metres of sediment is  
$89,500,000 ($105/tonne).  This cost does not include treatment of any products from the 
ATP process.  Cost components included and excluded are shown in Table 6-5.   UMATAC  
based their cost on the following assumptions: 

1. UMATAC prepares and presents the information about the ATP System for the clean up 
project as proponent of the ATP technology and plant equipment. It is assumed that an 
overall project operator would take the assignment of acquiring and operating the 
process treatment equipment plus all ancillaries to treat the sediments to project criteria. 
UMATAC would supply the ATP equipment and technical support to that project 
operator. 

2. UMATAC has prepared the concept for the treatment system and the cost estimates for 
the ATP portion from its experience in working with a project operating contractor on 
Superfund Projects in the United States in which the contractor (SoilTech ATP Systems, 
Inc.) used the 10 t/h ATP plant. 

3. The size of the Tar Ponds ATP plant is assumed at the nominal feed capacity of 25 t/h 
(UMATAC's rating system). Since the Tar Ponds sediments are very wet, the actual 
throughput of the 25 t/h Processor would be less, approximately 11 t/h on a dry basis. 
The total feed of drained sediment plus mixing sand is estimated at 22 t/h. 

4. 8This plant size is used for the estimate for two reasons: 

a. At the estimated rate for processing the sediments, the treatment operation would 
require a period of about 9 years. The time period for the clean up operation was 
not specified in the study contract but the 9 years is approximately similar to the 
7 years that was planned for the clean up in the early 1990's. 

b. UMATAC was able to work the estimate from one for a 25 t/h ATP plant 
designed and proposed for a similar application. 

5. The scope of the cost estimate is for the ATP System plant only. Exclusions from the 
overall plant are: 

• Handling, secondary treatment and disposal of the products of the ATP plant. The 
quantities of these streams are 240,000 cubic meters of water and 57,000 cubic 
meters of oil.  
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• Excavation and transport of the sediment to the ATP plant area. 
• The treatment of non-crushable items in the delivered sediments is excluded. 
• Costs for a plant site; i.e., purchase or lease. 

 
UMATAC estimates that the oil product has a potential value of approximately $14 million 
as an industrial fuel if a buyer can be secured.  As discussed above in order to capture any 
potential market, dechlorination of the oil will likely be required. 



Table 6-1: Solids Characterization Results for UMATAC Demonstration

Description: TDP Low PCB Low PCB Sediment Low PCB Sediment Low PCB Sed. Low PC
Description: Soils Criteria From Pond As Received Test Feed with Sand Coked Solids Combusted 

Sample ID: (average) Drum 3 UM-L-AR-JW 100 Series 
Stream 104 UM-L-104-JW UM-L-115-JW 100 Series 

Stream 143
Sampler: DPC DPC UMATAC DPC UMATAC DPC DPC UMATAC
Audit Of: - - - - - -

Tracking #: (Sept 2001) (Sept 2001) - 99-52250-01 - 99-52250-02 99-52250-03 -

PAH
Acenaphthene mg/kg 220 170 160 <0.05 < 0.05
Acenaphthylene mg/kg 24 20 16 <0.05 < 0.05
Anthracene mg/kg 260 200 180 <0.05 < 0.05
Benzo (b+k) fluoranthene mg/kg 20 263 310 330 196 230 <0.1 < 0.10
Benzo(a) pyrene mg/kg 0.7 145 180 310 130 140 <0.05 < 0.05
Benzo(a)anthracene mg/kg 10 169 220 240 170 160 <0.05 < 0.05
Benzo(g,h,i) perylene mg/kg 110 55 80 <0.05 < 0.05
Chrysene mg/kg 210 140 140 <0.05 < 0.05
Dibenz(a,h,) anthracene mg/kg 10 21 23 32 17 22 <0.05 < 0.05
Fluoranthene mg/kg 760 410 410 <0.05 < 0.05
Fluorene mg/kg 260 220 180 <0.05 < 0.05
Indeno (1,2,3-cd) pyrene mg/kg 10 74 94 130 72 87 <0.05 < 0.05
Perylene mg/kg 51 25 36 <0.05 < 0.05
Phenanthrene mg/kg 50 587 700 1100 610 590 <0.05 < 0.05
Pyrene mg/kg 100 337 420 510 300 330 <0.05 < 0.05
1-Methylnaphthalene mg/kg 150 120 110 <0.05 < 0.05
2-Methylnaphthalene mg/kg 190 160 140 <0.05 < 0.05
Naphthalene mg/kg 22 827 1,000 740 690 490 0.11 < 0.05

TOTAL PAH (1) mg/kg 4,064 4,924 5,287 3,425 3,251 - -

PCB mg/kg 33 3.0 2.9 1.9 2 1.4 <1.0 <0.05

BTEX / TPH
Benzene mg/kg 5 See See 12 17 11 0.41 < 0.025
Toluene mg/kg 0.8 Table 1-9 Table 1-9 30 34.4 22 0.60 0.037
Ethylbenzene mg/kg 20 4.1 3.63 3.3 <0.08 < 0.025
Total Xylenes mg/kg 20 30 26.1 24 <0.59 < 0.05
C6-C10 Hydrocarbons mg/kg 96 61 82 <17 < 2.5
>C10 - C21 Hydrocarbons mg/kg 14000 9500 11000 <5 < 15
>C21 to C32 Hydrocarbons mg/kg 10000 10000 7300 <12 < 15
Modified TPH mg/kg 24000 19500 18300 - -

Dioxin/Furans pg/kg 33

Metals
Aluminum mg/kg 8,650 7220 4300 4850 5790 6700
Antimony mg/kg 40 <1.0 1.4 < 2 1.3 1.2 2
Arsenic mg/kg 12 48 51.3 40.1 25 29.6 21.6 31
Barium mg/kg 2,000 100 140 86 120 130 110
Beryllium mg/kg 8 1.1 <1.0 < 5 <1.0 <1.0 < 5
Boron mg/kg <20 < 5 <20 <20 5
Cadmium mg/kg 22 1.0 1.0 0.9 0.7 0.6 <0.6 0.3
Calcium mg/kg 4600 3700 3000
Chromium mg/kg 87 27 28.5 32.4 18 23.9 21.6 28
Cobalt mg/kg 300 5.6 6.0 4 4.3 4.6 6
Copper mg/kg 91 116 110 120 74 90 70 86
Iron mg/kg 29,400 30,000 31000 20000 25500 28600 38000
Lead mg/kg 600 204 212 266 140 170 159 210
Magnesium mg/kg 2160 1590 1440
Manganese mg/kg 310 190 230 230 400
Mercury mg/kg 50 1.4 1.00 0.67 1.07 <0.05 < 0.01
Molybdenum mg/kg 40 6.0 3.8 3 2.9 2.9 9
Nickel mg/kg 50 12.6 12.4 10 9.3 11.0 24
Potassium mg/kg 580 <350 870
Selenium mg/kg 10 2.7 2.4 < 2 1.6 1.6 < 2
Silver mg/kg 40 <1.0 4.6 < 0.5 4.5 4.7 1.4
Sodium mg/kg 380 <350 <350
Strontium mg/kg 39.4 23 29.7 29.4 30
Sulfur mg/kg 17000 11000 7000
Thallium mg/kg 1 <1.0 <1.0 1.8 0.4 1.2 <1.0 0.3
Tin mg/kg 300 <1.0 <10 <10 <10
Uranium mg/kg <1.0 0.5 <1.0 <1.0 0.5
Vanadium mg/kg 130 18 19.1 18.7 12 13.8 15.0 18
Zinc mg/kg 360 368 370 490 270 330 290 220

% Moisture % 38 34.9 45.1 36 36.4 <0.5 1.8
Cyanide - Free mg/kg 8.0 10.2 0.3 5.9 <0.4 < 0.2
Phenolics Total mg/kg nd 17.2 2.59 12.5 4.2 < 0.05

nd = not detected
Bold = Criteria exceedance
(1) Includes several compounds besides the TDP list
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Table 6-1: Solids Characterization Results for UMATAC Demonstration

Description: TDP
Description: Soils Criteria

Sample ID: 

Sampler: 
Audit Of: 

Tracking #: 
PAH

Acenaphthene mg/kg
Acenaphthylene mg/kg
Anthracene mg/kg
Benzo (b+k) fluoranthene mg/kg 20
Benzo(a) pyrene mg/kg 0.7
Benzo(a)anthracene mg/kg 10
Benzo(g,h,i) perylene mg/kg
Chrysene mg/kg
Dibenz(a,h,) anthracene mg/kg 10
Fluoranthene mg/kg
Fluorene mg/kg
Indeno (1,2,3-cd) pyrene mg/kg 10
Perylene mg/kg
Phenanthrene mg/kg 50
Pyrene mg/kg 100
1-Methylnaphthalene mg/kg
2-Methylnaphthalene mg/kg
Naphthalene mg/kg 22

TOTAL PAH (1) mg/kg

PCB mg/kg 33

BTEX / TPH
Benzene mg/kg 5
Toluene mg/kg 0.8
Ethylbenzene mg/kg 20
Total Xylenes mg/kg 20
C6-C10 Hydrocarbons mg/kg
>C10 - C21 Hydrocarbons mg/kg
>C21 to C32 Hydrocarbons mg/kg
Modified TPH mg/kg

Dioxin/Furans pg/kg

Metals
Aluminum mg/kg
Antimony mg/kg 40
Arsenic mg/kg 12
Barium mg/kg 2,000
Beryllium mg/kg 8
Boron mg/kg
Cadmium mg/kg 22
Calcium mg/kg
Chromium mg/kg 87
Cobalt mg/kg 300
Copper mg/kg 91
Iron mg/kg
Lead mg/kg 600
Magnesium mg/kg
Manganese mg/kg
Mercury mg/kg 50
Molybdenum mg/kg 40
Nickel mg/kg 50
Potassium mg/kg
Selenium mg/kg 10
Silver mg/kg 40
Sodium mg/kg
Strontium mg/kg
Sulfur mg/kg
Thallium mg/kg 1
Tin mg/kg 300
Uranium mg/kg
Vanadium mg/kg 130
Zinc mg/kg 360

% Moisture %
Cyanide - Free mg/kg 8.0
Phenolics Total mg/kg

nd = not detected
Bold = Criteria exceedance
(1) Includes several compounds besides the TDP lis

CB Sediment High PCB High PCB Sediment High PCB Sediment High PCB Sed.
Solids (Treated) From Pond As Received Test Feed with Sand Coked Solids

UM-L-143-JW (average) Drum 11 UM-H-AR-JW 200 Series 
Stream 104 UM-H-104-JW UM-H-115-JW

DPC DPC DPC UMATAC DPC UMATAC DPC DPC
100 Series Stream 143 - - - - 200 Series Stream 104 -

99-52250-04 (Sept 2001) (Sept 2001) - 99-52250-05 - 99-52250-06 99-52250-07

<0.05 55 42 55 <0.05
<0.05 9.6 8.6 9.2 <0.05
<0.05 76 67 85 <0.05
<0.1 454 430 240 178 250 <0.1

<0.05 234 220 110 92 120 <0.05
<0.05 229 210 130 100 130 <0.05
<0.05 86 58 90 <0.05
<0.05 140 110 140 <0.05
<0.05 38 35 19 14 19 <0.05
<0.05 350 310 370 <0.05
<0.05 82 77 82 <0.05
<0.05 193 170 92 73 93 <0.05
<0.05 33 19 37 <0.05
<0.05 536 530 320 300 340 <0.05
<0.05 497 500 300 240 330 <0.05
<0.05 27 23 28 <0.05
<0.05 38 20 34 <0.05
<0.05 401 360 190 210 190 0.06

- 3,111 3,937 2,233 1,899 2,340 -

<1.0 229 250 68 150 86 <1.0

<0.005 See See 1.0 3.89 1.7 0.17
<0.018 Table 1-9 Table 1-9 1.2 4.23 2.3 0.54
<0.008 0.53 1.04 0.88 <0.016
<0.059 0.97 2.17 1.7 <0.118

<1.7 <17 7.3 <17 <3.4
<5 19000 30000 18000 <5

<12 37000 70000 36000 <12
- 56,000 100,000 54,000 -

4.7 141

6720 3,650 2960 2800 2530 4900
4.6 5.3 8.4 8 10.0 5.1
34.2 45 44.1 33.8 33 30.2 33.5
140 50 60 48 50 60
<1.0 <1.0 <1.0 < 5 <1.0 <1.0
<20 <20 < 5 <20 <20
<0.6 0.8 0.8 <0.6 0.6 <0.6 0.7
5000 6900 5600 7500
37.1 67 62 50.9 44 47.9 58.2
6.5 6.8 6.4 6 5.0 6.8
100 154 156 140 140 120 150

46300 53,644 47,400 47900 41000 40600 70100
379 580 583 518 460 454 548
1950 1600 1420 1890
570 960 570 560 730

<0.05 1.7 1.92 2 1.67 <0.05
7.5 14.5 5.4 6 5.1 6.2
21.4 31 28.9 30 25.7 33.0
1440 <350 <350 690
0.6 1.3 < 2 0.9 1.4
4.7 1.4 2.3 < 0.5 2.0 1.5

<350 <350 <350 <350
34.7 32.9 27 25.1 38.2

<1000 8000 7000 9000
<1.0 <1.0 <1.0 <1.0 0.3 <1.0 <1.0
10 15 20 20 30

<1.0 <1.0 0.4 <1.0 <1.0
18.7 23 24.8 18.4 18 17.3 23.5
260 28.5 283 270 240 230 290

<0.5 21 25.6 4.0 16 4.4 <0.5
<0.4 1.1 0.8 0.7 <0.4
1.0 6.0 4.5 9.5 3.3
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Table 6-2: Water Analytical Results for UMATAC Demonstration

Description: Site Low PCB Sediment Test High PCB Sediment Test
Description: Specific Decant Water Product Water Decant Water Product Water

Sample ID: Discharge 100 Series 
Decant Water

100 Series Stream 
109 UM-L-109-JW 200 Series Decant 

Water
200 Series Stream 

109
Sampler: Criteria UMATAC UMATAC DPC UMATAC UMATAC
Audit Of: - - - -

Tracking #: - - 99-52250-09 - -
PAH

Naphthalene mg/l 0.94 26.00 19.00 2.48 1.40
2-Methylnaphthalene mg/l 2.40 2.10 0.13
1-Methylnaphthalene mg/l 1.90 1.90 0.10
Acenaphthylene mg/l 0.85 0.56 0.69 2.96 0.06
Acenaphthene mg/l 7.66 1.50 1.50 1.44 0.08
Fluorene mg/l 4.98 1.40 1.40 0.68 0.09
Phenanthrene mg/l 1.47 2.80 3.50 1.14 0.26
Anthracene mg/l 0.44 0.98 1.20 3.40 0.08
Fluoranthene mg/l 0.24 1.40 1.70 0.42 0.20
Pyrene mg/l 0.17 0.97 1.30 0.24 0.15
Benzo(a)anthracene mg/l <0.001 0.39 0.50 <0.001 0.06
Chrysene mg/l <0.001 0.34 0.50 <0.001 0.07
Benzo Fluoranthene mg/l <0.001 0.19 0.53 <0.001 0.04
Benzo(a) pyrene mg/l <0.001 0.21 0.27 <0.001 0.04
Perylene mg/l 0.04 0.06 0.01
Indeno (1,2,3-cd) pyrene mg/l <0.001 0.07 0.13 <0.001 0.03
Dibenz(a,h,) anthracene mg/l <0.001 0.02 0.03 <0.001 0.01
Benzo(g,h,i) perylene mg/l <0.001 0.07 0.12 <0.001 0.02

TOTAL PAH (1) mg/l 0.1 17 37 32 13 3

PCB mg/l 0.0001 1.83 <0.005 9.57

BTEX / TPH
Benzene mg/l 0.11 9.71 6.40 5.78
Toluene mg/l 0.20 9.39 3.00 4.22
Ethylbenzene mg/l 0.025 1.10 0.25 0.39
Total Xylenes mg/l 0.50 2.64 0.80 1.05
C6-C10 Hydrocarbons mg/l 14.30 <0.005 13.40
>C10 - C21 Hydrocarbons mg/l 120 120 60
>C21 to C32 Hydrocarbons mg/l 30 29 40
Modified TPH mg/l 50 164.00 149 113.00

Dioxin/Furans pg/kg 0.029

Metals
Aluminum mg/l 2.0 2.8 0.92 1.03 0.61 0.87
Antimony mg/l  - <0.02 <0.02 0.009 <0.02 0.049
Barium mg/l 1.0 0.14 <0.05 0.03 0.099 <0.05
Beryllium mg/l  - <0.05 <0.05 <0.003 <0.05 <0.05
Boron mg/l 5.0 0.25 <0.05 <0.5 0.23 0.078
Cadmium mg/l 0.01 <0.003 <0.003 <0.002 <0.003 <0.003
Chromium mg/l 0.1 <0.02 <0.02 0.02 <0.02 0.02
Cobalt mg/l  - <0.01 <0.01 <0.005 <0.01 <0.01
Calcium mg/l  -  -  -  -  -  - 
Copper mg/l 0.2 0.12 <0.02 <0.01 0.024 <0.02
Iron mg/l 50 45 1.10 3.8 30 2.4
Lead mg/l 0.1 0.12 0.012 0.005 0.023 <0.005
Manganese mg/l 1.0 3.4 <0.02 0.06 4.20 0.08
Molybdenum mg/l  - <0.02 <0.02 <0.02 0.02 <0.02
Nickel mg/l 0.3 0.06 0.04 0.035 0.05 0.11
Silver mg/l  - <0.005 <0.005 <0.01 <0.01 <0.005
Sodium mg/l  -  -  -  -  -  - 
Thallium mg/l  - <0.001 <0.001 0.03 <0.001 <0.001
Tin mg/l 5 <0.02 <0.02 <0.1 <0.02 <0.02
Uranium mg/l  - 0.002 <0.001 <0.001 0.002 <0.001
Vanadium mg/l 5 <0.02 <0.02 <0.01 <0.02 <0.02
Zinc mg/l 0.5 0.2 0.038 <0.01 0.058 0.07
Strontium mg/l  - 0.98 <0.05 0.02 1.20 <0.05
Magnesium mg/l  -  -  -  -  -  - 
Potassium mg/l  -  -  -  -  -  - 
Sulfur mg/l  -  -  - 287  -  - 
Arsenic mg/l 0.1 0.06 0.19 0.12 0.05 0.19
Selenium mg/l 0.1 <0.02 <0.02 0.016 <0.02 <0.02
Mercury mg/l 0.001 0.0003 0.032 0.014 0.0001 0.0001

 - 
Cyanide - Free mg/l  - < 0.01 43 314 0.03 64.4
Phenolics Total mg/l 0.02 0.23 85 88.6 0.20 540
COD mg/l 100
FSS mg/l 20
pH mg/l 6.5-9

Bold = Criteria exceedance
(1) Includes several compounds besides the TDP list



Table 6-3: Oil Analytical Results for UMATAC Demonstration

Description: Low PCB Sediment High PCB Sediment
Description: Product Oil Product Oil

Sample ID: 100 Series Stream 
156 UM-L-156-JW 200 Series Stream 

156 UM-H-156-JW

Sampler: UMATAC DPC UMATAC DPC
Audit Of: - -

Tracking #: - 99-52250-10 - 99-52250-11

PAH
Acenaphthene mg/kg 620 5100 80 630
Acenaphthylene mg/kg 200 2100 39 <500
Anthracene mg/kg 750 6500 98 790
Benzo (b+k) fluoranthene mg/kg 680 3800 178 1300
Benzo(a) pyrene mg/kg 380 1900 98 580
Benzo(a)anthracene mg/kg 600 3400 110 680
Benzo(g,h,i) perylene mg/kg 150 600 56 <500
Chrysene mg/kg 510 3500 120 1000
Dibenz(a,h,) anthracene mg/kg 66 <500 19 <500
Fluoranthene mg/kg 4000 11000 320 2400
Fluorene mg/kg 700 5300 88 530
Indeno (1,2,3-cd) pyrene mg/kg 180 800 67 <500
Perylene mg/kg 91 <500 23 <500
Phenanthrene mg/kg 5700 16000 320 2200
Pyrene mg/kg 960 8500 250 2100
1-Methylnaphthalene mg/kg 530 4700 88 520
2-Methylnaphthalene mg/kg 740 8600 140 720
Naphthalene mg/kg 5800 28000 310 4400

TOTAL PAH (1) mg/kg 21,387 97,500 2,176 19,110

PCB mg/kg 20 11 330 152

BTEX / TPH
Benzene mg/kg 2020 3800 622 960
Toluene mg/kg 8260 11000 3070 2700
Ethylbenzene mg/kg 4160 5400 754 910
Total Xylenes mg/kg 8040 8000 2760 2600
C6-C10 Hydrocarbons mg/kg 9500 110000 26000 52000
>C10 - C21 Hydrocarbons mg/kg 410000 480000 270000 270000
>C21 to C32 Hydrocarbons mg/kg 280000 460000 360000 570000
Modified TPH mg/kg 700,000 1,050,000 650,000 890,000

Dioxin/Furans pg/kg 497 95

Metals
Aluminum mg/kg 38 <150 1 <150
Antimony mg/kg 7.4 2.8
Arsenic mg/kg 15.6 9.3
Barium mg/kg 0.7 <20 < 0.5 <20
Beryllium mg/kg <2.0 <2.0
Boron mg/kg <40 <40
Cadmium mg/kg < 0.5 <1.2 < 0.5 <1.2
Calcium mg/kg 31 <600 1 <600
Chromium mg/kg < 0.5 <2.0 < 0.5 <2.0
Cobalt mg/kg < 1 <2.0 < 1 <2.0
Copper mg/kg < 1 <20 < 1 <20
Iron mg/kg 87 <50 1.4 <50
Lead mg/kg < 3 <2.0 < 3 <2.0
Magnesium mg/kg 5.3 <160 37 <160
Manganese mg/kg 2.1 <20 8.4 <20
Mercury mg/kg <0.1 <0.1
Molybdenum mg/kg < 1 2.9 < 1 <2.0
Nickel mg/kg < 1 <4.0 < 1 <4.0
Potassium mg/kg < 3 <700 < 3 <700
Selenium mg/kg 1.5 <1.2
Silver mg/kg 5.6 3.9
Sodium mg/kg 3 <700 < 1 <700
Strontium mg/kg <4.0 <4.0
Sulfur mg/kg 6000 2000
Thallium mg/kg 0.6 3.1 0.5 <2.0
Tin mg/kg <20 <20
Uranium mg/kg <2.0 <2.0
Vanadium mg/kg < 1 <2.0 < 1 <2.0
Zinc mg/kg 1.4 <100 < 0.5 <100

% Moisture % < 0.1 < 0.1
Cyanide - Free mg/kg 109 445
Phenolics Total mg/kg 8100 2720

(1) Includes several compounds besides the TDP list



TABLE 6-4: UMATAC COST INFORMATION SUMMARY FOR FIELD DEMONSTRATION (1) 

 
Proponent Name: - 
UMATAC Industrial 
Processes 

Please enter Yes or 
No: 

 Please add brief comments/explanations: 

 Costs  Included 
for: 

 

 Low PCB 
Sediment 

High 
PCB 

Sediment 
 

Basic information:     

Total Cost - CAN $ 3.6 
million   

Tonnage treated  would be in the range of 1,000 
to 1,500 tonnes. The cost estimate is based on a 
trial operation period of 4 months. Cost CAN 
$/tonne  - this figure is not applicable for 
comparison with any commercial treatment 
operation. Calculation of it is academic prior to 
completion of the field demo. 

Cost Items:    
Engineering, 
permitting, etc Yes Yes  

Mobilization Yes Yes  
Excavation/Dredging of 
Sediment No No  

De-watering Sediment Yes Yes  
Transportation of 
sediment No No  

Site Preparation and 
Construction Yes Yes  

Capital Costs for Main 
Treatment 
Technology(s) 

Yes Yes  

Capital Costs for 
Supplemental 
Treatment 
Technology(s) 

No No Assume this means secondary treatment as 
needed for disposal. 

Commissioning Main 
Treatment 
Technology(ies) 

Yes Yes  

Commissioning 
Supplemental 
Treatment 
Technology(s) 

No No  



Operating and 
Maintenance Costs 
(inc. all treatment) 

Yes Yes For the ATP treatment only 

Utilities Costs Yes Yes  

Analytical Costs Yes Yes The estimate includes a reasonable allowance 
for this. 

Reporting and 
Management Costs Yes Yes The estimate includes a reasonable allowance 

for reporting. 
Travel and Related 
Expenses Yes Yes  

Disposal of Treated 
Sediment No No  

Disposal of Other 
Wastes Yes Yes Wastes generated by the ATP plant. 

Any others (please 
specify)    

Demobilization Yes Yes  
 

(1) Much of this information was provided at DPCs request as clarification after 
UMATAC’s Final Report was written 



TABLE 6.5: UMATAC COST INFORMATION SUMMARY FOR FULL-SCALE CLEAN-UP (1) 

 
Proponent Name: -UMATAC 
Industrial Processes Please enter Yes or No:  Please add brief 

comments/explanations: 

Costs Included for: Low PCB 
Sediment 

High PCB 
Sediment  

Basic information:     

Total Cost - CAN $ 89.5 million   Tonnage treated 850,000 Cost 
CAN $/tonne 105 

Cost Items:    
Engineering, permitting, etc Yes Yes  
Mobilization Yes Yes  
Excavation/Dredging of 
Sediment No No  

De-watering Sediment Yes Yes  

Transportation of sediment No No Except for transport within the 
treatment plant area. 

Site Preparation and 
Construction Yes Yes ATP treatment plant area only, 

except for the cost of the site. 
Capital Costs for Main 
Treatment Technology(s) Yes Yes  

Capital Costs for Supplemental 
Treatment Technology(s) No No 

Assume that this means 
secondary treatment of the ATP 
products. 

Commissioning Main 
Treatment Technology(ies) Yes Yes  

Commissioning Supplemental 
Treatment Technology(s) No No  

Operating and Maintenance 
Costs (inc. all treatment) Yes Yes For the ATP plant only 

Utilities Costs Yes Yes For the ATP plant only 

Analytical Costs Yes Yes To the extent of a reasonable 
amount of analyses ($3.2 million) 

Reporting and Management 
Costs Yes Yes For a reasonable amount of 

reporting. 
Travel and Related Expenses Yes Yes  
Disposal of Treated Sediment No No  
Disposal of Other Wastes No No  
Any others (please specify)    
Demobilization Yes Yes  
(1) Much of this information was provided at DPCs request as clarification after 

UMATAC’s Final Report was written 
 



Figure 6-1 UMATAC ATP Conceptual Flow Diagram for Full Scale 
Treatment 
 (Source: UMATAC Final Report) 
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7.  SUMMARY 
The technical evaluation and results from the UMATAC bench demonstration completed as 
part of the technology demonstration program for the Sydney Tar Ponds Clean-up effort are 
presented as follows: 
 

• The UMATAC Alberta Taciuk Process System (ATP): The ATP Processor is the heart 
of the system and is an indirectly heated rotating anaerobic thermal processing unit 
that separates the water and organic contaminants from the soil or sediments. 

• The Alberta Taciuk Process System comprises: 
1. The ATP Processor which receives the feed materials and separates the constituents to 

vapors and solids, 
2. The vapor recovery system which receives and condenses the vapors from the Processor, 
3. The flue gas treatment system which cleans Processor combustion gases suitable for 

release to atmosphere, and 
4.   Auxiliary equipment, utilities and services to handle the materials and supply the Process   

System. 
• UMATAC performed six scoping tests on each sediment, five pyrolysis tests and one 

combustion test.  The purpose of theses tests was to provide basic characterization 
and processing data to determine the optimum conditions for the audit test 

• UMATAC added sand to both sediments to obtain a mixture that was easy to feed to 
the ATP  and  to provide a nucleous for agglomeration so that the fine particles 
would not be carried away in the gas stream in the preheat and pyrolysis zones of the 
process.. After dewatering, the moisture content of the low PCB sediment remained 
sufficiently high that sediment/sand ratios of 3/1 to 5/1 were evaluated.  For the more 
tarry high PCB, sediment/sand ratios of 3/1 to  9/1 were evaluated.  

• Upon remixing for the audit test runs UMATAC noted that the low PCB sediment 
was significantly more fluid than that used for the scoping tests.  As a result a 
sediment/sand ratio of 3/1 was used for this sediment for the audit tests, however this 
was deemed to be too fluid for full-scale application, therefore more sand would be 
required at full-scale.  A sediment:sand ratio of 9/1 was used for the high PCB 
sediment audit tests. 

• The DPC audit runs were conducted in exactly the same way as the scoping runs.  
Two pyrolysis tests and one combustion test were undertaken on the low PCB 
sediment and (two) pyrolysis tests and one combustion test were undertaken on the 
high PCB sediment. 

• Arsenic exceeded the TDP soils criteria in the combusted solids.  When the 
combusted solids were subjected to TCLP, all the metals were below the leachate 
criteria. 

• The decant water for both the low and high PCB sediment exceeded the specified 
water discharge criteria for total PAHs (17 and 13 mg/L respectively vs. the criteria 
of 0.10 mg/L) and for metals including arsenic, lead and manganese. In the preheat 
water total PAH, all BTEX compounds, TPH and arsenic exceeded the water 
discharge criteria for both sediments.  Mercury was also exceeded in the bench test 
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preheat product water.  Both these streams would require treatment at full-scale prior 
to discharge. 

• PAH, PCBs and BTEX were reduced in both sediments to below their detection 
limits and well below the TDP soils criteria, in the combusted solids, with the 
exception of toluene which was also very low. 

• Dioxin and furans levels were reduced in the combusted solids to 4.7 pg/kg for both 
sediments. The levels in the oil were higher than in the original sediment because 
organics concentrate in the oil. 

• The non-condensable gases from the ATP system were comprised of nitrogen, 
oxygen, carbon monoxide, carbon dioxide, and petroleum based hydrocarbons. 
Environmental contaminants were either very low or below instrument detection 
limits.  The calorific values of the low PCB sediment gas and the high PCB sediment 
gas were reported to be 26,200 kJ/kg and 32,900 kJ/kg respectively 

• The PAHs, PCBS and other condensable organics concentrate in the oil resulting in a 
product with expected calorific values ranging from 42,000 to 45,000 kJ/kg.  
UMATAC estimated that the fuel oil would have a value of $14 million based on the 
treatment of 550,000 cubic metres of sediment.  However, even the oil produced 
from the low PCB sediment contained significant PCB contamination between 11 
and 20 mg/kg.  Since similar low levels of PCB are wide spread in the Tar Ponds 
sediment, most of the oil produced may have to be dechlorinated to be saleable. 

• The combustion of the coked solids in the batch unit is not representative of a 
continuous flow ATP however batch test results provide heat and mass balance 
information that can be used for scale up  

• Sulphur dioxide levels were high in the combusted solids indicating that a sulphur 
reduction air pollution control system would be required on a full-scale ATP. 
Sulphur levels were also high in the product oil and similar air pollution control 
technology would be required on any unit burning this fuel.  

• The presence of low concentrations of toluene in the product gases and by 
UMATAC in the combusted solids may be a result of the pyrolytic thermal cracking 
of the PAHs.  The DPC has observed this same phenomena in other thermal 
processes treating this sediment. 

• In some cases there was significant variability in the analytical results.  This may be 
due to inadequate homogenisation of the sample in the laboratory prior to analysis 
since the sediments tend to stratify upon standing.  The DPC noticed this on several 
occasions, including during the round robin, and had brought it to the attention of the 
various laboratories. 

• For full-scale treatment a 25 tonne/hr (11 tonne/hr sediment feed rate taking into 
account the sand addition) ATP Processor would be used as part of a treatment train 
to separate the water from the sediment, to volatilize the organics under anaerobic 
conditions at 550 °C, to produce an oil that could be used as a fuel or sent off-site for 
incineration and to produce a solid product that can be disposed of at a landfill.  The 
remediation would take nine years. 
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• UMATAC’s cost estimate of $89,500,000 to treat 550,000 cubic metres of sediment 
($105/tonne) does not include dredging, handling and transport of the sediment to the 
plant site, and treatment and disposal of the products of the ATP plant. An estimated 
240,000 cubic meters of water would require treatment to the water discharge criteria 
and approximately 57,000 cubic meters of oil would require dechlorination to make 
it saleable or it may have to be disposed of at an off-site facility. 

• The treated sediment (combusted solids) met TCLP criteria and could be disposed of 
at a non-hazardous landfill.   On a mass basis, the combusted solids were 60 % of the 
feed sediment (ie for every tonne of sediment fed into the ATP 0.6 tonne of treated 
sediment would be produced). 
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