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1. INTRODUCTION AND BACKGROUND 
The Demonstration Program Coordinator (DPC), Vaughan Engineering Limited (Vaughan), 
was contracted in Spring 2000 to The Nova Scotia Department of Transportation & Public 
Works (TPW) to develop and implement a Technology Demonstration Program (TDP) for 
the Sydney Tar Ponds Clean-up. On behalf of TPW, the DPC invited interested parties to 
demonstrate one or more commercially available technologies on sediment excavated from 
the South Pond of the Sydney Tar Ponds, located in Sydney, Nova Scotia. After a formal 
bidding and selection process, seven proponents were selected to undertake bench-scale 
demonstrations. This report presents a technical evaluation of the technology demonstration 
undertaken by SAIC Canada of the solvent/acid leaching and plasma destruction of extracts 
to treat the low PCB (<50 mg/kg) South Tar Pond sediment and plasma destruction alone for 
high PCB sediment (>50mg/kg) at bench scale. 

1.1 Proponent Selection Process 

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

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

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

The purpose of this report is to present the results of the SAIC bench and pilot scale tests 
and provide an evaluation of solvent/acid leaching and plasma destruction for treating 
Sydney Tar Ponds sediment, albeit at a limited scale. The overall report for the Technology 
Demonstration Program (TDP) consists of a Summary (Volume 1) and seven volumes each 
covering individual technology demonstrations as stand-alone documents. The Summary 
Report (Volume 1) provides a concise summary of all the bench-scale demonstrations and 
their evaluation.  All volumes are listed in Table 1-1. 

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

Section 1: TDP introduction, background, and sediment collection. 
Section 2: Description and experience of SAIC Canada 
Section 3: Technical description of the treatment process 
Section 4: Summary of the SAIC 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 Environmental Ltd.  

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

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

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

1.4 Sydney Tar Pond Sediment 

1.4.1 Historic Sediment Deposition 

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

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

1.4.2 Contaminants in the Sediment 

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

1.4.3 Physical Characteristics of the Sediment 

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

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

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

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

1.5 DPC Audit Process 

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

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

Results and observations from the DPC audit of the SAIC bench demonstrations are 
included in Section 5. 

1.6 Analytical Issues 

1.6.1 Quality Assurance/Quality Control (QA/QC) 

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

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

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

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

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

1.6.2 Round Robin of Analytical Laboratories 

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

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

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

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

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

1.7 Sydney Tar Pond Sediment Collection and Shipment 

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

The primary target compounds for treatment were PAH and PCB, secondarily 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 
the sampling plan was prepared and approved by the Project Management Consultant 
(PMC). This report was prepared under separate cover and, is entitled, “Tar Pond Sediment 
Sampling Plan for Bench Demonstrations”, and is dated August 28, 2001. 

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

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

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

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

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

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

HDPE liners, contaminated equipment/items and the drums were decontaminated with a 
high pressure hot water wash, with all the wash water going into South Pond at the bulk 
sampling site.  A new HDPE liner was placed in the storage building drum containment area 
and the drums placed back into storage. 



 

Page 9 

Each drum was fitted with a pressure relief valve prior to shipment of the drums to the 
technology contractors test facilities on November 30, 2001.  The DPC also sent a special 
“demo sample” for analysis by the contractor’s CAEAL accredited laboratory.  This analysis 
was part of the “round robin” (see Section 1.6.2). 
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2. PROPONENT DESCRIPTION AND EXPERIENCE 
2.1 Proponent and Proponent History 

SAIC Canada was incorporated in 1986 and is a wholly owned Canadian subsidiary of 
Science Applications International Corporation. Science Applications International 
Corporation is a high-technology, research and engineering company focusing primarily in 
the market areas of energy, environment and health, and provides high-technology support 
for products for both industry and government. Science Applications International 
Corporation is a Fortune 500 company and one of the largest employee-owned research and 
engineering companies of its kind, with over 41,000 employees and an annual revenue of 
$5.9 billion (US) as of January 2001. 

SAIC Canada has a staff of approximately 80 scientists, engineers and technicians with 
offices in Regina, Ottawa, Fredericton and Halifax. Ottawa is the location of SAIC Canada’s 
head office, and their Environmental Technologies Program. The majority of work for this 
demonstration was conducted at the SAIC Canada Environmental Technologies Program 
facility, located at: 

SAIC Canada, Environmental Technologies Program 
3439 River Road South 
Ottawa, Ontario 
K1A 0H3 

SAIC Canada teamed with the Terra-Kleen Response Group Inc. (Terra-Kleen), and Tallon 
Metal Technologies Inc. (Tallon), experts in the field of solvent extraction and acid 
leaching/extraction technologies, respectively. Terra-Kleen, developers and providers of a 
solvent extraction technology, is headquartered in San Diego, California. Tallon, developers 
of a patented heavy metal recovery and extraction process marketed as VitrokeleTM, is 
headquartered in Ville St. Laurent, Quebec. 

2.2 Proponent Experience with Selected Technology 

SAIC Canada staff has extensive experience in the development and evaluation of soil and 
groundwater remediation technologies at bench-, pilot- and full-scale levels. SAIC Canada 
has the experience and staff required to undertake and complete bench-scale testing for the 
Sydney Tar Ponds Technology Demonstration Program. Technical input on each technology 
demonstrated was provided by Terra-Kleen, Tallon, and the SAIC Idaho Falls office. The 
experiment plan was designed and test conditions selected based on recommendations 
provided by all team members. 

Resorption Canada Limited (RCL), an Ottawa-based firm with plasma experience and a 
plasma unit, was included in the SAIC Canada bench demonstration. Due to the US import 
restriction on material with greater than 2 mg/kg PCBs, the plasma equipment at the SAIC 
Idaho Falls office could not be used. As discussed in Section 4, the plasma unit at the RCL 
facility was used and the RCL staff provided some technical input on the plasma process. 
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Terra-Kleen 

Terra-Kleen developed a solvent extraction technology to remove organic contaminants 
from soil, and now have extensive commercial project experience in solvent extraction. The 
U.S. Environmental Program Agency (EPA) Superfund Innovative Technology Evaluation 
(SITE) program evaluated the performance of the Terra-Kleen technology at which time 
Terra-Kleen treated over 10,000 tons of PCB contaminated soil with concentrations ranging 
from 25 mg/kg to 43,000 mg/kg to less than the PCB clean-up target of 2 mg/kg. Terra-
Kleen states that their process is applicable to PAH-contaminated soils; however, the 
experience provided appears to apply mainly to PCBs and dioxins-contaminated soils. 

Tallon 

SAIC Canada notes that Tallon is an expert in acid leaching/extraction of heavy metals from 
sediments and soil and their corporate experience includes sediment remediation projects at 
Longue Point, Quebec and Hamilton Harbour, Ontario. The cleanup at Long Pointe Military 
Base, Montreal, Quebec using Tallon’s Vitrokele technology involved the treatment of more 
than 100,000 tonnes of lead-contaminated soil. At a pilot scale test in Toronto, Ontario, 35 
tonnes of sediment were treated and the results showed 60 to 90 percent recovery of select 
metals and 95 percent recovery of PAHs. 

SAIC Idaho Falls Office 

SAIC Idaho Falls office has developed a plasma hearth process that is flexible and efficient 
in the destruction of organic contaminants as well as in the vitrification of heavy metals. 
SAIC Canada would apply the expertise in plasma technology provided by the Idaho Falls 
office in the full-scale treatment of the Sydney Tar Ponds sediment. 
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3. TECHNOLOGY DESCRIPTION 
SAIC Canada demonstrated three technologies in a treatment train approach, including 
solvent extraction for the removal of organic contaminants, acid leaching / metal chelation 
for the removal of inorganic contaminants, and plasma destruction for the treatment of toxic 
streams resulting from the solvent and acid leachings. 

3.1 Solvent Extraction 

Solvent extraction is a method that uses a low molecular weight organic solvent to remove 
organic contaminants (eg. PCBs, PAHs) from contaminated sediments. The solvent is added 
to the sediments and mixed for a length of time at ambient temperatures or at elevated 
temperatures. Portions of the organic compounds de-sorb from the sediments and enter the 
solvent matrix. The contaminated solvent is then separated from the sediment. This process 
is repeated several times to ensure adequate treatment levels are obtained. 

A system at full-scale includes a solvent regeneration system that concentrates the extracted 
contaminants and allows the solvent to be re-used. Typically solvent extraction is applied to 
reduce the total volume of material requiring disposal or other treatment. If the weight of 
concentrated extract requiring disposal or treatment is greater than the original weight of 
contaminated sediments then little benefit may be realized from the solvent extraction 
process. 

3.2 Acid Leaching and Metal Chelation 

Acid leaching and metal chelation is a process whereby heavy metals are removed from 
sediment. For the acid leaching step, a low pH acid solution is added to contaminated 
sediments. Most heavy metals tend to readily dissolve into low pH solutions, and the metals 
are transferred from the solid phase to the aqueous phase. For metal chelation, a chelating 
agent is added to the acid-sediment mix, and the metals in the aqueous phase will tend to 
bind with the chelant. The chelant-metal complexes are generally soluble in organic 
solvents, whereas low pH water-acid-metal solutions are not. Thus, a chelating agent is 
advantageous since a small volume of solvent can be added to extract both organics and 
chelant-metal complexes from the sediment. 

3.3 Plasma Destruction 

Plasma destruction is a thermal process that uses extremely high temperatures in an oxygen 
starved environment to decompose material, including organic contaminants, into simple 
molecules. Due to the lack of oxygen, plasma is classified as a pyrolysis process. 

Plasma is an electrically conductive gas, and can be described as controlled lightning. A 
plasma arc torch generates high temperatures when electricity is used to excite a carrier gas. 
The resulting plasma gas at sustained temperatures ranging between 3,000 and 8,000oC 
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contacts the material to be treated and the minimum temperature within the material  
typically exceeds 1,200oC. 

When waste material is fed into the reaction vessel the intense heat of the plasma gas breaks 
down organic molecules into their basic atoms.  These atoms recombine into harmless gases 
such as carbon dioxide, and non-combustible solids, such as glass and metals, are melted to 
form an inert slag in which toxic metals are encapsulated and rendered non-leachable. With 
the plasma arc there is no burning or incineration and no formation of ash. The product off-
gas of a plasma unit will typically pass through a cyclone to remove any air-borne 
particulate and a scrubber to remove any air-born metals. Off-gas polishing units, such as a 
natural gas after burner, may also be used before final discharge to the atmosphere. 
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4. BENCH DEMONSTRATION 
SAIC Canada reported results of their bench-scale demonstration on the Sydney Tar Pond 
sediment in a report entitled “Treatment of Sydney Tar Pond Sediment, Bench-Scale 
Demonstration of Treatment / Remediation Technologies”, dated May 29, 2002 (the SAIC 
Final Report). The SAIC Final Report is summarized below, and is presented as Appendix 
A. 

Before bench testing commenced, a work plan was developed by SAIC Canada and 
approved by the DPC which met the requirements of the RFP/contract for the TDP. Several 
changes to the test program outlined in the work plan occurred as a result of preliminary 
testing.  For the audit runs the high PCB sediment was fed directly into the plasma unit, 
solvent extraction and acid leaching was completed separately and metal chelation was not 
used. The DPC agreed with these changes from SAIC Canada’s Work Plan. 

 The SAIC Work Plan entitled, “Treatment of Sydney Tar Pond Sediment, Bench-Scale 
Demonstration of Treatment / Remediation Technologies Work Plan” and dated February 
11, 2002 (the Work Plan) is included in Appendix B of the SAIC Final Report. 

4.1 Bench Demonstration Program 

The SAIC Canada bench-scale demonstration treated both the low PCB and high PCB 
sediments.  

The low PCB sediment was treated using the following approach: 
• sample homogenization and removal of >1 cm oversized fraction; 
• solvent extraction and acid leaching for the removal of organic and inorganic 

contaminants, respectively; and, 
• plasma destruction to treat the toxic streams resulting from the solvent extraction and 

acid leaching processes. 

Solvent extraction and acid leaching were proposed to reduce the total volume of material 
requiring treatment in the plasma unit. As discussed in Section 4.2, due to the high 
percentage of hydrocarbons in the high PCB sediments, solvent extraction did not 
significantly reduce the total volume of material before plasma treatment. Thus, SAIC 
Canada applied the following approach to the high PCB sediment: 

• sample homogenization and removal of  >1 cm oversized fraction; and, 
• plasma destruction after removal of the oversized material. 

Dr. Konstantin Volchek, of SAIC Canada, was project manager for the SAIC Canada 
demonstration and SAIC Canada’s technicians Mr. Dario Velicongna and Ms. Alison 
Obenauf completed the majority of the bench-scale work at the SAIC Canada facility. The 
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plasma destruction tests were supervised by Dr. Volchek and Mr. Velicongna and performed 
at the off-site RCL facility as described in Section 4.1.2. 

4.1.1 Study Objectives 

The overall objective of the treatability investigation was to determine the effectiveness of 
the selected technologies for the removal and destruction of organic and inorganic 
contaminants from Sydney Tar Pond sediment containing either a high (>50 mg/kg) or low 
(<50 mg/kg) concentration of PCBs. The effectiveness was generally evaluated based upon 
contaminant levels in the plasma slag, and in extracts from procedures applied to these two 
materials, as well as consideration of the total volume of extracted material from the solvent 
extraction and acid leaching steps.  

Another objective of the SAIC Canada demonstration was to determine the optimal 
treatment parameters for solvent extraction and acid leaching / metal chelation on organic 
and inorganic removal rates.  The optimised parameters were then to be used in the audited 
run.  No optimization of the plasma unit operation was conducted before the audited run due 
to the cost of plasma operation. 

4.1.2 Bench Test Facility and Analytical Laboratory 

The SAIC Canada demonstration was conducted at two locations. The solvent extraction and 
acid leaching technologies were demonstrated at the SAIC Canada facility, and the plasma 
destruction tests were conducted at the RCL facility. The locations of the two facilities are 
presented as follows: 

SAIC Canada Resorption Canada Limited 
3439 River Road South 2610 Del Zotta Avenue 
Ottawa, ON Ottawa, ON 
K1A 0H3 K1T 3V7 

 

The SAIC Canada facility housed all equipment and supplies required for the solvent 
extraction and acid leaching tests, and all work was completed by SAIC Canada staff. The 
RCL facility housed the plasma treatment unit which was operated by RCL technicians. 

Analytical testing for SAIC Canada’s preliminary demonstration runs was completed by  
SAIC Canada’s analytical lab and Caduceon laboratory, both located in Ottawa. The 
Environmental Services Laboratory Inc., located in Sydney, Nova Scotia was used for 
analysis of samples from the audited run.  ESL analytical methods are shown in Table 4-1. 

4.1.3 Sydney Tar Pond Sediment Delivery and Storage 

SAIC Canada’s bench-scale demonstration was conducted using two sediment samples; one 
high in PCBs (>50 mg/kg) and one low in PCBs (<50 mg/kg). Vaughan Engineering 
delivered both drums of Sydney Tar Ponds sediment to the SAIC Canada facilities during 
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the week of December 3, 2001. The low PCB sediment was supplied in a 205 L (45 gallon) 
steel drum, while the high PCB sediment was supplied in a 90 L (20 gallon) or 135 L (30 
gallon) steel drum packed with vermiculite inside of a 205 L (45 gallon) steel drum. The 
drums were stored at room temperature at SAIC Canada’s permitted storage facility (see 
Photo 5-1).  

4.1.4 Apparatus 

Apparatus descriptions are based upon information provided by SAIC Canada in the Work 
Plan and the SAIC Final Report, and based upon the DPC’s records. 

The sediment was homogenized using a barrel mixer as shown in Photo 5-2, and the 
oversized fraction removed using a 1 cm metal sieve. Some homogenization was also 
completed in 20 L pails using an electric power drilling and mixing tool. 

Solvent extraction tests for the audited run were performed using a Ross 1 HP mixer with a 
10 L capacity reactor (see Photo 5-3) to mix the sediment and the analytical grade isopropyl 
alcohol (IPA) solvent. The 10 L reactor wall was double lined. Placement of heated water 
between the outer and inner walls of the reactor allowed for indirect heating of the sediment 
and solvent. During the experiment, the 10 L reactor was kept warm by a continuous supply 
of warm water heated by an electric unit, and monitored with a temperature probe. The set-
up is shown in Photo 5-4. Solvent and sediment were separated using vacuum filtration as 
shown in Photo 5-5. The collected extract was distilled using a distillation column 
measuring approximately 2.5 meters in height (see Photo 5-6). 

Acid leaching tests for the audited run were performed by mixing the sediment with 
analytical grade nitric acid and tap water in a 20 L plastic pail using a motor-powered 
mixing tool (see Photo 5-7). Solvent and acid water were separated using vacuum filtration 
similar to the set-up shown in Photo 5-5. The collected acid leachate was concentrated using 
a nanofiltration unit. The unit consisted of a reservoir to house the contaminated acid, a 
pump capable of pumping at pressures greater than 200 psi, stainless steel tubing and three 
compartments where nanofiltration filters were placed. Photo 5-8 shows the nanofiltration 
unit. 

The plasma unit was housed in a room two stories in height and approximately 350 m² in 
area. The unit consisted of a reactor vessel, a concentric heat exchanger, venturi-type and 
impingement-type scrubbers (see Photo 5-9), two induction blowers, a natural gas after 
burner, a control consol and all associated piping and equipment. A schematic of the plasma 
unit is presented in Figure 4-1. The reactor vessel basically consisted of the plasma torch, a 
natural gas port for initialling heating the reactor, a double-valve feeder assembly fixed to 
the top of the vessel, an off-gas effluent port, and an access portal. A large 41 cm (16”) 
diameter graphite crucible was located inside the reactor vessel during testing and was used 
to house the material during treatment. Photo 5-11 shows the open access door of the reactor 
vessel minutes after the hot crucible was removed. A sand bed was used to hold the hot 
crucible after removal from the reactor. Hard fused treated material in the crucible was 
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removed with a chisel and hammer. After cooling in the heat exchanger, the off-gas from the 
reactor passed through an impinger train (see Photo 5-10) immersed in an ice bath.  The 
train consisted of five 20 L glass impingers in series, each containing 3.5 – 4.0 L of ethylene 
glycol.  Ethylene glycol has been proven as an effective trap for organic contaminants in the 
gas in previous work by RCL for the Ontario Ministry of the Environment and is a standard 
gas sampling method for RCL. 

4.1.5 Study Approach and Sampling Plan 

Prior to starting testing, the sediments were mixed on SAIC Canada’s drum mixer to 
individually homogenize each sediment and re-combine any separated water. This mixer, 
shown in Photo 5-2, is designed to tumble a drum, end over end. The oversized fraction was 
mechanically separated using a 1 cm sieve to remove any large material that could interfere 
with the bench-scale testing.  The sieved material was used in the treatment train, and 
portions sent for complete analysis.  This fraction would not be separated in the fullscale 
process.  

During the bench-scale optimization, each of the individual steps in the process train was 
evaluated separately. Once each step was optimized, the low PCB sediment was processed 
by the complete process train, excluding plasma destruction, before the final audited run. 

After homogenization, column flushing tests were initiated to evaluate the hydrodynamics of 
the soils using water, solvent and acid. The results of these tests were used to evaluate the 
feasibility of using column flushing for the solvent extraction and acid leaching treatment 
steps. A known amount of sample (typically, 0.2 kg or 0.5 kg) was placed in a 3 L column, 
and the column was then flushed with water, solvent, or acid. The driving force for this 
permeation was either gravity, or an applied pressure. The full procedures for the hydraulic 
testing and solvent and acid column flushing tests performed on each of the sediment 
samples are outlined in Section 3.3 of the SAIC Final Report. 

Following the column flushing tests, a series of tests were also performed to determine if the 
acid leaching and solvent extraction steps could be performed sequentially in one processing 
vessel, such that metals and organics could be extracted from the sediments in one step. For 
these tests, instead of column flushing, the sediment sample, solvent and acids were mixed 
mechanically to increase the contact between the sediment and the liquids. The soil was first 
mixed with acidified water to leach the metals from the soil before a chelating agent was 
added to bind the metals to the chelant. A solvent was then added to extract organics from 
the matrix.  After mixing, the solvent-organic-metal-chelant was removed from the soil with 
vacuum filtration. The sediment was submitted for analysis of the target parameters. The full 
procedure for the sequential acid leaching and solvent extraction test is outlined in Section 
3.4 of the SAIC Final Report. 

The solvent extraction step was then evaluated on its own, using isopropyl alcohol (IPA) and 
using varying temperatures during extraction. The tests were performed to evaluate the 
effectiveness of using isopropyl alcohol on both sediments, and to evaluate the effect of 
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temperature on solvent extraction. This was performed to try and increase the extraction 
efficiency from what was attained at room temperature. Six different temperatures were 
monitored, and visual observations of the extracts were recorded. The full procedures for 
these tests are outlined in Sections 3.5 and 3.6 of the SAIC Final Report. 

The next set of experiments measured the effectiveness of acid leaching alone without 
chelant for the removal of metals from the solvent extracted soils. The soils were placed in a 
glass mixing vessel, to which water-acid at pH 2 was added. The water-acid was separated 
from the sediment using filtration. Samples of the initial soil, treated soil, and extract were 
taken and analysed for metals. See Section 3.8 of the SAIC Final Report for additional 
information. 

SAIC Canada conducted a run of the complete process on the low PCB sediment, except 
plasma destruction, before the audited run was completed. Testing the complete process, up 
to the plasma destruction step, was done to identify any potential problems with the process 
train prior to the audit run. By this stage, each individual component of the process was 
optimized. Plasma destruction was not included due to the cost of plasma operation. 

As discussed in Section 4.2 below, the full treatment process was applied to the low PCB 
sediment.  A schematic was produced by SAIC showing the treatment process that was 
applied to the low PCB sediment during the audited run, complete with sampling points (See 
Figure 4-2); This figure represents the process, but the filtration steps are not shown and the  
solvent (“tops”) and acid water (permeate) were not recycled in the bench test. Sampling 
undertaken by SAIC is shown on Table 1 and Table 2 of the SAIC Final Report. The 
sampling points are labelled on Figure 4-2. 

The study approach and sampling plan for the audited solvent extraction, acid leaching and 
plasma destruction portions of the SAIC Canada demonstration are discussed separately in 
their respective sections below. 

Solvent Extraction 

The purpose of the solvent extraction step was to remove organic compounds from the 
contaminated sediment. Approximately 3 kg of the low PCB sediment was added with 
approximately 2.25 kg of IPA solvent to the 10 L capacity reactor attached to the Ross 1 HP 
mixer (Photo 5-12). The sediment and solvent were mixed at 60oC for approximately 30 
minutes. The sediment-solvent was removed and vacuum filtered (Photo 5-5) to separate 
solvent from sediment. The sediment was placed back into the 10 L reactor, and new IPA 
solvent and some water was added. This process was repeated six more times, for a total of 
seven “passes” or extractions. 

The solvent extract from all runs was combined and added to the distillation unit (Photo 5-
6), and the IPA was distilled from the extracted organics from the sediment. The purpose of 
the distillation column was to recover as much solvent as possible for later re-use (solvent 
re-use would be accomplished at full-scale). The solvent “bottoms” (high organics content) 
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and recovered solvent “tops” (low organics content) were sampled. The full procedure for 
the solvent extraction procedure is outlined in Sections 3.9.1 and 3.9.2 of the SAIC Final 
Report.  

Acid Leaching Tests 

The purpose of the acid leaching step was to remove inorganic compounds from the  
sediment. The sediment from the solvent extraction process was placed in a 20 L plastic 
container. Approximately 6 L of water acidified with nitric acid was added to the sediment, 
and mixed for approximately 90 minutes (see Photo 5-7). The pH of the mixture was 
maintained with nitric acid at approximately 1.5 during this time. The sediment and acidic 
water were then separated by vacuum filtration.  

The recovered acidic water/leachate was concentrated using the nanofiltration unit (see 
Photo 5-8). The purpose of the nanofiltration unit was to recover as much water and acid as 
possible for later re-use (acid re-use would be accomplished at full-scale). As the unit 
operated, acidic water passed through the nanofiltration filters and was collected. This water, 
termed the permeate, was relatively free of metals since the large metal molecules are 
restricted from passing through the small pore size of the filters. Water that did not pass 
through the filters was continuously re-circulated from the holding reservoir, over the filters 
and back to the holding reservoir. During this time as more permeate was collected, the 
metals concentration in the remaining liquid, termed the concentrate, increased. The 
concentrate and permeate were both sampled. The full procedure for the acid leaching 
procedure is outlined in Sections 3.9.3 and 3.9.4 of the SAIC Final Report. 

Plasma Destruction  

Plasma Test 1 - High PCB Sediment  

In the first plasma test high PCB sediment was put through the plasma destruction without 
any pre-treatment.  

Plasma Test 2 - Low PCB Sediment  

In the second plasma test the concentrate from the acid leaching process and the “bottoms” 
collected after solvent extraction and distillation on the low PCB material were combined. 
The RCL plasma system did not have a continuous feed for solids, or a pump for liquids  so 
the combined sample was put into test tubes and inserted manually into a graphite crucible 
in the plasma unit for each test. 

A schematic of the plasma destruction process is shown in Figure 4-1. Before the plasma 
unit was used for the audited run, the reactor vessel and the large afterburner vessel were 
preheated with natural gas for approximately 12 hours at which time the vessels 
temperatures were approximately 900˚C. The graphite crucible was then placed in the 
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reactor vessel, and the reactor vessel and crucible were further heated with the plasma arc  
until the temperature measured greater than 1,150˚C. Once this temperature was achieved  
test tubes containing sample were put through the 50 mm (2 inch) double-valved feeder 
assembly. 

Product gas exiting from the vessel and passed through the concentric heat exchanger which 
was cooled by water supplied from the municipal water supply. The heat exchanger was 
connected to a 5-bottle, full-flow, impinger train, which, in turn, was connected to the 
pollution abatement system consisting of scrubbers, blowers, and an afterburner vessel (a 
combustion zone of 1,000˚C). The 5 impinger bottles were seated in a polypropylene tank 
filled with ice-water. The off-gas was ultimately discharged to the atmosphere. Since the 
pollution abatement system was designed to handle simultaneous operation of numerous 
plasma units, the off-gas from one plasma unit would be considerably diluted, especially for 
small samples used in this treatability study, making gas analysis impractical. Gas sampling 
was therefore done after the plasma unit under test.  

Temperatures at various locations throughout the reactor vessels, and the gas handling train  
were recorded at 30 second intervals during preheat and testing modes. Specifically, there 
were five (5) points noted in the system configuration diagram (Figure 4-1).  Pressures were 
recorded at the two (2) points noted in the diagram in order to maintain the safe operation of 
the impinger train. 

The volume of ethylene glycol in each impinger bottle was recorded prior to each test with 
new glycol being used for each test. The mass of each impinger bottle, both empty and filled 
with glycol was recorded prior to, and after each test. 

The glycol from the impingers, water from the scrubbers, and the slag material in the 
crucible were sampled for analysis. The slag material was also sampled for leachability. 
Since draining the scrubber water and adding new scrubber water between testing was 
impractical, the water scrubber water was sampled before initiation of the high PCB test, 
after the high PCB test, and then again after the low PCB test. No water was added to the 
scrubber water tank between runs, and so the water quality for each test was determined by  
analyses for metals between tests. 

4.2 Bench Demonstration Results 

SAIC Canada presents the results of the non-audited and audited tests in Section 4 of the 
SAIC Final Report, included in Appendix A. Results of the SAIC Canada demonstration are 
summarized below. 

4.2.1 Separation of Oversized and Sediment Homogenization 

SAIC Canada estimated, on a volume basis, that the oversized (>1 cm) portions of the low 
PCB and high PCB sediments were approximately 10% and 5%, respectively. These 
portions were separated, and were stored in separate containers (two containers for oversized 
material, two for undersized). SAIC Canada also estimated that 1 hour of mixing on the 
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drum mixer was sufficient to provide adequate sediment homogenisation, but gave no 
analytical data to support this estimate. 

4.2.2 Column Flushing Tests 

The column flushing tests were performed using three different fluids: water, acidic water 
and IPA. These tests were used to determine which extraction method, column flushing or 
slurry mixing, would be most suitable for use in subsequent tests. SAIC Canada found that 
with all three fluids, the low PCB sediment was more permeable than the high PCB 
sediment. For example, at 0.7 bar pressure water flows through the low and high PCB 
sediments were 6.3 mL/min and 1.0 mL/min, respectively. There was no flow through the 
high PCB sediment at any pressure applied for the acidic water and IPA tests. The column 
flushing method was preferred because it eliminates the need for a soil/solvent separation 
step, as the separation of the solvent from the solid phase occurs within the column.  Due to 
the poor flushing results of the high PCB sediment, SAIC Canada decided to discontinue the 
column tests for both the high PCB and low PCB sediments and proceed with the slurry 
mixing method. 

4.2.3 Sequential Solvent Extraction, Acid Leaching, Chelation Tests 

Section 4.3 of the SAIC Final Report presents the results of the sequential solvent 
extraction, acid leaching, chelation tests. The purpose of this portion of the work was to 
determine if the process steps could be performed sequentially in one vessel. While the tests 
on the low PCB sediment went without any difficulties, SAIC Canada continued to 
experience problems with the high PCB sediment. For example, mixing during a solvent 
extraction test resulted in the sediment “clumping” or “balling” up (there was minimal 
dispersion of the sediment particles). Sediment of this nature would not respond well to 
treatment since the reagents would have difficulty contacting all portions of the sediment. 
The vacuum filtration unit also plugged up when testing the high PCB sediment. SAIC 
Canada noted that the sediment behaviour was not due to the moisture content, but rather the 
high hydrocarbon content. 

It was decided that solvent extraction and acid leaching of the high PCB sediment was not 
feasible due to the high petroleum hydrocarbon content (approximately 6 %). The purpose 
of the solvent extraction and acid leaching was to reduce the volume of the feed to be treated 
by plasma destruction, and SAIC Canada noted that it was not possible to concentrate the 
sample. As such, it was decided that for the high PCB sediment, the chemical pretreatment 
steps would not be used and it would be treated directly by plasma destruction. 

SAIC Canada concluded that the incorporation of a chelation step into the extraction process 
would be ineffective for Sydney Tar Ponds sediment, since the acid leaching was 
ineffective, and chelation only works if the acid leaching works. 

Analyses done during the sequential solvent extraction , acid leaching and chelation tests for 
both sediments showed that PAH and PCB concentrations decreased after treatment. The 
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percentage removal for the PAHs ranged from 24-69% for the low PCB sediment and from 
0 to 33% for the high PCB sediment.   

4.2.4 Solvent Extraction Testing 

One aspect of the solvent extraction testing was to evaluate the effectiveness of using 
isopropyl alcohol (IPA) on both sediments. SAIC Canada concluded that the IPA mixed 
well with the low PCB sample, however, SAIC Canada did not present other alternatives to 
IPA or explain why IPA was selected over other solvents. SAIC Canada also attempted to 
use IPA with the high PCB sediment; but, the sediment balled up in the mixer and plugged 
the vacuum filter.   

As shown in Table 7 of the SAIC Final Report (in Appendix A), with the exception of the 
higher molecular weight PAHs, the organic contaminants in the sample were reduced 
significantly with the one IPA pass. SAIC Canada commented that this could be expected, 
as the lighter components would be expected to be more easily dissolved but subsequent 
extractions would be required for the complete removal of the full range of contaminants.  
The percentage removal including all PAHs ranged from nil to 39%. As with the sequential 
tests, described in Section 4.2.3, the metal concentrations increased after extraction.  

Heated solvent extraction tests were performed on the low PCB sample to evaluate the effect 
of temperature on solvent extraction. Visual observations were taken, but no analyses were 
performed. As can be seen from Photo 4-1, an increase in temperature results in a darker 
colour of extract, indicative of higher levels of contaminant in the extract.  No 
recommendations were provided as to the optimum temperature; however, 60oC was used 
during the audited run. 

4.2.5 Pre-Audit Testing of Solvent Extraction and Acid Leaching 

SAIC Canada refers to this test as the “shakedown test”, and performed it on the low PCB 
sediment only. The shakedown test was completed to identify any potential problems with 
the process train prior to the audit run. Plasma testing was not included in the shakedown 
test due to cost. 

During the shakedown test, multiple extraction passes were performed to determine the 
optimum number of passes.  The initial sediment and treated sediment analyses (after six 
passes) are shown in Table 8 of the SAIC Final Report.  Figure 4-3 illustrates the effect of 
consecutive passes on the concentration of PAHs in the extract. Based upon these results, 
the initial passes were more effective and each consecutive pass became less effective than 
the one before it, which is normal behavior in extraction technology. SAIC Canada indicated 
that the effectiveness of the process is minimal after six or seven passes; however after six 
passes the TDP criteria for many PAHs were still not met. 

During the shakedown test, solvent recovery was tested to determine percentage recovery, 
and the purity of the recovered solvent. A total of 15.8 litres of solvent was fed into the 
distillation apparatus, and distilled to 250 ml (98% recovery of the solvent). Samples of both 
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the recovered solvent (“tops”) and the concentrated solvent (“bottoms”) were collected for 
analysis. As shown in Table 9 of the SAIC Final Report, the tops showed very low 
concentrations of organic contaminants and, therefore, SAIC Canada concluded that it 
would be suitable for reuse.  Distillation was stopped when the tops started taking on a slight 
yellow tinge. The yellow discolouration was attributed to the slight amount of contaminants 
that began to be carried over. 

The sample extracted was used as the feed for acid leaching, as it would be the full-scale 
process. Two experiments were conducted, acid leaching and caustic leaching. The high 
concentration of non-target metals can have an adverse effect on the extraction of the target 
metals, and result in an excessive consumption of acid. Because of this, an attempt was 
made to leach some of the target compounds using a basic / caustic solution. As can be seen 
in Table 10 of the SAIC Final Report, both arsenic and chromium were more readily 
extracted from the matrix under caustic conditions when compared to acidic conditions.  
Acid performed better for cobalt, copper, lead and zinc. 

The acid leachate was processed through a nanofiltration unit. As seen in Table 12 of the 
SAIC Final Report, this process reduced the volume of leachate (70% reduction by volume), 
while at the same time produced recovered acids to be reused for further acid leaching. The 
pH of the recovered acid was 1.51; where as the pH of the concentrate was 1.76. 

4.2.6 Audited Runs 

During the audited run, the low PCB sediment (< 1 cm portion) was processed through all 
treatment steps, including solvent extraction, acid leaching, and plasma destruction, while 
the high PCB sediment (< 1cm portion) was placed directly into the plasma unit. 

Solvent Extraction  

Three kilograms of the low PCB sediment was extracted sequentially in seven extractions 
using a total of 20.5 kg of isopropyl alcohol.  See Table 6 –1a for analyses. 

SAIC Canada did not comment on the PAH removal; however, according to analytical 
results, five PAHs still exceeded their respective TDP criteria in the sediment. The largest 
exceedance was benzo(a)pyrene with a reported concentration of 26 mg/kg after seven 
passes. The percentage removal for the PAHs individual or total ranged from 72% to 98%. 
After extraction, the phenols concentration increased (from 47 mg/kg to 592 mg/kg) and the 
toluene concentration increased (4.8 mg/kg to 9 mg/kg).  Again, the levels of metals 
increased somewhat after the solvent extraction. There was no discussion on the vacuum 
filtering step conducted at the end of each pass. 

Extract collected from the solvent extraction step was concentrated using distillation. The 
analyses of the feed, the “bottoms” (the concentrate) and the “tops” from the distillation 
column (distilled solvent) are shown in Table 6-2a. SAIC Canada provides no discussion on 
the solvent distillation analytical results, and does not provide the volume of the “tops” nor 
the “bottoms”.  
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Acid Leaching  

Acid leaching was performed on the solid product recovered from the solvent extraction 
step. After solvent extraction, the sample contained very little hydrocarbon (1200 mg/kg 
TPH). In SAIC Canada’s opinion, this allowed the sample to be more amenable to acid 
leaching. This acid leaching test was performed using a single pass, but SAIC Canada 
indicated that the full-scale acid leaching step would use multiple passes, which would result 
in more complete metal removal.  After acid leaching all the metals in the TDP list except 
arsenic were below the criteria.  However, the sediment at this point still had several 
organics (five PAHs, toluene and benzene) in excess of the TDP soil criteria. 

The extract from the acid leaching step was poured off the sediment and run through a 
nanofiltration unit. SAIC Canada indicated that a total of 5 L of the acid leachate was 
concentrated down to 3.2 L; however, the permeate flow rate, and the amount of time 
required to reduce the volume was not given in the SAIC Final Report. SAIC Canada did 
state that this volume could have been concentrated more, but the permeate flow rate was 
very slow, and because of logistics had to be stopped prematurely.  SAIC Canada noted that 
the permeate acid was virtually free of heavy metals, and consequently, could be reused for 
leaching purposes.  The concentrations of metals in the feed, permeate and concentrate are 
shown in Table 6-2a. In some cases, concentrations of metals (i.e. Sb, Cd, Cu) in the 
permeate were found to be higher than in the initial leachate. SAIC Canada believed that this 
could be a result of system contamination.  Even though the system was thoroughly cleaned 
prior to each test and brand new membranes were employed in each experiment, some metal 
residues may have remained in the system. For most metals analyzed, the metal 
concentrations were very low and thus any system impurities may have significantly 
affected analytical results.   

Plasma Destruction  

The high PCB and low PCB sediment destruction runs were termed Test 1 and Test 2, by 
RCL. The high PCB test was interrupted due to a mechanical failure (described below), so 
two runs were required to complete the test on that sample. These two runs were termed Part 
A and Part B. Approximately 1,015 g of high PCB sediment was used for the high PCB test 
Parts A and B while 959 g of extracts was introduced during the low PCB test. SAIC did not 
provide the weight of the test-tubes, and no blank on the test tubes alone was run. 

The high PCB test Part A commenced on April 4, 2002 at approximately 14:00 with the 
feeding of one test tube every minute.  This proceeded until 14 of 37 test tubes had been put 
in, at which time a mechanical failure of the induction blower forced the interruption of the 
test. The crucible was removed from the reactor vessel and placed on a bed of silica sand to 
air cool. The blower was repaired, and Part B commenced on April 11, 2002 at 
approximately 12:00 with the feeding of one test-tube every minute. This continued until the 
remaining 23 test-tubes were processed and a visual inspection of the crucible contents 
indicated that no further gas production was occurring. At this time the crucible was 
removed and placed on a bed of silica sand to air cool. 
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The low PCB extracts destruction was then started at approximately 16:30 with the feeding 
of one test-tube every minute.  At 16:41 the feed-rate was increased to one every 30 
seconds.  In this manner a total of 49 test-tubes were put through.  Processing continued 
until a visual inspection of the crucible contents indicated that no further gas production was 
occurring.  At this time the crucible was then removed and placed on a bed of silica sand to 
air cool. 

Prior to the testing, the scrubber water holding tank was filled with tap water to its capacity 
of approximately 250 litres. SAIC Canada then acidified the water with a quantity of nitric 
acid to achieve a pH of approximately 2.  

During the tests, a total of approximately 37 litres of ethylene glycol was used in the 
impinger train, specifically, this was 19.71 litres (21.88kg) for the high PCB test (Parts A 
and B) and 17.70 litres (19.65kg) for the low PCB test. The glycol remained in the 
impingers between high PCB test Part A and Part B.  New glycol was put in before the start 
of the low PCB test. For both tests, an average gas flow rate of 0.25 m³/min (9 cfm) was  
maintained.  RCL estimated that of this, approximately 5% is product gas from the 
processing of the material and the rest is the plasma medium. The temperature of the plasma 
unit was controlled, and was kept at appropriate levels. The temperatures are presented in 
Table 17 of the SAIC Final Report. The weight of slags obtained from high PCB test and 
low PCB test was 730 g and 800 g, respectively. 

The analyses of the slags, including CGSB leachate analysis, are presented in Tables 6-1 and 
6-3, respectively for the low and high PCB sediment, while the for the glycol and scrubber 
water are presented in Table 6-2.  SAIC Canada provides no opinion on the concentrations 
of contaminant in the slag and glycol from either test. No organics were detected in the 
resulting slag or glycol samples with the exception of trace levels of BTEX and petroleum 
hydrocarbons in the high PCB glycol sample.  No work was done to ascertain the cause of 
this contamination. 

Both slags from the plasma unit passed the CGSB leachate criteria. 

Summary of Audited Run 

Overall, solvent extraction showed that high percentage removals of many of the PAHs was 
possible from the low PCB sediment; however, the seven passes undertaken were 
insufficient to reduce the concentrations to below the TDP criteria for five PAH compounds. 
Acid leaching removed some metals from the low PCB sediment; however, the arsenic 
concentration was still above its TDP criteria. Plasma destruction successfully destroyed the 
organic contaminants of both sediments, and the leachability results were below regulatory 
limits. 

4.2.7 Mass Balance 

SA4IC Canada included a mass balance calculation on PAH in the audited run as a 
supplement to their report (See Appendix D). Since the treatment was done on a batch basis 
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for each treatment process the calculations address each process step and the overall mass 
balance for the treatment train is not given.  The following is a summary of the mass balance 
around each unit process: 

• A good closure of 80% was achieved for the solvent extraction step. 

• A closure of 21% was achieved for the solvent recovery step. This poor result is due 
to the formation of crystals, most likely PAH, in the distillation bottoms and on the 
walls of the distillation flask which could not be removed and analyzed. 

• The acid leaching step showed a 12 % increase in mass of PAHs or a closure of 
112%.  This was likely due to analytical and sample homogeneity variability.  

• The acid recovery step had a loss in mass of 34% for a closure of 66%, which is 
acceptable given analytical variability on PAHs at low levels.  

 
• The plasma process resulted in a virtually complete destruction/mineralization of 

organics and showed a complete loss of measurable mass. 
 
4.2.8 Disposal of Material Remaining 

Following termination of the treatability investigations, all materials have been stored 
awaiting collection and disposal by a licensed waste disposal contractor as part of SAIC’s 
semi-annual waste disposal program for all their operations. 
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5. DPC AUDIT 
The DPC audited the SAIC Canada bench-scale demonstration and recorded observations in 
a report entitled, “Audit Manual: Bench Scale Tests, SAIC Canada”, dated June 2002 (the 
SAIC Audit Manual). The SAIC Audit Manual is provided in Appendix B. 

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

5.1 Audit Dates, Locations and Scope of Work 

The SAIC demonstration was conducted at both the SAIC and RCL locations.  The solvent 
extraction and acid leaching tests were conducted at the SAIC facility while the plasma 
destruction tests were conducted at the RCL facility. The DPC audited SAIC April 3 to 5 
and April 11 to 12, 2002. Mr. Bruce Tunnicliffe of XCG Consultants Ltd. was the DPC 
auditor. 

Between April 3 and 5, the DPC audited the SAIC facility, and observed sediment 
homogenization, the solvent extraction and the acid leaching tests, and a portion of the high 
PCB sediment plasma test. Due to a blower failure the plasma testing was postponed by 
approximately 1 week. The DPC returned to the SAIC and RCL facilities April 11 to 12, and 
observed the distillation of the extracted solvent, and nanofiltration of the acid leachate, in 
addition to observing the conclusion of the high PCB sediment plasma test and the 
completion of the low PCB extracts plasma test. 

5.2 Pre-Demonstration Audit Checks 

The suitability of the SAIC facility, the RCL facility and the ESL analytical laboratory to 
undertake the bench-scale demonstration was examined by the DPC before SAIC started the 
demonstration. The results of these pre-demonstration audit checks are provided in Table 5-
1. The DPC also conducted a thorough review of the SAIC Work Plan, which included the 
facilities HASPs and the ERPs. The Work Plan, including the HASPs and the ERPs, was 
accepted by the DPC. 

Based upon this review, the DPC accepted the use of the SAIC facility, the RCL facility and 
the ESL analytical laboratory for the bench-scale demonstration. 

5.3 Bench-Scale Demonstration Audit 

5.3.1 Bench-Scale Sediment Storage and Test Locations 

The drums of low PCB sediment and high PCB sediment were stored at the SAIC facility 
(Photo 5-1). The drums remained sealed at all times, except during inspection or sampling 
events, and were stored at room temperature (∼20 oC). With the exception of temperature, 
there were no other possible influences due to the storage location. The DPC had requested 
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that the sediment be stored at approximately 4oC (normal protocol); however, the DPC do 
not consider that the sediment was compromised. As shown in Table 6-1a and 6-1b, the 
sediment analyses at the start of the bench demonstration were close to the September 2001 
results, when the sediments were removed from the South Pond.  

The SAIC facility was a bench-scale laboratory fully equipped with fume hoods (as shown 
in Photo 5-4), and as such any fugitive emissions were vented. The RCL facility equipment 
was kept under negative pressure, and all vapours were contained within the plasma unit. No 
nearby activities were observed at either facility that could impact the demonstration results.  

The sediment storage area and test locations were considered acceptable by the DPC. 

5.3.2 Bench-Scale Apparatus 

The apparatus used during the demonstration, described in Section 4.1.4, was considered to 
be acceptable by the DPC. 

5.3.3 Bench-Scale Tests 

In April 2002, the DPC observed sediment homogenization (see Photo 5-2), and sampling of 
the sieved material. The oversized material (> 1 cm) had been screened out prior to the 
arrival of the DPC to allow for completion of the non-audited runs. 

SAIC Canada completed non-audited testing before the DPC’s arrival in April 2002 (as 
described in Section 4). Based upon the results of this testing, SAIC Canada informed the 
DPC of the problems encountered while attempting to treat the high PCB sediment (see 
Section 4.2 for details), and that the high PCB sediment would be fed directly into the 
plasma unit. SAIC Canada also informed the DPC that solvent extraction and acid leaching 
would be completed separately and that metal chelation would not be used (see Section 4.2). 
The DPC agreed with these changes from SAIC Canada’s Work Plan. 

The DPC confirmed the solvent extraction and acid leaching set-ups before testing at the 
SAIC Canada facility began. 

The low PCB solvent extractions were completed without incident (see equipment used in 
Photo 5-3 and 5-4); however, separation of solvent from sediment using vacuum (negative 
pressure) filtration (see Photo 5-5) took longer than originally predicted. SAIC Canada 
informed the DPC that full-scale filtration is under positive not negative pressure, and the 
process would be much faster at full-scale. SAIC Canada indicated that at bench the 
sediment fines seemed to clog the filter and slow the separation process. In total seven 
solvent extraction passes were completed over a 3 day period.  SAIC Canada collected 
samples of the sediment prior to acid leaching to investigate the leachability of the metals at 
this stage of treatment. This sampling point was not proposed in their Work Plan; however, 
the DPC agreed with the sampling and obtained a split sample. 
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Distillation of solvent extract was completed in the SAIC Canada distillation unit (see Photo 
5-6). SAIC Canada did not provide the actual volume or weight of the “bottoms” for the 
audited run in the SAIC Final Report; however, it did not appear that 98% of the solvent was 
recovered as in the non-audited run (15.8 L was distilled to 250 mL in the non-audited run 
as discussed in Section 4.2.5). SAIC Canada was unable to reduce the volume further within 
acceptable time periods because of the separation of phases in the boiling flask.  Due to 
observed phase separation of the three liquids in the “bottoms” (i.e. the solvents, pure phase 
PAHs, and water), obtaining and analysing a representative sample of the “bottoms” was 
difficult. 

The low PCB acid leaching (see Photo 5-7) was completed without incident. One extraction 
was undertaken, and as with the solvent extraction process, vacuum filtering took some 
time. SAIC Canada dried the filter cake of sediment by placing the sediment in a fume hood 
to air dry. The DPC obtained a split sample of this treated sediment. 

Nanofiltration of the acid leachate to recover the water and acid (the permeate) and 
concentrate the leachate (the concentrate) was completed as proposed in the Work Plan. As 
the acid leachate circulated through the nanofiltration unit (see Photo 5-8), it passed through 
the filters at 200 psi forming the permeate. SAIC Canada did not provide a permeate flow 
rate; however, the DPC estimated that the permeate was collected at a rate of approximately 
0.4 L/hr. SAIC Canada informed the DPC that this rate was less than the anticipated rate. As 
discussed in Section 4, due to the slowness of the filtration SAIC abandoned the operation 
with 3.2L of concentrate unprocessed. 

The DPC observed the preparation of the low PCB material feed to the plasma unit, which 
consisted of 50% by volume “bottoms” and 50% by volume acid concentrate. 

The DPC did not observe the plasma preheating process. Mr. George Carter, president and 
CEO of RCL, invited the DPC and SAIC Canada to the RCL facility on April 4, 2002 once 
the system was ready to accept the high PCB feed. The DPC observed the unit (see Photos 
5-9 and 5-11) and the glycol impingers (see Photo 5-10). Mr. Jesse Shen, president of 
Crechem Technologies Inc., was introduced as the air sampling expert and Mr. Shen 
completed all aspects of air sampling with the glycol impingers. As discussed in Section 
4.2.6, shortly after treatment commenced a blower failed, and maintaining the off-gas flow 
rate and negative pressure in the plasma unit was no longer possible. RCL and SAIC Canada 
decided to leave the system alone during the 1 week repair time and complete the test the 
following week. No testing or changes to the system took place over this time, with the 
exception of fixing the blower. The DPC agreed with this approach. The glycol impingers 
were taken off-line until the test was ready to re-commence. The second half of the high 
PCB plasma test and the entire low PCB plasma test were completed without incident on 
April 11, 2002. 

All audit solid and liquid samples and the off-gas sampling components (i.e. the glycol and 
scrubber water) were provided to the DPC by SAIC Canada and were transported to Nova 
Scotia for delivery to ESL laboratory. 
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Overall, the procedures followed for the tests and the sampling plan undertaken, were 
acceptable to the DPC. 
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6. TECHNOLOGY EVALUATION 
SAIC’s bench-scale demonstration and the DPC demonstration audit are summarized in 
Sections 4 and 5, respectively. Results from these efforts are summarized and evaluated 
below.  Scale-up and cost issues are also presented in addition to SAIC’s preliminary full-
scale design. Advantages and limitations of solvent extraction, acid leaching and plasma 
destruction are also discussed. 

6.1 Data Comparison and Discussion 

Results of the sampling and analysis undertaken by the DPC are presented in Tables 6-1 to 
6-3 with the corresponding data of SAIC Canada.  Complete analytical results reported by 
SAIC are contained in the SAIC Final Report, provided in Appendix A. 

6.1.1 Initial Sampling 

In general, the SAIC and DPC analysis were comparable for both low PCB and high PCB 
sediments (sampling point A on Figure 4-2). The results also compared well to the DPC 
September 2001 analytical results (when the sediment was originally removed from the 
South Pond) confirming that there had been no deterioration of the samples. 

6.1.2 Solvent Extraction and Acid Leaching 

As discussed in Section 4, solvent extraction and acid leaching were performed on the low 
PCB sediment only.  The SAIC and DPC analyses of the treated sediment after solvent 
extraction and after acid leaching compared well to one another. The solvent extraction 
showed that approximately 90% of the total PAHs were extracted from the sediment, with 
the total PAHs reduced from approximately 4,000 mg/kg to approximately 400 mg/kg. 
SAIC Canada reported that five PAHs were greater than their respective TDP criteria, as 
discussed in Section 4.2.6. The DPC results confirmed each of these exceedances, and 
confirmed that the total PAHs increased after the acid leaching step from approximately 400 
mg/kg to approximately 500 mg/kg, which is to be expected after removal of much 
inorganic material. 

The SAIC and DPC liquid analyses compared well.  The total PAHs in the solvent 
“bottoms” was at 431,900 µg/L (SAIC) and 475,700 µg/L for the DPC. Individual metals 
results also generally compared well for the acidic water products from the nanofiltration 
unit. 

The solvent “bottoms” and acid concentrate were combined to form the plasma unit feed for 
the low PCB material. This material was highly variable due to the presence of three phases 
– the water, solvent, and pure phase PAHs. There is less agreement between the SAIC 
Canada and the DPC analyses for the plasma unit feed; however, this was expected. 
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6.1.3 Plasma Destruction 

SAIC Canada and the DPC’s analyses results, including CGSB leachates, for the low PCB 
and high PCB slag from the plasma unit compared well to one another, with the exception of 
some individual metals. For example, the chromium, copper and molybdenum results in the 
slag and in the leachate differed by as much as two orders of magnitude. These 
discrepancies may be attributed to the technique used to split the slag samples. SAIC split 
various pieces of the slag for DPC, many of which were greater than 1 cm in length. 
Therefore it was possible that the metals may have been deposited at much greater 
concentrations in one of the slag pieces than another. The DPC analyses confirmed those of 
SAIC Canada that no organics were detected in either low PCB or high PCB slag and that  
the slags produced a leachate that was below the CGSB leachate criteria. 

The DPC confirmed the SAIC Canada glycol and scrubber water results, with the exception 
of the benzene detection by SAIC Canada for the high PCB glycol (the DPC result was non-
detect). Both the DPC and SAIC detection limits for the glycol samples were high due to the 
technique required for this matrix by the analytical laboratory. 

6.1.4 Summary 

With some minor exceptions, the DPC and SAIC analyses compared well. The DPC results 
confirmed that the low PCB sediment after solvent acid leaching did not meet the TDP 
criteria for five PAHs and only exceeded the metals criteria for arsenic. The DPC results 
also confirmed the very high destruction efficiency of the plasma unit for organics in both 
sediments. 

6.2 SAIC QA/QC 

SAIC and DPC used the services of ESL in Sydney, Nova Scotia. The laboratory followed 
acceptable QA/QC practices. SAIC Canada did not submit duplicate samples for analysis on 
any of the material sampled which was a deviation from the Work Plan. However, the SAIC 
Canada samples generally compared well with the DPC results, and so the  SAIC Canada 
results were confirmed.  

QA/QC measures undertaken by ESL included laboratory blanks, matrix spikes and 
duplicate analysis.  Radio-labelled PAH surrogate recoveries were also undertaken with 
limited results due to matrix interferences. QA/QC analytical results are located in the SAIC 
Final Report in Appendix A. 

6.3 Scale-Up Issues 

SAIC Canada does not provide any information in the SAIC Final Report on scale-up issues 
from bench-scale to pilot-scale or to full-scale, so the scaleability of this bench test is 
difficult to assess. SAIC Canada does indicate that conducting a pilot-scale study would 
result in an accurate estimate of both capital and operating costs, and that a pilot-scale study 
would generate crucial information required for full-scale implementation of the treatment. 
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Since the bench demonstration was designed with the aid of Terra-Kleen, Tallon and the 
SAIC Idaho Falls office, it is presumed that these companies would have generally designed 
the bench work to mimic their full-scale technologies.  

6.4 Treatment at Full-Scale 

SAIC Canada discusses full-scale implementation in Section 6 of the SAIC Final Report. 
Their discussion is summarized below. 

SAIC Canada proposes a field demonstration project that includes solvent extraction and 
plasma technologies to remove and destroy contaminants. The DPC assumes that SAIC 
Canada would also propose solvent extraction and plasma at full-scale.  No acid leaching is 
included. 

SAIC Canada indicated that a suitable plant size was selected for budgetary cost estimation 
purposes based on a recent SAIC project. The  plant has a throughput capacity of 
approximately 60 barrels (7150 L) of contaminated waste per day.  It was unclear in the 
SAIC Final Report whether the plant’s throughput included any solvent extraction 
processing. SAIC Canada estimates that a total of 42,750 m³ of high PCB material from the 
South Pond would have to be treated by plasma. The remainder of the sediment would be 
treated first using solvent extraction and then plasma destruction. No details of the solvent 
extraction equipment were provided. 

SAIC Canada estimates that approximately 11 years of treatment time is required to process 
the concentrated waste from the contaminated sediment in the South Pond. No time estimate 
is provided for treatment of materials from the North Pond. 

6.5 Technology Assessment: Advantages and Limitations 

Solvent extraction and acid leaching are proven technologies for the treatment of 
contaminated sediments, and plasma destruction has been found to be a feasible tool for the 
destruction of hazardous wastes. Treated sediment produced from this demonstration 
program did not meet the TDP criteria for many organic and inorganic compounds after the 
solvent and acid leaching technologies were applied.  SAIC Canada recommended pilot-
scale testing be completed; however, based upon the discussion provided by SAIC Canada, 
it is unclear that the TDP criteria could be met using solvent extraction and acid leaching 
and whether the total weight of product produced (i.e. the concentrated solvent and acid 
leachates) would be less than the total weight of the original sediment. If the total weight of 
the products produced were greater than the starting weight then it would be logical to 
consider placing the sediment into the plasma unit directly. The plasma destruction unit 
showed exceptional destruction efficiencies of the organic compounds, and no organic 
compounds were detected in the slag from either sediment.  
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SAIC Canada proposed solvent extraction and plasma destruction for the Sydney Tar Ponds 
clean-up effort.  SAIC Canada did not include acid leaching technology in their proposed 
full-scale design.  

Some of the advantages and limitations of the solvent extraction and plasma technologies 
are as follows. 
 
Advantages  
• Solvent extraction may reduce the organic contaminants in the sediment to a much 

smaller volume, and treatment of this volume by a second technology may prove to be  
cost effective. 

• The process treatment train does not require a large footprint when compared to 
bioremediation, and may be more acceptable to the public when compared to 
incineration. 

• Plasma reactors have the highest sustainable temperature of any thermal technology 
resulting in the ability to destroy a wide range of organic compounds. 

• Plasma reactors are small compared to other thermal processes due to the high thermal 
efficiency of the process and the high energy densities produced. 

• Typically less pollution abatement equipment is required when compared to other 
thermal processes. 

 

Limitations 
• The product streams produced (i.e. the concentrated solvent and acid leachates) require 

further treatment (plasma destruction was used in this demonstration). 
• Some soil/sediment types (e.g. those with high clay content), moisture content levels and 

hydrocarbon content may reduce solvent extraction efficiency and require longer contact 
times thus adversely impacting  process performance. 

• Traces of solvent may remain in the treated solids and the toxicity of the solvent needs to 
be considered. After acid leaching, any residual acid in treated soil needs to be 
neutralized. 

• Solvent extraction is generally least effective on very high molecular weight organic  
substances.  

• Temporary on-site storage of the material is likely at full-scale, and any vapour and 
odour control issues must be addressed. 

• The  technology is expensive. 
• High moisture content of the plasma feed material increases treatment costs. Also 

specific feed size and materials handling requirements may impact applicability or cost. 
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• Highly abrasive feed can potentially damage the plasma reactor unit.  
• If sediment is directly fed into the plasma unit, prior dewatering and treatment of 

resulting product water will likely be required. 

6.6 SAIC’s Cost Estimate 

A brief cost summary of the field- and full-scale costs associated with SAIC Canada’s 
proposed technologies is provided in Section 6 of the SAIC Final Report. Major cost 
components included in or excluded from the costs are shown in Tables 6-4 (Field 
Demonstration) and 6-5 (Full-Scale Treatment). 

As shown in Table 6-4, SAIC Canada proposes a field demonstration project that includes 
solvent extraction and plasma technologies to remove and destroy contaminants in 80 
Tonnes of sediment for a cost of $Cdn1.3 million.   

The DPC has assumed that SAIC Canada also proposes solvent extraction and plasma at 
full-scale.  Based upon a recent SAIC project involving the plasma destruction technology, a 
suitable plant size was selected for cost estimation purposes. This plant has a throughput 
capacity of approximately 60 barrels (7150 L) of contaminated waste per day; however, it 
was not clear whether the capacity included the solvent extraction step. No details of the 
solvent extraction step were provided by SAIC Canada. 

SAIC Canada estimates that 11 years is required to treat the South Pond sediments. The 
plant capital cost for the 11-year life span is estimated at $19.78 M.  Operating expenses are 
estimated at $73.79 M.  The cost of labour is estimated at $51.74 M.   A more detailed cost 
estimate for the full-scale clean-up program is presented in Table 21 of the SAIC Final 
Report. SAIC Canada notes that a portion of capital cost may be reduced if the existing on-
site facility or building could be utilized for the plasma treatment process. 

The total estimated cost for cleaning up the 225,000 m³ in the South Pond is $145,303,000, 
or approximately $646 / m³ ($525/tonne at a Specific Gravity of 1.23).   The estimated cost 
for cleaning up the North and South Ponds is $253,000,000 or $361/tonne, assuming the 
sediments in the North Pond have the same characteristics as those in the South Pond.  
These costs do not include sediment dredging, transportation and dewatering. 
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7.  SUMMARY  
SAIC Canada demonstrated three technologies in a treatment train approach, including 
solvent extraction for the removal of organic contaminants, acid leaching/metal chelation for 
the removal of inorganic contaminants, and plasma destruction for the treatment of toxic 
streams resulting from the extraction processes. SAIC Canada tested both the low PCB (<50 
mg/kg) sediment and the high PCB (>50 mg/kg) sediment. 

Solvent extraction is a process where a solvent is mixed with contaminated sediments at 
ambient or elevated temperatures allowing some of the organic contaminants to de-sorb 
from the sediments and enter the solvent. The solvent is then separated from the sediment, 
and the process repeated. The approach for acid leaching / metal chelation is similar except a 
dilute acid is added to the sediments to remove inorganic compounds. The solvent extract 
and acid leachate are processed to concentrate the contaminants to a minimum volume for 
secondary treatment.  Plasma destruction uses “controlled lightning” to decompose input 
material such as the concentrated extracts into simple molecules; non-combustible solids, 
such as glass and metals, form an inert slag in which toxic metals are encapsulated, and 
generally non leachable. 

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

• SAIC Canada staff has extensive experience in the development and evaluation of soil 
and groundwater remediation technologies at bench-, pilot- and full-scale levels. 
Technical input on solvent extraction, acid leaching, and plasma destruction was 
provided by Terra-Kleen, Tallon, and the SAIC Idaho Falls office, respectively. 

• The demonstration was conducted at two facilities both located in Ottawa, Ontario. The 
solvent extraction and acid leaching / metal chelation was conducted at SAIC Canada 
facility, and the plasma destruction tests were conducted at the Resorption Canada 
Limited facility. Analytical testing for the audited portion of SAIC Canada’s 
demonstration program was completed by Environmental Services Laboratory 
Incorporated, located in Sydney, Nova Scotia.  

• SAIC Canada completed some non-audited runs to optimize each of the individual steps 
in the process train, excluding plasma destruction, before testing the entire train. The 
non-audited tests showed that solvent extraction and acid leaching of the high PCB 
sediment was not feasible due to its high hydrocarbon content.  

• After the solvent extraction and acid leaching audit run was completed, the treated low 
PCB sediment still had five PAHs, benzene, toluene and arsenic above their respective 
TDP criteria. Benzo(a) pyrene was reported at approximately 50 times its TDP criteria 
of 0.7 mg/kg.  The total volume of concentrated extracts was greater than the starting 
sediment volume. 
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• The destruction efficiency for organic compounds in the plasma unit was exceptional 
with no organics detected in the resulting slag. SAIC Canada reported some high metals 
concentrations in the slag; however, the slag passed the CGSB leachate criteria. 

• SAIC Canada proposes solvent extraction and plasma destruction at full-scale (no acid 
leaching). The preliminary design by SAIC Canada is a plant with a capacity of 60 
barrels (7150 L) of waste per day. SAIC estimates that approximately 11 years of 
treatment time is required to treat the South Pond at a cost of $145,303,000, or 
approximately $646 / m³ ($525/tonne at a Specific Gravity of 1.23).   The estimated cost 
for cleaning up the North and South Ponds is $253,000,000 or $361/tonne, assuming the 
sediments in the North Pond have the same characteristics as those in the South Pond.  
These costs do not include sediment dredging, transportation and dewatering.  

• Overall, solvent extraction showed that high percentage removals of many of the PAHs 
was possible from the low PCB sediment; however, the seven passes were insufficient to 
reduce the total concentrations to below the TDP criteria for five PAH compounds. 
While acid leaching removed a portion of some metals from the low PCB sediment it 
was not overly effective and the arsenic concentration was still above its TDP criteria. 
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Table 1-1: Bench Demonstration Reports, Proponents and Technologies 

Document Proponent Principal Technology 

Volume 1 
Summary 

Summary of all Vendors Summary of all Technologies 

Volume 2 IT Corporation, 
Demonstration No. 2 

Stabilization 

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

Volume 4 IT Corporation, 
Demonstration No. 1 

Thermal Desorption 

Volume 5 UMATAC Alberta Taciuk Process 
(Pyrolysis and Combustion) 

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

Volume 7 Grace Bioremediation 
Technologies 

Bioremediation 
(Sediment and Water Phase) 

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

 



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

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

Shipped
  PAHs(4)

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

- 90

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



 

 

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

Compound Solid Phase Water Phase Gas Phase 

PAH EPA 8270 EPA 8270 EPA 23 
(EPS method) 

PCB EPA 8082 EPA 8270 
EPA 608 

EPA 23 
(EPS method) 

Metals EPA 200-8 or 
EPA 6020 

EPA 200-8 or 
EPA 6020 

EPA 29 

Mercury AWWA 4500 
– Hg B 

AWWA 4500 
– Hg B 

- 

Free Cyanide EPA 9012 or 
EPA 9010 

EPA 9012 or 
EPA 9010 

- 

BTEX Atlantic PIRI 
Guideline 1.0 

Atlantic PIRI 
Guideline 1.0 

EPA 30 
(VOST train) 

Total Petroleum 
Hydrocarbons (TPH) 

Atlantic PIRI 
Guideline 1.0 

Atlantic PIRI 
Guideline 1.0 

EPA 25a 

Phenolics EPA 9066 or 
EPA 9060 

EPA 9066 or 
EPA 9060 

- 

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

 

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



 

 

Table 1-4: Drum Sediment Analysis and Methods 

  

Method 

Low PCB 
Material 

(number of 
samples) 

High PCB 
Material 

(number of 
samples) 

Preliminary Sample(2) 
PAH 
PCB 

Metals 

 
EPA 8270 
EPA 8082 
EPA 6020 

 
1 
1 
1 

 
1 
1 
1 

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

 
- 

EPA 8270 
EPA 8082 
EPA 6020 

Atlantic PIRI 
EPA 8260 
EPA 8270 
EPA 8290 

 
10 

11(1) 
11(1) 

11(1) 
11(1) 

One Composite 
One Composite 
One Composite 

 
8 

9(1) 

9(1) 

9(1) 
9(1) 

One Composite 
One Composite 
One Composite 

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



 

 

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

PARAMETER 
(mg/kg) 

TDP Soil 
Criteria (1) 

First 
Mixing 

Min. 

Second 
Mixing 

Min. 

First 
Mixing 
Max. 

Second 
Mixing 
Max. 

First 
Mixing 

Ave. 

Second 
Mixing 

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

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

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

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

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

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

Pyrene 100 200 280 440 780 337 468 
Chlorobenzene 10     nd  

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

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

Pentachlorophenol 7.6     nd  
Phenol 3.8     nd  

Chlorinated aliphatics 
(each) 50     nd  

Chlorobenzenes (each) 10     nd  
DDT (total) 12       

Hexachlorobenzene 10     nd  
Tetrachloroethylene 0.6     nd  
Trichloroethylene 31     nd  

 

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



 

 

Table 1-6: Average Inorganic Concentrations for Drummed Samples 

Parameter 
(mg/kg) 

TDP Soils 
Criteria (1) 

Low PCB 
Sediment 

Average (2) 

High PCB 
Sediment 

Average (3) 
Percent Moisture  38 21 

Aluminum  8,650 3,650 

Antimony 40 <1.0 5.3 

Arsenic 12 48 45 

Barium 2000 100 50 

Beryllium 8 1.1 <1 

Cadmium 22 1.0 0.8 

Chromium 87 27 67 

Cobalt 300 5.6 6.8 

Copper 91 116 154 

Iron  29,400 53,644 

Lead 600 204 580 

Molybdenum 40 6.0 14.5 

Nickel 50 12.6 31 

Selenium 10 2.7 1.2 

Silver 40 <1.0 1.4 

Thallium 1 <1.0 <1.0 

Tin 300 <1.0 15 

Vanadium 130 18 23 

Zinc 360 368 285 

Mercury 50 1.4 1.7 

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



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

   Results After First Mixing

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

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

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

   Results After Second Mixing

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

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

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

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



High PCB Sediment

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

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

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



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

   Low PCB Sediment Results

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

   High PCB Sediment Results

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

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



Low PCB Sediment Results

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

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

High PCB Sediment Results

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

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



 

Table 4-1: SAIC Analytical Methods – Bench Demonstration 

Analysis Solids / Liquids 
Methodology 

Total PAHs EPA 8270 
Total PCBs EPA 8081 

BTEX / TPH Atlantic PIRI 

VOCs EPA 8260 

Total Metals EPA 6010 

Mercury AWWA 4500-HgB 

Free Cyanides AWWA 4500-CN-E 

Phenols EPA 9066 or 9060 

Dioxins / Furans EPA 8290 

 



 

Table 5-1: Pre-Demonstration Audit Checks 

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

 



Table 6-1a:  Low PCB Solids Analytical Results for the SAIC Demonstration 

Description: TDP Sediment from Pond Undersized Sediment Sediment After Solvent Extraction
Sample ID: Soils Criteria Average Drum 1 A SA-LP-1-BT B SA-LP-2-BT
Sampler: DPC DPC SAIC DPC SAIC DPC

Audit Of: - - A A B B
Tracking #: (Sept 2001) (Sept 2001) 9952895-01 9953050-01 9952895-02 9953050-02

PAH
Acenaphthene mg/kg 230 150 5.5 5.5
Acenaphthylene mg/kg < 15 8.2 1.3 <1.4
Anthracene mg/kg 250 200 13 19
Benzo Fluoranthene mg/kg 10 145 150 290 220 42 53
Benzo(a) pyrene mg/kg 0.7 94 140 26 34
Benzo(a)anthracene mg/kg 10 169 190 180 170 17 22
Benzo(g,h,i) perylene mg/kg 71 63 20 29
Chrysene mg/kg 180 140 18 21
Dibenz(a,h,) anthracene mg/kg 10 21 17 19 17 4.7 6.1
Fluoranthene mg/kg 490 410 29 35
Fluorene mg/kg 300 140 8.3 9
Indeno (1,2,3-cd) pyrene mg/kg 10 74 86 74 64 20 25
1-Methylnaphthalene mg/kg 140 96 12 11
2-Methylnaphthalene mg/kg 150 93 14 17
Naphthalene mg/kg 22 827 790 890 590 95 95
Perylene mg/kg 150 34 11 14
Phenanthrene mg/kg 50 587 720 640 510 24 30
Pyrene mg/kg 100 337 400 410 340 30 35

Total PAH (1) mg/kg 4,064 4,096 4,268 3,196 365 433

PCB mg/kg 33 3.0 3.1 1.0 1.1 < 1.0 <1

BTEX/TPH
Benzene mg/kg 5 14 8.0 11 27
Toluene mg/kg 0.8 4.8 3.3 9 26
Ethylbenzene mg/kg 20 2.4 2.6 1.1 3.2
Total Xylenes mg/kg 20 See See 16 17 5.2 15
C6-C10 Hydrocarbons mg/kg  Table 1-9  Table 1-9 58 35 < 34 29
>C10 - C21 Hydrocarbons mg/kg 12000 13000 490 570
>C21 to C32 Hydrocarbons mg/kg 12000 12000 670 890
Modified TPH mg/kg 24000 25000 1200 1500

Metals
Aluminum mg/kg 8650 7770 5230 9000 7130
Antimony mg/kg 40 <1.0 < 1.0 <1.0 < 1.0 <1.0
Arsenic mg/kg 12 48 47 37.1 47.4 47.9 51.8
Barium mg/kg 2,000 100 90 100 140 160
Beryllium mg/kg 8 1.1 < 1.0 <1.0 1.2 <1.0
Boron mg/kg < 20 <20 < 20 <20
Cadmium mg/kg 22 1.0 0.9 0.8 0.9 1.3 1.6
Calcium mg/kg 3510 3660 5700 5000
Chromium mg/kg 87 27 23 23.9 25.0 40 38.4
Cobalt mg/kg 300 5.6 6.2 5.6 7.2 6.7
Copper mg/kg 91 116 100 98 92 159 150
Iron mg/kg 29400 26,400 32400 30200 41800 40000
Lead mg/kg 600 204 200 170 212 292 289
Magnesium mg/kg 2490 1700 2820 2230
Manganese mg/kg 280 250 330 330
Mercury mg/kg 50 1.4 1.07 1.22 2.42 2.10
Molybdenum mg/kg 40 6.0 4.6 3.8 7.4 5.1
Nickel mg/kg 50 12.6 13.6 11.2 17.5 15.4
Potassium mg/kg 360 410 560 460
Selenium mg/kg 10 2.7 2 2.7 2.3 2.2
Silver mg/kg 40 <1.0 <1.0 < 1.0 1.6 < 1.0 2.3
Sodium mg/kg 440 <350 380 <350
Strontium mg/kg 27.9 29.8 48.2 44.8
Sulfur mg/kg 14000 17300 17000 15000
Thallium mg/kg 1 <1.0 < 1.0 <1 1.2 1.2
Tin mg/kg 300 <1.0 < 10 <10 < 10 <10
Uranium mg/kg < 1.0 <1 1.1 <1.0
Vanadium mg/kg 130 18 16 17.7 14.0 21.1 20.2
Zinc mg/kg 360 368 320 380 395 590 620

 

% Moisture % 38 39 34.6
Cyanide - Free mg/kg 8 <0.4
Phenolics mg/kg nd 4.8

Note:   Bold = TDP Soil Criteria Exceedence
(1) Includes several compounds besides the TDP list
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Table 6-1a:  Low PCB Solids Analytical Results for the SAIC Demonstration 

Description: TDP
Sample ID: Soils Criteria
Sampler: 

Audit Of: 
Tracking #: 

PAH
Acenaphthene mg/kg
Acenaphthylene mg/kg
Anthracene mg/kg
Benzo Fluoranthene mg/kg 10
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
1-Methylnaphthalene mg/kg
2-Methylnaphthalene mg/kg
Naphthalene mg/kg 22
Perylene mg/kg
Phenanthrene mg/kg 50
Pyrene mg/kg 100

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

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
Phenolics mg/kg

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

Sediment After Acid Leach Slag After Plasma Treatment
K  SA-LP-5-BT M SA-LP-13-BT
SAIC DPC SAIC DPC
K  K M M

9953000-03 9953050-05 9953000-10 9953052-04

5.4 7.9 < 0.05 <0.05
< 2.5 2.1 < 0.05 <0.05

18 22 < 0.05 <0.05
53 69 < 0.1 <0.1
17 43 < 0.05 <0.05
19 31 < 0.05 <0.05
21 29 < 0.05 <0.05
25 31 < 0.05 <0.05
4.5 7 < 0.05 <0.05
35 55 < 0.05 <0.05
9.1 12 < 0.05 <0.05
17 28 < 0.05 <0.05
13 13 < 0.05 <0.05
17 21 < 0.05 <0.05
140 130 < 0.05 <0.05
27 16 < 0.05 <0.05
28 46 < 0.05 <0.05
35 52 < 0.05 <0.05

454 581 - -

< 1 <1 - -

32 3.8 < 0.005 <0.005
25 3.4 < 0.018 <0.018
2.8 0.18 < 0.008 <0.008
12 0.86 < 0.059 <0.059
30 2.2 < 1.7 <1.7

720 630 < 5 <5
550 740 < 12 <12
1300 1400 - -

4220 3180 < 75 <75
< 1.0 <1.0 < 1.0 <1
36.8 44.3 9.1 <1
64 60 < 10 <10

< 1.0 <1.0 < 1.0 <1
23 <20 435 94

< 0.6 0.8 < 0.6 <0.6
2100 1300 < 300 <300
22.7 22.0 3280 67
4.3 4.9 171 1.7
70 86 4180 40

29000 22800 105000 1120
141 151 < 1.0 <1.0
1470 1230 < 80 <80
167 160 79.9 <10
1.5 1.23 < 0.05 <0.05
3.9 3.9 949 22
9.2 9.9 12400 75
464 <350 < 350 <350
2.4 2.1 < 0.6 <0.6

< 1.0 1.6 < 1.0 <1
< 350 <350 < 350 <350
20.9 19.1 < 2.0 <2

15200 14000 < 1000 <1000
< 1.0 <1 < 1.0 <1
< 10 <10 < 10 <10
< 1.0 <1 < 1.0 <1
21.6 12.8 179 77.7
212 270 < 50 <50

21.6 < 0.4 <0.5
< 0.4 <0.4

3.2
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Table 6-1b:  High PCB Solids Analytical Results for the SAIC Demonstration 

Description: TDP Sediment from Pond Undersized Sediment Slag After Plasma Treatment
Sample ID: Soils Criteria Average Drum 16 A SA-HP-1-BT M SA-HP-6.1-BT

Sampler: DPC DPC SAIC DPC SAIC DPC
Audit Of: - - A A M M

Tracking #: (Sept 2001) (Sept 2001) 9952895-04 9953051-01  9952999-05 9953051-05
PAH

Acenaphthene mg/kg 50 46 < 0.05 <0.05
Acenaphthylene mg/kg 7.3 7.4 < 0.05 <0.05
Anthracene mg/kg 67 92 < 0.05 <0.05
Benzo Fluoranthene mg/kg 10 454 360 200 190 < 0.05 <0.1
Benzo(a) pyrene mg/kg 0.7 234 180 79 98 < 0.1 <0.05
Benzo(a)anthracene mg/kg 10 229 170 100 100 < 0.05 <0.05
Benzo(g,h,i) perylene mg/kg 65 64 < 0.05 <0.05
Chrysene mg/kg 120 110 < 0.05 <0.05
Dibenz(a,h) anthracene mg/kg 10 38 30 16 15 < 0.05 <0.05
Fluoranthene mg/kg 300 310 < 0.05 <0.05
Fluorene mg/kg 61 58 < 0.05 <0.05
Indeno (1,2,3-cd) pyrene mg/kg 10 193 150 63 59 < 0.05 <0.05
1-Methylnaphthalene mg/kg 34 27 < 0.05 <0.05
2-Methylnaphthalene mg/kg 26 18 < 0.05 <0.05
Naphthalene mg/kg 22 401 410 320 210 < 0.05 <0.05
Perylene mg/kg 100 29 < 0.05 <0.05
Phenanthrene mg/kg 50 536 490 260 300 < 0.05 <0.05
Pyrene mg/kg 100 497 420 270 260 < 0.05 <0.05

Total PAH (1) mg/kg 3,111 2,210 2,078 1,948 - -

PCB mg/kg 33 229.0 180 37 110 - -

BTEX/TPH
Benzene mg/kg 5 2.5 95 < 0.005 <0.005
Toluene mg/kg 0.8 2.9 1.8 < 0.018 <0.018
Ethylbenzene mg/kg 20 1.1 1.8 < 0.008 <0.008
Total Xylenes mg/kg 20 See See 2.2 1.0 < 0.059 <0.059
C6-C10 Hydrocarbons mg/kg  Table 1-9  Table 1-9 18 1.9 < 1.7 <1.7
>C10 - C21 Hydrocarbons mg/kg 17000 <17 < 5 <5
>C21 to C32 Hydrocarbons mg/kg 43000 17000 < 12 <12
Modified TPH mg/kg 60000 45000 - -

Metals
Aluminum mg/kg 8650 3720 92 151 <75
Antimony mg/kg 40 <1.0 7.9 6.0 < 1.0 <1
Arsenic mg/kg 12 45 50 46.6 48.0 1.3 <1
Barium mg/kg 2,000 100 50 60 < 10 <10
Beryllium mg/kg 8 1.1 < 1.0 <1.0 < 1.0 <1
Boron mg/kg < 20 <20 350 <20
Cadmium mg/kg 22 0.8 0.8 0.7 0.7 < 0.6 <0.6
Calcium mg/kg 7160 6300 < 300 <300
Chromium mg/kg 87 67 68 53.7 50.5 346 7
Cobalt mg/kg 300 6.8 7.4 6.5 3.7 <1
Copper mg/kg 91 154 157 158 170 349 10
Iron mg/kg 53,644 54,200 56900 52500 6410 247
Lead mg/kg 600 580 621 603 612 < 1.0 <1
Magnesium mg/kg 1990 1630 < 80 <80
Manganese mg/kg 850 690 50 <10
Mercury mg/kg 50 1.4 1.4 1.22 < 0.05 <0.05
Molybdenum mg/kg 40 6.0 9.5 6.4 13.4 <1
Nickel mg/kg 50 12.6 35.8 31.8 339 39
Potassium mg/kg < 350 <350 < 350 <350
Selenium mg/kg 10 2.7 1.2 1.6 < 0.6 <0.6
Silver mg/kg 40 <1.0 <1.0 < 1.0 <1 < 1.0 <1
Sodium mg/kg < 350 <350 < 350 <350
Strontium mg/kg 32.4 29.6 < 2.0 <2
Sulfur mg/kg 12000 9800 < 1000 <1000
Thallium mg/kg 1 <1.0 <1.0 < 1.0 <1 < 1.0 <1
Tin mg/kg 300 15 20 20 < 10 <10
Uranium mg/kg < 1.0 <1 < 1.0 <1
Vanadium mg/kg 130 23 26 20.7 18.2 33.4 1
Zinc mg/kg 360 285 282 320 325 < 50 <50

% Moisture % 21 13 3.4  
Cyanide - Free mg/kg 8 <0.4 <0.4 <0.5
Phenolics mg/kg nd 95

Notes:       
    Shaded and bolded items exceed the criteria

(1) Includes several compounds besides the TDP list



Table 6-2a: Low PCB Liquid Analytical Results  for the SAIC Demonstration

Description: Solvent from Extraction Solvent "Tops" Solvent "Bottoms"

Sample ID: C 1 SA-LP-3-BT E 1 SA-LP-9-BT J 1 SA-LP-6-BT
Sampler: SAIC DPC SAIC DPC SAIC DPC
Audit Of: C C E E J J

Tracking #: 9952895-03 9953050-03  9953000-08 9953052-01 9953000-02 9953050-06
PAH

Acenaphthene ug/l 21,000 22,000 1,100 1,000 27,000 28000
Acenaphthylene ug/l 1,200 <250 <500 <500 <2,500 <2500
Anthracene ug/l 25,000 26,000 <500 <500 22,000 24000
Benzo Fluoranthene ug/l 25,000 27,000 <1000 <1000 7,200 7000
Benzo(a) pyrene ug/l 16,000 16,000 <500 <500 3,500 3500
Benzo(a)anthracene ug/l 20,000 21,000 <500 <500 8,500 8700
Benzo(g,h,i) perylene ug/l 6,000 6,100 <500 <500 <2500 <2500
Chrysene ug/l 18,000 19,000 <500 <500 7,800 7800
Dibenz(a,h,) anthracene ug/l 1,900 <250 <500 <500 <2,500 <2500
Fluoranthene ug/l 52,000 55,000 <500 <500 40,000 43000
Fluorene ug/l 23,000 25,000 580 570 26,000 29000
Indeno (1,2,3-cd) pyrene ug/l 7,600 7,700 <500 <500 <2500 <2500
1-Methylnaphthalene ug/l 9,800 12,000 3,200 3,000 30,000 30000
2-Methylnaphthalene ug/l 32,000 25,000 1,800 1,900 26,000 26000
Naphthalene ug/l 60,000 93,000 13,000 13,000 140,000 130000
Perylene ug/l 3,400 2,900 <500 <500 <2,500 <2500
Phenanthrene ug/l 69,000 74,000 <500 <500 71,000 79000
Pyrene ug/l 41,000 44,000 <500 <500 31,000 33000

Total PAH (2) ug/l 431,900 475,700 19,680 19,470 440,000 449000

PCB ug/l <500 <500 <500 <1000 <500 <500
25

BTEX / TPH
Benzene mg/l 1.41 1.40 1.63 1.58 < 0.15 <5.0
Toluene mg/l 1.16 1.26 1.23 1.26 < 0.54 <18
Ethylbenzene mg/l 0.56 0.62 0.52 0.51 < 0.24 <8.0
Total Xylenes mg/l 3.79 3.90 3.46 3.35 < 1.77 <59
C6-C10 as Gasoline mg/l < 50 55 < 50 <50 < 50 <1700
>C10-C21 as Diesel mg/l 1370 1500 143 <125 1050 1800
>C21-C32 as Lube mg/l 1300 1800 < 300 <300 360 1600
Modified TPH mg/l 2670 3355 143 na 1410 3570

Metals
Aluminum mg/l 0.59 1.75 1.28 0.94 <1
Antimony mg/l 0.0015 <0.0200 0.0012 0.0031 <0.02
Arsenic mg/l 0.449 0.407 <0.0012 0.0063 1.17
Barium mg/l < 0.0004 0.0543 0.0163 0.0944 <0.02
Beryllium mg/l 0.0108 <0.0250 0.0879 16.5 <0.025
Boron mg/l 350 36.4 29.0 0.0048 6.84
Cadmium mg/l < 0.0003 <0.0150 0.0045 1.34 <0.015
Calcium mg/l 3.7 12.7 8.9 0.005 6.6
Chromium mg/l 0.519 2.53 1.72 7.9 0.377
Cobalt mg/l < 0.001 <0.050 <0.002 0.265 <0.05
Copper mg/l 0.007 1.46 0.026 9.35 <0.1
Iron mg/l < 0.10 <5.0 <0.10 0.008 <5
Lead mg/l < 0.001 0.212 0.006 0.008 <0.05
Lithium mg/l 0.007 <0.050 0.004 0.164 0.173
Magnesium mg/l 7.13 13.3 27.1 0.01 3.31
Manganese mg/l < 0.004 0.433 <0.008 0.176 <0.2
Mercury mg/l 0.0018 <0.0050 0.0080 0.002 <0.05
Molybdenum mg/l < 0.004 0.054 <0.008 9.7 <0.2
Nickel mg/l 0.01 <0.150 0.008 0.0011 <0.15
Potassium mg/l 1.3 <30.0 6.0 < 0.02 <30
Selenium mg/l 0.095 0.086 0.089 0.00132 <0.05
Silver mg/l < 0.002 <0.100 <0.004 3.68 <0.1
Sodium mg/l 22.4 122 18.5 0.358 102
Strontium mg/l < 0.002 0.144 0.004 0.023 <0.1
Sulfur mg/l 429 199 <7.4 20.6 <185
Thallium mg/l < 0.0008 <0.0400 <0.0016 4.3 <0.04
Tin mg/l 0.04 <1.00 <0.04 10 <1
Uranium mg/l < 0.00015 <0.00750 0.00124 0.58 <0.0075
Vanadium mg/l 1.02 5.90 7.49 0.109 1.20
Zinc mg/l 0.046 0.473 0.011 < 0.0001 0.193

Cyanide - Free mg/l <0.02 < 0.02
Phenolics mg/l <0.5
Note:
(1)   Involved small sample
(2)   Includes several compounds
       besides the TDP list
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Table 6-2a: Low PCB Liquid Analytical Results  for the SAIC Demonstration

Description: 

Sample ID: 
Sampler: 
Audit Of:

Tracking #: 
PAH

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

Total PAH (2) ug/l

PCB ug/l

BTEX / TPH
Benzene mg/l
Toluene mg/l
Ethylbenzene mg/l
Total Xylenes mg/l
C6-C10 as Gasoline mg/l
>C10-C21 as Diesel mg/l
>C21-C32 as Lube mg/l
Modified TPH mg/l

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

Cyanide - Free mg/l
Phenolics mg/l
Note:
(1)   Involved small sample
(2)   Includes several compounds
       besides the TDP list

Acid from Acid Leach Permeate (Recovered Acid) Acid Condensate Plasma U

D SA-LP-4-BT G SA-LP-10-BT H SA-LP-11-BT H & J 1

SAIC DPC SAIC DPC SAIC DPC SAIC
D D G G H H H & J

9953000-01 9953050-04 9953000-06 9953052-02 9953000-07 9953052-03  9953000-09

0.09 < 0.06 <60 4,700
0.07 < 0.06 100 <1000
3.4 0.76 <60 4,100

0.12 < 0.12 4,700 2,100
0.08 < 0.02 <60 1,300
0.37 < 0.06 <20 2,000
0.08 < 0.06 240 <1000
0.13 0.08 <60 1,800

< 0.06 < 0.06 70 <1000
0.15 0.77 <60 7,500
0.14 < 0.06 <60 4,300
0.08 < 0.06 <60 <1000
0.25 < 0.06 <60 2,800
0.16 < 0.06 180 4,000
1.4 < 0.06 450 20,000

< 0.06 < 0.06 <60 <1000
0.19 0.16 <60 13,000
0.13 0.55 <60 5,800

6.84  2.32  5,740  73,400

< 1.0 < 1.0 < 1.0 6
   

< 0.15
< 0.54
< 0.24
< 1.77
< 50
4200
4900
9100

441 442 0.73 0.46 688 743 263
0.0005 <0.0200 0.0021 0.0026 < 0.0004 0.0202 < 0.0004
0.175 0.812 0.55 0.568 0.104 0.906 0.0594
5.94 13.5 0.323 0.198 4.43 19.5 0.57
0.276 0.0771 0.0521 0.0025 0.353 0.124 0.104
1.52 <5.00 1.07 1.64 1.02 <5.00 17.4

0.0027 0.0526 0.0142 0.0156 0.0028 0.0771 0.0029
635 629 9.8 9.6 1060 1040 483
1.32 1.73 0.241 0.192 1.98 2.14 0.821

0.019 0.218 0.005 0.002 0.019 0.380 0.013
< 0.002 0.280 0.061 0.060 < 0.002 0.424 < 0.002

1870 2020 4.77 5.03 2910 3290 1080
8.79 10.6 3.62 2.63 7.73 8.34 0.41
1.13 0.373 0.432 0.736 1.08 0.392 0.048
115 115 1.61 0.76 192 189 98
22.8 24.2 0.091 0.104 37.9 40.2 1.6

0.001 <0.0050 0.0008 <0.0002 0.0011 <0.0050 0.0057
< 0.004 <0.200 < 0.004 <0.008 < 0.004 <0.200 < 0.004
0.058 0.650 0.061 0.023 0.057 1.08 0.064
18.5 <30.0 23.6 18.2 19.2 34.3 4.7

< 0.001 <0.050 0.006 <0.002 < 0.001 0.199 0.019
< 0.002 <0.100 < 0.002 <0.004 < 0.002 <0.100 < 0.002

43.2 62.2 53.5 60.9 45.6 61.8 13.6
0.279 3.64 0.058 0.062 0.294 5.10 0.227

46 <185 9.4 <7.4 52.8 <185 < 3.7
0.0008 <0.0400 < 0.0008 0.0070 < 0.0008 <0.0400 < 0.0008
< 0.02 <1.00 < 0.02 <0.04 < 0.02 <1.00 < 0.02

0.00961 0.0114 0.032 0.0317 0.016 0.0156 0.0101
1.23 1.84 0.569 0.422 2.23 2.19 1.77
18.1 38.1 0.556 0.227 22.6 61.4 22.6
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Table 6-2a: Low PCB Liquid Analytical Results  for the SAIC Demonstration

Description: 

Sample ID: 
Sampler: 
Audit Of:

Tracking #: 
PAH

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

Total PAH (2) ug/l

PCB ug/l

BTEX / TPH
Benzene mg/l
Toluene mg/l
Ethylbenzene mg/l
Total Xylenes mg/l
C6-C10 as Gasoline mg/l
>C10-C21 as Diesel mg/l
>C21-C32 as Lube mg/l
Modified TPH mg/l

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

Cyanide - Free mg/l
Phenolics mg/l
Note:
(1)   Involved small sample
(2)   Includes several compounds
       besides the TDP list

Unit Feed Glycol Site Specific Plasma Unit Scrubber Water

SA-LP-8-BT N (1) Discharge O SA-LP-7-BT
DPC SAIC Water SAIC DPC

H & J N Criteria O O
9953050-08 9953000-04 9952999-04 9953050-07

 
10,000 <1000 <3
1,000 <1000 <3

11,000 <1000 <3
8,100 <2000 <3
4,700 <1000 3.3
7,000 <1000 10
1,800 <1000 490
6,300 <1000 3.9
500 <1000 550

22,000 <1000 250
12,000 <1000 14
2,200 <1000 62

10,000 <1000 98
6,700 <1000 3.9

34,000 <1000 <3
960 <1000 50

34,000 <1000 <3
17,000 <1000 40

189,260 -  1575.1

<500 9.9
 

<0.15 < 0.15 0.02
<0.54 < 0.54 <0.01
<0.24 < 0.24 <0.01
<1.77 < 1.77 <0.02
<50 < 50 <0.5
4200 < 125 0.69
4800 < 300 0.83
9000 - -

243 53.3 51.3
<0.0200 0.021 0.0318
1.35 0.10 0.0101 0.0132
0.525 1.00 0.0677 0.0754
0.0821 < 0.0005 <0.0005
27.7 5.00 0.18 0.23

0.0450 0.01 0.0168 0.0165
464 25.9 25.2
2.90 0.05 2.84 3.38
0.154 0.052 0.060
0.041 0.20 133 141
1100 50 12.2 23.8
0.492 0.10 11.3 11.0
0.244 0.013 0.011
96.8 4.14 3.56
17.0 1.00 0.767 0.769

<0.0050  0.0006 0.0006
<0.200 < 0.004 0.010
0.508 0.30 5.8 6.78
<30.0 2.3 2.1
0.053 0.10 0.018 0.011
<0.100 < 0.002 <0.002
63.2 23.4 19.8
2.69 0.081 0.083
<185 11 10.3

<0.0400 0.0022 0.0049
<1.00 5.00 < 0.02 0.18

<0.00750 < 0.00015 <0.00015
6.01 5.00 0.059 <0.002
28.3 0.50 16.8 20.0

<0.02
10.9
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Table 6-2b: High PCB Liquid Analytical Results for SAIC Demonstration

Description: Plasma Unit Scrubber Water Glycol (1)

Sample ID: O (start) SA-HP-2-BT O (Part A) O (Part B) SA-HP-4-BT N1 SA-HP-5.1-BT
Sampler: SAIC DPC SAIC SAIC DPC SAIC DPC
Audit Of: O O (start) O O O (Part B) N N

Tracking #: 9952999-01 9953051-02 9952999-02 9952999-03 9953051-03 9953000-05 9953051-04
PAH

Acenaphthene ug/l < 1,000 < 1,000
Acenaphthylene ug/l < 1,000 < 1,000
Anthracene ug/l < 1,000 < 1,000
Benzo Fluoranthene ug/l < 2,000 < 2,000
Benzo(a) pyrene ug/l < 1,000 < 1,000
Benzo(a)anthracene ug/l < 1,000 < 1,000
Benzo(g,h,i) perylene ug/l < 1,000 < 1,000
Chrysene ug/l < 1,000 < 1,000
Dibenz(a,h,) anthracene ug/l < 1,000 < 1,000
Fluoranthene ug/l < 1,000 < 1,000
Fluorene ug/l < 1,000 < 1,000
Indeno (1,2,3-cd) pyrene ug/l < 1,000 < 1,000
1-Methylnaphthalene ug/l < 1,000 < 1,000
2-Methylnaphthalene ug/l < 1,000 < 1,000
Naphthalene ug/l < 1,000 < 1,000
Perylene ug/l < 1,000 < 1,000
Phenanthrene ug/l < 1,000 < 1,000
Pyrene ug/l < 1,000 < 1,000

PCB ug/l < 2,500 < 2,500

BTEX / TPH
Benzene mg/l 1.28 <0.15
Toluene mg/l < 0.54 <0.54
Ethylbenzene mg/l < 0.24 <0.24
Total Xylenes mg/l < 1.77 <1.77
C6-C10 as Gasoline mg/l < 50 <50
>C10-C21 as Diesel mg/l < 125 <125
>C21-C32 as Lube mg/l < 300 <300
Modified TPH mg/l - -

Metals
Aluminum mg/l 24.5 25.5 38.6 50.7 56.6 5.86
Antimony mg/l 0.0067 0.0075 0.0142 0.0224 0.0250 0.0480
Arsenic mg/l 0.0018 0.0010 0.0052 0.01 0.0103 3.20
Barium mg/l 0.0288 0.0389 0.0402 0.0547 0.0703 0.109
Beryllium mg/l < 0.0005 <0.0005 < 0.0005 < 0.0005 <0.0005 <0.0250
Boron mg/l < 0.1 <0.10 < 0.1 < 0.1 0.14 6.39
Cadmium mg/l 0.0115 0.0119 0.0152 0.0177 0.0164 <0.0150
Calcium mg/l 25 24.3 24.9 25.6 24.4 13.4
Chromium mg/l 1.42 1.47 2.11 2.71 3.74 1.41
Cobalt mg/l 0.025 0.032 0.04 0.048 0.057 0.073
Copper mg/l 49 52.0 89.7 132 146 18.0
Iron mg/l 2.86 3.67 7.97 18.1 25.9 28.7
Lead mg/l 3.67 4.12 6.82 11.6 12.8 3.22
Lithium mg/l 0.004 0.004 0.006 0.01 0.010 0.103
Magnesium mg/l 3.21 3.12 3.44 3.56 3.42 6.03
Manganese mg/l 0.284 0.311 0.589 0.766 0.740 1.93
Mercury mg/l < 0.0001 <0.0001 0.0002 0.0003 0.0005 <0.0050
Molybdenum mg/l < 0.004 <0.004 < 0.004 < 0.004 0.005 <0.200
Nickel mg/l 2.2 2.54 4.73 5.8 6.93 4.64
Potassium mg/l 0.9 0.8 1.3 1.9 1.8 <30.0
Selenium mg/l < 0.001 <0.001 0.005 0.01 0.009 1.89
Silver mg/l < 0.002 <0.002 < 0.002 < 0.002 <0.002 <0.100
Sodium mg/l 25 21.4 17.2 19.5 18.6 109
Strontium mg/l 0.074 0.077 0.076 0.08 0.081 0.117
Sulfur mg/l 9.7 9.5 10.1 9.6 10.0 <185
Thallium mg/l 0.0017 0.0018 0.0034 0.0056 0.0049 <0.0400
Tin mg/l 0.03 0.05 0.02 < 0.02 0.11 <1.00
Uranium mg/l < 0.00015 <0.00015 < 0.00015 < 0.00015 <0.00015 <0.00750
Vanadium mg/l < 0.002 <0.002 0.009 0.009 <0.002 1.18
Zinc mg/l 5.86 7.87 11.9 16.7 20.4 5.22

Note:
(1)   These samples involved small sample volumes requiring an analytical technique for PAH with a detection limit increased by a



Table 6-3: CGSB Leach Test Results for the SAIC Demonstration

Description: Low PCB Low PCB
Undersized Sed. Sed. After Solv. Extr

Sample ID: A SA-LP-1-BT B
Sampler: CGSB SAIC DPC SAIC
Audit Of: Leachate A A B

Tracking #: Criteria 9952895-01 9953050-01 9952895-02
PAH

Acenaphthene ug/l 64
Acenaphthylene ug/l <15
Anthracene ug/l 17
Benzo Fluoranthene ug/l <30
Benzo(a) pyrene ug/l <5
Benzo(a)anthracene ug/l <15
Benzo(g,h,i) perylene ug/l <15
Chrysene ug/l <15
Dibenz(a,h,) anthracene ug/l <15
Fluoranthene ug/l <15
Fluorene ug/l 50
Indeno (1,2,3-cd) pyrene ug/l <15
1-Methylnaphthalene ug/l 65
2-Methylnaphthalene ug/l 74
Naphthalene ug/l 1000
Perylene ug/l <15
Phenanthrene ug/l 58
Pyrene ug/l <15

BTEX/TPH
Benzene mg/l 0.086
Toluene mg/l 0.013
Ethylbenzene mg/l 0.017
Total Xylenes mg/l 0.13
C6-C10 as Gasoline mg/l 0.65
>C10-C21 as Diesel mg/l 5.2
>C21-C32 as Lube mg/l <0.4
Total TPH mg/l 5.9

Metals
Aluminum mg/l 0.3 0.84 1.22
Antimony mg/l < 0.0004 0.0008 0.0014
Arsenic mg/l 5 0.0088 0.0066 0.0529
Barium mg/l 100 0.283 0.844 1.12
Beryllium mg/l < 0.0005 0.0006 0.0012
Boron mg/l 500 < 0.10 <0.10 0.9
Cadmium mg/l 0.5 < 0.0003 <0.0003 0.0014
Calcium mg/l 68.4 70.4 100
Chromium mg/l 20 0.038 0.020 0.089
Cobalt mg/l 0.004 0.030 0.045
Copper mg/l 0.262 0.030 0.318
Iron mg/l 183 235 47
Lead mg/l 5 0.003 0.021 0.045
Lithium mg/l 0.021 0.032 0.084
Magnesium mg/l 10 9.28 20
Manganese mg/l 3.36 2.99 3.58
Mercury mg/l 0.1 0.0003 <0.0001 < 0.0001
Molybdenum mg/l < 0.004 <0.004 < 0.004
Nickel mg/l 0.007 0.064 0.083
Potassium mg/l 3.4 3.6 3.4
Selenium mg/l 1 < 0.001 <0.001 0.002
Silver mg/l 2 < 0.002 <0.002 < 0.002
Sodium mg/l 1480 11.4 3300
Strontium mg/l 0.4 0.405 0.6
Sulfur mg/l 9 <3.7 19
Thallium mg/l < 0.0008 <0.0008 < 0.0008
Tin mg/l < 0.02 <0.02 < 0.02
Uranium mg/l 2 < 0.00015 <0.00015 0.00124
Vanadium mg/l < 0.002 <0.002 0.165
Zinc mg/l 0.019 1.92 5.32
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Table 6-3: CGSB Leach Test Results for the SAIC Demonstration

Description: 

Sample ID: 
Sampler: CGSB
Audit Of: Leachate

Tracking #: Criteria

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

BTEX/TPH
Benzene mg/l
Toluene mg/l
Ethylbenzene mg/l
Total Xylenes mg/l
C6-C10 as Gasoline mg/l
>C10-C21 as Diesel mg/l
>C21-C32 as Lube mg/l
Total TPH mg/l

Metals
Aluminum mg/l
Antimony mg/l
Arsenic mg/l 5
Barium mg/l 100
Beryllium mg/l
Boron mg/l 500
Cadmium mg/l 0.5
Calcium mg/l
Chromium mg/l 20
Cobalt mg/l
Copper mg/l
Iron mg/l
Lead mg/l 5
Lithium mg/l
Magnesium mg/l
Manganese mg/l
Mercury mg/l 0.1
Molybdenum mg/l
Nickel mg/l
Potassium mg/l
Selenium mg/l 1
Silver mg/l 2
Sodium mg/l
Strontium mg/l
Sulfur mg/l
Thallium mg/l
Tin mg/l
Uranium mg/l 2
Vanadium mg/l
Zinc mg/l

Low PCB Low PCB Slag
 Sed. After Acid Leach

K SA-LP-5-BT  M SA-LP-13-BT
SAIC DPC SAIC DPC
K K M M

9953000-03 9953050-05 9953000-10 9953052-04

0.13
<0.03
0.24
0.08
0.04
0.06
0.04
0.04
<0.03
0.25
0.24
0.04
0.08
0.28
0.06
0.03
0.44
0.21

<0.005
<0.005
<0.005
<0.005
<0.03
<0.12
<0.4
-

2.96 11.7 0.8 0.10
0.0019 0.0005 0.0006 0.0016
0.0186 0.0330 0.0042 <0.0006
0.452 0.794 0.0156 0.0214

0.0009 0.0023 < 0.0005 <0.0005
< 0.1 <0.10 0.6 0.4
0.007 0.0160 < 0.0003 <0.0003
20.7 40.4 1.1 1.3
0.022 0.007 0.183 0.003
0.027 0.060 0.039 0.025
0.438 0.751 1.14 2.34
11.6 53.0 17.6 7.23
0.3 0.353 0.001 <0.001

0.017 0.032 < 0.001 <0.001
4.93 9.14 0.09 0.10
0.864 2.26 0.037 0.028

< 0.0001 <0.0001 < 0.0001 <0.0001
< 0.004 <0.004 0.154 0.035
0.041 0.078 3 1.27
1.1 1.3 < 0.6 <0.6

< 0.001 <0.001 < 0.001 <0.001
< 0.002 <0.002 < 0.002 <0.002

1200 2.2 1260 0.8
0.096 0.143 0.015 0.008

4.7 <3.7 < 3.7 <3.7
< 0.0008 <0.0008 < 0.0008 <0.0008
< 0.02 <0.02 0.03 <0.02

0.00184 0.00028 < 0.00015 <0.00015
0.005 <0.002 0.5 0.060
5.12 11.3 0.006 0.030
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Table 6-3: CGSB Leach Test Results for the SAIC Demonstration

Description: 

Sample ID: 
Sampler: CGSB
Audit Of: Leachate

Tracking #: Criteria

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

BTEX/TPH
Benzene mg/l
Toluene mg/l
Ethylbenzene mg/l
Total Xylenes mg/l
C6-C10 as Gasoline mg/l
>C10-C21 as Diesel mg/l
>C21-C32 as Lube mg/l
Total TPH mg/l

Metals
Aluminum mg/l
Antimony mg/l
Arsenic mg/l 5
Barium mg/l 100
Beryllium mg/l
Boron mg/l 500
Cadmium mg/l 0.5
Calcium mg/l
Chromium mg/l 20
Cobalt mg/l
Copper mg/l
Iron mg/l
Lead mg/l 5
Lithium mg/l
Magnesium mg/l
Manganese mg/l
Mercury mg/l 0.1
Molybdenum mg/l
Nickel mg/l
Potassium mg/l
Selenium mg/l 1
Silver mg/l 2
Sodium mg/l
Strontium mg/l
Sulfur mg/l
Thallium mg/l
Tin mg/l
Uranium mg/l 2
Vanadium mg/l
Zinc mg/l

High PCB Slag

M SA-HP-6.1-BT
SAIC DPC

M M
 9952999-05 9953051-05

< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.1
< 0.1 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05
< 0.05 <0.05

1.49 0.24
< 0.004 0.0008
0.0023 <0.0006
0.0153 0.0449

< 0.0005 <0.0005
0.91 0.58

< 0.0003 <0.002
1.4 2.4
0.5 0.008

0.013 0.005
0.3 0.660
17 8.96

< 0.001 0.001
< 0.001 <0.001

0.11 0.10
0.11 0.134

< 0.0001 <0.0001
0.047 <0.004
0.756 0.237
< 0.6 <0.6

< 0.001 <0.001
< 0.002 <0.002

1250 1.1
0.019 0.012
< 3.70 <3.70

< 0.0008 <0.0008
< 0.02 <0.02

< 0.00015 <0.00015
0.045 <0.002

< 0.002 0.029
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Table 6-4: Cost Information Summary for Field Demonstration 

Proponent Name: - SAIC Canada Please enter Yes or 
No: 

 Please add brief 
comments/explanations: 

 Costs  Included 
for: 

 

 
Low 
PCB 

Sediment 

High 
PCB 

Sediment 
 

Basic information:     
Total Cost - CAN $1.3M (Total of 
both types)   Tonnage treated: 80t Cost CAN 

$/tonne 16,200. 
Cost Items:    
Engineering, permitting, etc Yes Yes  
Mobilization Yes Yes  
Excavation/Dredging of Sediment N/A N/A Not required in the contract 
De-watering Sediment N/A N/A Not required in the contract 
Transportation of sediment N/A N/A Not required in the contract 
Site Preparation and Construction Yes Yes  
Capital Costs for Main Treatment 
Technology(s) Yes Yes  

Capital Costs for Supplemental 
Treatment Technology(s) Yes Yes  

Commissioning Main Treatment 
Technology(ies) Yes Yes  

Commissioning Supplemental 
Treatment Technology(s) Yes Yes  

Operating and Maintenance Costs (inc. 
all treatment) Yes Yes  

Utilities Costs Yes Yes  
Analytical Costs Yes Yes  
Reporting and Management Costs Yes Yes  
Travel and Related Expenses Yes Yes  
Disposal of Treated Sediment Yes Yes  
Disposal of Other Wastes Yes Yes  

Any others (please specify) Yes Yes General and administration 
expenses;  profit 

Demobilization Yes Yes  
 



 

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

Proponent Name:  SAIC Canada Please enter Yes or 
No: 

 Please add brief 
comments/explanations: 

 Costs  Included 
for: 

 

 
Low 
PCB 

Sediment 

High 
PCB 

Sediment 
 

Basic information:     
Total Cost - CAN $ 253 M (total for 
both types)   Tonnage treated: 700kt Cost CAN 

$/tonne 361. 
Cost Items:    
Engineering, permitting, etc Yes Yes  
Mobilization Yes Yes  
Excavation/Dredging of Sediment N/A N/A Not required in the contract 
De-watering Sediment N/A N/A Not required in the contract 
Transportation of sediment N/A N/A Not required in the contract 
Site Preparation and Construction Yes Yes  
Capital Costs for Main Treatment 
Technology(s) Yes Yes  

Capital Costs for Supplemental 
Treatment Technology(s) Yes Yes  

Commissioning Main Treatment 
Technology(ies) Yes Yes  

Commissioning Supplemental 
Treatment Technology(s) Yes Yes  

Operating and Maintenance Costs (inc. 
all treatment) Yes Yes  

Utilities Costs Yes Yes  
Analytical Costs Yes Yes  
Reporting and Management Costs Yes Yes  
Travel and Related Expenses Yes Yes  
Disposal of Treated Sediment Yes Yes  
Disposal of Other Wastes Yes Yes  

Any others (please specify) Yes Yes General and administration 
expenses;  profit 

Demobilization Yes Yes . 
 



 

 

 



 
Figure 4-1: Configuration of the Plasma Destruction Equipment 

(Source:  SAIC Final Report) 
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Figure 4-2 : Schematic of the Solvent Extraction / Acid Leaching Process 
(Source: SAIC Final Report)



 
 

Figure 4-3: Effect of Multiple Passes on Total PAH Solvent Extraction Efficiency 
(Source:  SAIC Final Report) 

 
 
 

0
100
200
300
400
500
600
700
800

1 2 3 4 5 6 7 8 9 10
Extraction pass

PA
H

 C
on

ce
nt

ra
tio

n 
in

 S
ol

ve
nt

 
(m

g/
L)

 




