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Abstract 
Boat Harbour, located in Pictou County, Nova Scotia, Canada has been receiving industrial effluent wastewater from a nearby kraft pulp mill and chlor-alkali plant for over 50 years. Prior to receiving industrial effluent wastewater, the tidal estuary was culturally significant to the nearby Pictou Landing First Nation community. The tidal estuary was known for its medicinal, recreational, ceremonial and subsistence functions. Formally a 140-ha natural tidal estuary, raw industrial wastewater was discharged into Boat Harbour beginning in 1967. Since inception, effluent treatment has undergone several upgrades in aeration capacity within the Boat Harbour Effluent Treatment Facility (BHETF) until cessation of effluent discharge in 2020. Fifty years of industrial wastewater effluent discharge has resulted in widespread inorganic and organic contamination of unconsolidated sediments and surface water. Primary contaminants of concern include metals, dioxins and furans (D/F), and polycyclic aromatic hydrocarbons (PAH). The province of Nova Scotia has committed to the remediation of the BHETF, estimated to cost over $292M CAD. The goal of the remediation program is to return Boat Harbour to its natural state as a tidal estuary to restore the historical, traditional, and recreational uses of the land. Remediation components and alternatives were rated based on technical (26%), environmental (24%), economic (22%), social (14%), and regulatory (14%) weighted indicators. Criteria weighting for the five indicator categories was determined collaboratively with stakeholders. For each design component of remediation, a list of approaches was developed along with subsequent alternatives. Approaches and alternatives were screened to eliminate options that were not technically feasible or did not align with remediation goals. Remaining feasible concepts underwent detailed review and evaluation to select Qualified Remedial Options to be shared with stakeholders for input. 

1	Introduction 
Boat Harbour, recognized as one of Canada’s most contaminated sites, is located in Pictou County, Nova Scotia (Province of Nova Scotia, 2020). The harbour was originally a 140-ha tidal estuary, known in Mi’kmaq as A'se'k, that flowed into the Northumberland Strait (GHD, 2018a; Romo et al., 2019; Chaudhary et al., 2020a). In 1967, raw untreated industrial wastewater effluent from a bleached kraft pulp mill was discharged into Boat Harbour. Upgrades in 1972 by the province of Nova Scotia resulted in the construction of the Boat Harbour Effluent Treatment Facility (BHETF) to treat industrial wastewater effluent originating from a bleached kraft pulp mill and chlor-alkali plant (Hoffman et al., 2015). The bleached kraft pulp mill operated from 1967 to 2020 and cthe hlor-alkali facility operated from 1971 to 1992 (Hoffman et al., 2019). Development of the BHETF involved damning the natural estuary in 1972 resulting in a closed off effluent stabilization lagoon, known today as Boat Harbour (GHD, 2018a). For over 50 years, industrial wastewater effluent was discharged and treated within this former estuary, resulting in contamination of an estimated 577,000 m3 of unconsolidated sediments in Boat Harbour and surrounding wetlands (Alimohammadi et al., 2019a, b; Alimohammadi et al., 2020). Due to persistent and significant levels of sediment contamination, with contaminant concentrations exceeding high effect thresholds across the entire Boat Harbour basin (see Hoffman et al., 2017a, 2019), the province passed the Boat Harbour Act, 2015 which required cessation of effluent reception and treatment by the BHETF by January 31, 2020 (Province of Nova Scotia, 2020). Additionally, the province committed to the subsequent remediation of Boat Harbour along with adjacent lands impacted by the BHETF. The ultimate goal of the Boat Harbour remediation project is to restore Boat Harbour to its natural state as a tidal estuary (GHD, 2018a). The Boat Harbour Remediation Project is expected to exceed $292M CAD, which the province is solely responsible for. However, the federal government has agreed to contribute $100M CAD towards remediation. On-site remediation is expected to begin in 2021, with completion by 2025 (Province of Nova Scotia, 2020). 

2	Site description 
Boat Harbour in northeastern Nova Scotia is surrounded by Pictou and the Pictou Landing First Nation (PLFN) communities. Members of these communities have benefited and suffered significantly from the pulp industry in the area. The mill and treatment facility brought jobs to the area, but resulted in widespread environmental, social, and cultural impacts (Hoffman et al., 2015). Since 1967, the pulp mill has undergone numerous ownership and process changes until closure in 2020. Since 2008 the pulp mill was owned and operated by Northern Pulp. The BHETF is owned by the Province and was operated by Northern Pulp before termination of treatment in 2020. The BHETF also underwent numerous upgrades during operation to accommodate contaminants in the effluent, address public concerns, and meet applicable regulations (Hoffman et al., 2019). During operation the mill produced approximately 280,000 tons of pulp annually (Hoffman et al., 2017a; Hoffman et al., 2019). Previous mill owners used elemental chlorine for the bleaching process, which was converted in 1997 to use chlorine dioxide to meet the Pulp and Paper Effluent Regulations (PPER). The total area of the remediation site is approximately 546-ha, including both the BHETF and surrounding wetlands (Quanz et al., in revision). The BHETF components are comprised of a pipeline running from the mill to the property, followed by twin settling basins, an aeration stabilization basin (ASB), the Boat Harbour stabilization lagoon, and a dam, that directs effluent into the Northumberland Straight (Figure 1 and 2; GHD, 2018a, b).
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Figure 1. Aerial view identifying the location of the kraft pulp mill at Abercrombie Point, the Pictou Landing First Nation community, and the Boat Harbour Treatment Facility located in Pictou County, Nova Scotia (©Google Earth). 
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Figure 2. Boat Harbour Effluent Treatment Facility (BHETF) components (©Google Earth). 

During operation, over 87,000 m3/d of effluent from the mill at Abercrombie Point was discharged to the BHETF through a 3 km pipeline running underneath the East River (Hoffman et al., 2017a). Effluent was then discharged into one of twin settling basins (B) where it was retained to undergo sedimentation for 12 h (Hoffman et al., 2015). The effluent was then released into the ASB (C) where it was treated using oxidation for approximately 5 to 6 d (Hoffman et al., 2017a). Treated effluent was then released into the 3,400,000 m3 stabilization lagoon, known as Boat Harbour, for 20 to 30 d before discharge through the dam (E) into the Northumberland Strait (Hoffman et al., 2019). 
Industrial effluent and use of the BHETF has resulted in widespread contamination of sediment within Boat Harbour and in surrounding wetlands (Hoffman et al., 2017a; GHD, 2018a, b; Quanz et al., in revision). Numerous characterization studies have been performed at the site showing significant levels of organic and inorganic contaminants (Hoffman et al., 2017a; Hoffman et al., 2019). Several contaminants of concern (COCs) identified through the Phase 2 Environmental Site Assessment (ESA) and independent studies include: metals, dioxins and furans (D/F), and polycyclic aromatic hydrocarbons (PAHs), and, to a lesser extent, total petroleum hydrocarbons (TPH), volatile organic compounds (VOCs), and polychlorinated biphenyls (PCBs) (Hoffman et al., 2017a; GHD, 2018b; Hoffman et al., 2019). Contaminant concentrations were compared against applicable provincial and federal guidelines to inform remedial decisions. BHETF sediment metal and D/F concentrations exceeded Canadian Council of Ministers of the Environment (CCME) Canadian Sediment Quality Guidelines, with most exceeding probable effect levels (PELs) (Hoffman et al., 2017a; GHD, 2018b; Hoffman et al., 2019).
The total volume of in-place contaminated sediment on-site is approximately 1,244,000 m3, originating from contaminated raw effluent discharge into ditches, twin settling basins, ASB, Boat Harbour, existing disposal cell, estuary, and wetlands. Remediation of sediment is primarily required due to contamination with metals and D/Fs (Hoffman et al., 2017a; Hoffman et al., 2019; Chaudhary et al., 2020a; Chaudhary et al., 2020b). Surface water from the ASB, Boat Harbour, and estuary will also require remediation due to high metal concentrations (GHD, 2018a, b). Even though the BHETF property is heavily contaminated, the treatment facility was successful at treating and settling contaminated solids from industrial effluent before release into the Northumberland Straight (Chaudhary et al., 2020a). Chaudhary et al. (2020a) found that contaminants in marine sediments and biota were below detection levels or below applicable guidelines and comparable to background levels (Withers, 2020). Consequently, although the Northumberland Strait was included within the study area and scope of the remediation project, it does not require remediation. It was concluded that remedial components of the Boat Harbour Remediation Project include: a bridge crossing the dam discharge point into the Northumberland Strait (Highway 348 bridge), infrastructure decommissioning, sediment management, wetland management, bulk water management, dewatering effluent management, leachate management, and waste management (GHD, 2018a).  

3	Project components, approaches, and alternatives 

This study summarizes remedial options for the Boat Harbour remediation project undertaken by GHD (2018a) on behalf of Nova Scotia Lands and in consultation with members of the Boat Harbour Environmental Advisory Committee (BHEAC), regulatory stakeholders and members of PLFN. Remediation components and alternatives were rated based on technical (26%), environmental (24%), economic (22%), social (14%), and regulatory (14%) weighted indicators. The criteria weighting distribution for the five indicator categories (i.e., technical, environmental, economic, social, and regulatory) was determined collaboratively with stakeholders during an evaluation criteria and weighting matrix workshop held on September 20, 2017. Following discussions on the rationale for assigned weighting for each the five indicator categories, initial weighting distributions were submitted individually by Nova Scotia Lands stakeholders (including members of the Boat Harbour Environmental Advisory Committee [BHEAC]) and GHD subject matter experts. The weighting distributions were assessed, and subsequently averaged following removal of the highest and lowest assigned weighting for each indicator category. The weighting within most indicator categories (i.e., sub-categories) was evenly distributed across each evaluation criterion on the feasible concept scoring sheet. 

For each design component of the project, a list of approaches was developed along with subsequent alternatives (Tables 1, 2, and 3). Approaches and alternatives were screened to eliminate options that were not feasible or did not align with project goals but are listed in this study to illustrate options that were considered. Potentially viable options underwent detailed evaluation to select Qualified Remedial Options to be shared with stakeholders for input (GHD, 2018a). Summary tables are included to illustrate  how alternatives ranked against the technical, economic, environmental, social, and regulatory criteria. Green cells indicate the alternative achieved criteria requirements. Yellow cells indicate concerns or issues raised with the alternative. Red cells indicate the alternative failed to meet criteria expectations. Finally, grey/black cells indicate the alternative was not assessed in that category because it failed to meet either economic or technical feasibility requirements. 

	3.1	Highway 348 bridge 
Highway 348 currently crosses the downstream end of Boat Harbour using a causeway, which is a roadway supported by an earth embankment. This causeway has three culverts to allow flow towards the dam and contains a buried water main that connects the PLFN community to their well field. Highway 348 and the causeway are vitally important to the PLFN’s as it provides a vital road and water connection to the community. To restore tidal conditions in the estuary and allow vessel access, it was determined that the causeway needs be removed and replaced. Given the use requirements, a concrete or steel bridge were identified as the only feasible options, eliminating other alternatives such as a new causeway, open channel, draw bridge, or swing bridge (GHD, 2018a).  
The concrete and steel bridge designs would achieve the goals of the project by allowing tidal influx to be returned to the harbour. There was no significant preference based on technical, environmental, regulatory, and social indicators. The concrete bridge was more cost effective over the entire 75-year lifespan of the bridge; with lifetime costs of concrete and steel bridges $3,130,000 CAD and $3,440,000 CAD, respectively (GHD, 2018a). Following evaluation, the concrete bridge was chosen as the Qualified Remedial Option primarily because it provided the best value (Table 1). To minimize environmental impacts and cost, the existing causeway is to be demolished using mechanical equipment instead of explosives and will use existing alignment of the estuary for the new bridge. Further, the water main for PLFN will be rerouted during construction and be supported by the new bridge upon completion, eliminating the need for reburial. Further, on both sides of the bridge there will be a sidewalk constructed for pedestrians, minimizing risks to public health and safety. The replacement bridge has high acceptability and support from surrounding communities as it enhances use of the area while achieving the goal of returning the estuary to natural tidal conditions (GHD, 2018a). 

	3.2	Infrastructure decommissioning 
		3.2.1	Dam 
	The dam (spanning 25 m) connecting Boat Harbour to the Northumberland Straight was constructed to block tidal influx and regulate water levels in Boat Harbour (GHD, 2018a). During remediation, the dam must be left intact to prevent release of contaminants from the BHETF into the Northumberland Straight, which has been determined to be uncontaminated (Chaudhary et al., 2020a). After completion of remediation, approaches for dam decommissioning include repurposing, demolition, or do nothing. Repurposing the dam, for example into a boat dock or monument, met requirements for end use of the area and public acceptability. However, this option was eliminated due to regulatory barriers. The do-nothing approach was screened out because one of the main project goals is for the return of tidal conditions to the estuary. Therefore, demolition was deemed the only practical option for dam decommissioning (GHD, 2018a). 
	Three alternatives were considered for dam demolition including mechanical equipment, explosives, or crane and wrecking ball. Explosives were technically feasible but failed to mitigate environmental damage while minimizing costs. The crane and wrecking ball provided more environmental protection but was not technically feasible or cost effective. Demolition using mechanical equipment was the alternative that was both economically and technically feasible and was chosen as the Qualified Remedial Option (Table 1). To alleviate environmental risks during demolition, silt booms will be installed surrounding the dam along with the employment of erosion control measures. Further, to maintain hydraulic flow, the channel will be dredged to mirror the depth and shape of the upstream section that flows underneath the bridge. The overall 2018 cost estimate for decommissioning and dam demolition is $370,000 CAD (disposal costs) (GHD, 2018a). 

		3.2.2	Pipeline
	The 3 km pipeline transported effluent from the mill at Abercrombie Point to the BHETF. For remediation planning, the pipeline was divided into two sections: on land and under water. Approximately 2,300 m of 0.92 m diameter pipe is buried on land while 1,200 m of 1.10 m diameter pipe is buried within the riverbed of the East River. The on-land portion of the pipeline runs through a combination of First Nation, residential, kraft mill, and provincial property. In addition, the pipeline runs adjacent to a PLFN burial ground (GHD, 2018a). 
	There were five approaches evaluated for the decommissioning of both pipeline sections including do nothing, clean and collapse, clean and fill, complete removal, or clean inspect and abandon. Complete removal of the pipe is expected to cost approximately $630,000 CAD. The do-nothing approach failed to minimize environmental impacts and did not decrease long term liability. Therefore, the approach was eliminated for both pipeline sections. The clean and collapse approach was also eliminated because it is not technically feasible as the pipe is expected to deform instead of break. The remaining remedial options would clean the entire pipeline to remove any liquid or solid residues that could potentially be released during pipeline decommissioning, reducing potential environmental risk and liability (GHD, 2018a). 
For the on-land section of the pipeline, three feasible options were selected: complete removal, clean and fill, and clean inspect and abandon. The pipeline segments would be removed using mechanical excavation in 30 m intervals to reduce exposed open excavations. Uncontaminated excavated soil would then be reused as backfill material. In the event of groundwater infiltration, any groundwater pumped from the excavation site would be tested and treated. Since the pipeline runs adjacent to the PLFN burial grounds, approval would be required from the PLFN, along with development of an archaeological monitoring program for excavation to commence (GHD, 2018a). 
Cleaning, filling, and abandoning the on-land section of the pipe would cost approximately $1,520,000 CAD. After cleaning and inspection, the pipeline would be filled with cellular concrete to prevent collapse and subsequent ground subsidence, while also immobilizing any residuals in the pipe. Another approved material to fill the pipe was expandable foam. However, there is no readily available source of expandable foam in Nova Scotia. Finally, both ends of the pipeline would be cut, capped, and backfilled to match the existing landscape (GHD, 2018a).  Clean, inspect, and abandoning was the final option for pipeline decommissioning and was expected to have a lifetime cost of $300,000 CAD. Inspection would evaluate both effectiveness of the cleaning and the pipe’s structural integrity to resist collapse. To maintain environmental protection, abandonment would be followed by a 25-year care and inspection program where the pipeline would be cut, capped, and backfilled on either end (GHD, 2018a).    
For the section of the pipeline located beneath the East River, two feasible options were identified: clean and fill or clean, inspect, and abandon. Initially, complete removal of the pipeline was eliminated as an option because it would likely negatively impact marine benthic habitat. It was also considered technically challenging and cost prohibitive. Cleaning, filling, and abandoning the pipeline would cost approximately $1,080,000 CAD, whereas cleaning, inspecting, and abandoning the pipeline would cost $90,000 CAD (GHD, 2018a). 
Although, the initial Qualified Remedial Option for both on land and riverbed sections of the pipeline was determined to be clean, inspect, and abandon primarily due to economic considerations (Table 1), this raised concerns over the structural integrity of the pipeline, and proximity to nearby burial grounds (GHD, 2018a). In May 2020, due to the controversy of abandoning the pipeline near the burial ground, it was announced that the pipeline would be completely removed at the expense of the mill owners, Northern Pulp.  However, the provincial government agreed to pay half the costs, up to $10M CAD (Gorman, 2020). 

		3.2.3	Treatment buildings
	There are 10 structures across the BHETF property that are included in the remediation strategy. Three approaches were identified to decommission the buildings, including do nothing, repurpose, or demolish. The do-nothing approach was unlikely to meet decommissioning requirements and did not mitigate long term liability, so was abandoned. Repurposing the buildings was not eliminated as an option. However, the end use of the site is still undetermined. Therefore, the decision to repurpose or modify any buildings has not been made. Consequently, demolition was the only feasible option, which would cost the province approximately $150,000 CAD. To minimize environmental damage and remediation costs, demolition will use mechanical equipment rather than explosives or cranes (GHD, 2018a). 

<insert Table 1. here>

	3.3	Wetland management 
Wetlands are valuable habitat and nursery areas for many provincially and federally listed species at risk as well for recreationally valuable fish. Multiple wetlands were used by the mill for wastewater management between 1967 and 1972 and were impacted by raw effluent. Use of wetlands for treatment was terminated when a pipeline was installed, routing effluent to the twin settling basins. Wetland areas to manage as part of the remediation program include the former settling ponds and the former area for effluent discharge These wetlands are closest to the two settling ponds (B) in Figure 2. There is approximately 263,000m3 of impacted sediment and root mass in the wetlands that requires management, treatment, and or removal, covering an area of 38-ha. COCs in sediment include metals and D/Fs (Quanz et al., in revision). Although, surface water samples from the wetlands showed the contaminants were similar to background concentrations or were below applicable screening guidelines (GHD, 2018b), wetlands remediation is deemed warranted due to COC concentrations in sediments and root mass. Two approaches were identified to manage the wetlands: natural attenuation or remediation and restoration.
Natural attenuation is a common remediation approach used to address residual impacts once the source of contamination has been eliminated. Since mill effluent and COC loading into wetlands ceased in 1972 and Boat Harbour no longer received effluent, as of 2020, natural attenuation process is a remedial solution for this site. Risk assessment is a complementary element of natural attenuation used to predict probability and nature of adverse human and ecological health effects from contaminated media, and be used to establish appropriate risk management plans which would include a 5-year monitoring program, to monitor natural attenuation. Risk-based approaches are advantageous by allowing site-specific evaluations for individual environmental contaminants and receptors, providing critical information on areas of concern to inform future remediation, management, or monitoring programs (Quanz et al., 2020). In addition, natural attenuation would avoid damage to sensitive ecosystems that may occur if removal-based remediation approaches were implemented (GHD, 2018a).
Alternatively, remediation and restoration approaches would manage contamination using in-situ or ex-situ technologies followed by reestablishing the wetland. In-situ remedial options manage the contamination without removing the sediment material. Encapsulation is an in-situ remediation option that involves either mixing cement with impacted material or capping the impacted layer to immobilize contaminants (Liza e al., 2017; GHD, 2018a). This solidification/stabilization technology was utilized at a similar site in Nova Scotia, the Sydney Tar Ponds, in which the contaminated sediment was capped with a cement layer (Lee & Jones-Lee, 2006; Walker, 2014). However, encapsulation using solidification/stabilization would not be a suitable remedial option in Boat Harbour wetlands as the project end goal is to return Boat Harbour back to tidal influence.
The other in-situ remedial option is treatment, such as sediment amendment, which uses chemical additives to bind contaminants in place, or phytoremediation, which transfers the contaminants to another media that can be removed, such as vegetation. For this site, in-situ remediation was not technically feasible due to uncertainties surrounding the wetlands end use (e.g. foraging of food) and overall effectiveness of the technology. Ex-situ remedial solutions directly remove the impacted material from the wetlands through mechanical or hydraulic excavation. For this site, hydraulic excavation is not technically or economically feasible and was eliminated. Lastly, the restoration phase had three options including no restoration, partial restoration, and full wetland restoration (GHD, 2018a). Two feasible options were chosen through the evaluation including natural attenuation, costing over $18M CAD (comprising $17,420,000 capital and $830,000 operation and maintenance costs), and ex-situ remediation, costing over $41M CAD. 


Ultimately, ex-situ remediation was chosen as the Qualified Remedial Option that included mechanically excavating impacted material followed by full wetland restoration (Table 2). The wetland would then be infilled, regraded, and reseeded with native terrestrial and aquatic vegetation. This approach was chosen primarily due to social considerations as complete removal of contaminants and full restoration of the wetland was favored by the PLFN and public because it protects existing traditional and recreational uses of the area. The wetland will be usable immediately after remediation is complete. However, it is predicted that it will take up to 25-years for the wetland to regain full ecological function (GHD, 2018b). 

	3.4	Sediment management
	Sediment management encompasses the removal, treatment, and dewatering of impacted sediment from the twin settling basins, Boat Harbour, ASB, raw effluent discharge ditch, estuary, and sludge disposal cell. The estimated quantity of impacted sediment (in-place) is 1,244,000 m3, hosting a suite of contaminants including metals, PAHs, and D/Fs (GHD, 2018b). Natural attenuation, removal, and manage in place were the three approaches identified to manage impacted sediment. For the estuary alone, natural attenuation was possible but was expected to have low public approval as it did not allow the PLFN community to reconnect with the estuary. For the remaining impacted sediment, natural attenuation and manage in place options were quickly abandoned because they were deemed unacceptable to the public and not aligned with project goals. Therefore, complete removal of impacted sediment was the only acceptable approach. Upon removal of contaminated sediment, all remaining sediment must meet CCME Canadian Sediment Quality Guidelines for the Protection of Aquatic Life and NSE Tier 1 Environmental Quality Standards (EQSs) for Sediment (CCME, 2014; GHD, 2018b). 
Three feasible concepts were identified through the evaluation including removal in wet, removal in dry, and natural attenuation (estuary only). During sediment removal, the estuary, ASB, and Boat Harbour would be divided into eight management areas using silt curtains to control suspended sediment movement during dredging. For removal in the wet, impacted sediment and slurry would be dredged, primarily using hydraulic equipment along with mechanical equipment in shallow and tight areas. An additional 0.15 m of underlying native material would also be removed to account for dredging accuracy and an undulating bottom. Finally, sampling will follow dredging activities to document that remediation criteria are achieved. For removal in the dry, each of the eight subdivided areas will be segregated using coffer dams or isolation berms and undergo bulk dewatering. Mechanical excavation will remove impacted sediment and deposit it in a hopper where it will be mixed with water to form a slurry, enabling the mixture to be pumped (GHD, 2018a). Additionally, an extra 0.15 m of underlying material will be removed, followed by post-removal testing to document that remediation criteria has been met. Excavating in the dry will allow visual confirmation that the impacted sediment has been removed. Concurrent studies have demonstrated that visual observation of Boat Harbour gravity cores split lengthwise reveal sediment stratigraphy showing uncontaminated (pre-industrial) estuarine sediment and overlying effluent contaminated sediment. These visual observations of sediment stratigraphy have been confirmed with chemical analysis (Davidson et al., 2018; Holmes et al., 2018). After either the wet or dry removal, the dredged material would be pumped to the sludge management area for treatment using either geotube dewatering or clay stabilization (GHD, 2018a). 
Geotube dewatering is an effective dewatering solution fabricated from geotextile. Engineered geotextile provides containment of fine solids, while allowing water to permeate through the geotube. Geotube technology provides a simple, low maintenance, and cost-effective solution for dewatering contaminated sediments (Jahan et al., 2018). Geotube dewatering also reduces overall volume of contaminated sediment. After dewatering, the geotubes filled with dewatered sediment can be broken open, loaded, and transported for disposal.  Laboratory testing of different dewatering methods by Alimohammadi et al. (2019a) found that geotextile filtering, sedimentation and 2500 rpm centrifuging removed 98.8 %, 99.4% and 99.9%, respectively. Although geotextile filtering obtained slightly lower dewatering efficiency amongst the three methods, geotubes were identified as the most cost-effective dewatering technique, when considering power requirements for centrifugation and large sediment volumes to be treated (577,000 m3). Between 50 to 130 geotubes would be required to manage contaminated sediment removal during remediation. Geotubes would be located and remain in the existing disposal cell (Alimohammadi et al., 2019a, b; GHD, 2018a). 


Figure 3. Photograph on left shows a model-sized geotube used for dewatering sediments. Middle photograph illustrates the water clarity after (left) and before (right) dewatering using the geotube. Photograph on the right shows the solids from inside the geotube after dewatering is complete (adapted from GHD, 2018a).  

Alternatively, clay stabilization mixes the dredged material with Liquasorb 2000 which is then transported to the sludge management area where it is spread out in a thin layer to dry using excavators. Once material is solidified and stabilized (1 to 3 d, based on weather or seasonal conditions) it can be transported for disposal. Due to the stabilization process, the overall volume of sludge will increase requiring the existing disposal cell to be expanded to successfully accommodate increased volumes. Removal in the wet will cost approximately $89,090,000 CAD using geotubes and $117,590,000 CAD using clay stabilization. Alternatively, removal in the dry will cost approximately $113,190,000 CAD using geotubes and $160,570,000 CAD using clay stabilization (GHD, 2018a). 
The chosen Qualified Remedial Option was removal in the wet using geotube dewatering as a treatment method (Table 2). This option was chosen because the most technically and economically feasible option while ranking highest for environmental protection and social acceptability. Geotube dewatering is preferred based on technical considerations because the timeline is shorter as there is no drying or stabilizing of material and is less weather dependent.  In addition, clay stabilization is a less tried and proven technology compared to geotube dewatering (Alimohammadi et al., 2019a). Further, clay stabilization increases the volume of sludge while geotubes significantly reduce sediment volume required to be managed by 50% to 70% (GHD, 2018a).  
For the estuary, natural attenuation would involve risk assessment to evaluate the probability and nature of adverse ecological and human health impacts caused by each contaminant on site. Where the risk assessment process identifies contamination hotspots, risk management, or active remediation measures that would be implemented. This could involve restricting future access and use, enhancing habitat, or removing sediment (GHD, 2018a), although baseline monitoring of contaminants in estuary sediments and biota (America lobster, Rock crabs and Blue mussels) by Chaudhary et al. (2020a) found little contaminant signature from the BHETF. In addition, a five-year monitoring program will be implemented, post remediation, to evaluate the effectiveness of natural attenuation at the site. Natural attenuation in the estuary will cost approximately $940,000 CAD (comprising $290,000 capital and $650,000 operation and maintenance costs) (GHD, 2018a). Operation and maintenance costs are associated with monitoring of the natural attenuation process, which is critical to ensure recovery of the marine ecosystem. A post-remediation monitoring program up to five-years will be implemented to monitor and confirm effectiveness of natural attenuation and will be compared to previous baseline studies conducted in the estuary (Romo et al., 2019; Chaudhary et al., 2020a).

3.5	Waste management 
	Waste generation from the remediation of the BHETF includes construction and demolition debris along with sediment waste from the twin settling basins, estuary, ASB, Boat Harbour, and pipeline cleaning. The estimated final disposal volume of waste consists of 1,100m3 of debris and 517,700m3 of impacted sediment. Four approaches were developed to manage the waste generated from the remediation process: using the existing disposal cell, developing a new disposal cell, combination of existing and new disposal cells, and off-site disposal. For the development of a new disposal cell, the proposed location was the site of the existing twin settling basins as the property is already disturbed, accessible, and owned by the province. However, development of a new disposal cell was unlikely to be acceptable to stakeholders due to proximity to Boat Harbour, adjacent properties and the aesthetic impact on the landscape. Therefore, approaches involving a new disposal cell were eliminated. The two feasible options for waste management were determined to be use of the existing disposal cell and off-site disposal (GHD, 2018a).  
The 6.7 ha existing disposal cell, located southeast of the ASB, has a capacity of approximately 220,000 m3 In 1994, an Industrial Permit (94-032) was issued by Nova Scotia Environment (NSE) for the construction and operation of the sludge disposal cell to receive impacted sediment from the BHETF. However, the sludge disposal cell operates under a separate approval from the BHETF, which operates under Approval (2011-076657-R03) issued by NSE for the operation of the kraft mill. It is anticipated that a new permit will be required from NSE for the remediation project following closure of the mill. The quantity of waste generated would exceed the design capacity of the disposal cell; however, the cell could be modified to accommodate final waste volumes and enhance geotube dewatering and leachate collection systems. Use of the existing disposal cell is expected to cost between $11,900,000 CAD and $23,400,000 CAD, depending on leachate acceptance at a municipal, industrial, or on-site wastewater treatment facility. Alternatively, waste could be transported by truck to an off-site facility, within 175 km of the site, for management and disposal. All vehicles carrying waste must undergo cleaning and inspection prior to leaving the site to prevent contamination of other sites and ensure loads are secured properly. Off-site disposal of the waste is expected to cost between $28,510,000 CAD and $85,080,000 CAD (GHD, 2018a). Both are capital costs only. The wide variation in costs for off-site disposal are associated with two feasible concepts. The first ($28,510,000 CAD) feasible concept represents a $25/MT tip fee based on dewatered sediment being used as alternative daily cover at a municipal landfill, and the second ($85,080,000 CAD) feasible concept represents a $115/MT tip fee based on the dewatered sediment being landfilled (GHD, 2018a). 
	Use of the existing disposal cell was chosen as the Qualified Remedial Option for managing the impacted sediment along with other waste generated during the remediation process (Table 2). This approach was more feasible than off-site disposal, with the added benefit of long-term employment opportunities for surrounding communities through monitoring programs, operation, and maintenance. Off-site disposal would require transporting sediment waste (an estimated 18,200 truck loads), increasing traffic volumes, greenhouse gas emissions and risks to public and environmental health (GHD, 2018a). The province has agreed to maintain full environmental responsibility and liability for the disposal cell site post-remediation (Nova Scotia Lands, 2018).  

<insert Table 2. here>

3.6	Leachate management 
Leachate management includes treatment of leachate from the on-site sludge disposal cell during and post remediation. The on-site long-term disposal cell containing impacted sediment and other waste generated during the remediation will require leachate management for approximately 25-years. The disposal cell, post-closure, is expected to generate 2,500 m3 of leachate per year containing COCs including metals and D/Fs. Two approaches including on-site and off-site management were evaluated for addressing leachate. On-site disposal would consist of treating the leachate on the property using either engineered wetlands or advanced treatment. Engineered wetlands were identified as not technically or financially feasible as this form of treatment was determined to be not applicable for the COCs present. Therefore, onsite management of leachate would require advanced treatment as leachate is expected to contain elevated metal concentrations and have high toxicity. Treated leachate would then be discharged into a natural waterbody on-site. Alternatively, the leachate could be transported and treated off-site at a local municipal or industrial wastewater treatment facility. Leachate draining from the disposal cell would be collected and stored in a collection tank designed to hold 3 d of leachate volume. In addition, an emergency storage tank would be installed in case of unexpected circumstances or high flow rates to avoid unauthorized releases into Boat Harbour. Tanker trucks would load and transport the leachate to an approved wastewater treatment facility off-site, within 175 km of the site, for disposal. Prior to off-site shipment, leachate will be characterized for disposal to demonstrate that the facility can accept and treat the leachate (GHD, 2018a).
Off-site treatment and disposal at a local wastewater treatment facility was chosen as the Qualified Remedial Option primarily based on economic considerations as it was more cost effective than on-site treatment and disposal using advanced treatment (Table 3). Off-site treatment and disposal was expected to cost the province between $2,430,000 CAD (municipal facility) and $13,930,000 CAD (industrial facility), compared to on-site treatment and disposal at approximately $9,070,000 CAD. There was no significant preference based on regulatory, technical, environmental, and social considerations (GHD, 2018a).

	3.7	Bulk water management 
Bulk water management includes management and treatment of surface water from active and historical BHETF components. Bulk water management includes management of impacted surface water from the ASB, and the Boat Harbour dewatering process, which will comprise mostly of porewater effluent leaching from geotubes (Alimohammadi et al., 2020). The total volume of bulk water to be managed to complete remediation in the dry is approximately 3,500,000 m3 for initial dewatering, with 1,200,000 m3 for ongoing dewatering to maintain dry conditions. For removal in the wet, the volume of bulk dewatering post removal of sediment is estimated at 4,000,000 m3; characterized as initial dewatering.
Two approaches were identified to manage impacted bulk water including off-site and on-site management. Off-site management was quickly abandoned because it was not an economically feasible solution. Therefore, all contaminated bulk water will be managed, treated, and discharged on-site. To manage water levels in the estuary, ASB, and Boat Harbor, isolation berms along with water recirculation to the ASB or through the dam can be utilized. Treatment of the water would be performed using a temporary low-tech treatment facility that undergoes coarse filtration, clarification, and coagulation processes. The use of a high-tech treatment facility was considered. However, this level of treatment is not needed given the COCs present. After treatment, treated water would be discharged into a natural water body, likely downstream of the dam. 
As there was only one feasible concept that was fully developed for management and treatment of BHETF bulk water, the evaluation and weighting matrix was not applied. On-site management using low-technology treatment system was selected as the Qualified Remedial Option. On-site management of impacted bulk water using the low-tech treatment facility is estimated to cost the province $27,780,000 CAD under wet removal conditions and $40,560,000 CAD under dry removal conditions (GHD, 2018a). 

	3.8	Dewatering effluent management 
	Dewatering effluent management includes treatment of effluent generated from dewatering sediment. Dewatering effluent is the water generated from the geotubes as the impacted sediment is dewatered, with key COCs including metals and D/Fs. Under wet sediment removal conditions, there is expected to be roughly 1,700,000 m3 of dewatering effluent, compared to 700,000 m3 under dry removal conditions. To manage the dewatering effluent, off-site management and high-tech treatment facility options were eliminated as they were not technically or economically feasible. Use of the existing BHETF was also considered to treat effluent. However, laboratory testing revealed that existing infrastructure would not significantly reduce concentrations of COCs (Alimohammadi et al., 2020). Therefore, this option was eliminated (Table 3). It was determined that the only feasible option was managing the effluent using storage tanks, collection pipes, and ditches/pumps then treating the effluent using a low-tech treatment facility. Treatment of dewatering effluent includes treatment of effluent generated from dewatering sediment, which will be treated using a precipitation, coagulation, and adsorption-based process. Key treatment parameters include metals and D/Fs. Criteria for treatment will use the most stringent values of Nova Scotia Environment (NSE) Tier 1 environmental quality standards (EQSs) for Surface Water (Marine) and the CCME Water Quality Guidelines for the Protection of Aquatic Life (Marine) (NSE, 2014; CCME, 2014). For toxic equivalency (TEQ) (for dioxins and furans) criteria were based on NSE Tier 1 EQS for Groundwater (Potable Groundwater Values) (NSE, 2014). Treated effluent would then be discharged into a natural waterbody, again at a site likely downstream of the existing dam. 
As there was only one feasible concept that was fully developed for management and treatment of dewatering effluent produced from sediment dewatering during remediation, the evaluation and weighting matrix was not applied. On-site management using low-tech treatment system was selected as the Qualified Remedial Option. The estimated cost for dewatering effluent management using the low-tech treatment facility is approximately $14,270,000 CAD under wet sediment removal conditions and $8,270,000 CAD under dry sediment removal conditions (GHD, 2018a).

<insert Table 3. here>

4	Public perception 
There is a long history of mistrust and conflict between the PLFN community, provincial government, and mill operators. The PLFN community was often not consulted during decision making and offered broken promises, fueling multiple lawsuits and conflicts between the parties over the decades (Hoffman et al., 2015; Lewis et al., 2016; Lewis et al., 2020). Prior to the mill’s development, the tidal estuary was a culturally significant area to the PLFN community, known for its highly productive medicinal, recreational, and subsistence functions. A'se'k was referred to as “the other room” because it provided food and recreation year-round for the community. Following the opening of the mill, members of the PLFN felt significant psychological, cultural, and social impacts. Health concerns were continuously raised by the PLFN due to pollution of the air, water, and land (Hoffman et al., 2017a, b; Castleden et al., 2017; Lewis et al., 2020). Chemicals used in the process and associated pollutants, such as those containing sulfur and chloride, have been shown to cause adverse human health impacts including respiratory issues, increased risk of lung cancer, neurophysical symptoms, and diminished lung function. Further, the highest rates of chronic respiratory disease, cancer incidence, and other respiratory illnesses in Nova Scotia are found in Pictou County. However, this cannot be directly attributed to the mill as Pictou County has been subject to other local point source emitters for decades (e.g., tire manufacturing facility and coal-fired thermal electrical generating station (Hoffman et al., 2015; Hoffman et al., 2017b). Concerns were also raised around the mill’s perceived lack of transparent compliance with human health and environmental standards, coupled with no negative consequences for non-compliance (Hoffman et al., 2015; Castleden et al., 2017; Lewis et al., 2020). In 1993, the Boat Harbour Settlement Agreement was signed between the PLFN and the Government of Canada, intended to provide guidance on human and environmental health monitoring along with financial compensation to the PLFN community (Hoffman et al., 2015). 
Conflict was heightened in 2014, when there was an effluent leak from the pipeline, sparking protests and blockades; amplifying the public’s existing mistrust, hostility, and resistance towards the mill. This led to the province’s decision to set a closure date for the mill, through the Boat Harbour Act, 2015. The closure of the mill and subsequent remediation did face controversy from the local community, as the mill was a substantial source of employment and economic productivity in the area (Hoffman et al., 2015). Since the termination of use of the effluent treatment plant, the PLFN community members have begun reporting signs of environmental improvement in the Boat Harbour area; water and air quality has visibly improved and the foul odors in the area have begun to diminish (Smith, 2020).  
Regarding the remediation project, the provincial and federal government have engaged in ongoing consultation meetings and public comment periods to gather input and concerns on the project’s components (Government of Canada, 2020; Province of Nova Scotia, 2020). Through the process, concerns have been raised about the integrity and long-term viability of the existing disposal cell that will hold the contaminated material, as there is fear of recontamination in the area (Government of Canada, 2020; Nova Scotia Lands, 2018). Members of the community expressed they would prefer if the impacted waste was disposed of off-site to eliminate any future risk in the area (Nova Scotia Lands, 2018). Concerns were also raised about the previous decision to leave the pipeline in the ground, which has been amended to full removal (Gorman, 2020). The provincial government is taking steps to reconcile with the PLFN community, announcing that some provincially held lands in the Boat Harbour area will be returned to the community. This is intended to offset the restricted current and future use of the land where the containment cell is located (Nova Scotia Lands, 2020). 

5 Discussion 
	The Boat Harbor Remediation Project is unique regarding the volume and area of contaminated material to be managed, along with the ultimate goal of returning the area to its natural state and for the safe usability by the PLFN community. Many remedial alternatives were eliminated due to their misalignment with project goals, cost and size of the project (i.e., sediment volumes). The remoteness of the area also provided challenges in accessing materials and adequate disposal sites at cost effective rates. Use of the existing disposal cell was a controversial issue that raised many concerns from stakeholders. Preferably, the waste from the remediation process would be disposed of and treated at a capable facility off-site, providing the highest level of certainty that the area would not pose further potential risks. However, this was not economically feasible as the nearest facility that could accept the highly contaminated waste was located in Quebec (1,000 km away) (GHD, 2018a). Given the circumstances of the project, utilizing the existing and approved disposal cell was the option that could handle the volume of waste while safeguarding the environment and surrounding communities.  Due to use of public funds, increased emphasis was placed on the financial liability each decision would have on the province. For example, the original decision to leave the pipeline buried was considered the most cost effective but raised concerns about long-term environmental protection and public acceptability. 
Overall, remedial decisions for the Boat Harbour Remediation Project were focused on achieving the goal of returning Boat Harbour to its natural state as a tidal estuary (e.g., A'se'k) that restores the safe recreational and cultural uses of the land. This was evident through decisions such as the removal, treatment, and containment of all contaminated sediment from the BHETF, and the complete remediation and restoration of the impacted wetlands. The viability, safety, and usability of the area post-remediation was an objective encouraged by the surrounding communities throughout the decision-making process.

6	Conclusion 
Boat Harbour, once a natural tidal estuary, received effluent from a nearby pulp and paper mill for over 50-years, resulting in widespread contamination of the site’s waterbodies and sediments. Expected to exceed $292 million CAD, the goal of the remediation project is to return Boat Harbour to its natural state as a tidal estuary that will be usable by the surrounding communities for recreational and cultural functions. This goal was impactful and lead to the remedial decisions throughout development of this project. Remediation of Boat Harbour will ultimately allow the PLFN community to restore their relationship with the land and water of A'se'k. 
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Table 1. Infrastructure remediation components and alternatives rated (traffic lights) based on technical (26%), environmental (24%), economic (22%), social (14%), and regulatory (14%) weighted indicators. Green cells indicate alternative met indicator requirements. Yellow cells indicate potential issues or concerns raised. Red cells indicate alternative failed to meet indicator category requirements. Grey/black cells indicate alternative was eliminated before undergoing examination in that indicator category because it failed to pass technical or economic evaluation. 
	Components
	Approaches
	Alternatives 
	Technical 
	Environmental 
	Economic
	Social
	Regulatory 
	Pass/Fail

	Highway 348 Bridge
	Do Nothing
	--
	•
	•
	•
	•
	•
	Fail 

	
	Demolish and Replace
	Draw Bridge
Swing Bridge
Concrete Bridge
Steel Bridge 
Open Channel
Causeway
	•
•
•
•
•
•
	•
•
•
•
•
•
	•
•
• 
•
•
•
	•
•
•
•
•
•
	•
•
•
•
•
•
	Fail
Fail
Pass
Pass 
Fail 
Fail

	Pipeline (on land)
	Do Nothing
	--
	•
	•
	•
	•
	•
	Fail

	
	Clean, Inspect, and Abandon
	--
	•
	•
	•
	•

	•
	Pass


	
	Clean and Fill
	Cellular Concrete 
Treated Sludge
Flowable Sands
Expandable Foam 
Water
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	Pass
Fail
Fail
Pass
Fail

	
	Complete Removal
	Mechanical Excavation
Hydro-excavation
	•
•
	•
•
	•
•
	•
•
	•
•
	Pass
Fail

	
	Clean and Collapse
	Mechanically Crush
Pipe Bursting
	•
•
	•
•
	•
•
	•
•
	•
•
	Fail
Fail

	Pipeline (underwater)
	Do Nothing 
	--
	•
	•
	•
	•
	•
	Fail

	
	Clean, Inspect, and Abandon 
	--
	•

	•

	•

	•

	•

	Pass

	
	Clean and Fill
	Cellular Concrete 
Treated Sludge
Flowable Sands
Expandable Foam 
Water
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	Pass
Fail
Fail
Pass
Fail

	
	Complete Removal
	Mechanically Crush
Pipe Bursting
	•
•
	•
•
	•
•
	•
•
	•
•
	Fail
Fail

	
	Clean and Collapse
	Mechanically Crush
Pipe Bursting
Drill
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	Fail
Fail
Fail

	Buildings
	Do Nothing 
	--
	•
	•
	•
	•
	•
	Fail

	
	Demolish
	Mechanical Equipment
Crane/Wrecking Ball
Explosives
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	Pass
Fail 
Fail

	
	Repurpose*
	--
	--
	--
	--
	•
	•
	Pass

	Dam
	Do Nothing
	--
	•
	•
	•
	•
	•
	Fail

	
	Demolish
	Mechanical Equipment 
Crane/Wrecking Ball
Explosives
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	Pass
Fail
Fail

	
	Repurpose
	--
	•
	•
	•
	•
	•
	Fail


*Alternatives along with evaluations for the technical, environmental, and economic indicators were not provided because end use of the site has not been entirely identified. There is potential to repurpose the largest building into a welcome or community centre, storage, or operational building (GHD, 2018a). 















Table 2. Sediment remediation components and alternatives rated (traffic lights) based on technical (26%), environmental (24%), economic (22%), social (14%), and regulatory (14%) weighted indicators. Green cells indicate alternative met indicator requirements. Yellow cells indicate potential issues or concerns raised. Red cells indicate alternative failed to meet indicator category requirements. Grey/black cells indicate alternative was eliminated before undergoing examination in that indicator category because it failed to pass technical or economic evaluation. 
	Components
	Approaches
	Alternatives 
	Technical 
	Environmental 
	Economic
	Social
	Regulatory 
	Pass/Fail

	Wetland Management
	Natural Attenuation
	Risk Management Plan
No Risk Management Plan
	•
•
	•
•
	•
•
	•
•
	•
•
	Pass
Fail

	
	Remediation 
	In-Situ Cement Mixing
In-Situ Capping
In-Situ Sediment Amendment
In-Situ Phytoremediation 
Ex-Situ Mechanical
Ex-Situ Hydraulic
	•
•
•
•
•
•
	•
•
•
•
•
•
	•
•
•
•
•
•
	•
•
•
•
•
•
	•
•
•
•
•
•
	Fail
Fail
Fail
Fail
Pass
Fail

	
	Restoration
	No Restoration
Minimal Revegetation 
Full Wetland Restoration 
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	•
•
•
	Fail
Fail
Pass

	Sediment Management**
	Natural Attenuation
	Risk Management Plan
No Risk Management Plan
	•
•
	•
•
	•
•
	•
•
	•
•
	Pass (estuary)
Fail

	
	Removal
	In Wet Mechanical Dredging
In Wet Hydraulic Dredging 
In Dry Berms, Sheet Piles
In Dry Aqua Dams
In Dry Swamp Buggy
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	Pass
Pass
Pass
Pass
Pass

	
	Dewatering
	Gravity 
Geotubes
Centrifuge
Filtration 
Air Drying 
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	•
•
•
•
•
	Pass
Pass
Pass
Pass
Fail

	
	Treatment
	Do Nothing 
Thermal 
Cement Mixing 
Chemical Addition 
	•
•
•
•
	•
•
•
•
	•
•
•
•
	•
•
•
•
	•
•
•
•
	Fail 
Fail 
Pass
Pass

	
	Manage in Place
	Encapsulation/Solidification
	•
	•
	•
	•
	•
	Fail

	Waste Management
	Use Existing Cell
	Configuration 
· Use Existing Size
· Expand 
Materials Accepted 
· Wet Sludge
· Dewatered Sludge
· Demolition Debris
· Contaminated Soil 
· Domestic Waste 
· Industrial Waste
	--
•
•
--
•
•
•
•
•
•
	--
•
•
--
•
•
•
•
•
•
	--
•
•
--
•
•
•
•
•
•
	--
•
•
--
•
•
•
•
•
•
	--
•
•
--
•
•
•
•
•
•
	--
Pass
Pass
--
Pass
Pass
Pass
Pass
Fail
Pass

	
	Develop New Cell
	--
	•

	•

	•

	•

	•

	Fail 

	
	Use Existing and New Cell 
	--
	•

	•

	•

	•
	•

	Fail

	
	Disposal Off Site
	Disposal Options
1. Non-Hazardous 
· <75km from site
· 76-175km from site
· 176-350km from site
2. Hazardous Waste (QC)
3. Construction Debris
4. Recyclables 
5. Sludge Waste at Sea
Transport 
· Truck 
· Train 
· Barge 
	--

•
•
•
•
•
•
•
--
•
•
•
	--

•
•
•
•
•
•
•
--
•
•
•
	--

•
•
•
•
•
•
•
--
•
•
•
	--

•
•
•
•
•
•
•
--
•
•
•
	--

•
•
•
•
•
•
•
--
•
•
•
	--

Pass
Pass
Fail
Pass
Pass
Pass
Fail
--
Pass
Fail
Fail


**Sediment Management includes impacted sediment from Boat Harbour, twin settling basins, ASB, estuary, sludge disposal cell, and raw effluent discharge ditch (GHD, 2018a). 









Table 3. Leachate and contaminated water remediation components and alternatives rated (traffic lights) based on technical (26%), environmental (24%), economic (22%), social (14%), and regulatory (14%) weighted indicators. Green cells indicate alternative met indicator requirements. Yellow cells indicate potential issues or concerns raised. Red cells indicate alternative failed to meet indicator category requirements. Grey/black cells indicate alternative was eliminated before undergoing examination in that indicator category because it failed to pass technical or economic evaluation. 
	Components
	Approaches
	Alternatives 
	Technical 
	Environmental 
	Economic
	Social
	Regulatory 
	Pass/Fail

	Leachate Management 
	Manage On-Site
	Treatment 
· Engineered Wetland (no discharge)
· Engineered Wetland (with discharge)
· Advanced Treatment 
Final Discharge
· To Natural Waterbody
	--
•

•

•
--
•
	--
•

•

•
--
•
	--
•

•

•
--
•
	--
•

•

•
--
•
	--
•

•

•
--
•
	--
Fail

Fail

Pass
--
Pass

	
	Manage Off-Site 
	Pre-Treatment
· Filtration
· Coagulation
· Clarification 
· Carbon Treatment 
· Advanced Oxidation
Off-Site Transport 
· Truck
· Sewer
Disposal
· Local Treatment 
	--
•
•
•
•
•
--
•
•
--
•
	--
•
•
•
•
•
--
•
•
--
•
	--
•
•
•
•
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