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EXECUTIVE SUMMARY 
REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT 

LEHIGH CEMENT COMPANY CLOSED CKD PILE 
METALINE FALLS, WASHINGTON 

 
INTRODUCTION 

 
This Revised draft Feasibility Study Technical Report (Revised dFSTR) 

documents the results of the evaluation of the groundwater-related remedial 
alternatives1 for the Closed Cement Kiln Dust (CKD) Pile in Metaline Falls, 
Washington (Site).  Lehigh Cement Company (Lehigh) developed the Revised dFSTR 
in accordance with the Model Toxics Control Act (MTCA) regulations in Washington 
Administrative Code (WAC) 173-340-350 et. seq. the Agreed Order AO No. DE99HS-
E941A6 (1999 AO), between Lehigh (Lehigh) and the Washington Department of 
Ecology (Ecology). 

 
BACKGROUND 

 
Lehigh operated a Portland cement production plant in Metaline Falls, 

Washington, from the early 1900s until 1989.  CKD was generated at the plant as a by-
product of the cement production process.  Lehigh periodically moved the dust by-
product from the production plant to the CKD pile, which is between the former plant 
location and State Route 31 (see Exhibit ES-1).  The Closed CKD Pile contains 
approximately 544,000 metric tons of material [Dames and Moore, 1995].  Lehigh owns 
the Closed CKD Pile. 

 
Ecology began its regulatory oversight of the investigation/remediation of 

the Site in 1991.  Lehigh has implemented remedial actions at the Site since 1996 to 
address potential exposure pathways as described in Exhibit ES-2.  Specifically, the 

                                                 
1 This Feasibility Study (FS) evaluates remedial alternatives for addressing groundwater at the Metaline 
Falls Site. This is consistent with the 1999 Agreed Order No. DE-99HS-E941. This is appropriate as 
other potential risks have been addressed by previous remedial activities (e.g., direct contact with CKD 
prevented by approved cap placed on CKD pile).  Surface water concerns will be addressed by the 
remediation of the CKD-affected groundwater that seeps to Sullivan Creek.  
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cover and surface water management facilities at the Closed CKD Pile adequately 
control these potential pathways: 

 
• Direct contact; 
• Inhalation; 
• Precipitation-derived percolation into the CKD; and 
• Surface water-derived infiltration to the CKD. 
 
The CKD-affected groundwater downgradient of the Closed CKD Pile is 

localized and under property owned by Lehigh, except for a portion of Washington 
State Route 31.  Additional details on the nature and extent of the affected groundwater 
are given in the Remedial Investigation (RI) Technical Report [GeoSyntec, 2001] and in 
the Interim Progress Report on Subsurface Treatability Study [GeoSyntec, 2000]. 

 
The CKD-affected groundwater flows north-northeasterly from the Closed 

CKD Pile, across the area downgradient of the Closed CKD Pile, and into Sullivan 
Creek.  The area of the groundwater aquifer affected by CKD is not currently, nor is it 
anticipated to be, withdrawn for domestic use.  Restrictive covenants will be recorded 
to ensure continued nonuse.  Further groundwater remediation is required to bring the 
groundwater into compliance with cleanup standards.  These actions will also protect 
surface water in Sullivan Creek. 

 
FEASIBILITY STUDY 

 
Lehigh conducted the Feasibility Study in accordance with the Ch.173-340 

WAC and the 1999 AO.  To provide the necessary technical information and analysis to 
select the groundwater remedy, GeoSyntec undertook literature reviews, document 
searches, conducted laboratory bench-scale and field pilot-scale treatability testing and 
prepared reports, technical memoranda, and design submittals for Ecology review 
including: 

 
1. Interim Progress Report No. 1, Subsurface Treatability Study, 

GeoSyntec, submitted in 2000. 
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2. Feasibility Study Technical Memorandum (FSTM), GeoSyntec, 
submitted in 2003. 

 
3. Pilot System In Situ Treatment Wall Design Drawings, GeoSyntec, 

submitted in 2001. 
 
4. Pilot System In Situ Treatment Wall Construction Report, 

GeoSyntec, submitted in 2003. 
 
5. Quarterly Project Status Reports, GeoSyntec, submitted in 2000, 

2001, 2002, 2003, 2004, and 2005. 
 
6. Project Status Meetings between Lehigh and Ecology in 2002, 2003, 

and 2004. 
 
7. Supplement to the initial dFSTR, GeoSyntec, submitted in 2004. 
   
Following submittal of the initial draft FSTR in November 2003, Lehigh and 

Ecology began discussions about additional Site investigations, based on Ecology’s 
belief that data from additional investigations would bolster the dFSTR.  In May 2004, 
Lehigh submitted the Supplement to the Draft Feasibility Study Technical Report and 
Technical Response to the Department of Ecology Request for Further Field 
Investigation [GeoSyntec, 2004] to address Ecology’s data needs.  Ecology then 
conducted a limited field investigation in July 2004.  Ecology’s investigation is 
documented in their letter report, dated 25 October 2004, and is included in the dFSTR 
(see Appendix B). 

 
Groundwater Remedy Alternatives 

 
The FSTM screened 20 groundwater remedy alternatives [GeoSyntec, 2003].  

Lehigh determined that five alternatives passed the screening criteria and recommended 
that they be evaluated more extensively in the FSTR.   After its review of the FSTM, 
Ecology recommended that the FSTR also include source abatement alternatives (i.e., 
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Additional Source Control and Partial Source Removal2).  The FS process, which 
included further discussions with Ecology, led to the inclusion of two more alternatives.  
It also led Lehigh to drop one alternative from further consideration and to consolidate 
three technologies into a single alternative.  Accordingly, the following alternatives are 
evaluated in this Revised dFSTR – See Exhibit ES-3.   

 
• Alternative #1 – Permeable Treatment Wall (PTW) 
• Alternative #2 – Groundwater Control (GWC) 
• Alternative #3 – Additional Source Control (ASC) 
• Alternative #4 – Partial Source Removal (PSR) 
• Alternative #5 – Funnel and Gate Treatment (FGT) 
• Alternative #6 – Partial Additional Source Control (PASC) 

 
PTW (Alternative 1) extends the existing Pilot System treatment zone along 

the east side of State Route 31.  CKD-affected groundwater passes through a treatment 
zone prior to migrating to Sullivan Creek.  To address possible gaps between the 
treatment panels, PTW includes a limited number of wells that will extract water.  This 
groundwater will be routed back to the treatment zone. 

 
GWC (Alternative 2) continues operation of the existing pilot PTW and adds 

extraction wells to capture the remaining CKD-affected groundwater plume.  The 
extracted groundwater is treated aboveground to meet cleanup standards by reducing 
the pH and precipitating the arsenic.  The treated groundwater is discharged to Sullivan 
Creek. 

 
ASC (Alternative 3) includes a low permeability vertical barrier (i.e., slurry 

wall) hydraulically upgradient of the Closed CKD Pile to direct water away from the 
CKD, with dewatering wells on the upgradient side of the slurry wall to capture and re-
route the water around the Closed CKD Pile.  The slurry wall keys into the underlying 
aquitard that ranges from approximately sixty to 120 feet deep.  The slurry wall and 
dewatering wells achieve source control by reducing the amount of water that contacts 
CKD.  ASC generates less CKD-affected water, but does not eliminate it.  Inherent 

                                                 
2 6/11/03 Ecology correspondence to Eric Smalstig, GeoSyntec Consultants, and follow-up Ecology 
correspondence with Jay Manning, Esq., Brown Reavis & Manning, PLLC. 
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permeability and potential imperfections in the slurry wall, combined with possibility of 
water upwelling into the base of the Closed CKD Pile, prevent ASC from completely 
eliminating the generation of CKD-affected water.  Thus, ASC includes downgradient 
groundwater extraction and aboveground treatment components.  The downgradient 
systems are flexible, allowing modification over time as the benefits of the upgradient 
slurry wall and dewatering wells are realized. 

 
PSR (Alternative 4) uses sheet piles to isolate and stabilize a portion of the 

toe of the Closed CKD Pile and then removes approximately 5,500 cubic yards to 
access the CKD that Ecology documented is in contact with groundwater under the toe 
[Ecology, 1997].  The PSR alternative also involves accessing CKD through the top 
deck of the Closed CKD Pile by removing a portion of the engineered cover, and 
excavating CKD using conventional slope back techniques.  Excavating this area of 
CKD through the top deck involves removing approximately 260,000 cubic yards of 
CKD to access the CKD in contact with groundwater at the lower reaches of the pile 
[Ecology, 1997].  PSR requires the construction of a temporary storage area of about 
five acres in size, to hold the dangerous waste during excavation and backfilling.  PSR 
places a non-reactive engineered fill and geotextile layers into the excavated area and 
then places the temporarily-stockpiled CKD back into the excavation.  The CKD that 
does not fit back into the excavation will be hauled off-site for disposal.  PSR includes 
reconstructing the breached and damaged engineered cover.  Ecology suggested that the 
PSR evaluation include an assumption that only short-term groundwater treatment (five 
years) would be needed downgradient of the Closed CKD Pile after implementing the 
CKD removal operations of PSR.  Lehigh has presented data and analysis showing that 
PSR will not be effective enough to obviate groundwater treatment over the long term.  
Lehigh developed two scenarios to evaluate PSR: scenario one assumes that the Site 
meets cleanup levels after five years and scenario two assumes that the Site needs 
indefinite treatment to meet clean up levels. 

 
FGT (Alternative 5) installs a system of shallow (ten to twenty feet deep) 

subterranean slurry walls and gravel drainage layers downgradient of the Closed CKD 
Pile.  The slurry walls and drainage layers funnel groundwater toward a central 
treatment corridor, where the water is treated in situ with the technology used in the 
Pilot System and described in Alternative 1, PTW.  Although FGT is not a flexible 
alternative, FGT offers a higher degree of hydraulic control than PTW while still using 
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in situ treatment technology tested in the Pilot System at the Site.  A subsurface 
discharge corridor conveys the treated water to Sullivan Creek. 

 
PASC (Alternative 6) pursues two concepts in remediation: source control 

and downgradient in situ treatment.  PASC supplements the FGT remedy with a gravity 
drain installed under the Closed CKD Pile.  The gravity drain is a source control 
technology that captures and redirects unaffected groundwater away from the Closed 
CKD Pile.  The gravity drain intercepts water that would eventually contact and 
inundate the CKD.  The amount of downgradient treatment will decrease with time as 
inundated CKD is dewatered due to the gravity drain and the transient drainage in the 
Closed CKD Pile reaches an equilibrium condition. 

 
Evaluation Criteria 

 
This Revised dFSTR uses the following criteria, identified in MTCA and the 

1999 AO to evaluate each of the six alternatives. 
 
• WAC 173-340-360(2)(a) Threshold Criteria: 

− Protect human health and the environment 
 

− Comply with cleanup standards 
 

− Comply with applicable federal and state requirements 
(ARARs) 

 
− Provide for compliance monitoring. 

 
• WAC 173-340-360(2)(b) “Other Requirements”: 

− Use permanent solutions to the maximum extent practicable 
(analysis is based on the disproportionate cost test described 
below) 

 
− Provide for a “reasonable restoration timeframe” to meet 

cleanup standards 
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− Consider public concerns. 
 
• WAC 173-340-360(3)(f) Evaluation Criteria (“Disproportionate Cost 

Analysis”): 
− Protectiveness  
− Permanence 
− Cost 
− Effectiveness over the long term 
− Management of short-term risks 
− Technical and administrative implementability 
− Consideration of public concerns (considered under “other 

requirements”) 
 
• 1999 AO Additional Criterion: 

− Prevent Domestic Use of CKD-affected Groundwater. 
 

Comparison of Alternatives 
 
All alternatives meet the threshold criteria, so this summary omits that 

discussion.  The comparison focuses on the differences between the alternatives, which 
involve the elements that MTCA considers under the analysis of cost-
disproportionality.  MTCA gives preference to permanent remedies. Lehigh’s 
evaluation shows that no permanent remedy exists for the Site.  Lehigh understands that 
according to Ecology PSR is a permanent remedy given certain conditions.  Although 
Lehigh and Ecology disagree whether PSR is permanent, they agree that it exhibits the 
highest degree of permanence of the alternatives evaluated in the Revised dFSTR.  
Therefore, Lehigh and Ecology agree that PSR is the baseline against which other 
alternatives are compared.  Each of the alternatives except PSR (scenario one) is a long-
term treatment based alternative.  Therefore with respect to the restoration timeframe 
criterion each has the same ranking. 

 
Protectiveness: All alternatives present some short-term risks during 

construction.  However, the construction risks associated with PSR, and to a lesser 
extent ASC, are significant.  PSR also has the largest volume of material (untreated 
CKD) requiring off-site disposal.  ASC and GWC involve off-site disposal of non-
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hazardous treatment residuals.  The other three alternatives (PTW, FGT, and PASC) do 
not generate wastes requiring off-site disposal.  Finally, all alternatives are expected to 
reduce risks at the Site to the same degree and in approximately the same time frame, 
with the exception of the first PSR groundwater treatment scenario (i.e., PSR with 
short-term treatment).  Under that scenario, PSR would reduce risks over a larger area 
than other alternatives.  Considering the factors that contribute to protectiveness, PASC 
ranks highest, followed by PTW, GWC, FGT, and ASC.  PSR ranks lowest under either 
groundwater treatment scenario. 

 
Permanence: All alternatives provide a high degree of permanence 

because they treat (i.e., reduce toxicity and mobility of hazardous substances) 
groundwater by permanently neutralizing the pH and decreasing arsenic concentrations 
to meet cleanup levels.  PSR, ASC, and PASC provide even higher degrees of 
permanence because they include source control components that reduce the volume of 
hazardous substances in groundwater.  Because PSR has the potential for the greatest 
reduction in hazardous substance volume, it ranks the highest for permanence, followed 
by ASC, PASC, FGT, PTW, and GWC. 

 
Cost: The least expensive alternative is GWC, followed by PTW, FGT, 

and PASC.  ASC is two or three times more costly than GWC, and the cost of PSR is an 
order of magnitude higher than GWC.   

 
Effectiveness Over the Long Term: All alternatives will be 

effective over the long term.  All incorporate treatment technologies that have proven 
successful.  In addition, PSR and PASC incorporate source control components that will 
reduce the volume of hazardous substances.  However, PSR may lose some 
effectiveness over time, as hydrogeologic conditions at the Site change.  ASC also 
incorporates source control in the form of a slurry wall, but it will be difficult to 
maintain this wall over the long term.  If the wall deteriorates or fails, ASC will lose 
some of its effectiveness.  The source control component of PASC is expected to 
remain reliable over time.  On this criterion, PASC and PSR (groundwater treatment 
scenario one) rank highest, followed by PTW, GWC, FGT, and PSR (groundwater 
treatment scenario two).  ASC ranks lowest. 
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Management of Short-Term Risks: PASC, PTW, GWC, and FGT 
use relatively conventional construction practices, each involving short-term risks that 
are easily managed.  While ASC uses a conventional technology, there is a danger that 
construction will activate the historic landslide area.  Thus, ASC poses significant short-
term risks.  PSR also uses conventional technologies, but applies them in a soft soil that 
is unstable and subject to liquefaction.  Furthermore, PSR requires workers to excavate 
and manage very large volumes of CKD, a dangerous waste.  Hundreds of truckloads of 
CKD will be transported off-site for disposal.  Thus, PASC, PTW, GWC, and FGT rank 
the highest on this criterion.  The ASC alternative ranks below these alternatives, and 
PSR ranks lowest. 

 
Technical  Implementability: While all of the alternatives can be 

implemented, PASC, PTW, GWC, and FGT present far fewer technical implementation 
challenges than either ASC or PSR.  ASC requires work in the vicinity of the historic 
landslide.  PSR requires handling significant quantities of CKD, excavating CKD under 
liquefiable conditions, counteracting CKD slope instability, transporting CKD on public 
roads, and temporarily storing CKD before either backfilling or shipping off-site for 
disposal.  Thus, GWC, PTW, FGT, and PASC rank highest, while ASC and PSR rank 
lowest on this criterion.   

 
Administrative Implementability: Lehigh owns the land needed to implement 

GWC, PTW, and FGT.  It may need to acquire or obtain access to other land to 
implement PASC, ASC, and PSR.  For PSR, Lehigh will need approximately five acres 
of land on which to temporarily store CKD.  All alternatives will require Lehigh to 
obtain an NPDES permit to discharge treated groundwater, except for PTW.  
Considering these factors, PTW ranks the highest, followed by FGT, GWC, PASC, 
ASC (at approximately the same ranking), and finally PSR ranks the lowest.    

 
Schedule: GWC has the shortest installation schedule, followed by FGT.  

PTW and PASC require approximately one additional month to install.  ASC requires 
approximately two additional months.  PSR has by far the longest construction 
schedule, approximately three years longer than the other alternatives. 

 
Public Concerns: The public has not had an opportunity yet to review 

these alternatives.  The MTCA process allows the public several opportunities to 
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provide input on remedy selection.  The public will have an opportunity to comment on 
this Revised dFSTR, and Ecology will address public concerns before finalizing this 
document.  Therefore, public comments will be considered for each of the alternatives 
upon receipt of the comments, giving each alternative the same ranking at this time for 
this criterion.   

 
Based on the factors in the disproportionate cost analysis, the cost of PSR, in 

terms of dollars, difficulty in implementation, and short-term risks, is disproportionate 
to its potential benefits under either groundwater treatment scenario.  ASC also has a 
high degree of permanence, but has significant short-term risks and costs that are 
disproportionate to its benefits. 

 
The most promising option for satisfying the MTCA and 1999 AO criteria is 

combining a practical and cost-effective source control method with downgradient 
groundwater control components.  The PASC alternative adds an additional source 
control component, the gravity drain installed under the Closed CKD Pile, to the 
collection and treatment concept presented in the FGT alternative.  The FGT 
components of the PASC alternative will achieve compliance with cleanup standards, 
whether the gravity drain is added or not.  However, the gravity drain is practical, cost 
effective and reduces the volume of water that contacts the CKD.  Despite the fact that 
the six alternatives meet the threshold evaluation criteria (Exhibit ES-4), PASC best 
balances the applicable remedy selection criteria.  PASC will meet the cleanup 
standards with a significant degree of permanence and achieves the greatest benefit for 
the cost expended.  PASC offers the following key advantages: 

 
• Meets cleanup standards and ARARs, and therefore enhances the 

CKD closure systems to protect human health and the environment; 
 
• Uses demonstrated and proven technologies that are technically and 

administratively implementable; 
 
• Will reduce the volume of CKD-affected groundwater generated at 

the Site, giving this alternative one of the highest degrees of 
permanence; 
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• Avoids the short-term risks, implementability concerns, and high 
cost associated with PSR, the baseline alternative; and 

 
• Includes practical and cost-effective source control, providing 

significant benefits at a proportionate cost. 
 

Groundwater Remedy Recommendation 
 
Because PASC meets the evaluation criteria, provides a source control 

component, is practical and implementable, has a high degree of permanence and 
achieves the greatest benefit for the cost expended, Lehigh proposes the PASC system 
as the preferred remedy for the Site.  PASC meets MTCA threshold and balancing 
requirements.  In addition, it is permanent to the maximum extent practicable.  The 
components of PASC include: 

 
• A gravity drain installed under the southern side of the Closed CKD 

Pile to intercept and divert groundwater from contacting the Closed 
CKD Pile; 

 
• Downgradient hydraulic control to funnel the CKD-affected 

groundwater to the treatment zone; 
 
• In situ treatment using a demonstrated technology; 
 
• Construct the necessary support facilities in or around the Existing 

Building; and 
 
• Institutional controls and additional monitoring activities, including: 

(a) warning signage; (b) fencing; (c) restrictive covenants; and (d) 
ongoing compliance monitoring.  

 
Exhibit 4.8-1 presents a conceptual layout of the PASC remedy.  The 

recommended PASC system use the following design and operating criteria: 
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• The gravity drain is a source control component that reduces the 
CKD-affected water requiring treatment; 

 
• The groundwater treatment technology is a demonstrated technology 

that meets proposed cleanup levels and ARARs, and therefore 
protects human health and the environment; 

 
• The treatment zone produces no residual waste that requires 

temporary on-site storage, transport and off-site disposal, thereby 
optimizing resource expenditures on operation and maintenance; and 

 
• The funnel and gate components accommodate the complex 

hydrogeology at the Site by using engineered structures to direct 
water. 

 
The PASC system will be maintained indefinitely.  
 
Ecology will set the actual cleanup levels following finalization of the FSTR 

in the Cleanup Action Plan (CAP).  Lehigh made the assumption for the purposes of 
this Revised dFSTR that Method A cleanup levels will apply to groundwater at the Site.  
Lehigh proposes the following with respect to cleanup standards: 

 
• Cleanup Levels (CLs).  The proposed cleanup levels relevant to the 

Site are pH in the range between 6.5 to 8.5, and a maximum arsenic 
concentration of 5.0 parts per billion. 

 
• Point of Compliance (POC).  Lehigh proposes a conditional point of 

compliance at a point downgradient of the PASC system and 
upgradient of Sullivan Creek.  The POC follows the last treatment 
component of PASC and precedes Sullivan Creek.   

 
The cleanup standards assumptions allowed Lehigh to evaluate and compare 

each alternative’s ability to meet cleanup standards at the Site for the purposes of 
conducting a FS.  The method of evaluating compliance with cleanup standards will be 
established during development of the monitoring program defined in the CAP and 
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design phases of the project.  As stated previously, Ecology will ultimately set the 
actual cleanup standards in the CAP.  

 
SCHEDULE 

 
The actual construction schedule for the PASC Alternative will depend on: 
 
• FSTR review process, including public comment; 
• Preparation and approval of the draft CAP and consent decree; 
• Regulatory review and permitting – particularly NPDES permitting; 
• Specialty contractor availability; and 
• Favorable weather conditions. 
 
Lehigh analyzed the future project deliverables, scheduling milestones, and 

implementation timeframe for PASC.  Lehigh believes that the PASC can be installed in 
summer 2006 (see Exhibit 6.4.1).  Lehigh will work with Ecology to achieve this goal. 

 
CONCLUSION 

 
The preferred alternative, PASC, combines a source control component with 

in situ groundwater treatment that restores the localized groundwater downgradient of 
the Closed CKD Pile, allowing the Site to meet cleanup standards.  PASC has a high 
degree of permanence, produces benefits that are not cost-disproportionate, is 
implementable, and uses a demonstrated treatment technology.   
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EXHIBIT ES-2 
SITE REMEDIES 

REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT 
LEHIGH CEMENT COMPANY CLOSED CKD PILE  

METALINE FALLS, WASHINGTON 
 

    

Goals Remedy Component Date of 
Implementation 

Isolate CKD to prevent direct 
contact exposure pathway. 

Source Control, 7-acre 
engineered composite 
cover, surface water 
management system, and 
access control (fences and 
warning signs). 

1995-96 

Isolate CKD to prevent dust 
inhalation exposure pathway 
and nuisance dust. 

Source Control, 7-acre 
engineered composite 
cover, surface water 
management system, and 
access control (fence and 
warning signs). 

1995-96 

Isolate high pH groundwater 
seeps near Highway 31 to 
prevent direct contact exposure 
pathway. 

WDOT deck extension, 
engineered backfill. 

1998 

Pilot in-situ permeable wall 
treatment. 

Started in 2002 Restore groundwater aquifer 
downgradient of CKD pile. 

Full-scale groundwater 
remedy installation. 

Could be as early as 
2006 

Stop appearance of localized 
seeps near Sullivan Creek to 
prevent direct exposure. 

Full-scale groundwater 
remedy installation. 

Access control. 

Could be as early as 
2006 

 





D R A F T GeoSyntec Consultants 
 

 
HR0196-12/MFW05-13_EES4.DOC 5 MAY 05 / 12:00 PM 

EXHIBIT ES-4 
COMPARATIVE ANALYSIS OF ADDITONAL SITE REMEDY ALTERNATIVES 

LEHIGH CEMENT COMPANY CKD PILE 
METALINE FALLS, WASHINGTON 

 
 #1 – PTW #2 – GWC #3 – ASC #4 – PSR (Scenario 1) #4 – PSR (Scenario 2) #5 – FGT #6 – PASC 
 In situ groundwater treatment 

with carbon dioxide via 
diffusion. 

Combination of  existing Pilot 
System and approximately 16 

P&T extraction wells. 

Slurry wall upgradient of closed 
CKD pile; upgradient 

dewatering; downgradient P&T. 

Remove and replace the 
following closed CKD pile 

portions: toe using sheet piles; 
middle bulk excavation. 

Groundwater treatments using 
GWC for 5 years. 

Remove and replace the 
following closed CKD pile 

portions: toe using sheet piles; 
middle via bulk excavation. 

Groundwater treatment using 
GWC indefinitely. 

Funnel downgradient 
groundwater to treatment using 

the in situ PTW technology 

FGT combined with a gravity 
drain to intercept water prior to 
water-CKD contact and divert it 
away from the Closed CKD Pile.

OVERALL RATING MODERATE HIGH LOW LOWEST LOWEST MODERATE VERY HIGH 
WAC THRESHOLD CRITERIA 
Protect Human Health and the Environment Yes Yes Yes Yes Yes Yes Yes 
Comply with Cleanup Standards  Yes Yes Yes Yes Yes Yes Yes 
Comply with ARARs  Yes Yes Yes Yes Yes Yes Yes 
Provide for Compliance Monitoring 

Protection 
Performance  
Confirmation 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

OTHER WAC REQUIREMENTS 
Use of Permanent Solutions to the Maximum Extent 
Practicable Disproportionate Cost Analysis(1) 

Protectiveness Moderate-High Moderate-High High Low Low Moderate-High Highest 
Permanence High High Higher Highest-Baseline(2) Highest-Baseline(2) High Higher 
Cost (in millions of dollars)(3) 

Implementation 
OMM 
Total 

 
$2.1 
$2.2 
$4.3 

 
$1.1 
$3.0 
$4.1 

 
$9.1 - $14 

$3.2 
$12.3 - $17.2 

 
$17.4 - $24.2 

$1.4 
$18.8 - $25.6 

 
$17.4 - $24.2 

$3.0 
$20.4 - $27.2 

 
$2.3 - $2.6 

$2.1 
$4.4 - 4.7 

 
$2.4 - $3.0 

$2.1 
$4.5 - $5.1 

Effectiveness over the Long Term Moderate-High Moderate-High Moderate-Low Low High Moderate-High High 
Management of Short-Term Risks Easy Easy Difficult Very Difficult Very Difficult Easy Easy 
Technical and Administrative Implementability High Moderate Moderate – Low Low Low Moderate Moderate 
Consideration of Public Concerns(4) Yes Yes Yes Yes Yes Yes Yes 

Disproportionate Cost Analysis Results Practicable, Moderate 
Permanence 

Practicable, Moderate 
Permanence Disproportionate Costs Very Difficult, 

Disproportionate Costs 
Very Difficult, 

Disproportionate Costs 
Practicable, Moderate 

Permanence Practicable, High Permanence 

Provide for a Reasonable Restoration Time Frame Yes Yes Yes Yes Yes Yes Yes 
Consider Public Concerns(4) Yes Yes Yes Yes Yes Yes Yes 
1999 AO(5) OBJECTIVES 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Yes Yes Yes Yes Yes Yes Yes 

 
Notes: (1) As defined in Washington Administrative Code 173-340-360(3)(e) 
 (2) PSR has the highest degree of permanence.  This Revised dFSTR evaluates the alternatives based on two groundwater treatment scenarios. 
 (3) Appendix E lists elements of the alternatives that were included in the cost estimates. Costs presented here for a 30-year project duration using a 7 percent discount rate.  The detailed cost tables (Exhibits 4.1-8, 4.3-2, 4.4-2, 4.5-2, 4.6-2, 4.7-2, and 4.8-2), show results for other project durations and discount 

rates. 
 (4) The public will be provided with opportunities to comment on project documents.  Ecology will address public comments before finalizing this document. 
 (5) Agreed Order DE99HS-E941 
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1. INTRODUCTION 
 

1.1 Terms of Reference 
 
Lehigh Cement Company (Lehigh) submitted the first draft of this 

Feasibility Study Technical Report (dFSTR) to the Washington Department of Ecology 
(Ecology) in November 2003.  Ecology reviewed the dFSTR and transmitted their 
comments on the dFSTR to Lehigh in a letter dated 13 July 2004.  This document is the 
first revision of the dFSTR (Revised dFSTR).  This Revised dFSTR addresses 
Ecology’s comments on the first dFSTR and includes information and analyses that 
were compiled by Lehigh and Ecology subsequent to submittal of the first dFSTR. 

 
This Revised dFSTR examines remedial alternatives for groundwater and 

groundwater-related impacts at the Lehigh Closed Cement Kiln Dust (CKD) Pile Site in 
Metaline Falls, Washington (the Site).  The Site is owned by Lehigh.  GeoSyntec 
Consultants (GeoSyntec) prepared this Revised dFSTR for submittal to Ecology on 
behalf of Lehigh.  This dFSTR is one of a series of deliverables specified in Agreed 
Order No. DE99HS-E941 (1999 AO)1.   

 
 

1.2 Organization of the Feasibility Study Technical Report 
 
The remainder of this Revised dFSTR is organized into the following 

sections: 
 
• Section 2, Background, summarizes information from the Remedial 

Investigation (RI) and additional data gathered subsequent to 
preparation of the RI that is relevant to this Revised dFSTR. 

 
• Section 3, Regulatory Framework for Additional Remedy Alternative 

Selection, describes relevant Washington Administrative Code (WAC) 
and 1999 AO requirements. 

                                                 
 
1 Exhibit 1.1-1, Agreed Order Compliance Checklist, notes the status of the deliverables required by the  
1999 AO.  
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• Section 4, Description of Alternative Groundwater Remedies, describes 
the final six alternative groundwater remedies evaluated in this Revised 
dFSTR. 

 
• Section 5, Alternative Comparison, uses the criteria described in WAC 

173-340-360 and the 1999 AO to compare the six alternative 
groundwater remedies. 

 
• Section 6, Conclusions, presents the conclusions of this 1999 AO 

deliverable. 
 
References, exhibits, and appendices are included at the end of the 

document. 
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2. BACKGROUND 
 

2.1 General 
 
This section summarizes the background information contained in the Final 

RI Report [GeoSyntec, 2001], the Feasibility Study Technical Memorandum 
[GeoSyntec, 2003b], and the Supplement to the Draft Feasibility Study Report 
(Supplement) [GeoSyntec, 2004].  The information in Appendices A and B to this 
Revised dFSTR was obtained after the RI and FSTM were submitted.  These 
appendices contain data relevant to the comparison of alternatives.  Appendix A was 
originally submitted with the first draft of the dFSTR to describe pilot in situ carbon 
dioxide groundwater treatment system (Pilot System) performance as well as the 
additional investigation of areas downgradient of the Closed CKD Pile that occurred in 
Summer 2003.  Appendix A now also includes an update section that documents data 
and events from November 2003 through February 2005.  Appendix B contains 
Ecology’s report on their Summer 2004 investigation.  Appendix C contains boring logs 
and geologic cross-sections developed from Lehigh’s Site investigation data.   

 
 

2.2 Site Location and Layout 
 
The Closed CKD Pile is in Metaline Falls, Washington, a town of 

approximately 200 people, approximately 100 miles north of Spokane and 13 miles 
south of the Canadian border (Exhibit 2.2-1).  Seasonal temperature variation is 
significant, with monthly average temperature extremes ranging from below 10°F to 
above 90°F [GeoSyntec, 2001].  The Site mean annual precipitation is 28 in. 
[GeoSyntec, 2001]. 

 
The Closed CKD Pile lies on approximately 7 acres west of State Route 31.  

It rises approximately 90 ft above State Route 31 at 2H:1V (Horizontal to Vertical) to a 
gently sloping upper deck with a maximum elevation of approximately 2,132 feet mean 
sea level (ft MSL).  To the east of State Route 31 is a floodplain that gently slopes 
toward Sullivan Creek about 250 to 300 ft east of the highway.  The average elevation 
of the floodplain is 2,026 ft MSL.   
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Lehigh owns the land north and hydraulically downgradient of the Closed 
CKD Pile and has made several improvements since the Site environmental work began 
(Exhibit 2.2-1). 

 
 

2.3 Site Environmental Data 
 

2.3.1 Surface Water 
 
Sullivan Creek drains a watershed of approximately 90,880 ac [EIP, 1999].  

The maximum mean flow in the creek is approximately 650 cubic feet per second (cfs); 
the minimum mean flow is approximately 100 cfs.  Maximum flows in the creek occur 
during the months of May and June; minimum flows occur during August and 
September.  Fluctuations in creek flows are a result of seasonal rainfall and snowmelt, 
as well as releases from the Sullivan Lake Dam to Sullivan Creek upstream of the Site 
[USGS, 1999].  The dam controls the volume of water that flows into Sullivan Creek.  
Since 1954, the highest recorded water level increase in the Sullivan Creek USGS 
gauging station2 upstream from the Site is 6.20 ft.  Sullivan Creek adjacent to the Site is 
wider than where the gauging station is located.  Thus, water level fluctuations adjacent 
to the Site are lesser than those measured at the gauging station.  The average increase 
during peak flow periods (May and June) is approximately 4 ft.  Sullivan Creek flows 
northwest past the Site to join the Pend Oreille River, less than a mile downstream of 
the Site. 

 
 

2.3.2 Site Geology 
 
Two geologic strata at the Site are relevant to this Revised dFSTR 

(Exhibit 2.3-1): 
 
• Glacial Sediments.  Overlying the bedrock3 are glacial sediments 

composed of glaciofluvial (river terrace) and glaciolacustrine (glacial 
lake) sediments that consist of sandy silt and clayey silt.  The glacial 

                                                 
 
2 USGS Sullivan Creek station at Metaline Falls, Station 12398000. 
3 See the RI for data about the bedrock, which is not considered relevant to this Revised dFSTR. 
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sediments are subject to landsliding.  Immediately to the south of the 
Closed CKD Pile is an historic landslide [Dames and Moore, 1997] that 
is considered during the evaluation of alternatives.  The historic 
landslide consists of disturbed sediments to an unknown depth along 
unknown slip planes.  This area above the landslide rises in steep relief 
progressing south from the Closed CKD Pile.  

 
• Holocene Alluvium.  Sullivan Creek eroded a bowl into the glacial 

sediments. The creek deposited gravels with occasional cobbles and 
boulders and interspersed zones of more clayey, silty and sandy 
materials into the base of the bowl and on the floodplain.  This layer is 
generally about 20 ft thick and overlays the glacial sediments. 

 
CKD was placed in part over each of these geologic strata.  In the southern 

and central portion of the now closed pile, boring logs from abandoned Monitoring 
Wells MW-11 and MW-3 indicate that CKD was placed in ravines incised into the 
glacial sediments [Dames and Moore, 1992, 1993].  In the central and northern portions 
of the pile area, CKD was placed directly over the Holocene alluvium.  Appendix C 
contains boring logs and cross-sections of the Site. 

 
2.3.3 Site Hydrogeology 

 
The sources of groundwater at the Site are as follows (Exhibits 2.3-1 and 

2.3-2): 
 
• Precipitation.  Rainfall and upgradient runoff infiltrates the glacial 

sediments, the landslide debris, and the Holocene alluvium to become 
groundwater.  

 
• Glacial Sediments.  Infiltrating precipitation generally seeps down and 

horizontally to the north and east through the Site area glacial 
sediments.  Groundwater emerges from the glacial sediments as surface 
seeps along the sloping hillsides that form the bowl into which the 
CKD was placed.  Groundwater migrates along sporadic lenses in the 
glacial sediments, and varies in amounts and locations according to 
season and precipitation intensity.  Seepage from the landslide debris 
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seeps into and beneath the Closed CKD Pile and then into the Holocene 
alluvium (i.e., sands and gravels) beneath the pile.   

 
• Holocene Alluvium.  Seepage from the glacial sediments and portions 

of the Closed CKD Pile affected by this seepage enters the Holocene 
alluvium beneath the pile.  This groundwater then moves horizontally 
in a general northern and eastern direction, beneath State Route 31 and 
hence to Sullivan Creek.  The depth to groundwater in the Holocene 
alluvium is approximately 2 to 3 ft below ground surface within the 
floodplain.  The depth to groundwater increases to approximately 5 to 6 
feet below ground surface near the toe of the Closed CKD Pile, where 
the ground surface is higher in elevation than the floodplain.  

 
Lehigh and Ecology disagree regarding the degree of seepage into the sides 

of the Closed CKD Pile.  The Supplement summarizes Lehigh’s concept [GeoSyntec, 
2004].  Appendix B of the Revised dFSTR contains information on Ecology’s position 
on the relative amounts of seep flow and underlying alluvial floodplain groundwater 
flow.  Nevertheless, this disagreement does not affect the feasibility study for the Site or 
the content of this Revised dFSTR.  The relative amount of seep flow and underlying 
alluvial floodplain groundwater flow into the Closed CKD Pile is not discussed in this 
report.   

 
 

2.3.4 CKD Effects on Groundwater 
 
Ecology has overseen several environmental investigations at the Site since 

1991.  Lehigh collected samples from CKD, groundwater, surface water, seeps, soil, 
and sediment media.  The Site sampling points are shown on Exhibit 2.3-3.  The 
following is a summary of the effects of the Closed CKD Pile on the Site groundwater: 4 

 
• The Site groundwater table elevation under the Closed CKD Pile 

fluctuates seasonally and annually depending on precipitation and 
runoff conditions.  During initial site investigations groundwater wells 

                                                 
 
4 See the RI Report submitted to Ecology in 2001 [GeoSyntec, 2001] and the Interim Progress Report on 
Subsurface Treatability Study submitted to Ecology in 2000 [GeoSyntec, 2000]. 
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were installed into and through the regraded and compacted CKD pile.  
These groundwater wells were abandoned in preparation for final cover 
installation in 1996.  Groundwater level data from those wells indicate 
that these fluctuations under the Closed CKD Pile typically do not 
exceed more than approximately one foot from the mean alluvial 
floodplain groundwater elevation.   

 
• Groundwater inundates portions of the base of the Closed CKD Pile.  

The amount of inundated CKD increases when the groundwater level 
rises and decreases when groundwater level falls.   

 
• The pH of groundwater that contacts the CKD increases as a result of 

the contact. The affected water subsequently moves into the 
groundwater, increasing its pH. 

 
• Two other mechanisms are also contributing to groundwater effects 

from CKD.  Water flows laterally into the buried sidewalls of the 
Closed CKD Pile, especially in the historic landslide area.  Water is 
also trapped in the CKD matrix from infiltration prior to pile closure.  
This water drains from the CKD until moisture equilibrium within the 
CKD matrix is attained.  The water eventually joins the underlying 
groundwater before it migrates north-northeasterly toward Sullivan 
Creek. 

 
• The high pH groundwater causes naturally occurring arsenic in the Site 

soils to go into solution in the groundwater.  Arsenic is not present in 
significant concentrations within the CKD. 

 
• Downgradient groundwater is characterized by high pH5, decreased 

oxidation reduction potential6, and arsenic concentrations greater than 
5 µg/L (or parts per billion (ppb)) (Exhibit 2.3-4).   

 

                                                 
 
5 In excess of the State water quality standard of 8.5 and, in some locations, higher than the State 
dangerous waste threshold of 12.5. 
6  Redox potential or Eh. 
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• Groundwater with elevated pH and arsenic levels seeps into and flows 
overland (in a localized area) into Sullivan Creek.   

 
 

2.4 Site Regulatory History 
 
The following summary describes the major regulatory actions at the Site 

since 1984, when CKD became subject to regulation under the state Dangerous Waste 
regulations: 

 
• Prior to 1984, both the federal government and the State of Washington 

exempted CKD from regulation as a hazardous or dangerous waste.  In 
1984, the State of Washington withdrew its exemption and CKD 
became subject to regulation as a dangerous waste under the Hazardous 
Waste Management Act (Chapter 70.105 of the Revised Code of 
Washington (RCW)) and its implementing Regulations 
(Chapter 173-303 WAC).  CKD is still exempt from the federal 
hazardous waste regulations (40 CFR 261.4(b)(8)). 

 
• 1984 – Lehigh submitted a “Notification of Dangerous Waste 

Activities” form and Part A of its Dangerous Waste Permit Application 
to notify Ecology that CKD would be managed at the Metaline Falls 
facility.  Upon submittal of the Part A application, the Lehigh cement 
plant became an interim status dangerous waste treatment, storage, and 
disposal (TSD) facility. 

 
• 1984-1992 – Lehigh investigated options for the CKD.  Lehigh 

evaluated the feasibility of CKD beneficial reuse or recycling, 
preliminarily assessed the Site characterization options, and compiled 
descriptions of potential closure options.  Dames and Moore used the 
information as a basis for and to supplement their subsequent 
evaluations [Bovay, 1991 and 1992; Cemtech, 1991]. 

 
• 1992-93 – Lehigh conducted an investigation to characterize the CKD 

Pile and to evaluate the quality of groundwater beneath and adjacent to 
it, the results of which are described in Section 2.3. 
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• 1994-95 – Lehigh continued to explore closure options for the CKD 
pile.  In a 1994 letter to Lehigh, Ecology concluded that the CKD Pile 
should be closed in place [Ecology, 1994].   

 
• 1996 – Lehigh submitted its “Final Closure Plan Cement Kiln Dust 

Pile, Metaline Falls, Washington” (7 June 1996).  Ecology approved 
the Closure Plan by letter dated 13 June 1996. 

 
• 1996 – Lehigh implemented the approved closure plan by constructing 

a final cover on the surface of the CKD Pile to reduce surface water 
infiltration and by constructing a stormwater management system to 
convey surface water run-on and run-off. 

 
• 1996 – Ecology issued Administrative Order No. DE96HS-E934 (1996 

AO), requiring Lehigh to submit and implement a short-term post-
closure care plan.  The 1996 AO required two years of groundwater 
monitoring. 

 
• 1997 – Lehigh submitted to Ecology a “Short-Term Postclosure Care 

Plan, Cement Kiln Dust (CKD) Pile, Metaline Falls, Washington,” 
which documented Lehigh’s plans for groundwater monitoring and 
maintenance of the final cover and stormwater management system 
during the “short-term” post-closure period. 

 
• 1997 – Lehigh provided closure certification, including documentation 

of the construction of the final cover and stormwater management 
system, in the “Closure Report for Cement Kiln Dust (CKD) Pile, 
Metaline Falls, Washington,” dated 17 June 1997.  Post-closure care of 
the Site was required, because dangerous waste (CKD) remained on the 
Site after closure. 

 
• 1997-98 – In accordance with the 1996 AO, Lehigh collected 

groundwater monitoring data on a monthly basis.  Lehigh also 
inspected, maintained, and made routine repairs to the final cover and 
stormwater management system during this time period. 
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• 1998 – Lehigh conducted an emergency remedial action under 
Enforcement Order No. DE98-HS-E938 (1998 EO), consisting of 
grading and filling a low-lying portion of the Site then owned by the 
Washington Department of Transportation (WDOT).  This interim 
action, referred to as the “WDOT Deck Extension,” reduced the 
potential for direct contact with high pH groundwater surfacing in the 
area. 

 
• 1999 – Lehigh submitted to Ecology the “Post-Closure Care 

Groundwater Monitoring Data Review, Closed Cement Kiln Dust Pile, 
Metaline Falls, Washington,” a report summarizing post-closure 
groundwater monitoring data collected between December 1996 and 
December 1998.  These data indicated that leachate was emanating 
from the Closed CKD Pile during the post-closure monitoring period, 
affecting groundwater beneath and downgradient of the Site as 
described in greater detail in Section 2.3. 

 
Up to this point, Ecology had regulated the Closed CKD Pile as a TSD under 

Ch. 70.105 RCW.  The monitoring data collected between 1996 and 1998 demonstrated 
that releases of hazardous substances were occurring at and downgradient of the Closed 
CKD Pile.  Based on these data, Ecology and Lehigh began assessing potential remedial 
action at the Site. 

 
• 1999 – Ecology and Lehigh signed an Agreed Order (No. DE99HS-

E941) (1999 AO) under the Model Toxics Control Act (MTCA) in 
October 1999.  Under the 1999 AO, Lehigh agreed (a) to perform a 
remedial investigation and feasibility study (RI/FS); and (b) upon 
approval of the RI/FS, to prepare a preliminary draft Cleanup Action 
Plan (pdCAP).  

 
• 2001 – Lehigh submitted a Draft Final Remedial Investigation Report 

(Draft RI).  The Draft RI compiled existing information and new 
environmental data collected over the previous two years.  Lehigh 
prepared the Draft RI consistent with WAC 173-340-350(7). 
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• 2001 – Lehigh began conducting a feasibility study (FS).  To evaluate 
potential cleanup technologies, Lehigh proposed and Ecology accepted 
bench scale tests for various treatment technologies.  Carbon dioxide 
diffusion bench scale tests produced promising results.    

 
• 2002 – Ecology shifted the Site from the Dangerous Waste Program to 

the Toxics Cleanup Program. 
 
• 2002 – Lehigh installed the Pilot System to evaluate this innovative in 

situ carbon dioxide diffusion groundwater treatment technology. 
 
• 2003 – As required by the 1999 AO, Lehigh submitted a Feasibility 

Study Technical Memorandum (FSTM) containing a preliminary 
screening of potential remedial technologies. Lehigh prepared the 
FSTM consistent with WAC 173-340-350(8)(b). 

 
• 2003 – As required by the 1999 AO, Lehigh submitted the first dFSTR 

to Ecology.  The first dFSTR evaluated the remaining alternatives that 
resulted from the screening documented in the FSTM and alternatives 
requested by Ecology.  

 
• 2004 – Lehigh conducted further analyses of the Site’s groundwater 

flow regime and how CKD affects groundwater at the Site.  Lehigh 
submitted the Supplement to the Draft Feasibility Study Report to 
Ecology to share the results of the analyses.   

 
• 2004 – Ecology conducted a Summer work program to collect 

additional site data. 
 
 
2.5 Previous Site Remedial Actions 

 
2.5.1 General 

 
This section describes remedial actions that Lehigh previously implemented 

at the Site.  The capital and operation and maintenance cost for these measures exceeds 
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$13 million (US $2005) over the years 1995 - 2004.  Lehigh continues to operate and 
maintain these remedial measures in compliance with applicable regulations.   

 
 

2.5.2 Source Control 
 
In accordance with State Dangerous Waste Regulations, Lehigh closed the 

CKD Pile in 1995 – 1996 [D&M, 1997].  Closure involved reconfiguring and 
consolidating CKD deposits, installing an engineered final cover system, controlling 
surface water, and implementing institutional controls (See Exhibit 2.2-1).  The 
Ecology-approved closure eliminated the primary adverse physical and chemical effects 
of the Site and eliminated direct contact with CKD as a human health and 
environmental risk.  In addition, precipitation and surface run-on to the pile no longer 
contacts the CKD, decreasing water percolation through the pile and eliminating a 
mechanism for CKD to affect groundwater. 

 
 

2.5.3 Downgradient Controls - Deck Extension 
 
High pH groundwater daylighted in a low-lying area downgradient of the 

CKD Pile and adjacent to WDOT’s working gravel deck.  In 1998, Lehigh and Ecology 
recognized that this area posed an exposure risk and jointly developed a solution.  
Lehigh filled the low-lying area (Exhibit 2.2-1) 9 through 14 November 1998 consistent 
with the 1998 EO [GeoSyntec, 1998].   

 
 

2.5.4 Pilot Test - In Situ Groundwater Treatment Wall 
 
Lehigh installed a Pilot System in October through November 2002 

(Exhibit 2.2-1).  Previous reports submitted to Ecology include detailed descriptions of 
this treatment technology and the Pilot System [GeoSyntec, 2000, 2001, 2002, 2002, 
2003a, and 2003b].  Appendix A includes an evaluation of the pilot treatment system 
performance.   
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2.5.5 Performance Evaluation 
 
Pursuant to the 1996 AO and 1999 AO, Lehigh has performed surface water, 

groundwater, and systems monitoring, including: 
 
• short-term post-closure monitoring (groundwater, surface water, and 

closure systems) on a monthly basis; 
 
• long-term post-closure monitoring (groundwater, closure systems) on a 

quarterly basis with weekly visits to the Site; 
 
• performance monitoring (groundwater) on a periodic basis to evaluate 

the Pilot System; and 
 

• supplemental evaluations (groundwater and surface water, e.g., 
Sullivan Creek Assessment [EIP, 1999] and Pilot System performance 
studies (Appendix A)). 

 
Results of the Site monitoring indicate that the closure systems are 

performing well.  In 1999, Lehigh conducted an ecological assessment of Sullivan 
Creek, without Ecology oversight.  The study [EIP, 1999] concludes that surface water 
in the creek is of excellent chemical and biological quality.  However, the groundwater 
downgradient of the Closed CKD Pile, which discharges to Sullivan Creek, remains 
affected by high levels of pH and elevated arsenic concentrations. 

  
 
 

2.6 Feasibility Study Technical Memorandum 
 
The FSTM screened 207 groundwater remedy alternatives [GeoSyntec, 

2003b].  Lehigh determined that five alternatives passed the screening criteria and 
recommended that they be evaluated more extensively in the FSTR.  After its review of 
the FSTM, Ecology recommended that the FSTR also include source abatement 

                                                 
 
7 In accordance with WAC 173-340-350 (8)(b). 
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alternatives (i.e., Additional Source Control and Partial Source Removal8).  The FS 
process, which included further discussions with Ecology, led to the inclusion of two 
more alternatives.  It also led Lehigh to drop one alternative from further consideration 
and to consolidate three technologies into a single alternative.  Accordingly, the 
following alternatives are evaluated in this Revised dFSTR – See Exhibit ES-3.   

 
• Alternative #1 – Permeable Treatment Wall (PTW) 
• Alternative #2 – Pump and Treat (P&T) 
• Alternative #3 – Additional Source Control (ASC) 
• Alternative #4 – Partial Source Removal (PSR) 
• Alternative #5 – Funnel and Gate Treatment (FGT) 
• Alternative #6 – Partial Additional Source Control (PASC) 
 
This Revised dFSTR evaluates each of the six alternatives in detail in 

subsequent sections. 

                                                 
 
8 6/11/03 Ecology correspondence to Eric Smalstig, GeoSyntec Consultants, and follow-up Ecology 
correspondence with Jay Manning, Esq., Brown Reavis & Manning, PLLC. 
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3. REGULATORY FRAMEWORK FOR ADDITIONAL REMEDY 
ALTERNATIVE SELECTION 
 

3.1 Introduction 
 
Lehigh prepared this Revised dFSTR under MTCA.  The state statutes and 

regulations promulgated under MTCA guide the FS process, the evaluation of remedial 
alternatives, and subsequent remedy selection.  This section of the Revised dFSTR 
describes the standards, criteria, and considerations guiding remedy selection. 

 
 

3.2 Remedy Selection under MTCA 
 

3.2.1 General 
 
The process for identifying and evaluating cleanup alternatives is described 

in WAC 173-340-350 and -360.  The general steps involved are:   
 
• identification of alternatives; 
• initial screening of alternatives; and 
• evaluation of selected alternatives. 
 
Lehigh completed the first two steps in the FSTM, which identified remedial 

alternatives and screened them to eliminate those that “so clearly do not meet the 
minimum requirements of WAC 173-340-360 that a more detailed analysis is 
unnecessary” [WAC 173-340-350(8)(b); see Feasibility Study Technical Memorandum 
for the Lehigh CKD pile, prepared by GeoSyntec and dated 22 May 2003].  This 
Revised dFSTR documents the third step. 

 
As described in the following subsections, the MTCA rules specify criteria 

that must be used to evaluate selected alternatives. 
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3.2.2 Threshold Requirements 
 

3.2.2.1 Introduction 
 
A cleanup alternative must meet the minimum requirements specified in 

WAC 173-340-360(2).  The following threshold requirements are used as evaluation 
criteria in this Revised dFSTR: 

 
1. protect human health and the environment; 
2. comply with cleanup standards; 
3. comply with applicable federal and state laws; and 
4. provide for compliance monitoring. 
 
If a remedial alternative fails to meet any one of these threshold 

requirements, it must be eliminated from further consideration.  
 
 

3.2.2.2 Protect Human Health and the Environment 
 
The first threshold requirement, that the remedy protect human health and 

the environment, is also an evaluation criterion under the 1999 AO (“overall protection 
of human health and the environment”).  Cleanup actions that attain cleanup levels at 
the applicable point of compliance, and comply with applicable state and federal laws, 
are presumed to be protective of human health and the environment [WAC 173-340-
702(5)]. 

 
 

3.2.2.3 Cleanup Standards 
 
The second threshold requirement is that the remedy meets MTCA cleanup 

standards.  When a cleanup action is selected, cleanup standards are set for specific 
contaminants of concern and for each affected medium, such as groundwater.   
“Cleanup standards” consist of three elements:  

 
• Cleanup levels (maximum allowable concentrations of a hazardous 

substance in a given medium) (see WAC 173-340-700(3)(a)). 
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• Point of compliance where compliance with the cleanup level will be 
measured (see WAC 173-340-700(3)(b)). 

 
• Other regulatory requirements that apply to the site because of the type 

of action and/or location of the site (“applicable state and federal 
laws”) (see WAC 173-340-700(3)(c)). 

 
 

3.2.2.4 Cleanup Levels 
 
Cleanup levels must: 
 
• Ensure compliance with applicable state and federal laws, also known 

as Applicable or Relevant and Appropriate Requirements (ARARs, see 
Section 3.2.2.6). 

 
• Prevent cross-contamination of other media (WAC 173-340-700(6) 

(b)).  
 

• Not be set below the practical quantification limit achievable by a 
chemical analytical laboratory or the natural background concentration 

 
Cleanup levels are established by using one of three methods described in 

MTCA.  Ecology will set final cleanup levels in the Cleanup Action Plan (CAP).  For 
purposes of the Revised dFSTR, Lehigh assumed that Method A cleanup levels will 
apply9.  Lehigh used the Method A cleanup levels set forth in tables in the MTCA 
regulations.  The table for groundwater is Table 720-1, codified at WAC 173-340-900.  
The assumption of cleanup levels for this Revised dFSTR allows the six alternatives to 
be evaluated for their ability to meet the cleanup levels.  

 

                                                 
 
9  Method A is used to establish cleanup levels at sites that have few hazardous substances.  Numerical 
standards must be available either in MTCA or in applicable state or federal laws for all hazardous 
substances in the medium for which the Method A cleanup level is used. 
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To select cleanup levels for contaminated groundwater, it is important to 
determine whether the groundwater is potable.  Under MTCA, groundwater is 
considered potable unless:  

 
• the groundwater does not currently serve as a source of drinking water; 
 
• the groundwater is not a potential future source of drinking water due 

to inadequate supply, naturally occurring contaminants, or great depth 
that makes groundwater use technically impossible; and  

 
• it is unlikely that hazardous substances will be transported to a current 

or potential future source of drinking water in concentrations that 
exceed water quality criteria in chapter 173-200 WAC (WAC 
173-340-720(2)).   

  
Groundwater at the Site is not a current source of drinking water.  Lehigh 

plans to record a restrictive covenant that prohibits withdrawal of groundwater for 
domestic purposes.  Groundwater at the Site discharges to Sullivan Creek.  Thus 
groundwater cleanup levels must be set to be protective of drinking water and surface 
water.  Method A cleanup levels shall be at least as stringent as concentrations listed 
under WAC 173-340-720(3).  For arsenic, the most stringent of these concentrations is 
the National Toxics Rule (NTR) concentration of 0.018 ppb which is less than the 
Method A level of 5ppb.  The Method A level is derived from the arsenic background 
concentration of 5 ppb in groundwater. Since the NTR concentration of 0.018 ppb is 
less than the background concentration of approximately 5 ppb, the groundwater 
Method A cleanup level for arsenic of 5 ppb will apply.  The pH cleanup level, based on 
the water quality criteria under WAC 173-201A WAC, ranges from 6.5 to 8.5 standard 
units. 

 
 

3.2.2.5 Point of Compliance 
 
Ecology will define the POC in the CAP.  MTCA provides for the selection 

of either a “standard” or a “conditional” POC, depending on the medium at issue and 
other site-specific factors.     
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Under a standard POC, cleanup levels must be met everywhere, throughout a 
site.  Specifically: 

 
• “Site” is defined to include “any … area where a hazardous substance 

… has come to be located” (WAC 173-340-200).   
 
• For groundwater, this includes meeting cleanup levels from the 

uppermost level of the saturated zone extending vertically to the lowest 
depth that could be affected by the site (WAC 173-340-720(8)(b)).   

 
Ecology may grant a conditional POC for groundwater where it can be 

demonstrated that it is not practicable to meet the cleanup level throughout the Site 
within a reasonable restoration time frame.  This practicability analysis is governed by 
the factors set out in WAC 173-340-350 and 360, and is described in greater detail 
below in Section 3.2.3.  If a conditional POC is used, it must be set “as close as 
practicable to the source of hazardous substances” and must not exceed the property 
boundary unless the off-property exception of WAC 173-340-720(8)(d) applies.  In 
addition, “all practicable methods of treatment” must be used. 

 
As described in Section 4, there is not a practicable remedial alternative that 

will meet groundwater cleanup levels throughout the Site within a reasonable 
restoration time frame.  Consequently, Lehigh proposes a conditional POC for 
groundwater at a location downgradient of the Closed CKD Pile and selected treatment 
facilities, but upgradient of Sullivan Creek.  Ecology will define the POC in the CAP.  
The Revised dFSTR assumed the conditional POC briefly described as a basis to 
evaluate the alternatives against.  The discussion in Sections 4 and 5 demonstrates that 
this location meets the requirements of WAC 173-340-720(8)(c) because:  (1) a 
standard POC is not practicable; (2) it is as close as practicable to the source of the 
hazardous substances; (3) it does not exceed the property boundary; and (4) all 
practicable methods of treatment will be used.  Each of the alternatives evaluated in this 
FS process incorporates treatment-based remedies.  There is inherent variability 
involved in operating engineered treatment systems.  The method of evaluating 
compliance with cleanup standards will be established during development of the 
monitoring program defined in the CAP and design phases of the project, and ultimately 
approved by Ecology. 
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Lehigh owns the land affected by the plume, including the proposed 
conditional POC for groundwater, with the exception of the State Route 31 and its right-
of-way.  As such, the off-property conditional POC exception of WAC 
173-340-720(8)(d) need not be applied. 

 
 
3.2.2.6 Applicable Federal and State Laws - ARARs 

 
 The third threshold requirement is that the remedy complies with applicable 
federal and state laws, which “include (a) all legally applicable requirements and (b) 
those requirements that the department determines are “relevant and appropriate 
requirements.” These are referred to jointly as ARARs (WAC 173-340-710(1)). The 
1999 AO also requires that this factor (“compliance with remedial action objectives 
(RAOs) and ARARs”) be used in evaluating selected alternatives.  “Relevant and 
appropriate requirements” include those cleanup standards, standards of control, and 
other environmental requirements, criteria, or limitations established under state or 
federal law that, while not legally applicable to the hazardous substance, cleanup action, 
location, or other circumstance at a site, address problems or situations sufficiently 
similar to those encountered at that site that their use is well suited to the particular site 
(WAC 173-340-710(4)).  WAC 173-340-710(7) identifies a number of state and federal 
laws, compliance with which must be considered in the cleanup action selection process 
if applicable.  Lehigh analyzed various ARARs, permits, and approvals that apply to the 
remedy alternatives described in this Revised dFSTR.  Exhibit 3.2-1 summarizes 
Lehigh’s analysis.   
 

ARARs may include requirements to obtain permits or other regulatory 
approvals to conduct some part of the cleanup.  Under MTCA, a person conducting a 
cleanup under an order or consent decree is exempt from any requirements to obtain 
state or local permits or approvals for the remedial action.  (RCW 70.105D.090).  
However, Ecology must ensure compliance with the substantive provisions of any such 
state or local laws.  This usually requires consultation with the state or local agency that 
administers the relevant law.  Ecology will address these issues in more detail in the 
CAP.   
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MTCA has no exemption for any federal permits or approvals required to 
conduct the remedial action.  Thus, Lehigh must obtain any required federal permits, 
and must meet the substantive provisions of any state or local laws that would, but for 
the MTCA exemption, require a permit or approval.   

 
Lehigh has identified applicable state and local laws that, but for the MTCA 

exemption, might require a permit or approval to implement one or more of the six 
alternatives.  Lehigh also has identified the federal laws that could require Lehigh to 
obtain permits or approvals to implement one or more alternatives.  Depending on the 
alternative, the applicable federal, state, and local programs are, as follows: 
 

• Federal: 
− Clean Water Act Section 404 dredge and fill permit and Rivers 

and Harbors Act Section 10 permit 
− Clean Water Act Section 402 NPDES permit 
− Clean Water Act Section 401 water quality certification  

 
• State: 

− Hydraulics Project Approval 
− Aquatic Use Authorization 
− State Waste Discharge permit 
− Water Right permit 

 
• Local: 

− Shoreline Management permit 
− Floodplain Management permit 
− Clearing/grading/building permit 

 
In Exhibit 3.2-1, Lehigh shows the alternatives potentially subject to each of 

these federal, state, and local programs.  Each alternative requires a combination of 
permits or is subject to certain restrictions.  Lehigh’s preliminary research shows that 
there are no significant restrictions or permitting programs that would make any remedy 
difficult to implement.  Specific permit issues are usually resolved during remedy 
design for MTCA Clean Ups.  Of all the programs identified, the NPDES permitting 
process requires the most amount of time to complete, approximately six to nine 
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months.  Thus, the remainder of the Revised dFSTR emphasizes the NPDES process 
due to its effect on the project schedule.  
 
 
3.2.2.7 Compliance Monitoring 
 

The final threshold requirement is that any remedy implemented under 
MTCA must provide for “compliance monitoring.”  The 1999 AO also requires that this 
factor (“provision for compliance monitoring”) be used in evaluating selected 
alternatives.  Compliance monitoring consists of three different types of monitoring: 

 
• Protection Monitoring: performed during remedy construction for 

protection of workers, the public, and the environment; 
 
• Performance Monitoring: confirms that the remedy has met cleanup 

standards; 
 
• Confirmation Monitoring: affirms that the remedy will be effective in 

the long term in meeting cleanup standards. 
 

 
3.2.3 Other Requirements 

 
3.2.3.1 Introduction 

 
WAC 173-340-360(2)(b) defines conditions, referred to as “Other 

Requirements,” that any remedy must meet in addition to the threshold requirements.  
They are: 

 
1) use permanent solutions to the maximum extent practicable;  
 
2)  provide for a “reasonable restoration timeframe” to meet cleanup 

levels; and  
 
3) consider public concerns. 
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3.2.3.2 Permanent Solutions to the Maximum Extent Practicable 

 
3.2.3.2.1 General 

 
MTCA does not require that a permanent cleanup action alternative be 

selected.  Rather, Ecology must select a remedy that “uses permanent solutions to the 
maximum extent practicable.”  It must use the “disproportionate cost analysis” to 
determine whether a cleanup action alternative meets this requirement (WAC 173-340-
360(3)(b)). 

 
One of the criteria in the disproportionate cost analysis is permanence (WAC 

173-340-360(3)(f)(ii)).  This criterion is closely related to the concept of “permanent 
solution,” but because differences between the two terms are important they are 
discussed separately in the Revised dFSTR.   

 
 

3.2.3.2.2 Permanent Cleanup Action 
 

“Permanent solution” or “permanent clean-up action” means a cleanup 
action that meets the cleanup standards of WAC 173-340-700 – 173-340-760 without 
further action being required at a site being cleaned up or at any other site involved with 
the cleanup action, other than the approved disposal of any residue from the treatment 
of hazardous substances (WAC 173-340-200 (definition of “permanent solution” or 
“permanent cleanup action”)). 

 
MTCA generally requires that the FS include at least one permanent cleanup 

action alternative to serve as a baseline against which other alternatives are evaluated to 
determine which is “permanent to the maximum extent practicable” (WAC 173-340-
350(8)(c)(ii)).  However, the FS need not include a permanent cleanup action 
alternative if none is “technically possible” (WAC 173-340-350(8)(c)(ii)(B)(II)).  
MTCA defines “technically possible” as “capable of being designed, constructed and 
implemented in a reliable and effective manner, regardless of cost” (WAC 173-340-
200). 
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Ecology and Lehigh understand the term “permanent” differently, as 
explained below.  However, this difference of opinion does not affect the evaluation of 
alternatives in this Revised dFSTR. 

 
Lehigh believes that no “permanent” remedies exist for the Site because no 

treatment process has been identified that can completely render the CKD inert.  As 
Lehigh understands MTCA, the only remedies that meet the definition of permanent are 
those that treat the hazardous substances, rendering them non-hazardous.  Treatment 
may occur on-site or off-site, but the remedy will not qualify as permanent if any 
further remedial action (including monitoring, institutional controls, or maintenance) is 
required (see WAC 173-340-200). 

 
For example, Lehigh does not believe that source removal and off-site 

disposal is a permanent remedy since further remedial action would be required to 
manage the removed hazardous substances at the disposal facility.  Any CKD removed 
from the pile would have to be transported to a permitted disposal facility, which would 
in turn require engineering controls, monitoring, and possibly remediation.  This is 
“further action.”  Thus, in Lehigh’s view removal and off-site disposal cannot be a 
permanent solution.    

 
Source removal or source isolation alternatives also would have to be 

supplemented with on-site groundwater remediation, another form of “further action.”  
Lehigh believes that the only way to eliminate the need for downgradient groundwater 
treatment is to remove the entire Closed CKD Pile and to render it completely inert.  
Unless all of the CKD is excavated and moved elsewhere, Lehigh believes that it is not 
technically possible to reduce contact between groundwater and the Closed CKD Pile 
sufficiently to result in groundwater meeting cleanup levels.  Even after full pile 
removal, it will take many years for natural attenuation to cleanse the groundwater and 
subsurface materials, so that groundwater meets clean up levels throughout the Site.  
Lehigh has presented data and analysis that support this belief [GeoSyntec, 2004].  
These analyses show that more than 99% of the contact must be eliminated before 
cleanup levels would be met.  Since this level is not achievable, supplemental 
groundwater remediation would be required for an indefinite time period to meet 
cleanup levels.  Such groundwater remediation is “further action,” which means that 
neither source removal nor source control is a permanent remedy. 
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Furthermore, even if groundwater ceased to contact the Closed CKD Pile,  
through  some form of source control,  MTCA would require engineering controls and 
long-term monitoring to maintain the long-term effectiveness of the source control 
alternative (WAC 173-340-360(3)(f)(iv) and 173-340-410(3)).  Thus, because all of the 
partial source removal or source control options would require “further action” either at 
the Site or at an off-site disposal facility, Lehigh believes that none of them qualifies as 
a permanent remedy.   

 
Ecology has indicated that it believes that PSR with off-site disposal and 

remediation of residual CKD-affected groundwater is a permanent remedy, even if the 
removed hazardous substances are not treated or destroyed. Based on conversations 
with Ecology, they believe that PSR is permanent remedy for the following reasons: the 
majority of CKD-water contact occurs where the base is inundated, and removing that 
base area will sufficiently reduce overall CKD-water contact; PSR could be designed 
and implemented with a high degree of reliability; the remaining CKD-water contact 
could be diluted by unaffected groundwater so that groundwater beneath the Closed 
CKD Pile meets cleanup levels; and greater than 99% effectiveness is not required for 
PSR to be permanent. 

 
Although Ecology and Lehigh disagree whether there are any permanent 

cleanup action alternatives for this Site, they agree that PSR offers the greatest degree 
of “permanence,” a concept described below in Section 3.2.3.2.4.  MTCA requires that, 
if a permanent cleanup action alternative is not available, the alternative with the 
greatest degree of permanence shall be the baseline cleanup action alternative (WAC 
173-340-360(3)(e)(ii)(B)).  PSR therefore will be the baseline against which other 
alternatives are evaluated.    

 
 

3.2.3.2.3 Disproportionate Cost Analysis 
 
Under the disproportionate cost analysis, “costs are disproportionate to the 

benefits provided by a remedy if the incremental costs of the alternative over that of a 
lower cost alternative exceed the incremental degree of benefits achieved by the 
alternative over that of the other lower cost alternative” (WAC 173-340-360(3)(e)(i)). 
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The disproportionate cost analysis takes into consideration the following 
seven factors, which are adopted as evaluation criteria in this Revised dFSTR: 

 
• protectiveness; 
• permanence; 
• cost; 
• effectiveness over the long term; 
• management of short-term risks; 
• technical and administrative implementability; and 
• public concerns. 
 
The 1999 AO also requires that these factors (described in the Agreed Order 

as “overall protection of human health and the environment”; “permanent reduction of 
mobility, toxicity, and volume”; cost; “long-term effectiveness”; “short-term 
effectiveness”; “implementability”; and “community concerns”) be used in evaluating 
selected alternatives. 
 
 
3.2.3.2.4 Permanence 
 

As stated above, the second of these criteria, “permanence” is related, but 
not identical, to the concept of a “permanent” remedy.  MTCA defines “permanence” as 
follows: 

 
(ii) Permanence.  The degree to which the alternative permanently 

reduces the toxicity, mobility or volume of hazardous substances, 
including the adequacy of the alternative in destroying the hazardous 
substances, the reduction or elimination of hazardous substance 
releases and sources of releases, the degree of irreversibility of 
waste treatment process, and the characteristics and quantity of 
treatment residuals generated. 

 
A cleanup action that requires further action to meet cleanup standards is not 

permanent, but it may still exhibit a high degree of permanence.  For example, although 
Lehigh does not believe that PSR is permanent, Ecology and Lehigh agree that PSR has 
a high degree of permanence because it reduces the toxicity, mobility, and volume of 
hazardous substance releases.  Because cleanup treatment components reduce the 
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toxicity and mobility of hazardous substance releases, the treatment exhibits 
permanence. 

 
The regulations require that the degree of permanence, even of non-

permanent remedies, be considered during remedy selection. The Revised dFSTR 
evaluates the alternatives with respect to this characteristic, as well as the other criteria 
in the disproportionate costs analysis. 
 
 
3.2.3.2.5 Cost 
 

The Revised dFSTR presents  costs for the alternatives in 2005 U.S. dollars.  
Lehigh developed three scenarios for the cost calculations.  First, the standard thirty-
year project duration with a seven percent discount rate is presented.  Lehigh included a 
second scenario using a one hundred-year project duration because of the indefinite 
time period that most alternatives will need to operate.  The second scenario uses a 
seven percent discount rate and a one hundred year period.  Lehigh developed a third 
scenario based on Ecology comments and EPA guidance [EPA, 2000a].  EPA guidance 
suggests that a non-discounting scenario be presented only for comparison purposes.  
The third scenario uses the one hundred-year project duration.  The cost estimates also 
included periodic replacement or rehabilitation costs for minor and major alternative 
components.   

 
 

3.2.3.2.6 Restoration Time Frame 
 
The reasonableness of a proposed restoration time frame—the period of time 

required to achieve cleanup levels at the POC—is determined by considering a number 
of factors, including those in WAC 173-340-360(4)(b): 

 
• potential risks to human health and the environment; 
 
• practicability of a shorter time frame; 
 
• current use of the site, surrounding areas, and associated resources that 

may be affected by releases at the site; 
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• potential future use of the site, surrounding areas, and associated 
resources; 

 
• availability of alternative water supplies; 
 
• likely effectiveness and reliability of institutional controls; 
 
• ability to control and monitor migration of hazardous substances from 

the site; 
 
• toxicity of those substances; and 
 
• natural processes that reduce concentrations of hazardous substances. 
 
The 1999 AO also requires that this factor (“restoration time frame”) be used 

in evaluating selected alternatives.  
 
 

3.2.3.2.7 Public Concerns 
 
Public concerns must be considered following the public participation 

process set out in WAC 173-340-600.  
 
 

3.2.3.2.8 Agreed Order Criterion 
 
The 1999 AO establishes the following additional criterion that is also used 

in this Revised dFSTR to evaluate alternatives:  Prevent Domestic Uses of CKD-
Affected Groundwater.  
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3.2.4 Groundwater Cleanup Requirements 
 
The MTCA regulations contain specific requirements for cleanups that 

address contaminated groundwater in WAC 173-340-360(2)(c)(i):  
 
 Permanent ground water cleanup actions. A permanent cleanup 

action shall be used to achieve the cleanup levels for ground water in 
WAC 173-340-720 at the standard point(s) of compliance (see WAC 
173-340-720(8)) where a permanent cleanup action is practicable or 
determined by the department to be in the public interest. 

 
As discussed above, Lehigh and Ecology disagree whether there is a 

permanent remedy for this Site.  Even if PSR is a permanent remedy, it is not 
practicable because its costs are disproportionate to its benefits, as discussed below in 
Chapter 5.10   

 
MTCA recognizes that permanent cleanup actions are not available or not 

practicable at all sites.  When a permanent cleanup action is not selected for 
groundwater, Ecology must ensure that: 

 
• highly mobile hazardous substances, liquid wastes, highly concentrated 

hazardous substances, or those that cannot be reliably contained are 
removed or treated (WAC 173-340-360(2)(c)(ii)(A)); and 

 
• groundwater containment measures are implemented to avoid lateral 

and vertical expansion of the groundwater volume affected by the 
hazardous substance (WAC 173-340-360(2)(c)(ii)(B)). 

 
As discussed below in Section 4, the six alternatives evaluated for the Site 

involve treatment components, which satisfies WAC 173-340-360(2)(c)(ii)(A).  The 
                                                 
 
10 In 1994, Ecology concluded that full CKD Pile removal was not a viable option.  The following quote 
contains Ecology’s conclusion [Ecology, 1994]: 

 
“Ecology believes that excavation and/or treatment of the CKD waste pile to meet 
MTCA cleanup levels is not economically feasible.  It is our opinion that the CKD 
waste pile should be closed in place…” 
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Closed CKD Pile cover is a containment measure, and each of the six alternatives uses 
techniques to control the spreading of the CKD-affected groundwater plume.  Thus, 
each of the six alternatives meets the nonpermanent groundwater cleanup requirements 
of WAC 173-340-360(2)(c)(ii). 

 
Section 4 presents the analysis of six groundwater remedy alternatives with 

respect to the aforementioned criteria.  Section 5 contains the comparative analysis of 
the six alternatives. 
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4. EVALUATION OF ADDITIONAL GROUNDWATER SITE REMEDY 
ALTERNATIVES 
 

4.1 General 
 
The FSTM screened 20 groundwater remedy alternatives [GeoSyntec, 

2003b].  Lehigh determined that five alternatives passed the screening criteria and 
recommended that they be evaluated more extensively in the FSTR.   After its review of 
the FSTM, Ecology recommended that the FSTR also include source abatement 
alternatives (i.e., Additional Source Control and Partial Source Removal11).  The FS 
process, which included further discussions with Ecology, led to the inclusion of two 
more alternatives.  It also led Lehigh to drop one alternative from further consideration 
and to consolidate three technologies into a single alternative.  Accordingly, the 
following alternatives are evaluated in this Revised dFSTR – See Exhibit ES-3.   

 
• Alternative #1 – Permeable Treatment Wall (PTW) 
• Alternative #2 – Pump and Treat (P&T) 
• Alternative #3 – Additional Source Control (ASC) 
• Alternative #4 – Partial Source Removal (PSR) 
• Alternative #5 – Funnel and Gate Treatment (FGT) 
• Alternative #6 – Partial Additional Source Control (PASC) 

 
Section 4 presents descriptions of each of the six alternatives.  The 

descriptions begin with features that are common to each of them, such as institutional 
controls, followed by the essential features of each alternative and the advantages and 
disadvantages of the alternative relative to each of the evaluation criteria identified in 
Section 3.  As described in Section 3, each alternative is evaluated against the threshold 
requirements, other requirements, disproportionate cost analysis criteria, and the 1999 
AO criteria.  For purposes of the disproportionate costs analysis, Alternative # 4 – PSR, 
is used as the baseline remedy since it exhibits the highest degree of permanence.  
Exhibits 4.1-1 through 4.1-6 summarize the criteria evaluation of each alternative as 

                                                 
 
11 6/11/03 Ecology correspondence to Eric Smalstig, GeoSyntec Consultants, and follow-up Ecology 
correspondence with Jay Manning, Esq., Brown Reavis & Manning, PLLC. 
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further discussed in this section12.  Exhibit 4.1-7 summarizes the cost estimate results 
for the six alternatives for the three cost scenarios described in Section 3.2.3.2.5. 

 
The engineering layouts of each alternative are presented in Exhibits 4.3-1, 

4.4-1, 4.5-1, 4.6-1, 4.7-1, and 4.8-1.  The layout and work elements for the alternatives 
are conceptual.  The layouts are intended only for the purpose of illustration and are not 
meant as final design layouts.  Ecology will draft the CAP following FSTR finalization.    

 
 

4.2 Common Components 
 

4.2.1 General 
 
Although each of the six alternatives uses a different technical approach to 

remediate the Site, they share certain components.  Specifically, each alternative 
includes institutional controls and compliance monitoring.  These components are 
described once, under Alternative 1, and referenced in Alternatives 2 through 6.  

 
 

4.2.2 Institutional Controls 
 
Institutional controls are non-engineered mitigation measures that reduce the 

potential for human exposure to contaminated media.  Institutional controls include: 
 
• Fencing – restricts access to contaminated media and limits the 

potential for exposure (implemented in 1996 on the Closed CKD Pile 
and maintenance continues).  

 
• Education (Warning Signs) – warns people of the potential for 

exposure (implemented in 1996 and maintenance continues).   
 
                                                 
 
12 See Nyer (1992) for a general discussion of alternative groundwater treatment technologies.   EPA 
(1998) describes and compares alternative innovative groundwater treatment technologies including 
applications similar to those evaluated in this Revised dFSTR. EPA (2000) includes descriptions of case 
studies of groundwater remediation including sites and technologies that involve issues and processes 
similar to those addressed in this Revised dFSTR.  
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• Restrictive Covenants – where appropriate, Lehigh may file restrictive 
covenants noting specific conditions (e.g., high pH groundwater) and 
prohibiting certain uses. 

 
 

4.2.3 Compliance Monitoring 
 
Each of the alternatives includes provisions for compliance monitoring.  

Compliance monitoring has three components:  protection monitoring, performance 
monitoring, and confirmation monitoring. To demonstrate protection monitoring, 
Lehigh will prepare worker health and safety plans and standard operating procedures.  
Performance monitoring consists of monitoring groundwater quality by using wells 
downgradient of the treatment systems.  To demonstrate compliance with cleanup 
levels, groundwater monitoring wells will be located at the POC.   

 
Lehigh has proposed cleanup levels for groundwater based on the beneficial 

use of Sullivan Creek (Sullivan Creek is considered a source of potable water, and 
groundwater flows into Sullivan Creek).  As discussed above, Lehigh has proposed a 
conditional POC for groundwater between the treatment system of the various 
alternatives and Sullivan Creek.  Ecology will locate the official POC in the CAP.  Each 
of the alternatives evaluated in this FS process incorporates treatment-based remedies.  
There is inherent variability involved in operating engineered treatment systems.  The 
method of evaluating compliance with cleanup standards will be established during 
development of the monitoring program defined in the CAP and design phases of the 
project, and ultimately approved by Ecology.  Lehigh will report monitoring results to 
Ecology regularly, pursuant to provisions of the CAP and/or Consent Decree developed 
for the Site. 

 
 

4.3 Permeable Treatment Wall (PTW) 
 

4.3.1 PTW-Alternative Description 
 

4.3.1.1 General 
 
Alternative #1 – Permeable Treatment Wall (PTW) is a largely in situ 

technology that uses carbon dioxide diffusion into the CKD-affected groundwater to 
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decrease pH of the groundwater.  Treatment occurs within a trench excavated to 
intercept CKD-affected groundwater.  The conceptual layout of this system is shown in 
Exhibit 4.3-1.  Lehigh tested this technology in the pilot scale phase. 

 
 

4.3.1.2 System Description 
 
The PTW would be constructed to the east of State Route 31 and includes: 
 
• Several trenches filled with coarse gravel, arranged in a line roughly 

parallel to Route 31 (approximately 1,500 cubic yards); 
 
• Treatment trenches keyed into the underlying clay layer, which 

becomes the bottom of the treatment zone; 
 
• Perforated plastic pipes buried in the treatment trench (approximately 

3,000 lineal feet); 
 

• Silicon tubing within the plastic pipes (approximately 60,000 lineal 
feet); 

 
• A carbon dioxide source (approximately 28 tons of capacity); 
 
• Mechanical and control systems; 

 
• Control building; 

 
• Barrier wall panels connecting the coarse gravel treatment zones; 

 
• A limited number of groundwater extraction wells downgradient of the 

PTW to capture water that migrates through likely gaps in the treatment 
zone (See Section 4.3.1.3 for a more complete description);  and 

 
• The existing pilot carbon dioxide treatment system. 
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Exhibit 4.3-1 shows PTW components in plan and cross-sectional views, 
including a process diagram.  Exhibit 4.3-1 does not show the limited number of 
groundwater extraction wells because their location and design would depend on the 
PTW construction.  The PTW technology neutralizes pH in the CKD-affected 
groundwater.  Carbon dioxide in the presence of water forms carbonic acid, which 
neutralizes hydroxide ions (the chemical cause for high pH in the Site groundwater) 
through the following reactions: 

 
 CO2 + H2O  H2CO3 (4-1) 
 
 H2CO3 + OH-  H2O + HCO3

-  (4-2) 
 
The decrease in pH reduces soluble arsenic in the groundwater.  The arsenic 

forms insoluble complexes, returning to the aquifer solids (i.e., soil matrix) from which 
it originated.  These chemical processes are described in detail in the Interim Progress 
Report [GeoSyntec, 2000].   

 
The treatment zone in the PTW is approximately 400 ft long by 18 to 20 ft 

deep, with in situ carbon dioxide delivery systems.  The treatment zones are in 
alignment with the current Pilot System, and they use the demonstrated and reliable 
treatment-based technology of the Pilot System installed in 200213.  

 
 

4.3.1.3 System Performance 
 
The treatment zones of the PTW intercept CKD-affected groundwater14 as it 

flows downgradient of the Closed CKD Pile.  The carbonic acid (from in situ diffusion 
of carbon dioxide into the groundwater) neutralizes the high pH water entering the 
treatment zones.  As a result of the reduced pH, arsenic in solution  precipitates out (i.e., 
form insoluble complexes) in the alluvial soil downgradient of the treatment zone.  The 

                                                 
 
13 See EPA (1999a through c) for a general description of the design, installation, and general 
performance of reactive barriers, which are similar in many ways to the PTW alternative. 
14 See EPA (1993) for a description of the performance of Passive Treatments Walls, a technology that is 
similar to that used in PTW.  This reference also provides an exhaustive comparison of alternative 
remediation technologies.   
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groundwater treated in the treatment zone will meet cleanup levels for both pH and 
arsenic at a conditional POC located between the treatment zone and Sullivan Creek. 

 
Lehigh evaluated a variety of neutralization agents to reduce the Site’s 

groundwater pH, and determined that carbon dioxide is the most appropriate 
neutralization agent.  In water, carbon dioxide forms carbonic acid, a weak acid.  Other 
neutralization agents, such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric 
acid and organic acids, have disadvantages with respect to system performance, 
including:  storage and handling requirements for strong acids, over acidification 
potential, heat generation, production of regulated daughter compounds (e.g., chloride, 
sulfate, nitrate, phosphate), nutrient loading on Sullivan Creek (e.g., nitrogen, 
phosphorus), and further reducing redox potential, Eh, in situ.  Reducing Eh would not 
result in arsenic precipitation and could cause the mobilization of other undesirable 
mineral constituents.  The Pilot System has demonstrated that carbon dioxide treatment 
systems perform successfully at the Site by lowering pH, generally increasing Eh, and 
precipitating arsenic. 

 
Because of certain design constraints of the diffusion tubing and physical 

limitations of the alignment, the PTW includes several treatment zone units, or 
segments (i.e., panels).  Each of the treatment zone units is keyed into the low-
permeability clay layer underlying the Site.  Barrier panels, installed between the PTW 
segments and constructed of low-permeability material, divert untreated CKD-affected 
groundwater to the PTW treatment panels.  Gaps in the treatment zone may occur due to 
construction challenges, such as limited visibility while installing system components 
under groundwater, the tendency of the thick plastic components to bend, and 
potentially not treating in the targeted location.  Groundwater extraction wells 
downgradient of the treatment panels capture the groundwater that escapes treatment 
through the gaps in the treatment zone.  Extracted groundwater can be treated 
aboveground and discharged into Sullivan Creek or routed back to the treatment zone.  
To avoid pump and treat (P&T) treatment residuals, the Revised dFSTR assumes that 
escaped groundwater will be routed to the treatment zone.   

 
The change in pH in the treatment zone will precipitate a variety of minerals, 

in addition to arsenic minerals such as carbonates and silicates.  Arsenic is a relatively 
small component of the groundwater that contains other dissolved solids.  PTW 
treatment precipitates the arsenic as a small fraction of the overall mineral precipitate 
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matrix.  Treatment process modeling and stoichiometric calculations predict that arsenic 
will not accumulate in concentrations that exceed dangerous waste levels.   

 
 

4.3.1.4 Construction Schedule 
 
PTW design, contracting, and procurement requires approximately eight 

months.  If required, approximately two months are needed to obtain regulatory 
approval for floodplain construction. PTW installation requires approximately five to 
six months.  This estimated timeframe does not account for construction during 
inclement weather or winter conditions.  The winter temperatures and hours of daylight 
in Metaline Falls adversely affect installation of the PTW, specifically the excavation of 
the trench, insertion of the perforated pipe into the treatment trench and construction of 
the barrier walls.  Although possible, construction of PTW during the winter months is 
not advisable.  

 
 

4.3.2 PTW-Protect Human Health and the Environment 
 
The PTW will protect human health and the environment for the following 

reasons: 
 
• Groundwater Quality.  The PTW meets MTCA groundwater cleanup 

levels at a conditional POC.  The Site-specific bench and pilot scale 
treatability studies [GeoSyntec, 2000, 2002, 2003a, and 2003b] 
demonstrated that this alternative effectively treats CKD-affected 
groundwater. 

 
• ARAR Compliance.  The PTW complies with ARARs. 

 
• Institutional Controls.  Lehigh will use institutional controls as 

described in Section 4.2.2. 
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4.3.3 PTW-Comply With Cleanup Standards 
 
The Site-specific PTW bench scale and Pilot System test results established 

that this technology will meet cleanup standards assumed for the purposes of the 
Revised dFSTR, as follows: 

 
• Cleanup Levels (CLs).  The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb.      

 
• Point of Compliance (POC).  Lehigh proposes a conditional POC for 

groundwater at a point downgradient of the PTW treatment zone and 
upgradient of Sullivan Creek (Exhibit 4.3-1).      

 
 

4.3.4 PTW-Comply With Applicable Federal and State Laws 
 
The PTW complies with ARARs.  Exhibit 3.2-1 presents a summary of 

ARARs that apply to this alternative.   
 
 

4.3.5 PTW-Provide for Compliance Monitoring 
 
Lehigh will provide compliance monitoring as outlined in Section 3.2.2.7.  

Lehigh will perform worker and public safety protection monitoring during construction 
when workers may be exposed to CKD-affected water and when the construction 
activities may disturb public areas (e.g., transportation on public streets).  For 
performance and confirmational monitoring, Lehigh will use groundwater wells 
installed in accessible locations at the proposed conditional POC for groundwater.  
Standard groundwater monitoring wells will document the cleanup of the groundwater 
and demonstrate compliance with cleanup levels at the POC. 
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4.3.6 PTW-Use Permanent Solution to the Maximum Extent Practical 
 

4.3.6.1 Introduction 
 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion in the disproportionate cost analysis is discussed below.  

 
 

4.3.6.2 PTW-Protectiveness 
 
As described in Section 4.3.2, PTW protects human health and the 

environment because it meets groundwater cleanup levels at a conditional groundwater 
POC.  In addition, it complies with applicable state and federal laws. 

 
 

4.3.6.3 PTW-Permanence 
 
Permanent Solution.  PTW is not a permanent solution.  PTW requires 

maintenance, continual operation, and repairs, as needed, for an indefinite time period. 
 
Permanence.  PTW exhibits a high degree of permanence because it is a 

treatment-based technology that decreases pH and reduces the solubility (mobility) and 
toxicity of arsenic, obviating further groundwater treatment at the POC.  In addition, it 
generates no treatment residuals15 that require future management and/or disposal.  
However, PTW will not prevent the generation of high-pH groundwater at the Closed 
CKD Pile.   

 
 

                                                 
 
15 A general term adopted here to designate treatment-produced material or by-product (e.g., treatment 
solids), generated by this or other processes, that will have to be stored, potentially further treated, 
transported from the Site, and ultimately disposed of at an appropriate disposal facility.  
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4.3.6.4 PTW-Cost 
 
The estimated present value cost to design and install a PTW is 

approximately $2.1 million (US $2005)16 (see Exhibit 4.3-2).  The estimated annual 
operating and maintenance cost is approximately $150,000.  Hence, the present value of 
this alternative for 30 years at an annual discount rate of seven percent is approximately 
$4.3 million.  Actual costs may vary depending on the details of the final PTW system 
design and implementation procedures.  Exhibit 4.1-7 includes the estimated costs of 
the six alternatives for the three scenarios described in Section 3.2.3.2.5 (See 
Appendix E). 

 
 

4.3.6.5 PTW-Effectiveness Over the Long Term 
 
Based on the past performance of the Pilot System, Lehigh has a high degree 

of confidence that PTW will be effective over the long term.  Lehigh will operate and 
maintain the PTW as long as necessary to maintain compliance with cleanup levels at 
the point of compliance.  Lehigh also will provide a financial assurance mechanism to 
cover the long-term operation and maintenance.  PTW components could be added or 
decommissioned as needed, and could be replaced, as necessary (with some difficulty 
due to the in situ nature of many of the PTW components).  As such, the PTW will be 
effective over the long term.  

 
 

4.3.6.6 PTW-Management of Short-Term Risks 
 
There are few short-term risks associated with PTW.  During construction of 

the PTW, workers may be exposed for a short time to high pH water, but this risk is 
common to each of the alternatives evaluated.  The potential exposure to high pH water 
occurs while the treatment trench is open, allowing the CKD-affected groundwater to 
fill the treatment zone.  Workers must take care when using heavy equipment and re-
locating utility lines, including the municipal water line trending along the Sullivan 

                                                 
 
16 See EPA (2001) for a detailed discussion of the comparative costs and benefits of Permeable Reactive 
Walls (which are similar to the PTW) and Pump and Treat systems.  Unless otherwise indicated, all costs 
are US $ 2005.  
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Creek side of State Route 31, potential utilities to the existing building, a potential 
septic tank and associated features related to the existing building, and portions of 
stormwater conveyance pipe between the north culvert and Sullivan Creek.  The risks 
posed are manageable with good construction safety practices.  Construction and initial 
operation of the Pilot System created no significant short-term risk to workers or to the 
environment.  Similarly, installation and operation of the PTW will also involve no 
significant construction or operation risks. 

 
Construction during the winter months may increase the short-term risks 

associated with PTW.  Since the trenching operation is performed in saturated 
conditions, short or dim daylight periods would pose additional safety concerns for 
workers.  The winter conditions in Metaline Falls affect certain components of the PTW 
installation, specifically the perforated pipe installation in the treatment trench.  
Although possible, construction of PTW during the winter months is not advisable. 
 
 
4.3.6.7 PTW-Technical and Administrative Implementability 

 
4.3.6.7.1 Technical Implementability 

 
Construction of several components is difficult in the winter months.  The 

Pilot System installation demonstrated that the PTW is technically implementable 
during other times of the year.   

 
 

4.3.6.7.2 Administrative Implementability 
 
The PTW is administratively implementable.  PTW does not require any 

Federal permit to discharge treated groundwater or to work near Sullivan Creek, 
although a local floodplain construction approval may be required.  PTW produces no 
treatment residual that requires management.  Lehigh owns all of the property needed to 
construct PTW. 
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4.3.6.8 PTW-Consideration of Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.3.7 PTW-Provide a Reasonable Restoration Time Frame 
 
Lehigh has proposed a conditional POC because PTW will not meet cleanup 

levels throughout the entire Site.  It is difficult to precisely estimate when groundwater 
downgradient of the PTW will meet the cleanup levels for pH and arsenic at the 
conditional POC.  However, the performance and confirmational monitoring 
components allow Lehigh and Ecology to monitor progress toward meeting 
groundwater restoration.  The PTW will operate indefinitely to maintain compliance 
with cleanup standards. 

 
The PTW will achieve compliance with groundwater cleanup levels at a 

conditional POC in approximately the same time frame as other alternatives evaluated 
in this Revised dFSTR.  The detailed design phase will more fully evaluate the 
restoration time frame for the PTW. 

 
 

4.3.8 PTW-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.3.9 PTW-Prevent Domestic Use of CKD-Affected Groundwater 
 
Lehigh will institute restrictive covenants to preclude domestic use of the 

groundwater.   
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4.4 Groundwater Control (GWC) 
 

4.4.1 GWC-Alternative Description 
 

4.4.1.1 General 
 
Alternative #2 – Groundwater Control (GWC) combines the existing in situ 

permeable treatment wall Pilot System with P&T components to extract, treat, and 
discharge groundwater into Sullivan Creek.  The P&T component addresses the CKD-
affected groundwater that is not treated by the Pilot System.  This approach offers 
certain advantages over either remedy by itself.  In particular, it offers the advantages of 
in situ treatment via the Pilot System, combined with the flexibility of P&T 
construction around certain obstacles (e.g., the toe of the slope below the residential 
area near Sullivan Creek) and expandability, as needed.  For the P&T component, an 
aboveground treatment process uses carbon dioxide to neutralize the high pH and ferric 
chloride to precipitate arsenic.  The GWC collects the P&T precipitate containing 
arsenic for off-site disposal.  The GWC discharges treated water into Sullivan Creek in 
compliance with an NPDES permit.  Exhibit 4.4.1 shows the conceptual layout of the 
GWC system.   

 
 

4.4.1.2 System Description 
 
A GWC system includes the following components: 
 
• An approximately 80-foot long in situ treatment zone (the existing Pilot 

System).  No new panels are added. 
 
• Groundwater extraction wells (approximately 16) to capture affected 

groundwater to the north and south of the Pilot System and pump it to a 
centralized, above-ground treatment system prior to discharge.  The 
P&T components are described below. 
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Because P&T is a proven and commonly used technology17, P&T is well-
documented.  The wealth of literature about P&T technology provides Lehigh abundant 
information to design, install, and operate an effective P&T system.  A P&T system at 
the Site includes the following components: 

 
• Groundwater extraction wells and collection manifold system; 
 
• Above-ground treatment system; 
 
• Discharge piping; and 
 
• Waste storage area for temporary storage of treatment residuals  

pending transport off-site for disposal. 
 
Exhibit 4.4-1 shows GWC components in plan and cross-sectional views.  A 

conceptual process flow diagram is also included in the exhibit.  Within the treatment 
system carbon dioxide forms carbonic acid in the presence of the CKD-affected water, 
which neutralizes the hydroxide ion (the chemical cause for high pH in the Site 
groundwater) through the reactions 4-1 and 4-2 presented in Section 4.3.1.2.  As 
described in section 4.3.1.3, Lehigh selected carbon dioxide as the primary neutralizing 
agent to reduce the pH to levels that are conducive to ferric chloride (FeCl3) treatment.  
FeCl3 is commonly used as a coagulant in water treatment processes to remove colloidal 
metals [Reynolds, 1982].  Preliminary calculations show that a relatively small dosage 
(approximately 30 to 50 mg/L) of FeCl3 is needed to achieve the proposed arsenic 
cleanup level.  When mixed with water, FeCl3 decomposes to yield hydrochloric acid 
and forms a dense, rapid settling floc composed mainly of ferric hydroxide, Fe(OH)3: 

 
 FeCl3 + 3 H2O ⇒ Fe(OH)3(s) + 3 Cl- + 3 H+ (4-3) 
 

                                                 
 
17 See EPA (1997), which states that “A common approach to deal with contaminated ground water is to 
extract the contaminated water and treat it at the surface prior to discharge…”.    Keeley (1989) states 
that “One of the most commonly used ground-water remediation technologies is to pump contaminated 
water to the surface for treatment.”  See also EPA (1996).  The Wisconsin Department of Natural 
Resources (WDNR – 1993) provides detailed information about pump and treat test technologies.  
Ecology has approved several cleanup actions that include covering the source and treating downgradient 
groundwater with pump and treat technology. 
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Since the H+ reaction products are limited, the relatively small FeCl3 dosage 
will not cause a significant change in the pH of the water.  Lehigh will monitor the 
water’s pH as part of the treatment process to adjust the carbon dioxide and FeCl3 
dosages, as needed.  The use of ferric chloride to treat groundwater has several 
advantages.  As a common water treatment process, ferric chloride is well understood 
and readily available in large quantities.  Because the literature shows that the process 
works well over a range of field conditions, Lehigh did not test ferric chloride on the 
Site groundwater.  However, geochemical modeling results indicate that the ferric 
chloride will be effective at treating the Site groundwater.    

 
As shown in Exhibit 4.4-1, the GWC has a network of approximately 16 

groundwater extraction wells (approximately 15 to 20 feet deep) placed between State 
Route 31 and Sullivan Creek.  Preliminary modeling suggests that each well will pump 
between two and four gallons per minute (gpm).  The final design will set the actual 
number and location of wells.  The final design will also address hydraulic interaction 
between the wells and Sullivan Creek.  Preliminary calculations indicate that the 
capture zone of the wells extends downgradient only for tens of feet (less than 50 ft).  
Options for addressing the hydraulic interaction include reducing the groundwater 
extraction rate when Sullivan Creek is at high water levels to limit drawing Sullivan 
Creek water into the system.  Although not contemplated as part of the GWC, Lehigh 
could later install an impermeable slurry wall between the extraction wells and Sullivan 
Creek if hydraulic interaction persisted.  The total extracted volume of approximately 
55 gpm is pumped into a collection header, leading to the on-site treatment facility.  The 
system generates an estimated 40 to 150 pounds per day of residual solids, depending 
on the CKD-affected groundwater influent chemical characteristics.  Preliminary 
calculations and geochemical modeling predict that the residuals will not designate as 
dangerous waste.  Following treatment described above, the treated water is discharged 
to Sullivan Creek under an NPDES permit.  Treatment residuals are collected and 
transported off-site for disposal. 

 
 

4.4.1.3 System Performance 
 
The GWC system intercepts CKD-affected groundwater.  The following 

explains how each primary component of the GWC system works together to achieve 
cleanup standards. 
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The Pilot System lowers the pH of the groundwater by diffusing carbon 
dioxide into the water.  As a result of the reduced pH, arsenic in solution precipitates 
out in the soil downgradient of the Pilot System.  The groundwater meets cleanup levels 
for pH and arsenic at a conditional POC between the Pilot System and Sullivan Creek. 

 
The P&T components intercept CKD-affected groundwater as it flows 

downgradient of the Closed CKD Pile outside of the Pilot System treatment area, 
extract it with pumps, and treat it aboveground using carbon dioxide and ferric chloride.  
Carbon dioxide is the neutralization agent to lower pH, and ferric chloride precipitates 
the arsenic out of solution by forming insoluble complexes.  See section 4.3.1.3 for the 
rationale Lehigh used to select carbon dioxide as the neutralizing agent.  Section 4.4.1.2 
provides details on the behavior of ferric chloride flocculent.  Preliminary calculations 
show that the relatively small dosage of ferric chloride will not contribute significant 
dissolved chloride to the treated water stream. 

 
The P&T components are between State Route 31 and Sullivan Creek to 

address the CKD-affected groundwater that is not treated by the Pilot System.  
Although the layout (see Exhibit 4.4-1) shows the P&T components adjacent to a 
portion of State Route 31, the alignment may change based on the Site conditions.  An 
advantage of P&T is the flexibility to locate extraction points throughout the affected 
area, where they are most effective.  P&T has added flexibility because Lehigh can 
optimize the location of extraction wells, based on performance monitoring results. 

 
 

4.4.1.4 Construction Schedule 
 
GWC design, contracting, and procurement requires approximately eight 

months. GWC permitting and obtaining regulatory approvals requires approximately six 
to nine months (see Exhibit 3.2-1 for the list of permits and regulatory approvals).  
GWC installation requires approximately three months.  This estimated timeframe does 
not account for construction during inclement weather or winter conditions.  Winter 
weather minimally affects the construction of GWC, so that time of year will not 
appreciably affect the schedule.  However, construction of GWC during the winter 
months is not advisable. 
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4.4.2 GWC-Protect Human Health and the Environment 
 
The GWC system will protect human health and the environment for the 

following reasons: 
 
• Groundwater Quality.  The GWC meets MTCA groundwater cleanup 

levels at a conditional POC. 
 
• ARAR Compliance.  GWC complies with ARARs. 

 
• Institutional Controls.  Lehigh will use institutional controls as 

described in Section 4.2.2. 
 

 
4.4.3 GWC-Comply With Cleanup Standards  

 
The GWC system complies with cleanup standards assumed for the purposes 

of the Revised dFSTR, as follows: 
 
• Cleanup Levels (CLs).  The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb. 

 
• Point of Compliance (POC).  Lehigh proposes a conditional POC for 

groundwater at a point between the GWC system and Sullivan Creek 
(Exhibit 4.4-1).     

 
4.4.4 GWC-Comply With Applicable Federal and State Laws 

 
The GWC complies with ARARs.  Exhibit 3.2-1 presents a summary of 

ARARs that apply to this alternative. 
 
Calculations show that treatment residuals generated by the P&T component 

will not designate as dangerous waste and will be managed in accordance with 
applicable solid waste regulations.   
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4.4.5 GWC-Provide for Compliance Monitoring 
 
Lehigh will perform protection, performance, and confirmational monitoring 

as described in Section 4.3.5. 
 
 

4.4.6 GWC-Use Permanent Solution to the Maximum Extent Practical 
 

4.4.6.1 Introduction 
 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion in the disproportionate cost analysis is discussed below. 

 
 

4.4.6.2 GWC-Protectiveness 
 
As described in Section 4.4.2, GWC protects human health and the 

environment because it meets groundwater cleanup levels at a conditional groundwater 
POC.  In addition, it complies with applicable state and federal laws.  GWC will 
generate groundwater treatment residuals requiring management and off-site disposal. 

 
 

4.4.6.3 GWC-Permanence 
 
Permanent Solution. GWC is not a permanent solution.  The Pilot System 

and P&T components require maintenance, operation, repairs, and replacement for the 
foreseeable future. 

 
Permanence.  The GWC system exhibits a high degree of permanence.  It 

uses treatment-based technologies that obviate further groundwater treatment at the 
POC.  The technology chemically neutralizes the high pH water, resulting in a 
permanent reduction in pH and lower solubility (mobility) and toxicity of arsenic.  
However, the process also produces treatment residuals requiring off-site management.  
According to WAC, the generation of treatment residuals does not affect the degree of 
permanence of this alternative.  In addition, GWC will not prevent the generation of 
high-pH groundwater at the Closed CKD Pile. 
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4.4.6.4 GWC-Cost 
 
The estimated present value cost to design and install a GWC is 

approximately $1.1 million (US $2005) (see Exhibit 4.4-2).  The annual operating and 
maintenance cost is estimated to be approximately $230,000.  Hence, the present value 
of this alternative for 30 years at an annual discount rate of seven percent is 
approximately $4.1 million.  Actual costs may vary depending on the details of the final 
GWC system design and implementation procedures.  Exhibit 4.1-7 includes the 
estimated costs of GWC for the three costing scenarios described in Section 3.2.3.2.5.  
See Appendix E for supporting information, including assumptions used in the cost 
analysis. 

 
 

4.4.6.5 GWC-Effectiveness Over the Long Term 
 
Based on the past performance of the Pilot System and the proven success of 

P&T, Lehigh has a high degree of confidence that GWC will be effective over the long 
term.  Lehigh will operate, maintain, and replace the GWC as long as necessary to 
maintain compliance with cleanup standards.  Lehigh also will provide a financial 
assurance mechanism to cover long-term operation and maintenance.  The P&T 
components are easy to add, remove, or re-locate over the long term.  As such, the 
GWC will be effective over the long term. 

 
 

4.4.6.6 GWC-Management of Short-Term Risks 
 
The GWC has few short-term risks associated with the Pilot System or the 

P&T components.  Workers will encounter a small amount of CKD-affected 
groundwater during well development.  Workers also will use heavy equipment and re-
locate utility lines.  The risks are manageable with good construction safety practices.  
P&T is a proven technology with known and manageable construction and operation 
risks.  P&T operation poses no significant risks other than those associated with the 
treatment residuals produced and handled during ongoing operation and maintenance of 
the system.  As with the other alternatives, it is best to avoid construction during winter 
conditions in Metaline Falls. 
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4.4.6.7 GWC-Technical and Administrative Implementability 
 

4.4.6.7.1 Technical Implementability 
 
The P&T component is a proven technology and is technically 

implementable.  Construction involves less earth-moving and subsurface work than any 
other alternative, so that P&T is less subject to seasonal weather constraints than other 
alternatives.  The more innovative and challenging component, the Pilot System, is 
already installed and operating at the Site.   

 
 

4.4.6.7.2 Administrative Implementability 
 
All components of GWC are administratively implementable.  Lehigh will 

obtain an NPDES permit to discharge the treated water into Sullivan Creek. See Exhibit 
3.2-1, which shows the permits and approvals needed for GWC.  Lehigh’s preliminary 
research suggests that GWC will meet the conditions connected with these permits and 
approvals.  Lehigh owns all of the property needed to construct GWC. 

 
 

4.4.6.8 GWC-Consideration of Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.4.7 GWC-Provide a Reasonable Restoration Time Frame 
 
Lehigh has proposed a conditional POC because GWC will not meet cleanup 

levels throughout the entire Site.  It is difficult to precisely estimate when groundwater 
downgradient of the GWC will meet the cleanup levels for pH and arsenic at the 
conditional POC.  However, the performance and confirmational monitoring 
components allow Lehigh and Ecology to monitor progress toward meeting 
groundwater restoration.  The GWC will operate indefinitely to maintain compliance 
with cleanup standards. 
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The GWC will achieve compliance with groundwater cleanup levels at a 

conditional POC in approximately the same time frame as other alternatives evaluated 
in this Revised dFSTR.  The detailed design phase will more fully evaluate the 
restoration time frame for the GWC. 

 
 

4.4.8 GWC-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR.  
 
 

4.4.9 GWC-Prevent Domestic Use of CKD-Affected Groundwater 
 
  Measures to prevent domestic use of CKD-affected groundwater are 

discussed in Section 4.3.9. 
 
 

4.5 Additional Source Control (ASC) 
 

4.5.1 ASC-Alternative Description 
 

4.5.1.1 General 
 
Alternative #3 – Additional Source Control (ASC) diverts groundwater that 

flows around and into the Closed CKD Pile, reducing the amount of CKD-affected 
groundwater generated at the Site.  ASC includes a low-permeability slurry wall that 
limits upgradient seepage water from entering the pile materials and a vertical 
dewatering system upgradient of the slurry wall that removes water that piles up against 
the upgradient side of the slurry wall.  The dewatering system protects the wall, helps 
prevent re-activating the historic landslide by not allowing water to build up behind the 
slurry wall, and enhances the performance of the slurry wall.  To treat CKD-affected 
water that continues to emanate from the Closed CKD Pile, ASC includes a 
downgradient P&T system.  ASC discharges water into Sullivan Creek from the 
dewatering wells and treatment system under an NPDES permit.  Exhibit 4.5.1 shows 
the conceptual layout of the ASC. 
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4.5.1.2 System Description 
 
The ASC includes the following components: 
 
• Slurry Wall.  A slurry wall18 about 2 ft wide is constructed 

hydrogeologically upgradient of the Closed CKD Pile and in soils and 
water unaffected by CKD.  The slurry wall alignment is approximately 
1,600 ft long and generally parallel to the current surface water control 
features along the southwestern and western extent of the Closed CKD 
Pile.  The slurry wall is approximately 40 to 120 ft deep and would key 
into the low permeability glacial sediments (i.e., clay) that underlie the 
Site.  The slurry wall is not constructed in one trench of approximately 
1,600 ft in length.  Trench installation occurs in segments, especially in 
the vicinity of the historic landslide where one long trench has the 
potentially to trigger a landslide or other slope stability issues.    

 
• Upgradient Groundwater/Seepage Control.  A necessary component 

of the slurry wall system is a dewatering system.  It consists of a series 
of between approximately 10 and 15 groundwater dewatering wells 
upgradient of the slurry wall, each pumping up to approximately 15 
gallons per minute, and toe drains at either end of the slurry wall.  The 
groundwater wells and toe drains will drain the existing landslide area 
to enhance slope stability during construction of the slurry wall.  
During operation, they will preclude the development of high 
groundwater hydraulic pressure behind the wall.  Such pressure would 
allow water to penetrate or overflow the wall   and migrate into the 
Closed CKD Pile.  The clean water extracted from the wells is 
discharged into Sullivan Creek via overland flow through existing the 
Site’s surface water control features. Land not currently owned by 

                                                 
 
18 See Xanthakos (1979) for a very detailed description of the design, construction, and performance of 
slurry walls.  ASTM (1985) includes numerous papers on slurry wall design, construction, and 
performance.  
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Lehigh will contain some of the upgradient groundwater/seepage 
control elements.   

 
• Downgradient Groundwater Control.  A downgradient P&T system 

will control and remediate affected groundwater.  The P&T system is 
relatively flexible and easily modified over time as the slurry wall and 
upgradient groundwater/seepage control systems reduce the volume 
and the extent of the CKD-affected groundwater.   

  
Exhibit 4.5-1 shows each of these components in plan and cross-sectional 

views. 
 
 

4.5.1.3 System Performance 
 
As explained above, the slurry wall and dewatering wells reduce the quantity 

of groundwater contacting the CKD by diverting groundwater around the pile.  
However, seepage of high pH and arsenic-containing groundwater downgradient of the 
Closed CKD Pile will continue, due to the following factors: 

 
• Transient Drainage19 from the Closed CKD Pile.  Parts of the Closed 

CKD Pile are saturated.  The saturated portions of the pile will continue 
to drain until the moisture content of the pile is in equilibrium with 
gravity drainage forces.  GeoSyntec analyzed the Closed CKD Pile 
using finite element modeling techniques.  The modeling results 
estimate that transient drainage will continue for decades, but that the 
rate will drop to approximately 10 percent of its current rate in 50 to 
100 years [GeoSyntec, 2004].  

 

                                                 
 
19 Transient drainage is described in DOE/AL (1999) as follows:  “The term ‘transient drainage’ was 
used to differentiate short-term seepage from disposal embankments from long-term seepage, which was 
expected to occur at smaller rates than short-term seepage.”  See the numerous case histories regarding 
transient drainage considerations in complying with groundwater cleanup standards.   Stein et al (2000) 
describe a case history for which they predict that transient drainage from a tailing pond would continue 
for 50 to 70 years after closure.   
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• Slurry Wall Performance.   The slurry wall will not eliminate 
groundwater contact with CKD.  Consequently, affected groundwater 
will migrate from the pile, due to the following reasons: 

 
− Slurry Wall Seepage.  Although slurry walls can be substantially 

less permeable than other soils at the Site, no slurry wall is truly 
impermeable20.  The Site conditions such as the slurry wall depth, 
the historic landslide, steep terrain, and segmented installation 
exacerbate permeability issues with the ASC slurry wall.  
Common practice achieves a hydraulic conductivity of about 10-7 
cm/sec (i.e., water passes through the slurry wall material at this 
or greater rates depending on the hydraulic head on the slurry 
wall). In spite of even the highest construction standards, some 
imperfections may remain in the as-constructed slurry wall, 
especially at the depths envisioned for ASC.  Upgradient 
groundwater will seep through these imperfections and move 
through the CKD. 

 
− Groundwater upwelling into the base of the Closed CKD Pile.  

The slurry wall will be keyed into the clay layer that exists under 
the Closed CKD Pile.  Although the clay is relatively 
impermeable, it will not hydraulically isolate the upgradient and 
downgradient sides of the slurry wall.  Water will continue to 
pass under the slurry wall, but at a significantly slower rate than 
water passes through that area currently.  The groundwater 
elevation under the CKD will equilibrate with the water on the 
upgradient side of the slurry wall.  Additionally, wet seasons will 
cause high groundwater elevations in the Holocene alluvium, 
upwelling into the CKD that overlies these alluvial materials.       

 
Thus, ASC will reduce, but not eliminate, the amount of downgradient 

groundwater that requires treatment.  A P&T system will treat the CKD-affected 
groundwater.  As the downgradient groundwater quality improves, Lehigh will reduce 

                                                 
 
20 See EPA (1998b) for a recent evaluation of the performance of engineered subsurface barriers, 
including slurry walls, at waste sites.  
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the number of extraction wells in the P&T system.  Once CKD saturation equilibrium is 
obtained and transient drainage ceases, a few groundwater extraction wells will operate 
indefinitely to treat affected groundwater arising from slurry wall imperfections and 
groundwater upwelling.    

 
This evaluation assumes the placement of a slurry wall with supplemental 

dewatering to control as much of the source as possible.  If, however, one wished to 
reduce the size of the wall, the information herein provides a basis for analysis of these 
lesser alternatives.  With a lesser alternative comes reduced control, diminishing the 
benefits of the alternative. See Exhibit 4.5-2 and Appendix E for more detailed 
information on cost and assumptions. 

 
 

4.5.1.4 Construction Schedule 
 
ASC design, contracting, and procurement requires approximately eight 

months. ASC permitting and obtaining regulatory approvals requires approximately six 
months to one year (see Exhibit 3.2-1 for the list of permits and regulatory approvals). 
ASC installation requires approximately seven months.  This estimated timeframe does 
not account for construction during inclement weather or winter conditions.  The winter 
conditions in Metaline Falls adversely affect installation of ASC, specifically slurry 
wall construction, dewatering well network and drainage installation, and some P&T 
elements.  When working with time frames for tasks that last longer than six months, 
the construction schedule may bridge over into a second construction season.  As 
explained earlier, it is not advisable to install components of the ASC during the winter.    

 
 

4.5.2 ASC-Protect Human Health and the Environment 
 
The ASC alternative protects human health and the environment for the 

following reasons: 
 
• Groundwater Quality.  The slurry wall and upgradient 

groundwater/seepage control components, combined with 
downgradient P&T components, will meet MTCA groundwater 
cleanup levels at a conditional POC. 
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• ARAR Compliance.  ASC will comply with ARARs . 
 

• Institutional Controls.  Lehigh will use institutional controls as 
described in Section 4.2.2. 

 
 

4.5.3 ASC-Comply With Cleanup Standards 
 
 The ASC will comply with cleanup standards assumed for the purposes of 

the Revised dFSTR, as follows: 
 
• Cleanup Levels (CLs). The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb. 

 
• Point of Compliance (POC).  Lehigh proposes a conditional POC for 

groundwater between the P&T system components and Sullivan Creek 
(Exhibit 4.5-1).   

 
 
4.5.4 ASC-Comply With Applicable Federal and State Laws 

 
The ASC will comply with ARARs.  A summary of ARARs that apply to 

this alternative is presented in Exhibit 3.2-1.   
 
The slurry wall and upgradient groundwater/seepage control components 

alone will not achieve cleanup standards for reasons detailed in Section 4.5.1.3, but they 
would reduce the amount of water that the P&T components must treat.  As discussed 
in previous sections, the P&T components will meet cleanup standards.  Calculations 
show that treatment residuals generated by the P&T component will not designate as 
dangerous waste and will be managed in accordance with applicable solid waste 
regulations. 
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4.5.5 ASC-Provide for Compliance Monitoring 
 
Lehigh will perform protection, performance, and confirmational monitoring 

as described in Section 4.3.5. 
 
 

4.5.6 ASC-Use Permanent Solution to the Maximum Extent Practical 
 

4.5.6.1 Introduction 
 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion in the disproportionate cost analysis is discussed below. 

 
 

4.5.6.2 ASC-Protectiveness 
 
As described in Section 4.5.2, ASC protects human health and the 

environment because it meets groundwater cleanup levels at a conditional groundwater 
POC.  In addition, it complies with applicable state and federal laws.  ASC will reduce 
the amount of CKD-affected groundwater flowing downgradient from the Closed CKD 
Pile.  ASC involves short-term risks, especially due to construction in the historic 
landslide and on the Closed CKD Pile.  ASC installation includes measures to reduce 
the potential for reactivating landslides or compromising the stability of the Closed 
CKD Pile.  Because ASC incorporates P&T components, it will generate groundwater 
treatment residuals requiring management and off-site disposal. 

 
 

4.5.6.3 ASC-Permanence 
 
Permanent Solution.  The ASC is not a permanent solution.  The upgradient 

groundwater/seepage control components require continual operation and maintenance.  
The slurry wall will not stop all groundwater contact with CKD.  The downgradient 
P&T components require maintenance, operation, repair, and replacement, as needed, 
for the foreseeable future.   
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Permanence.  The ASC exhibits a higher degree of permanence than 
treatment technologies alone because it reduces releases from the Closed CKD Pile and 
treats groundwater affected by ongoing future releases from the Pile.  The degree of 
permanence exhibited by each ASC component is as follows: 

 
• Slurry Wall.  Because the slurry wall reduces the volume of hazardous 

substances generated at the Site, it achieves a high degree of 
permanence.  However, the slurry wall’s performance may diminish 
over time.  As with any geologic material, the materials of the slurry 
wall will change as a result of natural processes, including change of 
moisture content and the ongoing geomorphic changes such as 
deformation associated with historic landslides through which the 
slurry wall would be constructed.  

 
• Groundwater Extraction Wells and Seepage Control Features.  

These have a degree of permanence because they help reduce the 
volume of hazardous substances generated at the Site. 

 
• P&T.  P&T exhibits a high degree of permanence. It uses treatment-

based technologies that obviate further groundwater treatment at the 
POC.  The technology chemically neutralizes the high pH water, 
resulting in a permanent reduction in pH and lower solubility and 
toxicity of arsenic. The process also produces treatment residuals 
requiring off-site management.   

 
 

4.5.6.4 ASC-Cost 
 
The estimated present value cost to design and install ASC would range 

from $9.1 to $14 million (US $2005) (see Exhibit 4.5-2).  The annual operating and 
maintenance cost is estimated to be approximately $240,000.  Hence, the present value 
of this alternative for 30 years at an annual discount rate of seven percent is estimated to 
range from $12.3 to $17.2 million.  Actual costs may vary depending on the details of 
the final ASC system design and implementation procedures.  Exhibit 4.1-7 includes the 
estimated costs of ASC for the three costing scenarios described in Section 3.2.3.2.3.  
See Appendix E for supporting information, including assumptions used in the cost 
analysis. 



D R A F T GeoSyntec Consultants 
 
 

 

HR0196-12/MFW05-13.DOC 59 5 MAY 05 / 12:00 PM 

 
 

4.5.6.5 ASC-Effectiveness Over the Long Term 
 
While the slurry wall will reduce the amount of groundwater entering the 

Closed CKD Pile, over time its performance may diminish.  If that happens, this 
alternative will rely more heavily on P&T components to maintain compliance with 
cleanup standards.  As explained in Section 4.4.1, the P&T components have proven to 
be successful.  In addition, they are flexible, allowing adjustments in changing 
conditions.  Thus, Lehigh has a high degree of certainty that the P&T components of 
ASC will be successful over the long term, but a lower degree of certainty with regard 
to the slurry wall component.  

 
Lehigh will operate and maintain the ASC as long as necessary to maintain 

compliance with cleanup standards.  Lehigh also will provide a financial assurance 
mechanism to cover long-term operation and maintenance.   

 
 

4.5.6.6 ASC-Management of Short-Term Risks 
 
The short-term risks associated with constructing the ASC include those 

commonly associated with extensive use of heavy construction equipment.  Short-term 
risks also include the potential to reactivate the historical landslide to the south of the 
Closed CKD Pile, as well as slope stability concerns associated with heavy equipment 
working on or near the 2:1 (horizontal to vertical) slopes of the Closed CKD Pile.  The 
risks posed are manageable with good construction safety practices, but earthwork in 
the area of the historic landslide requires extreme caution.  Dewatering mitigates some 
of the concerns.  Segmented installation to avoid opening long trenches that cause 
stability issues also mitigates some of the concerns.  As with the other alternatives, it is 
best to avoid construction during winter conditions in Metaline Falls.  

 
P&T is a proven technology with known and manageable construction and 

operation risks.  There are no significant short-term risks involved in P&T construction.   
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4.5.6.7 ASC-Technical and Administrative Implementability 
 

4.5.6.7.1 Technical Implementability 
 

  The ASC alternative uses proven technologies and is technically 
implementable.  Construction involves significant earth-moving and subsurface work 
and construction techniques that are difficult in winter weather.  While ASC 
construction is difficult in the winter months, ASC is technically implementable during 
other times of the year.  

 
 

4.5.6.7.2 Administrative Implementability 
 
It is not clear whether the ASC systems are administratively implementable.  

An NPDES permit is required for discharging treated water from the P&T and from 
upgradient dewatering wells. See Exhibit 3.2-1, which shows the permits and approvals 
needed for ASC.  Lehigh’s preliminary research suggests that ASC will meet the 
conditions connected with these permits and approvals. However, portions of ASC 
likely will extend off Lehigh-owned property (e.g., slurry wall alignment along Quarry 
Road).  Lehigh not know whether using this land is feasible.    

 
 

4.5.6.8 ASC-Consideration of Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.5.7 ASC-Provide a Reasonable Restoration Time Frame 
 
Lehigh has proposed a conditional POC because ASC will not meet cleanup 

levels throughout the entire Site.  It is difficult to precisely estimate when groundwater 
downgradient of the ASC will meet the cleanup levels for pH and arsenic at the 
conditional POC.  However, the performance and confirmational monitoring 
components allow Lehigh and Ecology to monitor progress toward meeting 
groundwater restoration.  The ASC will operate indefinitely to maintain compliance 
with cleanup standards. 
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The ASC will achieve compliance with groundwater cleanup levels at a 

conditional POC in approximately the same time frame as other alternatives evaluated 
in this Revised dFSTR.  The detailed design phase will more fully evaluate the 
restoration time frame for the ASC. 

 
 

4.5.8 ASC-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR.  
 
 

4.5.9 ASC-Prevent Domestic Use of CKD-Affected Groundwater 
 
Measures to prevent domestic use of CKD-affected groundwater are 

discussed in Section 4.3.9. 
 
 

4.6 Partial Source Removal (PSR) 
 

4.6.1 PSR-Alternative Description 
 

4.6.1.1 General 
 
Alternative #4 – Partial Source Removal (PSR) removes CKD from certain 

areas of the Closed CKD Pile to reduce the amount of CKD in contact with 
groundwater based on Ecology interpretations of areas of inundation [Ecology, 1997].  
Reducing CKD-water contact reduces the generation of CKD-affected groundwater.  
PSR also includes P&T components to treat affected groundwater that continues to 
emanate from the pile.  Complete elimination of the CKD-water contact would be very 
difficult.  Ecology believes that PSR will achieve sufficient removal of CKD-water 
contact to obviate groundwater treatment after residual groundwater effects are 
remediated.  Although the exact time period that residual effects would attenuate is 
uncertain, Lehigh applied a five-year timeframe to Ecology’s belief for the purposes of 
the Revised dFSTR.  The five-year timeframe allows Ecology’s PSR scenario to be 
costed and evaluated using the remedy selection criteria.   
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Lehigh believes that even implemented with a high degree of effectiveness, 
PSR will not result in groundwater remediation over the long-term and therefore, 
groundwater treatment would continue indefinitely.  Lehigh has presented data and 
analysis that shows that PSR would need to be greater than 99% effective at removing 
the CKD-water contact.  Lehigh also demonstrated that only full Closed CKD Pile 
removal will achieve this level of effectiveness because of the various mechanisms for 
water-CKD contact [GeoSyntec, 2004].     

 
This section evaluates both Ecology’s and Lehigh’s views of the time 

needed for subsequent groundwater treatment.  Both PSR groundwater treatment 
scenarios use the same CKD removal, inert backfill, and off-site disposal components, 
but the groundwater treatment duration differs.   

 
Removal operations target CKD near the toe of the Closed CKD Pile and 

CKD inundated by groundwater in the lowest reaches of the pile.  Sheet piles around 
the toe area isolate and stabilize the toe, followed by excavation of the CKD.  The 
analysis examined two excavation methods for the lower reaches of the Closed CKD 
Pile:  (1) conventional slope-back excavation through the top of the Closed CKD Pile, 
and (2) a coffer dam type system, using vertical shoring installed through the top of the 
Closed CKD Pile to allow excavation of a near-vertical shaft. 

 
The conventional slope-back technique has significant advantages over the 

coffer dam system, as follows: 
 
• Excavating the silt-like CKD using a vertical shaft poses significant 

safety concerns; 
 
• The vertical distance between the top and lower reaches of the Closed 

CKD Pile is between 60 and 100 feet.  Advancing shoring to these 
depths on the Closed CKD Pile would be difficult;   

 
• The footprint of the targeted area, approximately 330 feet by 120 feet, 

is a rather large area to stabilize with a system of vertical shoring that 
requires structural integrity; 

 
• Cross braces needed to provide horizontal support to the vertical 

shoring will impede the maneuvering of the excavation equipment;  
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• Advancing shoring through the top of the Closed CKD Pile may 

destabilize the slopes of the Closed CKD Pile; 
 

• Large objects, such as boulders, will interfere with shoring 
advancement; and 

 
• Various excavation contractors21 suggest that a conventional slope-

back technique offers more control over the excavation and safety 
aspects of the project.    

 
 
4.6.1.2 System Description 

 
The excavation at the toe of the Closed CKD Pile likely requires advance 

WDOT approval because of its proximity to State Route 31.  Prior to excavation 
activities, land would also be secured for the purposes of construction and operation of 
a temporary storage facility approximately five acres in size.  The storage location 
contains the excavated CKD in a lined pad in preparation for CKD replacement back 
into the excavations.  The storage location is equipped with horizontal perforated pipes 
to collect drainage from the CKD, dust control water, and precipitation.  Cover 
components from the Closed CKD Pile will be salvaged for re-use to the extent 
practical at a nearby location.  A truck staging and cleaning area is also needed to 
handle the approximately 13,000 truck trips that result from PSR. 

 
PSR then removes and replaces the following areas of the Closed CKD Pile 

and includes the listed components: 
 
• Toe of Closed CKD Pile.  Exhibit 4.6-1 shows the following general 

steps that will be taken to implement this alternative:  
 

1. Install dewatering wells at the downgradient toe adjacent to State 
Route 31. 

                                                 
 
21 Lehigh and Ecology consulted several earthworks contractors during evaluation of PSR.  The 
contractors provided input on PSR constructability, safety, and cost. 
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2. Access the top of the Closed CKD Pile and cut away the 

engineered cover system.  Salvage components as much as 
possible. 

 
3. Place about 500 ft of sheet piles upgradient of the affected zone. 
 
4. Excavate approximately 5,500 cubic yards of CKD to the east of 

the sheet piles. 
 

5. Transport the 5,500 cubic yards of CKD using approximately 280 
trucks to a temporary storage location. 

 
6. Put approximately 2,800 cubic yards of high-permeability 

engineered backfill into the bottom of the hole, surround it with 
geotextile filter fabric, and overlay it with a low-permeability soil 
cover. 

 
7. Bring approximately 2,700 cubic yards CKD back from 

temporary storage, via approximately 140 trucks, and backfill 
with the excavated CKD. 

 
8. Dispose of approximately 2,800 cubic yards of excess CKD in 

off-site landfill. 
 
9. Reconstruct the engineered cap over the Closed CKD Pile. 

 
• Lower CKD Saturated Zones.  To access the lower reaches of the pile 

and ensure stable CKD slopes inside of the excavation, conventional 
excavation entails excavating about half of the entire pile, or 
approximately 260,000 cubic yards.  Such excavation requires  the 
following general steps: 

 
1. Install groundwater dewatering wells at the downgradient toe and 

upgradient side of the Closed CKD Pile to lower the groundwater 
level below the CKD. 
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2. Access the top of the Closed CKD Pile and cut away the 
engineered cover system.  Salvage components as much as 
possible. 

 
3. Excavate approximately 260,000 cubic yards of CKD to the east 

of the sheet piles. 
 
4. Slope the excavation sides at a 2:1 (horizontal: vertical) slope, as 

excavation proceeds (see Exhibit 4.6-1) and removes the 
inundated  CKD. 

 
5. Transport the 260,000 cubic yards of CKD using approximately 

13,000 trucks to a temporary storage location. 
 
6. Put approximately 7,000 cubic yards of high-permeability 

engineered backfill into the bottom of the hole, surround it with 
geotextile filter fabric, and overlay it with a low-permeability 
soil cover. 

 
7. Bring approximately 253,000 cubic yards CKD back from 

temporary storage, via approximately 12,500 trucks, and 
backfill with the excavated CKD. 

 
8. Dispose of approximately 7,000 cubic yards of excess CKD in 

off-site landfill. 
 
9. Reconstruct the engineered cap over the Closed CKD Pile. 

 
• GWC.  Install GWC as described in Section 4.4.1. 
 
 

4.6.1.3 System Performance 
 
PSR will excavate CKD from the base of the Closed CKD Pile, thus 

reducing the amount of CKD in contact with groundwater.  This, in turn, will decrease 
the volume of CKD-affected groundwater.  The P&T components downgradient from 
the Closed CKD Pile will intercept affected groundwater, extract it with pumps, and 



D R A F T GeoSyntec Consultants 
 
 

 

HR0196-12/MFW05-13.DOC 66 5 MAY 05 / 12:00 PM 

treat it aboveground by using carbon dioxide and ferric chloride.  Carbon dioxide is the 
neutralization agent to lower pH, and ferric chloride precipitates the arsenic out of 
solution by forming insoluble complexes.  See section 4.3.1.3 for the rationale Lehigh 
used to select carbon dioxide as the neutralizing agent.  Section 4.4.1.2 provides details 
on the behavior of ferric chloride flocculent.  Preliminary calculations show that the 
relatively small dosage of ferric chloride will not contribute significant dissolved 
chloride to the treated water stream.  

 
Ecology and Lehigh disagree about the duration of groundwater treatment 

needed to meet cleanup standards.  Ecology believes that removing the two areas of 
saturated CKD shown on Exhibit 4.6-1 will result in groundwater that meets cleanup 
levels after short-term flushing.  The Revised dFSTR assigns a time-period of five years 
to the short-term flushing.   

 
Lehigh believes that, to meet cleanup standards, groundwater treatment will 

be required indefinitely [GeoSyntec, 2004].  Although removing much of the CKD in 
contact with groundwater will reduce the production of CKD-affected groundwater, 
water will continue to enter the Pile from other sources.  Lehigh presented information 
showing that water enters the Pile via deep and side seeps.  Even if all saturated 
portions of the CKD were removed so that no more water contacted CKD, transient 
drainage would still occur for decades (see Section 4.5.1.3).  The elevated pH of this 
transient drainage will cause groundwater downgradient of the Closed CKD Pile to 
exceed cleanup standards.  

 
This Revised dFSTR evaluates both groundwater treatment scenarios, five 

years and indefinite.  For purposes of evaluating PSR under Ecology’s groundwater 
treatment scenario, Lehigh assumes that cleanup levels will be met in groundwater 
throughout the Site after five years, at which time treatment will stop.  The five-year 
assumption also allows Lehigh to prepare a cost estimate for this scenario.  For 
purposes of evaluating PSR under the second groundwater treatment scenario, Lehigh 
believes that treatment must continue indefinitely to maintain compliance with cleanup 
levels at a conditional groundwater POC.  In both scenarios, Lehigh will treat affected 
groundwater by using a GWC consisting of the Pilot System and P&T components 
installed downgradient of the Closed CKD Pile. 
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During installation of PSR, the contractors will perform soft soil excavation 
construction quality assurance tests.  While the contractors will estimate the amounts of 
CKD removed, it is not possible to calculate the percentage of the inundated CKD 
removed.   

 
The PSR alternative evaluation assumes that much of the contact between 

CKD and groundwater will be removed by excavating and replacing two areas of CKD 
inundation.  If desired, the information provides a basis for analyzing the removal of 
less inundated CKD.  With a lesser alternative comes reduced control, reducing the 
benefits of the alternative.  Please see Exhibit 4.6-2 and Appendix E for more detailed 
information on cost and assumptions. 

 
 

4.6.1.4 Construction Schedule 
 
PSR design, contracting, and procurement requires approximately eight 

months. Procurement of the approximately five acres of temporary storage requires 
approximately six to nine months.  PSR permitting and obtaining regulatory approvals 
requires approximately six months to one year (see Exhibit 3.2-1 for the list of permits 
and regulatory approvals).  Building the approximately five-acre temporary storage area 
requires approximately one month.  Excavation, removal, and backfill require 
approximately twenty-five to thirty months.  Cleaning the five-acre temporary storage 
area requires approximately two months.  Cover reconstruction requires approximately 
seven months.  Hence, the total installation time for PSR is approximately thirty-five to 
forty months.  This estimated timeframe does not account for construction during 
inclement weather or winter conditions.  The winter temperatures and hours of daylight 
in Metaline Falls may adversely affect PSR during installation.  When working with 
time frames for tasks that last longer than six months, the construction schedule may 
bridge over into a second construction season.  As explained earlier, it is not advisable 
to implement PSR during the winter.    
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4.6.2 PSR-Protect Human Health and the Environment 
 
The PSR alternative protects human health and the environment for the 

following reasons: 
 
• Groundwater Quality.  Under the first groundwater treatment scenario, 

it is assumed that PSR meets MTCA groundwater cleanup levels at a 
standard POC after five years.  Under the second scenario, PSR meets 
MTCA groundwater cleanup levels at a conditional POC. 

 
• ARAR Compliance.  PSR will comply with ARARs. 

 
• Institutional Controls.  Lehigh will use institutional controls as 

described in Section 4.2.2. 
 
 

4.6.3 PSR-Comply With Cleanup Standards 
 
PSR will comply with cleanup standards assumed for the purposes of the 

Revised dFSTR, as follows: 
 
• Cleanup Levels (CLs).  The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb. 

 
• Point of Compliance (POC).  Under the first scenario, Ecology 

presumes a standard POC is used, and groundwater meets cleanup 
levels throughout the Site after five years.  Under the second scenario, 
groundwater meets cleanup levels at a groundwater conditional POC 
between the P&T components and Sullivan Creek (Exhibit 4.6-1).   

 
 

4.6.4 PSR-Comply With Applicable Federal and State Laws 
 
PSR complies with ARARs.  A summary of ARARs that apply to this 

alternative is presented in Exhibit 3.2-1.   
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Calculations show that treatment residuals generated by the P&T component 
will not designate as dangerous waste and will be managed in accordance with 
applicable solid waste regulations. 

  
 

4.6.5 PSR-Provide for Compliance Monitoring 
 
Lehigh will conduct protection, performance, and confirmational monitoring 

as described in Section 4.3.5.  
 
Because the CKD removal activities of PSR pose special safety concerns for 

workers, Lehigh’s construction monitoring plan will include additional protection 
monitoring during construction.  Additional worker training and equipment will help 
mitigate work space hazards associated with excavation in soft materials in a landslide 
area.  Along with these hazards, the nature of the excavation increases the exposure of 
workers to CKD and CKD-affected water, requiring additional worker safety and 
protection monitoring.   

  
 
4.6.6 PSR-Use Permanent Solution to the Maximum Extent Practical 

 
4.6.6.1 Introduction 

 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion from the disproportionate cost analysis is discussed below. 

 
 

4.6.6.2 PSR-Protectiveness 
 
As described in Section 4.6.2, PSR will protect human health and the 

environment by meeting cleanup standards.   Under the first groundwater treatment 
scenario, PSR will attain groundwater cleanup levels throughout the entire Site.  Under 
the second scenario, PSR will attain groundwater cleanup levels at a conditional POC.  
In addition, PSR complies with applicable state and federal laws.   
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PSR does, however, pose significant safety risks during construction.  It also 
requires managing approximately 270,000 cubic yards of CKD on a five-acre site 
pending transport to a disposal facility.  Approximately 10,000 cubic yards of CKD will 
be disposed of at a remote off-site facility.  Rail cars or loaded trucks could be used to 
transport the CKD to the disposal facility.  Rail and truck transport of the CKD were 
evaluated for PSR.  Truck transport was selected for PSR because it can be 
implemented more rapidly for less cost than rail transport at the Site.  Reactivating the 
rail spur near the Closed CKD Pile would be time-consuming and expensive.  Hundreds 
of trucks are needed transport the CKD several hundred miles on public roads to the 
disposal facility.  In addition, because PSR incorporates P&T components, it will 
generate groundwater treatment residuals requiring management and off-site disposal. 

 
 

4.6.6.3 PSR-Permanence 
 
Permanent Solution.  As noted above in Section 3.2, Lehigh and Ecology 

disagree whether PSR is a permanent solution.  Ecology believes that it is, because it 
removes source material from the Site to an extent that groundwater treatment would 
not be required except to treat residual effects.  For purposes of evaluating PSR in this 
revised dFSTR under the first scenario, given Ecology’s belief, Lehigh assumes that 
cleanup levels will be met in groundwater throughout the Site after five years, at which 
time treatment will stop. 

 
Lehigh does not believe that PSR is a permanent solution because two types 

of “further action” will be required after CKD is excavated.  First, the excavated CKD 
will have to be transported to a permitted off-site disposal facility, where it will be 
isolated and monitored in perpetuity.  Second, Lehigh believes groundwater treatment 
and monitoring must continue indefinitely to meet cleanup levels at a conditional POC 
for groundwater. 

 
Permanence.  PSR exhibits a higher degree of permanence than the other 

alternatives, because it has the greatest potential to reduce the volume of hazardous 
substances at the Site by removing CKD in contact with groundwater.  The GWC 
components of PSR also permanently reduce the toxicity and mobility of hazardous 
substances by lowering pH and precipitating arsenic out of groundwater.  Assuming that 
the PSR effectively removes CKD from inundated areas, PSR has the highest degree of 
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permanence, and is therefore the baseline alternative to compare with the other 
alternatives.    

 
 

4.6.6.4 PSR-Cost 
 
Using the first groundwater treatment scenario, the present value of this 

alternative for 30 years at an annual discount rate of seven percent would range from 
$18.8 to $25.6 million (see Exhibit 4.6-2).  The estimated cost to design and install PSR 
ranges from $17.4 to $24.2 million (US $2005).  The first five years, while GWC 
operates, have an estimated annual operating and maintenance costs of $230,000.  After 
five years, the estimated annual operating and maintenance costs is $53,000. 

 
Under the second groundwater treatment scenario the present value is 

between $20.4 and $27.2 million.  The estimated cost to design and install PSR ranges 
from $17.4 to $24.2 million (US $2005).  Annual operating and maintenance costs are 
estimated to total $230,000.   

 
Exhibit 4.1-7 includes the estimated costs of PSR for the three project-

duration and discount-rate costing scenarios described in Section 3.2.3.2.3.  See 
Appendix E for supporting information, including assumptions used in the cost analysis.  

 
 

4.6.6.5 PSR-Effectiveness Over the Long Term 
 
PSR will be effective over the long term under either groundwater treatment 

assumption.  Removing CKD in contact with groundwater will reduce risks at the Site 
by decreasing the amount of CKD-impacted groundwater.  In addition, P&T is a 
reliable technology for remediating residual CKD-impacted groundwater, and the Pilot 
System has already proven successful at remediating groundwater at this Site.  Lehigh 
will operate and maintain the GWC components as long as necessary to maintain 
compliance with cleanup standards.  P&T components could be added or 
decommissioned as needed, and could easily be replaced as necessary. Lehigh would 
provide a financial assurance mechanism to cover long-term operation and 
maintenance.     
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4.6.6.6 PSR-Management of Short-Term Risks 
 
PSR has significant short-term construction risks.  Because of the 

construction requirements, implementing this alternative has significant challenges, as 
follows: 

 
• CKD is a soft soil that is prone to sliding along the excavation side 

slopes.   
 

• Controlling subsidence during excavation is difficult.  Surface 
subsidence will compromise the integrity of the existing cover systems. 

 
• Advancing sheet piles into the toe of the Closed CKD Pile may 

destabilize the face of the Closed CKD Pile. 
 

• Dust control methods such as watering the CKD produce large areas of 
worker exposure risks.  Additionally, water usage may reduce CKD 
stability.   

 
• Without sufficient dewatering, the CKD is likely to liquefy in response 

to vibration and heavy equipment movement, producing unstable 
slopes and an extreme safety hazard. 

 
• Prior to backfilling or disposal, the excavated and stored CKD requires 

large-scale mitigation and containment measures.  The approximately 
13,000 truck loads needed to transport approximately 270,000 cubic 
yards to the temporary storage site will be stopped and cleaned to 
reduce CKD tracking off-site.  In the process of excavating such a large 
volume of the pile, PSR will require approximately five acres for 
temporary storage.  The lined storage pad of about five acres collects 
water that drains from the CKD. This water will require handling and 
treatment.  Dust will be controlled using tarps and water.  After the 
excavation is complete, a slightly lesser number of trucks will transport 
the CKD back for backfilling into the excavated pile.  Additional trucks 
will then transport the excess CKD to an off-site landfill for disposal.  
The abandoned temporary storage facility requires a thorough 
decontamination procedure.  The land surrounding and below the 
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storage pad requires testing to confirm that CKD was not transferred to 
the five acre storage location.  

 
 

4.6.6.7 PSR-Technical and Administrative Implementability 
 

4.6.6.7.1 Technical Implementability 
 
Although PSR is technically implementable, it poses the greatest 

construction challenges.  The construction methods are conventional and technically 
implementable, but as discussed above excavating approximately 270,000 cubic yards 
of CKD, much of it soft and saturated, presents significant safety concerns for workers 
and equipment.  Lehigh will select highly experienced workers and sub-contractors and 
require that progress is slow and in accordance with plans that mitigate risks.   

 
Additionally, the PSR techniques do not offer flexibility to remove more 

CKD once the saturated portions of the bottom of the Closed CKD Pile are exposed; the 
targeted areas are decided prior to implementation, and the excavation is tailored to 
address the target areas.  Lehigh will determine the areal extent of the excavation 
beforehand to maintain the necessary excavation side slopes prior to installation.  If 
saturated CKD extended beyond the excavation footprint, it will not be possible to 
remove this additional saturated CKD without re-configuring the entire excavation. 

 
 

4.6.6.7.2 Administrative Implementability 
 
PSR requires significant administrative efforts to secure access to property 

needed to execute the alternative, more extensive than those noted for ASC.  The 
project involves much heavy equipment, storage area(s) for the excavated CKD, and 
drainage structures for the dewatering wells and water expelled from the stored CKD.  
It is not known whether Lehigh can obtain access or title to the approximately five acres 
of land needed to store the excavated CKD.  An NPDES permit is required to discharge 
treated water from the GWC and from the construction activities (i.e., dewatering, CKD 
drainage, etc.). 
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See Exhibit 3.2-1, which shows the permits and approvals needed for GWC.  
Lehigh’s preliminary research suggests that PSR will meet the conditions connected 
with these permits and approvals.   

 
 

4.6.6.8 PSR-Consideration Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.6.7 PSR-Provide a Reasonable Restoration Time Frame 
 
Under the first groundwater treatment scenario, groundwater will meet 

cleanup levels throughout the Site at a standard POC within five years.  As described in 
Section 4.6.1, Lehigh believes that groundwater treatment continues indefinitely.  
Under the second scenario, it is difficult to precisely estimate when groundwater will 
meet cleanup levels for at the proposed conditional POC for groundwater, but that 
timeframe is not expected to be longer than other alternatives.  The performance and 
confirmational monitoring components allow Lehigh and Ecology to monitor progress.  
The detailed design phase will more fully evaluate the restoration time frame for PSR.  

 
 

4.6.8 PSR-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR.   
 
 

4.6.9 PSR-Prevent Domestic use of CKD-Affected Groundwater 
 
Measures to prevent domestic use of CKD-affected groundwater are 

discussed in Section 4.3.9. 
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4.7 Funnel and Gate Treatment (FGT) 
 

4.7.1 FGT-Alternative Description 
 

4.7.1.1 General 
 
Alternative #5 – Funnel and Gate Treatment (FGT) intercepts the CKD-

affected groundwater on the east side of State Route 31 and passively funnels the water 
to an in situ treatment zone.  After treatment, the water migrates through a subsurface 
discharge corridor and enters Sullivan Creek.  FGT includes a system of subterranean 
slurry walls installed downgradient of the Closed CKD Pile.  The slurry walls  funnel 
water toward a central treatment zone, using the in situ neutralization technology 
discussed in Section 4.3.1.  Subterranean gravel walls (French drains) on the upgradient 
side of the slurry walls help convey water along the slurry wall funnel to the treatment 
zone.  The FGT gravel drainage layer components will help to conduct water to the 
treatment corridor.  Although FGT is not a flexible alternative (i.e., once installed, the 
system cannot be moved), the FGT uses engineered subsurface components to gain 
control of the hydrogeologically complex area between State Route 31 and Sullivan 
Creek.  Whereas PTW is prone to gaps in treatment, FGT treats water in a treatment 
corridor that reduces the potential for gaps.  Exhibit 4.7-1 shows the conceptual layout 
of FGT.         

 
 

4.7.1.2 System Description 
 
The FGT description contained in this section is preliminary.  System details 

may be modified during the design phase to enhance system performance.  For 
example, slurry walls are a component of FGT that may be modified.  Other 
impermeable materials such as high density polyethylene (HDPE) will be considered 
for use in the funnel, as will several different slurry compositions with various 
permeabilities and resistance to high pH water.  FGT includes the main components 
described in this section.  The FGT components are installed in a progression that 
begins near Sullivan Creek and moves upgradient.  This construction sequence begins 
with installing the treatment zone and discharge corridor.  Then the program builds 
other components that are designed to channel the upgradient water into the treatment 
zone.  FGT general components include:  
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• Slurry Wall Funnel.  Slurry walls22 about 2 ft wide are constructed 
downgradient of the Closed CKD Pile.  An earthen platform a few feet 
thick elevates the working surface above the shallow groundwater 
table.  The increased slurry elevation within the platform area provides 
the vertical distance required to increase the pressure that the slurry 
will exert on the formation to reduce the potential for soil sidewall 
collapses and slurry wall voids. The slurry walls are aligned across the 
CKD-affected groundwater plume to capture and direct it to the 
treatment zone.  The slurry walls key into the upper few feet of the 
low-permeability glacial sediments (i.e., clay) that underlie the Site at a 
depth of approximately 10 to 20 ft.  The slurry composition, likely a 
bentonitic slurry, will accommodate high pH conditions. 

 
• Gravel Wall.  The gravel wall French drains are upgradient and within 

several feet of the slurry wall funnel walls.  The gravel drains stop 
short of the ends of the slurry wall funnels to avoid the potential for 
CKD-affected water to migrate around the ends of the funnel.  The 
approximately two-foot wide gravel walls key into the top of the low-
permeability glacial sediments (i.e., clay) that underlie the Site at a 
depth of approximately 10 to 20 ft.  They will be installed by 
excavating trenches and backfilling them with a biodegradable slurry to 
hold the trenches open.  Gravel displaces the slurry as it fills the trench.  
Geotextile filter fabric will likely line the upgradient side of the gravel 
wall.  The ground surface will be completed with a horizontal barrier to 
water percolation. 

 
• Treatment Zone Side Walls. The depth of the treatment zone side walls 

is about the same depth as the slurry wall funnel.  The treatment zone 
side walls will possess structural characteristics to allow bulk 
excavation of the treatment zone. The side walls will retain the soil 
outside the treatment zone.  The treatment zone components are placed 

                                                 
 
22 See Xanthakos (1979) for a very detailed description of the design, construction, and performance of 
slurry walls.  ASTM (1985) includes numerous papers on slurry wall design, construction, and 
performance.  
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after the treatment zone is excavated and dewatered so that the full 
treatment zone is exposed and accessible.   

 
• Treatment Zone.  The treatment zone lies at the mouth of the funnel 

and consists of several in situ neutralization segments installed in 
series.  The segments are built after the corridor is excavated in bulk 
and dewatered.  The structural side walls allow maneuvering inside of 
the treatment zone, greatly improving the ease of constructability 
compared with the open water-filled trench encountered during Pilot 
System installation.  Estimates show that five to seven segments 
provide sufficient treatment capacity.  

 
• Discharge into Sullivan Creek.  After treatment, water migrates 

through a subsurface discharge corridor to Sullivan Creek.  Armoring 
the discharge location by using material that mimics the current rubble-
strewn creek bank protects the creek bank from erosion. 

 
• Performance Monitoring and Control Systems.  Performance 

monitoring wells installed upgradient, between, and downgradient of 
the treatment segments evaluate the treatment system’s performance.  
The data monitoring and delivery system design allows Lehigh to 
adjust the amount of treatment to meet cleanup standards without over- 
or under-treatment. 

 
See Section 4.3.1.2 for discussion of the in situ treatment technology.  Data 

from the Pilot System shows that pH is neutralized and that arsenic precipitates within 
the treatment zone.  The rapid treatment that the Pilot System achieves supports the 
location of the treatment zone relatively close to Sullivan Creek. 

 
 

4.7.1.3 System Performance 
 
Although they may involve similar materials, the FGT slurry walls vary 

considerably from the ASC slurry walls in their construction, performance, and 
reliability.  The FGT slurry walls are installed to relatively shallow depths using 
conventional excavation equipment, whereas the ASC slurry walls are installed to much 
greater depths using more cumbersome and complicated excavation equipment.  ASC 
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slurry walls are also installed along the toe of a historic landslide, unlike the FGT walls.  
To avoid activating the historical landslide by excavating a continuous trench, the ASC 
slurry wall is installed in alternating segments placed end to end.  ASC slurry walls 
require detailed construction quality assurance procedures to install alternating 
segments without gaps between the segments, especially as depth increases.  
Conversely, FGT slurry walls are installed in a relatively open and flat space where 
trench collapses are less likely and could be controlled.  Therefore, Lehigh has a 
significantly higher degree of confidence in the FGT slurry wall performance. 

 
The FGT slurry wall funnel and gravel wall intercept CKD-affected 

groundwater and passively direct the water into an in situ treatment zone, where carbon 
dioxide neutralizes the high pH water.  See Section 4.3.1.3 for a comparison of the 
different neutralizing agents that Lehigh considered.  With the lower pH, arsenic in 
solution precipitates (i.e., forms insoluble complexes) in and immediately downgradient 
of the treatment zone.  The discharge into Sullivan Creek from the treatment zone will 
meet cleanup levels for both pH and arsenic. 

 
The FGT greatly reduces the concern over gaps in the PTW and provides a 

greater amount of hydraulic control.   
 
On the upgradient side of the funnel, the gravel walls in the design of the 

FGT (see Exhibit 4.7-1) reduce the potential for water buildup in front of the slurry wall 
that could otherwise potentially overtop it.  On the downgradient side of the funnel, 
water level fluctuations are relatively small because the upgradient dam at Sullivan 
Lake controls Sullivan Creek flow (Section 2.3.1).  Under this fluctuation regime, water 
from Sullivan Creek will not overwhelm the discharge corridor and enter the treatment 
zone.  The final design will accommodate these concerns.   

 
 

4.7.1.4 Construction Schedule 
 
FGT design, contracting, and procurement requires approximately eight 

months. FGT permitting and obtaining regulatory approvals requires approximately six 
months to one year (see Exhibit 3.2-1 for the list of permits and regulatory approvals). 
FGT installation requires approximately four to five months.  Installation schedules for 
FGT accommodate restrictions on construction in the vicinity of Sullivan Creek that 
permit such construction only during certain months of the year, July and August at the 
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Site, to protect water resources.   The winter temperatures and hours of daylight in 
Metaline Falls would adversely affect installation of the FGT.  Although possible, 
construction of FGT during the winter months is not advisable. 

 
 

4.7.2 FGT-Protect Human Health and the Environment 
 
The FGT will protect human health and the environment for the following 

reasons: 
 
• Groundwater Quality.  The FGT will meet MTCA groundwater 

cleanup levels at a conditional POC.  The Site-specific bench and pilot 
scale treatability studies [GeoSyntec, 2000, 2002, 2003a, and 2003b] 
demonstrated the effectiveness of the in situ treatment concept. 

 
• ARAR Compliance.  FGT complies with ARARs. 

 
• Institutional Controls.  Lehigh will use institutional controls as 

described in Section 4.2.2. 
 
 

4.7.3 FGT-Comply With Cleanup Standards 
 
The Site-specific bench and pilot scale treatability studies [GeoSyntec, 2000, 

2002, 2003a, and 2003b] demonstrated the effectiveness of the in situ treatment 
concept.  The FGT will meet cleanup standards assumed for the purposes of the Revised 
dFSTR, as follows: 

 
• Cleanup Levels (CLs).  The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb.   

 
• Point of Compliance (POC).  Lehigh proposes a conditional POC for 

groundwater at a point downgradient of the FGT treatment zone and 
upgradient of Sullivan Creek (Exhibit 4.7-1).     
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4.7.4 FGT-Comply With Applicable Federal and State Laws 
 
The FGT complies with ARARs.  Exhibit 3.2-1presents a summary of 

ARARs that apply to this alternative.   
 
 

4.7.5 FGT-Provide for Compliance Monitoring 
 
Lehigh will conduct protection, performance, and confirmation monitoring 

as described in Section 4.3.5. 
 
 

4.7.6 FGT-Use Permanent Solution to the Maximum Extent Practical 
 

4.7.6.1 Introduction 
 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion in the disproportionate cost analysis is discussed below. 

 
 

4.7.6.2 FGT-Protectiveness 
 
As described in Section 4.7.2, FGT will protect human health and the 

environment because it meets groundwater cleanup levels at a conditional groundwater 
POC.  In addition, it complies with applicable state and federal laws.  This alternative 
will not produce treatment residuals. 

 
 

4.7.6.3 FGT-Permanence 
 
Permanent Solution.  FGT is not a permanent solution.  The FGT requires 

indefinite maintenance, operation, repair and replacement, as needed. 
 
Permanence.  The FGT exhibits a high degree of permanence because it 

uses a treatment-based technology that obviates further treatment at the POC.  The 
technology chemically neutralizes the high pH water, resulting in a permanent reduction 
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in pH and lower solubility (mobility) and toxicity of arsenic.  The FGT generates no 
treatment residuals. The FGT can dewater portions of the Closed CKD Pile under 
certain conditions.  Dewatering the CKD also has a high degree of permanence because 
it reduces hazardous substance releases. 

 
 

4.7.6.4 FGT-Cost 
 
The estimated present value cost to design and install an FGT is 

approximately $2.3 to 2.6 million (US $2005) (see Exhibit 4.7-2).  The annual operating 
and maintenance cost is estimated to be approximately $150,000.  Hence the present 
value of this alternative for 30 years at an annual discount rate of seven percent is 
approximately $4.4 to 4.7 million.  Actual costs may vary depending on the details of 
the final FGT system design and implementation procedures.  Exhibit 4.1-7 includes the 
estimated costs of FGT for the three costing scenarios described in Section 3.2.3.2.3.  
See Appendix E for supporting information, including assumptions used in the cost 
analysis. 

 
 

4.7.6.5 FGT-Effectiveness Over the Long Term 
 
Lehigh will operate and maintain the FGT as long as needed to maintain 

compliance with cleanup standards.  FGT groundwater control uses slurry walls, a 
primarily passive system.  Slurry wall imperfections are expected to be less than for 
ASC because of the relatively shallow FGT target depths (see Section 4.7.1.3).  FGT 
treatment is primarily a passive system, and because it incorporates a treatment 
technology that has proven successful at the Site, Lehigh has a high degree of 
confidence that it will be reliable over the long term.  Lehigh will provide a financial 
assurance mechanism to cover the long-term operation and maintenance.  The design 
allows Lehigh to add, replace, or remove FGT components over time, as needed, 
although the in-situ design poses some challenges.  As such, the FGT is effective over 
the long term.  
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4.7.6.6 FGT-Management of Short-Term Risks 
 
Few short-term risks are associated with FGT.  Construction of the FGT has  

a potential for short-term exposure to high pH water, as is common with each of the 
alternatives.  During FGT construction the potential exposure to high pH water occurs 
due to open trenches that will fill with water.  Dewatering of the treatment zone during 
excavation and construction will reduce the potential for contact with CKD-affected 
groundwater.  The water will be treated on-site prior to disposal or discharge.  Workers 
will use heavy equipment and may relocate utility lines.  Deliberate scheduling and 
protective measures will reduce the risks from the relatively rapidly flowing water when 
work occurs near Sullivan Creek.  The risks posed are manageable with good 
construction safety practices.  

 
Construction during the winter months will increase the short-term risks 

associated with FGT.  Since the trenching operation is performed in saturated 
conditions, short or dim daylight periods increase safety concerns for workers.  The 
winter conditions in Metaline Falls affect certain components of the FGT installation, 
specifically the perforated pipe installation in the treatment zone.  Construction of FGT 
during the winter months is not advisable. 
 
 
4.7.6.7 FGT-Technical and Administrative Implementability 

 
4.7.6.7.1 Technical Implementability 

 
As noted above, winter construction is not recommended for certain 

components.  FGT is technically implementable during other times of the year.   
 
 

4.7.6.7.2 Administrative Implementability 
 
The FGT is administratively implementable.  See Exhibit 3.2-1, which 

shows the permits and approvals needed for GWC.  FGT requires an NPDES permit to 
discharge treated water into Sullivan Creek during construction and for long-term 
operation.  Federal permits or regulatory approvals will apply to work along the banks 
of Sullivan Creek.  Lehigh’s research suggests that FGT will meet the conditions 
connected with these permits and approvals.   
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4.7.6.8 FGT-Consideration of Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
  

4.7.7 FGT-Provide a Reasonable Restoration Time Frame 
 
Although the alternative will clean up much of the groundwater, this 

alternative will not achieve clean up levels everywhere throughout the Site.  Therefore, 
Lehigh proposes a conditional POC.  It is difficult to precisely estimate when 
groundwater will meet the cleanup levels for pH and arsenic at the proposed conditional 
POC for groundwater.  However, performance and confirmational monitoring allow 
Lehigh and Ecology to monitor progress.  In addition, redundant systems, both for 
treatment and for performance monitoring, are designed into the FGT alternative to 
assist in achieving compliance and conducting compliance monitoring.  The FGT 
achieves compliance with groundwater cleanup levels at a conditional POC in 
approximately the same time frame as other alternatives evaluated in this Revised 
dFSTR.  The restoration time frame for FGT will be further refined during detailed 
design.  

 
 

4.7.8 FGT-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR.   
 
 

4.7.9 FGT-Prevent Domestic Use of CKD-Affected Groundwater 
 
Measures to prevent domestic use of CKD-affected groundwater are 

discussed in Section 4.3.9. 
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4.8 Partial Additional Source Control (PASC) 
 

4.8.1 PASC-Alternative Description 
 

4.8.1.1 General 
 
Alternative #6 – Partial Additional Source Control (PASC) combines two 

remediation concepts: source control and downgradient in situ treatment.  PASC 
supplements the FGT remedy with a gravity drain installed under the southern side of 
the Closed CKD Pile.  The gravity drain is a source control technology that redirects 
unaffected groundwater away from the Closed CKD Pile, so that it will not contact the 
CKD.  The gravity drain, working in concert with the FGT gravel drainage layer 
components will help to control the water flux within the floodplain alluvial aquifer.  As 
the gravity drain redirects water to the FGT gravel layers and the gravel layers remove 
water by conducting it to the treatment zone, the groundwater surface may be lowered 
slightly within the alluvial aquifer.  This control of the water flux within the alluvial 
aquifer has the potential to reduce a small amount of water in contact with the CKD 
under certain groundwater flow regime scenarios.  This could reduce the volume of 
CKD-affected groundwater.  The amount of downgradient treatment required will 
decrease with time as the gravity drain dewaters the area and as transient drainage 
through the CKD reaches an equilibrium condition. Exhibit 4.8.1 shows the conceptual 
layout of this alternative.  

 
  

4.8.1.2 System Description 
 
PASC combines the FGT components described above in Section 4.7 with a 

gravity drain.  Lehigh will install a perforated drain pipe under the southernmost 
margins of the Closed CKD Pile using horizontal directional drilling techniques.  The 
gravity drain will be installed at depths that mostly target water under the static 
groundwater levels observed in Monitoring Well MW-8 and PM-13, abandoned 
Monitoring Wells MW-5 and MW-6, and abandoned Piezometers P-2, P-7, and P-8 
(See Exhibit 2.3-3).  The southern side of the Closed CKD Pile presents the best 
opportunity to redirect clean water away from the Closed CKD Pile because much of 
the water passing through the Site enters via subsurface flow from the uplands south of 
this area.  The gravity drain in this location also acts as a hydraulic control to reduce the 
potential for CKD-affected water to by-pass the southern edge of the slurry wall funnel.  
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Because the gravity drain intercepts water before it enters the Closed CKD Pile, gravity 
drainage should meet water quality criteria for discharge into Sullivan Creek without 
treatment.  The design will include the flexibility to convey the water to the treatment 
zone, if needed or desired.  

 
The gravity drain will be installed as follows: 
 
• Access the insertion point on the northern side of State Route 31 where 

the drainage will connect with the gravel wall of the FGT, if desired. 
 
• Prepare the surface for drilling.  This may include excavating a small 

pit for drilling, and preparing the insertion angle for the drill rods.  
Drilling begins in a down-angle direction before reaching target depth, 
at which point the hole traverses below the groundwater on the south 
side of the Closed CKD Pile. 

 
• Directionally drill the pilot hole for the drain pipe in a location 

approximately shown on Exhibit 4.8-1.  The hole will be installed at 
depths that are below the expected groundwater table, except for the 
upgradient side of the drain where it ascends sharply to exit the 
southern side of the Closed CKD Pile.  

 
• The exit point may be completed in a surface monument or cut off and 

capped below grade.  Lehigh will likely complete the drain in a manner 
that will provide future access to the pipe. 

 
• Pull the perforated drain pipe back down through the pilot hole using 

the drilling equipment.  Preliminarily, Lehigh estimates that the pipe 
will likely be 4-in. diameter, but it may be up to 6-in. diameter.  Larger 
diameter pipes beyond 6-in. involve significantly more powerful and 
costly drilling methods to achieve the necessary boring diameter.  
Directing the placement of the drain is also harder with larger pipe. 

 
• The pipe will not be perforated for a certain distance from the insertion 

point.  The non-perforated section helps transmit the drained water to 
the FGT instead of allowing it to percolate back into the groundwater. 
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Exhibit 4.8-1 shows the conceptual layout of the PASC components.  
 
 

4.8.1.3 System Performance 
 
The gravity drain lies in the alluvium, between the CKD and the underlying 

clay aquitard.  The gravity drain intercepts water flowing into the southern edge of the 
Site and conveys it near the southern tip of the slurry wall system.  If the water requires 
treatment, the gravity drain empties it into the slurry wall funnel for eventual treatment.  

 
Installation of the gravity drain under deep portions of the Closed CKD Pile 

is not recommended.  The deep portions of CKD lie in areas associated with a higher 
density of large-diameter sediments than the southern side.  Large size aggregate such 
as cobbles and boulders impede or stop directional drills.  If a gravity drain was 
attempted in the deep area and intersected a deep portion of the CKD, the drain will not 
lower the water level below the CKD.  Thus, it will not provide source control for the 
still submerged CKD.  Furthermore, this CKD-affected water cannot be discharged into 
Sullivan Creek without treatment.  The FGT component may not be equipped to handle 
the additional treatment burden, requiring substantial and impractical scale-up. 

  
As discussed in Section 4.7, the FGT design addresses concerns related to 

water overtopping the slurry wall and to Sullivan Creek water entering the treatment 
zone during periods of high flow.  The gravity drain may contribute more water to the 
slurry wall funnel than the FGT alone will contribute.  The final design will 
accommodate these variables assuming the gravity drain location shown in Exhibit 4.8-
1 is approximately where it will be installed. 

 
The FGT component includes performance monitoring wells that measure 

groundwater treatment performance through the treatment system.  This information 
allows Lehigh to adjust the amount of carbon dioxide delivered to the water and to 
comply with cleanup levels.   

 
 

4.8.1.4 Construction Schedule 
 
PASC design, contracting, and procurement requires approximately eight 

months. PASC permitting and obtaining regulatory approvals requires approximately 
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six months to one year (see Exhibit 3.2-1 for the list of permits and regulatory 
approvals). PASC installation requires approximately four to five months.  Installation 
schedules for the FGT component accommodate restrictions on construction in the 
vicinity of Sullivan Creek that permit such construction only during certain months of 
the year, July and August at the Site, to protect water resources.    The winter 
temperatures and hours of daylight in Metaline Falls would adversely affect installation 
of the PASC.  Although possible, construction of PASC during the winter months is not 
advisable.   

 
 

4.8.2 PASC-Protect Human Health and the Environment 
 
The PASC protects human health and the environment for the following 

reasons: 
 
• Groundwater Quality.  The PASC meets MTCA groundwater cleanup 

levels at a conditional POC.  The Site-specific bench and pilot scale 
treatability studies [GeoSyntec, 2000, 2002, 2003a, and 2003b] 
demonstrated that the in situ treatment technology is effective. 

 
• ARAR Compliance.  PASC  complies with ARARs. 

 
• Institutional Controls.  Lehigh will use institutional controls as 

described in Section 4.2.2. 
 
 

4.8.3 PASC-Comply With Cleanup Standards 
 
The PASC will meet cleanup standards assumed for the purposes of the 

Revised dFSTR, as follows: 
 
• Cleanup Levels (CLs).  The proposed groundwater cleanup levels for 

the Site are pH between 6.5 and 8.5, and maximum arsenic 
concentration of 5.0 ppb.    
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• Point of Compliance (POC).  Lehigh proposes a conditional POC for 
groundwater at a point downgradient of the PASC treatment zone and 
upgradient of Sullivan Creek (Exhibit 4.8-1).   

 
 

4.8.4 PASC-Comply With Applicable Federal and State Laws 
 
The PASC complies with ARARs.  Exhibit 3.2-1 presents a summary of 

ARARs that apply to this alternative.   
 
 

4.8.5 PASC-Provide for Compliance Monitoring 
 
Lehigh will perform protection, performance, and confirmational monitoring 

as described in Section 4.3.5.   
 
 

4.8.6 PASC-Use Permanent Solution to the Maximum Extent Practical 
 

4.8.6.1 Introduction 
 
This element for selection of cleanup actions requires consideration of the 

criteria used in the disproportionate cost analysis (WAC 173-340-360(3)).  Each 
criterion in the disproportionate cost analysis is discussed below. 

 
 

4.8.6.2 PASC-Protectiveness 
 
As described in Section 4.7.2, FGT alone protects human health and the 

environment because it meets groundwater cleanup levels at a conditional groundwater 
POC.  In addition, it complies with applicable state and federal laws.  The gravity drain 
component of PASC  reduces the amount of groundwater entering the Closed CKD Pile, 
thus limiting the volume of CKD-affected groundwater requiring treatment.  This 
alternative will not produce treatment residuals that must be transported to a disposal 
facility.  
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4.8.6.3 PASC-Permanence 
 
Permanent Solution. PASC is not a permanent solution.  The PASC will 

have to be indefinitely maintained, operated, and replaced, as needed. 
 
Permanence. PASC exhibits a higher degree of permanence than 

alternatives that rely solely on treatment for two reasons.  The gravity drain intercepts 
water before it contacts the CKD, so that the water remains unaffected.  This reduces 
the volume of hazardous substances generated at the Site.  PASC also uses a treatment-
based technology that chemically neutralizes the high pH water, resulting in a 
permanent reduction in pH and lower solubility (mobility) and toxicity of arsenic.  The 
PASC generates no treatment residuals.  The gravity drain has no moving parts and 
requires minimal maintenance.   However, the in situ treatment zone requires 
maintenance, repair, and periodic replacement of parts. 

 
 

4.8.6.4 PASC-Cost 
 
The estimated present value cost to design and install PASC is 

approximately $2.4 to 3.0 million (U.S. $2005) (see Exhibit 4.8-2).  The annual 
operating and maintenance cost is estimated to be approximately $150,000.  Hence the 
present value of this alternative for 30 years at an annual discount rate of seven percent 
is approximately $4.4 to 5.1 million.  Actual installation costs may vary depending on 
the details of the final PASC system design and implementation procedures.  The 
operating and maintenance costs may decrease over time depending on the effectiveness 
of the gravity drain at intercepting water.  Exhibit 4.1-7 includes the estimated costs of 
PASC for the three costing scenarios described in Section 3.2.3.2.3.  See Appendix E 
for supporting information, including assumptions used in the cost analysis. 

 
 

4.8.6.5 PASC-Effectiveness Over the Long Term 
 
PASC will be effective over the long term.  It uses a treatment technology 

that has proven successful at the Site.  Over time, the gravity drain will reduce the 
amount of CKD-affected groundwater requiring treatment.  Thus, there is a high degree 
of certainty that this alternative will be successful.  
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Lehigh will operate and maintain the PASC as long as necessary to maintain 
compliance with cleanup standards.  Lehigh will provide a financial assurance 
mechanism to cover long-term operation and maintenance.  Lehigh can add, replace or 
decommission PASC components as needed, although the in situ nature of the 
components poses some challenges.  

 
 

4.8.6.6 PASC-Management of Short-Term Risks 
 
Short-term risks associated with the slurry wall systems and the in situ 

treatment zone are discussed in section 4.7.6.6.  The PASC gravity drain adds some 
construction risks due to the drilling equipment.  During installation, water will emerge 
at the installation point.  As long as the water is clean, as expected, no special measures 
to protect workers are needed.  The risks posed by the FGT components and the gravity 
drain are manageable with good construction safety practices.  As with the other 
alternatives, it would be best to avoid construction during winter conditions in Metaline 
Falls. 
 
 
4.8.6.7 PASC-Technical and Administrative Implementability 

 
4.8.6.7.1 Technical Implementability 

 
While winter months pose difficulties for construction, the PASC is 

technically implementable during other times of the year.   
 
 

4.8.6.7.2 Administrative Implementability 
 
The PASC is administratively implementable.  See Exhibit 3.2-1, which 

shows the permits and approvals needed for GWC.  Lehigh’s research suggests that 
PASC will meet the conditions connected with these permits and approvals.  The FGT 
components are discussed in Section 4.7.6.7.2.  The discharge from the gravity drain 
may also be covered by an NPDES permit.  With the exception of the gravity drain, all 
of the PASC components reside on Lehigh property.  Lehigh will require permission to 
install and maintain the drain under State Route 31. 
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See Exhibit 3.2-1, which shows the permits and approvals needed for GWC.  
Lehigh’s preliminary research suggests that PASC will meet the conditions connected 
with these permits and approvals.   

 
 

4.8.6.8 PASC-Consideration of Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR. 
 
 

4.8.7 PASC-Provide a Reasonable Restoration Time Frame 
 
The treated groundwater from PASC will meet cleanup standards.  It is 

difficult to precisely estimate when all groundwater will meet the cleanup levels for pH 
and arsenic at the conditional POC for groundwater.  Performance and confirmational 
monitoring allow Lehigh and Ecology to monitor progress.  In addition, redundant 
systems, both for treatment and for performance monitoring, are designed into the 
PASC alternative to assist in achieving compliance and conducting compliance 
monitoring.  Lehigh will operate PASC indefinitely to maintain compliance with 
cleanup standards.  PASC achieves compliance with groundwater cleanup levels at a 
conditional POC in approximately the same time frame as other alternatives evaluated 
in this Revised dFSTR.  The restoration time frame for PASC will be further evaluated 
during detailed design. 

 
 

4.8.8 PASC-Consider Public Concerns 
 
The public will be given an opportunity to review and comment on the 

dFSTR.  Ecology will consider all public comments before finalizing the dFSTR.  
 
 

4.8.9 PASC-Prevent Domestic Use of CKD-Affected Groundwater 
 
Measures to prevent domestic use of CKD-affected groundwater are 

discussed in Section 4.3.9. 
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5. COMPARATIVE ANALYSIS OF ALTERNATIVES 
 

5.1 Introduction 
 
The six alternatives described in this Revised dFSTR resulted from a 

thorough collaborative FS process between Lehigh and Ecology.  The FSTM screened a 
list of 20 alternatives.  Lehigh and Ecology refined the initial list to yield the six 
alternatives evaluated in this Revised dFSTR:  

  
• Alternative #1 – Permeable Treatment Wall (PTW) 
• Alternative #2 – Pump and Treat (P&T) 
• Alternative #3 – Additional Source Control (ASC) 
• Alternative #4 – Partial Source Removal (PSR) 
• Alternative #5 – Funnel and Gate Treatment (FGT) 
• Alternative #6 – Partial Additional Source Control (PASC) 
 
Section 4 of this Revised dFSTR describes how each of the remedy selection 

criteria applies to the six alternatives.  This section compares the evaluation results for 
the alternatives to arrive at alternative rankings with respect to the remedy selection 
criteria.  Exhibit ES-4 summarizes the rankings. 

 
 

5.2 Threshold Requirements 
 
As described in Section 4 of this Revised dFSTR, the six alternatives meet 

the following threshold requirements defined in WAC 173-340-360(2): 
 
• protect human health and the environment; 
• comply with cleanup standards; 
• comply with applicable federal and state laws; and 
• provide for compliance monitoring. 
 
By meeting threshold requirements, the six alternatives passed initial 

evaluation and were analyzed according to the remaining evaluation criteria.  The 
remainder of this section compares the alternatives using those remaining criteria.  With 
respect to the provision for compliance monitoring, each of the alternatives evaluated in 
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this FS process incorporates treatment-based remedies.  There is inherent variability 
involved in operating engineered treatment systems.  The method of evaluating 
compliance with cleanup standards will be established during development of the 
monitoring program defined in the CAP and design phases of the project, and ultimately 
approved by Ecology. 

 
 

5.3 Use Permanent Solution to the Maximum Extent Practical 
 

5.3.1 Introduction 
 
The disproportionate cost analysis (WAC 173-340-360(3)) criteria 

evaluations are compared for each alternative in this section.  The disproportionate cost 
analysis criteria are: 

 
• protectiveness;  
• permanence; 
• cost; 
• effectiveness over the long term; 
• management of short-term risks; 
• technical and administrative implementability; and 
• public concerns. 
 
 

5.3.2 Protectiveness 
 
Each of the alternatives meets cleanup standards, and thus meets the 

threshold criteria to protect human health and the environment.  Under the cost-
disproportianailty analysis, protectiveness goes beyond meeting clean up levels.  For 
example, protectiveness additionally examines the degree to which risks are reduced, 
the time required to reduce risks and risks from implementing the alternative. 

 
PSR poses the greatest short-term risks because it breaches the engineered 

cover, exposing the formerly Closed CKD Pile to the environment and to workers 
implementing the alternative.  To execute PSR, the formerly Closed CKD Pile and the 
new temporary dangerous waste storage area for CKD remain open for twenty-five to 
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thirty months, not including winter down-times.  PSR also poses serious risks to 
workers during construction activities on the soft, saturated, and unstable CKD.  ASC 
also involves significant construction risks due to the installation of a slurry wall across 
the disturbed sediments in the historic landslide area.  The remaining alternatives pose 
short-term risks, but to a far lesser degree.  Short-term risks are the greatest for PSR.  
ASC has the second greatest short-term risks.  PASC, FGT, and PTW each have similar 
short-term risks that are significantly less than for PSR and ASC.  GWC has the lowest 
short-term risk.   

 
If PSR met groundwater cleanup levels throughout the Site in five years, as 

assumed in the first groundwater treatment scenario, then it would reduce 
environmental risks to a greater degree than other alternatives, and increases its 
protectiveness over the long-term.  Under the second groundwater treatment scenario, in 
which groundwater treatment continues indefinitely and groundwater cleanup levels are 
met at a conditional POC, PSR reduces environmental risks to the same degree that 
other downgradient treatment–based alternatives do.   

 
Alternatives that require off-site disposal of the CKD waste decrease the 

overall protectiveness of the remedy.  PSR will require the largest volume of off-site 
disposal, followed by ASC and GWC.  PSR disposes of approximately 10,000 cubic 
yards of CKD, a State dangerous waste as well as approximately 1,000 to 1,500 pounds 
of non-dangerous waste groundwater treatment residuals.  ASC and GWC also produce 
non-dangerous waste groundwater treatment residuals, approximately 1,000 to 2,000 
pounds per year.  The alternatives that rely on the in situ carbon dioxide treatment 
system (PTW, FGT, and PASC) do not produce treatment wastes that must be disposed 
off-site.  ASC, PTW, FGT, and PASC do involve non-dangerous waste excavation 
spoils that will also need to be managed, but will likely not be disposed off-site. 

 
Considering all  the factors that contribute to protectiveness, PASC ranks 

highest in terms of this criterion.  ASC ranks next highest in terms of protectiveness, 
followed by PTW, GWC, and FGT.  The PSR alternative, under both scenarios, ranks 
the lowest in terms of protectiveness, with the first PSR groundwater treatment scenario 
being slightly more protective than the second PSR groundwater treatment scenario.    
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5.3.3 Permanence 
 
According to Lehigh’s understanding of MTCA, a remedy, which produces 

waste for off-site disposal and does not treat the waste and render it harmless (i.e., 
untreated CKD), is not a permanent remedy.  The off-site location is engaged in 
monitoring and possible future action.  PSR, under Lehigh’s analysis, is not a 
permanent remedy because it will not be effective at obviating future groundwater 
treatment needs.  Ecology believes that PSR is permanent.  Both Lehigh and Ecology 
agree that PSR has the highest degree of permanence and that, of the three alternatives 
that appreciably reduce the amount of CKD-affected water that is generated, PSR 
exhibits the highest degree of permanence.  PSR removes CKD from groundwater, 
thereby reducing future generation of CKD-affected groundwater.  Although other 
remedies, such as ASC and PASC, re-route water away from the Closed CKD Pile and 
accomplish source control, the effects are expected to be less than for PSR.  Therefore, 
for the purposes of this disproportionate cost analysis, PSR is the baseline remedy.  
ASC and PASC exhibit the next greatest degree of permanence because they include a 
source control component.  For ASC the amount of reduction depends, in part, on the 
size of the slurry wall and effectiveness of the dewatering.  The degree of permanence 
of the PASC depends on the effectiveness of the gravity drain in diverting water away 
from the CKD.  PASC also generates no treatment residuals requiring off-site 
management. 

 
All six alternatives exhibit a high degree of permanence because they 

irreversibly treat (i.e., reduce toxicity and mobility of hazardous substances) 
groundwater by permanently neutralizing the pH and decreasing arsenic levels to meet 
cleanup levels.  

 
As explained in Section 4, Lehigh’s evaluation of the Site shows that none 

of the six alternatives is a permanent remedy.  Regardless, the MTCA regulations 
require that the analysis rank the alternatives in order of their degree of permanence, 
with the remedy exhibiting the highest degree of permanence identified as the 
“baseline” remedy against which the other alternatives are compared.  Therefore, PSR 
is the baseline alternative because it exhibits the highest degree of permanence.  ASC 
and PASC are next, followed by FGT, PTW, and lastly, GWC, in order of decreasing 
degree of permanence.   
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5.3.4 Cost 
 
The cost comparisons use a 30-year project duration and seven percent 

discount rate.  Exhibit 4.1-8 shows calculation results for the other cost scenarios 
described in Section 3.2.3.2.3.  The cost of GWC is slightly less than PTW, FGT, and 
PASC (see Exhibit ES-4).  ASC is two or three times more costly than GWC, followed 
by both PSR scenarios, which is an order of magnitude more expensive than PTW, 
GWC, FGT, and PASC.  All of the alternatives involve indefinite operation and 
maintenance costs. The only exception is the first groundwater treatment scenario for 
PSR.  Under that scenario, PSR costs include operation, maintenance, and monitoring 
costs for five years plus monitoring costs for another three years.   

 
The ability to effectuate treatment flexibly in a variety of locations is a 

critical advantage of the alternatives that employ P&T, especially in this geologic 
setting.  PTW does not offer this advantage; once the trench is installed, the treatment 
zone cannot be relocated without difficulty, expense, and interruption of treatment.  
Alternatives with in-situ treatment zones have cost estimates that include periodic 
treatment zone section replacement.  Further, the Site and construction technique 
constraints prevent a continuous line of in situ carbon dioxide diffusion treatment 
panels for PTW.  The cost estimates for alternatives with P&T components make 
provisions for relocation or addition of extraction wells.  GWC offers some cost benefit 
related to monitoring, transporting and disposing a lesser amount of treatment residuals 
(both treated water and solids), compared to P&T alone.  This is because GWC 
incorporates the existing Pilot System.   

 
ASC and PASC will reduce the long-term costs by reducing the volume of 

water that requires treatment, depending on the effectiveness of the source control 
components.  The actual reduction is not quantifiable at this stage, so that any savings 
are not included in the cost estimates.    

 
The other cost scenarios shown in Exhibit 4.1-8 are presented for 

comparison purposes only based on EPA guidance [EPA, 2000a].  The discounted 100-
year project duration cost estimates show the same general results as the discounted 
thirty-year project duration discussed above.  The non-discounted 100-year project 
duration estimates, which do not reflect realistic conditions, ascribe the lowest cost to 
PTW.  In order of ascending costs, FGT, PASC, the first PSR groundwater treatment 
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scenario, and GWC are next.  ASC and the second PSR groundwater treatment scenario 
are the most costly.  

 
 

5.3.5 Effectiveness Over the Long Term 
 
If installed, operated, and maintained appropriately, each of the six 

alternatives will be effective over the long term because all six alternatives incorporate 
downgradient treatment technologies that have proven successful.  The treatment 
components of these alternatives are accessible and are operated, maintained, and 
replaced as necessary over the long term.   However, for the PSR alternative (especially 
under scenario one where downgradient treatment is operated for a short period), where 
only portions of the CKD are removed from the water contact, changes in 
hydrogeologic conditions over the long term will likely decrease the alternative’s long 
term effectiveness.  These hydrogeologic changes include landslide shifts and/or a 
series of heavy water years that create CKD-water contact where none existed at the 
time of implementation. 

 
Likewise, while the treatment components increase effectiveness over the 

long term, the source control component of ASC may not contribute to the long-term 
effectiveness of this alternative.  The main component of the ASC alternative, the slurry 
wall, is not easily accessible.  If the slurry wall fails or deteriorates, as it is expected to 
do over time, then ASC will rely more heavily on the treatment components.  In 
addition, the slurry wall deterioration may lead to focused breakthrough of groundwater 
retained behind the wall, allowing the water to contact CKD in areas not previously 
exposed to water contact.  Thus, ASC will not be any more effective over the long term, 
and may be less, than the alternatives that rely solely on treatment (PTW, GWC, and 
FGT).  The source control components of PASC are expected to remain reliable over 
the long term. 

 
Therefore, PASC and PSR with long term downgradient treatment rank the 

highest in terms of long-term effectiveness, followed by PTW, GWC, FGT, and PSR 
with short term treatment and ASC. 
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5.3.6 Management of Short-Term Risks 
 
PASC, PTW, GWC, and FGT use relatively conventional construction 

practices, each involving risks that are manageable.  These four alternatives rank 
equally with respect to this criterion (each ranks “easy” on Exhibit ES-4).  ASC uses a 
conventional technology (i.e., slurry wall and dewatering wells).  However, because of 
the danger of activating the historic landslide, ASC has significant short-term risks to 
workers.  Hence, ASC ranks “difficult” on Exhibit ES-4. 

 
PSR uses conventional excavation technologies, but applies them in a soft 

soil that is unstable and susceptible to liquefaction.  PSR opens the engineered cover, 
thereby exposing the workers and potentially the surrounding population to large 
amounts of CKD.  PSR targets approximately 270,000 cubic yards of CKD for removal.  
Those 270,000 cubic yards require handling, transport using thousands of loaded truck 
trips, and temporary storage on approximately 5 acres of lined containment with 
associated environmental controls.  Hundreds of truckloads then move a portion of the 
CKD to a remote facility for off-site disposal.  The rest of the CKD is replaced, 
recontoured, and the cover systems are reconstructed.  Hence, PSR presents significant 
short-term risk and construction dangers, so that it ranks “very difficult” on 
Exhibit ES-4. 

 
 

5.3.7 Technical and Administrative Implementability 
 
Technical Implementability.  Each of the alternatives is technically 

implementable.  Each alternative involves a certain amount of complexity in 
installation.  PASC, PTW, GWC, and FGT are less complex than ASC or PSR, which 
include several significant concerns related to construction.  ASC involves work in the 
vicinity of the historic landslide.  PSR involves handling significant quantities of CKD, 
excavating CKD under liquefiable conditions, counteracting CKD slope instability, 
transporting CKD on public roads with a large amount of truck traffic, temporarily 
storing CKD, then returning it to the Site for backfilling and disposing of the amount 
that no longer fits in the excavation to an off-site disposal facility.     

 
Administrative Implementability.  Each of the alternatives is theoretically 

administratively implementable.  Various components of administrative effort will be 
required for such items as:  preparing and recording restrictive covenants, obtaining 
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permits and regulatory approvals, land acquisition/leasing/easements, pertinent to the 
respective alternative.  Land acquisition/leasing/easements required by PSR, ASC, and 
PASC may be  difficult and have the potential to significantly increase the project costs 
and time needed to implement the alternatives. 

 
PTW ranks the highest for administrative implementability because it does 

not require the additional effort required to obtain an NPDES permit for discharges of 
treated groundwater to Sullivan Creek, which is required for the other five alternatives 
(see Exhibit 3.2-1).  Nor would PTW necessitate residuals management such as 
profiling the waste, and subsequent off-site transport.  Lehigh owns all of the land 
needed to implement GWC, PTW, and FGT, facilitating the administrative 
implementability of these alternatives. PASC requires permission for a right of way 
under State Route 31 for the gravity drain.  For ASC, the slurry wall and seepage 
control system may impose administrative difficulty, given portions of the slurry wall 
and drainage well network must be built on land Lehigh does not own.  Lastly, for PSR, 
the need to obtain approximately five acres for temporary storage of the CKD during 
the excavation and backfilling phases makes PSR implementation administratively 
difficult.  Since the CKD is regulated as dangerous waste under state law, it will have to 
be managed in accordance with the dangerous waste regulations while being 
temporarily stored.  This will make PSR more difficult to implement administratively.  
Each alternative requires the same amount of administrative effort to prepare and record 
restrictive covenants to preclude the domestic use of water.   

 
Schedule.  Section 4 presents the schedules for three major tasks.  Except for 

PTW (which, based on Lehigh’s preliminary research, does not need individual permits 
apart from the MTCA cleanup process regulatory approvals and potential floodplain 
construction approval), the tasks are: (1) design, contracting, and procurement; (2) 
permitting; and (3) installation.  The alternatives have similar design, contracting, and 
procurement and permitting schedules.  However, they differ significantly with respect 
to installation schedules.  GWC has the shortest installation schedule, followed by FGT.  
FGT requires less time to install than PTW and PASC, each of which could be installed 
more rapidly than ASC.  PSR requires significantly longer installation time than the 
other five remedies.  It is wise to concurrently work on several of the tasks and sub-
tasks involved in permitting and design. Some of the information generated is needed 
for other tasks and it will expedite implementation. As noted elsewhere, certain tasks 
should not be implemented during the winter, so that delays could push project 
execution into a subsequent construction season.  Barring unexpected delays in 
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permitting processes, the alternatives require approximately the following amounts of 
time from CAP finalization to be installed and operational: 

 
• PTW – 12 months; 
• GWC – 10 to 11 months; 
• ASC – 13 to 14 months; 
• PSR – 48 months; 
• FGT – 10 to 11 months; and 
• PASC – 11 to 12 months. 
 
 

5.3.8 Public Concerns 
 
The MTCA public review process will give the public several opportunities 

for input to the remedy selection process.  The public will also have the opportunity to 
review and comment on the project documents.  Ecology will address public concerns 
before finalizing this document.  Therefore, public comment will be considered for each 
of the alternatives, giving them the same ranking for this criterion.     

 
 

5.3.9 Disproportionate Cost Analysis Results  
 
WAC 173-340-360(3)(e) requires that the alternatives be ranked in order of 

permanence.  In this case, using the assumptions presented in this Revised dFSTR, the 
alternatives rank as follows in terms of permanence:   

 
1) PSR 
2) PASC, ASC 
3) FGT, PTW, and GWC 
 
Each of the alternatives includes groundwater treatment for some future time 

period.  None of the alternatives are permanent.  PSR groundwater treatment scenario 
one requires groundwater treatment to occur only over the short-term.  Lehigh presented 
data and analysis supporting its belief that an unattainable degree of effectiveness is 
required to achieve cleanup standards without long-term groundwater treatment.  
Specifically, elimination of at least 99% of the CKD-groundwater contact is required to 
achieve cleanup standards [GeoSyntec, 2004].  Nevertheless, PSR is the “baseline 
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cleanup action alternative” for comparison with the other alternatives.  The 
disproportionate cost test is described in WAC 173-340-360(3)(e)(i) as follows:   

 
Test:  Costs are disproportionate to benefits if the incremental costs of the 
alternative over that of a lower cost alternative exceed the incremental 
degree of benefits achieved by the alternative over that of the other lower 
cost alternative. 
 
Although PSR is the baseline alternative in terms of its degree of 

permanence, PSR is very difficult to implement and its cost is disproportionate to the 
benefits of the alternative.  PSR involves significant risks in the short term and 
difficulties in implementation.  PSR also effectively destroys the engineered cover.   
Accessing the inundated CKD at the base of the Closed CKD Pile involves very 
complex construction systems.  Expanding the excavation to remove more CKD than 
planned once the base is reached requires that the entire excavation be restarted to yield 
the proper excavation.  Based on the current Ecology interpretations of the inundated 
portions of the Closed CKD Pile, PSR displaces about 270,000 cubic yards, 
approximately half of the pile.  In addition, PSR costs about two to three times more 
than the ASC alternative and an order of magnitude more than PASC and the other 
alternatives.  Estimates show PSR installation to cost approximately $17 to $24 million.  
Although not quantifiable, PSR reduces the generation of groundwater requiring 
treatment.  Even if groundwater treatment was no longer necessary immediately 
following CKD excavation, estimates show that PSR would still be more costly than 
any of the other five alternatives operating indefinitely.  Thus, PSR is impracticable and 
risky, and its cost in terms of dollars, implementability, and short-term risks is 
disproportionate to the benefits provided.  Furthermore, contractors have recommended 
that PSR not be attempted at the Site. 

 
The ASC cost is also disproportionate to the benefits achieved (see 

Exhibit ES-4).  The incremental increase in cost over GWC, FGT, PTW, and PASC is 
substantial.  The estimates show that ASC costs between $9.1 to $14 million in capital 
expense, of which the source control components cost $8 to $13 million and the 
downgradient groundwater control and common components total approximately 
$4.3 million in present value.  As downgradient groundwater control alone will achieve 
cleanup standards in the same time frame as the ASC, the ASC alternative would 
require spending $8 to $13 million with limited environmental benefit.  Assuming 
optimistically that the slurry wall reduces the volume of affected groundwater by 
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50 percent, then the present value cost savings realized by adding the downgradient 
groundwater control components would be approximately $600,000.  This amount 
reflects reduced treatment costs such as pumping, chemical usage, and solids handling.  
Spending an additional $8 to $13 million on the capital costs of the ASC components 
alone, to save at best $600,000 over an uncertain volume of the CKD-affected 
groundwater plume, is a disproportionate cost.  PASC will also achieve source control 
using passive systems (i.e., gravity drain) at approximately one-third the cost of ASC. 

 
PASC, a more cost-effective alternative, offers a more promising option to 

meet applicable remedy selection criteria.  PASC includes a source control component, 
the gravity drain, combined with the passive funnel system of slurry walls to direct the 
groundwater to an in situ treatment zone.  The FGT components of PASC achieve 
compliance with cleanup standards, whether the gravity drain is added or not.  
However, the gravity drain is a relatively cost effective method to reduce the volume of 
water that contacts the CKD.   

 
PASC, PTW, GWC, and FGT have similar costs, and all meet cleanup 

standards.  In addition, all four reduce the mobility and toxicity of hazardous 
substances.  However, PASC (and to a lesser extent, FGT) has a higher degree of 
permanence than PTW and GWC because it also reduces the volume of hazardous 
substances in groundwater.  PASC offers this additional permanence without greatly 
elevating costs, implementability concerns, or short-term risks.  Based on the 
disproportionate cost analysis provided in WAC 173-340-360(3)(e), PASC uses 
permanent solutions to the maximum extent practicable. 

 
 

5.4 Provide a Reasonable Restoration Time Frame 
 
Section 4 presented an analysis of restoration time frames for the alternatives 

in accordance with MTCA and the 1999 AO.  All six alternatives provide for a 
reasonable restoration time frame.  Except for the first groundwater treatment scenario 
used for PSR, all alternatives will meet cleanup standards in the same approximate time 
frame.  Under the first PSR groundwater treatment scenario, the treatment component 
would allow the alternative to achieve cleanup standards initially at the conditional 
POC.  Moreover, under this scenario, the cleanup standards at a standard POC would be 
met in approximately five years.  However, as discussed above, Lehigh believes this 
assumption is unrealistic.  It is more realistic to assume that, because PSR removes only 
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part of the CKD in contact with groundwater and does not address potential for sidewall 
seeps intrusion into the Closed CKD Pile or other long term changes in hydrogeologic 
conditions, treatment would instead continue indefinitely.  Therefore all alternatives 
would meet cleanup standards, at a conditional point of compliance, in the same 
approximate time frame. 

 
 

5.5 Consider Public Concerns 
 
The MTCA public review process will give the public several opportunities 

for input to the remedy selection process.  The public will also have the opportunity to 
review and comment on the project documents.  Ecology will address public concerns 
before finalizing this document.  Therefore, public comment will be considered for each 
of the alternatives, giving them the same ranking for this criterion.    

 
 

5.6 Prevent Domestic use of CKD-Affected Groundwater 
 
Section 4 evaluates the alternatives based on this criterion.  This is not a 

discriminating factor because under each alternative Lehigh will record restrictive 
covenants that will prohibit the domestic use of CKD-affected water on its land (see 
Exhibit ES-4). 

 
 

5.7 Results of Comparative Analysis  
 
Although GWC is the most cost-effective alternative that will satisfy the 

MTCA criteria, PASC balances the applicable remedy selection criteria in a way that 
meets cleanup standards, provides a significant degree of permanence, and reduces the 
short-term risks, implementability concerns, and high cost associated with PSR.  PASC 
is recommended as the final remedy at the Site in preference to GWC, FGT, PTW, 
ASC, or PSR.  Exhibits 4.1-1 through 4.1-6 present the evaluations of each alternative 
with respect to the selection criteria, and a comparative summary.  Overall, PASC 
ranked “very high” in relation the other alternatives, with GWC ranking “high.”  
Although PTW and FGT rank “high” as well, the relative inflexibility of these systems, 
combined with the higher capital (construction) costs, place them lower in rank when 
compared to GWC.  Although PASC costs slightly more than PTW and FGT, PASC 
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includes a source control with a high degree of permanence that is not cost-
disproportionate. 

 
PASC offers the following key advantages: 
 
• Meets cleanup levels and ARARs and therefore provides protection of 

human health and the environment; 
 
• Uses demonstrated and proven technologies that are technically and 

administratively implementable; 
 
• Has a high degree of permanence  because it will  permanently reduce 

the toxicity and mobility of arsenic in groundwater; 
 
• Reduces the volume generated of CKD-affected groundwater; 
 
• Avoids the construction risks, technical implementability problems, 

and high cost of PSR; and 
 
• Exhibits a high amount of benefit for the costs incurred. 
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6. CONCLUSIONS 
 

6.1 Feasibility Study Conclusions 
 
Ecology began its regulatory oversight of the investigation/remediation of 

the Site in 1991.  Lehigh has implemented remedial actions at the Site since 1996 to 
address potential CKD exposure pathways including direct contact, inhalation, and 
water infiltration into the Closed CKD Pile.  These actions were completed under the 
authority of hazardous waste management regulations, and were characterized as “CKD 
Pile Closure.”  They have been effective and important remedial measures.  The closure 
“source control” measures, the cover and surface water management facilities, have 
performed as designed. 

 
After the completion of the above-noted remedial measures, groundwater 

(including its potential impact on Sullivan Creek) remained the medium of concern.  
Consequently, Ecology required Lehigh to address the CKD-affected groundwater 
downgradient of the Closed CKD Pile.  Significant investigatory work, documented in a 
series of reports and culminating in the Remedial Investigation Report, determined that 
the CKD-affected groundwater exceeds MTCA cleanup levels for pH and arsenic.  In 
addition to investigatory work, Lehigh conducted a significant interim action in 1998, 
when it re-graded the WDOT “deck” to fill low areas where seeps of high pH 
groundwater ponded, posing a potential risk of direct contact. 

 
This Revised dFSTR evaluates six alternatives, screened from a list of 20, 

and recommends a remedy in accordance with Washington Administrative Code 
(WAC) 173-340-350 et. seq. and the 1999 AO.    After a thorough evaluation and 
comparison of the alternatives using the MTCA and 1999 AO criteria, and several 
discussions and meetings with Ecology over the past year, Lehigh concludes that Partial 
Additional Source Control (PASC) (a combination of source control and downgradient 
in situ groundwater treatment) provides the most effective and practical remedy for the 
Site.  The PASC alternative balances applicable remedy selection criteria in a way that 
meets cleanup standards and best comply with Washington State procedures, 
regulations and laws.   
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PASC:  
 
• Implements a practical source control technology  that reduces the 

volume of water that contacts CKD, decreasing the size of the CKD-
affected groundwater plume over the long term; 

 
• Uses a demonstrated groundwater treatment technology that will meet 

cleanup levels and ARARs, and therefore protects human health and 
the environment; 

 
• Exhibits a high degree of permanence because it provides in situ 

groundwater treatment that irreversibly treats the constituents of 
concern (pH and arsenic), permanently reducing their toxicity and 
mobility; 

 
• Exerts a great degree of control over the groundwater, reducing the 

potential for gaps in treatment; 
 
• Has a construction cost that is reasonable when compared to the less 

practical and more risky PSR and ASC alternatives;   
 
• Produces no residual waste; and 

 
• Achieves the greatest benefit for the least cost. 
 
For these reasons, Lehigh recommends PASC as the Site remedy.  
 
 

6.2 Next Steps 
 
Following finalization of the FSTR, Ecology drafts the CAP.  The CAP 

outlines final design elements for the Site groundwater remedy.  Lehigh incorporates 
the design elements described in the CAP into the final design documents.  The design 
documents show details such as the actual remedy component layout, operating 
parameter calculations, and design details of the selected alternative. 
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Lehigh will install and operate the remedy components in compliance with 
the documents prepared during detailed design, as follows: 

 
• Site Operations Plan, including Operation and Maintenance Manual; 
• Compliance Monitoring Plan; 
• Health and Safety Plan; 
• Contingency Plan; and 
• Conditions of required permits and regulatory approvals. 
 
Ecology will review and approve these documents during the design phase 

prior to initiation of remedy installation field activities. 
 
 

6.3 Implementation Schedule 
 
Lehigh is committed to implementing the selected groundwater remedy as 

soon as feasible.  Exhibit 6.4-1 presents a preliminary schedule for design, procurement, 
and installation of system components for the PASC remedy.  Actual construction 
depends on: 

 
• Regulatory review and permitting time frames (primarily the NPDES 

process); 
 
• Coordinated public participation; and 
 
• Favorable weather conditions. 
 
The schedule will be updated during the final remedy selection process, as 

well as during the design and procurement phases, in preparation for full-scale field 
installation. 
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EXHIBIT 1.1-1 
AGREED ORDER COMPLIANCE CHECKLIST 

AGREED ORDER NO. DE99HS-E941 
FINAL DRAFT FEASIBILITY STUDY TECHNICAL REPORT 

CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

(UPDATED MAY 2005)  
DELIVERABLE 

NO. ITEM A.O. 
TASK 

COMPLANCE 
DATE 

SUBMITTAL 
DATE 

1 Draft Work Plan for Remedial 
Investigation and Feasibility Study 1 6 Oct 1999 6 Oct 1999 

2 Final Work Plan for Remedial 
Investigation and Feasibility Study 1 15 Oct 1999 15 Oct 1999 

3 Begin Implementation of 
RI and FS 2 1 Nov 1999 1 Nov 1999 

4 Draft Remedial Investigation 
Technical Report 3 15 Feb 2000 15 Feb 2000 

5 Final Remedial Investigation 
Technical Report 3 5 Oct 2001 5 Oct 2001 

6 Pilot Treatment Construction Report 4 4 Apr 2003 3 Apr 2003 

7 Feasibility Study Technical 
Memorandum 4 23 May 2003 22 May 2003 

8 Feasibility Study Technical Report 4   

8a Draft Feasibility Study Technical 
Report 4 7 Nov 2003 

 
12 Nov 2003 

 

8b Revised Draft Feasibility Study 
Technical Report 4 4 March 2005 4 March 2005 

8c Final Revised Draft Feasibility 
Study Technical Report 4 5 May 2005 5 May 2005 

9 Draft Cleanup Action Plan -   

10 Final Cleanup Action Plan -   

11 Responsive Summary -   

12 Break Ground to Install Remedy -   

13 Remedy Installation Complete -   
PERIODIC 

SUBMITTALS 
    

PS RI/FS Progress Reports  Quarterly  
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EXHIBIT NO. 2.3-1CONCEPTUAL SITE GEOLOGY
REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT
LEHIGH CEMENT COMPANY CLOSED CKD PILE

METALINE FALLS, WASHINGTON
PROJECT NO. HR0196-12
DATE MARCH 2005
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EXHIBIT NO. 2.3-2CONCEPTUAL SITE HYDROGEOLOGY
REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT
LEHIGH CEMENT COMPANY CLOSED CKD PILE

METALINE FALLS, WASHINGTON
PROJECT NO. HR0196-12
DATE MARCH 2005
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EXHIBIT 3.2-1 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT 
LEHIGH CEMENT COMPANY CLOSED CKD PILE 

METALINE FALLS, WASHINGTON 
 

ARAR ALT.  # 1 - PTW ALT.  # 2 - GWC ALT.  # 3 – ASC ALT.  # 4 - PSR ALT.  # 5 – FGT ALT.  # 6 – PASC 
Section 404 Dredge 
and Fill Permit Likely Not Applicable  Likely Not Applicable  Likely Not Applicable  Likely Not Applicable  Applicable – Would be 

Met 
Applicable – Would be 
Met 

Section 10 Rivers and 
Harbors Act Not Applicable  Not Applicable  Not Applicable  Not Applicable  Applicable – Would be 

Met 
Applicable – Would be 
Met 

Section 401 Water 
Quality Certification Not Applicable  Not Applicable  Not Applicable  Not Applicable  Applicable – Would be 

Met 
Applicable – Would be 
Met 

Surface Water Quality 
Standards 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Shoreline 
Management Act Not Applicable Applicable – Would be 

Met 
Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met  

Applicable – Would be 
Met  

Floodplain 
Management Act 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Critical Areas 
Ordinance 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

Applicable – Would be 
Met 

State Dangerous 
Waste Regulations Not Applicable  

Probably Not 
Applicable – Treatment 
Solids not Expected to 
Designate as Dangerous 
Waste 

Probably Not 
Applicable – Treatment 
Solids not Expected to 
Designate as Dangerous 
Waste 

Applicable – CKD 
Removed from a Closed 
Facility, Stored 
Temporarily, Disposed 
off-site.  CKD Pile (re-) 
Closure Follows –  
Would be Met.  

Not Applicable  Not Applicable  

State Waste Discharge 
Regulations Not Applicable  

Applicable to Treated 
Water Discharged to 
Sullivan Creek – Would 
be Met 

Applicable to Treated 
Water Discharged to 
Sullivan Creek   – Would 
be Met 

Applicable to Treated 
Water Discharged to 
Sullivan Creek   – Would 
be Met 

Applicable to Treated 
Water Discharged to 
Sullivan Creek and to 
Groundwater – Would be 
Met 

Applicable to Treated 
Water Discharged to 
Sullivan Creek and to  
Groundwater – Would be 
Met 

Clean Water Act/ 
NPDES 

Possibly Applicable to 
Construction Stormwater 
if Disturbed Area 
Exceeds One Acre – 
Would be Met 

Applicable to Treated 
Water Discharged to 
Sullivan Creek – Would 
be Met 

Applicable to 
Construction Stormwater 
and Treated Water 
Discharged to Sullivan 
Creek – Would be Met 

Applicable to 
Construction Stormwater 
and Treated Water 
Discharged to Sullivan 
Creek – Would be Met 

Applicable to 
Construction Stormwater 
and Treated Water 
Discharged to Sullivan 
Creek – Would be Met 

Applicable to 
Construction Stormwater 
and Treated Water 
Discharged to Sullivan 
Creek – Would be Met 

National Toxics Rule 
Site background levels 
govern 

Site background levels 
govern 

Site background levels 
govern 

Site background levels 
govern 

Site background levels 
govern 

Site background levels 
govern 

Hydraulics Project 
Approval Not Applicable  Not Applicable  Not Applicable  Not Applicable  Applicable – Would be 

Met 
Applicable – Would be 
Met 

Aquatic Use 
Authorization Not Applicable  Not Applicable  Not Applicable  Not Applicable  Potentially Applicable – 

Would be Met  
Potentially Applicable – 
Would be Met 

Water right permit Not Applicable  Not Applicable  Not Applicable  Not Applicable  Not Applicable  Not Applicable  
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EXHIBIT 4.1-1 
ALTERNATIVE #1 EVALUATION 

PERMEABLE TREATMENT WALL (PTW) 
CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
PTW Component Description 

PTW  400-ft extension of the current 80-ft Pilot System. The PTW treats groundwater with carbon dioxide in 
situ via diffusion tubing installed in the subsurface.  

Operation and Maintenance Carbon dioxide stored in a tank at the Site. Carbon dioxide storage and diffusion network require 
maintenance. 

Short Term Compliance Monitoring Site-wide quarterly groundwater monitoring. 
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance.  
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

Groundwater pH is decreased and arsenic is precipitated. Downgradient 
groundwater would meet cleanup standards, providing added protection to 
Sullivan Creek. No treatment residuals are formed requiring management. 

Yes 

Comply with Cleanup Standards  Demonstrated PTW technology used to treat Site groundwater. Yes 
Comply with ARARs  PTW complies with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance 

 
• Confirmation 

Protection – Provision of Health and Safety Plans during construction 
Performance – Groundwater monitoring wells downgradient to monitor progress 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Able to meet the cleanup standards.  Minor implementation risks. Moderate-High
Permanence Treatment-based, indefinite treatment. High 
Cost (in millions of dollars)(2) 

Implementation 
OMM 
Total 

See Appendix E for details.  
$2.1 
$2.2 
$4.3 

Effectiveness over the Long-Term Active components. Moderate-High
Management of Short-Term Risks Demonstrated installation techniques. Easy 
Technical and Administrative 
Implementability 

Experience from the Pilot System.  Installation on Lehigh’s property.  Light 
permitting. 

High 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Practicable, Moderate Permanence 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives.  

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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EXHIBIT 4.1-2 
ALTERNATIVE #2 EVALUATION 

GROUNDWATER CONTROL (GWC) 
CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
GWC Component Description  

GWC Combination of the Pilot System in its current operational mode and 16 extraction wells installed 
between Highway 31 and Sullivan Creek. Approximately 55 gpm of groundwater is treated 
aboveground using carbon dioxide and ferric chloride before discharge to Sullivan Creek. 

Operation and Maintenance Diffusion network, chemical storage, extraction wells and treatment system operation and maintenance 
required. 

Short Term Compliance Monitoring Site-wide groundwater quarterly monitoring plus discharge monitoring. 
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance. Discharge monitoring. 
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

Groundwater pH is decreased and arsenic is precipitated. Downgradient 
groundwater would meet cleanup standards, providing added protection to 
Sullivan Creek. Lesser treatment residuals are formed. 

Yes 

Comply with Cleanup Standards  PTW and P&T are demonstrated and proven technologies to treat Site 
groundwater. 

Yes 

Comply with ARARs  GWC complies with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance 
• Confirmation 

Protection – Provision of Health and Safety Plans during construction 
Performance – Groundwater monitoring wells downgradient to monitor progress 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Able to meet the cleanup standards.  Minor implementation risks. Moderate-High
Permanence Treatment-based, indefinite treatment. High 
Cost (in millions of dollars)(2) 

Implementation 
OMM 
Total 

See Appendix E for details.  
$1.1 
$3.0 
$4.1 

Effectiveness over the Long-Term Active components. Moderate-High
Management of Short-Term Risks Conventional, rapid installation. Easy 
Technical and Administrative 
Implementability 

Straightforward installation.  Lehigh property, NPDES, other permits. Moderate 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Practicable, Moderate Permanence 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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EXHIBIT 4.1-3 
ALTERNATIVE #3 EVALUATION 

ADDITIONAL SOURCE CONTROL (ASC) 
CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
ASC Component Description  

ASC A combination of an upgradient slurry wall, upgradient groundwater extraction, and downgradient 
P&T. 

Operation and Maintenance Upgradient groundwater control and discharge maintenance. Chemical storage, extraction wells and 
treatment system operation and maintenance required. 

Short Term Compliance Monitoring Site-wide quarterly groundwater monitoring plus discharge monitoring.  
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance. Discharge monitoring. 
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

ASC uses downgradient P&T to treat the affected groundwater that continues 
despite the slurry wall and upgradient dewatering. 

Yes 

Comply with Cleanup Standards  Slurry wall reduces groundwater volume that contacts CKD, and P&T is a 
proven technology to treat groundwater to meet cleanup standards. 

Yes 

Comply with ARARs  ASC complies with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance 
• Confirmation 

Protection – Provision of Health and Safety Plans during construction 
Performance – Groundwater monitoring wells downgradient to monitor progress 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Decreases CKD-affected water generation.  Able to meet the cleanup standards.  
Moderate to high implementation risks. 

High 

Permanence Source control plus treatment-based component, indefinite treatment. Higher 
Cost (in millions of dollars)(2) 

Implementation 
OMM 
Total 

See Appendix E for details.  
$9.1-$14 

$3.2 
$12.3-$17.2 

Effectiveness over the Long-Term Active components. Moderate-Low
Management of Short-Term Risks Dangerous conditions, especially in the landslide area. Difficult 
Technical and Administrative 
Implementability 

Non-Lehigh property, NPDES, other permits. Moderate-Low

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Disproportionate Costs 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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 EXHIBIT 4.1-4 
ALTERNATIVE #4 EVALUATION 

PARTIAL SOURCE REMOVAL (PSR) 
SCENARIO 1: GROUNDWATER TREATMENT FOR FIVE YEARS 

CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
PSR Component Description  

PSR Removal and replacement of the toe and middle of the Closed CKD Pile with inert material; 
downgradient GWC. 

Operation and Maintenance After implementation and initial inspections, no sustained operation of the Closed CKD Pile required. 
GWC maintenance for 5 years. 

Short Term Compliance Monitoring Downgradient groundwater monitoring.  
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance.  
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

Short-term risks.  GWC treats downgradient groundwater until standard POC 
cleanup. 

Yes 

Comply with Cleanup Standards  PSR results in compliance with clean-up standards. Yes 
Comply with ARARs  PSR complies with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance  
• Confirmation 

Protection – Provision of Health and Safety Plans during construction 
Performance – Indirectly using groundwater monitoring wells downgradient to 
monitor progress 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Significant risks include: opening the Closed CKD Pile, handling CKD, 
excavation of the CKD, transportation.  PSR also includes off-site disposal. 

Low 

Permanence No groundwater treatment required after five years. Highest-
Baseline 

Cost (in millions of dollars)(2) 
Implementation 
OMM 
Total 

See Appendix E for details.  
$17.4-$24.2 

$1.4 
$18.8-$25.6 

Effectiveness over the Long-Term Unlikely potential for no downgradient GWC after 5 years(1). Low 
Management of Short-Term Risks Significant risks. Very Difficult 
Technical and Administrative 
Implementability 

Technical concerns, significant risks, non all on Lehigh property, several years to 
implement, significant permitting. 

Low 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Very Difficult, Disproportionate Costs 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives.  Standard POC uncertain. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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EXHIBIT 4.1-5 
ALTERNATIVE #4 EVALUATION 

PARTIAL SOURCE REMOVAL (PSR) 
 SCENARIO 2: INDEFINITE GROUNDWATER TREATMENT PERIOD 

CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
PSR Component Description  

PSR Removal and replacement of the toe and middle of the Closed CKD Pile with inert material; 
downgradient GWC. 

Operation and Maintenance After implementation and initial inspections, no sustained operation of the Closed CKD Pile required. 
GWC required for indefinite future time period. 

Short Term Compliance Monitoring Downgradient groundwater monitoring.  
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance.  
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

Short-term risks, long-term compliance. Yes 

Comply with Cleanup Standards  PSR will result in compliance with clean-up standards. Yes 
Comply with ARARs  PSR would comply with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance  
• Confirmation 

Protection – Provision of Health and Safety Plans during construction 
Performance – Indirectly using groundwater monitoring wells downgradient to 
monitor progress 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Significant risks include: opening the Closed CKD Pile, handling CKD, 
excavation of the CKD, transportation.  PSR also includes off-site disposal. 

Low 

Permanence Potential source removal, indefinite treatment-based GWC. Highest-
Baseline 

Cost (in millions of dollars)(2) 
Implementation 
OMM 
Total 

See Appendix E for details.  
$17.4-$24.2 

$3.0 
$20.4-$27.2 

Effectiveness over the Long-Term No downgradient GWC after 5 years(1). High 
Management of Short-Term Risks Significant risks. Very Difficult 
Technical and Administrative 
Implementability 

Technical concerns, significant risks, non all on Lehigh property, several years to 
implement, significant permitting. 

Low 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Very Difficult, Disproportionate Costs 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives.  Standard POC uncertain. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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EXHIBIT 4.1-6 
ALTERNATIVE #5 EVALUATION 

FUNNEL AND GATE TREATMENT (FGT) 
CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
FGT Component Description  

FGT Downgradient funnel and gate to PTW treatment technology. Potential minor dewatering of the Closed 
CKD Pile. 

Operation and Maintenance Carbon dioxide storage for groundwater treatment. Maintenance of the carbon dioxide storage and 
diffusion network. 

Short Term Compliance Monitoring Site-wide quarterly groundwater monitoring plus discharge monitoring.  
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance. Discharge monitoring. 
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

Treats water using PTW technology. Yes 

Comply with Cleanup Standards  FGT uses demonstrated PTW technology to treat Site groundwater. Yes 
Comply with ARARs  FGT would comply with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance  
• Confirmation 

 
Protection – Provision of Health and Safety Plans 
Performance – Groundwater monitoring wells along treatment flowpath 
Confirmation – POC groundwater monitoring wells 

 
Yes 
Yes 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Conditional POC. Moderate-High
Permanence Able to meet the cleanup standards.  Minor implementation risks. High 
Cost (in millions of dollars)(2) 

Implementation 
OMM 
Total 

See Appendix E for details.  
$2.3-$2.6 

$2.1 
$4.4-$4.7 

Effectiveness over the Long-Term Passive treatment components. Moderate-High
Management of Short-Term Risks Conventional installation. Easy 
Technical and Administrative 
Implementability 

Relatively straightforward installation.  Lehigh property, NPDES, other permits. Moderate 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Practicable, Moderate Permanence 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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 EXHIBIT 4.1-7 
ALTERNATIVE #6 EVALUATION 

PARTIAL ADDITIONAL SOURCE CONTROL (PASC) 
CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
PASC Component Description  

PASC FGT plus a gravity drain to intercept water upgradient of the Closed CKD Pile. 
Operation and Maintenance Same as FGT, plus occasional gravity drain assessment. 
Short Term Compliance Monitoring Site-wide quarterly groundwater monitoring plus discharge monitoring.  
Long-Term Compliance Monitoring Groundwater monitoring at the point of compliance. Discharge monitoring. 
New Institutional Controls Fence and warning signs; restrictive covenants. 
 

Criteria Comments Rating 
Protect Human Health and the 
Environment 

PASC would treat groundwater like the FGT and also reduce CKD-affected 
water generation. 

Yes 

Comply with Cleanup Standards  PASC uses demonstrated PTW technology to treat Site groundwater. Yes 
Comply with ARARs  PASC would comply with ARARs. Yes 
Provide for Compliance Monitoring 

• Protection 
• Performance  
• Confirmation 

Protection – Provision of Health and Safety Plans 
Performance – Same as FGT plus additional existing wells to evaluate gravity 
drain performance. 
Confirmation – POC groundwater monitoring wells 

Yes 
Yes 

 
Yes 

Use of Permanent Solutions to the 
Maximum Extent Practicable(1) Disproportionate Cost Analysis(1) 

Protectiveness Decreases CKD-affected water generation.  Able to meet the cleanup standards.  
Minor implementation risks. 

Highest 

Permanence Source control. Treatment-based technology, indefinite treatment. Higher 
Cost (in millions of dollars)(2) 

Implementation 
OMM 
Total 

See Appendix E for details.  
$2.4-$3.0 

$2.1 
$4.5-$5.1 

Effectiveness over the Long-Term Passive treatment components. Source control components. High 
Management of Short-Term Risks Conventional installation. Easy 
Technical and Administrative 
Implementability 

Relatively straightforward installation.  Mostly Lehigh property except for State 
Route 31, NPDES, other permits. 

Moderate 

Consideration of Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Disproportionate Cost Analysis Results Practicable, High Permanence 
Provide for a Reasonable Restoration Time 
Frame 

The restoration timeframe for a conditional POC would be similar to other 
alternatives. 

Yes 

Consider Public Concerns(3) Public will have the opportunity to review and provide comment on alternatives. Yes 
Prevent Domestic Use of CKD-Affected 
Groundwater 

Meets cleanup levels; restrictive covenant. Yes 

 
Note: (1) PSR has the highest degree of permanence. 
 (2) Costs presented here for a 30-year project duration using a 7 percent discount rate. The detailed cost tables show results for other 

project durations and discount rates. 
 (3) The public will be provided with opportunities to comment and provide input regarding the alternatives.  Ecology will address 

public comments before finalizing this document. 
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EXHIBIT 4.1-8 
COMPARISON OF ESTIMATED ALTERNATIVE COSTS 

LEHIGH CEMENT COMPANY CLOSED CKD PILE 
METALINE FALLS, WASHINGTON 

 

 
ALT.  # 1 

PTW 
ALT.  # 2 

GWC 
ALT.  # 3 

ASC 

ALT.  # 4 
PSR 

(Scenario 1) 

ALT.  # 4 
PSR 

(Scenario 2) 
ALT.  # 5 

FGT 
ALT.  # 6 

PASC 

Capital Cost $2.1 $1.1 $9.1 - $14 $17.4 - $24.2 $17.4 - $24.2 $2.3 - $2.6 $2.4 - $3.0 

O&M $0.15 $0.23 $0.24 $0.23 / 0.06(1) $0.23 $0.15 $0.15 

Periodic Cost(2) $0.60 $0.35 $0.35 – $0.35 $0.60 $0.60 

30-Year Present Cost (discount rate 7%) $4.3 $4.1 $12.3 - $17.2 $18.8 - $25.6 $20.4 - $27.2 $4.4 - $4.7 $4.5 - $5.1 

100-Year Present Cost (discount rate 7%) $4.6 $4.6 $12.7 - $17.6 $19 - $25.8 $20.9 - $27.7 $4.8 - $5.1 $4.9 - $5.5 

100-Year Cost (non-discounted) $20.7 $26.2 $35.2 - $40.1 $24.2 - $31 $42.5 - $49.3 $20.9 - $21.2 $21 - $21.6 
 
Notes: Cost is in millions of dollars. 
 PSR Scenario 1 – Using Ecology's assumption, groundwater will meet clean-up levels in five years without further treatment. 
 PSR Scenario 2 – Groundwater will not meet clean-up levels without indefinite treatment. 

(1) $230,000 per year for first five years of operation, $60,000 per year thereafter. 
(2) Periodic cost assessed every fifteen years for large replacement items (i.e., aboveground treatment systems, buried PTW segments, etc.) 
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EXHIBIT 4.3-2
PERMEABLE TREATMENT WALL (PTW) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. PTW System Construction 400 lf 3,100$            1,240,000$               Approximately 400 feet PTW, 140 feet barrier walls, 20 feet deep
2. PTW alignment lithologic borings 11 each 3,100$            33,000$                    Approximately 1 boring every 50 feet
3. Groundwater Monitoring Wells Installation 5 each 6,300$            32,000$                    Approximately 20 feet deep
4. Compliance Monitoring Wells Installation 4 each 6,300$            25,000$                     
5. Carbon Dioxide Tank and Enclosure 1 each 41,000$          41,000$                    Additional tank to supplement existing, includes installation

6. Fencing and Signage 1 ls 24,000$          24,000$                    
CONSTRUCTION COST SUBTOTAL ESTIMATE 1,400,000$               

7. Permitting 1 ls 20,000$                    
8. Design (Plans and Specifications) 10 % 140,000$                  
9. CM/CQA 10 % 140,000$                  
10. Bonding 1 % 14,000$                   

1,710,000$         
Contingency 20 % 342,000$            
TOTAL CAPITAL COST ESTIMATE 2,100,000$         

ESTIMATED O&M COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Labor 160                 hour 100$               16,000$                    System maintenance

2. Groundwater Treatment Costs 365               days 170$              62,050$                   Includes chemicals and utilities

3. Quarterly Groundwater Monitoring 4                   event 7,000$           28,000$                   Includes sampling and analytical costs

4. Quarterly Reporting 4                     event 5,000$            20,000$                    Includes sampling and analytical costs

Subtotal 126,000$            
Contingency 20 % 25,200$              
YEARLY O&M COST ESTIMATE 150,000$            

30-YEAR PRESENT COST ESTIMATE $4,300,000 Discount rate = 7%

COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $4,600,000
Installation Cost plus 100 years of Operation (Non-Discount) $20,700,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
A periodic cost ($600,000) is assessed every 15 years for large replacement items (e.g., buried carbon dioxide systems, carbon dioxide tank, etc.)

Subtotal
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EXHIBIT 4.4-2
GROUNDWATER CONTROL (GWC) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Groundwater Extraction Well Installation 16 wells 7,039$            110,000$                     Approximately 20 feet deep
2. Extraction Pumps 18 each 2,801$            50,000$                      Includes equipment and installation labor, 2 spares
3. Earthworks 1 ls 13,660$          10,000$                      Piping trenches and treatment system pad and components
4. Extraction Piping 1,100 lf 15$                 20,000$                      To treatment system and treated outfall, includes installation
5. Electrical Conduit and Wiring 1,700 lf 10$                 20,000$                      Supply power to pumps, heaters, and treatment system
6. Groundwater Treatment System 1 each 417,364$        420,000$                     Carbon dioxide and ferric chloride groundwater treatment
7. Additional Carbon Dioxide Tank and Enclosure 1 each 40,638$          40,000$                      Pilot operation plus pump and treat
8. Compliance Monitoring Wells Installation 4 each 6,271$            30,000$                      
9. Fencing and Signage 1 ls 24,000$          24,000$                      

CONSTRUCTION COST SUBTOTAL ESTIMATE 724,000$                     

10. Permitting 1 ls 50,000$                      
11. Design (Plans and Specifications) 10 % 72,400$                      
12. CM/CQA 10 % 72,400$                      
13. Bonding 1 % 7,240$                        
14. Liquid Waste Disposal 1,000 gal 5$                  5,000$                        

930,000$              
Contingency 15 % 139,500$              
TOTAL CAPITAL COST ESTIMATE 1,100,000$           

ESTIMATED O&M COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Labor 260 hour 100$               26,000$                      System maintenance

2. Extraction Pump/Well Maintenance 1 each 15,000$         15,000$                      Includes redevelopment and servicing

3. Groundwater Treatment Costs 365 day 160$              58,400$                      Includes chemicals and utilities

4. Quarterly Groundwater Monitoring 4 event 7,000$           28,000$                      Includes sampling and analytical costs

5. Quarterly Reporting 4 event 5,000$           20,000$                      Report of quarterly results

6. Monthly NPDES Sampling and Reporting 12 mo 3,000$           36,000$                      Sampling of discharge

7. Waste Disposal 25 ton 700$               17,500$                      Treatment Residuals

Subtotal 200,900$              
Contingency 15 % 30,135$                
YEARLY O&M COST ESTIMATE 230,000$              

30-YEAR PRESENT COST ESTIMATE 4,100,000$       Discount rate = 7%

COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $4,600,000
Installation Cost plus 100 years of Operation (Non-Discount) $26,200,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
A periodic cost ($350,000) is assessed every 15 years for large replacement items (e.g., groundwater treatment systems, etc.)

Subtotal
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EXHIBIT 4.5-2
ADDITIONAL SOURCE CONTROL (ASC) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

(LOW)

ESTIMATED
UNIT COST

(HIGH)

ESTIMATED
LOW

TOTAL

ESTIMATED
HIGH

TOTAL Notes
1. Slurry Cut-Off Wall 192,000 sf 30$                            50$                            5,800,000$                9,600,000$                Deep trench, landslide area
2. Slurry Wall End Drains 2 each 24,000$                     24,000$                     48,000$                     48,000$                     For dewatering discharge.
3. Upgradient Groundwater Dewatering/ Water Conveyance 14 wells 23,000$                     23,000$                     322,000$                   322,000$                   In unaffected groundwater
4. Carbon Dioxide Tank and Enclosure 1 each 41,000$                     41,000$                     41,000$                     41,000$                     Additional tank to supplement existing, includes installation
5. P&T Groundwater Extraction Well Installation 13 wells 7,000$                       7,000$                       91,000$                     91,000$                     Approximately 20 feet deep
6. Extraction Pumps for P&T 15 each 2,800$                       2,800$                       42,000$                     42,000$                     Includes equipment and installation labor, 2 spares
7. Earthworks for P&T 1 ls 13,660$                     13,660$                     14,000$                     14,000$                     Piping trenches and treatment system pad and components
8. Extraction Piping for P&T 900 lf 15$                            15$                            14,000$                     14,000$                     To treatment system and treated outfall, includes installation
9. Electrical Conduit and Wiring for P&T 1,500 lf 10$                            10$                            15,000$                     15,000$                     Supply power to pumps, heaters, and treatment system
10. Groundwater Treatment System 1 each 420,000$                   420,000$                   420,000$                   420,000$                   Carbon dioxide and ferric chloride groundwater treatment
11. Compliance Monitoring Well Installation 4 each 6,300$                       6,300$                       25,000$                     25,000$                     
12. Fencing and Signage 1 ls 24,000$                     24,000$                     24,000$                     24,000$                     

CONSTRUCTION COST SUBTOTAL ESTIMATE 6,900,000$                10,700,000$              

13. Permitting 1 ls 50,000$                     70,000$                     
14. Design and Site Investigation (Plans and Specifications) 4 % 276,000$                   428,000$                   
15. CM/CQA 4 % 276,000$                   428,000$                   
16. Bonding 1 % 69,000$                     107,000$                   

7,600,000$          11,700,000$        
Contingency 20 % 1,520,000$          2,340,000$          
TOTAL CAPITAL COST ESTIMATE 9,100,000$          14,000,000$        

ESTIMATED O&M COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Labor 400 hour 100$                          40,000$                     System maintenance

2. Extraction Pump/Well Maintenance 1 each 25,000$                     25,000$                     Includes redevelopment and servicing

3. Groundwater Treatment Costs 365 day 100$                          36,500$                     Includes chemicals and utilities

4. Quarterly Groundwater Monitoring 4 event 7,000$                       28,000$                     Includes sampling and analytical costs

5. Quarterly Reporting 4 event 5,000$                       20,000$                     Report of quarterly results

6. Monthly NPDES Sampling and Reporting 12 mo 3,000$                       36,000$                     Sampling of discharge

7. Waste Disposal 14 ton 700$                          9,800$                       Treatment Residuals

8. Dewatering Costs 131400 kWh 0.10$                         13,140$                     Electrical

Subtotal 210,000$             
Contingency 15 % 31,500$               
YEARLY O&M COST ESTIMATE 240,000$             

30-YEAR PRESENT COST ESTIMATE RANGE 12,300,000$   to 17,200,000$   Discount rate = 7%

COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $12,700,000 to $17,600,000
Installation Cost plus 100 years of Operation (Non-Discount) $35,200,000 to $40,100,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
A periodic cost ($350,000) is assessed every 15 years for large replacement items (e.g., groundwater treatment systems, etc.)

Subtotal

HR0196-12/MFW05-13_E452.xls/EX 4.5-2  18 FEB 05 / 5:00 PM





DRAFT GeoSyntec Consultants

EXHIBIT 4.6-2
PARTIAL SOURCE REMOVAL (PSR) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

(LOW)

ESTIMATED
UNIT COST

(HIGH)

ESTIMATED
LOW

TOTAL

ESTIMATED
HIGH

TOTAL Notes
1. CKD Investigative Borings 8 each 16,000$                               20,000$                      128,000$                                    160,000$                   8 borings to approximately 100 feet deep
2. Buy / Rent Temporary Storage Area for CKD 1 ls 50,000$                               50,000$                      50,000$                                      50,000$                     
3. Build Temporary Storage for the Excavated CKD 24,000 sy 16$                                     32$                            384,000$                                    768,000$                   
4. Dewatering, Treatment, and Discharge 150 day 1,000$                                 1,200$                        150,000$                                    180,000$                   
5. Toe Excavation (Sheet Piles) 5,500 cy 20$                                     30$                            110,000$                                    165,000$                   
6. Place Inert Backfill (Toe) 2,800 cy 10$                                     20$                            28,000$                                      56,000$                     
7. Replace CKD from Toe 2,700 cy 15$                                     20$                            41,000$                                      54,000$                     Assumes 100% compaction for purposes of Revised dFSTR
8. Lower CKD Excavation 260,000 cy 15$                                     20$                            3,900,000$                                 5,200,000$                
9. Place Inert Backfill (Lower CKD) 7,000 cy 15$                                     20$                            105,000$                                    140,000$                   
10. Replace CKD from the Large Excavation 253,000 cy 15$                                     20$                            3,800,000$                                 5,060,000$                Assumes 100% compaction for purposes of Revised dFSTR
11. Replace Cover 34,000 sy 60$                                     80$                            2,040,000$                                 2,720,000$                For abandoned boreholes and excavation area
12. GWC Installation 1 each 720,000$                             720,000$                    720,000$                                    720,000$                   For abandoned boreholes and excavation area
13 Compliance Monitoring Wells Installation 4 each 6,300$                                 6,300$                        25,000$                                      25,000$                     
14 Fencing and Signage 1 ls 24,000$                              24,000$                     24,000$                                      24,000$                    

CONSTRUCTION COST SUBTOTAL ESTIMATE 11,500,000$                               15,300,000$              

14. Permitting 1 ls 50,000$                                      80,000$                     
15. Design and Site Investigation (Plans and Specifications) 4 % 460,000$                                    612,000$                   
16. CM/CQA 4 % 460,000$                                    612,000$                   
17. Bonding 1 % 115,000$                                    153,000$                   

18.
CKD Disposal

9,800 cy 200$                                   350$                           1,960,000$                                 3,430,000$                

Subtotal 14,500,000$                       20,200,000$        
Contingency 20 % 2,900,000$                         4,040,000$          
TOTAL CAPITAL COST ESTIMATE 17,400,000$                       24,200,000$        

ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Labor 260 hour 100$                                   26,000$                      System maintenance

2. Extraction Pump/Well Maintenance 1 each 15,000$                              15,000$                     Includes redevelopment and servicing

3. Groundwater Treatment Costs 365 day 160$                                  58,400$                     Includes chemicals and utilities

4. Monthly NPDES Sampling and Reporting 12 mo 3,000$                                36,000$                     Sampling of discharge

5. Waste Disposal 25 ton 700$                                  17,500$                     
6. Quarterly Groundwater Monitoring 4 event 7,000$                                28,000$                     Includes sampling and analytical costs

7. Quarterly Reporting 4 event 5,000$                                 20,000$                      Report of quarterly results

Subtotal 200,900$              
Contingency 15 % 30,135$                
YEARLY O&M COST ESTIMATE 230,000$              

ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

ESTIMATED
TOTAL Notes

1. Quarterly Groundwater Monitoring 4 event 7,000$                                28,000$                     Includes sampling and analytical costs

2. Quarterly Reporting 4 event 5,000$                                 20,000$                      Report of quarterly results

Subtotal 48,000$                
Contingency 15 % 7,200$                  
YEARLY O&M COST ESTIMATE 60,000$                

SCENARIO 1 (Ecology assumes that groundwater treatment will not be required after five years)
30-YEAR PRESENT COST ESTIMATE (Discount rate = 7%) 18,800,000$           to 25,600,000$                 
COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $19,000,000 to $25,800,000
Installation Cost plus 100 years of Operation (Non-Discount) $24,200,000 to $31,000,000

SCENARIO 2 (Lehigh believes that groundwater treatment will be required for an indefinite future time period)
30-YEAR PRESENT COST ESTIMATE (Discount rate = 7%) 20,400,000$           to 27,200,000$                 
COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $20,900,000 to $27,700,000
Installation Cost plus 100 years of Operation (Non-Discount) $42,500,000 to $49,300,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
Scenario 2 includes a periodic cost ($350,000) is assessed every 15 years for large replacement items (e.g., groundwater treatment systems, etc.)

For the purposes of this Revised dFSTR, only CKD that is 
displaced by the inert backfill will be disposed.

ESTIMATED O&M COSTS INCLUDING GWC 
TREATMENT

SCENARIO 1 - ESTIMATED O&M COSTS AFTER 
THE INITIAL FIVE YEARS OF OPERATION 
(ECOLOGY ASSUMPTION)
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EXHIBIT 4.7-2
FUNNEL AND GATE TREATMENT (FGT) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

(LOW)

ESTIMATED
UNIT COST

(HIGH)

ESTIMATED
LOW

TOTAL

ESTIMATED
HIGH

TOTAL Notes
1. Earthen Platform for Slurry Wall Installation 5300 cy 3$                   3$                           18,000$                   18,000$                        Approximately 3 ft tall, 40 ft wide, 1200 ft long, plus compaction
2. Slurry Walls (Cement Bentonite) 17500 sf 10$                 15$                         175,000$                 263,000$                      Approximately 700 ft long, 25 ft deep
3. Slurry Diaphragm Walls 8750 sf 50$                 75$                         438,000$                 656,000$                      Approximately 350 ft long, 25 ft deep
4. Gravel 11963 cy 11$                 11$                         134,000$                 134,000$                      French Drain And Cooridor
5. Excavate Drainage Wall 1296 cy 2$                   2$                           3,000$                     3,000$                          Approximately 700 ft long, 25 ft deep, 2 ft thick
6. Backfill Drainage Wall with Gravel 1296 cy 6$                   6$                           8,000$                     8,000$                          FE loader, 200 ft haul, 35 cf bucket
7. Treatment and Discharge Cooridor Excavation 10667 cy 1$                   1$                           12,000$                   12,000$                        FE loader, bulk bank measure, short haul (80 ft x 200 ft x 18 ft)
8. Corridor Dewatering and Treatment 80 day 1,000$            1,000$                    80,000$                   80,000$                        Drainage trench, pumping 8 hours/day, recycle to pilot PTW
9. Install Carbon Dioxide Treatment System 400 lf 1,000$            1,000$                    400,000$                 400,000$                      Approximately 80 ft long, 5 treatment walls

10. Surficial Termination of Treatment Pipes 1 ls 50,000$          50,000$                  50,000$                   50,000$                        
11. Backfill Cooridor with Gravel 10667 cy 2$                   2$                           24,000$                   24,000$                        
12. Rip-Rap Installation into Sullivan Creek 560 cy 42$                 42$                         24,000$                   24,000$                        Random, machine-placed broken stone (100 ft x 50 ft x 3 ft)
13. Instrumentation and Controls 1 ls 50,000$         50,000$                 50,000$                  50,000$                       
14. Performance Monitoring Wells Installation 12 each 1,000$            1,000$                    12,000$                   12,000$                        Approximately 20 feet deep in gravel cooridor
15. Compliance Monitoring Wells Installation 5 each 6,271$            6,271$                    31,000$                   31,000$                        Approximately 20 feet deep in floodplain

16. Carbon Dioxide Tank and Enclosure 1 each 40,638$          40,638$                  41,000$                   41,000$                        Additional tank to supplement existing, includes installation

17. Fencing and Signage 1 ls 24,000$          24,000$                  24,000$                   24,000$                        
CONSTRUCTION COST SUBTOTAL ESTIMATE 1,500,000$              1,800,000$                   

18. Permitting 1 ls 60,000$                   60,000$                        
19. Design (Plans and Specifications) 10 % 150,000$                 180,000$                      
20 CM/CQA 10 % 150,000$                 180,000$                      

21. Bonding 1 % 15,000$                   18,000$                        

Subtotal 1,900,000$        2,200,000$             
Contingency 20 % 380,000$           440,000$                
TOTAL CAPITAL COST ESTIMATE 2,300,000$        2,600,000$             

ESTIMATED O&M COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

1. Labor 160                  hour 100$               16,000$                  System maintenance

2. Groundwater Treatment Costs 365                  days 170$               62,050$                  Includes chemicals and utilities

3. Quarterly Groundwater Monitoring 4                      event 7,000$            28,000$                  Includes sampling and analytical costs

4. Quarterly Reporting 4                      event 5,000$            20,000$                  Includes sampling and analytical costs

Subtotal 126,000$          
Contingency 20 % 25,200$            
YEARLY O&M COST ESTIMATE 150,000$          

30-YEAR PRESENT COST ESTIMATE RANGE $4,400,000 to $4,700,000 Discount rate = 7%

COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $4,800,000 to $5,100,000
Installation Cost plus 100 years of Operation (Non-Discount) $20,900,000 to $21,200,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
A periodic cost ($600,000) is assessed every 15 years for large replacement items (e.g., buried carbon dioxide systems, acrbon dioxide tank, slurry wall)
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EXHIBIT 4.8-2
PARTIAL ADDITIONAL SOURCE CONTROL (PASC) COST ESTIMATE

CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

ESTIMATED CAPITAL COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

(LOW)

ESTIMATED
UNIT COST

(HIGH)

ESTIMATED
LOW

TOTAL

ESTIMATED
HIGH

TOTAL Notes
1. Site Preparation for Gravity Drains 1 ls 5,000$            10,000$            5,000$                    10,000$                  Either a pit or a platform, plus a vault
2. Gravity Drains Mobilization 1 ls 10,000$          20,000$            10,000$                  20,000$                  Drill rig, crew, and support truck
3. Gravity Drains 670 lf 120$               200$                 80,000$                  134,000$                1 drain, approximately 550 ft long, 120 ft vertical
4. Earthen Platform for Slurry Wall Installation 5300 cy 3$                    3$                     18,000$                  18,000$                  Approximately 3 ft tall, 40 ft wide, 1200 ft long, plus compaction
5. Slurry Walls (Cement Bentonite) 17500 sf 10$                 15$                   175,000$                263,000$                Approximately 700 ft long, 25 ft deep
6. Slurry Diaphragm Walls 8750 sf 50$                 75$                   438,000$                656,000$                Approximately 350 ft long, 25 ft deep
7. Gravel 11963 cy 11$                 11$                   134,000$                134,000$                French Drain And Cooridor
8. Excavate Drainage Wall 1296 cy 2$                    2$                     3,000$                    3,000$                    Approximately 700 ft long, 25 ft deep, 2 ft thick
9. Backfill Drainage Wall with Gravel 1296 cy 6$                    6$                     8,000$                    8,000$                    FE loader, 200 ft haul, 35 cf bucket

10. Treatment and Discharge Cooridor Excavation 10667 cy 1$                    1$                     12,000$                  12,000$                  FE loader, bulk bank measure, short haul (80 ft x 200 ft x 18 ft)
11. Corridor Dewatering and Treatment 80 day 1,000$            1,000$              80,000$                  80,000$                  Drainage trench, pumping 8 hours/day, recycle to pilot PTW
12. Install Carbon Dioxide Treatment System 400 lf 1,000$            1,000$              400,000$                400,000$                Approximately 80 ft long, 5 treatment walls
13. Surficial Termination of Treatment Pipes 1 ls 50,000$          50,000$            50,000$                  50,000$                  
14. Backfill Cooridor with Gravel 10667 cy 2$                    2$                     24,000$                  24,000$                  
15. Rip-Rap Installation into Sullivan Creek 560 cy 42$                 42$                   24,000$                  24,000$                  Random, machine-placed broken stone (100 ft x 50 ft x 3 ft)
16. Instrumentation and Controls 1 ls 50,000$          50,000$            50,000$                  50,000$                  
17. Performance Monitoring Wells Installation 12 each 1,000$            1,000$              12,000$                  12,000$                  Approximately 20 feet deep in gravel cooridor
18. Compliance Monitoring Wells Installation 5 each 6,271$            6,271$              31,000$                  31,000$                  Approximately 20 feet deep in floodplain

19. Carbon Dioxide Tank and Enclosure 1 each 40,638$          40,638$            41,000$                  41,000$                  Additional tank to supplement existing, includes installation
20. Fencing and Signage 1 ls 24,000$          24,000$            24,000$                  24,000$                  

CONSTRUCTION COST SUBTOTAL ESTIMATE 1,600,000$             2,000,000$             

21. Permitting 1 ls 60,000$                  60,000$                  
22. Design (Plans and Specifications) 10 % 160,000$                200,000$                
23. CM/CQA 10 % 160,000$                200,000$                
24. Bonding 1 % 16,000$                  20,000$                  

Subtotal 2,000,000$       2,500,000$       
Contingency 20 % 400,000$          500,000$          
TOTAL CAPITAL COST ESTIMATE 2,400,000$       3,000,000$       

ESTIMATED O&M COSTS
ESTIMATED
QUANTITY UNIT

ESTIMATED
UNIT COST

1. Labor 160                       hour 100$               16,000$            System maintenance
2. Groundwater Treatment Costs 365                       days 170$               62,050$            Includes chemicals and utilities
3. Quarterly Groundwater Monitoring 4                           event 7,000$            28,000$            Includes sampling and analytical costs

4. Quarterly Reporting 4                           event 5,000$            20,000$            Includes sampling and analytical costs

Subtotal 126,000$     
Contingency 20 % 25,200$       
YEARLY O&M COST ESTIMATE 150,000$     

30-YEAR PRESENT COST ESTIMATE RANGE 4,500,000 to 5,100,000 Discount rate = 7%

COST ESTIMATE SCENARIOS FOR COMPARISON PURPOSES ONLY
Installation Cost plus 100 years of Operation (Discount rate = 7%) $4,900,000 to $5,500,000
Installation Cost plus 100 years of Operation (Non-Discount) $21,000,000 to $21,600,000

General Assumptions
Costs presented in 2005 US dollars ($US 2005)
CM/CQA - Construction Management/Construction Quality Assurance
A periodic cost ($600,000) is assessed every 15 years for large replacement items (e.g., buried carbon dioxide systems, carbon dioxide tank, slurry wall, etc.)
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EXHIBIT 6.3-1
SCHEDULE MILESTONES: PASC DESIGN, PROCUREMENT, AND INSTALLATION

REVISED DRAFT FEASIBILITY STUDY TECHNICAL REPORT
CLOSED CEMENT KILN DUST PILE
METALINE FALLS, WASHINGTON

Task Begin End
Feasibility Study Technical Report (FSTR)

Revised dFSTR Submitted to Ecology
Ecology review of Revised Draft FSTR March 2005 April 2005
Finalize the Revised  Draft FSTR April 2005 May 2005
Public Comment/Public Hearing on dFSTR May 2005 June 2005
Responsiveness Summary/ Final FSTR Issued

Cleanup Action Plan (CAP)
Draft CAP/ Construction Permits/ SEPA (DNS or Mitigated DNS) June 2005 August 2005
Public Comment/ Public Hearing on dCAP August 2005 September 2005
Responsiveness Summary/ CAP September 2005 October 2005
Consent Decree Issued

Draft Consent Decree (CD)
Public Comment/ Public Hearing on CD August 2005 September 2005
Responsiveness Summary/ Final CD September 2005 October 2005

Permit for Building the CO2 Tank Enclosure
Preparing and Submitting JARPA for Enclosure Construction March 2005 July 2005
Obtaining Pend Oreille shoreline, floodplain, and building permits July 2005 September 2005

NPDES Permit
Prepare NPDES Documentation (2 - 3 months) April 2005 June 2005
Ecology/ EPA Documentation Review (3  - 6 months) July 2005 January 2006
Permit Issued

Other Potential Permits/Regulatory Approvals for the Remedy
Prepare and Submit JARPA for Remedy Implementation March 2005 September 2005
USCOE 404 Permitting September 2005 January 2006
Fish and Wildlife Hydraulics Project Approval September 2005 October 2005
Department of Natural Resources Aquatic Use Authorization September 2005 November 2005
Pend Oreille County shoreline, floodplain, and building permits September 2005 November 2005
Ecology Section 401 Certification September 2005 March 2006

Design Report
Design and Report March 2005 June 2005
Plans and Specifications June 2005 August 2005
Ecology Review of the Design Report August 2005 September 2005
Public Comment/ Public Hearing on Design Report September 2005 October 2005
Responsiveness Summary/ Final Design Report October 2005 November 2005

Procurement (Bid/ Negotiate/ Contract)
Aboveground Structural Contractor June 2005 August 2005
CO2 Tank November 2005 May 2006
Specialty Contractors November 2005 January 2006
Mechanical Contractor December 2005 January 2006
Electrical / System Controls Contractor December 2005 January 2006
Other Contractor(s) February 2006 April 2006
Initial Mobilization April 2006 May 2006

REMEDY IMPLEMENTATION
Build New CO2 Tank Enclosure (includes foundation) March 2006 April 2006
Install New CO2 Tank (includes transport) May 2006 June 2006
Remedy Treatment System Construction May 2006 September 2006
Conduct work affecting Sullivan Creek during the "fish window" July 2006 July 2006
Commissioning September 2006 September 2006
Remedy Completion

NOTES
DNS - Determination of Non-Significance
NPDES - National Pollution Discharge Elimination System
JARPA - Joint Aquatic Resources Permit Application
USCOE - United States Corps of Engineers
CO2 - Carbon Dioxide

September 2006

The following schedule is provided for illustrative purposes.  Although the schedules differ, PTW, GWC, ASC, PSR, and FGT 
possess similar scheduling steps.  ASC and PSR may represent to largest scheduling departures because of their time to 

implement, which may bridge construction seasons.

June 2005

October 2005

January 2006

4 March 2005
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APPENDIX A 
PILOT TREATMENT WALL STUDY 

2003 WORK PROGRAM DESCRIPTION AND  
SUMMARY OF FINDINGS 

 
DRAFT FEASIBILITY STUDY TECHNICAL REPORT 

CLOSED CEMENT KILN DUST PILE 
METALINE FALLS, WASHINGTON 

 
A.1. INTRODUCTION 

 
A.1.1 Terms of Reference 

 
This appendix describes the work conducted in 2003 in support of the preparation of 

the feasibility study (FS) and presents a summary of investigatory results and analyses.  This 
report was prepared for the Lehigh Cement Company (Lehigh) Closed Cement Kiln Dust (CKD) 
Pile (Site) located in Metaline Falls, Washington (see Exhibit A-1) by GeoSyntec Consultants 
(GeoSyntec).  The 2003 work program described in Sections A.1 through A.4 was conducted 
during the FS phase of Agreed Order No. DE99HS-E941 (AO).  GeoSyntec has continued to 
collect data and perform work in support of the FS since the original submittal of this appendix 
to the draft Feasibility Study Technical Report (dFSTR) in November 2003.  Section A.5 of this 
appendix summarizes work conducted from November 2003 to present.  This appendix and its 
attachments form Appendix A of the Revised draft Feasibility Study Technical Report (Revised 
dFSTR) submitted in March 2005.  

 
A.1.2 Background 

 
Since 1989, extensive environmental work has been conducted at the Site, including 

extensive site characterization, closure of the CKD pile, post-closure care and monitoring, and 
filling of low-lying areas downgradient of the closed CKD pile.  In 1999, GeoSyntec conducted a 
focused remedial investigation (RI) at the Site [GeoSyntec, 2001].  The results of the RI 
confirmed that groundwater quality in certain areas downgradient of the CKD pile is 
characterized by high pH, decreased oxidation-reduction potential (redox potential or Eh), and 
elevated arsenic concentrations.   
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Following the RI, GeoSyntec performed a series of treatability studies and 
geochemical evaluations to evaluate methods for treating groundwater affected by the CKD pile.  
This work complemented investigations into other approaches that would isolate the CKD 
materials from groundwater contact.  Interim Progress Report No. 1 [GeoSyntec, 2000], which 
was submitted to Ecology in 2000, documents the treatability tests.  Treatability studies were 
conducted to evaluate potential methods for treating groundwater with high pH, decreased redox 
potential, and elevated arsenic levels.  GeoSyntec evaluated several methods, including treating 
the groundwater with carbon dioxide, pyrite, and carbohydrate.  Key conclusions of the 
treatability studies included: 

 
• Geochemical models predicted that decreasing pH and concurrently 

increasing Eh would reduce pH and arsenic levels for the Site.   

• Treatability test data indicated that carbon dioxide treatment effectively 
decreased the pH of Site groundwater to the desired range. 

• Treatability test data indicated that Site groundwater carbon dioxide treatment 
increased Eh. 

• Based on technical research and results from chemical analysis, pyrite 
treatment is a potential source of heavy metals, including arsenic, in Site 
groundwater. 

• Treatment of Site groundwater with carbohydrate (i.e., wood chips) produced 
unfavorable conditions during treatability tests (e.g., contaminant addition, 
foaming) that made it infeasible for full-scale groundwater treatment. 

• Based on thermochemical calculations, heat generation from Site groundwater 
pH neutralization with carbon dioxide would likely be manageable at field 
scale.  Temperature increases were not noticeable during treatability tests. 

• Treatability test data indicated that significant carbonate alkalinity is present 
in Site groundwater, requiring more carbon dioxide than would be required 
for the same pH groundwater absent carbonates. 

• Geochemical evaluations of the soluble calcium carbonate suggested that this 
compound will not precipitate in the groundwater if the pH of Site 
groundwater is decreased by carbon dioxide treatment. 
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• Based on laboratory data, naturally-occurring Site solids (native soils) contain 
measurable arsenic concentrations.  Arsenic leaching into groundwater treated 
with carbon dioxide during treatability tests was not detectable. 

 
Based on the treatability study results and following approval from Ecology, Lehigh 

decided to further evaluate in-situ groundwater carbon dioxide treatment to treat Site 
groundwater.  Lehigh and GeoSyntec designed a pilot in-situ groundwater carbon dioxide 
treatment system, also referred to as the pilot permeable treatment wall (Pilot System), and 
installed the Pilot System in fall 2002.  Installation and early operation (from 14 November 2002 
through 31 January 2002) is described in the Pilot Groundwater Treatment System Construction 
Report [GeoSyntec, 2003a].  The Pilot System was installed in a trench approximately 80 ft long 
and 18 ft deep into the underlying aquitard.  The submerged treatment system contains six 
perforated pipes that contain tubing to diffuse carbon dioxide to groundwater.  The pipes were 
buried at approximate 2-ft spacing, starting at 16 ft below ground surface (bgs).  Carbon dioxide 
is delivered to the tubing from a 14-ton capacity tank.  Later, GeoSyntec produced the FS 
Technical Memorandum (FSTM), which further describes the Pilot System performance by 
using data collected over the first six months of operation (through May 2003). 

 
Key conclusions of the Pilot System installation and first six months of operation 

include: 
 

• Based on laboratory data and field measurements, the Pilot System decreased 
groundwater pH to neutral levels in the vicinity of the Pilot System. 

 
• As was expected based on research, treatability studies, and geochemical 

modeling, arsenic concentrations decreased in groundwater in the vicinity of 
the Pilot System.   

 
• The carbon dioxide tank and delivery system require manageable amounts 

maintenance, an important factor in a remote, unmanned location.  In the 
absence of personnel on-Site, the automated control system was installed to 
monitor operating variables.  Remote monitoring capabilities provide real-
time insight into daily system operation.  
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• Because of the Pilot System design, carbon dioxide flows even in the event of 
power outages or other system interruptions such as restarting the control 
system.  Treatment is also accomplished if a system segment is isolated due to 
equipment failure or maintenance. 

 
In addition to the Pilot System performance evaluation component of the FSTM, the 

FSTM documented the initial screening of a variety of Site remediation alternatives.  Based on 
the screening documented in the FSTM and subsequent discussions with Ecology, the remedies 
remaining for evaluation as part of the FS are: 

 
• Carbon dioxide PTW; 
•  A combination of PTW and pump and treat with discharge into Sullivan 

Creek; 
• Additional source control on the closed CKD pile; 
• Partial source removal of the closed CKD pile;  
• Downgradient funnel and gate groundwater treatment using carbon dioxide 

permeable treatment; and 
• Downgradient funnel and gate groundwater treatment using carbon dioxide 

permeable treatment with a gravity drain under the southern side of the Closed 
CKD Pile. 

 
To refine and update the data set used to evaluate Pilot System performance and to 

collect needed data for FS remedy evaluation in the FS, Lehigh and GeoSyntec designed the 
2003 work program.  GeoSyntec implemented the work program during July through September 
2003.  

 



D R A F T GeoSyntec Consultants 
 
 
 

 

HR0196-12/MFW05-13_APA.DOC A-5 3 MAR 05 / 10:00 AM 

 
A.1.3 2003 Work Program 

 
In July 2003, GeoSyntec conducted the fieldwork component of the 2003 Work 

Program.  Quarterly and supplemental groundwater monitoring were conducted in August and 
September 2003.  The 2003 Work Program included the following elements:   

 
1. Additional Lithology and Groundwater Data Collection: To better define the 

subsurface conditions and groundwater flow pattern at the Site, GeoSyntec 
collected lithology and groundwater data from locations around the Site, 
including the newly acquired property north-northwest of the existing toward the 
bluffs below the town of Metaline Falls (Exhibit A-1). 

 
2. Evaluation of the North Culvert as a Potential Preferential Pathway: Based 

on Pilot System operation and Site history, there was concern that the north 
culvert was acting as a preferential pathway and consequently mixing with treated 
groundwater from the Pilot System. GeoSyntec investigated the North Culvert as 
a preferential pathway for groundwater flow.   

 
3. Northern Area Groundwater Quality Evaluation: Lehigh recently acquired the 

property north of the existing building.  To evaluate the quality and flow of the 
groundwater underlying this property, GeoSyntec collected field data and 
groundwater samples. 

 
4. Evaluation of Carbon Dioxide Sparging as a Groundwater Treatment 

Option: To test the operation of the pilot carbon dioxide sparge points, 
GeoSyntec initiated carbon dioxide flow to the sparging cylinders that were 
installed as part of the Pilot System [GeoSyntec, 2003a]. 

 
5. Extraction Wells/Capture Zone Evaluation: To be used as an input in the pump 

and treat groundwater remedy evaluation portion of the FS, GeoSyntec performed 
a pump test and evaluated the test data. 
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6. Groundwater Monitoring: In addition to regular quarterly groundwater 
monitoring, GeoSyntec collected supplemental groundwater samples to evaluate 
PTW performance and groundwater in the northwest portion of the Site. 

 
7. Pilot System Operation Evaluation: To evaluate the long-term feasibility of the 

Pilot System as a groundwater remedy, GeoSyntec evaluated and optimized the 
Pilot System. 

 
8. Pilot System Performance Evaluation: To evaluate the performance of the Pilot 

System, GeoSyntec collected data to analyze the extent of the treated groundwater 
migration and the overall performance of the Pilot System. 

 
9. Pilot System Effects on Surrounding Soils Evaluation:  To evaluate if the Pilot 

System was affecting the downgradient saturated soil, GeoSyntec collected soil 
composition data. 

 
10. Purge Interval Operating Parameter Testing and Analysis: During extended 

operation of the pilot (and full-scale) PTW, counterdiffusion could theoretically 
cause gases other than carbon dioxide dissolved in groundwater to accumulate in 
the tubing.  This condition is addressed by periodically purging gas in the system.  
GeoSyntec collected data to evaluate gas compositions in the system. 

 
 

A.1.4 Document Organization 
 
The remainder of this appendix is organized into the following sections: 
 
• Section A.2, Work Description, describes the 2003 work program. 
 
• Section A.3, Analysis and Findings, evaluates the results as they apply to the 

Site and the FS remedy evaluation process. 
 
• Section A.4, Pilot Permeable Reactive Wall Evaluation, describes the Pilot 

System installation, operation, and performance. 
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• Section A.5, Update on Pilot System Operation and Performance, provides 
data collected between November 2003 and February 2005. 

 
Exhibits (tables and figures) and attachments are included at the end of this 

document.   
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A.2. 2003 WORK PROGRAM DESCRIPTION AND RESULTS 
 

A.2.1 Introduction 
 
The field work described in this section was performed to provide information on 

items outlined in Section A.1.3.  Exhibit A-2 summarizes the investigations and the associated 
conclusions used in the remedy evaluation phase of the FS. 

 
 
A.2.2 Subsurface Investigation 

 
GeoSyntec performed a subsurface investigation that included installation of boring 

probes and groundwater monitoring locations.  Exhibit A-3 shows the locations of the subsurface 
investigative points, which included: 

 
• Six groundwater monitoring locations screened at depths between 15.5 to 22 

feet (ft) (bgs) (PM-16, PM-17, PM-18, PM-19, PM-20, PM-21); 
 
• Two temporary and subsequently abandoned groundwater monitoring 

locations in borings FSB-04 and FSB-06; 
 
• Twenty-nine temporary direct push groundwater and/or soil probes (FSP-01 

through FSP-29); and 
 
• Six borings (FSB-01 through FSB-06).   
 
The subsurface investigation also included the North Culvert investigation designed 

to evaluate the potential for the North Culvert to act as a preferential pathway for groundwater.  
The investigation, conducted on 31 July 2003, included the excavation of a trench across the 
buried North Culvert (see Exhibit A-3).  Exhibit A-4 shows the culvert excavation trench log, 
which indicates that the culvert was observed to be above groundwater and buried in material 
that is similar to the surrounding native material.  GeoSyntec also noted that the section of 
culvert observed during the investigation appeared to be a smooth-walled carbon steel pipe in 
good condition (i.e., no observed pitting).  The trench was subsequently backfilled with the 
stockpiled excavation materials and compacted on 31 July 2003. 
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A.2.3 Field Data Collection Program 
 
Exhibit A-2 summarizes the 2003 data collection program.  Data was collected from 

the newly installed sampling locations, as well as previously established sampling locations.  
The data collected at the Site included groundwater elevation and field pH readings.  GeoSyntec 
also collected lithologic data from the borings drilled in 2003.  Exhibit A-5 presents the 
groundwater elevation and field groundwater pH readings from July 2003.  Lithologic logs are 
included in the draft Feasibility Study Technical Report. 

 
 

A.2.4 Sample Collection and Chemical Analysis 
 
GeoSyntec collected soil, groundwater, and gas samples for laboratory analysis 

during July 2003.  GeoSyntec collected groundwater samples by using low-flow groundwater 
sampling techniques and submitted them for laboratory analysis to provide data on groundwater 
quality and contaminant distribution as well as Pilot System performance.  GeoSyntec collected 
soil samples for laboratory analysis to provide data for the evaluation of the potential effects of 
the Pilot System on surrounding soil.  Gas samples were collected for laboratory analysis to 
provide data for the evaluation of accumulated gas in the Pilot System tubing.  Exhibit A-6 
summarizes the groundwater analytical data, Exhibit A-7 the soil analytical data, and Exhibit A-
8 the gas analytical data.  The laboratory reports are presented in Attachment 1. 

 
Summer 2003 samples and the associated analytical methods requested for those 

samples are summarized in Exhibit A-2.  Scheduled quarterly groundwater monitoring (MW-7, 
-8, -9, -11, and –12) was conducted in August 2003, and supplemental groundwater monitoring 
(PM-1 through -21) was conducted in August and September 2003. 
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A.2.5 Carbon Dioxide Sparge Point Test 
   
 In July 2003, GeoSyntec conducted a test of the carbon dioxide sparge points 

installed as a component of the Pilot System.  The test consisted of opening the manual ball 
valve feeding carbon dioxide to the sparge points and observing the response of the sparge points 
in the trench.  The test led to the following observations: 

 
• With the valve approximately one-quarter open, GeoSyntec heard gas 

bubbling in the groundwater.  Audible gas bubbling suggests that a significant 
volume of carbon dioxide is escaping into the atmosphere.  Carbon dioxide 
bubbling to the surface represents a major inefficiency in gas delivery. 

 
• GeoSyntec observed that the sparging process resulted in surface emission of 

a gas with a hydrogen sulfide odor (i.e., rotten eggs).  Even at low flow rates, 
where the bubbling was inaudible, GeoSyntec smelled sulfur odors that were 
emitted from the Pilot System during sparging tests.  GeoSyntec ceased 
sparging operations to research the cause of the odor. The odor threshold of 
hydrogen sulfide varies among individuals, but is generally reported as less 
than 10 parts per billion by volume (ppbv), with some individuals able to 
detect concentrations as low as 0.5 ppbv [McGavran, 2001].   

 
Based on the hydrogen sulfide odors, GeoSyntec discontinued the sparge point testing 

and resolved to research the issue further before attempting further sparge point operation.  
Section A.3.6 presents findings from the research. 

 
 

A.2.6 Pump Test 
 
GeoSyntec performed a pumping test at the PM-16 groundwater monitoring location 

(a 4-in. diameter groundwater monitoring location screened from 6 to 16 ft bgs).  The sand filter 
pack surrounding the well screen extends from 3.5 to 16.5 ft bgs.  The underlying clay aquitard 
was encountered at 13.5 ft bgs.  In addition to PM-16, FSP-23 was used to measure drawdown at 
a distance of 24.2 ft from the PM-16.   
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PM-16 was pumped with a submersible pump at rates ranging from 2.4 to 5 gallons 
per minute (gpm).  Water was collected for in drums and in a tank for subsequent disposal off-
site.  Groundwater levels in PM-16 before, during, and after pumping were measured to the 
nearest 0.01 ft with an electronic water level sounder and a down hole pressure transducer 
equipped with a datalogger.  Water levels were measured in FSP-23 before, during, and after 
pumping with the electronic water level sounder.  Pumping test data was analyzed by using the 
AQTESOLV® computer program.  The pump test results and interpretation are presented in 
Section A.3.7.  GeoSyntec transmitted the raw pump test data to Ecology in electronic format 
[GeoSyntec, 2004]. 

 
 
A.2.7 Pilot Permeable Treatment Wall Operation and Maintenance 

 
Operation of the Pilot System started on 15 November 2002.  From start-up through 1 

October 2003, the Pilot System operated for approximately 6,750 hours.  The system was shut 
down on occasion to perform maintenance.  Exhibit A-9 summarizes other significant dates with 
respect to the Pilot System installation, start-up, and first 11 months of operation.   

 
GeoSyntec conducted a thorough evaluation and optimized the operation of the Pilot 

System in July 2003.  Activities included: 
 
• monitoring the system for carbon dioxide leaks with a portable Gastech® 

GT-208 gas analyzer equipped with a carbon dioxide detector; 
 
• modifying the operation of the carbon dioxide tank temperature control 

system to accommodate demanding Site weather conditions; 
 
• testing the carbon dioxide detectors for measurement drift; 
 
• performing maintenance on the supervisory control and data acquisition 

(SCADA) system (i.e., pH probe cleaning and reconditioning, pressure 
transmitter testing, etc.); 
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• installing a power conditioner on the electrical feed to the system’s 
programmable logic controller (PLC) to partially attenuate data noise caused 
by power fluctuations outside of the system; and 

 
• modifying the gas distribution network by removing clear plastic components 

with glued seams that are potentially susceptible to leaks. 
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A.3. ANALYSIS AND FINDINGS 
 

A.3.1 Introduction 
 
The 2003 work program is described in Section A.2.  This section contains the data 

analysis and associated findings of the 2003 work program.  
 
 

A.3.2 Site Subsurface 
 
The Site subsurface is generally composed of 5 to 20 ft of silts, sands, and gravels 

overlaying a silty clay confining layer.  The silty clay has been encountered in borings advanced 
to sufficient depths across the Site.  This data, combined with the geologic nature of the Site 
area, suggests that the confining layer is present below the Site to Sullivan Creek.  Groundwater 
generally first occurs in the upper several feet below ground surface (bgs).  Lithologic logs and 
cross-sections of the Site are included in Appendix C of the Revised dFSTR.  

 
Although preferential pathways likely exist in the form of high-permeability channels 

underlying the Site, the North Culvert and its surrounding material do not appear to be a 
preferential pathway.  As shown in Exhibit A-4, the North Culvert is amidst materials that are 
similar to those surrounding it.  The culvert appeared to be in good condition at the excavation 
location, which suggests that it is conducting surface water under Highway 31 as intended and 
not discharging that water to the groundwater prior to its surface water destination. 

 
 

A.3.3 Groundwater Elevation 
 
Exhibit A-5 contains groundwater elevation data for summer 2003.  The 

potentiometric surface contours generated using the water level data are displayed on Exhibits 
A-3 and A-12.  Summer 2003 groundwater elevations had generally decreased since the previous 
measurements taken in April and May 2003 but were consistent with historical data.  The overall 
direction of groundwater flow is perpendicular to the Pilot System alignment.  The groundwater 
elevation data show that groundwater flows in a north-northeasterly direction from the closed 
CKD pile toward Sullivan Creek (see Exhibit A-3) with localized anomalies downgradient of the 
Pilot System.  The localized anomalies consist of variable slopes of the groundwater 



D R A F T GeoSyntec Consultants 
 
 
 

 

HR0196-12/MFW05-13_APA.DOC A-14 3 MAR 05 / 10:00 AM 

potentiometric surface around the Pilot System.  The anomalies could be due to several factors, 
including: 

 
• The Site contains highly variable geologic conditions vertically and 

horizontally; and 
 
• The gravel-filled Pilot System trench is of a different permeability than the 

surrounding floodplain material.  
 
 

A.3.4 Groundwater pH Distribution 
 
Groundwater pH field measurements are presented in Exhibit A-5 and analytical 

laboratory data in Exhibit A-6.  pH measurements of samples collected from previously existing 
locations were generally consistent with historical data.  The pH data collected from newly 
installed monitoring points combined with data for existing monitoring points are presented in 
Exhibit 2.3-5 of the Revised dFSTR.  Exhibit A-10 shows time-series analytical laboratory pH 
readings from the Site groundwater monitoring wells (MW-07, MW-08, MW-09, MW-11, and 
MW-12).  Exhibit A-10 illustrates that pH groundwater data have been relatively consistent since 
1995, with the exception of the pH decrease observed in MW-8 following CKD pile closure.   

 
Groundwater field measurements and laboratory results indicate that affected 

groundwater is present in the northern portion of the Site.  Samples from the Site’s northernmost 
groundwater monitoring locations (PM-15, PM-18 and PM-19) contained elevated pH and 
arsenic levels.    

 
 

A.3.5 Groundwater Arsenic Distribution 
 
Groundwater samples were collected and analyzed for arsenic at several permanent 

and temporary locations, as presented in Exhibit A-6.   
 
Exhibit A-11 shows time-series analytical laboratory total arsenic data from the Site 

groundwater monitoring wells (MW-07, MW-08, MW-09, MW-11, and MW-12), and Exhibit 
2.3-5 of the Revised dFSTR shows recent analytical arsenic data on a map of the Site. 
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Exhibit A-11 illustrates that arsenic groundwater data have been relatively consistent, 

with the exception of the decrease in arsenic concentration observed in MW-9 when low-flow 
sampling was initiated in 2000.  The low-flow procedures were initiated to produce data more 
representative of groundwater conditions.   

 
Recent reported total arsenic results, similar to pH results, indicate that affected 

groundwater is present in the northern portion of the Site. Total arsenic concentrations ranging 
from not detectable (<0.010 mg/L) to 0.278 mg/L were reported for samples collected from 
groundwater monitoring locations (PM-15, PM-16, PM-17, PM-18, PM-19, PM-20, and PM-21) 
in the northern portion of the Site . 

 
 

A.3.6 Carbon Dioxide Sparge Point Data 
 
As discussed in Section A.2.5, hydrogen sulfide was detected during the carbon 

dioxide sparge point tests.  The detection of hydrogen sulfide can be explained as follows:   
 
Sulfides are present in affected Site groundwater from dissolution of naturally 

occurring sulfides like pyrite (FeS), arsenopyrite (FeAsS), and orpiment (As2S3).  When the 
groundwater pH is decreased, the sulfide ion (S--) can participate in an acid-base reaction to form 
hydrogen sulfide (H2S) according to Equation 1. 

 
 S-- (aq) + 2 H+ (aq) = H2S (aq) (1) 

 
Exhibit A-8 contains gas data from samples collected from the Pilot System 

distribution system.  The gas data show that hydrogen sulfide is formed as a byproduct of carbon 
dioxide groundwater treatment.  Hydrogen sulfide emissions are not a concern during Pilot 
System operation due to its diffusion-based method of carbon dioxide delivery.  Conversely, 
sparging carbon dioxide in the groundwater is an inefficient method of gas delivery because 
carbon dioxide is wasted when bubbles escape to the atmosphere.  Sparging at the Site also 
causes other undesirable side effects, including surface emission of hydrogen sulfide.  Sparging 
Site groundwater with carbon dioxide likely caused emissions of hydrogen sulfide into the 
atmosphere because bubbling carbon dioxide (to decrease pH) increased the driving force for 
hydrogen sulfide to partition into the bubble gas-phase (i.e., stripping the hydrogen sulfide from 
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solution).  The hydrogen sulfide partitions from the water into the bubbles and carried to the 
atmosphere.  Based on the odors observed at the Site and the research and analysis of the 
hydrogen sulfide phenomenon, GeoSyntec does not plan to further operate the carbon dioxide 
sparge points.  Actual hydrogen sulfide concentration data in the escaped data is not needed for 
the following reasons: 

 
• Sparge points waste carbon dioxide because the groundwater does not 

consume the carbon dioxide rapidly enough to prevent carbon dioxide bubble 
escape to the atmosphere; 

 
• Long-term full scale use of sparge points at the Site is also not feasible 

because they release odors (observed by GeoSyntec personnel) into the 
atmosphere that research indicates is hydrogen sulfide, which is a toxic gas 
and odor nuisance.     

 
The diffusion-based Pilot System is not expected to release hydrogen sulfide to the 

atmosphere.  The Pilot System relies on diffusion of carbon dioxide into groundwater, which 
does not produce bubbles that escape to the atmosphere.  Without the gas bubbles providing the 
driving force for hydrogen sulfide to enter the gas phase, hydrogen sulfide is expected to remain 
dissolved according to Equation 1.  Further, GeoSyntec has not observed the hydrogen sulfide 
odors during Pilot System operation. 

 
 

A.3.7 Pump Test Interpretation 
 
GeoSyntec experienced difficulties pumping at a constant rate from PM-16, but 

general observations include: 
 
• PM-16 sustained an average pumping rate of 2.9 gpm for a period of over 6.5 

hours; 
 
• FSP-23, which is approximately 24 ft from PM-16, experienced a maximum 

measured drawdown of 0.16 ft due to the pumping at PM-16; and 
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• FSP-21, which is approximately 65 ft from PM-16, experienced no 
measurable drawdown. 

 
AQTESOLV was used to evaluate the pumping test data.  Depending on the 

numerical solution that is used, the resulting hydraulic conductivity value ranges from 25 to 95 
ft/day, similar to results of previous tests performed at the Site [D&M, 1993].  These values are 
also consistent with the recorded PM-16 lithology. 

 
 



D R A F T GeoSyntec Consultants 
 
 
 

 

HR0196-12/MFW05-13_APA.DOC A-18 3 MAR 05 / 10:00 AM 

A.4. PILOT SYSTEM PERFORMANCE EVALUATION 
 

A.4.1 General 
 
This section contains an evaluation of the performance of the Pilot System with 

regard to various evaluation parameters, including: 
 
• Groundwater treatment performance (ability to lower pH and arsenic 

concentrations); 
 
• Physical performance (i.e., ease of operation and maintenance requirements); 

and 
 
• Potential impacts on downgradient soils. 
 
In addition, an overall assessment of the effectiveness of the PTW is presented at the 

end of this section.   
 
 

A.4.2 Groundwater Treatment Performance Evaluation 
 

A.4.2.1 Introduction 
 
This section describes the evaluation of the performance of the Pilot System to lower 

pH and arsenic concentration in Site groundwater.  This evaluation was performed by analyzing 
pH and arsenic concentration data upgradient and downgradient of the Pilot System.  In addition, 
chemical indicators (such as dissolved inorganic carbon) variations upgradient and downgradient 
of the trench were also analyzed to further evaluate the efficacy of the Pilot System.  
Groundwater analytical data used in this section are summarized in Exhibit A-6.   

 
A map of the Pilot System treatment trench and the surrounding area is shown in 

Exhibit A-12.  Cross-sections from within and through the Pilot System treatment trench are 
presented in Exhibits A-13, A-14, A-15, and A-16.  It should be noted that although AVG-W, 
AVG-M, and AVG-E monitoring locations were installed in the treatment trench, only AVG-W 
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and AVG-E remained intact following backfill and grading of the treatment trench area; AVG-M 
was rendered unusable for groundwater monitoring during installation of the Pilot System. 

 
GeoSyntec monitored groundwater from upgradient locations (PM-10, FSP-15, and 

FSP-16), within-trench locations (AVG-W, AVG-E, CMT-W, CMT-M, and CMT-E), 
immediately downgradient locations (PM-11, PM-12, and PM-13), and farther downgradient 
(MW-9, FSP-19, FSP-18, followed by FSP-25, PM-17, and PM-14).  Exhibit A-12 shows Cross-
sections A-A’, B-B’, and C-C’ along flow paths that intersect the treatment trench.  The data 
collected from these monitoring points were used to evaluate the ability of the Pilot System to 
treat groundwater. 

 
 

A.4.2.2 Performance to Treat Groundwater pH and Arsenic 
 

A.4.2.2.1 General 
 
The goals of the Pilot System are to decrease groundwater pH and arsenic 

concentrations.  Exhibits A-13, A-14, A-15, and A-16 show 18 July 2003 field pH measured in 
samples collected within and along flowpaths perpendicular to the Pilot System.  Where 
available, summer 2003 dissolved arsenic laboratory data are presented along the flowpaths in 
Exhibits A-14, A-15, and A-16.   

 
 

A.4.2.2.2 Performance in Decreasing Groundwater pH 
 
Exhibits A-14, A-15, and A-16 show that elevated pH groundwater (9.5 to 11.5) 

enters the treatment trench.  In the trench and immediately downgradient of the trench, pH 
decreases to between approximately 5.9 and 6.0.  Then pH generally increases as groundwater 
migrates farther downgradient of the trench.  Exhibit A-17 shows a graph of pH as a function of 
time upgradient, within, and downgradient of the trench. 

 
Exhibit A-17 demonstrates the ability of the trench to reduce pH from approximately 

12 to 12.5 units to 6 to 7 pH units at the Site.  Increase of the pH farther downgradient of the 
trench is consistent with the mixing of treated water with untreated water that bypassed the 
treatment trench.  pH measurements collected in CMT-1 (a multi-depth groundwater monitoring 
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point) installed in August 2001 and deactivated in October 2002 when the Pilot System was 
installed, was used to represent groundwater pH levels before installation of the treatment trench.   

  
 

A.4.2.2.3 Performance in Decreasing Arsenic in Groundwater 
 
For the purposes of Pilot System performance evaluation, dissolved arsenic results 

were evaluated instead of total arsenic results since unfiltered samples (analyzed for total 
arsenic), especially those from temporary probe locations, contain particles from the soil matrix 
and may not be representative of the groundwater quality.  Exhibits A-14, A-15, and A-16 
display reported dissolved arsenic analytical data from recent samples collected along flow paths 
perpendicular to the Pilot System.  Laboratory arsenic data from the 2003 work program samples 
show a trend similar to the pH data.  Arsenic generally decreases in the Pilot System treatment 
trench and increases as distance from the trench increases.   

 
Arsenic data are plotted as a function of time for the groundwater monitoring 

locations surrounding the Pilot System (PM-10, PM-11, PM-12, PM-13, PM-17, AVG-E, and 
AVG-W, and MW-9).  The November 2001 groundwater sample from PM-10 was likely 
influenced by trenching, Pilot System installation, and elevated carbon dioxide flow rates that 
were used to test the Pilot System prior to start-up.  However, subsequent lab data show a trend 
of arsenic decrease in the treatment trench and sustained low levels of arsenic in groundwater 
samples up to approximately 10 ft downgradient of the treatment trench.  Exhibit A-18 shows 
time series dissolved arsenic laboratory data to illustrate the groundwater arsenic decrease since 
commencement of Pilot System treatment.  

 
 

A.4.2.2.4 Conclusions Regarding  Pilot System Efficacy in Decreasing Arsenic and pH Levels 
In Groundwater 
 
Based on the data collected in summer 2003 and historical data collected since the 

start of operation of the Pilot System in November 2002, groundwater flowing into and through 
the Pilot System has the following characteristics: 

 
• Based on field and analytical data, groundwater from upgradient of the Pilot 

System contains elevated pH levels and arsenic concentrations; 
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• Field and analytical data suggest that groundwater pH and arsenic 

concentrations are being decreased in the treatment trench and pH is generally 
meeting treatment goals; 

 
• Decreases in groundwater pH result in decreased arsenic concentrations (as 

predicted by the treatability tests);   
 

• In immediately downgradient monitoring locations, groundwater sample data 
indicate that they are largely composed of treated groundwater; and 

 
• Farther downgradient sample data indicate that treated groundwater is mixing 

with untreated groundwater causing pH levels and arsenic concentrations to 
increase.   

 
 

A.4.2.3 Groundwater Treatment Performance Indicator Evaluation 
 

A.4.2.3.1 General 
 
Arsenic and pH data are used to evaluate whether the Pilot System is accomplishing 

treatment goals.  Dissolved inorganic carbon (DIC) and alkalinity data, which are discussed in 
this section, provide supplemental information on Pilot System performance, as explained below.   

 
 

A.4.2.3.2 Groundwater Dissolved Inorganic Carbon (DIC) Evaluation 
 
Once diffused into groundwater, carbon dioxide can be measured analytically in the 

form of DIC.  Thus, the concentration of DIC in a given groundwater sample can be used to 
calculate the percent of that sample that is composed of groundwater that has been treated (i.e., 
subjected to carbon dioxide diffusion).  Unlike pH, which is expressed on a nonlinear scale and 
may be affected by groundwater buffering, DIC is linearly related to the degree of treatment.  
Following a discussion of the value of DIC data in the FSTM, GeoSyntec submitted samples for 
DIC laboratory analysis during May 2003 groundwater monitoring and summer 2003 work.   
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The DIC concentration of a sample [DIC]S is related to the DIC concentration of 
treated water [DIC]T using Equation 2.   

 
 [DIC]S = fT [DIC]T + fB [DIC]B (2) 

 
Equation 2 assumes that [DIC]S is equal to [DIC]T multiplied by the volume fraction 

of the sample represented by treated water, fT, plus the background DIC concentration, [DIC]B, 
multiplied by the volume fraction of the sample that is untreated water, fB.  Substituting fB = 1-fT 
since the total volume fraction of a given sample of two waters, background and treated, is 1, the 
fraction of a sample that is treated water can be expressed in terms of fT according to Equation 3. 

 

 
BT

BS
T ]DIC[]DIC[

]DIC[]DIC[f
−
−

=  (3) 

 
Equations 2 and 3 can be used to calculate fT if the background (i.e., upgradient) and 

treated (i.e., within the treatment trench) groundwater DIC data are available.  The May 2003 
sample data contains reported DIC concentrations from PM-10 (upgradient) and AVG-W and 
AVG-E (within the treatment trench).  GeoSyntec calculated the mean concentration in the 
treatment zone, [DIC]T, by averaging the DIC data reported for samples from AVG-E and AVG-
W.  For May 2003 samples results, the average treated water DIC concentration, [DIC]T, was 
reported to be 335 mg/L and the PM-10 background DIC concentration, [DIC]B, was 65 mg/L.  
These laboratory data were used, in conjunction with Equation 3 and downgradient DIC sample 
results, to calculate the percent of treated water (fT multiplied by 100%) in samples collected 
from downgradient locations.  Exhibit A-19 lists DIC concentrations for the May 2003 samples 
collected in the vicinity of the treatment trench along with the calculated percentage of treated 
groundwater using Equation 3.  Negative values for fT are interpreted as variations due to natural 
geochemical variability, or temporal variability.  The laboratory DIC data are plotted in Exhibit 
A-20 as a function of distance from the treatment trench. 

  
Based on experience and data variability, uncertainties of approximately 20% result 

from this calculation approach.  Recognizing the inherent uncertainties, the May 2003 sample 
data indicate that: 
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• Samples from PM-11 and PM-12, which are just downgradient from the 
treatment zone, are treated groundwater; and 

 
• PM-13 is mixing with untreated groundwater, likely due to its location at the 

edge of the Pilot System and the groundwater flow direction. 
 
Based on the May 2003 evaluation and Exhibits A-19 and A-20, which display May 

2003 laboratory DIC data from samples collected in the vicinity of the Pilot System, DIC can be 
used to evaluate the migration of treated groundwater over time.  This approach could also be 
used as an indicator of the mechanical performance of the treatment trench.  For example, a 
decrease in the fraction of treated groundwater in a given treatment zone location could be a 
diagnostic tool to detect leaks or other inefficiencies.  

 
Laboratory DIC data for summer 2003 samples is plotted on Exhibits A-14, A-15, 

and A-16.  DIC concentrations from samples collected downgradient of the Pilot System suggest 
that treated groundwater is migrating downgradient.  The July DIC data for FSP-18 and FSP-20 
groundwater samples indicate that they are mostly treated groundwater.  FSP-19 data indicates 
that it is mostly untreated groundwater.  (GeoSyntec collected these samples from direct push 
temporary groundwater sampling locations, and the data variability may be attributed to the 
nature of the unfiltered temporary location samples, which often contain soil particles. 
Additionally, GeoSyntec interrupted Pilot System operation for approximately three weeks in 
summer 2003 for maintenance, system diagnostics, and carbon dioxide refill.)  Considering the 
factors that may have influenced the laboratory results, they demonstrate that the Pilot System is 
treating groundwater.  Using the DIC calculation approach, downgradient well data are 
consistent with samples containing treated groundwater.  As the distance from Pilot System 
increases, data suggest that treated groundwater mixes with untreated groundwater.   

 
To further enhance use the DIC tracking approach outlined in this section, DIC data 

from a longer time interval are needed.  By submitting samples for DIC analysis over several 
monitoring periods, historical trends can be evaluated for increases in DIC that would potentially 
indicate the arrival of treated groundwater at downgradient wells.  This process was initiated in 
May 2003 during the initial quarterly monitoring event following DIC discussion in the FSTM, 
resulting in the evaluation in Exhibit A-19.  The laboratory reports  through November 2003 are 
presented in Attachment 1 and summarized in Exhibit A-6.  Attachment 1 contains reports and 
results for November 2003 to present.   
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A.4.3 Physical Performance Evaluation 
 

A.4.3.1 General 
 
GeoSyntec conducted operation and maintenance as described in Section A.2.7.  

Based on observations during operation and maintenance procedures, the Pilot System is 
operating as designed.  The system components required little maintenance following eight 
months of operation.   Observations included: 

 
• The carbon dioxide tank has been relatively trouble free; 
 
• Refilling the carbon dioxide tank is a relatively straight-forward process 

(important at a remote site); 
 
• Stainless steel flanges should be used at the junction where the tubing is 

connected at the terminus ends instead of the thermoplastic flanges for 
increased durability and should be replaced during a maintenance down-time 
period (Note: This was completed in November 2003); 

 
• Gas flow site glass components are potential sources of leakage and are not 

needed for operation due to low amounts of condensation inside of the Pilot 
System carbon dioxide manifolds; 

 
• The pH probes should be cleaned and calibrated (simple and straight-forward 

procedures) on a semiannual basis; 
 
• Hydrogen sulfide, an odorous and potentially toxic compound, is produced as 

a by-product of treatment and was detected in the gas tubing; and 
 
• One thorough yearly physical and visual evaluation is likely sufficient. 
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A.4.3.2 Permeable Treatment Wall Gas Purging Requirements Evaluation 
 
GeoSyntec collected gas samples from each of the five operating Pilot System 

vertical pipes.  The gas samples were collected from the terminus ends where purge valves are 
present.  Exhibit A-8 tabulates the gas data.  The laboratory reports are presented in Attachment 
1.  Based on the laboratory gas data and data from the carbon dioxide supplier, gas in the 
treatment system after approximately two weeks of operation can be characterized by: 

 
• The supplier guarantees that the carbon dioxide is at least 99 volume percent 

pure upon delivery; 
• Majority of the gas composition is carbon dioxide (96.6 to 97.5 volume 

percent) 
• Trace concentrations of the sum of oxygen and argon (0.7 to 0.8 volume 

percent) and also nitrogen (1.9 to 2.6 volume percent); and 
• Trace concentrations of hydrogen sulfide (non detect at 1 ppmv up to 3 

ppmv). 
 
The laboratory data show that the treatment gas, carbon dioxide, represents the major 

component of the gas.  The laboratory data suggest that counterdiffusion, which occurs when 
dissolved gases in groundwater diffuse into the treatment tubing due to concentration gradients, 
may accumulate and that periodic purging may be advised.  Reported oxygen and argon, and 
nitrogen concentrations could be partially attributable to dissolved atmospheric gases in 
groundwater (with the balance of atmospheric gases attributable to carbon dioxide supply 
impurities).  The hydrogen sulfide concentrations are likely attributable to the hydrogen sulfide 
byproduct dissolved in the groundwater by treatment with the diffusion-based Pilot System.  
Based on these results, GeoSyntec recommends that time-series gas data be collected for the 
treatment gases to calculate the optimal purge interval, if a full-scale PTW is selected. 

 
Hydrogen sulfide emissions from PTW are not expected to be a concern based on 

concentrations of metals levels in groundwater, the vapor pressure of hydrogen sulfide, and the 
diffusion coefficient of hydrogen sulfide in water.  Although it may be created in the 
groundwater at very low concentrations during operation of the PTW, thermodynamics and 
chemical equilibria data indicate that hydrogen sulfide will not escape from groundwater and 
produce concentrations of concern at the ground surface.  The mass transfer gradient needed for 
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hydrogen sulfide to escape solution and vent to the atmosphere is not present in the PTW since 
PTW operation does not involve physical processes such as bubbling. 

 
 

A.4.4 Pilot Treatment Downgradient Soil Effects 
 
The Pilot System treats groundwater with carbon dioxide to decrease pH and 

precipitate arsenic.  To evaluate the potential for adverse effects of downgradient soil due to the 
Pilot System, GeoSyntec collected downgradient soil samples and analyzed for metals and 
treatment byproducts.  Soil sample data are tabulated in Exhibit A-7.  Attachment 1 contains the 
laboratory reports.  Based on geochemical modeling of carbon dioxide treatment and treatability 
test data, laboratory samples were analyzed for: 

 
• arsenic by EPA Method 7060 to evaluate the arsenic precipitation from 

treated groundwater; 
 
• manganese by EPA Method 6010B to evaluate potential manganese 

precipitation from treated groundwater; 
 
• iron by EPA Method 6010B to evaluate potential manganese precipitation 

from treated groundwater; and 
 
• sulfide by using a LECO instrument to evaluate treated groundwater potential 

sulfide byproducts.   
 
FSP-18 and FSP-19 are locations downgradient of the Pilot System (Exhibit A-12).  

The FSP-18 and FSP-19 soil samples, which were from below the groundwater surface at depths 
of 12 and 8 ft bgs, respectively, were reported to contain: 

 
• arsenic concentrations of 3.00 mg/kg and 4.36 mg/kg, which are similar to the 

average background arsenic concentration in soil of 3.3 mg/kg reported in the 
RI Report [GeoSyntec, 2001 and below the Wasington Model Toxics Control 
Act (MTCA) Method A soil cleanup level of 20 mg/kg [WAC 173-340]; 
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• manganese concentrations of  353 mg/kg and 419 mg/kg, which are below the 
MTCA Method B soil cleanup level of 2,240 mg/kg established for the 
protection of groundwater [WAC 173-340]; 

 
• iron concentrations of  18,900 mg/kg and 20,100 mg/kg, which are below the 

EPA Region 9 preliminary remediation goal (PRG) of 23,000 for iron in 
residential soil (MTCA cleanup levels for iron are not available) [USEPA, 
2002]; 

 
• sulfide was not detected by the laboratory at or greater than 0.010 percent. 
 
Based on the results discussed above, no significant negative effects from the Pilot 

System were observed in the soils.  
 
 

A.4.5 Pilot Permeable Treatment Wall Conclusions  
 
Based on the measurements, results, and observations discussed in this section, 

conclusions regarding Pilot System performance include: 
 
• Data indicate that the Pilot System is lowering pH and arsenic levels in 

groundwater; 
 
• DIC data suggest that treated groundwater has migrated downgradient from 

the Pilot System; 
 
• As downgradient distance from the Pilot System treatment trench increases, 

groundwater is increasingly mixed with untreated Site groundwater; and 
 
• DIC is a useful parameter to track groundwater treated with carbon dioxide.  It 

could be used to provide a performance indicator if full-scale PTW is selected. 
 

The installation, first 27 months of operation, and associated data provide valuable 
insight into the PTW.  Based on the PTW insight provided by the Pilot System, Lehigh and 
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GeoSyntec have evaluated its feasibility to meet remedy requirements for inclusion as a remedy 
in the Revised dFSTR.  The previous sections included a description of Pilot System operation 
from installation through November 2003.  The next section, A.5, provides an update that covers 
Pilot System operation and performance from November 2003 to February 2005.  
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A.5. UPDATE ON PILOT SYSTEM OPERATION AND PERFORMANCE 
(NOVEMBER 2003 – FEBRUARY 2005)  
 

A.5.1 Introduction 
 
GeoSyntec prepared the following section to summarize Pilot System operational 

observations and Site environmental data collected from November 2003 through February 2005 
(corresponding to the time between the first dFSTR submittal and the revised dFSTR submittal).  
This section augments the data set presented in Sections A.1 through A.4. 

 
A.5.2 Pilot System Operation 

 
As of 25 February 2005, the Pilot System has operated approximately 16,400 hours 

since start-up in November 2002.  In addition to routine maintenance, the Pilot System required 
the following maintenance procedures since November 2003: 

 
• Small amounts of condensation collected in the submerged silicon tubing.  Air 

was injected individually into the tubing to purge the condensate and air-dry 
the tubing in March 2004. 

 
• Certain connections between the silicon tubing and the stainless steel carbon 

dioxide distribution plate had minor leaks.  Leaks were caused by the tubing 
detached from their barbed connections.  The loose silicon tubing was 
reattached to the connections and the remaining connections were monitored 
in November 2003. 

 
• The upper PVC flanges in the distribution system became brittle after 

extended use.  The PVC flanges were replaced with stainless steel flanges in 
May 2004. 

 
• The front portion of the building that houses the carbon dioxide tank and 

computer system caught fire on 1 January 2005.  The fire was not in the 
vicinity of the tank.  Treatment was not interrupted, but the computer and data 
collection systems were not operational for approximately one week while the 
building was cleared for re-entry and electrical service was restored.  
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GeoSyntec restored the data collection systems and re-synchronized the 
computer with the PLC. 

 
A.5.3 Pilot System pH and Arsenic Treatment Progress 

 
Exhibits A-21 and A-22 contain water level, pH, dissolved arsenic, total arsenic, and 

dissolved inorganic carbon (DIC) data collected since November 2002.  Exhibits A-23, A-24, 
and A-25 show time-series pH, dissolved arsenic, and DIC data (respectively) from monitoring 
well samples in the vicinity of the Pilot System.  Exhibits A-23 and A-24 augment Exhibits A-17 
and A-18, including data collected since those two exhibits were originally submitted.  The data 
and time-series plots indicate the following trends in treatment: 

 
• The Pilot System reduces the pH and dissolved arsenic concentrations in the 

groundwater that intersects the treatment zone.  The Pilot System has 
consistently treated water to neutral pH and non-detect arsenic concentrations 
in the treatment zone (AVG-E and AVG-W) and immediately downgradient 
(PM-11 and PM-12). 

 
• Water levels have remained relatively consistent over time (within 

approximately 2 ft vertical variation). 
 
• DIC remains a good treatment tracking parameter for the Pilot System.  The 

DIC data indicate that treated groundwater continues to migrate downgradient 
but is overwhelmed by untreated water that migrates around and side-gradient 
to the treatment zone.  PM-13 data suggest that the northerly groundwater 
flow component results in untreated water migrating obliquely around the 
southeastern edge of the Pilot System treatment zone. 

 
• The Feasibility Study Technical Memorandum included a discussion of some 

anomalous data (April 2003 groundwater monitoring data) that were believed 
at the time to be erroneous due to a sampling error.  Those data were omitted 
from Exhibits A-17 and A-18 when Appendix A was first submitted in 
November 2003.  Since November 2003, the Pilot System has operated during 
two rainy seasons and two dry seasons and the resulting data suggests that the 
April 2003 data were not erroneous.  Rather, seasonal stormwater and runoff 
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variations influenced the areas in the vicinity of the sampling locations.  The 
previously omitted April 2003 data are included in Exhibits A-23 and A-24.  
Since November 2003, pH, dissolved arsenic, and DIC data fluctuate over 
time (see Exhibits A-23 through A-25).  Fluctuations coincide with seasonal 
variations in precipitation.  The data suggest that large amounts of 
precipitation recharging the shallow alluvial aquifer system result in a 
mounding around the treatment trench that “backs up” into PM-10 location. 

 
A.5.4 Summary 

 
The Pilot System continues to operate and effectively treat groundwater.  

Groundwater flow anomalies obscure the treatment effects downgradient and seasonal variations 
in stormwater infiltration cause a variable groundwater flow regime in the vicinity of the 
treatment zone trench.  Thus, if the remedy selected for the Site includes a subsurface treatment 
zone, the design will accommodate stormwater infiltration so that it does not negatively effect 
treatment performance. 
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measured on 28
August 2002
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groundwater at 5.7
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pH level at ~10.5

Completed borehole at
1005 on 28 August 2002
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  Surface completion monument extends approximately 3 feet
above ground.
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ARTIFICAL FILL:
Gravel fill with silt; gray

Gravelly SILT (ML):  gray; wet (40,0,60)

Clay (CL):  gray; wet

Static groundwater
level at 6 ft-bgs
measured on 29
August 2002
Encountered 1st
groundwater at 6 ft-bgs
on 29 August 2002

Began drilling at 1005 on
29 August 2002

pH level at ~10.0

pH level at ~8.5
Completed borehole at
1030 on 29 August 2002
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  Surface completion monument extends approximately 3 feet
above ground.
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ARTIFICAL FILL:
Gravel fill with silt; gray; dry
@ 1' - becomes moist and color change to
brown

Gravelly SILT (ML):  (25,0,75)

Silty GRAVEL (GM):  poorly graded

Clay (CL):  gray; wet

Static groundwater
level at 6 ft-bgs
measured on 29
August 2002
Encountered 1st
groundwater at 6.5
ft-bgs measured on 29
August 2002

Began drilling at 1150 on
29 August 2002

pH level at ~10.5

pH level at ~7.0
Completed borehole at
1205 on 29 August 2002
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  Surface completion monument extends approximately 3 feet
above ground.
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Silt (ML):  brown; dry; gravel (10,0,90)

@ 3' - increase in gravel (40,0,60); color
change to gray; and becomes moist

@ 5' - becomes wet

Clay (CL):  gray; wet

Static groundwater
level at 4.5 ft-bgs
measured on 29
August 2002
Encountered 1st
groundwater at 5.5
ft-bgs measured on 29
August 2002

Began drilling at 1440 on
29 August 2002

pH level at ~7.0
Completed borehole at
1520 on 29 August 2002
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  Surface completion monument extends approximately 3 feet
above ground.
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No lithologic logging of PM-10.  See PM-13
for similar description.  PM-13 located
approximately 30 feet to the east.

Encountered 1st
groundwater during
drilling at 4.5 ft-bgs
measured on 12
November 2002

Began drilling at 1430 on
12 November 2002

Completed borehole at
1540 on 12 November
2002

TY
P

E

BOREHOLE LOG

DEPTH
(ft)

MATERIAL
DESCRIPTION

S
Y

M
B

O
LI

C
 L

O
G

W
E

LL
 L

O
G

B
LO

W
S

 P
E

R
 6

"

STRUCTURE/
GROUNDWATER

E
LE

V
A

TI
O

N
 (f

t)

2030

2025

2020

2015
R

E
C

O
V

E
R

Y
 (%

)

COMMENTS

5

10

15

20

25

30

P
ID

 R
E

A
D

IN
G

 (p
pm

)

N
U

M
B

E
R

TI
M

E

SAMPLES

WELL BORE

REMARKS:

SEE KEY SHEET FOR SYMBOLS AND ABBREVIATIONS

Boart Longyear

LOGGER

CONTRACTOR
EQUIPMENT
DRILL MTHD
DIAMETER

REVIEWER

  Surface completion monument extends approximately 3 feet
above ground.
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No lithologic logging of PM-11.  See PM-13
for similar description.  PM-13 located
approximately 40 feet to the southeast.

Encountered 1st
groundwater during
drilling at 4.5 ft-bgs
measured on 12
November 2002

Began drilling at 1155 on
12 November 2002

Completed borehole at
1300 on 12 November
2002
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  Surface completion monument extends approximately 3 feet
above ground.
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ARTIFICAL FILL:
Sand, silt, and clay; brown to gray; wet

Silty GRAVEL (GM):  gray; wet; (75,0,25)

Clay (CL):  gray

Gravel; gray; silt; some organics

Clay (CL):  gray

Encountered 1st
groundwater during
drilling at 4.5 ft-bgs
measured on 12
November 2002

Began drilling at 0820 on
12 November 2002

Completed borehole at
0855 on 12 November
2002
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  Surface completion monument extends approximately 3 feet
above ground.
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ARTIFICAL FILL:
brown to gray; wet

ARTIFICAL FILL:
Wood:  appears to be plywood; slow drilling

Silty GRAVEL (GM):  gray; wet (80,0,20)

@ 14' - increase in silt (50,0,50)

Clay (CL):  gray; wet

Encountered 1st
groundwater during
drilling at 5 ft-bgs
measured on 12
November 2002

Began drilling at 1030 on
12 November 2002

Completed borehole at
1105 on 12 November
2002
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  Surface completion monument extends approximately 3 feet
above ground.

NORTHING
EASTING
ANGLE Vertical

2474577.530
697395.220

B. Petty
6-inch
Rotasonic

W
E

LL
_B

O
R

E
  M

E
TF

A
LH

R
01

96
_0

3.
G

P
J 

 G
E

O
S

N
TE

C
.G

D
T 

 1
9/

5/
05

NUMBER

FINISH DRILL DATE
START DRILL DATE

DATUM
TOP OF CASINGLOCATION

PROJECT

1BORING

GS FORM:

1 OF

GROUND SURF.

PM-13
ELEVATION DATA:

Metaline Falls, Washington

SHEET

2031.45

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



No lithologic logging of PM-14.  See PM-13
for similar description.  PM-13 located
approximately 35 feet to the southwest.

Encountered 1st
groundwater during
drilling at 4.5 ft-bgs
measured on 12
November 2002

Began drilling at 0730 on
12 November 2002

Completed borehole at
0800 on 12 November
2002
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  Surface completion monument extends approximately 3 feet
above ground.
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Organics and Silt (OM): grassy layer

Silt (ML):  light brown; sand (0,25,75); some
organics

Gravel and Silt (GM):  light brown; dry
(50,0,50)

Silty GRAVEL (GM):  gray; moist; sand

@ 7' - becomes wet; decrease in silt and sand

Clay (CL):  gray; wet

Encountered 1st
groundwater during
drilling at 6 ft-bgs
measured on 12
November 2002

Began drilling at 0935 on
12 November 2002

pH level at ~9.5

pH level at ~10.0

pH level at ~7.5
Completed borehole at
0955 on 12 November
2002
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  Surface completion monument extends approximately 3 feet
above ground.
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ARTIFICAL FILL:  brown; silt; sand; gravel
(20,20,60)

GRAVEL (GM):  brown-gray; moist; sand; silt

GRAVEL (GM):  gray; wet; silt (25,0,75)

SILT and CLAY (ML-CL):  gray; wet

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 4 ft-bgs
on 15 July 2003

Began drilling at 0705 on
15 July 2003

pH level at 12.0

pH level at 10.5

Completed borehole at
0915 on 15 July 2003
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  Well is completed in a flush-mounted vaultNORTHING
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ARTIFICAL FILL: light brown

Silty CLAY (CL):  gray; wet

GRAVEL (GP):  gray; wet; poorly sorted; well
graded

CLAY (CL):  dark gray; wet; some gravel

@ 22' - color change to gray; no gravel

Encountered 1st
groundwater at 8 ft-bgs
on 15 July 2003

Began drilling at 1145 on
15 July 2003

pH level at 10.5

pH level at 11.0

pH level 9.0

Completed borehole at
1350 on 15 July 2003
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  Surface completion monument extends approximately 3 feet
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SILT (ML):  brown; dry; gravel (75,0,25)

GRAVEL (GM):  brown; moist; silt (25,0,75)

SILT (ML):  brown-gray; wet; fine-grained
sand (80,20,0)

Silty CLAY (CL):  gray; wet

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 10
ft-bgs on 16 July 2003

Began drilling at 0700 on
16 July 2003

pH level at 11.5

pH level at 11.5

pH level at 11.0

Completed borehole at
0920 on 16 July 2003
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  Surface completion monument extends approximately 3 feet
above ground.
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SILT-SAND-GRAVEL (GM):  brown; dry;
organics

SILT (ML):  gray; wet

@ 16' - increase in gravel (80,0,20)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 11
ft-bgs on 16 July 2003

Began drilling at 1140 on
16 July 2003

pH level at 11.5

pH level at 9.0

Completed borehole at
1210 on 16 July 2003
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  Surface completion monument extends approximately 3 feet
above ground.
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SILT (ML):  brown; dry; organics

@ 2.5' - becomes moist; increase in fine to
large gravel and cobbles

GRAVEL (GM):  gray-brown; wet; silt (20,0,80)

SILT (ML):  brown; moist; large gravel

CLAY (CL):  gray; moist

Began drilling at 1045 on
17 July 2003

pH level at 8.0

Completed borehole at
1330 on 17 July 2003
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  Surface completion monument extends approximately 3 feet
above ground.
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SILT (ML):  brown; dry; gravel (80,0,20)

@ 1' - increase in organics; no gravel

@ 4' - increase in sand; decrease in organics

GRAVEL (GM):  gray-brown; wet; silt (25,0,75)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 7 ft-bgs
on 17 July 2003

Began drilling at 1400 on
17 July 2003

Completed borehole at
1700 on 17 July 2003
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  Well is completed in a flush-mounted vaultNORTHING
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ANGLE Vertical
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ARTIFICAL FILL:
brown; dry

SILT (ML):  brown; moist

Sandy SILT (MH):  brown; moist; sand; large
gravel (well graded); some cobbles

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 5.5
ft-bgs on 15 July 2003

Began drilling at 0920 on
15 July 2003

pH level at 12

pH level at 10.5

Completed borehole at
1010 on 15 July 2003
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ARTIFICAL FILL:  brown; dry

SILT (ML):  gray; moist; large gravel

SILT (ML):  wet; gravel (75,0,25)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 7.5
ft-bgs on 15 July 2003

Began drilling at 1435 on
15 July 2003

pH level at 8.0

Completed borehole at
1510 on 15 July 2003
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SILT (ML):  brown; dry

@ 4' - becomes moist

GRAVEL (GM):  gray; wet; silt (25,0,75)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 6 ft-bgs
on 15 July 2003

Began drilling at 1600 on
15 July 2003

pH level at 11.0

pH level at 10.0

Completed borehole at
1630 on 15 July 2003
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SILT (ML):  brown; dry; organics; large gravel

SILT (ML):  brown; moist

SILT and GRAVEL (GP-GM):  gray-brown;
moist; cobbles (50,0,50)

SILT (ML):  gray; moist

CLAY (CL):  gray; moist

Temporary well:
3/4-inch PVC to 13
ft-bgs
pH level at 8.03

Began drilling at 1220 on
16 July 2003

Retry at 1235 due to
refusal @ 3'

Retry at 1300 due to
refusal @ 5.5'

Completed borehole at
1510 on 16 July 2003
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SILT (ML):  brown; dry; organics

SILT (ML):  brown; dry; fine to large gravel

Silty GRAVEL (GM):  brown; moist; small
cobbles

CLAY (CL):  gray; wet

SILT (ML):  brown; wet; small cobbles
(50,0,50)

@ 17.5' - decrease in cobbles

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 10
ft-bgs on 16 July 2003

Began drilling at 1530 on
16 July 2003

pH level at 10.5

pH level at 9.0

Completed borehole at
1655 on 16 July 2003
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SILT (ML):  brown; dry; organics; trace gravel

SILT (ML):  brown; moist

Silty GRAVEL (GM):  brown; dry; cobbles
(40,0,70)

SILT (ML):  gray; moist

CLAY (CL):  gray; moist

Temporary well:
3/4-inch PVC to 11
ft-bgs
pH level at 9.78

Began drilling at 1700 on
16 July 2003

Completed borehole at
0930 on 17 July 2003
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SILT (ML):  brown; dry; organics

@ 7' - becomes moist; increase in gravel;
decrease in organics

Silty GRAVEL (GM):  brown; moist; (50,0,50)

SAND (SP):  brown-gray; moist; fine-grained
sand

Temporary well:
3/4-inch PVC to 17
ft-bgs
Groundwater not
encountered

Began drilling at 0715 on
15 July 2003

pH level at 8.5

pH level at 9.5

pH level at 9.5
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Huntington Beach, CA 92648
Phone:  (714) 969-0800



Completed borehole at
0935 on 15 July 2003
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DIAMETER
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

@ 1' - decrease in organics

Silty GRAVEL (GM):  brown-gray; moist

Temporary screen from
12 to 16 ft-bgs
pH level at 11.5

Began drilling at 0915 on
15 July 2003

pH level at 8.0

pH level at 7.5
Completed borehole at
0950 on 15 July 2003
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Cascade
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EQUIPMENT
DRILL MTHD
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474394.750
697681.460
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Metaline Falls, Washington
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

@ 1' - decrease in organics

SILT (ML):  gray-brown; dry; gravel

SILT (ML): brown; moist

@ 11' - color change to light gray; becomes
dry; increase in gravel
Silty GRAVEL (GM):  brown; moist; (50,0,50)

SAND (SM):  brown; wet; fine-grained sand;
silt (25,75,0)

SILT and SAND (ML-SP):  gray; wet (50,50,0)

CLAY (CL):  gray; wet; silt

Temporary screen from
16 to 20 ft-bgs
pH level at 12.0

Began drilling at 1000 on
15 July 2003

pH level at 12.0

pH level at 12.0

pH level at 9.5
Completed borehole at
1105 on 15 July 2003
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EASTING
ANGLE Vertical
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Metaline Falls, Washington

SHEET

2036

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SHEET

2036

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800

SILT (ML):  brown; dry; organics

@ 1' - becomes moist; decrease in organics

SILT (ML):  dark gray; dry; gravel

Silty GRAVEL (GM):  brown; dry; (50,0,50)

@ 11' - becomes wet

CLAY (CL):  gray; wet

No groundwater due to
hole collapse

Encountered 1st
groundwater at 11
ft-bgs on 15 July 2003

Began drilling at 1115 on
15 July 2003

pH level at 7.0

pH level at 13.0

pH level at 13.0
Completed borehole at
1140 on 15 July 2003
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EASTING
ANGLE Vertical
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Metaline Falls, Washington



SILT (ML):  brown; dry; organics

Silty GRAVEL (GM):  brown; moist; (40,0,60)

SILT (ML):  brown-gray; wet; gravel (75,0,25)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 6 ft-bgs
on 15 July 2003

Temporary screen from
10 to 14 ft-bgs
pH level at 12.5

Began drilling at 1200 on
15 July 2003

pH level at 10.0

pH level at 12.5

Completed borehole at
1255 on 15 July 2003
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EASTING
ANGLE Vertical
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Metaline Falls, Washington

SHEET

2036

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

@ 1' - becomes moist

GRAVEL (GM):  gray; wet; silt (25,0,75)

Encountered 1st
groundwater at 6 ft-bgs
on 15 July 2003

Temporary screen from
8 to 12 ft-bgs
pH level at 13.0

Began drilling at 1215 on
15 July 2003

pH level at 11.0

pH level at 11.0

Completed borehole at
1305 on 15 July 2003
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EASTING
ANGLE Vertical
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Metaline Falls, Washington
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry

SILT (ML):  brown-gray; moist; gravel
(75,0,25)

GRAVEL (GM):  gray; wet; silt (25,0,75)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 8 ft-bgs
on 15 July 2003

Temporary screen from
15 to 19 ft-bgs
pH level at 13.0

Began drilling at 1315 on
15 July 2003

pH level at 8.5

pH level at 12.0

pH level at 9.5
Completed borehole at
1340 on 15 July 2003
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2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



FSP-08
ELEVATION DATA:

Metaline Falls, Washington

SHEET

2035.5

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800

SILT (ML):  grown; dry; organics

GRAVEL (GM):  gray-brown; wet; silt (10,0,90)

CLAY (CL):  gray; wet

Temporary well:
3/4-inch PVC to 7
ft-bgs
Dry

Encountered 1st
groundwater at 11
ft-bgs on 15 July 2003

Began drilling at 1400 on
15 July 2003

pH level at 8.5

pH level at 12.5

pH level at 12.5
Completed borehole on
15 July 2003

TY
P

E

BOREHOLE LOG

DEPTH
(ft)

MATERIAL
DESCRIPTION

S
Y

M
B

O
LI

C
 L

O
G

W
E

LL
 L

O
G

B
LO

W
S

 P
E

R
 6

"

STRUCTURE/
GROUNDWATER

E
LE

V
A

TI
O

N
 (f

t)

2035

2030

2025

2020
R

E
C

O
V

E
R

Y
 (%

)

COMMENTS

5

10

15

20

25

30

P
ID

 R
E

A
D

IN
G

 (p
pm

)

N
U

M
B

E
R

TI
M

E

SAMPLES

WELL BORE

REMARKS:

SEE KEY SHEET FOR SYMBOLS AND ABBREVIATIONS

Cascade

LOGGER

CONTRACTOR
EQUIPMENT
DRILL MTHD
DIAMETER

REVIEWER

  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474449.370
697468.990

B. Petty

Geoprobe

1.5-inch
Direct Push

W
E

LL
_B

O
R

E
  M

E
TF

A
LH

R
01

96
_0

3.
G

P
J 

 G
E

O
S

N
TE

C
.G

D
T 

 1
9/

5/
05

NUMBER

FINISH DRILL DATE
START DRILL DATE

DATUM
TOP OF CASINGLOCATION

PROJECT

1BORING

GS FORM:

1 OF

GROUND SURF.



SILT (ML):  brown; dry; organics

@ 1' - becomes moist; decrease in organics

SILT (ML):  gray-brown; wet; gravel (80,0,20)

GRAVEL (GM):  gray-brown; wet; silt (10,0,90)

CLAY (CL):  gray; wet

No groundwater
sampled due to small
volume

Encountered 1st
groundwater at 5 ft-bgs
on 15 July 2003

Began drilling at 1430 on
15 July 2003

pH level at 8.5

pH level at 9.5

pH level at 11.0

Completed borehole at
1515 on 15 July 2003
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Metaline Falls, Washington
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2030

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800

SILT (ML):  brown; dry

@ 1' - becomes moist

@ 5' - color change to gray; becomes wet

Silty GRAVEL (GM):  gray-brown; wet

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 5.5
ft-bgs on 15 July 2003

Temporary screen from
12 to 16 ft-bgs
pH level at 8.75

Began drilling at 1530 on
15 July 2003

pH level at 9.0

pH level at 9.0

Completed borehole at
1600 on 15 July 2003
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Metaline Falls, Washington

SHEET

2030



SILT (ML):  brown; dry; gravel (75,0,25)

Silty GRAVEL (GM):  gray; dry; (50,0,50)

Sandy SILT (ML):  gray-brown; wet; gravel
(50,40,10)

CLAY (CL):  gray; wet

No groundwater
sampled due to hole
collapse

Encountered 1st
groundwater at 9 ft-bgs
on 15 July 2003

Began drilling at 1615 on
15 July 2003

pH level at 12.0

Completed borehole at
1700 on 15 July 2003
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT-SAND-GRAVEL (GM):  brown; dry;
organics

Gravelly SILT (ML):  brown; moist; (60,0,40)

CLAY (CL):  gray; wet

Temporary screen from
8 to 12 ft-bgs
pH level at 11.0
Encountered 1st
groundwater at 6 ft-bgs
on 16 July 2003

Began drilling at 0700 on
16 July 2003

pH level at 10.5

Completed borehole at
0800 on 16 July 2003
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Cascade
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EQUIPMENT
DRILL MTHD
DIAMETER

REVIEWER

  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical
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Metaline Falls, Washington

SHEET

2028

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

SILT (ML):  brown; moist; gravel (75,0,25)

Began drilling at 0810 on
16 July 2003

Two samplers bent

Completed borehole at
0830 on 16 July 2003
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Cascade
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DRILL MTHD
DIAMETER
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474591.010
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FSP-13
ELEVATION DATA:

Metaline Falls, Washington

SHEET

2028

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics Began drilling at 0835 on
16 July 2003

Refusal:  no sample

Terminated borehole at
0900 on 16 July 2003
Bent two samplers
Angled rods
Damaged two sample tips
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Cascade
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474569.260
697693.950
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Metaline Falls, Washington
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2028

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
Silt; gray and brown; dry; sand

SILT (ML):  brown; wet; fine gravel (75,0,25)

GRAVEL (GM):  gray; wet; silt; sand

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 5 ft-bgs
on 16 July 2003

Temporary screen from
12 to 16 ft-bgs
pH level at 9.5

Began drilling at 0955 on
16 July 2003

pH level at 8.0

pH level at 8.5

Completed borehole at
1040 on 16 July 2003
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474564.440
697375.720
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ELEVATION DATA:

Metaline Falls, Washington

SHEET

2031

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry; gravel; silt; sand

GRAVEL (GM):  brown; wet; fine gravel; silt
(20,0,80)

@ 8' - becomes dry Temporary screen from
8 to 12 ft-bgs
pH level at 11.5

Began drilling at 1050 on
16 July 2003

pH level at 8.5

pH level at 11.0

Completed borehole at
1120 on 16 July 2003
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Cascade
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CONTRACTOR
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DRILL MTHD
DIAMETER

REVIEWER

  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474531.450
697418.690
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Direct Push

W
E

LL
_B

O
R

E
  M

E
TF

A
LH

R
01

96
_0

3.
G

P
J 

 G
E

O
S

N
TE

C
.G

D
T 

 1
9/

5/
05

NUMBER

FINISH DRILL DATE
START DRILL DATE

DATUM
TOP OF CASINGLOCATION

PROJECT

1BORING

GS FORM:

1 OF

GROUND SURF.

FSP-16
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Metaline Falls, Washington

SHEET

2031

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

SILT (ML):  dark brown; wet; very little gravel

Silty Sandy GRAVEL (GM):  gray; wet

Encountered 1st
groundwater at 5 ft-bgs
on 16 July 2003

Temporary screen from
12 to 16 ft-bgs
pH level at 7.0

Began drilling at 1130 on
16 July 2003

pH level at 7.5

pH level at 8.5

Completed borehole at
1200 on 16 July 2003
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Cascade
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474616.320
697382.610
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Metaline Falls, Washington

SHEET

2034

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry; silt; sand

SILT (ML):  brown-gray; wet

GRAVEL (GM):  gray; wet; silt

Encountered 1st
groundwater at 6 ft-bgs
on 16 July 2003

Temporary screen from
12 to 16 ft-bgs
pH level at 7.5

Began drilling at 1220 on
16 July 2003

pH level at 7.5

pH level at 8.5

Completed borehole at
1300 on 16 July 2003
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474589.890
697409.680
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Metaline Falls, Washington
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2032.5

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

Silty GRAVEL (GM):  light gray

Clayey SILT (ML):  brown; wet

Silty GRAVEL (GM):  gray; wet (50,0,50)

Encountered 1st
groundwater at 5 ft-bgs
on 16 July 2003

Temporary screen from
12 to 16 ft-bgs
pH level at 7.5

Began drilling at 1310 on
16 July 2003

pH level at 7.5

Completed borehole at
1340 on 16 July 2003
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Cascade
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical
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697426.440
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Metaline Falls, Washington
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2032.5

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

SILT (ML):  gray; wet

Silty GRAVEL (GM):  gray; wet; (30,0,70)

Encountered 1st
groundwater at 4 ft-bgs
on 16 July 2003

Temporary screen from
10 to 14 ft-bgs
pH level at 9.60

Began drilling at 1350 on
16 July 2003

pH level at 10.0

pH level at 11.5

Completed borehole at
1420 on 16 July 2003
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  Backfilled with bentoniteNORTHING
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800
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ARTIFICAL FILL:
brown; dry

@ 3' - becomes moist

Silty CLAY (CL):  brown; wet

SANDY-SILTY-GRAVEL (GM)

CLAY (CL):  gray; wet

Temporary screen from
8 to 12 ft-bgs
pH level at 10.05

Began drilling at 1500 on
16 July 2003

Completed borehole at
1600 on 16 July 2003
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474544.660
697467.300
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Metaline Falls, Washington

SHEET

2030.78

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

@ 4.5' - becomes wet; some silt

SILT (ML):  gray

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 4 ft-bgs
on 17 July 2003

Temporary screen from
10 to 14 ft-bgs
pH level at 11.8

Native - hole collapse

Began drilling at 0710 on
17 July 2003

Completed borehole at
0735 on 17 July 2003
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  Backfilled with bentoniteNORTHING
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ANGLE Vertical
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ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



CONTRACTOR
EQUIPMENT
DRILL MTHD
DIAMETER

REVIEWER

  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical

2474500.040
697484.410
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Metaline Falls, Washington

SHEET

2031.59

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800

ARTIFICAL FILL:
brown; dry

SILT (ML):  brown; wet

GRAVEL (GM):  gray; wet; silt (25,0,75)

Temporary well:
3/4-inch PVC to 9
ft-bgs

Encountered 1st
groundwater at 4 ft-bgs
on 17 July 2003

Began drilling at 0740 on
17 July 2003

Completed borehole at
0815 on 17 July 2003
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ARTIFICAL FILL:
brown; dry

SILT (ML):  gray; wet

Silty CLAY (CL):  gray-brown; wet

CLAY (CL):  gray; wet

Temporary well:
3/4-inch PVC to 12
ft-bgs

Encountered 1st
groundwater at 7 ft-bgs
on 17 July 2003
pH level at 7.41

Began drilling at 0900 on
17 July 2003

Completed borehole at
0935 on 17 July 2003
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ANGLE Vertical
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Metaline Falls, Washington
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2033.5

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

SILT (ML):  dark gray; wet

GRAVEL (GM):  gray; wet; silt

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 4.5
ft-bgs on 17 July 2003

Temporary screen from
10 to 14 ft-bgs
pH level at 12.0

Began drilling at 1000 on
17 July 2003

pH level at 11.5

Completed borehole at
1020 on 17 July 2003
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  Backfilled with bentoniteNORTHING
EASTING
ANGLE Vertical
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ELEVATION DATA:

Metaline Falls, Washington

SHEET

2033.5

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



ARTIFICAL FILL:
brown; dry

SILT (ML):  gray-brown; wet

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 5 ft-bgs
on 17 July 2003

Temporary screen from
8 to 12 ft-bgs
pH level at 11.53

Began drilling at 1130 on
17 July 2003

pH level at 11.5

Completed borehole at
1200 on 17 July 2003
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ANGLE Vertical

2474575.710
697505.730

B. Petty

Geoprobe

1.5-inch
Direct Push

W
E

LL
_B

O
R

E
  M

E
TF

A
LH

R
01

96
_0

3.
G

P
J 

 G
E

O
S

N
TE

C
.G

D
T 

 1
9/

5/
05

NUMBER

FINISH DRILL DATE
START DRILL DATE

DATUM
TOP OF CASINGLOCATION

PROJECT

1BORING

GS FORM:

1 OF

GROUND SURF.

FSP-26
ELEVATION DATA:

Metaline Falls, Washington

SHEET

2031

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

GRAVEL (GM):  dark gray; silt (10,0,90)

CLAY (CL):  gray; wet

Temporary screen from
4 to 8 ft-bgs
pH level at 10.20

Encountered 1st
groundwater at 7.5
ft-bgs on 17 July 2003

Began drilling at 1220 on
17 July 2003

Completed borehole at
1252 on 17 July 2003
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2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; organics

GRAVEL (GM):  gray; wet; fine gravel; some
silt

SILT (ML):  light gray; wet

GRAVEL (GM):  gray; wet; fine gravel; some
silt

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 7 ft-bgs
on 17 July 2003
Temporary screen from
8 to 12 ft-bgs
pH level at 10.48

Began drilling at 1320 on
17 July 2003

Completed borehole at
1400 on 17 July 2003
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Metaline Falls, Washington

SHEET

2027

ONSULTANTSCSYNTECEOG
2100 Main Street, Suite 150
Huntington Beach, CA 92648
Phone:  (714) 969-0800



SILT (ML):  brown; dry; gravel (75,0,25)

Clayey SILT (ML):  brown-gray; wet

GRAVEL (GM):  gray; wet; silt (20,0,80)

CLAY (CL):  gray; wet

Encountered 1st
groundwater at 6.5
ft-bgs on 17 July 2003

Temporary screen from
10 to 14 ft-bgs
pH level at 8.36

Began drilling at 1400 on
17 July 2003

Completed borehole at
1435 on 17 July 2003
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