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1.0 INTRODUCTION 

This memorandum presents a new remedial action alternative, Alternative 
13, for consideration for the Holden Mine site (the “site”).  While 
Alternative 3b as presented in the 2004 Draft Final Feasibility Study report 
(DFFS) remains Intalco's preferred remedy, Alternative 13 was developed 
by Intalco to provide a superior and less costly alternative to the 
Agencies’1 Final Draft Proposed Plan, dated 18 September 2007.  The 
Agencies have rejected Alternative 3b as well as Alternative 9, a 
settlement alternative proposed by Intalco in November 2005.  In the Final 
Draft Proposed Plan, the Agencies’ identify a new alternative (Alternative 
11) as the preferred alternative for the site.   

Alternative 11 includes the installation of a fully-penetrating2 
groundwater barrier wall and groundwater collection system adjacent to 
the south bank of Railroad Creek along the length of the site.  Although 
Intalco does not agree that groundwater collection along the entire length 
of the site is necessary or desirable, Alternative 13 includes the active 
collection of groundwater flow paths associated with site sources in the 
east and west areas, using different and more reliable methods than 
Alternative 11.  This memorandum describes Alternative 13 and provides 
a comparative analysis of this new alternative with Alternatives 3b, 9, and 
11 to highlight the differences between alternatives.  Note that Intalco’s 
review of the Final Draft Proposed Plan and supporting documentation is 
ongoing, and additional comments on the Agencies’ preferred alternative 
will be provided at a later date.   

The principal components of Alternative 13 are shown on Figure 1.  
Alternative 13 would incorporate the remedial components of Alternative 
3b, described below.  In addition, in the east area, Railroad Creek would 
be relocated to the north, and the former Railroad Creek channel would be 
used for collection of groundwater and seepage from the tailings 
impoundments.  The collected east area water would be transported by 
gravity to a conventional low-energy treatment system located in the area 
to the east of tailings pile 3.   

The location and alignment of the relocated Railroad Creek channel for 
Alternative 13 is substantially modified from the Railroad Creek 

                                                 
1  The United States Environmental Protection Agency Region 10, the Washington State Department of 

Ecology, and the United States Department of Agriculture Forest Service are collectively referred to herein as 
the “Agencies”. 

2  The term “fully-penetrating” is used herein to describe barrier walls that would be constructed to connect 
with the underlying glacial till or bedrock. 



 

 2  

relocation alternatives evaluated in the DFFS to provide enhanced aquatic 
habitat and reduce impacts to Holden Village by maximizing the distance 
between the channel realignment and Holden Village.  The channel 
realignment, collection, and treatment components included under 
Alternative 13 were developed and evaluated in greater detail than 
performed during the DFFS for increased certainty in the technical 
evaluations and refinement of cost estimates. 
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2.0 SUMMARY OF PREVIOUS ALTERNATIVES 

The 2004 DFFS evaluated eight alternatives, including several 
subalternatives, developed and agreed upon by Intalco and the Agencies.  
The analyses and evaluations documented in the DFFS supported the 
selection of Alternative 3b as the preferred remedy for the site (Figure 2).  
A brief description of Alternative 3b and the subsequent alternatives 
proposed by the Agencies and Intalco is provided in the following 
subsections.   

2.1 Alternative 3b 

Alternative 3b includes the diversion of unimpacted surface and near-
surface water around site sources and the active collection and treatment 
of diffuse groundwater, seeps, and surface drainages that contribute a 
majority of the cadmium, copper, and zinc loading to Railroad Creek.3  
The water collection and treatment actions included under Alternative 3b 
are focused in the western portion of the site, where the majority of the 
load for these metals originates.  The United States Environmental 
Protection Agency (USEPA) National Remedy Review Board (NRRB) later 
concurred with the finding that the west area "represents the major 
contaminant source" at the site.4   

Alternative 3b is configured to allow the use of gravity flow to transfer 
collected water to a conventional low-energy treatment system located in 
the lower west area.  Water that drains from the mine portal and major 
seeps (SP-23 and SP-12) would be discretely collected and piped by 
gravity to the treatment system.  Groundwater and seeps associated with 
the waste rock piles, maintenance yard, and mill area would be 
intercepted by a fully-penetrating groundwater barrier wall and collection 
system and also conveyed to the treatment system by gravity.  The barrier 
wall would be more than 2,000 feet long and constructed immediately 
downgradient of the west area sources.  The barrier wall will intercept 
contaminated groundwater (and therefore metals loading) that currently 
flows through the lower west area and beneath tailings pile 1 before 
discharging into Railroad Creek.   

                                                 
3  Based on the results of the ecological risk evaluations presented in the Draft Final Remedial Investigation 

Report (DRI), DFFS, and subsequent post-DFFS deliverables, cadmium, copper, and zinc are the primary 
constituents of concern related to site surface water.   

4  Letter from JoAnn Griffith, Chair, USEPA National Remedy Review Board, to Dan Opalski, Director, USEPA 
Office of Environmental Cleanup, Region 10, 1 November 2005.  The NRRB defined the “west area” to 
include site areas located to the west of Copper Creek, including tailings pile 1. 
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The Alternative 3b actions would include installing additional stream 
bank protection, such as competent rip rap, at the toe of the tailings piles, 
and regrading and revegetating the tailings pile side slopes to address the 
potential for tailings release due to erosion or slope failure.  Alternative 3b 
will also include upgradient water diversions, revegetation, monitored 
natural attenuation (MNA), and other measures to reduce water 
infiltration into the piles and metals loadings from the piles, but it would 
not include the collection and treatment of east-area groundwater and 
seeps. 

Based on the analyses presented in the Draft Final Remedial Investigation 
Report (DRI) and DFFS, Alternative 3b will meet the threshold evaluation 
criteria under both the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA, 42 USC §§ 9601-9675) and the 
Washington State Model Toxics Control Act (MTCA) Cleanup Regulation 
(Chapter 173-340 Washington Administrative Code [WAC]).  The 
Alternative 3b remedial components, including natural attenuation in the 
east area, are predicted to be protective of human health and the 
environment immediately after implementation and are predicted to 
achieve potential cleanup criteria in the fully-mixed stream within 50 
years for all the potential constituents of concern (PCOCs), including 
aluminum, cadmium, copper, iron, and zinc, the same time frame as 
Alternative 11.  Because the overall post-remediation metals loading to 
Railroad Creek is expected to be similar under both alternatives, PCOC 
concentrations in surface water, where groundwater (and therefore metals 
loading) enters surface water, would also be similar.       

Alternative 3b was determined in the DFFS to achieve the MTCA 
requirement to apply all known available and reasonable methods of 
treatment (AKART) to groundwater discharges because the actions 
included under Alternative 3b would achieve equivalent performance, but 
at lower cost, relative to other alternatives in the DFFS (including 
Alternatives, 5, 6, 7, and 8) and the subsequent Agency proposed 
alternatives.  However, following their review of the DFFS, the Agencies 
expressed concerns related to the reliance on upgradient water diversion, 
regrading, enhanced revegetation and MNA in the east area of the site, 
and indicated a preference for remedial actions that include so-called 
"active"5 collection and treatment of east area groundwater and seeps to 
reduce the loading of primarily aluminum and iron to Railroad Creek.   

                                                 
5  The Agencies’ preference seems to ignore the fact that under the MTCA regulations, MNA is considered an 

“active” remedy.  
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2.2 2004 Agencies’ Proposed Alternative  

In June 2004, the Agencies presented an Agencies' Proposed Alternative 
(APA) to Intalco.  The APA included the Alternative 3b collection actions 
in the west area and added discrete collection of seeps in the lower west 
area.  The APA included a fully-penetrating groundwater barrier wall at 
the northwest corner of tailings pile 1 and along the length of tailings pile 
3, and discrete collection of seep SP-3, adjacent to tailings pile 2.  Under 
this alternative, a single treatment system was proposed on the north side 
of Railroad Creek across from tailings pile 3 and all water collected in both 
the east and west areas would be conveyed to that location. 

2.3 2005 Agencies’ Proposed Remedy 

After a series of discussions with Intalco, the Agencies unexpectedly 
replaced the APA with the Agencies’ Proposed Remedy (APR) in January 
2005.  The 2005 APR later became the basis for Alternative 10 in the Final 
Draft Proposed Plan.  The primary differences between the APA and 2005 
APR included a change in the barrier wall from fully penetrating to 
partially penetrating (i.e., a wall that only extends part of the way down to 
a low-permeability till) and an extension of the wall along the south side 
of Railroad Creek, beginning in the vicinity of the current portal drainage 
discharge in the lower west area and continuing along the entire length of 
tailings piles 1 and 3.  The 2005 APR did not include a barrier wall along 
the length of tailings pile 2, but indicated that a final decision related to 
tailings pile 2 groundwater would be deferred, pending further data 
collection and analysis.   

The barrier wall installation would require substantial regrading of the 
tailings piles, compared to the regrading included under Alternative 3b or 
the 2004 APA, to create enough room at the base for construction and 
operation of the barrier wall and collection system.  In addition, because 
the 2005 APR included the partially-penetrating barrier wall in the lower 
west area, the fully-penetrating upper west area barrier wall proposed 
under Alternative 3b (and the 2004 APA) was eliminated.  The Agencies 
submitted the 2005 APR to the NRRB in September 2005 and received 
comments from the NRRB in November 2005.  Intalco also commented 
extensively on the 2005 APR, including raising serious concerns about the 
reliability and implementability of the collection system, heavy reliance on 
energy for pumping and treatment, and much higher cost and greater 
impacts to Holden Village compared to Alternative 3b.   
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2.4 Intalco’s Alternative 9 

In response to oral comments received on the DFFS from the Agencies and 
in response to the 2005 APR, an alternate remedial approach, Alternative 
9, was developed by Intalco and presented to the Agencies as a settlement 
offer in November 2005 (Figure 3).  Alternative 9 was presented by Intalco 
to address the Agencies’ concerns with respect to active collection and 
treatment in the east area. 

Alternative 9 would address the primary sources of cadmium, copper, 
and zinc loading to Railroad Creek using the same remedial components 
described for Alternative 3b, and would include collection and treatment 
of groundwater and seeps associated with tailings pile 1 in the east area.  
The additional east area actions included under Alternative 9 are focused 
on tailings pile 1, because tailings pile 1 groundwater and seeps contribute 
a majority of the aluminum and iron loading from the site to Railroad 
Creek6.  Under Alternative 9, water collected in the east area would be 
collected by a combination of subsurface interception systems and wells, 
and the water would be pumped to the west area for treatment.7  

Following submittal of Alternative 9 in November 2005, Intalco made 
numerous requests for a meeting to discuss the alternative.  The Agencies 
refused to meet with Intalco to discuss Alternative 9 and other remedy 
selection issues, and instead worked in isolation from Intalco and the 
Holden Village to develop the Final Draft Proposed Plan throughout 2006 
and 2007 without allowing any input or involvement from Intalco or the 
Village.   

2.5 Agencies’ Final Draft Proposed Plan 

In late September 2007, the Agencies presented a Final Draft Proposed 
Plan for the site and supporting documentation, including comments on 
the 2004 DFFS, comments on Alternative 9, and a supplemental feasibility 
study (SFS).  The Final Draft Proposed Plan identified a new alternative 
(Alternative 11) as the preferred remedial alternative for the site8.  As 

                                                 
6  For example, tailings pile 1 contributes a majority of the iron and aluminum loading from the site throughout 

the year, including approximately 78 percent of the total iron loading from the east area in the fall, when iron 
concentrations in Railroad Creek are the highest. These actions are also consistent with the USEPA NRRB 
comment that the west area, including tailings pile 1, "represents the major contaminant source" at the site. 

7  To minimize the potential for equipment fouling, the tailings pile 1 groundwater collection and conveyance 
system would be designed to minimize the intrusion of air (oxygen) and oxygenated water from Railroad 
Creek. 

8  The Final Draft Proposed Plan and SFS also presented and evaluated Alternative 10, which was based on the 
2005 APR, and Alternative 12, a no action alternative. 
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described in the Final Draft Proposed Plan, the principal components of 
Alternative 11 are summarized on Figure 4 and include: 

• Portal drainage flow retention and equalization using hydrostatic 
bulkheads installed within the 1500-level of the mine; 

• Diversion of upgradient surface and near-surface water around east 
and west area mining features; 

• Discrete collection of the portal drainage and west area Seeps SP-23 
and SP-12; 

• Demolition of the former mill building; 

• Removal and on-site disposal of contaminated materials in the mill 
building, lagoon area, and former surface water retention area; 

• Capping contaminated soils in the maintenance yard; 

• Relocation of the Honeymoon Heights waste rock piles to tailings pile 
19; 

• Relocation of portions of the east and west waste rock piles to the 
tailings piles and regrading and capping the remaining waste rock 
with 2 feet of soil and a geomembrane10; 

• Regrading tailings piles 1, 2, and 3 to a final side slope of 2:1 and to 
create a 45-foot bench adjacent to Railroad Creek; 

• Capping the tailings piles (and relocated waste rock) with 2 feet of soil 
and a geomembrane; 

• Installing a fully-penetrating barrier wall and groundwater collection 
trench at the south bank of Railroad Creek along the length of the site 
and pumping of all collected water to the north side of Railroad Creek; 

• Treatment of collected water in a single treatment system located on 
the north side of Railroad Creek across from tailings pile 3; 

                                                 
9  The Agencies state in the text of the SFS that the Honeymoon Heights waste rock would be relocated to the 

west waste rock pile.  However, the Agencies’ cost estimate for Alternative 11 assumes relocation of the 
waste rock to tailings pile 1.  There would not be space on the top surface of the west and/or east waste rock 
piles for all the rock from Honeymoon Heights (estimated by the Agencies to be 4,000 truck loads). 

10 In the text of the SFS, the Agencies do not specify where the excess waste rock, following regrading of the 
east and west waste rock piles, would be placed.  The Agencies’ cost estimate for Alternative 11 assumes the 
placement of this rock on the tailings piles. 
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• Development of local rock and soil/gravel quarries; and 

• Potential remediation of impacted soils in outlying areas of the site, 
including the former baseball field, Holden Village, and areas to the 
east of tailings pile 3. 

Alternative 11 is compared to Alternative 13 in the following sections.  
Intalco is in the process of reviewing the Agencies' Final Draft Proposed 
Plan and associated documents, including the additional remedial 
components of Alternative 11 that were not included in previous Agency 
proposed alternatives, such as the relocation of Honeymoon Heights 
waste rock piles, capping of the tailings piles with two feet of soil and a 
geomembrane, and the potential remediation of impacted soils in 
additional outlying areas.  Intalco will provide additional comments on 
Alternative 11 and the Agency documents and evaluations subsequent to 
this memorandum. 11  

                                                 
11 In addition, there are certain quantitative analyses included in this memorandum for which Intalco has not 

had sufficient time to complete for Alternative 11 following receipt of the Final Draft Proposed Plan and 
other Agency documents in late September, 2007.  In those cases, quantitative evaluations prepared for 
Alternative 10 are summarized and compared to Alternative 11 on a relative basis. 
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3.0 OBJECTIVES OF ALTERNATIVE 13 

Consistent with the Remedial Action Objectives developed by the 
Agencies and included in the 2004 DFFS, Alternative 13 was developed to 
protect human health and the environment, including achievement of soil, 
surface water, and groundwater standards within a reasonable timeframe, 
and to protect and minimize impacts to Holden Village community 
during and after construction.  Additionally, although not required under 
CERCLA or MTCA or to achieve Remedial Action Objectives, Alternative 
13 was developed to address Agency concerns with respect to collection 
and treatment of east area groundwater and seeps.  Intalco's additional 
objectives for Alternative 13 include: 

• As would be obtained by Alternatives 3b and 9, achieve compliance 
with applicable or relevant and appropriate requirements (ARARs), 
including MTCA requirements for a reasonable restoration timeframe 
and use of permanent solutions to the maximum extent practicable; 

• Achieve similar or greater removal of metal loadings currently 
discharging to Railroad Creek as compared to Alternatives 10 and 11, 
and, therefore, be equally effective at preventing releases of metals 
from seeps and groundwater discharging to surface water at 
conditional points of compliance (CPOCs) for groundwater; 

• Provide greater technical implementability with reduced short-term 
impacts to Holden Village during implementation relative to 
Alternatives 10 and 11; 

• Provide increased long-term reliability compared to Alternatives 10 
and 11, including consideration of the remoteness of the site, cold 
weather issues and the limited availability of power; and 

• Provide significantly reduced costs relative to Alternatives 10 and 11. 

The key difference between the Agencies’ preferred alternative, 
Alternative 11, and Alternative 13 is the approach for collecting, 
conveying, and treating groundwater and seeps at the south bank of 
Railroad Creek.  Alternative 11 uses a fully-penetrating barrier wall and a 
combination of open groundwater collection ditches and pipelines in both 
the west and east areas of the site.  Alternative 11 would require 
significant regrading of the tailings pile side slopes to create room for 
construction, operation, and maintenance of the groundwater collection 
and conveyance system.  In addition, under Alternative 11, water 
collected from the east area would need to be pumped to a large treatment 
system located on the north side of Railroad Creek.   
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In contrast, Alternative 13 would utilize the existing stream channel for 
collection and conveyance of groundwater and seeps in the east area.  The 
existing stream channel is the natural discharge point for groundwater 
and seeps and, therefore, provides a logical and proven method for 
collection and conveyance.  By relocating Railroad Creek to the north of 
the existing channel and maintaining the water level in the new stream 
channel at a slightly higher elevation than the collection system, 
groundwater from the east area will discharge to the collection system 
rather than to Railroad Creek.  As an additional benefit, the new Railroad 
Creek channel would provide increased habitat to support aquatic life.  
The design concept for the east area treatment system is to utilize methods 
for alkalinity addition and other design features that do not require a 
continuous supply of power for operation.   

In the west area, Alternative 13 would utilize the same methods as 
Alternative 3b for collection of contaminated waters immediately 
downgradient of the source areas and gravity conveyance to a low-energy 
treatment system in the lower west area.  These collection and conveyance 
methods are superior to the Alternative 11 approach, which would allow 
west area groundwater and seeps to flow further downgradient and then 
attempt to collect them immediately adjacent to Railroad Creek, and 
convey those waters to the north of tailings pile 3.  The greater depth to 
low permeability materials and location of the barrier wall adjacent to 
Railroad Creek cause less certainty in the ability of the system to 
effectively collect the groundwater for treatment. 

As described in the following sections, Alternative 13 would achieve 
equivalent removals of metals currently discharging to Railroad Creek 
compared to Alternative 11, yet it would be more technically 
implementable and reliable, it would have reduced short-term and long-
term impacts on Holden Village, and it would be less costly than 
Alternative 11.     
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4.0 DESCRIPTION OF ALTERNATIVE 13 REMEDIAL COMPONENTS 

The principal remedial action components included under Alternative 13 
are shown on Figure 1.  Alternative 13 includes the same remedial actions 
as DFFS Alternative 3b, with additional collection and treatment of 
groundwater and seeps in the eastern area of the site.  Under Alternative 
13, Railroad Creek would be relocated to the north and the existing creek 
channel enhanced to provide collection and treatment in the east area.   

The following subsections summarize the remedial actions that are 
common to Alternatives 3b, 9, and 13 and describe the unique actions 
included under Alternative 13. 

4.1 Remedial Actions Common to Alternatives 3b, 9, and 13 

Figures 1, 2, and 3 present the principal remedial action components 
included under Alternatives 13, 3b, and 9, respectively.  The principal 
components that are common to these three alternatives include: 

• Diversion of upgradient surface and near-surface water around east 
and west area mining features; 

• Closure of the tailings pile 1 decant tower; 

• Surface drainage improvements and enhanced revegetation of the 
tailings piles; 

• Regrading and revegetation of the tailings piles 1 and 2 side slopes12; 

• Excavation of contaminated soils from the lagoon area; 

• Excavation and/or covering of contaminated materials in the mill 
building, maintenance yard, and former surface water retention area;   

• Portal drainage flow retention and equalization using hydrostatic 
bulkheads installed within the mine or an alternative method, such as 
above-ground retention basins; 

• Discrete collection and treatment of the portal drainage and west area 
seeps SP-23 and SP-12; 

• Installation of a fully-penetrating barrier wall and collection system in 
the upper west area to collect groundwater and seeps immediately 
downgradient of the east and west waste rock piles, mill building and 
maintenance yard; and 

                                                 
12  The existing tailings piles 1 and 2 side slopes would be regraded to a final slope of approximately 2:1 (26% 

slope angle).  Alternatives 3b, 9, and 13 do not include excavating tailings to provide a 45 foot bench between 
the tailings piles and Railroad Creek, as required for barrier wall construction under the 2005 APR. 
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• Conventional, low-energy treatment of collected groundwater and 
seeps at a location within the lower west area (downslope from the 
waste rock piles, mill building, and maintenance yard). 

The remedial actions listed above are described in detail in the DFFS.  The 
actions included under Alternatives 3b, 9, and 13 in the western area of 
the site are expected to significantly improve groundwater and seep 
quality in the lower west area and beneath tailings pile 1.  As shown on 
Figure 5, the west area actions include: installation of a fully-penetrating 
barrier wall and groundwater collection system immediately upgradient 
of the lower west area and tailings pile 1; removal of contaminated lagoon 
area soils; removal and/or covering of contaminated soils and other 
materials in the maintenance yard and mill building; construction of 
unlined treatment ponds in the lower west area; and placement of the 
portal drainage within a pipe or lined channel for conveyance (thereby 
eliminating the loss of contaminated water from the portal drainage 
channel to the lower west area). 

Under current conditions, moderately acidic surface water runoff and 
groundwater containing elevated metals concentrations flow from upper 
west area sources to the lower west area and enter Railroad Creek as 
diffuse groundwater and seasonal seeps.  The actions included under 
Alternatives 3b, 9, and 13, including the collection of contaminated 
groundwater and seeps immediately downgradient of upper west area 
sources, would mitigate the acidic and metal-bearing water flowing into 
the lower west area.  The removal of contaminated soils from the lagoon 
area is also expected to improve groundwater quality in the lower west 
area.  Within a short time, acidic water remaining in the lower west area 
soils between the collection systems and Railroad Creek would drain and 
be replaced by less-acidic water that reflects the infiltration of snowmelt 
and rain, as well as influences from Railroad Creek.  As a result, the pH of 
the lower west area groundwater and soils is expected to rapidly increase 
from approximately 4.5 to 6.0 standard units (the typical pH of west area 
soils).  Geochemical modeling completed by SRK Consulting (Canada) 
Inc. (SRK) demonstrates that, due to this pH change,13 an initial reduction 
in PCOC concentrations of up to 97 percent could be expected in the short 
term following remedy implementation.14 

                                                 
13  The mobility and concentration of metals constituents in the groundwater discharging to Railroad Creek 

depends on the acidity (pH) of the water and soil in this area.  As the pH increases, metals concentrations in 
groundwater decrease.   

14 SRK’s geochemical evaluation of the lower west area was provided in a memorandum to Mr. Norm Day, 
USDA Forest Service, dated 27 September 2005.  The Agencies have not fully responded to this 
memorandum. 
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4.2 Alternative 13 Unique Remedial Components 

Alternative 13 includes additional collection and treatment of 
groundwater and seeps in the east area.  The additional east area actions, 
including Railroad Creek relocation, east area groundwater and seep 
collection and treatment, Copper Creek channel improvements, and the 
placement of the lower portion of Copper Creek into a culvert are 
described below and shown on Figure 6. 

Railroad Creek Relocation 

Alternative 13 would include the relocation of Railroad Creek to the north 
to allow the construction of groundwater collection and treatment systems 
within the existing creek channel.  The conceptual location of the channel 
realignment is shown on Figure 6.  The Railroad Creek relocation would 
begin immediately upstream of tailings pile 1 seep SP-1.  This location is 
upstream of all significant releases of metals from the tailings 
impoundments as indicated by the loading analysis, seasonal 
groundwater flow directions, and by evidence of iron-staining on the 
streambed and rocks of Railroad Creek.  The new channel alignment was 
also selected to provide enhanced aquatic habitat, maximize the distance 
between the new stream channel and Holden Village and to minimize 
potential impacts to the Holden-Lucerne road.  The realigned channel 
would rejoin the existing channel approximately 1200-feet downstream of 
tailings pile 3. 

The new channel would be constructed to meet the following objectives: 

• Provide hydraulic capacity for conveyance of expected 100-year flows; 

• Maintain stream power to transport incoming sediment loads and 
prevent significant aggradation (sediment deposition that can result 
stream channel migration); 

• Provide long-term stability; and 

• Provide aquatic and riparian habitat exceeding that provided by the 
existing channel. 

The conceptual design for the channel realignment was developed based 
on modeling completed during the RI in 1997 using the U.S. Army Corp of 
Engineers HEC-1 and HEC-2 models, and additional modeling completed 
in 2007 using the U.S. Army Corp of Engineers HEC-RAS model.  The 
hydraulic design parameters for the channel realignment are summarized 
on Table 1.  Based on this conceptual design, the channel bottom would be 
constructed approximately 20 feet wide, with side slopes of approximately 
1.5 to 1.  Conceptual channel cross sections are provided on Figures 7 
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through 9.  Adjacent to tailings pile 2, where the valley narrows and space 
is limited on the north side of the existing channel, the new creek corridor 
would overlap somewhat with the current corridor and structural 
measures would likely be implemented to stabilize the hillside (Figure 8). 

The new channel alignment would be lined with rock of sufficient size to 
minimize erosion, avoid flooding, and maintain a stable channel over the 
long term.  The overall channel grade would be maintained at 
approximately 0.5 percent through the use of rock and/or log drops and 
pools, which would also provide riffle and pool habitat for resident 
aquatic species.  A conceptual riffle and pool detail is provided on Figure 
10.   

It is expected that natural streambed materials would fill in the spaces 
between the larger rocks in the new channel bottom during the first storm 
events.  Native soil would be placed on the rock slopes above the ordinary 
high water and the slopes would be planted with native vegetation, as 
appropriate.  The placement of native stream-bank materials to fill voids 
in the bank below the ordinary high water and other aquatic habitat 
measures, such as the placement of large woody debris, logs, and 
boulders, would also be evaluated during remedial design.  The riparian 
area on both sides of the new stream channel would be revegetated 
through a combination of seeding, native plantings, and live stake 
plantings.  The rerouted channel is anticipated to provide enhanced 
aquatic and riparian habitat compared to existing conditions. 

The existing Railroad Creek channel is fairly straight as it traverses the 
edge of the tailings piles.  The current location and configuration of the 
channel are not original and resulted from the development of the tailings 
piles.  The realigned channel would be built with as much meander as 
possible within the design location.  In addition, because the collection 
system installed within the existing creek channel would be maintained as 
the hydraulic low point adjacent to the site, contaminated groundwater 
would not report to the new channel, thereby preventing the occurrence of 
ferricrete, iron oxyhydroxide precipitation and iron staining.  The design 
of the channel realignment would provide more habitat features and 
would be aligned more naturally than the existing channel.  Overall, the 
new Railroad Creek realignment would improve the water quality within 
the creek immediately upon completion, and provide enhanced habitat 
quality within a relatively short timeframe. 
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East Area Groundwater and Seep Collection and Treatment 

Groundwater that is currently discharging into Railroad Creek between 
tailings pile 1 seep SP-1 and the northeastern toe of tailing pile 3 would be 
intercepted by unlined collection channels constructed within the existing 
creek bed (Figures 6 through 9).  As described above, Alternative 13 
would continue to maintain the existing stream channel as the hydraulic 
low point and drainage location for these sources as shown in Figure 11.  
The groundwater and seeps would be conveyed to a series of settling 
ponds and a wetland constructed immediately east (downgradient) of 
tailings pile 3 (conceptually shown on Figure 12).  Alternative pond 
configurations, additional settling ponds within the former Railroad 
Creek channel, and alternate or additional points of alkalinity addition 
would be considered during detailed design. 

Because Railroad Creek is observed to lose surface water to groundwater 
underneath tailings pile 3 during fall low-flow conditions, two channels, 
including one unlined groundwater collection trench and one lined 
conveyance channel, would be constructed within this reach.  The lined 
conveyance channel would transport collected groundwater and seeps 
associated with tailings piles 1 and 2 through this reach, to prevent 
potential losses from the channel during low flow conditions (Figure 6).  
Alkalinity would be added to the water within the lined channel using a 
low-energy system, such as an Aquafix™ lime addition system, and drop 
structures would be provided for aeration and mixing.  Aquafix™ systems 
require no outside source of power for alkalinity addition.  Following 
alkalinity addition, the water would be conveyed into a series of unlined 
settling ponds (treatment ponds 1 through 6 shown on Figure 12).   

Groundwater currently flowing into Railroad Creek at the eastern toe of 
tailings pile 3 would be intercepted by the unlined collection trench and a 
collection pond, as shown on Figures 12 and 13.  Groundwater intercepted 
by the collection trench would be combined with the groundwater in the 
collection pond and conveyed through a subsurface pipe to an open 
treatment channel located downgradient of settling pond 6.  Alkalinity 
would be added to the water within the treatment channel as described 
above, and drop structures would be provided for aeration and mixing.  
Following alkalinity addition, the water would flow into settling ponds 7 
and 8.     

Preliminary design parameters for the settling ponds are summarized 
on Table 2.  The treatment ponds have been conservatively sized to 
provide an approximate 20-hour detention time for the estimated high 
spring flows, using the United States Office of Surface Mining 
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Reclamation and Enforcement AMD Treat Version 4.1 model 
(http://amd.osmre.gov/amdtreat.asp).  The detention time would be 
sufficient to allow for the reaction and precipitation of metal 
oxyhydroxides prior to discharge to the wetland and Railroad Creek.  
The estimated pond sizing would also allow for one or more ponds to 
be taken off line at any time during low flow conditions for removal of 
settled precipitates or other maintenance. 

The settling ponds would be unlined to allow the interaction between 
treated water within the ponds and the surrounding soils and 
groundwater.  The treated pond water would have elevated pH and 
dissolved metals concentrations equivalent to the treatment system outfall 
at Railroad Creek.  Any water infiltrating from the ponds into the 
surrounding formation would be filtered by the pond sediments.  As a 
result, it would be treated water and would provide beneficial effects to 
the surrounding soils and groundwater.  The use of unlined ponds would 
also allow for the removal of treatment residues using conventional 
equipment, such as excavators.   

Copper Creek Channel Improvements and Culvert 

To allow for the collection and conveyance of groundwater and seeps 
adjacent to tailings piles 1 and 2, the lower portion of Copper Creek 
would be placed into a large-diameter pipe that would discharge into the 
realigned Railroad Creek channel (Figure 6).  At an elevation of 
approximately 3,200 feet, Copper Creek would be directed into a 72-inch 
diameter pipe that would convey the water over the treatment channel 
and into the new Railroad Creek alignment (Figure 10).  The pipe would 
be buried, where possible.  Several manholes would be installed along the 
length of the pipe to allow physical access for maintenance. 

Within the upper portion of the existing Copper Creek channel, the 
following actions would be completed to provide long-term erosion 
control, channel stabilization, and energy dissipation: 

• Replace two existing culverts, situated within an access road that 
currently connects the southeastern corner of tailings pile 1 with the 
southwestern corner of tailings pile 2.  The culverts are currently 
undersized based on observations made during channel repair work 
completed after high-flow events in 2003 and 2006.  

• Regrade the eastern sub-channel within Copper Creek, located 
upstream of the two existing culverts, to accommodate the total 
Copper Creek flow.  The flow is currently split into two existing 
channels (a western channel and an eastern channel) at this location.  
The existing channels would be combined into a single, larger channel. 
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• Place additional riprap along the eastern bank of Copper Creek 
adjacent to tailings pile 2, as necessary, to dissipate the stream energy 
and prevent future erosion of the tailings pile. 
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5.0 COMPLIANCE WITH ARARs 

The following subsections provide a comparative analysis of Alternatives 
3b, 9, 11, and 13 with respect to the potential ARARs identified in the 
DFFS for the Holden Mine site. 

5.1 Compliance with Chemical-Specific Surface Water ARARs 

To evaluate compliance with chemical-specific surface water ARARs, a 
post-remediation loading analysis was completed for Alternatives 3b, 9, 
11, and 13.  The loading analysis model was requested by the Agencies 
during the RI/FS and developed with Agency input to estimate post-
remediation PCOC concentrations within a fully-mixed Railroad Creek at 
a location immediately downstream of site-related inputs (i.e., 
downstream of Railroad Creek monitoring station RC-2).  The site PCOCs 
include aluminum, cadmium, copper, iron, and zinc.  The baseline and 
post-remediation models are described in detail in Sections 2 and 7 of the 
DFFS, respectively.  The predicted post-remediation concentrations of 
dissolved cadmium, copper, iron, and zinc in surface water are 
summarized in Tables 3 through 6 and Figures 14 through 17.15  For 
purposes of this evaluation, and as requested by the Agencies for the 
DFFS, the predicted concentrations were compared to the more stringent 
of the State Water Quality Criteria and the 2006 National Recommended 
Water Quality Criteria.16  

Due to geologic conditions at the site, there are significant concerns 
related to the constructability of a fully-penetrating barrier wall along the 
south bank of Railroad Creek.17  The collection efficiency of the 

                                                 
15 The short- and long-term post-remediation loading analyses were performed for dissolved cadmium, copper, 

iron, and zinc.  Because dissolved aluminum concentrations were measured to be at or below laboratory 
detection limits in samples collected from monitoring stations upstream and adjacent to the site for a 
majority of the year, aluminum was not incorporated into the analysis.  A discussion of expected post-
remediation aluminum loading is provided in DFFS Section 7.2.2. 

16  Intalco has provided legal justification and technical documentation showing that the National 
Recommended Water Quality Criteria are not relevant and appropriate to the Holden Mine site. Intalco’s 
rationale is summarized and presented in DFFS Appendix B. 

17 Based on the results of investigations performed during the RI, the site consists of complex subsurface 
conditions related to the alpine glacial setting, which vary dramatically in relatively short distances 
compared to continental glacial settings found in areas such as the Puget Lowland. The site geology and soils 
at Holden Mine consist of highly variable grain sizes (from clayey silt to large boulders), density (from 
soft/loose to very dense/hard), and depths to impermeable soil and/or bedrock (from about 20 to more 100 
feet in depth). This geological setting creates highly variable and steeply angled contacts at critical places for 
the barrier wall installation, for example, adjacent to Copper Creek and at the southeast corner of tailings pile 
3. These highly variable subsurface and steep topographic conditions translate into significant uncertainty in 
the implementability (e.g., from the steep topography) and effectiveness (e.g., it may not be possible to fully 
key the wall into underlying impermeable material so that the wall will not leak) of installing a fully-
penetrating barrier wall.  These constructability issues become more pronounced with depth. 
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groundwater collection system under Alternative 11 is expected to be 
variable, depending on how well the barrier wall is sealed to the low 
permeability layer, the variability in hydraulic conductivities of native 
materials, the occurrence of large boulders at depth that may prevent 
excavation to the low permeability layer, and other factors.  As a result, 
the average collection efficiency of the barrier wall is estimated to range 
from between 80 and 90 percent, but the collection efficiency would 
potentially be outside this range at individual locations or times, including 
less than 80 percent collection efficiency in areas of leakage.  To evaluate 
the potential range of post-remediation concentrations in Railroad Creek 
under Alternative 11, 80- and 90-percent collection efficiency scenarios 
were evaluated in the loading analysis and are presented in the tables and 
figures.  The Agencies provided additional information related to barrier 
wall effectiveness at other sites in the Final Draft Proposed Plan.  This 
additional information is currently being reviewed for further comment 
by Intalco. 

Because Alternative 13 is designed to take advantage of the existing 
groundwater flow paths and discharge points in Railroad Creek, 
Alternative 13 is expected to achieve nearly 100-percent collection of the 
east area seeps and flowtubes currently discharging to Railroad Creek at 
the northern toe of the tailings piles (i.e., upstream of station RC-2).  One 
hundred percent of the measured load upstream of monitoring station 
RC-2 is currently reporting to the Railroad Creek channel.  Alternative 13 
would continue to maintain the existing stream channel as the hydraulic 
low point and drainage location for these sources, and it is reasonable to 
assume that all of the metal loadings that are currently discharging 
naturally to the stream channel will continue to do so (Figure 11).  
Therefore, Alternative 13 was modeled assuming a range of collection 
efficiencies between 90 and 100 percent for the groundwater flow tubes 
and seeps discharging into the collection trench located within the existing 
creek channel upstream of RC-2.  Effluent concentrations for the low-
energy treatment systems were assumed to be the same across all the 
alternatives.  

As shown in Table 3, all four alternatives are predicted to provide 
significant improvements in Railroad Creek water quality in the short 
term following remedy implementation.  This is because the alternatives 
would address the primary sources of cadmium, copper, and zinc loading 
to surface water through a combination of source control actions and 
downgradient collection and treatment in the western portion of the site.  
Alternatives 9, 11, and 13 are predicted to achieve potential surface water 
ARARs for all the PCOCs in the short term, with the exception of slight 
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continued exceedances for cadmium and copper in the spring and 
cadmium in the fall.   

Alternative 13 is predicted to provide greater short-term reductions in 
post-remediation PCOC concentrations compared to Alternatives 3b and 
9.  The predicted range of short-term post-remediation concentrations in 
Railroad Creek under Alternative 13 is also similar to the range of 
concentrations predicted under Alternative 11 for all the PCOCs.  As 
shown in Tables 4 through 6, all four alternatives are predicted to achieve 
potential surface water ARARs for all the PCOCs within 50 years.   

The Agencies have commented that the loading analysis does not predict 
metals concentrations at the required points of compliance for site surface 
water.18  They note that the point of compliance for surface water is 
throughout the surface water body, and that a mixing zone is not 
permitted for direct groundwater discharges.  However, Intalco’s post-
remediation loading analysis model, which predicts surface water quality 
within a fully-mixed Railroad Creek, also satisfactorily addresses the 
location where groundwater enters surface water.  The predicted metals 
concentrations in a fully mixed Railroad Creek are similar under all the 
alternatives.  Therefore, the total overall load entering the creek via seeps 
and/or groundwater would be essentially the same and PCOC 
concentrations in surface water, where groundwater (and therefore metals 
loading) enters surface water, would also be similar.   

5.2 Compliance with Chemical-Specific Groundwater ARARs 

The Washington State Department of Ecology (Ecology) position is that if 
a property directly abuts surface water, and the groundwater cleanup 
levels are based on the protection of surface water beneficial uses, a CPOC 
that is located within surface water, as close as technically possible to the 
point or points where groundwater flows into surface water, may be 
approved if specific conditions are met [WAC 173-340-720(8)(d)(i)].19 

Based on the site conditions, a CPOC for groundwater at the south bank of 
Railroad Creek would be appropriate for all four alternatives.  In the Final 
Draft Proposed Plan, the Agencies concur that a CPOC for site 

                                                 
18The loading analysis is a useful tool for comparing predictions of water quality concentrations for the various 

alternatives at specific locations within Railroad Creek.  Therefore, it is a valid method for comparison of 
alternatives.  Uncertainties in the loading analysis do not affect any alternative differently or to a greater 
degree than other alternatives.  Intalco will provide additional detailed comments on the Agencies' assertions 
and position on the loading analysis in future comments on the Final Draft Proposed Plan. 

19Intalco does not agree with Ecology’s position regarding the specific requirements that must be met for 
approval of a conditional point of compliance for site groundwater at the south bank of Railroad Creek.   
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groundwater would be appropriate if the final remedy satisfies the MTCA 
requirements for a CPOC [WAC 173-340-720(8)(d)(i)(A) through (G)].  As 
described in the DFFS, Alternative 3b would meet the requirements under 
MTCA for establishing a CPOC in surface water, including the 
requirement to apply AKART to groundwater prior to release into 
Railroad Creek.  As described below in Section 6, post-remediation 
surface-water concentrations under all four alternatives, including 
Alternative 3b, are predicted to be protective of human health and 
ecological receptors at the site in the short term.  Due to the significant 
costs and the absence of corresponding environmental benefits associated 
with additional collection and treatment in the east area, Alternatives 9, 
11, and 13 go above and beyond AKART.  Because the groundwater 
actions under all four alternatives would protect human health and the 
environment following implementation, the additional costs associated 
with Alternatives 9, 11, and 13 are not reasonable. 

Lower West Area Groundwater 

In the Final Draft Proposed Plan, the Agencies assert that active collection 
and treatment of west area groundwater along the south bank of Railroad 
Creek (the groundwater CPOC) would be required for remedy selection.  
However, Alternatives 3b, 9, and 13 would intercept groundwater and 
seeps directly downgradient of their respective sources, where the depth 
to relatively impermeable till is known (between approximately 15 and 20 
feet) and collection efficiencies can be reliably predicted.  As described in 
Section 4, the remedial actions included under Alternatives 3b, 9, and 13 
in the west area are expected to result in significant improvements to 
groundwater quality in the lower west area and beneath tailings pile 1.  In 
contrast, Alternative 11 would allow contaminated groundwater in the 
west area to continue to flow downgradient to the south bank of Railroad 
Creek, where collection would be attempted by a fully-penetrating barrier 
wall and open collection trench.  The depth to relatively impermeable till 
ranges between 30 and 50 feet at this location, and due to the variable 
subsurface conditions described above, there are concerns related to the 
constructability and effectiveness of a barrier wall at this location 
compared to the location proposed under Alternative 13.  

East Area Groundwater 

In the Final Draft Proposed Plan, the Agencies assert that active 
groundwater collection and treatment is required in the east area.  
Although Alternative 3b does not include collection and treatment in the 
east area, geochemical modeling completed by SRK and presented in the 
DFFS Appendix E shows that the remedial actions included under 
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Alternative 3b, combined with MNA, would achieve potential 
groundwater and surface water ARARs within the same restoration 
timeframe as Alternatives 9, 11, and 13.  Although MNA is considered an 
“active” remedy under the MTCA regulations, to address the Agencies’ 
preferences with respect to the groundwater CPOC in the east area, 
Alternative 9 includes the collection and treatment of groundwater and 
seeps associated with tailings pile 1.  Tailings pile 1 is the primary source 
of metals loading in the east area.  The additional groundwater collection 
under Alternative 9 would further reduce metals loading to Railroad 
Creek in the short term, including iron and aluminum, and would meet 
the proposed ARAR for iron in the short term.   Despite this expected 
environmental performance, the Agencies have stated that they do not 
accept Alternative 9, because it does not address the relatively minor 
contribution of contaminants from tailings piles 2 and 3.   

Although Intalco disagrees with the Agencies’ position concerning 
Alternatives 3b and 9, Alternative 13 was developed to go even further 
than Alternative 9 by extending a collection system along the entire 
lengths of tailings piles 2 and 3.  Under Alternative 13, east area 
groundwater that is currently discharging into Railroad Creek to the north 
of tailings piles 1, 2 and 3 would be intercepted by unlined collection 
channels constructed within the existing creek bed.  Alternative 13 would 
continue to maintain the existing stream channel as the hydraulic low 
point and drainage location for these sources as shown in Figure 11.  As a 
result, the collection efficiencies attained by this system are expected to be 
nearly 100-percent, thereby providing potentially greater reductions in 
metals loading at the groundwater CPOC compared to Alternative 11 in 
the east area.  The constructability concerns related to the barrier wall are 
especially pronounced in the east area of the site, where the depth to a 
relatively impermeable material ranges up to 100 feet.       
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Groundwater CPOC Evaluation Summary 

Based on the post-remediation loading analysis results, all four 
alternatives are anticipated to provide significant improvements in water 
quality at the south bank of Railroad Creek in the short term, and through 
collection and treatment coupled with natural attenuation, metals 
concentrations at the south bank are predicted to continue to improve and 
eventually achieve ARARs.   

As described above in Section 5.1, Intalco’s post-remediation loading 
analysis model, which predicts surface water quality within a fully-mixed 
Railroad Creek, also satisfactorily addresses the groundwater CPOC.  The 
model predicts post-remediation metals loading from site sources, which 
enters Railroad Creek from the south bank (the CPOC).  The predicted 
metals concentrations in a fully mixed Railroad Creek are similar under all 
the alternatives.  Therefore, the total overall load entering the creek via 
seeps and/or groundwater would be essentially the same.  Because the 
loads to Railroad Creek from the south bank would be similar, it is likely 
that the metals concentrations at the point where groundwater enters 
surface water would also be similar.  As a result, the potential for 
exceedances of potential ARARs at the CPOC does not provide a basis for 
selecting one remedy over another.   This analysis is confirmed by a 
separate evaluation Intalco submitted to the Agencies of post-remediation 
concentrations along the south bank of Railroad Creek.  The south bank 
loading analysis assessed current and post-remediation concentrations at 
the south bank at Railroad Creek stations RC-4 and RC-2.  The south bank 
analysis showed that all the alternatives would achieve potential ARARs 
at the south bank within the same timeframe.   

5.3 Compliance with Chemical-Specific Soil ARARs 

The human health risk assessment included in the DRI found no existing 
unacceptable risk to Holden Village residents or visitors based on current 
reasonable maximum exposures to PCOCs within soil (including the 
tailings) or air at the site.  The institutional controls and physical access 
restrictions included under all the alternatives would be expected to 
eliminate potential future risks to human health resulting from possible 
land use scenarios, such as use of groundwater as a drinking water source.  
These controls are also expected to reduce potential physical hazards to 
residents and visitors associated with site features resulting from 
historical mining activities.  The limited areas of soil with concentrations 
above MTCA direct contact and ingestion values (e.g., the maintenance 
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yard and lagoon area) will be addressed through a combination of 
capping and soil removal activities.20   

The Agency-approved Ecological Risk Assessment included in the DRI 
demonstrates that there is no risk to most terrestrial ecological receptors 
and low potential risk to select plants, soil biota, and wildlife due to soils 
in limited areas of the site.  All four alternatives would address the low 
potential risk to select receptors identified in the Ecological Risk 
Assessment through a combination of capping and soil removal actions in 
the mill building, maintenance yard, lagoon area, and former surface 
water retention area located downslope of the 1500-level ventilator 
portal.21   

Under Alternative 11, the Agencies have included relocation of the 
Honeymoon Heights waste rock piles and portions of the east and west 
waste rock piles to the tailings piles, installation of a cap on the remaining 
portions of the east and west waste rock piles, and installation of a cap on 
the tailing piles to protect terrestrial ecological receptors and meet the 
requirements under the Solid Waste Management Handling regulations.22  
The cap would consist of a two-foot soil cover and geomembrane.  The 
Agencies’ assertion that these actions are needed to protect terrestrial 
ecological receptors is inconsistent with the results of the ecological risk 
evaluations completed to date, and a review of the Agencies’ supporting 
documentation is ongoing.   

It is evident that significant revegetation has already occurred and 
continues to occur since the USDA Forest Service placed a gravel cover 
and initiated revegetation test plots on the tailings in the early 1990s.  
Therefore, a soil cover is not necessary for establishment of vegetation.  It 
may also be appropriate to leave certain portions of the tailings free of 
vegetation for use by the Holden Village as an emergency evacuation 
location in the event of a forest fire.  As described in the Final Draft 
Proposed Plan, engineered controls “to protect the cover from burrowing 

                                                 
20 In the Final Draft Proposed Plan, the Agencies indicate that further evaluation of the tailings piles, where 

select metals concentrations (cadmium and copper) exceed the MTCA direct contact and ingestion values in 
limited samples, is needed to ensure that the final remedy is protective of human health.  This evaluation is 
ongoing. 

21 In the Final Draft Proposed Plan, the Agencies provide comments on the terrestrial ecological risk evaluations 
provided in the DRI and DFFS and state that additional risk evaluations are needed to assess potential risks 
associated with several outlying site areas, such as the baseball field, Holden Village, and the area of 
windblown tailings located to the east of tailings pile 3.  Intalco is in the process of reviewing the Agencies’ 
comments and related documentation for further comment. 

22 The Agencies have also asserted that these actions are required to meet the standards and guidelines set 
under the Land and Resource Management Plan for the Wenatchee National Forest (LRMP, Forest Service 
1990), as amended by the Pacific Northwest Forest Plan (NWFP 1994) and subsequent amendments of the 
NWFP (2001, 2004, and 2007).  Intalco is in the process of reviewing this documentation for further comment. 
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animals and deep rooted plants would need to be maintained for 
hundreds of years, probably by annual spraying to control habitat on the 
revegetated surface.”  As a result, it is unclear how Alternative 11 would 
provide enhanced terrestrial habitat following implementation. 

Additional comments related to terrestrial ecological risk and the actions 
included under Alternative 11 will be provided after a thorough review of 
the Final Draft Proposed Plan. 

5.4 Compliance with Location-Specific and Action Specific ARARs 

All four alternatives would meet the potentially applicable location- and 
action-specific ARARs.  The specific requirements of these ARARs would 
be identified through consultation with federal and state agencies during 
the remedial design and remedy implementation.  Construction activities 
would be conducted to minimize potential impacts to fish and wildlife, 
and substantive compliance with Clean Water Act (CWA) storm water 
requirements, CWA Section 401 Water Quality Certification, and CWA 
Section 404 Permits to Discharge Dredged or Fill Material would also be 
addressed.  Additional action-specific ARARs would apply to Alternative 
13 compared to Alternatives 3b, 9, and 11 due to the relocation of Railroad 
Creek (e.g., substantive requirements for a hydraulic project approval 
from the Washington State Department of Fish and Wildlife).  As a result, 
additional coordination with federal and state agencies would be needed 
during the design and implementation of Alternative 13. 

Under all the alternatives, the tailings piles and waste rock piles would 
meet the specific relevant and appropriate provisions of the Solid Waste 
Management Handling Regulations (Chapter 173-350 WAC) related to 
limited purpose landfills.23  The relevant and appropriate requirements of 
the limited purpose landfill regulations include select provisions for 
closure systems and post-closure care under WAC 173-350-400(3)(e)(i)(A) 
through (J) and 173-350-400(7)(a).  Variance requirements under WAC 
173-350-710 are also potentially relevant and appropriate.  Relocation of 
the Honeymoon Heights waste rock piles and portions of the east and 
west waste rock piles to the tailings piles, installation of a cap on the 
remaining portions of the east and west waste rock piles, and installation 
of a cap on the tailing piles is not required to comply with Chapter 173-350 
WAC.  There is also no regulatory basis under MTCA or CERCLA to 
require the relocation of tailings to provide a 45-foot bench between the 
piles and Railroad Creek.  

                                                 
23 The Agencies have also asserted that the standards and guidelines set under the Land and Resource 

Management Plan for the Wenatchee National Forest (LRMP, Forest Service 1990), as amended by the Pacific 
Northwest Forest Plan (NWFP 1994) and subsequent amendments of the NWFP (2001, 2004, and 2007) are 
potential ARARs for the site.  Intalco is in the process of reviewing this documentation for further comment. 
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6.0 OVERALL PROTECTION OF HUMAN HEALTH AND THE 
ENVIRONMENT 

A comparative analysis of Alternatives 3b, 9, 11, and 13 with respect to the 
overall protection of human health and the environment is provided 
below. 

6.1 Protection of Human Health and Terrestrial Ecological Receptors 

The human health risk assessment found no existing unacceptable risks to 
Holden Village residents or visitors based on reasonable maximum 
exposure to PCOCs at the site.24  All four alternatives would eliminate 
potential future risks associated with the use of groundwater as a drinking 
water source through the implementation of land use restrictions.  The 
alternatives would also reduce potential physical risks to Holden Village 
residents and visitors through the installation and maintenance of 
physical access restrictions around the mill building and underground 
mine portals.   

As described in Section 5, all four alternatives would address the low 
potential risk to select terrestrial ecological receptors in the mill building, 
maintenance yard, lagoon area, and former surface water retention area 
located downslope of the 1500-level ventilator portal through a 
combination of capping and soil removal actions.25  

6.2 Protection of Aquatic Life 

All four alternatives are predicted to achieve potential surface-water 
ARARs that are established for the protection of aquatic life within similar 
restoration time frames (approximately 50 years).  With respect to short-
term protectiveness, a toxicological assessment of predicted short-term 
post-remediation water quality was completed by Dr. Stephen R. Hansen, 
and provided in Appendix H of the DFFS.  The results of Dr. Hansen’s 
assessment conclude that the predicted short-term post-remediation 
metals concentrations in Railroad Creek under any of the four alternatives 

                                                 
24 In the Final Draft Proposed Plan, the Agencies indicate that further evaluation of the tailings piles, where 

select metals concentrations (cadmium and copper) exceed the MTCA direct contact and ingestion values in 
limited samples, is needed to ensure that the final remedy is protective of human health.  This evaluation is 
ongoing. 

25 In the Final Draft Proposed Plan, the Agencies provide comments on the terrestrial ecological risk 
evaluations provided in the DRI and DFFS and state that additional risk evaluations are needed to assess 
potential risks associated with the tailings and several outlying site areas, such as the baseball field, Holden 
Village, and the area of windblown tailings located to the east of tailings pile 3.  Intalco is in the process of 
reviewing the Agencies’ comments and supporting documentation. 
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would be protective of the aquatic community, including salmonids and 
their food supply.  A subsequent assessment of additional toxicological 
information provided by the Agencies further supported Dr. Hansen’s 
findings.  Dr. Hansen’s current assessment was provided to the Agencies 
on 17 June 2005, and was included as Attachment 2 to Intalco's September 
2005 NRRB submittal.26   
 
In the short term, the realigned Railroad Creek channel under Alternative 
13 would provide clean substrate for benthic macroinvertebrates.  In the 
long term, the new channel is anticipated to provide enhanced riparian 
and aquatic habitat compared to the existing channel.  These factors 
would likely result in greater improvements to fish and macroinvertebrate 
communities following implementation compared to Alternatives 3b, 9, or 
11.   

  

                                                 
26  A response to Intalco’s 17 June 2005 comments on the potential for impacts to aquatic life in Railroad Creek 

from copper, cadmium, zinc, aluminum, and iron was prepared by the U.S. Fish and Wildlife Service and 
provided by the Forest Service on 7 September 2007.  Intalco is in the process of reviewing this additional 
information for further comment. 
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7.0 LONG-TERM EFFECTIVENESS AND PERMANENCE  

All four remedial alternatives would provide permanent removal of 
metals from the portal drainage and collected groundwater and seeps 
through treatment and on-site disposal of treatment residues.  The 
conventional low-energy treatment system configuration proposed under 
all the alternatives (lime addition followed by aeration and settling) is well 
demonstrated.  Aquafix™ lime addition systems have been shown to 
operate reliably and effectively at over 30 relatively remote mine sites 
around the world.   

Under Alternatives 3b, 9, and 13, the water treatment systems would be 
constructed at locations that allow for the use of existing topographic 
relief to provide conveyance and aeration without the use of mechanical 
equipment or large pumping systems.  Under Alternative 11, the 
treatment system would be located on the north side of Railroad Creek, 
downstream from tailings pile 3.  The main portal drainage water would 
be conveyed to the treatment system by gravity through pipelines over a 
mile in length, and the remainder would require pumping from the 
southeastern corner of tailings pile 3 to the treatment system location.  The 
water conveyance system under Alternative 11 would require additional 
power and would need to be closely monitored and maintained to ensure 
reliable operation.  Based on a preliminary analysis, the collection and 
treatment systems included under Alternative 11 would likely require 
more than three times the power to operate than the systems included 
under Alternative 13.  The pumping system would also be more 
susceptible to the release of untreated water during significant 
precipitation events or power outages. 

The groundwater collection technologies included under Alternatives 3b, 
9, and 13 are expected to be reliable and effective over the long-term.  In 
the west area, Alternatives 3b, 9, and 13 would use proven technologies to 
collect site groundwater and seeps immediately downgradient of west 
area sources where they can be reliably intercepted.  In contrast, 
Alternative 11 would allow contaminated groundwater in the west area to 
continue to flow downgradient to the south bank of Railroad Creek, 
where the depth to relatively impermeable till ranges between 30 and 50 
feet and constructability concerns are greater. 

Under Alternative 9, groundwater beneath tailings pile 1 would be 
collected using subsurface drains and pumps that would be designed to 
operate without introducing atmospheric oxygen.  Provisions for a routine 



 

 29  

maintenance program, such as cleanout ports and pig launchers, would 
need to be built into the system to maintain reliable operation.   

The east area collection and conveyance systems under Alternative 13 are 
expected to operate reliably into the long-term.  The open collection 
system constructed within the existing creek channel would have a low 
susceptibility to the release of untreated water due to the formation of 
debris blockages, ice, or iron precipitation.  Alternative 13 also requires 
minimal use of pipelines for water transport in the east area, where the 
occurrence of elevated iron concentrations increases the potential for iron 
precipitation and blockage.  As shown on Figure 11, if an obstruction were 
to form, the Alternative 13 collection system would be located in the 
lowest point in the valley cross section, and as a result, water would need 
to pond to more than 10-feet in depth before resulting in a direct discharge 
to Railroad Creek.      

In contrast, there are significant concerns related to the long-term 
effectiveness and permanence of the water collection and conveyance 
system included under Alternative 11 for the east area.  As described 
previously, the depth to a relatively impermeable till ranges from 20 to 
more than 100 feet in the east area, increasing the constructability concerns 
associated with the fully-penetrating barrier wall.    

Additionally, all water collected under Alternative 11 would be 
transported to the treatment system in pipelines.  The pipelines and pump 
systems would need to be closely monitored and maintained year-round 
to prevent releases of untreated water.  Any excess flow beyond the 
pumping capacity, and all flows at times of power interruption or pump 
failure, would be directly discharged to Railroad Creek.  Additionally, 
sufficient freeboard, to prevent potential releases due to blockages within 
the collection trenches would not likely be practical for the Alternative 11 
collection system, thereby increasing the risk of discharges due to 
blockages within the open collection trenches. 

Variable flow rates into the east area collection systems proposed under 
both Alternatives 11 and 13 are expected due to losses from Railroad 
Creek, as well as seasonal snowmelt, thunderstorms, and rain-on-snow 
events.  The larger overall collection area of these alternatives would also 
affect the variability of the flow rates to these systems compared to 
Alternatives 3b and 9.  The potentially large fluctuations in flow and 
metals loading would increase the difficulty in optimizing the chemical 
dosing rates for the east area systems relative to the west area systems 
proposed under Alternatives 3b, 9, and 13.  However, these difficulties 
would be more pronounced for Alternative 11, which relies on pumping 
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of all water collected by the barrier wall system.  Flow rates in excess of 
the treatment capacity or the pumping capacity for Alternative 11 would 
need to be discharged to Railroad Creek without treatment.  As discussed 
in the Agencies' SFS, this flow rate would be determined during the 
detailed design.   
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8.0  SHORT-TERM EFFECTIVENESS 

A comparative analysis of Alternatives 3b, 9, 11, and 13 with respect to 
short-term effectiveness, including protection of the local community 
(Holden Village), worker protection, and environmental impacts is 
provided below.  A discussion of the time required to reach remediation 
goals is provided in Section 10.   

8.1 Potential for Impacts to the Holden Village and Workers 

The implementation of appropriate health and safety measures and close 
coordination with the Holden Village during construction would reduce 
safety risks to workers, Holden Village residents, and visitors under all 
four alternatives.  For all the alternatives under consideration, a 
temporary stream crossing would be installed over Railroad Creek at the 
downstream edge of tailings pile 3 to allow vehicles and equipment to 
bypass the Holden Village during construction activities.  Access to the 
top of the tailings piles would also be gained from the new stream 
crossing.  However, under all of the alternatives, the increased heavy 
equipment and truck traffic on the road to the east of the Holden Village 
would result in short-term impacts to the local community, including the 
routine Holden Village bus and supply vehicle traffic, disruption to 
pedestrian use in the area, and increased noise levels.   

The duration and extent of construction activities and long-term operation 
and maintenance (O&M) requirements would vary between the 
alternatives.  As a result, safety risks and impacts to workers and Holden 
Village residents and visitors would also be different under each 
alternative.  An evaluation of the potential impacts was completed for 
Alternatives 3b, 10 (the 2005 APR), and 13 (Attachment 1).  The evaluation 
includes an assessment of construction-related environmental impacts 
(noise, traffic, and safety); the potential for disruption to Holden Village 
facilities during construction; and long-term operation, maintenance, and 
monitoring requirements.  The additional construction activities included 
under Alternative 11, including additional barrier wall construction, 
relocation of the Honeymoon Heights waste rock piles, and the 
construction of a two-foot soil cover and geomembrane on the tailings and 
east and west waste rock piles, would substantially increase the 
construction-related impacts of this alternative compared to Alternative 
10.27  Although Alternative 9 was not included in the analysis, the overall 

                                                 
27  Intalco is in the process of reviewing the potential short-term impacts associated with Alternative 11 for 

further comment. 
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construction duration and related impacts associated with Alternative 9 
are expected to be similar to those estimated for Alternative 3b and less 
than Alternative 13 or Alternative 11.   

As summarized in Attachment 1, the Alternative 3b construction activities 
are expected to be completed in less than two construction seasons.  The 
additional east area actions included under Alternative 13 would require 
additional construction compared to Alternative 3b, but it is anticipated 
that Alternative 13 could also be completed in less than two construction 
seasons.  During construction of the new Railroad Creek channel, 
Alternative 13 would require a greater number of construction workers 
and equipment than estimated for Alternative 3b, and would have greater 
construction-related noise and dust-generation potential.  Alternative 11 
would have the greatest overall construction effort and related impacts 
due to the construction of the fully-penetrating barrier wall, 45-foot 
tailings setback, waste rock and tailings piles caps, and water treatment 
settling ponds north of Railroad Creek.  While the peak number of 
workers and equipment estimated for Alternative 13 and Alternative 11 
would likely be similar, with comparable construction-related impacts 
during those times, Alternative 11 would likely require three or more 
construction seasons to complete, thereby extending the impacts on the 
Village for additional seasons.     

Direct impacts to Holden Village facilities are anticipated to be similar for 
all four alternatives during construction.  However, as described above, 
the duration of these impacts would be extended for additional seasons 
under Alternative 11.  All of the alternatives would result in periodic 
disruptions to use of the maintenance buildings and vehicle storage area, 
the riverside sauna, hydroelectric plant, road to the Copper Creek water 
intake, pedestrian bridge, and the road between Holden and Lucerne.  
However, it should be possible to limit disruptions to these facilities 
through close coordination with the construction contractor.  It is possible 
that all of the alternatives would utilize the existing baseball field and/or 
the Winston home site area located west of Holden Village, for a 
temporary construction camp.   

Additional information related to potential impacts on the Holden Village 
is provided in Attachment 1. 

  8.2 Short-Term Environmental Impacts 

Alternatives 3b and 9 provide the lowest potential for short-term 
environmental impacts during remedy implementation, followed by 
Alternative 13.  Under Alternative 13, areas between the existing Railroad 
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Creek channel and the Holden Village would be disturbed during 
construction of the new Railroad Creek alignment.  However, disturbed 
areas would be reclaimed and the new channel would be designed to 
provide enhanced aquatic and riparian habitat.  There would be an 
increased potential for short-term impacts to water quality and aquatic life 
during the Railroad Creek realignment, due to the release of fine-grained 
sediment after the modified channel is put into service.  These impacts 
would be minimized to the extent possible by implementing appropriate 
construction best management practices.  There is also a potential for 
short-term impacts to water temperature under this alternative, while the 
new riparian vegetation is maturing.   

The potential for short-term impacts to surface water quality is greatest 
under Alternative 11, due to the large volumes of unoxidized tailings 
exposed during regrading and consolidation activities, and the greater 
potential for erosion and impacted runoff during construction.  Based on 
the available topographic data, approximately 733,000 cubic yards of 
tailings would be regraded under Alternative 11 compared to 160,000 
cubic yards under Alternatives 3b, 9, and 13.  The Agencies have stated 
that pulling the tailings piles back 45 feet from south bank of Railroad 
Creek would provide additional room for storm water runoff control and 
treatment during tailings regrading activities.  However, the regrading 
and pull-back of the side slopes will need to be accomplished from the top 
of the slope down to the base.  Therefore, most of the side slope in a given 
area will already be regraded prior to the creation of the bench between 
the tailings and the creek.  As a result, storm water and sediment 
management during tailings pile regrading activities will be accomplished 
in a similar way under both Alternatives 11 and 13, but with a much 
larger volume of tailings disturbed and a longer construction duration 
under Alternative 11.  Under all four alternatives, space would be 
available in the area immediately east of tailings pile 3 for construction of 
temporary settling ponds or other measures to control rainfall runoff 
during the construction period.   

There is a potential for slurry losses to Railroad Creek during construction 
of the greater than 8,000 foot-long fully-penetrating barrier wall under 
Alternative 11.  The operation of heavy equipment within Railroad Creek 
to remove ferricrete from the streambed under Alternative 11 would also 
be disruptive to adjacent stream habitat and result in the release of 
sediment to downstream areas.   

Additionally, the increased construction requirements for Alternative 11 
will result in greater total fuel usage and corresponding fuel deliveries, 
barge trips on Lake Chelan, and air emissions.  The fuel required to 
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operate construction-related equipment during remedy implementation is 
estimated to be approximately 360,000 gallons (180 total fuel deliveries, 
assuming a 2,000 gallon truck) for Alternative 3b, 580,000 gallons (290 fuel 
deliveries) for Alternative 13, and 740,000 gallons (370 fuel deliveries) for 
Alternative 10.  Due to the increased construction activity under 
Alternative 11 compared to Alternative 10, the corresponding fuel usage is 
expected to be even greater.  Similarly, due to the pumping requirements 
for the water treatment system, Alternative 11 would require additional 
power for short- and long-term operations.  It is estimated that Alternative 
11 would require more than three times more power on an annual basis 
than either Alternatives 3b or 13. 
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9.0 IMPLEMENTABILITY 

All four alternatives would be implemented using conventional 
technologies and construction methods.  However, the reliance on reliable, 
low-energy collection and treatment technologies, appropriate for the 
difficult site conditions, increases the implementability of Alternatives 3b, 
9, and 13 relative to Alternative 11.  For example, in the west area, the 
barrier wall and groundwater collection system would be constructed on 
the hillside where the low-permeability till is located at a relatively 
shallow depth compared to further downgradient and adjacent to 
Railroad Creek where constructability concerns are more pronounced.28   

Under Alternatives 3b and 13, both the west area and east area treatment 
systems allow for conveyance and aeration by gravity flow.  As a result, 
the low energy requirements for Alternatives 3b, 9, and 13 could be 
readily provided by a small generator(s) and/or seasonally available 
excess power from the Holden Village’s hydroelectric plant.  Alternative 
13 would have approximately the same power requirement as Alternative 
3b due to reliance on gravity collection and conveyance and the use of 
Aquafix™ or similar alkalinity addition systems in the east area.  The 
estimated long-term annual power requirements for Alternative 3b and 13 
are estimated to be approximately 70,000 kW-hr and 72,000 kW-hr, 
respectively.   

In comparison, a majority of the water collected under Alternative 11 
would need to be pumped to a treatment system located on the north side 
of Railroad Creek.  This would result in higher power requirements for 
Alternative 11 and lower implementability compared to Alternatives 3b, 9, 
and 13.  The power requirements for Alternative 10 were estimated to be 
approximately 241,000 kW-hr.  The additional water collected in the east 
area that would require pumping under Alternative 11 would further 
increase the power requirements of Alternative 11 relative to Alternative 
10.  If a diesel generator were used to supply 100 percent of the power 
needed to operate the system, approximately 24,500 gallons of fuel (12 to 

                                                 
28 Based on the results of investigations performed during the RI, the site consists of complex subsurface 

conditions related to the alpine glacial setting, which vary dramatically in relatively short distances 
compared to continental glacial settings found in areas such as the Puget Lowland. The site geology and soils 
at Holden Mine consist of highly variable grain sizes (from clayey silt to large boulders), density (from 
soft/loose to very dense/hard), and depths to impermeable soil and/or bedrock (from about 20 to more 100 
feet in depth). This geological setting creates highly variable and steeply angled contacts at critical places for 
the barrier wall installation, for example, adjacent to Copper Creek and at the southeast corner of tailings pile 
3. These highly variable subsurface and steep topographic conditions translate into significant uncertainty in 
the implementability (e.g., from the steep topography) and effectiveness (e.g., it may not be possible to fully 
key the wall into underlying impermeable material so that the wall will not leak) of installing a fully-
penetrating barrier wall.  These constructability issues become more pronounced with depth. 



 

 36  

13 fuel deliveries per year) would be required annually for Alternative 10, 
compared to 11,000 gallons (five to six fuel deliveries) for Alternative 13.29  
Alternative 11 would require more power and fuel compared to 
Alternative 10.  Alternative 9 would have somewhat higher power 
requirements to operate the tailings pile 1 groundwater pumping system 
compared to Alternatives 3b and 13, although the total energy 
requirement for Alternative 9 would be less than Alternatives 10 or 11. 

It is estimated that approximately 0.75 to 1.0 operator would be required 
to operate and maintain the Alternative 3b systems.  Alternative 13 would 
require an estimated 1.0 full-time operator, and it is estimated that 
Alternative 10 would require between 1.25 and 1.5 operators for long-term 
O&M.  The O&M requirements for Alternative 11 would be greater than 
for Alternative 10, due to the larger water conveyance and treatment 
system, and the additional maintenance of the tailings pile and waste rock 
pile caps.   

Under Alternatives 3b, 9, and 13, the west area treatment system and 
operator facilities would be located near the existing Holden Village 
maintenance garage and within walking distance from the Holden 
Village.  The location of these facilities near the Village allows reliable 
access year round, including during the winter months.  The east area 
treatment systems under Alternatives 11 and 13, located almost a mile 
away from the Village, would be less accessible.  However, the Aquafix™ 
chemical addition and treatment system for Alternative 13 would be 
designed to require less frequent operator attention than the power-
intensive east area pumping and treatment system for Alternative 11.   

The Railroad Creek realignment and Copper Creek actions included 
under Alternative 13 would be more difficult to design and implement 
compared to the actions included under Alternatives 3b and 9 and will 
require close coordination with state and local agencies.  In addition, the 
east area collection and treatment systems proposed under Alternative 13 
would require additional (O&M) requirements compared to Alternatives 
3b and 9.  However, the significant technical challenges associated with 
the installation of a partially-penetrating barrier wall adjacent to Railroad 
Creek under Alternative 11, in addition to the increased O&M 
requirements of the pumping and treatment system located downgradient 
of the site, reduces the implementability of Alternative 11 compared to 

                                                 
29 The Agencies have indicated in the Final Draft Proposed Plan that hydropower or other power generation 

methods may be considered during detailed design.  However, higher power usage by Alternative 11 is 
problematic regardless of the power source used.  The site is remote and any power generation method will 
have a finite capacity and will be subject to periodic interruptions, necessitating backup systems of adequate 
capacity to operate the remedial action. 
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Alternatives 3b, 9, and 13.  Alternative 11 is expected to have the lowest 
implementability of the four alternatives due to the significant technical 
challenges associated with the installation and successful operation of the 
barrier wall and collection system adjacent to Railroad Creek. 
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10.0  RESTORATION TIME FRAME 

The MTCA specifies that remedial actions provide for a reasonable 
restoration time frame.  Longer time frames may be used to achieve 
cleanup levels at a CPOC if the cleanup action selected has a greater 
degree of long-term effectiveness than on-site or off-site disposal, 
isolation, or containment options (WAC 173-340-360(4)(c)).  

As shown in Tables 3 through 6 and Figures 14 through 17, all four 
alternatives are predicted to achieve the potential surface water ARARs 
within a similar restoration time frame (approximately 50 years).  In the 
short term, before potential ARARs are achieved, the alternatives are 
predicted to significantly reduce cadmium, copper, and zinc 
concentrations in Railroad Creek as a result of the collection and treatment 
of the portal drainage and groundwater and seeps in the west area.  The 
results of toxicological assessments completed by Dr. Stephen Hansen 
conclude that the short-term post-remediation concentrations achieved 
under all the alternatives would be protective of the aquatic community, 
including salmonids and their food supply.30  

Because Alternatives 3b, 9, 11, and 13 are all predicted to achieve potential 
surface water ARARs within similar restoration time frames, metals 
loading to Railroad Creek from the south bank (i.e., the groundwater 
CPOC) would also be similar under all of the alternatives.  As a result, the 
restoration time frames for groundwater at the CPOC are expected to be 
nearly equivalent for all four alternatives and the restoration timeframe 
evaluation does not provide a basis for selection of an alternative that is 
more costly than Alternative 3b.  Despite this conclusion, the Agencies 
have asserted that active collection of all groundwater flow paths and 
seeps that exceed surface water standards prior to discharge to surface 
water is a required for remedy selection.  Although Intalco disagrees with 
the Agencies' position, Alternative 13 would provide the most effective 
and reliable groundwater and seep collection system of the four 
alternatives. 

The actions included under Alternatives 3b, 9, and 13 would significantly 
improve groundwater quality in the lower west area and beneath tailings 
pile 1 prior to discharge to Railroad Creek.  As described in Section 4, 
geochemical modeling completed by SRK demonstrates that significant 
reductions in PCOC concentrations are expected in lower west area 

                                                 
30 Dr. Stephen Hansen’s current assessment was provided to the Agencies on 17 June 2005, and was included as 

Attachment 2 to Intalco's September 2005 NRRB submittal. 
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groundwater in the short term following remedy implementation.  In 
contrast, under Alternative 11, groundwater associated with west area 
sources would continue to flow to the south bank of Railroad Creek, 
where the depth to a relatively impermeable till, and related 
constructability issues, increase significantly.  Groundwater leaking to 
Railroad Creek through the barrier wall is expected to have higher PCOC 
concentrations compared to Alternatives 3b, 9, and 13.  Therefore, 
Alternative 11 may not provide a shorter restoration time frame for west 
area groundwater.   

In the east area, Alternative 13 would provide more effective and reliable 
groundwater collection than Alternatives 9 or 11.  Under Alternative 13, 
east area groundwater that is currently discharging into Railroad Creek to 
the north of tailings piles 1, 2 and 3 would be intercepted by unlined 
collection channels constructed within the existing creek bed.  Alternative 
13 would continue to maintain the existing stream channel as the 
hydraulic low point and drainage location for these sources as shown in 
Figure 11.  As a result, the collection efficiencies attained by this 
Alternative 13 system will likely be equivalent to or greater than 
Alternative 11, thereby providing greater reductions in PCOC loading at 
the groundwater CPOC adjacent to the east area in the short and long 
term.    
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11.0 COST 

The costs associated with Alternatives 3b, 9, 10, 11, and 13 are 
summarized in Table 7 below.  Note that costs presented for Alternatives 
3b, 9, 10, and 13 were estimated by URS.  The costs presented for 
Alternative 11 represent the costs as reported by the Agencies in the Final 
Draft Proposed Plan.  Intalco’s evaluation of the Alternative 11 costs is 
ongoing. 

A more detailed cost summary for Alternatives 3b, 9, 10, and Alternative 
13 is provided as Attachment 2.  The detailed costs associated with 
Alternative 11 are not included in Attachment 2, as Intalco is currently 
reviewing the Agencies’ cost estimates.  

As shown in the above table, the estimated costs associated with 
Alternative 11 are significantly higher than the estimated cost of 
Alternatives 3b, 9, or 13.  However, all four alternatives are expected to 
achieve surface water ARARs within similar restoration time frames (50 
years), and the predicted short-term post-remediation metals 
concentrations in Railroad Creek under any of the four alternatives would 
be protective of the aquatic community, including salmonids and their 
food supply.  Additionally, based on the loading analysis results, 
Alternatives 9, 11, and 13 are expected to achieve similar short-term 
reductions in cadmium, copper, and zinc concentrations in Railroad Creek 
and are predicted to achieve ARARs for dissolved iron after 
implementation.   

The MTCA allows consideration of disproportionate cost in selecting 
remedial alternatives.  The disproportionate cost analysis includes the 
evaluation of predicted costs and benefits, including overall protection of 
human health and the environment, permanence, cost, effectiveness over 
the long term, management of short-term risks, technical and 
administrative implementability, and consideration of public concerns. 
Given the greater predicted effectiveness, reliability, and implementability 
of Alternatives 3b, 9, and 13 compared to Alternative 11, and the 
comparable short- and long-term environmental benefits, the significant 
additional cost of the Agencies’ remedy (e.g., the Agencies’ estimated 
costs associated with Alternative 11 are estimated to be approximately $59 
million more in 2005 dollars than the cost of Alternative 13) is clearly 
disproportionate.
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Table 7 Alternative Cost Summary 

              Alternative 3b               Alternative 9              Alternative 10              Alternative 11              Alternative 13 

 2005 Dollars 2007 Dollars31 2005 Dollars 2007 Dollars31 2005 Dollars 2007 Dollars31 2005 Dollars 2007 Dollars31 2005 Dollars 2007 Dollars31 

Capital Cost $20,405,000 $21,998,000 $21,680,000 $23,372,000 $45,082,000 $48,598,000 $65,530,000 $70,641,000 $30,759,000 $33,158,000 

Monitoring and O&M32 $4,305,000 $4,657,000 $6,216,000 $6,717,000  $9,250,00033 $9,972,000 $20,160,000 $21,733,000 $5,918,000 $6,394,000 

Subtotal $24,710,000 $26,655,000 $27,896,000 $30,089,000 $54,332,000 $58,570,000 $85,690,000 $92,374,000 $36,677,000 $39,552,000 

Contingency (30%)34 $7,413,000 $7,997,000 $8,369,000 $9,027,000 $16,300,000 $17,571,000 $21,000,000 $22,638,000 $11,003,000 $11,866,000 

Total $32,123,000 $34,652,000 $36,265,000 $39,116,000 $70,632,000 $76,141,000 $106,690,000 $115,012,000 $47,680,000 $51,418,000 

                                                 
31 An inflation factor of 7.8% was applied to the estimated capital costs in 2005 dollars to arrive at the estimate for capital costs in 2007 dollars.  The 7.8% inflation factor is based on the Engineering 

News Record construction cost index increase from January 2005 to April 2007.  O&M costs for Alternative 3b, 9, 10 and 13 were adjusted from 2005 to 2007 dollars by applying labor and equipment 
rates from RS Means Heavy Construction Cost Data 2007 to all O&M tasks with the exception of water sampling and analysis.  The water sampling activities were inflated by 7.8% to reflect cost 
increases from 2005 to 2007.  April 2007 vendor quotes were applied to the 2007 O&M costs for commodities such as lime for water treatment and diesel fuel for generators to adjust from 2005 to 2007 
dollars.  The Alternative 11 O&M costs were multiplied by the inflation factor of 1.078 to escalate to 2007 costs. 

32  Long-term O&M and monitoring costs are provided as present worth (2005 or 2007) assuming a 7% discount rate.     
33 The long-term O&M and monitoring costs for Alternative 10 were provided by Hart Crowser and have not been reviewed in detail or adjusted by URS. 
34 Instead of using a 30% contingency factor, a contingency of $21,000,000 was presented by the Agencies for Alternative 11 in the SFS.  The Agencies cost estimate for Alternative 11, including the 

contingency, is being reviewed by Intalco for further comment. 
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12.0 SUMMARY 

While Alternative 3b remains Intalco's preferred remedy, Alternative 13 
was developed to provide a superior alternative to the Agencies’ preferred 
remedy (Alternative 11) and is presented in an effort to avoid 
disagreement between Intalco and the Agencies over an Alternative 11-
based proposed plan.  Alternative 13 provides an alternate approach to 
address the Agencies' preference for groundwater and seep collection 
systems in the eastern portion of the site, including tailings piles 2 and 3.   
Similar to Alternatives 3b and 9, Alternative 13 is anticipated to provide 
equivalent environmental benefits to Alternative 11, with significantly 
lower costs, greater reliability, greater implementability, and less impact 
to the Holden Village community.   

Alternatives 3b, 9, 11, and 13 all provide significant improvements in 
Railroad Creek water quality in the short term following remedy 
implementation, and are predicted to achieve potential ARARs within the 
same restoration time frame (50 years).  Based on Intalco’s evaluations, 
Alternative 3b would meet the requirement to provide AKART to 
groundwater and seep discharges, as required under MTCA.  Alternatives 
9, 11, and 13 go beyond AKART due to the increased costs and small 
incremental environmental benefits associated with these alternatives.  
Alternative 11 fails to meet the disproportionate cost criterion under 
MTCA.  Given the comparable environmental benefits, there is no 
justification for selecting Alternative 11 at costs greatly in excess of 
Alternatives 3b, 9, or 13.  Alternative 13 would achieve equivalent 
removals of metals currently discharging to Railroad Creek compared to 
Alternative 11, yet it would be more technically implementable and 
reliable, and it would have reduced short-term and long-term impacts on 
Holden Village.   
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Table 1
Hydraulic Conceptual Design Summary for Realigned Railroad Creek Channel
Holden Mine RI/FS

Realigned Railroad Creek Design Parameters
HEC-RAS Output

Return 
Frequency Peak Flow

Max. 
Modeled 

Flow Depth

Weighted 
Average 

Flow Depth

Model & 
Design 

Channel 
Velocity

Model & 
Designed 
Max. Top 

Width

Model & 
Designed 
Min. Top 

Width

Model & 
Designed 

Max. Froude 
(1)

Model & 
Designed 

Min. Froude 
(1)

(cfs) Min. (%) Max. (%) Left Channel Right (ft) (ft) (ft/s) (ft) (ft)
1.67-yr 940 0.5 2.03 n/a 0.04 n/a 5.3 4.4 n/a n/a n/a n/a n/a
2-yr 1130 0.5 2.03 0.08 0.04 0.08 5.8 4.9 10.4 37.5 32.4 1.01 0.56
10-yr 1920 0.5 2.03 0.08 0.04 0.08 7.6 6.5 n/a n/a n/a n/a n/a
50-yr 2930 0.5 2.03 0.08 0.04 0.08 9.3 8.1 n/a n/a n/a n/a n/a
100-yr 3400 0.5 2.03 0.08 0.04 0.08 10 8.7 13.8 50 43.4 1 0.62

Notes:

Head Differential Calculation

Return 
Freqency
Baseflow
1.67-yr
2-yr
10-yr
50-yr
100-yr

Note:
(1)Head differential in excess of 3 feet occurs when flow exceeds base-flow conditions.

Design Assumptions:

- High water surface elevations (maximum flow conditions) in Railroad Creek are expected in spring.  
- Channel flow and water surface elevations evaluated for this head differential calculation were based on the weighted average depth of the realigned Railroad Creek.

n/a:  Not applicable.  With respect to channel roughness, there is not a left and right bank for the 1.67-year return frequency (base flow conditions).  With respect to the other n/a entries, the design of the realigned 
channel focussed on a 2-year and 100-year return frequency.

(1)The Froude number is a dimensionless value that describes different flow regimes in open channel flow.  It is the ratio of inertial and gravitational forces (i.e., water velocity to the square root of of the quantity of 
gravity times hydraulic depth).  A Froude number greater than 0.6 typically indicates channel armoring is required to control erosion, down cutting and lateral migration.

- The head differential between the realigned channel and the collection channel during base-flow conditions was assumed to be +1.75 feet.

- Maximum (Spring) flow in collection channel is estimated to be 30 cfs.  Design, or minimum (base), flow in the treatment channel is estimated to be 6 cfs.

- The invert of the realigned channel was set 1.5 feet higher than the invert of the collection trench.  This was done to minimize flow interaction between the realigned channel and the collection channel throughout 
the range of flow conditions, and resulting water surface elevations, that were evaluated for both channels.

8.45 (1) 9.5 (1)

4.65 (1)

Channel Slope Channel Roughness

Head Differential under Max. (Spring) 
Flow Condition

Head Differential under Min. (Base) Flow 
Condition

5.7 (1)

6.25 (1) 7.3 (1)

7.85 (1) 8.9 (1)

0.8 1.8
4.15 (1) 5.2 (1)
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Table 2
Conceptual Design Parameters for Collection and Treatment Systems East of Tailings Pile 3
Holden Mine RI/FS

Sedimentation Pond Input Parameters Sedimentation Pond Output Parameters
Water Collected from Tailings Piles 1 and 2, Treated in Ponds 1 through 6
Pond Sizing and Treatment Residue Generation 1,2

Spring 3 Fall 3 Spring 3 Fall 3

Percent Solids (%) 3 3 Lime Usage (tons/mo) 27.5 13.0
Retention Time (hrs) 20 20 Treatment Residue Volume (yd3/mo) 658 403
Water Depth (feet) 4 4 Water Volume in Ponds (yd3) 5 11,950 9,114
Freeboard (feet) 2 2
Pond Side Slope (ft/ft) 2H:1V 2H:1V
Length-Width Ratio (ft-ft) 4 2L:1W 2L:1W
Cleanout Frequency Annual Annual
Chemical Loading Parameters
Influent Effluent
Blended Influent Literature or Blended Influent Value/PHREEQC Model Calculation6

Spring 3 Fall 3 Spring 3 Fall 3

Flow Rate (L/sec) 80.3 37 Flow Rate (L/sec) 80.3 37
Cadmium (mg/L) 0.0043 0.00063 Cadmium (mg/L) 0.0043/0.0003 0.00063/0.00002
Copper (mg/L) 0.19 0.008 Copper (mg/L) 0.024/0.0098 0.008/0.00023
Iron (mg/L) 58.2 90.5 Iron (mg/L) 0.2/0.0001 0.2/0.0001
Zinc (mg/L) 0.79 0.26 Zinc (mg/L) 0.24/0.004 0.24/0.002
Aluminum (mg/L) 12.3 3.02 Aluminum (mg/L) 0.13/0.003 0.13/0.0037
Sulfate (mg/L) 405 356 Alkalinity (mg CaCO3/L) 18.1 18.2
pH 4.16 4.56 pH 8.53 8.59
Water Collected Downstream of Tailings Pile 2, Treated in Ponds 7 and 8
Treatment Residue Generation 1,7

Spring 3 Fall 3 Spring 3 Fall 3

Percent Solids (%) 3 3 Lime Usage (tons/mo) 1.69 2.6
Retention Time (hrs) 20 20 Treatment Residue Volume (yd3/mo) 34 74
Water Depth (feet) 4 4 Water Volume in Ponds (yd3) 5 5,068 2,986
Freeboard (feet) 2 2
Pond Side Slope (ft/ft) 2H:1V 2H:1V
Length-Width Ratio (ft-ft) 4 2L:1W 2L:1W
Cleanout Frequency Annual Annual
Chemical Loading Parameters
Influent Effluent
Blended Influent Literature or Blended Influent Value/PHREEQC Model Calculation6

Spring 3 Fall 3 Spring 3 Fall 3

Flow Rate (L/sec) 48 24 Flow Rate (L/sec) 48 24
Cadmium (mg/L) 0.00019 0.000926 Cadmium (mg/L) 0.00019/0.00018 0.000926/0.00068
Copper (mg/L) 0.02 0.0173 Copper (mg/L) 0.02/0.0011 0.0173/0.0001
Iron (mg/L) 4.55 24.8 Iron (mg/L) 0.2/0.0004 0.2/0.00026
Zinc (mg/L) 0.055 0.0934 Zinc (mg/L) 0.055/0.046 0.0934/0.037
Aluminum (mg/L) 0.56 1.802 Aluminum (mg/L) 0.13/0.0001 0.13/0.0001
Sulfate (mg/L) 78 247 Alkalinity (mg CaCO3/L) 11.1 13.2
pH 5.48 4.52 pH 6.71 6.93
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Table 2
Conceptual Design Parameters for Collection and Treatment Systems East of Tailings Pile 3
Holden Mine RI/FS

Assumptions:

3 - Spring is assumed to be 3 months/year, fall is assumed to be 9 months/year

5 - The ponds were sized based on the required water volume in each pond, assuming 4-ft water depth.  The total pond volumes were 
corrected for treatment residue volumes.  For the fall conditions, the treatment residue correction assumes 3 months of spring treatment 
residue and 9 months of fall treatment residue accumulated in the ponds.  For the spring conditions, the treatment residue correction 
assumes 3 months of spring treatment residue and 6 months of fall treatment residue accumulated in the ponds.  

1 - The pond sizing and treatment residue generation were estimated for the treatment area as a whole, not on a per pond basis.  
2 - The pond sizes were estimated based on spring high flow conditions.

7 - The pond sizes were estimated based on spring high flow conditions and assuming 80% collection efficiency in the collection pond.  For 
the water collected east of tailings pile 2, the total capacity of ponds 7 and 8 must be adequate to handle the spring flow. 

6 - The effluent concentrations were assumed to be either the concentration developed in the 2004 Draft Final Feasbility Study (DFFS) 
based on literature values for the east area treatment systems or the blended influent concentration for the individual treatment area, 
whichever was lower.  The bold numbers indicate effluent concentrations that equal influent concentrations.  The PHREEQC model 
effluent concentrations were calculated for comparison to the values presented in the DFFS.

4 - The length-to-width ratio of the ponds is the minimum assumed in the modeling.  A larger ratio would also be acceptable since it would 
provide higher retention time and ease of treatment residue removal.
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Table 3
Estimated Short-Term Post-Remediation Water Quality Summary- Railroad Creek Downstream of RC-2
Holden Mine RI/FS

 

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2         
(ug/L)

Cd 0.47 0.25 0.32 0.07 0.53 0.14 0.12 0.09 0.08 0.10 0.10

Cu 2.8 2.2 2.3 1.8 23.6 3.3 3.0 2.2 1.9 2.4 2.3

Fe NA NA 1000 (3) 1000 (3) 300 301 220 71 42 83 59

Zn 23 21 23.5 23.7 84 23 21 17 16 18 17

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2         
(ug/L)

Cd 0.47 0.25 0.32 0.07 0.10 0.09 0.10 0.08 0.08 0.09 0.08

Cu 2.8 2.2 2.3 1.8 1.2 0.8 0.8 0.5 0.4 0.9 0.9

Fe NA NA 1000 (3) 1000 (3) 1080 1232 845 248 141 307 212

Zn 23 21 23.5 23.7 23 14 13 8 6 11 11

Boxed Cell Result is above the Acute or Chronic SWQC
Shaded Cell Result is above the Acute or Chronic 2006 NRWQC

CE = downgradient collection efficiency
PPC = partially-penetrating cutoff wall
Hardness-adjusted pre-Remediation water quality criteria and Railroad Creek concentrations for May 1997 and September 1997 are from the May 19, 1997 and September 15, 1997 sampling events at station RC-2.
(1) State of Washington hardness adjusted surface water quality criteria calculated based on 15 ppm (RC-2, spring and fall) hardness values (WAC 173-201A).
(2) 2006 National Recommended Water Quality Criteria hardness adjusted values based on 15 ppm (RC-2, spring and fall) hardness. Evaluation of the appropriateness of the 2007 Cu NRWQC (BLM Model) is ongoing.
(3) The NRWQC for iron is for total iron and is not hardness dependent.

Alt 11:
CE=90%

Alt 11:
CE=90%

Alt 11:
CE=80%

Alt 11:
CE=80%

Alt 13:
Trench

CE=90%

Alt 13:
Trench

CE=90%

Alt 13:
Trench

CE=100%

Alt 13:
Trench

CE=100%
Disolved metal

Water Quality and Pre-Remediation Concentrations (September 1997)

Alt 3b Alt 9

Disolved metal

Water Quality and Pre-Remediation Concentrations (May 1997)

Alt 3b Alt 9
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Table 4
Estimated Long-term (Approximately 50 yrs) Post-remediation Water Quality Summary - Railroad Creek Downstream of RC-2
Holden Mine RI/FS

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.53 0.06 0.06 0.05 0.05 0.06 0.06
Cu 2.8 2.2 2.3 1.8 23.6 1.5 1.5 1.5 1.4 1.5 1.5
Fe NA NA 1000 (3) 1000 (3) 300 202 160 50 32 59 43
Zn 23 21 23.5 23.7 84 20 20 16 15 17 16

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.10 0.06 0.07 0.05 0.06 0.06 0.06
Cu 2.8 2.2 2.3 1.8 1.2 0.4 0.4 0.5 0.4 0.4 0.4
Fe NA NA 1000 (3) 1000 (3) 1080 825 570 175 104 214 152
Zn 23 21 23.5 23.7 23 12 11 7 6 9 9

Boxed Cell Result is above the Acute or Chronic SWQC
Shaded Cell Result is above the Acute or Chronic 2006 NRWQC

CE = downgradient collection efficiency
PPC = partially-penetrating cutoff wall
Hardness-adjusted pre-Remediation water quality criteria and Railroad Creek concentrations for May 1997 and September 1997 are from the May 19, 1997 and 
   September 15, 1997 sampling events at station RC-2.
(1) State of Washington hardness adjusted surface water quality criteria calculated based on 15 ppm (RC-2, spring and fall) hardness values (WAC 173-201A).
(2) 2006 National Recommended Water Quality Criteria hardness adjusted values based on 15 ppm (RC-2, spring and fall) hardness. Evaluation of the appropriateness of the 2007 Cu NRWQC (BLM Model) is ongoing.
(3) The NRWQC for iron is for total iron and is not hardness dependent.

Alt 11:
CE=90%

Alt 11:
CE=90%

Alt 11:
CE=80%

Alt 11:
CE=80%

Alt 13:
Trench

CE=90%

Alt 13:
Trench

CE=90%

Alt 13:
Trench

CE=100%

Alt 13:
Trench

CE=100%Disolved metal

Water Quality and Pre-remediation Concentrations (September 1997)

Alt 3b Alt 9

Disolved metal

Water Quality and Pre-remediation Concentrations (May 1997)

Alt 3b Alt 9

10/13/2007



Table 5
Estimated Long-term (Approximately 150 yrs) Post-remediation Water Quality Summary - Railroad Creek Downstream of RC-2
Holden Mine RI/FS

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.53 0.06 0.06 0.05 0.05 0.06 0.06
Cu 2.8 2.2 2.3 1.8 23.6 1.1 1.1 1.1 1.0 1.2 1.2
Fe NA NA 1000 (3) 1000 (3) 300 176 140 45 29 53 39
Zn 23 21 23.5 23.7 84 19 18 15 15 16 16

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.10 0.06 0.06 0.05 0.05 0.06 0.06
Cu 2.8 2.2 2.3 1.8 1.2 0.4 0.4 0.4 0.5 0.4 0.4
Fe NA NA 1000 (3) 1000 (3) 1080 720 499 156 95 190 136
Zn 23 21 23.5 23.7 23 11 10 6 6 8 8

Boxed Cell Result is above the Acute or Chronic SWQC
Shaded Cell Result is above the Acute or Chronic 2006 NRWQC

CE = downgradient collection efficiency
PPC = partially-penetrating cutoff wall
Hardness-adjusted pre-Remediation water quality criteria and Railroad Creek concentrations for May 1997 and September 1997 are from the May 19, 1997 and 
   September 15, 1997 sampling events at station RC-2.
(1) State of Washington hardness adjusted surface water quality criteria calculated based on 15 ppm (RC-2, spring and fall) hardness values (WAC 173-201A).
(2) 2006 National Recommended Water Quality Criteria hardness adjusted values based on 15 ppm (RC-2, spring and fall) hardness. Evaluation of the appropriateness of the 2007 Cu NRWQC (BLM Model) is ongoing.
(3) The NRWQC for iron is for total iron and is not hardness dependent.

Alt 11:
CE=90%

Alt 11:
CE=90%

Alt 11:
CE=80%

Alt 11:
CE=80%

Alt 13:
Trench

CE=90%

Alt 13:
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CE=90%

Alt 13:
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Alt 13:
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CE=100%Disolved metal

Water Quality and Pre-remediation Concentrations (September 1997)

Alt 3b Alt 9

Disolved metal

Water Quality and Pre-remediation Concentrations (May 1997)
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Table 6
Estimated Long-term (Approximately 250 yrs) Post-remediation Water Quality Summary - Railroad Creek Downstream of RC-2
Holden Mine RI/FS

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.53 0.04 0.04 0.04 0.04 0.04 0.04
Cu 2.8 2.2 2.3 1.8 23.6 1.0 1.0 0.9 0.9 1.0 1.0
Fe NA NA 1000 (3) 1000 (3) 300 130 104 36 24 42 32
Zn 23 21 23.5 23.7 84 17 17 15 14 16 16

Acute SWQC 
(ug/L) (1)

Chronic SWQC 
(ug/L) (1)

Acute 2006 
NRWQC         
(ug/L) (2)

Chronic 2006 
NRWQC         
(ug/L) (2)

Pre-remediation 
Concentration at 

Station RC-2 (ug/L)
Cd 0.47 0.25 0.32 0.07 0.10 0.04 0.04 0.04 0.04 0.04 0.04
Cu 2.8 2.2 2.3 1.8 1.2 0.4 0.4 0.4 0.4 0.4 0.4
Fe NA NA 1000 (3) 1000 (3) 1080 528 369 122 78 147 108
Zn 23 21 23.5 23.7 23 9 8 6 5 7 7

Boxed Cell Result is above the Acute or Chronic SWQC
Shaded Cell Result is above the Acute or Chronic 2006 NRWQC

CE = downgradient collection efficiency
PPC = partially-penetrating cutoff wall
Hardness-adjusted pre-Remediation water quality criteria and Railroad Creek concentrations for May 1997 and September 1997 are from the May 19, 1997 and 
   September 15, 1997 sampling events at station RC-2.
(1) State of Washington hardness adjusted surface water quality criteria calculated based on 15 ppm (RC-2, spring and fall) hardness values (WAC 173-201A).
(2) 2006 National Recommended Water Quality Criteria hardness adjusted values based on 15 ppm (RC-2, spring and fall) hardness. Evaluation of the appropriateness of the 2007 Cu NRWQC (BLM Model) is ongoing.
(3) The NRWQC for iron is for total iron and is not hardness dependent.
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Figure 14
Predicted Post-remediation Dissolved Cadmium

Water Quality Criteria Ratios
Holden Mine RI/FS

Predicted Post-remediation Dissolved Cadmium Water Quality Criteria Ratios
Railroad Creek Downstream of RC-2
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Figure 15
Predicted Post-remediation Dissolved Copper

Water Quality Criteria Ratios
Holden Mine RI/FS

Predicted Post-remediation Dissolved Copper Water Quality Criteria Ratios
Railroad Creek Downstream of RC-2
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Figure 16
Predicted Post-remediation Dissolved Zinc

Water Quality Criteria Ratios
Holden Mine RI/FS

Predicted Post-remediation Dissolved Zinc Water Quality Criteria Ratios
Railroad Creek Downstream of RC-2
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Figure 17
Predicted Post-remediation Iron

Water Quality Criteria Ratios
Holden Mine RI/FS

Predicted Post-remediation Iron Water Quality Criteria Ratios
Railroad Creek Downstream of RC-2

(Predicted Post-remediation Dissolved Iron Concentration / Water Quality Criteria for Total Iron)
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Attachment 1 
Comparison of Potential Impacts on the 
Holden Village, Alternatives 3b, 10, 
and 13



Attachment 1 - Table 1

Holden Mine RI/FS Project

Parameters Related to Potential Environmental Impacts, Noise, Traffic, and Safety

1 Estimated Number of Years for Remedy Construction (1) 1.7 2.0 3.0 150%

2a Estimated Average On-site Workers (Per Construction Season) 45 64 53 83%

2b Estimated Peak On-site Workers (Per Construction Season) 82 104 105 101%

2c Estimated Total Person Days 11,400 19,400 24,200 125%

3 Estimated Total Potable Water Usage for Crew and Camp (Based on 50 Gal/Person/Day) 570,000 970,000 1,210,000 125%

4a Estimated Quantity of Large Equipment (Average Per Season) 20 31 27 87%

4b Estimated Peak Quantity of Large Equipment 52 55 62 113%

5a Est. Peak Weekly Hrs. Major Earthwork Equipment & Related Potential to Generate Dust 1,800 2,200 2,500 114%

5b Estimated Total Hours Major Earthwork Equipment & Related Potential to Generate Dust 36,900 63,600 81,000 127%

6a Estimated Fuel Requirements During Construction (Gal) 360,400 577,200 741,700 128%

6b
Estimated Total Fuel Deliveries During Construction (Assumes a 2,000 Gal Truck Delivered to 
Lucerne by Barge) 180 289 371 128%

7a Peak Noise Levels - Decibels (2) (See Table 2) 71 71 71 -

7b Average Noise Levels - Decibels (2) (See Table 2) 51 51 51 -

8 Approximate Area of Forested Areas Disturbed to Construct Remedy (2) 7 20 23 115%

Potential Disruption to Holden Village Facilities During Construction (See Table 3)

9
Facilities Affected by Temporary (including Periodic) Access Control for More than 1 Season 
(See Table 3) 7 7 9 129%

10
Facilities Affected by Temporary (including Periodic) Access Control for More than 2 Seasons 
(See Table 3) 0 0 7 -

11 Facilities Needing Temporary Relocation for More than 1 Season (see Table 3) 3 3 3 -

12 Facilities Needing Temporary Relocation for More than 2 Seasons (see Table 3) 0 0 3 -

13 Facilities Potentially Needing to be Permanently Relocated (see Table 3) 1 1 1 -

Long-term Operation, Maintenance, and Monitoring Requirements

14 Estimated Power Requirements (Annual kW-hr) 70,100 72,800 241,100 331%

15 Estimated Annual Fuel Usage for Power Generation (gallons) 10,500 10,900 24,500 225%

16 Estimated Annual Lime Usage (Tons) 70 290 290 -

17 Estimated Number of Operators (FTEs) 0.75 - 1.0 1 1.25 - 1.5 125%-150%

Notes:

It should be noted that the information presented in this table is provided for the purpose of comparing relative differences between the alternatives.

CY = Cubic yards
FTE = Full-time equivalent
NA = Not Applicable

(2) Decibel levels based on receptor at Holden Village perimeter.  Alternatives 3b and 13 assume that a riprap source quarry would be developed between Holden Village 
and Ten-Mile Creek, which would result in the need for removal of native vegetation and construction-related noise.  In contrast, the Alternative 10 assumes the 
development of a riprap quarry at Lightning Ridge (near Lucerne, approximately 8 miles east of Holden Village).  It is our opinion that the Lightning Ridge quarry does not 
contain sufficient quantities of high-quality rip rap. Therefore, we believe that the selected remedy would need to utilize the proposed quarry site between Holden Village 
and Ten-Mile Creek, and the removal of forested areas and anticipated noise levels have been calculated assuming the riprap source quarry would be between Holden 
Village and Ten-mile Creek for all alternatives.

(1) Both Alternatives 3b and 13 could potentially be implemented within about 1-1/2 construction seasons.  However, such a compressed schedule would not allow for 
stopages or limitations due to unanticipated and/or extreme weather events (e.g. fire restriction, floods, etc.).  It is unlikely that, even with multiple shifts, work crews, etc., 
the Alternative 10 could be implemented within two construction seasons.

Summary of Parameters Related to Potential Impacts of the Remedial Alternatives on Holden Village 
Facilities and Operations 

Difference 
between Alt. 10

& Alt. 13Alternative 3b Alternative 13 Alternative 10Parameter
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Attachment 1 - Table 2
Common Sound Levels, Sources and Subjective Human Responses

Noise Sources Sound Pressure Level (dBA) Subjective Evaluations
Possible Effects on Human 

Hearing
Human Threshold of Pain
Carrier jet takeoff (50 ft)
Siren (100 ft)
Loud rock band
Jet takeoff (200 ft)
Auto horn (3 ft)
Chain saw
Noisy snowmobile
Lawn mower (3 ft)
Noisy motorcycle (50 ft)
Heavy truck (50 ft)

90
Pneumatic drill (50 ft)
Busy urban street, day
Normal automobile 50 mph
Vacuum cleaner (3 ft)
Large HVAC unit (20 ft)
Conversation (3 ft)
Quiet residential area
Light auto traffic (100 ft)
Library
Quiet home
Soft whisper (15 ft)

30
Slight rustling of leaves

20
Broadcasting studio

10
Threshold of Human Hearing

0

Notes:
dBA = A-weighted decibels
ft = feet
mph = miles per hour

Source:  Compilation of U.S. Department of Transportation, FAA, January 2001 and California Airport Land Use Planning handbook, January 2002

Speech interference60

Moderate50

Sleep interference40

Faint

NoneVery faint

Very loud

70

80

Loud

100

140

Deafening

Prolonged exposure to sound 
pressure levels above 80 dBA 
can cause hearing loss in 
majority of population

130

120

110
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Holden Village RI/FS Project

Holden Village-Used Facilities

No. of Seasons 
Temporary 

Access Control

No. of Seasons 
Temporary 
Relocation

Permanent 
Relocation

No. of Seasons 
Temporary 

Access Control

No. of Seasons 
Temporary 
Relocation

Permanent 
Relocation

No. of Seasons 
Temporary 

Access Control

No. of Seasons 
Temporary 
Relocation

Permanent 
Relocation

3rd level equipment storage (boneyard) <1 <1 >1

Maintenance yard P, 1.7 P, 2 P, 3

Portal Museum <1 <1 >1

Riverside sauna P, 1.7 P, 2 P, 3

Hydroelectric plant P, 1.7 P, 2 P, 3

Road to Copper Creek water intake P, 1 P, 1 P, 1

Compost facility 1.7 2 3

Tailings Pile 1 evacuation area (A) (A) 2 (A)

Wood storage area 1.7 2 3

Pedestrian bridge P, 1.7 P, 2 P, 3

Vehicle bridge P, 1.7 P, 2 P, 3

Holden Village-Lucerne road P, 1.7 P, 2 P, 3

Holden Village-ballfield road P, 1.7 P, 2 P, 3
Baseball field 1.7 (B) 2 (B) 3 (B)

Notes:
P, # = Periodic, and anticipated number of years of periodic disruptions
Maintenance yard = New garage, emergency radio transmitter, old garage, fuel pump/storage, saw shop, and incinerator
(A) Surge ponds, if constructed instead of in-mine storage, would result in relocation of the Tailings Pile 1 evacuation area.
(B) Assuming that the construction camp is placed at this location.
Data are summarized in Table 1

Alternative 3b Alterative 10

Attachment 1 - Table 3
Potential Disruptions to Holden Villlage Facilities During Construction

Alternative 13
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Attachment 2 - Detailed Cost Summary for Alternatives 3b, 9, 13 and 10  

1
2

3

4

5

6

7

8

9
10

11
12
13
14
15

16
17

18
19
20
21
22

23

24

25

26

27

28
29

30

N O P R T W X Y AA AC AF AG AH AJ AL AZ BA BB BD BF
Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007

1.078 1.078 1.078 1.078 1.078 1.078 1.078 1.078

ITEM Alt 3b Qty Units Alt 3b       
Unit Cost    
FY 2007

Alt 3b Total      
FY 2007

ITEM Alt 9 Qty Units Alt 9       
Unit Cost   
FY 2007

Alt 9 Total     
FY 2007

ITEM Alt 13 Qty Units Alt 13      
Unit Cost   
FY 2007

Alt 13 Total      
FY 2007

ITEM Alt 10 Qty Units Alt 10       
Unit Cost    
FY 2007

Alt 10 Total     
FY 2007

CAPITAL COSTS CAPITAL COSTS CAPITAL COSTS CAPITAL COSTS
Mob/Demob 1 ls $2,074,846 $2,074,846 Mob/Demob 1 ls $2,057,870 $2,057,870 Mob/Demob 1 ls $2,412,388 $2,412,388 Mobilize & Demobilize material, 

equipment, workers, & 2 winter shut-
downs

1 ls $3,129,897 $3,129,897

Physical Access Restrictions 1 ls $53,900 $53,900 Physical Access Restrictions 1 ls $53,900 $53,900 Physical Access Restrictions 1 ls $53,900 $53,900 

Operate Camp 13,105 days $77.62 $1,017,171 Operate Camp 13,604 days $77.62 $1,055,868 Operate Camp 20,654 days $77.62 $1,603,059 Operate Camp (53 people ave) + 
Sunday non-work operations

27,784 days $77.62 $2,156,447

New Construction Bridges 1 ls $243,799 $243,799 New Construction Bridges 1 ls $244,168 $244,168 New Construction Bridges 1 ls $439,787 $439,787 New / Upgrade Construction Bridges 1 ls $341,772 $341,772

Road Maintenance 1 ls $335,258 $335,258 Road Maintenance 1 ls $350,350 $350,350 Road Maintenance 1 ls $335,258 $335,258 Road Maintenance (per Construction 
Season)

1 ls $763,224 $763,224

Mine Actions Mine Actions Mine Actions Mine Actions
Access/Air-flow Restrictions in Adits 2 ea $8,085 $16,170 Access/Air-flow Restrictions in Adits 2 ea $8,085 $16,170 Access/Air-flow Restrictions in Adits 2 ea $8,085 $16,170 Access/air flow restrictions 2 ea $8,085 $16,170

Mine Rehabilitation 1 ls $808,500 $808,500 Mine Rehabilitation 1 ls $808,500 $808,500 Mine Rehabilitation 1 ls $808,500 $808,500 Mine entry / rehabilitation 1 ls $808,500 $808,500
Hydrostatic Bulkheads 1 ls $588,533 $588,533 Hydrostatic Bulkheads 1 ls $588,533 $588,533 Hydrostatic Bulkheads 1 ls $588,533 $588,533 Hydraulic Bulkheads 1 ls $588,533 $588,533

West Area Actions West Area Actions West Area Actions West Area Actions
Upgradient/Near Surf Water Controls 3,400 lf $33.81 $114,960 Upgradient/Near Surf Water Controls 3,400 lf $33.81 $114,960 Upgradient/Near Surf Water Controls 3,400 lf $33.81 $114,960 Upgradient Road and Diversion Ditch 3,400 lf $33.81 $114,960

Road from SP-23 to SP-10 (Not in 
DFFS Alt 3b)

0 lf $34.31 $0 Road from SP-23 to SP-10 (Not in 
DFFS Alt 3b)

0 lf $34.31 $0 Road from SP-23 to SP-10 (Not in 
DFFS Alt 3b)

0 lf $34.31 $0 Portal Discharge Pipe to SP10 1,600 lf $33.34 $53,348

Work Platform (Steep Area) 2,500 lf $53.90 $134,750 Work Platform (Steep Area) 2,500 lf $53.90 $134,750 Work Platform (Steep Area) 2,500 lf $53.90 $134,750 Work Platform Grading and 
maintenance road

2,600 lf $34.31 $89,218

Seep/Groundwater Collection (5 ft Deep 
Closed Trench)

2,500 lf $53.90 $134,750 Seep/Groundwater Collection (5 ft Deep 
Closed Trench)

2,500 lf $53.90 $134,750 Seep/Groundwater Collection (5 ft Deep 
Closed Trench)

2,500 lf $53.90 $134,750 Seep Collection and Conveyance (pipe 
and ditch)

1 ls $104,147 $104,147

Barrier Wall (Soil/Bentonite) 62,500 sf $16.17 $1,010,625 Barrier Wall (Soil/Bentonite) 62,500 sf $16.17 $1,010,625 Barrier Wall (Soil/Bentonite) 62,500 sf $16.17 $1,010,625 Barrier wall (cement bentonite) 55,500 sf $26.95 $1,495,725

Seep 12 & 23 Collection/Treatment 
(pipe)

2,000 lf $38.70 $77,399 Seep 12 & 23 Collection/Treatment 
(pipe)

2,000 lf $38.70 $77,392 Seep 12 & 23 Collection/Treatment 
(pipe)

2,000 lf $38.70 $77,399 

Catch Basins 2 ea $10,780 $21,560 Catch Basins 2 ea $10,780 $21,560 Catch Basins 2 ea $10,780 $21,560 
Barrier Wall Excavation Removal 1 ls $19,721 $19,721 Barrier Wall Excavation Removal 1 ls $19,721 $19,721 Barrier Wall Excavation Removal 1 ls $19,721 $19,721 Haul Truck to Remove Barrier Wall 

Excavation
1 ls $39,442 $39,442

INTALCO ALTERNATIVE 10INTALCO ALTERNATIVE 9 INTALCO ALTERNATIVE 3B INTALCO ALTERNATIVE 13 
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Attachment 2 - Detailed Cost Summary for Alternatives 3b, 9, 13 and 10  

1
2

3

4

N O P R T W X Y AA AC AF AG AH AJ AL AZ BA BB BD BF
Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007

1.078 1.078 1.078 1.078 1.078 1.078 1.078 1.078

ITEM Alt 3b Qty Units Alt 3b       
Unit Cost    
FY 2007

Alt 3b Total      
FY 2007

ITEM Alt 9 Qty Units Alt 9       
Unit Cost   
FY 2007

Alt 9 Total     
FY 2007

ITEM Alt 13 Qty Units Alt 13      
Unit Cost   
FY 2007

Alt 13 Total      
FY 2007

ITEM Alt 10 Qty Units Alt 10       
Unit Cost    
FY 2007

Alt 10 Total     
FY 2007

INTALCO ALTERNATIVE 10INTALCO ALTERNATIVE 9 INTALCO ALTERNATIVE 3B INTALCO ALTERNATIVE 13 

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49
50
51
52

53

54

55

56

57

58

59

60

Water Treatment System - Bulkhead 1 ls $1,498,104 $1,498,104 Water Treatment System - Bulkhead 1 ls $2,022,644 $2,022,644 Water Treatment System - Bulkhead 1 ls $1,498,104 $1,498,104 Treatment Plant

Forest clearing and stockpile 13 acre $19,383 $251,977

Excavate ponds 112,415 cy $7 $791,611

Concrete lining 3,806 cy $294 $1,118,226

Chemical storage and addition 
facilities

1 ls $633,864 $633,864

Mixing and aeration facilities 1 ls $26,950 $26,950

Filtration ponds wi/ media 1 ls $53,900 $53,900

Energy supply 1 ls $215,600 $215,600

Miscellaneous Treatment (piping & 
etc.).

1 ls $123,970 $123,970

Building for Office/Storage 1 ls $168,206 $168,206

Pipeline to convey sludge from 
WWTP to TP-2

3,600 lf $17 $60,989

Additional Pipe from SP-10 to WWTP 0 $38.70 $0 Additional Pipe from SP-10 to WWTP 0 $38.70 $0 Additional Pipe from SP-10 to WWTP 0 $38.70 $0 

Portal Discharge Pipe to SP-10 (To 
West Area Treatment for Intalco Alt 3b)

4,400 lf $32.68 $143,809 Portal Discharge Pipe to SP-10 (To 
West Area Treatment for Intalco Alt 3b)

4,400 lf $32.68 $143,809 Portal Discharge Pipe to SP-10 (To 
West Area Treatment for Intalco Alt 3b)

4,400 lf $32.68 $143,809 

Regrade waste rock slopes to 2:1 Ex. 
and Haul

0 cy $10.20 $0 Regrade waste rock slopes to 2:1 Ex. 
and Haul

0 cy $10.20 $0 Regrade waste rock slopes to 2:1 Ex. 
and Haul

0 cy $10.20 $0 Regrade waste rock slopes to 2:1 Ex. 
and Haul

158,000 cy $10 $1,611,894

Revegetated waste rock piles and place 
topsoil

0 cy $13.47 $0 Revegetated waste rock piles and place 
topsoil

0 cy $13.47 $0 Revegetated waste rock piles and place 
topsoil

0 cy $13.47 $0 Revegetated waste rock piles and place 
topsoil

15,972 cy $13 $215,064

Place Woody Debris on waste rock piles 0 cy $23.34 $0 Place Woody Debris on waste rock 
piles

0 cy $23.34 $0 Place Woody Debris on waste rock 
piles

0 cy $23.34 $0 Place Woody Debris on waste rock 
piles

1,247 cy $23 $29,108

Hydroseed waste rock piles 0 ac $3,883 $0 Hydroseed waste rock piles 0 ac $3,883 $0 Hydroseed waste rock piles 0 ac $3,883 $0 Hydroseed waste rock piles 8.9 ac $3,883 $34,556

Plant Tree Tubes and Shrubs on WR 
piles

0 ac $2,113 $0 Plant Tree Tubes and Shrubs on WR 
piles

0 ac $2,113 $0 Plant Tree Tubes and Shrubs on WR 
piles

0 ac $2,113 $0 Plant Tree Tubes and Shrubs on WR 
piles

8.9 ac $2,113 $18,804

Copper Creek Diversion Channel 
Improvement

350 lf $72.91 $25,519 Copper Creek Diversion Channel 
Improvement

350 lf $72.91 $25,519 Copper Creek Diversion Channel 
Improvement

350 lf $72.91 $25,519 

Mill Building/Maintenance Yard 
Actions

Mill Building/Maintenance Yard 
Actions

Mill Building/Maintenance Yard 
Actions

Mill Building/Maintenance Yard 
Actions

Excavation/Relocation of Impacted Soils 500 cy $60.60 $30,299 Excavation/Relocation of Impacted 
Soils

500 cy $60.60 $30,299 Excavation/Relocation of Impacted 
Soils

500 cy $60.60 $30,299 Removal of residual processing waste 
and contaminated soils at mill area

500 cy $60.60 $30,299

Cover for Impacted Soils 45,000 sf $3.80 $171,071 Cover for Impacted Soils 45,000 sf $3.80 $171,071 Cover for Impacted Soils 45,000 sf $3.80 $171,071 

Mill demolition (remove unsafe super 
structure)

1 ls $440,776 $440,776 Mill demolition (remove unsafe super 
structure)

1 ls $440,776 $440,776 Mill demolition (remove unsafe super 
structure)

1 ls $440,776 $440,776 Mill demolition (remove unsafe super 
structure)

1 ls $440,776 $440,776

Revegetate Mill Area (after cleanup) 3,227 cy $15.20 $49,051

Place woody debris at Mill Area 277 cy $23.34 $6,469

Hydroseed Mill Area 2 ac $3,883 $7,765

Plant Tree Tubes and Shrubs on mill 3 ac $1,576 $4,729
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Attachment 2 - Detailed Cost Summary for Alternatives 3b, 9, 13 and 10  

1
2

3

4

N O P R T W X Y AA AC AF AG AH AJ AL AZ BA BB BD BF
Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007

1.078 1.078 1.078 1.078 1.078 1.078 1.078 1.078

ITEM Alt 3b Qty Units Alt 3b       
Unit Cost    
FY 2007

Alt 3b Total      
FY 2007

ITEM Alt 9 Qty Units Alt 9       
Unit Cost   
FY 2007

Alt 9 Total     
FY 2007

ITEM Alt 13 Qty Units Alt 13      
Unit Cost   
FY 2007

Alt 13 Total      
FY 2007

ITEM Alt 10 Qty Units Alt 10       
Unit Cost    
FY 2007

Alt 10 Total     
FY 2007

INTALCO ALTERNATIVE 10INTALCO ALTERNATIVE 9 INTALCO ALTERNATIVE 3B INTALCO ALTERNATIVE 13 

62

63

64

65

66

67
68

69
70
71
72
73
74
75

76

77

78

79

80

81

82

83

84

85
86

87

88

89
90

91

92

93

94

95

96

97
98

Pave existing Maintenance yard - 
concrete slab

0 cy $314.51 $0 Pave existing Maintenance yard - 
concrete slab

0 cy $314.51 $0 Pave existing Maintenance yard - 
concrete slab

0 cy $314.51 $0 Pave existing Maintenance yard 
(41,000 sf) - concrete slab

694 cy $314.51 $218,407

Pave existing Maintenance yard - base 
course

0 cy $74.04 $0 Pave existing Maintenance yard - base 
course

0 cy $74.04 $0 Pave existing Maintenance yard - base 
course

0 cy $74.04 $0 Pave existing Maintenance yard - base 
course

833 cy $74.04 $61,697

Lagoon Area/Former Retention Pond 
Actions

Lagoon Area/Former Retention Pond 
Actions

Lagoon Area/Former Retention Pond 
Actions

Lagoon Area/Former Retention Pond 
Actions

Excavations/Relocation of Impacted 
Soils

9,000 cy $20.12 $181,059 Excavations/Relocation of Impacted 
Soils

9,000 cy $20.12 $181,059 Excavations/Relocation of Impacted 
Soils

9,000 cy $20.12 $181,059 Excavate lagoon area impacted soils 9,000 cy $20.12 $181,059

Impacted Soil/Sludge Disposal Cell 1 ls $358,197 $358,197 Impacted Soil/Sludge Disposal Cell 1 ls $440,214 $440,214 Impacted Soil/Sludge Disposal Cell 1 ls $373,827 $373,827 

Former Retention Pond Containment 0 sy $53.90 $0 Former Retention Pond Containment 0 sy $53.90 $0 Former Retention Pond Containment 0 sy $53.90 $0 
Excavate ventilator portal detention 
area impacted soils

400 cy $27.04 $10,817 Excavate ventilator portal detention 
area impacted soils

400 cy $27.04 $10,817 Excavate ventilator portal detention 
area impacted soils

400 cy $27.04 $10,817 Excavate ventilator portal retention area 
impacted soils

400 cy $27.04 $10,817

Access road to ventilator portal 1,200 lf $18.24 $21,894 Access road to ventilator portal 1,200 lf $18.24 $21,894 Access road to ventilator portal 1,200 lf $18.24 $21,894 Access road to ventilator portal 1,200 lf $18.24 $21,894
Abandon road to ventilator portal 1,200 lf $10.87 $13,041 Abandon road to ventilator portal 1,200 lf $10.87 $13,041 Abandon road to ventilator portal 1,200 lf $10.87 $13,041 Abandon road to ventilator portal 1,200 lf $10.87 $13,041

East Area Actions East Area Actions East Area Actions East Area Actions
Revegetation (Includes Regrading) 92 ac $8,240 $758,081 Revegetation (Includes Regrading) 92 ac $8,240 $758,081 Revegetation (Includes Regrading) 92 ac $8,240 $758,081 

Upgradient/Near Surf water Controls 4,300 lf $30.72 $132,107 Upgradient/Near Surf water Controls 4,300 lf $30.72 $132,107 Upgradient/Near Surf water Controls 4,300 lf $28.63 $123,123 Upgradient Road and Diversion Ditch 4,300 lf $30.72 $132,107

Slope Regrading 250,000 cy $9.12 $2,279,625 Slope Regrading 250,000 cy $9.12 $2,279,625 Slope Regrading 250,000 cy $9.12 $2,279,625 Tailings Pile Slope Excavation (TP-1, -
2, and -3)

732,960 cy $9.12 $6,683,495

Regrade Top of Tailings Pile 1 14 ac $24,033 $326,855

Topsoil for top and side slopes 125,840 cy $10.38 $1,306,445

Place woody debris on tailings piles 9,976 cy $14.53 $144,926

Hydroseed tailings piles 78 ac $3,883 $302,849

Tree tubes and shrubs on tailings piles 78 ac $1,620 $126,368

Develop Riprap Source 1 ls $87,521 $87,521 Develop Riprap Source 1 ls $87,521 $87,521 Develop Riprap Source 1 ls $322,883 $322,883 Develop riprap source 1 ls $87,521 $87,521

Enhance Riprap at Toe of Tailings 8,500 cy $72.78 $618,665 Enhance Riprap at Toe of Tailings 8,500 cy $72.78 $618,665 Enhance Riprap at Toe of Tailings 0 cy $72.78 $0 Place riprap berm along creek channel 10,880 cy $72.78 $791,910

TESC 6,160 lf $1.48 $9,088 TESC 6,160 lf $1.48 $9,088 TESC 6,160 lf $1.48 $9,088 TESC 6,160 lf $1.48 $9,088
RR Creek Pipeline Crossing 0 ea $113,885 $0 RR Creek Pipeline Crossing 0 ea $113,885 $0 RR Creek Pipeline Crossing 0 ea $113,885 $0 RR Creek Pipeline Crossing 1 ea $112,433 $112,433

Copper Creek Pipeline Crossing 0 ea $56,943 $0 Copper Creek Pipeline Crossing 0 ea $56,943 $0 Copper Creek Pipeline Crossing 0 ea $56,943 $0 Copper Creek Pipeline Crossing 1 ea $42,398 $42,398

Pipe to Treatment Pond (18" HDPE) 0 lf $73.34 $0 Pipe to Treatment Pond (18" HDPE) 0 lf $73.34 $0 Pipe to Treatment Pond (18" HDPE) 0 lf $73.34 $0 Pipe to Treatment Pond (18" HDPE) 460 lf $73.83 $33,960

Copper Creek Channel Improvements
GW Trench and Seep Collection Pipe 
along Toe of TP 1, ,2 and 3

1 LS $262,864 $262,864

Maintenance road for GW trench and 
seep collection pipe

5,910 lf $8.93 $52,781

Barrier wall (cement bentonite) 118,980 sf $26.95 $3,206,511

East Area Length in flats west of TP1 13,560 sf $26.95

At toe of TP1 44,220 sf $26.95

At toe of TP3 61,200 sf $26.95

Haul Truck to Remove Barrier Wall 
Excavation

1 ls $88,975 $88,975
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Attachment 2 - Detailed Cost Summary for Alternatives 3b, 9, 13 and 10  

1
2

3

4

N O P R T W X Y AA AC AF AG AH AJ AL AZ BA BB BD BF
Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007

1.078 1.078 1.078 1.078 1.078 1.078 1.078 1.078

ITEM Alt 3b Qty Units Alt 3b       
Unit Cost    
FY 2007

Alt 3b Total      
FY 2007

ITEM Alt 9 Qty Units Alt 9       
Unit Cost   
FY 2007

Alt 9 Total     
FY 2007

ITEM Alt 13 Qty Units Alt 13      
Unit Cost   
FY 2007

Alt 13 Total      
FY 2007

ITEM Alt 10 Qty Units Alt 10       
Unit Cost    
FY 2007

Alt 10 Total     
FY 2007

INTALCO ALTERNATIVE 10INTALCO ALTERNATIVE 9 INTALCO ALTERNATIVE 3B INTALCO ALTERNATIVE 13 

99
100

101

102

103

104
105
106
107

108

109
110
111
112
113
114
115

116
117
118
119
120

121

122
123

124
125
126
127
128
129
130
131
132
133
134
135
136
137

138
139
140

141

142

143

Other Other Other Other
Creek Channel Habitat Restoration 1 ls $236,624 $236,624 Creek Channel Habitat Restoration 1 ls $236,624 $236,624 Creek Channel Habitat Restoration 0 ls $236,624 $0 Creek Channel Habitat Restoration 1 ls $236,624 $236,624

Monitoring well installation
1 ls $71,226 $71,226 Monitoring well installation 1 ls $71,226 $71,226 Monitoring well installation 1 ls $71,226 $71,226 Monitoring well installation 1 ls $71,226 $71,226

Landfill Berms (for sludge disposal) 1 ls $409,694 $409,694

Solid Waste Landfill 1 ls $141,105 $141,105

Collection and Treatment Systems 
East of TP3 and TP1

Collection and Treatment Systems 
East of TP3 and TP1

Collection and Treatment Systems 
East of TP3 and TP1

TP3 Pond Clearing TP3 Pond Clearing TP3 Pond Clearing 1 ls $153,062 $153,062 
TP3 Pond Excavation TP3 Pond Excavation TP3 Pond Excavation 1 ls $696,023 $696,023 
TP3 Pond Berm Gravel TP3 Pond Berm Gravel TP3 Pond Berm Gravel 1 ls $161,465 $161,465 

TP3 Wetlands TP3 Wetlands TP3 Wetlands 1 ls $212,606 $212,606 

TP3 Deep Collection Trench TP3 Deep Collection Trench TP3 Deep Collection Trench 0 ls $161,426 $0 

Aquafix at TP3 Aquafix at TP3 Aquafix at TP3 2 ls $186,395 $372,790 
TP3 Pond Pipelines TP3 Pond Pipelines TP3 Pond Pipelines 1 ls $188,428 $188,428 
TP1 Pond Clearing TP1 Pond Clearing TP1 Pond Clearing 0 ls $103,386 $0 
TP1 Pond Excavation TP1 Pond Excavation TP1 Pond Excavation 0 ls $567,729 $0 
TP1 Pond Berm TP1 Pond Berm TP1 Pond Berm 0 ls $40,626 $0 
TP1 Deep Collection Trench TP1 Deep Collection Trench TP1 Deep Collection Trench 0 ls $115,624 $0 
Aquafix at TP1 Aquafix at TP1 Aquafix at TP1 1 ls $428,815 $428,815 

Railroad Creek Realignment Railroad Creek Realignment Railroad Creek Realignment
Clear New Creek Alignment Clear New Creek Alignment Clear New Creek Alignment 1 ls $206,219 $206,219 
Access Road for New Creek Access Road for New Creek Access Road for New Creek 1 ls $141,786 $141,786 

Excavate New Creek Excavate New Creek Excavate New Creek 1 ls $1,535,720 $1,535,720 

New Creek Berms & Liner New Creek Berms & Liner
New Creek Berms & Liner 1 ls $396,049 $396,049 

New Creek Rip-Rap New Creek Rip-Rap New Creek Rip-Rap 0 ls $3,780,642 $0 
New Creek Rip-Rap from Ten Mile 
Creek

New Creek Rip-Rap from Ten Mile 
Creek

New Creek Rip-Rap from Ten Mile 
Creek

1 ls $2,105,924 $2,105,924 

Screen Excess Creek Excav Screen Excess Creek Excav Screen Excess Creek Excav 1 ls $129,279 $129,279 
Habitat Installation Habitat Installation Habitat Installation 1 ls $66,364 $66,364 
Tree tubes and shrubs creek edges Tree tubes and shrubs creek edges Tree tubes and shrubs creek edges 4 ac $1,620 $6,480 
Hydroseed Hydroseed Hydroseed 4 ac $3,883 $15,531 

East Area Seep Collection Systems East Area Seep Collection Systems East Area Seep Collection Systems
SP3 Access Road SP3 Access Road SP3 Access Road 0 ls $22,194 $0 
SP3 & SP4 Drains SP3 & SP4 Drains SP3 & SP4 Drains 0 ls $59,308 $0 
SP3 & SP4 Piping SP3 & SP4 Piping SP3 & SP4 Piping 0 ls $46,908 $0 

Copper Creek Pipeline  Copper Creek Pipeline  Copper Creek Pipeline  
Copper Creek Access Road Copper Creek Access Road Copper Creek Access Road 1 ls $42,845 $42,845 
Copper Creek Pipeline Copper Creek Pipeline Copper Creek Pipeline 1 ls $381,356 $381,356 
Copper Creek Rehabilitation Copper Creek Rehabilitation Copper Creek Rehabilitation 1 ls $95,808 $95,808 Copper Creek Diversion Channel 

Improvement
350 lf $72.91 $25,519

GW Collection Trench GW Collection Trench GW Collection Trench 1 ls $131,658 $131,658 
Seep SP21 Conveyance Ext Seep SP21 Conveyance Ext Seep SP21 Conveyance Ext 1 ls $58,192 $58,192 
Unaccounted Overtime Pay 1 ls $855,832 $855,832 Unaccounted Overtime Pay 1 ls $891,423 $891,423 Unaccounted Overtime Pay 1 ls $323,557 $323,557 Overtime Pay 1 ls $1,875,096 $1,875,096

Stockpiled Sand for O&M Maintenance 1 ls $188,840 $188,840 Stockpiled Sand for O&M Maintenance 1 ls $206,007 $206,007 Stockpiled Sand for O&M Maintenance 1 ls $188,840 $188,840 

Alternative E Groundwater Collection 
and Pump System for TP-1

1 ls $226,205 $226,205

Holden Alt 13 memo - Attach 2 - 2007 10 11.xls
Tab: Alt Summary Cost Estimates
10/11/2007 Page 4 of 5 URS Corporation



Attachment 2 - Detailed Cost Summary for Alternatives 3b, 9, 13 and 10  

1
2

3

4

N O P R T W X Y AA AC AF AG AH AJ AL AZ BA BB BD BF
Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007 Inflation Factor FY 2007

1.078 1.078 1.078 1.078 1.078 1.078 1.078 1.078

ITEM Alt 3b Qty Units Alt 3b       
Unit Cost    
FY 2007

Alt 3b Total      
FY 2007

ITEM Alt 9 Qty Units Alt 9       
Unit Cost   
FY 2007

Alt 9 Total     
FY 2007

ITEM Alt 13 Qty Units Alt 13      
Unit Cost   
FY 2007

Alt 13 Total      
FY 2007

ITEM Alt 10 Qty Units Alt 10       
Unit Cost    
FY 2007

Alt 10 Total     
FY 2007

INTALCO ALTERNATIVE 10INTALCO ALTERNATIVE 9 INTALCO ALTERNATIVE 3B INTALCO ALTERNATIVE 13 

144
145

146

147

148
149
150
151

152

153

154

155
156
157
158
159

160
161
162

174

175
176

177

178

179

180
181
182

183
184
185
186
187
188

Subtotal Direct Costs $14,784,000 Subtotal Direct Costs $15,707,000 Subtotal Direct Costs $22,284,000 Subtotal Direct Costs $32,573,000

Contractor Markups Contractor Markups Contractor Markups Contractor Markups

Contractor's OH&P 10.0% $1,478,000 Contractor's OH&P 10.0% $1,571,000 Contractor's OH&P 10.0% $2,228,000 Contractor's OH&P at 10.0% $3,257,716

Insurance, Div 1 Items, Engr, Surveying 10.0% $1,478,000 Insurance, Div 1 Items, Engr, Surveying 10.0% $1,571,000 Insurance, Div 1 Items, Engr, Surveying 10.0% $2,228,000 Insurance, Div 1 Items, Contractor's 
Engr, Surveying

10.0% $3,257,716

Subtotal $17,740,000 Subtotal $18,849,000 Subtotal $26,740,000 Total Construction Costs $39,088,000

Engineering Investigations 5.0% $1,954,414

Engineering 
Investigation/Design/Planning

15.0% $2,661,000 Engineering 
Investigation/Design/Planning

15.0% $2,827,000 Engineering 
Investigation/Design/Planning

15.0% $4,011,000 Engineering Design at: 10.0% $3,908,828

Construction Management 4.0% $710,000 Construction Management 4.0% $754,000 Construction Management 4.0% $1,070,000 Construction Administration & 
Oversight

4.0% $1,563,100

Project Management 5.0% $887,000 Project Management 5.0% $942,000 Project Management 5.0% $1,337,000 Project Management 5.0% $1,954,414

Treatment system pilot testing 1 LS $129,360

Total non-constr. Capital costs $9,510,116

Total Capital Costs $21,998,000 Total Capital Costs $23,372,000 Total Capital Costs $33,158,000 Total Capital Costs $48,598,000

Subtotal Annual O&M Subtotal Annual O&M Subtotal Annual O&M

Total O&M and Monitoring Costs 
(present worth @ 7%)

$4,657,000 Total O&M and Monitoring Costs 
(present worth @ 7%)

$6,717,000 Total O&M and Monitoring Costs 
(present worth @ 7%)

$6,394,000 Total O&M and Monitoring Costs 
(present worth @ 7%)

$9,972,000 

SUBTOTAL COST $26,655,000 SUBTOTAL COST $30,089,000 SUBTOTAL COST $39,552,000 SUBTOTAL COST $58,570,000

Contingency 30% $7,997,000 Contingency 30% $9,027,000 Contingency 30% $11,866,000 Contingency 30% $17,571,000

TOTAL PROJECT COST $34,652,000 TOTAL PROJECT COST $39,116,000 TOTAL PROJECT COST $51,418,000 TOTAL PROJECT COST $76,141,000

Notes: An inflation factor of 7.8% was applied to each alternative for all year 2005 estimated capital costs to arrive at the estimate for capital costs in 2007 dollars.  The 7.8% inflation factor is based on the Engineering News Record construction cost index increase from January 2005 to April 2007.  
O&M costs for each alternative were adjusted from 2005 to 2007 dollars by applying labor and equipment rates from RS Means Heavy Construction Cost Data 2007 to all O&M tasks with the exception of water sampling and analysis.  Alt 10 O&M costs were multiplied by the inflation factor.
The water sampling activities were inflated by 7.8% to reflect cost increases from 2005 to 2007.  Current (April 2007) vendor quotes were applied to the 2007 O&M costs for commodities such as lime for water treatment and diesel fuel for generators to adjust from 2005 to 2007 dollars. 
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