
 
 

 
 
 

Wenck Associates, Inc. 
1800 Pioneer Creek Ctr. 
P.O. Box 249 
Maple Plain, MN 55359-0249 
 
(763) 479-4200 
Fax (763) 479-4242 
E-mail: wenckmp@wenck.com 

TECHNICAL MEMORANDUM 
 
TO: Erik Carlson, MNDNR 
 
FROM: Steve Menden, Wenck Associates, Inc. 
 
DATE: Updated November 13, 2009 
 
SUBJECT: Keetac Expansion Project – Alternative Stockpile Location Analysis  
 Wenck File #1472-04 
 
 
1.0 Introduction 
 
U.S. Steel Corporation’s (Project Proposer) development of the Keetac Expansion Project (Proposed 
Project) includes new stockpile locations (Figure SA-1) for the excess overburden which consists of rock 
and surface material. The Project Proposer based the stockpile locations on maximizing the efficiency of 
the mining operation while minimizing environmental impacts. This Alternative Stockpile Location 
Analysis Technical Memorandum was completed to focus on the potential impacts of alternative stockpile 
locations, in an effort to determine if a viable alternative stockpile location exists and should be carried 
through the EIS process.  
 
Purpose of Analysis 
 
The purpose of this Alternative Stockpile Location Analysis is to determine if an alternative stockpile 
location exists that could still meet the underlying need and purpose of the Proposed Project while 
minimizing potential environmental impacts. 
  
The process of developing and evaluating stockpile location concepts for consideration in this 
memorandum was developed through several meetings and discussions with the Project Proposer, 
MNDNR, MPCA, and the USACE. Based on these discussions, several alternative stockpile concepts and 
evaluation criteria were identified. Alternative stockpile location concepts are identified on Figure SA-1 
as Concepts A-D. The evaluation criteria identified within Sections 4 and 5 of this memo discuss the 
results of the evaluation for each criterion. 
 
Regulatory Framework 
 
Minnesota Rules, part 4410.2300, subpart G states that the EIS shall compare the potentially significant 
impacts of the proposal with those of other reasonable alternatives to the proposed project. The EIS must 
address one or more alternatives of each of the following types of alternatives or provide a concise 
explanation of why no alternative of a particular type is included in the EIS: 1) alternative sites, 2) 
alternative technologies, 3) modified designs or layouts, 4) modified scale or magnitude, and 5) 
alternatives incorporating reasonable mitigation measures identified through comments received during 
the comment periods for EIS scoping or for the EIS. 
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Minnesota Rules part 4410.2300, subpart G directs that an alternative may be excluded from analysis in 
the EIS if, “it would not meet the underlying need for or purpose of the project, it would likely not have 
any significant environmental benefit compared to the project as proposed, or another alternative, of any 
type, that will be analyzed in the EIS would likely have similar environmental benefits but substantially 
less adverse economic, employment or sociological impacts.” 
 
Final Scoping Decision Document 
 
The FSDD states that, 
 

Positioning of stockpiles is crucial to minimizing impacts to wetlands and potentially other 
natural resources. The EIS will evaluate the potential environmental effects of the proposed 
stockpile locations as well as alternative stockpile locations. In addition, the EIS will evaluate in-
pit stockpile opportunities; in-pit stockpiles can help create future shallow-water habitat when 
pits are abandoned and reclaimed. This stockpile location analysis will consider not only 
potential wetland impacts, but also air emissions from haul truck and wind erosion, haul road 
location, lease fee-holder requirements, in-pit stockpile opportunities and other operational and 
environmental issues. 

 
2.0 Concept Development 
 
The Project Proposer evaluated several concepts contiguous to current mining operations prior to 
preparation of their proposed stockpile location. The various concept iterations were located in the 
approximate area of the current proposed east stockpile location. Initial concepts were refined when more 
information was gathered regarding the location of the ore deposit. Air dispersion modeling was 
completed establishing the ambient air quality boundary and associated setbacks, and wetland boundaries 
were determined to minimize wetland impacts within the general area. Concepts evaluated as part of the 
Project Proposer’s planning are located in Appendix A of this memo. 
 
Once the Project Proposer presented their proposed stockpile plan, a preliminary concept development 
analysis was completed by the Project Proposer, MNDNR, and USACE. The purpose of this effort was to 
determine which concepts were not deemed feasible and which concepts should be further analyzed. 
 
Preliminary Concept Development 
 
Meetings were held with the Project Proposer, MNDNR, MPCA, and USACE to discuss ideas for 
stockpiling concepts to ensure all potentially feasible stockpile alternatives would be evaluated. This 
section describes the concepts that were believed to need additional analysis.  
 
Several concepts were explored and excluded from further consideration. These locations included areas 
requiring haulage beyond areas that are not currently contiguous to existing stockpiles or would require 
hauling by rail. The reasons for elimination of these locations are threefold. First, there are the adverse 
environmental impacts associated with roadway or rail construction through undisturbed areas.  Second, 
air emissions (particulates, NOx and Greenhouse Gases) associated with hauling are proportional to the 
hauling distance, meaning that stockpiles that are closer to the actual mining operation would have less air 
quality related impacts. Lastly, the economics of the additional roadway or rail construction and 
associated haulage costs would make recovery of the ore uneconomical. Most definitions of “ore” imply 
that it be economically viable to extract and process. For example the following citation is taken from the 
Encyclopedia Columbia: “ore, metal-bearing mineral mass that can be profitably mined.”  
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Stockpile Concepts Considered 
 
Several evaluation criteria were established and applied to each stockpile location concept. (See Figure 
SA-1 for proposed and concept stockpile locations.) 
 
Proposed Location: Proposed stockpile locations include a 40.7 acre south stockpile, and a 539.2 acre east 
stockpile.  The total acreage of new stockpiles is 539.2 acres. In-pit stockpiling of excess rock and surface 
materials in accordance with Minnesota Rules part 6130.1400, and current mineral rights agreements 
would be included in the proposed locations. 
 
Existing Stockpiles: The existing out-of-pit stockpile locations to the northwest and southeast of the pit 
will be considered.  The existing in-pit stockpiles would also be utilized. 
 
Concept A:  This is an area of approximately 160 acres located south of the railroad tracks and current 
southeast stockpile area. This area is also bordered by Highway 169 on the south. This concept does not 
contain adequate area alone to accommodate the Proposed Project stockpile needs.  
 
Concept B: This is an area of approximately 487 acres located north of the east end of the current 
northwest stockpile. Concept B is bound by the existing Permit to Mine area on the north and east and 
O’Brien Creek on the west. This concept has approximately equivalent area to the proposed east stockpile 
and would not replace the proposed south stockpile.  
 
Concept C: This is an area equivalent to the proposed stockpile locations located northwest of the current 
northwest stockpile area.  
 
Concept D: This is an area equivalent to the proposed stockpile locations located north and east of the 
current northwest stockpile area.  
 
3.0 Analysis Assumptions 
 
Described below are the general assumptions used in this analysis. 
 
Location Relative to Iron Formation 
 
The current Proposed Project does not propose to mine to the known extent of the ore deposit. However, 
future economic and technological conditions may allow this to be considered viable ore. For this reason, 
impediments to future access to this potential ore are discouraged by mineral rights owners including the 
MNDNR. 
 
Preliminary Concept Screening 
 
Alternative stockpile concepts were eliminated during preliminary screening as discussed in Section 2.0 
of this memo.  
 
The Project Proposer has also indicated that they do not intend to plan project activities on property 
outside their ownership. In their opinion moving forward, during the permitting stage, with the 
assumption that property would be acquired when needed must be counteracted with a contingency plan 
in the event that the needed property cannot be acquired. This risk adds uncertainty to their confidence in 
the viability of the Proposed Project.   
 
For the purpose of this analysis the assumption made by the Project Proposer, related to property 
ownership, is that analysis of properties that are not under the control of the Project Proposer have not 
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been carried forward. Concept D is located partially on land outside the ownership control of the Project 
Proposer. 
 
Existing and In-pit Stockpiling 
 
The Project Proposer intends to maximize the use of in-pit stockpiling and the use of the existing 
stockpiles to the extent possible. This would be done for several reasons.  First, Minnesota Rules, part 
6130.1400 encourages maximization of in-pit stockpiling.  Minnesota Rules, part 6130.1400 IN-MINE 
DISPOSAL Subpart 1 states: 
  

Mining shall be conducted to maximize use of past, present, and future mining areas so as to 
minimize the amount of land disturbed by mining and reduce the loss of nonmineral resources. 

 
Second, it would result in the disturbance of less acreage needed for out-of-pit stockpiles.  It is the most 
economical for the Project Proposer, as in-pit stockpiling would result in less haulage distance and 
possible wetland mitigation costs.  Lastly, there would be air quality benefits, as the reduced hauling 
would result in less particulate emissions, which is related to the hauling distance, and less NOx and GHG 
emissions related to less fuel consumption by the hauling vehicles.  
 
Limitations to in-pit stockpiling are related to the sequence of mine pit development, existing mineral 
rights agreements and stockpile dimension requirements which are discussed in Minnesota Rules, parts 
6130.1400 through 6130.3000.  Relevant rule quotations related to the Project Proposers in-pit stockpiling 
activities within the context of this analysis are as follows. 
 

Minnesota Rules, part 6130.1400. IN-MINE DISPOSAL, Subpart 2.D. 
Mine waste which is placed within an open pit mine below the ultimate pit water elevation shall be 
exempted from the requirements of Minnesota Rules, parts 6130.2000 to 6130.3600.  These shall be 
designed and constructed to prevent adverse environmental effects. 

 
This means that the portions of the in-pit stockpiles above the ultimate pit water level elevation are 
not exempt from the requirements of Minnesota Rules, parts 6130.2000 to 6130.3600 and must 
comply with those rules. 

 
Minnesota Rules, part 6130.2400. STANDARDS FOR ROCK, LEAN ORE, AND COARSE 
TAILINGS STOCKPILES,  
Rock, lean ore, and coarse tailings stockpiles, unless they are an integral part of a tailings 
impoundment, shall be designed and constructed according to either of the following 
standards: 

A. The final exterior slopes shall consist of benches and lifts as follows: 

(1) No lift shall exceed 30 feet in height; 

(2) No bench width shall be less than 30 feet wide, measured from the crest of the lower 
lift to the toe of the next lift; 

(3) The sloped area between benches shall be no steeper than the angle of repose; 

Minnesota Rules, part 6130.2700 STANDARDS FOR SURFACE OVERBURDEN 
STOCKPILE DESIGN AND CONSTRUCTION. 

Surface overburden stockpiles shall be designed and constructed according to either of the 
following standards: 



 5

 

A. The final exterior slopes shall consist of benches and lifts as follows: 

(1) No lift shall exceed 40 feet in height. 

(2) No bench width shall be less than 30 feet wide, measured from the crest of the lower 
lift to the toe of the next lift. 

(3) The sloped area between benches shall be no steeper than 2.5:1. 

(4) Benches shall be sloped toward the interior to control runoff. They shall be large 
enough to handle runoff water until it can be infiltrated into the stockpile, or a 
drainage control system shall be constructed to remove water consistent with 
Minnesota Rules, part 6130.2100, items B and C.  

(5) Rock, lean ore, or coarse tailings shall not be used to cover surface overburden 
stockpiles in order to avoid compliance with sloping and vegetation requirements. 
This shall not preclude the abutting of rock, lean ore, or coarse tailings stockpiles 
with surface overburden stockpiles, or the placement of rock, lean ore, or coarse 
tailing lifts atop surface overburden pads or lifts. 

Minnesota Rules, part 6130.2800 SEPARATION OF MATERIALS IN STOCKPILES 
 

Iron Formation and Duluth Formation materials of varying grades and types shall be segregated 
within the same stockpile or placed in separate stockpiles. Materials which require different 
means of beneficiation shall not be co-mingled. 

 
Currently, in-pit stockpiles exist.  In the Proposed Project, these in-pit stockpiles would be utilized to their 
maximum capacity.  Expanding the footprint of these existing in-pit stockpiles or constructing new in-pit 
stockpiles at other locations within the pit would be evaluated near mid-life of the Proposed Project. A 
complex evaluation, in-pit disposal is limited by land ownership, stockpile ownership, type of material in 
stockpile, mineral rights, and mine sequencing. For instance, due to economic and technological 
conditions, the Proposed Project cannot mine the entire extent of the known ore deposit. If future 
conditions change, the remaining deposit may be considered viable ore.  For this reason, impediments 
(such as in-pit stockpiles) to future access of this potential ore are discouraged by mineral rights owners.  
U.S. Steel is only one of many mineral rights owners of the Proposed Project. 
 
The timing of the development of the pit impacts the in-pit stockpiling due to the fact that the economic 
viability of the mining process depends on moving the excess rock and overburden once into its final 
stockpile location.  Moving the material into a temporary stockpile and then back into a final stockpile 
location is not only uneconomical, but also results in additional, unneeded air and dust emissions related 
to the additional haulage and placement.  For in-pit stockpiling, this means that in-pit stockpiles are 
restricted to those areas of the mine that have already been mined to their planned limits.   
 
Another important concept to understand when considering the volumes of materials is the concept of 
“swelling”. When the overburden is mined, it undergoes swelling. This swelling is due to the fact that the 
stockpiled density of the surface material is less than the in-situ density and when intact rock is blasted 
into smaller fragments, a pile is less dense than the original intact mass. The swelling factor the Project 
Proposer is using based on historical mining data at this mine, is 1.25.  As an example, 100 million bank 
cubic yards (Mbcy) of overburden removal requires a stockpile with 125 Million cubic yards (Mcy) of 
capacity. A bank cubic yard is one cubic yard in its original in-situ condition before excavating or 
blasting. 
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The Project Proposer has a phased development plan for the in-pit stockpiling that correlates to the timing 
of the mining activities that is broken into four time periods and is summarized on the next page. 

Period 1 (2012-2016) 

During this period there is an estimated 92 Mbcy of surface overburden material and 42.1 Mbcy of excess 
rock that would be stockpiled. During this period, the west zone of the mine would continue to expand 
and a small portion of the north edge of the east zone of the mine would be at final development, allowing 
additional placement of material in existing in-pit stockpiles. 10.7 Mbcy of surface overburden and 15.4 
Mbcy of rock would be stockpiled in in-pit during this period. 

Period 2 (2017-2021) 

During this period there is an estimated 51.3 Mbcy of surface overburden material and 67.4 Mbcy of 
excess rock to be stockpiled. During this period, a large portion of the west zone of the mine would be at 
its final development, and 11.2 Mbcy of surface overburden and 29 Mbcy of rock would be stockpiled in 
in-pit stockpiles. 

Period 3 (2022-2026) 

During this period there is an estimated 43.1 Mbcy of surface overburden material and 59.5 Mbcy of 
excess rock to be stockpiled. During this period, the west zone of the mine development would be nearly 
complete and the western half of the east zone would be nearly complete. During this period, all of the 
rock removed would be placed into in-pit stockpiles, and the surface material would be placed in 
stockpiles outside the pit. 

Period 4 (2027-2037) 

During this period there is an estimated 2.8 Mbcy of surface overburden material and 99.1 Mbcy of 
excess rock to be stockpiled. During the first few years of this period, the overburden and rock removal 
would be complete, and the final ore removal and processing would be ongoing throughout the remainder 
of this period. All but 0.1 Mbcy of material removed during this period would be placed into in-pit 
stockpiles. 

 Summary 

Incorporation of drilling data obtained to date and modeling of the mine development through the use of a 
three dimensional mine planning software package has resulted in the following estimate of material 
removal and stockpiling needs. 

 Surface Overburden 189.3 Mbcy (236.6 Mcy swelled) 
 Rock   268.0 Mbcy (335.0 Mcy swelled) 
 Total   457.2 Mbcy (571.5 Mcy swelled) 

The following presents a summary of in-pit versus out of pit stockpile plans and relative percentages: 

 Surface Overburden 
o Out of pit stockpiles 154.3 Mbcy (81.6 %)  
o In-pit stockpiles  34.9 Mbcy (18.4 %) 

 Rock 
o Out of pit stockpiles 65.1 Mbcy (24.3 %)  
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o In-pit stockpiles  202.9 Mbcy (75.7 %) 
 Total 

o Out of pit stockpiles 219.4 Mbcy (48 %)  
o In-pit stockpiles  237.8 Mbcy (52 %) 

Economic viability of mining depends on efficient handling of waste and byproducts of mining, allowing 
concentrated efforts on ore removal and beneficiation.  In order to facilitate this, the rock and surface 
overburden removal must occur only once, (i.e., removed from original location, moved to final 
stockpiled location, and stockpiled).  An interim step, such as out-of-pit stockpiling and moving it to in-
pit, in the process not only adds significant costs that are not accounted for in the economic mine model, 
but there is also additional dust and air quality related emissions from the additional steps involved in the 
second loading, hauling, and placement.  It is the timing of the mine development and the need to avoid 
double handling of materials that makes areas of the mine that may otherwise appear to be feasible 
locations for in-pit stockpiling, unviable.  
 
In addition to timing and placement issues, several entities have mineral rights to material within the pit.  
Each mineral rights owner has different requirements for setbacks from the mine pit walls, segregation of 
materials, etc that have to be considered.  Typical mineral rights agreements state that the toe of an in-pit 
stockpile must remain 200 feet from the edge of a completed mine pit shear wall and that the residual 
products of greater potential future value (rock and unexcavated ore) must be placed on top of residual 
products of lesser value (surface overburden).  This means that rock is the only material allowed in an in-
pit stockpile in areas where the Project Proposer doesn’t control the mineral rights.   
 
There are also mineland reclamation rules the Project Proposer must follow.  The pertinent Minnesota 
Rules the Project Proposer follows for stockpiling include. 

 
 Minnesota Rules, part 6130.1400 applies to in-pit stockpiling 
 Minnesota Rules, part 6130.2400 Rock, Lean Ore, and Coarse Tailings Stockpiles 
 Minnesota Rules, part 6130.2700 outlines the requirements of Surface Overburden 

Stockpiles. 
 Minnesota Rules, part 6130.2800 requires that Iron Formation and Duluth Formation 

materials of varying grades and types shall be segregated within the same stockpile or placed 
in separate stockpiles. Materials which require different means of beneficiation shall not be 
co-mingled. 

 
Quantity and Duration of Stockpile Activity 
 
The Project Proposer estimates that even with maximization of in-pit stockpile and existing stockpile 
options, there would still be a need to stockpile an additional 118 Mbcy of excess surface material. 
Surface material would need to be removed over 21.5 years to allow mining of the ore to continue 
uninterrupted. Total Proposed Project out of pit stockpile requirements are estimated at 220 Mbcy, 
including materials planned for placement in existing surface material and rock stockpiles.  
 
Due to the swelling of the materials discussed earlier, there is actually an anticipated need to stockpile a 
total of 275 Mcy in the existing and proposed stockpiles, with 147 Mcy in the proposed stockpile 
location.  
 
Haul Route Configurations 
 
Potential haul routes were configured from the approximate geometric center of the proposed east mine 
expansion to the approximate geometric center of each of the concept stockpile locations, with the 
exception of the existing stockpile locations and the in-pit stockpile locations.  
 



 8

For each of the three concepts located northwest of the pit (Concepts B-D), two potential haul routes were 
considered. One route (B-1, C-1 and D-1) passes through the existing crusher area and utilizes existing 
haul roads to the extent practical. A second route (B-2, C-2 and D-2) is more direct, avoiding the crusher 
area, and requiring additional new haul road construction. Haul routes for the proposed stockpile (P-1 and 
P-2) are shown on Figure SA-2, and the haul routes for Concepts A-D are shown on Figures SA-3 
through SA-6 respectively. 
 
For open pit mining in a cold climate, the maximum slopes considered safe for downhill loaded travel are 
8 percent. Given this constraint, a haulage profile was developed for each potential haul route.  
 
Haulage profiles were used to estimate the round trip cycle time for each truck, which then determined 
how many trucks would be needed to ensure that the target production rate is met based on the removal of 
the 118 Mbcy in 21.5 years. Round trip cycle times for each haulage profile were estimated using the 
appropriate retarding performance (downhill) and gradeability/speed/rimpull (uphill) curves from the 
Caterpillar 793D Mining Truck performance specifications, provided in Appendix B. Round trip cycle 
times were all increased slightly to account for the large number of turns and grade changes which would 
be required. 
  
Haul routes and the number of round trips required are also used to calculate the Vehicle Miles Traveled 
(VMT), which are used in air emission calculations described in Section 4 Haulage Profiles and tabulated 
round trip cycle times are provided in Appendix C of this memo.  All concepts require the construction of 
some new haul road, whether it’s an entirely new haul road, or an addition to an existing haul road.  
 
The Project Proposer has estimated the costs of new haul road construction to be $400,000 per mile which 
is based on the following assumptions. 
 

 4 foot thick base placed 150 feet wide 
 4-inch thick coarse crushed aggregate road base course placed 100 feet wide 
 4-inch thick fine crushed aggregate surfacing course placed 100 feet wide. 

 
To verify the Project Proposer’s haul road construction cost/mile estimate, itemized quantities were 
calculated and unit costs for processed and placed materials were estimated, and confirm the Project 
Proposer’s estimate as shown below. 
 

 4-foot thick base (117,300 cy per mile) at $2.80/cy = $328,440 per mile 
 4-inch thick coarse crushed aggregate (6,500 cy pre mile) at $5.20/cy = $33,800 
 4-inch thick fine crushed aggregate (6,500 cy per mile) at $5.20/cy = $33,800 
 Total cost/mile using unit price estimates = $396,040 

 
Haul Truck Operation and Economic Considerations 

 
Based on the proposed production rate, the number of round trips can be estimated. When taken over 
21.5 years, and assuming a 365 day/year operation, a daily production rate can be calculated. Typical 
operations run three 8-hour shifts per day and it is assumed that each truck is hauling for 6 of the 8 hours. 
The remaining time is for fueling, safety inspections, etc.  

 
Daily production rate needed, operating hours/truck/day, and the capacity of each truck (132 bcy), are 
factored to determine the gross number of trucks required. Assuming that in a given year a truck would be 
operable for 80 percent of the time (i.e. it takes 5 trucks to have 4 running constantly) the gross number of 
trucks required is divided by 0.8 to establish the total number of trucks needed to move the material 
within the timeframe. 

 
Based on information provided by the Project Proposer, an average daily fuel consumption rate of 670 
gallons/day was used and is based on an hourly consumption rate of 31 gallons/hour for 21.6 hours/day 
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(truck runs 90 percent of day). Fuel consumption and total running time are used in the estimation of 
greenhouse gas and nitrogen oxides (NOx) being emitted for each concept. 

 
For this analysis, an operating cost/truck of $250/hr was used, which includes fuel, maintenance, and 
labor. The capital expense of each truck would be $2.8M in 2008 dollars, and the expected life is 6 years. 
Using straight line depreciation, the annual capital cost of each truck would therefore be estimated to be 
$470,000. 

 
Appendix D of this memo contains tabulated data on VMT, life cycle operation costs, capital costs, and 
air quality emissions from mobile sources (mine trucks). Maintenance equipment and other minor 
vehicles were omitted to simplify this analysis. 

 
The Project Proposer incurs road maintenance costs that are directly proportional to the length of haul 
road maintained. Calculated below are the annual costs per mile for road maintenance. 

 
 Grade roads  

o Grade every other day 
o Grader speed = ~ 5 mph 
o 11 passes needed to grade 100 foot wide road 
o Grading totals ~ 390 hours per year at $175/hour operating cost = $68,250/year/mile 
 

 Dress roads 
o Add 1 inch of fine crushed aggregate every 4 weeks (including wintertime “sanding”) 
o Road dressing totals ~1,600 cy per mile every 4 weeks, which works out to be 20,800 

cy/mile/year at $5.20/cy = $108,160/year/mile 
 Water roads 

o 3 times/day for 7 months/year = 640 waterings/year 
o 2 passes to water entire road = 1280 passes/year 
o 15 mph average speed – includes filling, and empty return runs = 85 hours/year x 

$200/hour = $17,000/year/mile 
 

The total annual road maintenance costs are estimated at $193,410 per mile. 
 
Air Quality 
 
The current air dispersion modeling indicates that the applicable ambient air quality standards would be 
met along the ambient air quality boundary established for the Proposed Project. For the four concepts it 
is assumed that a revised ambient air quality boundary could be established to meet ambient air quality 
standards. 
 
Mineral Rights 
 
The Project Proposer would need additional land to stockpile surface overburden material. Concepts were 
selected to ensure the location would not infringe on known mineral rights related to the existing ore body 
or the mineral rights related to the existing waste rock stockpiles. For this analysis, mineral rights 
associated with stockpiling surface overburden are negligible and not considered further. 
 
4.0 Evaluation Criteria 

 
Several criteria to evaluate and compare the various concepts have been identified. Criteria have been 
divided into three major categories: Environmental factors, Community Factors, and Feasibility Factors. 
A summary of the actual values produced by the evaluation criteria are included in the two Evaluation 
Criteria Matrices included in Appendix E of this memo. 
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4.1 Environmental Factors 
 
Environmental factors taken into consideration are further subdivided into two general topic areas: 
Natural Habitat and Air Quality. They are described in detail in Section 4.0. 
 

Natural Habitat  
 Wetland Acreage – Figure SA-1 and Appendix E of this memo identifies the total 

direct wetland acreage to be impacted within the proposed stockpile locations and 
concept stockpile locations. Indirect wetland impacts due to stockpiles have been 
assumed to be equivalent for the proposed stockpiles and the various concepts 
considered herein. 
 

 Wetland Condition – For this analysis, the wetland condition is being characterized as 
either or Artificial/Degraded (wetlands that have enlarged or developed due to previous 
excavation or impoundment) or natural (naturally established and no significant change 
identified since establishment) as determined through existing available data including: 
wetland delineation reports, National Wetland Inventory Maps, and historical aerial 
photographs. Figure SA-1 and Appendix E of this memo illustrate the total wetland 
acreage for undisturbed and altered wetlands impacted within the proposed stockpile 
locations and concept stockpile locations.  
 

 Upland Acreage – Figure SA-1 and Appendix E of this memo identify the amount of 
upland acreage impacted with the proposed stockpile locations and concept stockpile 
locations. It is assumed that the function and value of all upland is equivalent. 
  

 Rare Species – The presence of Endangered, Threatened, Proposed Endangered, or 
Special Concern species have been identified in an Index Report from a review of the 
MNDNR’s Natural Heritage Information System database, (Appendix F of this memo). 
Figure SA-7 shows locations of identified rare plant species in the general vicinity of 
the proposed stockpile area, as identified in field survey completed by the Project 
Proposer.  Figure SA-8 shows locations of rare species from the NHIS Database 
Detailed report, but due to restrictions contained within the license from the MNDNR, 
the specific species at each location cannot be identified. 

 
Air Quality  
The Air Quality topic area considered the following; PM, PM10 and PM2.5 emissions in tons 
emitted over the life of the stockpiling activities (21.5 years) was estimated as described below. 
The emission factors were provided by the Project Proposer and taken from their Air Quality 
Emissions Inventory, part of the Air Permit Application currently in progress. The factors used 
are summarized in Table 1 on the next page. 
 
TABLE 1 - PARTICULATE EMISSION FACTORS 

Haul 
Vehicle 

PM Emission 
Factor 

PM10 Emission Factor PM2.5 Emission Factor 

Cat 265 T 
Truck 

23.590 lb/VMT 6.244 lb/VMT 0.624 lb/VMT 

Cat 240 T 
Truck 

23.572 lb/VMT 6.239 lb/VMT 0.624 lb/VMT* 

Average 23.581 lb/VMT 6.242 lb/VMT 0.624 lb/VMT 
lb/VMT = pounds per Vehicle Mile Traveled 
* Taken as 10% of the PM10 factor 
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Individual haulage related emissions are directly proportional to the total VMT. It is assumed that 
hauling would be done by a mix of trucks of either capacity, and therefore the average of the two 
was used for this comparison. The methodology used in estimating the VMT was previously 
discussed in Section 3.0 of this memo.   
 
NOx emissions in tons emitted over the life of the stockpiling activities (21.5 years) was 
calculated using the emission standards that the mine truck engines will be required to meet in 
2011 as recommended in Table 1 of the EPA Regulatory Announcement F-04-032, May 2004 
concerning Clean Air Non-Road Diesel Rule, provided in Appendix G of this memo. The factor 
used is 2.6 g/hp-hr. The method of determining the operating hours was previously discussed in 
Section 3.   
 
Trucks proposed to be used to haul the stockpiled materials are Caterpillar 793D mine trucks 
which have a gross power rating of 2,415 hp. This horsepower rating is multiplied by the hours of 
use and the emission factor to determine the tons of NOx emitted.  
 
Greenhouse Gas (GHG) Emissions in tons were estimated from the following emission factors for 
a large mobile diesel engine, as provided by the Project Proposer in their Air Quality Emission 
Inventory. 
 

 CO2 22.38 lbs per gallon – CO2 equivalency factor = 1 
 CH4 1.28 x 10-3 lbs per gallon – CO2 equivalency factor = 25 
 N2O 5.73 x 10-4 lbs per gallon – CO2 equivalency factor = 298 

 
The proximity to the nearest residence was identified to take into account that not only is the 
amount of particulate generated a concern, but the location relative to prevailing winds and local 
residences is also a concern. The distance is a straight line from the approximate geometric center 
of the various options to the nearest residence on the westernmost edge of Kelly Lake. 

 
Community Factors 
 
Community factors taken into consideration are divided into two general topic areas: Noise and Visual 
Impacts. They are described in detail below. 
 

Noise 
A noise assessment was completed for the proposed stockpile locations and indicated a night time 
exceedance at the proposed stockpile location. The Project Proposer then evaluated mitigation 
measures such as a noise reduction package available from Caterpillar for the dozers used in the 
stockpile.  The modeling indicates that the noise reduction package would still result in 
exceedance of the night time noise standards, so the Project Proposer would monitor the actual 
noise emitted at the compliance boundary and stay an appropriate distance away from the edges 
of the stockpiles during the nighttime hours to meet the noise standards.  Appendix H of this 
memo contains a summary memo from the Project Proposer outlining the specific offset strategy. 
 
Visual Impacts 
There is no quantifiable means of identifying visual impacts of the stockpile locations to a given 
residence, so for the purposes of establishing a baseline comparison, ArcGIS software was used. 
The three dimension analyst extension tools Viewshed and Line of Sight were used for each 
concept. The software can identify specific features that can be seen along a specific line of sight. 
The software used a Digital Elevation Model (DEM) provided by MNDNR Division of Lands 
and Minerals for the base elevation data. The resident view point (Kelly Lake) was set to have an 
elevation of 10 feet higher than the base elevation and the stockpile concepts were set to have an 
elevation of 200 feet higher than the base elevation. The software simulates the line of sight from 
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the westernmost residence in Kelly Lake based on the DEM. This residence was chosen for the 
comparison baseline, as Kelly Lake is the area most likely to incur visual impacts of the proposed 
stockpile location. 
 
Concept A and the proposed east stockpile locations are expected to be seen from the western 
edge of Kelly Lake. The proposed south stockpile area between the City of Keewatin and the 
mine pit is not addressed here, as there is an existing stockpile immediately adjacent to this 
proposed area with a similar visual impact to the residents in Keewatin. 
  

 
Feasibility Factors 
 
Several factors are considered to compare the actual feasibility of each concept. The factors compared 
include Space Considerations, Surface Ownership Control, Safety and Economics. The following sections 
give a description of each factor. 
 

Space Considerations 
Stockpile requirements identified in Section 3.0 are in excess of the maximum anticipated amount 
that the Project Proposer would be able to place in a combination of the existing stockpiles and 
in-pit stockpiling. Concept A and Concept B would not provide enough capacity to accommodate 
the stockpiling need and would require a combination of locations. Concept C and Concept D 
provide approximately equivalent area to the two proposed stockpile locations.   
 
Surface Ownership Control 
A review of available records provided by the Project Proposer indicates that the Project Proposer 
either owns or has leasing control of the surface property of all concepts with the exception of 
Concept D. The Project Proposer, Ontario Iron, and Hibbing Land Company all own portions of 
the land under consideration for Concept D.  
 
Safety 
Hauling safety concerns are identified. Due to the size and weight of the hauling vehicles used, it 
is not practical to provide engineered solutions to some of the potential safety issues. For 
example, in steep terrain in the western states, runaway ramps are provided on long steep (> 6 
percent) grades. Runaway ramps are a safety feature such that if a semi truck (usually 40-50 tons) 
experiences brake failure or the transmission disengages causing the truck to freewheel, the driver 
can direct the truck to the runaway ramp. Runaway ramps are sloped upward at a significantly 
higher slope into a mountain/hill face and covered in loose gravel to provide a means of stopping 
the truck. The size and weight of a typical mine trucks (430 tons loaded weight) and the 
area/grade required would make a runaway ramp not practical. 
 
Trafficking through the crusher area is also considered. The amount of traffic in and around the 
crusher area would pose a significant safety concern due to the limited amount of space between 
buildings, adjacent pit walls, and the number of trucks passing. Stockpile hauling vehicles would 
be passing through at a rate of approximately one truck every 8-10 minutes. In addition trucks 
delivering ore to the crusher area would occur at a higher frequency (every 2-3 minutes) if the 
target ore production rate is to be met. The addition of trucks passing through the crusher area to 
haul materials to the stockpiles poses safety issues for the Project Proposer that cannot be 
mitigated within the limits of the underlying need and purpose of the project. 
 
The only concept evaluated that would not have safety issues related to hauling either through the 
crusher area or because of steep grades without runaway ramps are the proposed stockpile 
locations. 
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Economics 
Each stockpile concept has an economic impact. Capital costs including annual capital for the 
haul trucks are detailed in Section 3.0. Road construction capital costs, road maintenance costs, 
and operational expenses are also detailed in Section 3.0.  Applicable mitigation costs have also 
been included. 
 

5.0 Consideration For Alternatives Analysis 
 
A side by side analysis of the proposed stockpile location is found in the Evaluation Criteria Matrix in 
Appendix E of this memo. Section 5.0 of this memo provides a summary of the comparison of the 
stockpile locations within each criterion. Concept A has a land area that would accommodate 
approximately 11 percent of the total stockpile needs. For this reason Concept A is not presented as a 
single option within this section, it is combined with one of the remaining concepts or the proposed east 
stockpile location. Discussions of Concept A are presented as A/B, A/C, etc. representing that Concept A 
is being fully utilized and the remainder would be a fractional component of another concept. 
 
Environmental Factors 
 
As discussed in Section 4.0, environmental factors taken into consideration are further subdivided into 
two general topic areas: Natural Habitat and Air Quality. The results of the evaluation are summarized 
below. 
 

Natural Habitat  
Wetland acreages to be directly impacted for each concept (total, Artificial/Degraded, Natural) 
along with the upland acreage to be disturbed is summarized below in Table 2. 
 
TABLE 2 – HABITAT AREA IMPACTS SUMMARY 

Concept Total Wetland 
Acreage 

Artificial/Degraded 
Wetland Acreage 

Natural Wetland 
Acreage 

Upland Area 
Acreage 

A/B 257.5 22.1 235.4 336 
A/C 365.4 168.5 196.9 275.1 
A/D 210.4 59.0 151.4 430.0 
A/Proposed 352.0 266.3 85.8 288.3 
B 204.1 24.9 179.2 282.4 
C 325.4 189.5 135.9 213.9 
D 151.1 66.4 84.7 388.2 
Proposed 310.4 299.5 10.4  228.8 

 
Concept D is the only location showing the presence of a Threatened, Protected, or Endangered 
Species (Peregrine Falcon). 
 
Air Quality  
Air quality considerations for this analysis consist of PM, NOx , and GHG emissions, each of 
which are summarized below. 
 
Emissions of PM, PM10, and PM2.5 are calculated in tons emitted, and are presented over the life 
of the stockpiling activities (21.5 years) and on an annual basis. The method of analysis is 
presented in Section 4.0 and the results of that analysis are presented in Table 3. 
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TABLE 3 – PARTICULATE EMISSIONS FOR EACH CONCEPT 
Concept/Haul 
Route Option 

PM Emissions 
(Tons) 

PM10 Emissions 
(Tons) 

PM2.5 Emissions 
(Tons) 

 Over 
Project 

Life 

Annually Over 
Project 

Life 

Annually Over 
Project 

Life 

Annually 

B/1 97,064 4,515 25,693 1,195 2,569 119 
B/2 76,056 3,537 20,132 936 2,013 94 
C/1 109,512 5,094 28,988 1,348 2,899 135 
C/2 100,661 4,682 26,645 1,239 2,665 124 
D/1 85,438 3,974 22,616 1,052 2,262 105 
D/2 66,673 3,101 17,649 821 1,765 82 
Proposed-1 43,717 2,033 11,572 538 1,157 54 
Proposed-2 63,360 2,947 16,772 780 1,677 78 
A/B-1 93,856 4,365 24,844 1,156 2,484 116 
A/B-2 75,163 3,496 19,896 925 1,990 93 
A/C-1 104,933 4,881 27,776 1,292 2,778 129 
A/C-2 97,057 4,514 25,692 1,195 2,569 119 
A/D-1 83,511 3,884 22,106 1,028 2,211 103 
A/D-2 66,814 3,108 17,686 823 1,769 82 
A/Proposed-1 46,387 2,158 12,279 571 1,228 57 
A/Proposed-2 63,866 2,971 16,906 786 1,691 79 

 
NOx emissions emitted over the life of the stockpiling activities (21.5 years) and annually are 
calculated as described in Section 4.0 and summarized in Table 4. 
 
TABLE 4 – NOX EMISSIONS FOR EACH CONCEPT 

Concept 
NOx Emissions for Haul 

Route 1 (Tons) 
NOx Emissions for Haul Route 

2 (Tons) 
 Over Project Life Annually Over Project Life Annually 
B 3,344 156 4,151 193 
C 4,158 193 4,234 197 
D 3,680 171 3,433 160 
Proposed 1,693 79 2,014 94 
A/B 3,264 152 3,981 185 
A/C 3,988 185 4,055 189 
A/D 3,562 166 3,342 155 
A/Proposed 1,794 83 2,080 97 
 
GHG emissions estimated as described in Section 4.0 are summarized in Table 5. 
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TABLE 5 – GHG EMISSIONS FOR EACH CONCEPT 

Concept GHG Emissions for Haul 
Route 1 (Tons) 

GHG Emissions for Haul 
Route 2 (Tons) 

 Over Project Life Annually Over Project Life Annually 
B 254,251 11,826 322,703 15,009 
C 322,703 15,009 322,703 15,009 
D 279,676 13,008 262,196 12,195 
Proposed 129,081 6,004 152,551 7,095 
A/B 248,249 11,546 309,160 14,380 
A/C 309,160 14,380 309,160 14,380 
A/D 270,873 12,599 255,319 11,875 
A/Proposed 136,869 6,366 157,753 7,337 
 
As discussed in Section 4, Table 6 summarizes the distances from the stockpile center to Kelly 
Lake. 

 
TABLE 6 – DISTANCE FROM STOCKPILE TO KELLY LAKE  

Concept Distance (miles) 
A 0.7 
B 4.0 
C 5.2 
D 3.6 
Proposed 1.2 

 
  
Community Factors 

 
Community factors considered are further subdivided into two general topic areas: Noise and Visual 
Impacts. The results of the analysis for each topic are summarized in Section 5.0. 

 
Noise 
Applicable noise standards can be met at the proposed location with the appropriate offsets during 
night time operations; therefore, all locations in this analysis would meet the applicable standards. 
 
Visual Impacts 
The proposed stockpile location and any combination involving Concept A are the locations that 
are predicted to be visible from the western edge of Kelly Lake. This analysis indicates Concepts 
B, C, and D are not visible from Kelly Lake or Keewatin.   
 

Feasibility Factors 
 
Section 4.0 explains in detail the various factors that are considered to compare the actual feasibility of 
each concept. The factors compared include: Space Considerations, Surface Ownership Control, Safety 
and Economics. The following sections give a description of each factor. 
 

Space Considerations 
The proposed stockpile location, along with Concepts C and D, would meet the underlying 
capacity needs of the project. Concept B is within 10% of the capacity needs and could likely be 
configured, with some minor adjustments in the layout, to substantially serve the need. Concept A 
fulfills approximately 11% of the needed stockpile capacity.  
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Surface Ownership Control 
The proposed stockpile location, Concept A, Concept B, and Concept C are under the ownership 
or lease control of the Project Proposer. Various other owners, including the Project Proposer, 
controls parcels within Concept D.  
 
Safety 
The proposed stockpile location would not present safety issues related to hauling of surface 
overburden material. Concepts A – D would present concerns related to haul truck driver safety. 
 
Economics 
The total costs calculated for the proposed stockpile location and all concepts indicate the 
proposed location will cost the Project Proposer approximately half of what the other concepts 
would cost.  

 
Preliminary Screening of Concepts 
 
In the following section, each concept is qualitatively compared to the proposed stockpile location. 
Previous information summarized in Section 5 and the Evaluation Criteria Matrices, Tables E-1 and E-2 
in Appendix E of this memo provides the data supporting this comparison.  
 

Concept A 
 
Information gathered through this analysis shows Concept A would provide no net environmental 
benefit when compared to the proposed location.  Due to the shape of this concept, spatial 
inefficiencies occur creating a greater acreage impact due to combining locations. In addition the 
railroad crossing would pose operational and construction issues. Concept A is estimated to result 
in an additional cost to the Project Proposer of $7 million to $136 million than for the proposed 
stockpile location. Based on these considerations, Concept A is not a viable alternative that will 
provide significant environmental benefit over the proposed stockpile location. 

 
 Concept B  
 
 Environmental Factors 

Concept B would disturb fewer overall wetland acres than the proposed location. The air 
emissions related to hauling to the stockpiles make Concept B a less favorable concept than the 
proposed location.  
 
Community Factors 
From a noise and visual impact standpoint, Concept B is preferred to the proposed stockpile 
location due to an increased distance from the residents of Kelly Lake. 
 
Feasibility Factors 
Concept B would provide nearly enough stockpile capacity and is under the control of the Project 
Proposer.  Concept B does pose additional safety issues related to hauling vehicles.  Concept B is 
estimated to result in an additional cost to the Project Proposer of $90 million to $106 million 
than for the proposed stockpile location. 
 
Summary 
Concept B would have less of a visual impact, would disturb fewer overall wetlands but it would 
have a greater environmental impact to natural wetlands, air quality, safety, and to project 
economics. A more detailed comparison of Concept B to the proposed stockpile location is 
presented earlier in this memo. 
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Concept C  
 

 Environmental Factors 
Concept C would result in the disturbance of approximately 125 additional acres of natural 
wetland when compared to the proposed stockpile location, while disturbing approximately 15 
additional acres of wetlands in total.  This concept would disturb approximately the same upland 
habitat acreage as the proposed stockpile location. The air emissions related to hauling to the 
stockpiles make Concept C a less favorable option than the proposed location.  
 
Community Factors 
From a noise and visual impact standpoint Concept C is preferred to the proposed stockpile 
location due to an increased distance from the residents of Kelly Lake. 
 
Feasibility Factors 
Concept C would provide enough stockpile capacity and is under the control of the Project 
Proposer. Concept C would pose additional safety issues related to hauling vehicles either passing 
through the crusher area or due to extended traveling distances, and longer, steeper slopes.  
Concept C is estimated to result in an additional cost to the Project Proposer of $117 million to 
$137 million than for the proposed stockpile location. 
 
Summary 
Concept C would have less of a visual impact, but it would have a greater environmental impact 
to natural wetlands, air quality, safety, and to project economics. Therefore it appears Concept C 
would not provide significant environmental benefit compared to the proposed stockpile location. 

 
Concept D 

  
Environmental Factors 
Concept D would disturb approximately 74 additional acres of natural wetland and an additional 
160 acres of upland habitat when compared to the proposed stockpile location.  It would disturb 
approximately 160 fewer acres of wetlands in total. The air emissions related to hauling to the 
stockpiles make Concept D a less favorable option than the proposed location.  
 
Community Factors 
From a noise and visual impact standpoint Concept D is preferred to the proposed stockpile 
location due to an increased distance from the residents of Kelly Lake. 
 
Feasibility Factors 
Concept D would provide enough stockpile capacity, but a portion is not under the control of the 
Project Proposer, and would require additional land acquisition. Concept D would pose additional 
safety issues related to hauling vehicles.  Concept D is estimated to result in an additional cost to 
the Project Proposer of $67 million to $102 million than for the proposed stockpile location. 
 
Summary 
Concept D provides less environmental impact regarding visual impacts, but it would have a 
greater environmental impact to natural wetlands, air quality, threatened and endangered species, 
safety, and to project economics. A more detailed comparison of Concept D compared to the 
proposed stockpile location is presented in Section 5.0 of this memo. 
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Conclusions of Preliminary Screening of Stockpile Location Concepts 
 

Based on the preliminary screening discussed above, Concepts A and C have been eliminated from 
further discussion. Concept A would not provide enough capacity and Concept C would not provide a 
significant environmental benefit when looking at the combined effects of all factors considered in this 
analysis.  The next sections of this memo present a more detailed comparison of the proposed stockpile 
location to Concept B and Concept D. 

 
6.0 Detailed comparisons of the Proposed Stockpile Locations to Concepts B and D 
 
An underlying theme for the proposed stockpile locations, Concept B and Concept D is mitigation of 
impacts.  Mitigation measures and associated costs have been included in the economic analysis for 
those items that mitigation is viable and within the economics limitations of the Proposed Project.  
Mitigation strategies that would pose such a financial burden so as to make the mining of ore 
unprofitable have not been considered, because at that point, the definition of “ore” would not be met as 
described in Section 2 of this memo, and therefore, the underlying need and purpose of the project 
would not be met. Possible mitigation strategies for each criterion considered within this memo are 
discussed below.  

 
Environmental Factors 
 
Wetlands 
Wetland mitigation costs have been estimated at $25,000 per acre and for the purposes of this 
analysis, the mitigation replacement ratio has been assumed to be 1:1.  
 
Threatened, Endangered and Protected Species 
Mitigation measures for threatened and endangered species are not considered, as the only species 
potentially impacted in any of the concepts is the peregrine falcon. Based on discussions with a 
wildlife biologist, peregrine falcon habitat near the site is not natural habitat, but it is the cliffs 
created from previous open pit mining activities and adjacent stockpile areas. Ultimately the 
development of the pit would provide even more manmade habitat as the peregrine falcon’s 
natural habitat consists of areas with high steep bluffs. 
 
Air Emissions 
Potential mitigation measures for air emissions are reducing NOx and GHG emissions related to 
fuel consumption of the hauling vehicles and reducing particulate emissions. 
 
Community Factors 

 
 Noise 

Noise mitigation costs are not considered, as the Project Proposer intends to ensure the noise 
standards are met by monitoring and then restricting operations as necessary. 
 
Visual 
There are no visual mitigation costs considered, as the visibility is related to the stockpile 
locations themselves.  Potential visual screening methods, such as barrier walls would simply add 
another impediment to current sightlines. 
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Feasibility Factors 
 
Surface and Mineral Rights Ownership 
There are no mitigation measures available for land or mineral rights ownership.  These 
agreements have historically taken years, even decades to negotiate and execute, and the terms 
and costs associated with them are unpredictable. 
 
Safety 
There are two potential measures to mitigate the safety concerns with some of the traffic routes. 
The first would require the relocation of the crushers and ancillary equipment to accommodate 
additional traffic flow in these areas that would occur with Concept B, Route 1 and Concept D, 
Route 1.The second would require re-configuration of the alternate haul roads associated with 
Concept B, Route 2 and Concept D, Route 2, to add either switchbacks or level plateaus to avoid 
the long straight downhill stretches.  Figures SA-9 and SA-10 depict the current and anticipated 
traffic patterns in and around the crusher area.  Steep pit walls exist and would continue to exist 
and are identified on the figures.  The trucks moving into this area hauling ore would be at a 
frequency of 1 truck every 2-3 minutes, and the addition of the trucks hauling materials to the 
stockpiles would result in additional trucks every 8 to 10 minutes.  
 
It should be noted that even if the fueling station were moved, this would not allow more space 
for truck traffic, as current safety procedures preclude trucks from trafficking in this area, due to 
the potential issues related to traveling adjacent to the steep pit walls.   
 
To further complicate matters of excessive traffic in the crusher area, the truck drivers have a 
much smaller field of vision than the driver of a typical passenger vehicle, even with mirrors.  
Figure SA-11 presents a depiction of the mine haul truck driver’s field of vision, and identifies 
areas with no visibility (blind zones) or reduced visibility (inability to see passenger vehicle sized 
objects). 
 
The addition of switchbacks would not necessarily be a safety enhancement, as even with the 
outer safety berm that is constructed on haul roads, there are safety concerns with a loaded truck 
going downhill and navigating multiple switchback turns.  The addition of switchbacks or 
plateaus would ultimately lengthen the road, and it has been demonstrated earlier in this memo 
that the additional air quality concerns related to particulate, NOX and GHG emissions are 
directly proportional to the length of the haul roads.  
 

Comparison of Concept B to the Proposed Stockpile Location 
 

Table 7 presents a side by side summary of the impacts of the proposed stockpile location and Concept B, 
and summarizes the magnitude of the difference for each of the criteria evaluated. 
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Table 7– Proposed Stockpile/Concept B Comparison 

Proposed 
Location Concept B Change 

Change from 
Proposed as 

% 

Haul Route Haul Route Haul Route Haul Route 

CRITERIA 
(all values represent impacts 

over the stockpiling duration of 
21.5 years) 

1 2 1 2 1 2 1 2 
Environmental Factors                 

Habitat                 
Wetland Acreage 
Disturbed Acres 310.4 204.1 -106.3 -34% 

Artificial/Degraded 
Wetland Acreage Acres 299.5 24.9 -274.6 -92% 

Natural Wetland Acreage Acres 10.4 179.2 168.8 1623% 

Upland Acres 228.8 282.4 53.6 23% 

Rare Species   None Identified None Identified - - 

Air Quality                 
PM Tons 43,717 63,360 97,064 76,056 53,347 12,696 122% 20% 

PM10 Tons 11,572 16,772 25,693 20,132 14,121 3,360 122% 20% 
Fugitive 

Dust 
Emissions  PM2.5 Tons 1,157 1,677 2,569 2,013 1,412 336 122% 20% 

NOx Emissions Tons 1,693 2,014 3,344 4,151 1,651 2,137 98% 106%

GHG Emissions Tons 129,081 152,551 254,251 322,703 125,170 170,152 97% 112%

Proximity to Residence Miles 1.2 and meets 
AAQ Standards 4.0 - - 

Community Factors                 

Noise                 

Threshold Exceedences Y/N NO (w/ 
Mitigation) NO - - 

Proximity to Residence Miles 1.2 4 - - 

Visual                 

Seen by Residences Y/N Yes NO - - 

Feasibility Factors                 

Capacity Based on Spatial 
Considerations % 26.20% 25.70% -0.50% -2% 

Surface Ownership 
Control   US Steel US Steel - - 

Safety   - - See text See text - - - - 
Capital 
Expense $M $22.8 $27.2 $45.1 $56.4 $22.3 $29.2 98% 107%

Operational 
Expenses $M $70 $85 $140 $165 $70.0 $80.0 100% 94% 

Mitigation 
Expenses $M $7.8 $7.8 $5.1 $5.1 -$2.7 -$2.7 -35% -35% 

Economics 

Total $M $100.4 $120.2 $190.2 $226.4 $89.8 $106.2 89% 88% 
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Summary of Comparison of Concept B with Proposed Stockpile Location 

 
Environmental factors 
 
Wetlands 
Concept B would result in the disturbance of approximately 169 additional acres of natural 
wetland and an additional 54 acres of upland habitat.  It would disturb approximately 106 fewer 
acres of wetland, but the overall value of the wetlands it would impact is greater than that of the 
proposed stockpile location because of the acreage of natural wetland disturbance. Concept B 
would impact less overall wetland acreage, however it would disturb more (approximately 16 
times) acreage of natural wetlands. 
 
Air Quality 
Concept B, Route 1 would result in approximately double the amount of particulate, NOx, and 
GHG emissions.  Concept B, Route 2 would result in a 20% increase in particulate emissions and 
again nearly double the NOx and GHG emissions. 
 
Community factors 
 
Noise 
Concept B would not offer a substantial improvement in noise, as the noise standards would be 
met with the proposed stockpile locations. 

 
Visibility 
Concept B would be less visible, as it is three to four times farther away as the proposed stockpile 
locations, however the regional landscape is dotted with stockpiles from previous and currently 
active mining activities. 
 
Feasibility factors 
 
Capacity 
Concept B could be configured to provide the anticipated necessary capacity. 
 
Surface Ownership 
The land within Concept B is owned by the Project Proposer. 
 
Safety 
Concept B would pose additional safety issues related to hauling vehicles, due to the need to 
either pass through the crusher area (Route 1) or the length and grade of the roads if the alternate 
route identified (Route 2) was used.  
 
Economics 
Concept B is estimated to result in an additional cost to the Project Proposer of $90 million to 
$106 million in comparison to the proposed stockpile location. This results in approximately 
doubling the economic impact of the stockpile and related haulage activities. 

 
Comparison of Concept D to the Proposed Stockpile Location 

 
Table 8 presents a side by side summary of the impacts of the proposed alternative and Concept D, and 
summarizes the magnitude of the differences for each of the major criteria evaluated herein. 
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Table 8 – Proposed Stockpile/Concept D Comparison 

Proposed 
Location Concept D Change 

Change from 
Proposed as 

% 

Haul Route Haul Route Haul Route Haul Route 

CRITERIA 
(all values represent impacts 

over the stockpiling duration of 
21.5 years) 

1 2 1 2 1 2 1 2 
Environmental Factors                 

Habitat                 
Wetland Acreage 
Disturbed Acres 310.4 151.1 -159.3 -51% 

Artificial/Degraded 
Wetland Acreage Acres 299.5 66.4 -233.1 -78% 

Natural Wetland Acreage Acres 10.4 84.7 74.3 714% 

Upland Acres 228.8 388.2 159.4 70% 

Rare Species   None Identified Peregrine Falcon - - 

Air Quality                 
PM Tons 43,717 63,360 85,438 66,673 41,721 3,313 95% 5% 

PM10 Tons 11,572 16,772 22,616 17,649 11,044 877 95% 5% 
Fugitive 

Dust 
Emissions  PM2.5 Tons 1,157 1,677 2,262 1,765 1,105 88 96% 5% 

NOx Emissions Tons 1,693 2,014 3,680 3,433 1,987 1,419 117% 70% 

GHG Emissions Tons 129,081 152,551 279,676 262,196 150,595 109,645 117% 72% 

Proximity to Residence Miles 1.2 and meets 
AAQ Standards 3.6 - - 

Community Factors                 

Noise                 

Threshold Exceedences Y/N NO (w/ 
Mitigation) NO - - 

Proximity to Residence Miles 1.2 3.6 - - 

Visual                 

Seen by Residences Y/N Yes NO - - 

Feasibility Factors                 

Capacity Based on Spatial 
Considerations % 26.20% 25.70% -0.50% -2% 

Surface Ownership 
Control   US Steel GNIOP and 

Hibbtac - - 

Safety   - - See text See text - - - - 
Capital 
Expense $M $22.8 $27.2 $49.2 $45.9 $26.4 $18.7 116% 69% 

Operational 
Expenses $M $70 $85 $150 $137 $80.0 $52.0 114% 61% 

Mitigation 
Expenses $M $7.8 $7.8 $3.8 $3.8 -$4.0 -$4.0 -51% -51% 

Economics 

Total $M $100.4 $120.2 $202.8 $186.8 $102.4 $66.6 102% 55% 
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Summary of Comparison of Concept D with Proposed Stockpile Location 
 
Environmental factors 
 
Wetlands 
Concept D would result in the disturbance of approximately 74 additional acres of natural 
wetland and an additional 160 acres of upland habitat when compared to the proposed stockpile 
location.  It would disturb approximately 160 fewer acres of wetlands, but the overall value of the 
wetlands it impacts is greater than that of the proposed stockpile location because of the natural 
wetland disturbance. Concept D would impact less overall wetland acreage; however, it would 
disturb approximately seven times the acreage of natural wetlands. 
 
Air Quality 
Concept D, Route 1 would result in approximately double the particulate, NOx, and GHG 
emissions.  Concept D, Route 2 would result in a 5% increase in particulate emissions and 
approximately a 75% increase to the NOx, and GHG emissions 
 
Community factors 
 
Noise 
Concept D would not offer a substantial improvement in noise, as the noise standards would be 
met with the Proposed Stockpile Locations. 

 
Visibility 
Concept D would be less visible, as it is approximately three times farther away than the 
proposed stockpile locations; however, the regional landscape is dotted with stockpiles from 
previous and currently active mining activities. 

 
Feasibility factors 
 
Capacity 
Concept D would provide enough stockpile capacity, but a portion of the Concept D area is not 
under the control of the Project Proposer. 
 
Surface Ownership 
The land within Concept D is not entirely owned by the Project Proposer.  There are parcels of 
land in this area that would need to be acquired. This would require additional land acquisition, 
and it is unknown if this land is available for acquisition. Given the uncertainties with this 
acquisition, it is difficult for the Project Proposer to proceed with the assumption that this land 
would be available when needed.  
 
Safety 
Concept D would pose additional safety issues related to hauling vehicles due to the need to 
either pass through the crusher area (Route 1) or the length and grade of the roads if the alternate 
route identified (Route 2) was used.  
 
Economics 
Concept D is estimated to result in an additional cost to the Project Proposer of $67 million to 
$102 million in comparison to the proposed stockpile location. This would result in adding at 
least 55% additional cost to the economic impact of the stockpile and related haulage activities. 
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Relative Importance of Factors Used in This Analysis 
 
There are several potential impacts of the various stockpile locations discussed within this memo. 
Concepts could have a greater impact in one area and a lesser impact in another. For this reason, the 
relative importance of the factors discussed is important to the decision making process. 
  
Environmental Factors 
 
Two environmental issues that change, due to the selection of the stockpiling location, are wetlands and 
air quality related impacts.   
 
In order to gain a perspective of the relative impact of the stockpiling activities, within the context of the 
overall Proposed Project, tables (Table 9-11) were created that summarize impacts. These tables provide 
information on the proposed stockpiles, Concept B, and Concept D, comparing them to the anticipated 
impacts of the entire Proposed Project wetland impacts and air quality. 
 
Wetlands 
When considering the function of impacted wetlands, two important factors in the wetland impacts are 
total acreage impacted (including artificial/degraded and natural wetlands) and the acreage of natural 
wetlands impacted.  Natural wetland impacts must be considered in comparing total acreage and could 
arguably be considered of greater importance. Table 9 summarizes the relative wetland impacts within the 
scope of the entire project. 
 
Table 9 - Wetland Disturbance Summary 

Project 
Total Wetlands 

Disturbed 
Artificial/Degraded 

Wetlands Disturbed 
Natural Wetlands 

Disturbed 

 
Acres 

% of Entire 
Project Acres 

% of Entire 
Project  Acres 

% of Entire 
Project 

Total Project 780.8 100% 679.2 100% 101.6 100% 

Proposed Stockpile 
Locations 310.4 40% 299.5 44% 10.4 10% 

Concept B 204.1 26% 24.9 4% 179.2 176% 

Concept D 151.1 19% 66.4 10% 84.7 83% 
 
Table 9 illustrates that the proposed stockpile locations would disturb 40% of the entire Proposed 
Project’s wetland disturbance area and 10% of the natural wetland disturbance of the entire Proposed 
Project. The proposed stockpile locations would disturb 44% of the entire projects anticipated disturbance 
to artificial/degraded wetlands, most of which are located adjacent to existing stockpiles and have been 
artificially created or degraded by previous mining related activities. 
 
Air Quality 
While the entire project has other air quality considerations, the stockpile analysis has focused on 
particulate, NOx and GHG emissions. Table 10 summarizes the relative impacts of changes to particulate 
emissions. Table 11 summarizes the relative impacts of the stockpile concept changes to NOx and GHG 
emissions. 
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Table 10 - Particulate Emission Project Summary 

Project Route Emissions 
    PM PM10 PM2.5 

    
 Tons 

per Year

% of 
Entire 
Project 

 Tons 
per 

Year 

% of 
Entire 
Project 

 Tons 
per 

Year 

% of 
Entire 
Project 

Total Project  9,706 100% 3,358 100% 812 100% 

1 2,033 21% 538 16% 54 7% Proposed Stockpile 
Locations 2 2,947 30% 780 23% 78 10% 

1 4,515 47% 1,195 36% 119 15% 
Concept B 

2 3,537 36% 936 28% 94 12% 

1 3,974 41% 1,052 31% 105 13% 
Concept D 

2 3,101 32% 821 24% 82 10% 
 
Table 10 shows the relative contributions of the particulate emissions for the stockpile locations result in 
approximately 10 to 45 percent of the total particulate emissions of the project.  This table also illustrates 
that a greater percentage is realized when considering Concept B or D in relation to the proposed 
stockpile location. 
  
Table 11 - NOx and GHG Emission Project Summary 

Project Route Emissions 

  NOx 
GHG (Direct Only) 

Alt 1 (No Reductions) 
GHG (Direct Only) 

Alt 2 ( With Reductions) 

  Tons 
per Year 

% of Entire 
Project 

Tons per 
Year 

% of Entire 
Project 

Tons per 
Year 

% of Entire 
Project 

Total 
Project  9,923 100% 264,700 100% 188,500 100% 

Route 1 79 1% 6,004 2% 6,004 3% Proposed 
Stockpile 
Locations Route 2 94 1% 7,095 3% 7,095 4% 

Route 1 156 2% 11,826 4% 11,826 6% 
Concept 

B 
Route 2 193 2% 15,009 6% 15,009 8% 

Route 1 171 2% 13,008 5% 13,008 7% 
Concept 

D 
Route 2 160 2% 12,195 5% 12,195 6% 

 
Table 11 shows that the relative contributions of NOx and GHG emissions are minor in relation to the 
overall project, but do increase when comparing Concept B and D to the Proposed Stockpile Location. 
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Community Factors 
 
Community factors do not appear to have a substantial bearing on the results of comparing the different 
concepts, since noise standards would be met and the regional landscape is dotted with stockpiles from 
previous and current mining activities. 
 
Feasibility Factors 
 
Land/Mineral right ownership, safety and economics are factors that should be considered in comparing 
the stockpile locations. 
 
Land/Mineral Rights Ownership 
The land for Concept B is under the ownership of the Project Proposer.  Land would need to be acquired 
in order to implement Concept D. The feasibility of acquiring this land is unknown, since it is owned by 
another mining entity.  
 
Safety 
The relative importance of safety must be considered, since feasible mitigation in relation to haul road 
design and congestion of trucks within the fueling island and around the crusher are not easily 
implemented or reasonably viable. 
 
Economics 
Relative economic impacts must also be considered, since if the economic impacts are too great the 
beneficiation of ore is no longer economically feasible and therefore the underlying purpose and need of 
the project is no longer met. 
 
Factors of Greater and Lesser Importance 
 
Based on tables 9-11 and discussion contained within this section, most of the criteria used in the 
comparison of the proposed stockpile location to Concept B and Concept D have been placed into the 
following two categories: Factors of Greater Importance and Factors of Lesser Importance.  
 
Some of the criteria have been removed for further consideration in this analysis because either their 
impacts are equal (or nearly equal) among the proposed stockpile locations (Concept B and Concept D) or 
their impacts are negligible compared to the magnitude of the potential impacts of the overall project or 
other factors considered in this analysis. 
 
Table 12 summarizes the various factors and their relative levels of importance within the scope of the 
entire project. 
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Table 12 - Summary of Factors of Importance 

  

Factors of 
Greater 

Importance 

Factors of 
Lesser 

Importance Comment 

Total Acreage Disturbed X  Viable mitigation strategy 
available 

Artificial/Degraded 
Wetland Acreage 

Disturbed 
 X 

Viable mitigation strategy 
available 
 

Natural Wetland Acreage 
Disturbed X  Viable mitigation strategy 

available 
Upland Acreage 

Disturbed  X  

Habitat 

Threatened, Endangered 
and Protected Species  X All concepts are deemed 

equivalent 

Particulate Emissions X  No viable mitigation 
strategy available 

NOx Emissions  X No viable mitigation 
strategy available 

GHG Emissions  X No viable mitigation 
strategy available 

Air Quality 

Proximity to Residence  X AAQ Standards can be 
met in all concepts 

Noise   X Noise Standards can be 
met in all concepts 

Surface 
Ownership   X  No dependable mitigation 

strategy available 

Safety  X  No viable mitigation 
strategy available 

Economics  X   
 
7.0 Factors of Greater Importance 
 
The identified factors of relative greater importance, total wetland disturbance, natural wetlands 
disturbance, particulate emissions, surface ownership, safety, and economics are carried forward.  The 
preferred order of the proposed stockpile location and Concepts B and D are illustrated below for each of 
these factors, mitigation opportunities for each factor are also discussed. 

 
Total Wetlands Disturbed 
The preferred order of concept selection based solely on disturbed total wetland acreage would be: 
1. Concept D    151.1 Disturbed Acres  
2. Concept B    204.1 Disturbed Acres 
3. Proposed Stockpile Location 310.4 Disturbed Acres 
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Natural Wetlands Disturbed 
The preferred order of concept selection based solely on natural wetland total acreage would be: 
1. Proposed Stockpile Location  10.4 Disturbed Natural Wetland Acres 
2. Concept D    84.1 Disturbed Natural Wetland Acres 
3. Concept B    179.2 Disturbed Natural Wetland Acres 

 
Particulate Emissions 
The preferred order of concept selection based solely on particulate emissions would be: 
1. Proposed Stockpile Location 2,000 – 3,000 tpy (PM), 540-780 tpy (PM2.5), 55-80 tpy (PM10) 
2. Concept D 3,100 – 4,000 tpy (PM), 820-1,050 tpy (PM2.5), 80-105 tpy (PM10) 
3. Concept B 3,500 – 5,500 tpy (PM), 940-1,200 tpy (PM2.5), 95-120 tpy (PM10) 

 
Surface Ownership 
The preferred order of concept selection based solely on surface ownership would be: 
1. Proposed Stockpile Location and Concept B  Under ownership control 
2. Concept D      Not entirely under ownership control 
 
Safety 
The preferred order of concept selection based solely on safety would be: 
1. The Proposed Stockpile Location Fewer safety concerns 
2. Concept B or Concept D  Additional safety concerns due to hauling location and routes 
 
Economics  
The preferred order of concept selection based solely on economics would be: 
1. Proposed Stockpile Location $100M-$120M 
2. Concept D    $187M-$203M 
3. Concept B    $190M-$226M 
 
Mitigation for Factors of Greater Importance 

 
Total and Natural Wetlands Disturbance 
All wetlands impacts can be mitigated and would be mitigated under the Project Proposer’s current 
proposal.  A cost of $25,000 per acre was included in the economic analysis and assumes a 1:1 
mitigation ratio.  
 
Particulate Emissions 
A means of reducing the annual particulate emissions is to reduce production, as it has been 
demonstrated that the particulate emissions are directly proportional to the haul vehicle miles traveled 
to the stockpiles. This would however not likely reduce the total air emissions over the life of the 
project, since the duration of the project would likely need to be extended in order to meet the 
underlying purpose and need of the project. 
 
Surface Ownership 
The proposed stockpile location and Concept B essentially do not require additional actions since they 
are under the ownership of the Project Proposer.  Mitigating the risk of the property needed for Concept 
D is uncertain, because a portion of the land necessary under that concept is outside the ownership of 
the Project Proposer. 
 
Safety 
It is difficult to provide engineered solutions to some of the potential safety issues. The size and weight 
of a typical mine truck (430 tons loaded weight) and the area and grade required for their use limit 
mitigation options.  
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Economics 
Mitigation options related to economics are reducing haul distances and changes in grade to the greatest 
extent possible. 

 
8.0 Conclusions 
 
Proposed Stockpile Location vs. Concept B 
Of the factors of greatest importance, the proposed stockpile location is preferable over Concept B in the 
following areas: amount of natural wetlands disturbed, particulate emissions, safety and economics.  
Concept B is preferred over the proposed stockpile location in total wetlands disturbed. The proposed 
stockpile location and Concept B are preferred equally under the factor of surface ownership since land 
related to these alternatives is under the control of the Project Proposer.  
 
Proposed Stockpile Location vs. Concept D 
Of the factors of greatest importance, the proposed stockpile location is preferable over Concept D in the 
following areas: amount of natural wetlands disturbed, particulate emissions, surface ownership, safety 
and economics. Concept D is preferred over the proposed stockpile location in total wetlands disturbed.    
 
Table 13 illustrates were the different stockpile concepts fall in relation to each other and the factors of 
greater importance  
 
Table 13 - Stockpile Concepts and Factors of Greater Importance 
Concepts Total 

Wetlands 
Disturbed 

Natural 
Wetlands 
Disturbed 

Particulate 
Emissions 

Surface 
Ownership 

Safety Economics

Proposed 
Stockpile 
Location 

 Preferred 
Concept 

Preferred 
Concept 

Preferred 
Concept 

Preferred 
Concept 

Preferred 
Concept 

Concept B    Preferred 
Concept 

  

Concept D Preferred 
Concept 

     

 
Concept B and D would not provide an environmental benefit over the proposed stockpile location.  
Based on these results, this Alternative Stockpile Location Analysis did not identify a reasonable or 
practicable alternative to the proposed stockpile location that should be carried forward in the EIS. 
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Rare Plant Survey - Proposed
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and Mn/DOT. 2008 Aerial Photograph
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Rare Species Locations

from NHIS Inventory
U.S. Steel Keetac

Keewatin, MN
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and Mn/DOT. 2008 Aerial Photograph
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Current Truck and
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Figure SA-11
Blind Areas for 240 Ton

Caterpillar Trucks
U.S. Steel Keetac

Keewatin, MN
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Appendix A 
 
 

Project Proposers Preliminary Concepts 



























Appendix B 
 
 

Caterpillar 793D Mining Truck Specifications 



































































Appendix C 
 
 

Haulage Profiles and Cycle Times 



Grade
MPH FPM

-8.00% 34 2,992
-7.00% 34 2,992
-6.00% 34 2,992
-5.00% 34 2,992
-4.00% 34 2,992
-3.00% 34 2,992
-2.00% 34 2,992
-1.00% 34 2,992
0.00% 34 2,992
1.00% 33 2,904
2.00% 33 2,904
3.00% 32 2,816
4.00% 30 2,640
5.00% 29 2,552
6.00% 28 2,464
7.00% 28 2,464
8.00% 27 2,376

Speed

Appendix C - Speed vs Grade Chart

Unloaded Speed Chart

\\bob\vol1\1472 DNR\04 keetac\Alternatives\AltDesignStockpiling\HaulRoads\Keetack - 
Haulage Profiles and Fuel Consumption 093009Speed Chart



Appendix C - Speed vs Grade Chart

Grade
MPH FPM

-8.00% 14 1,232
-7.00% 14 1,232
-6.00% 18 1,584
-5.00% 25 2,200
-4.00% 25 2,200
-3.00% 34 2,992
-2.00% 34 2,992
-1.00% 34 2,992
0.00% 34 2,992
1.00% 33 2,904
2.00% 31 2,728
3.00% 29 2,552
4.00% 24 2,112
5.00% 17 1,496
6.00% 15 1,320
7.00% 12 1,056
8.00% 11 968

Speed
Loaded Speed Chart

\\bob\vol1\1472 DNR\04 keetac\Alternatives\AltDesignStockpiling\HaulRoads\Keetack - 
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Appendix C-1 
 
 

Proposed Location Haulage Profiles and Cycle Times 
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Figure 1.  Stockpile Haulage Profiles P-1 and P-2
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Alternative: P-1

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
2,000 2,000 1,480 0.00% 2,992 0.67
750 2,750 1,540 8.00% 968 0.77
3,200 5,950 1,540 0.00% 2,992 1.07
1,000 6,950 1,620 8.00% 968 1.03
4,000 10,950 1,620 0.00% 2,992 1.34

Loaded Delivery Time: 4.88

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
2,000 0.00% 2,992 0.67
750 -8.00% 2,992 0.25
3,200 0.00% 2,992 1.07
1,000 -8.00% 2,992 0.33
4,000 0.00% 2,992 1.34

Return Time: 3.66

Load time: 5.00
Dump Time: 1.50

Total Time: 15.04
Actual Time (accounting for cuves in road): 18.80

\\bob\vol1\1472 DNR\04 keetac\Alternatives\AltDesignStockpiling\HaulRoads\Keetack - Haulage Profiles and Fuel Consumption 
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Alternative: P-2

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,320 5,320 1,480 0.00% 2,992 1.78
750 6,070 1,540 8.00% 968 0.77
4,200 10,270 1,540 0.00% 2,992 1.40
1,000 11,270 1,620 8.00% 968 1.03
4,600 15,870 1,620 0.00% 2,992 1.54

Loaded Delivery Time: 6.53

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,320 0.00% 2,992 1.78
750 -8.00% 2,992 0.25
4,200 0.00% 2,992 1.40
1,000 -8.00% 2,992 0.33
4,600 0.00% 2,992 1.54

Return Time: 5.30

Load time: 5.00
Dump Time: 1.50

Total Time: 18.33
Actual Time (accounting for cuves in road): 22.91
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Appendix C-2 
 
 

Concept A Haulage Profiles and Cycle Times 
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Figure 2.  Stockpile Haulage Profile A-1
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Alternative: A-1

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,320 5,320 1,480 0.00% 2,992 1.78
750 6,070 1,540 8.00% 968 0.77
4,200 10,270 1,540 0.00% 2,992 1.40
1,000 11,270 1,620 8.00% 968 1.03
2,200 13,470 1,620 0.00% 2,992 0.74
500 13,970 1,520 -20.00% 1,232 0.41
1,300 15,270 1,520 0.00% 2,992 0.43
625 15,895 1,570 8.00% 968 0.65
500 16,395 1,570 0.00% 2,992 0.17
625 17,020 1,620 8.00% 968 0.65

Loaded Delivery Time: 8.02

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,320 0.00% 2,992 1.78
750 -8.00% 2,992 0.25
4,200 0.00% 2,992 1.40
1,000 -8.00% 2,992 0.33
2,200 0.00% 2,992 0.74
500 20.00% 2,376 0.21
1,300 0.00% 2,992 0.43
625 -8.00% 2,992 0.21
500 0.00% 2,992 0.17
625 -8.00% 2,992 0.21

Return Time: 5.73

Load time: 5.00
Dump Time: 1.50

Total Time: 20.26
Actual Time (accounting for cuves in road): 25.32
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Appendix C-3 
 
 

Concept B Haulage Profiles and Cycle Times 
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Figure 3.  Stockpile Haulage Profiles B-1 and B-2
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Alternative: B-1

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 1,232 4.36
1,125 6,500 1,050 0.00% 2,992 0.38
4,312 10,812 1,392 7.93% 1,056 4.08
2,938 13,750 1,392 0.00% 2,992 0.98
250 14,000 1,400 3.20% 2,552 0.10
812 14,812 1,458 7.14% 1,056 0.77
188 15,000 1,468 5.32% 1,496 0.13
1,312 16,312 1,555 6.63% 1,320 0.99
1,250 17,562 1,623 5.44% 1,496 0.84
1,563 19,125 1,631 0.51% 2,992 0.52
1,187 20,312 1,650 1.60% 2,904 0.41
500 20,812 1,690 8.00% 968 0.52
1,000 21,812 1,690 0.00% 2,992 0.33
500 22,312 1,730 8.00% 968 0.52
2,000 24,312 1,730 0.00% 2,992 0.67

Loaded Delivery Time: 10.85

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,125 0.00% 2,992 0.38
4,312 -7.93% 2,992 1.44
2,938 0.00% 2,992 0.98
250 -3.20% 2,992 0.08
812 -7.14% 2,992 0.27
188 -5.32% 2,992 0.06
1,312 -6.63% 2,992 0.44
1,250 -5.44% 2,992 0.42
1,563 -0.51% 2,992 0.52
1,187 -1.60% 2,992 0.40
500 -8.00% 2,992 0.17
1,000 0.00% 2,992 0.33
500 -8.00% 2,992 0.17
2,000 0.00% 2,992 0.67

Return Time: 8.59

Load time: 5.00
Dump Time: 1.50

Total Time: 25.95
Actual Time (accounting for cuves in road): 32.43
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Alternative: B-2

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 2,586 2.08
1,125 6,500 1,050 0.00% 2,012 0.56
7,175 13,675 1,624 8.00% 607 11.83
1,000 14,675 1,624 0.00% 2,012 0.50
500 15,175 1,664 8.00% 607 0.82
1,000 16,175 1,664 0.00% 2,012 0.50
500 16,675 1,704 8.00% 607 0.82
1,000 17,675 1,704 0.00% 2,012 0.50
500 18,175 1,744 8.00% 607 0.82
875 19,050 1,744 0.00% 2,012 0.43

Loaded Delivery Time: 18.87

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,125 0.00% 2,992 0.38
7,175 -8.00% 2,992 2.40
1,000 0.00% 2,992 0.33
500 -8.00% 2,992 0.17
1,000 0.00% 2,992 0.33
500 -8.00% 2,992 0.17
1,000 0.00% 2,992 0.33
500 -8.00% 2,992 0.17
875 0.00% 2,992 0.29

Return Time: 6.83

Load time: 5.00
Dump Time: 1.50

Total Time: 32.20
Actual Time (accounting for cuves in road): 40.25
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Concept C Haulage Profiles and Cycle Times 
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Figure 4.  Stockpile Haulage Profiles C-1 and C-2
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Alternative: C-1

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 1,232 4.36
1,100 6,475 1,050 0.00% 2,992 0.37
4,250 10,725 1,390 8.00% 968 4.39
2,925 13,650 1,390 0.00% 2,992 0.98
280 13,930 1,403 4.64% 2,112 0.13
800 14,730 1,457 6.75% 1,320 0.61
200 14,930 1,466 4.50% 2,112 0.09
1,300 16,230 1,555 6.85% 1,320 0.98
1,200 17,430 1,622 5.58% 1,496 0.80
1,600 19,030 1,630 0.50% 2,992 0.53
1,200 20,230 1,650 1.67% 2,904 0.41
1,560 21,790 1,690 2.56% 2,728 0.57
5,640 27,430 1,690 0.00% 2,992 1.89

Loaded Delivery Time: 16.12

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,100 0.00% 2,992 0.37
4,250 -8.00% 2,992 1.42
2,925 0.00% 2,992 0.98
280 -4.64% 2,992 0.09
800 -6.75% 2,992 0.27
200 -4.50% 2,992 0.07
1,300 -6.85% 2,992 0.43
1,200 -5.58% 2,992 0.40
1,600 -0.50% 2,992 0.53
1,200 -1.67% 2,992 0.40
1,560 -2.56% 2,992 0.52
5,640 0.00% 2,992 1.89

Return Time: 9.63

Load time: 5.00
Dump Time: 1.50

Total Time: 32.26
Actual Time (accounting for cuves in road): 40.32
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Alternative: C-2

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 2,586 2.08
1,125 6,500 1,050 0.00% 2,012 0.56
6,500 13,000 1,508 7.05% 818 7.95
4,900 17,900 1,650 2.90% 1,599 3.06
1,626 19,526 1,690 2.46% 1,669 0.97
5,687 25,213 1,690 0.00% 2,012 2.83

Loaded Delivery Time: 17.45

 

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,125 0.00% 2,992 0.38
6,500 -7.05% 2,992 2.17
4,900 -2.90% 2,992 1.64
1,626 -2.46% 2,992 0.54
5,687 0.00% 2,992 1.90

Return Time: 8.89

Load time: 5.00
Dump Time: 1.50

Total Time: 32.84
Actual Time (accounting for cuves in road): 41.05
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Concept D Haulage Profiles and Cycle Times 
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Figure 5.  Stockpile Haulage Profiles D-1 and D-2
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Alternative: D-1

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 1,232 4.36
1,125 6,500 1,050 0.00% 2,992 0.38
4,312 10,812 1,392 7.93% 1,056 4.08
2,938 13,750 1,392 0.00% 2,992 0.98
250 14,000 1,400 3.20% 2,552 0.10
1,312 15,312 1,458 4.42% 2,112 0.62
688 16,000 1,466 1.16% 2,904 0.24
700 16,700 1,508 6.00% 1,320 0.53
1,000 17,700 1,508 0.00% 2,992 0.33
3,700 21,400 1,730 6.00% 1,320 2.80

Loaded Delivery Time: 14.43

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,125 0.00% 2,992 0.38
4,312 -7.93% 2,992 1.44
2,938 0.00% 2,992 0.98
250 -3.20% 2,992 0.08
1,312 -4.42% 2,992 0.44
688 -1.16% 2,992 0.23
700 -6.00% 2,992 0.23
1,000 0.00% 2,992 0.33
3,700 -6.00% 2,992 1.24

Return Time: 7.62

Load time: 5.00
Dump Time: 1.50

Total Time: 28.55
Actual Time (accounting for cuves in road): 35.68
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Alternative: D-2

LOADED

Incremental 
Distance

Total 
Distance Elevation Slope

Speed 
(fpm)

Time 
(minutes)

0 0 1,480
5,375 5,375 1,050 -8.00% 2,586 2.08
1,125 6,500 1,050 0.00% 2,012 0.56
6,500 13,000 1,466 6.40% 954 6.81
3,700 16,700 1,730 7.14% 799 4.63

Loaded Delivery Time: 14.08

 

UNLOADED

Incremental 
Distance Slope

Speed 
(fpm)

Time 
(minutes)

0
5,375 8.00% 2,376 2.26
1,125 0.00% 2,992 0.38
6,500 -6.40% 2,992 2.17
3,700 -7.14% 2,992 1.24

Return Time: 6.05

Load time: 5.00
Dump Time: 1.50

Total Time: 26.63
Actual Time (accounting for cuves in road): 33.29
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Appendix D 
 
 

Haulage Operational Data Summary 



Bank Cubic Yards Required: 118,000,000

Capacity in CY per Load: 132

Total Loads Required: 893,939

B D E F G H I J K L M N O P Q R S T U V

Site
One-Way Trip 

Mileage

Round Trip 
Distance in 

feet
Round Trip 

Mileage
Round Trip 

Time in minutes
Round Trips in 18 

hour Day
Round Trips 

in Year
Round Trips 
in 21.5 Years Operating Trucks

Total Number 
of Trucks 

(assuming 80% 
Operability)

Total Hours of 
Operation

Annual 
Capital 

($470k/truck)

Total 
Additional 

Capital (over 
21.5 Years)

Total 
Operating 
Costs (at 
$250/hr) Total Cost

Vehicle Miles 
Traveled

Total Gallons of Fuel 
(31 gal/hr x 21.6 

hours/day)

New Haul 
Road 

Distance in 
Miles

Haul Road 
Maintenance 

Cost

New Road 
Construction 

Cost
Constant $466,667 21.5 years $250 670Gal/Day/Truck $200,000 $400,000

Formula E / 5280 (24 x 75% x 60) / G H x 365 I x 21.5 Total Loads / J K / 0.80 (G x J x K) / 60 K x Constant N x Constant M x Constant O + P Total Loads x F L x 21.5yrs x 365 
days/year * Constant

D - 2.8 (where 
applicable)

D x 21.5 x 
Constant D x Constant

A-1 3.22 34,040 6.45 25.32 42 15,330 329,595 2.7 3.4 377,234 $1,582,138 $34,015,959 $94,308,568 $128,324,527 5,763,200 17,825,577 3.22 $13,860,985 $1,289,394

P-1 2.07 21,900 4.15 16.42 65 23,725 510,088 1.8 2.2 244,641 $1,022,304 $21,979,543 $61,160,354 $83,139,896 3,707,817 11,518,065 2.07 $8,917,614 $829,545

P-2 3.01 31,740 6.01 19.53 55 20,075 431,613 2.1 2.6 290,977 $1,208,178 $25,975,823 $72,744,318 $98,720,141 5,373,795 13,612,259 3.01 $12,924,432 $1,202,273

B-1 4.60 48,624 9.21 32.43 33 12,045 258,968 3.5 4.3 483,205 $2,013,630 $43,293,038 $120,801,216 $164,094,254 8,232,369 22,687,098 1.80 $19,799,545 $1,841,818

B-2 3.61 38,100 7.22 40.25 26 9,490 204,035 4.4 5.5 599,667 $2,555,761 $54,948,856 $149,916,706 $204,865,562 6,450,585 28,795,163 3.61 $15,514,205 $1,443,182

C-1 5.20 54,860 10.39 40.32 26 9,490 204,035 4.4 5.5 600,751 $2,555,761 $54,948,856 $150,187,783 $205,136,639 9,288,166 28,795,163 2.40 $22,338,826 $2,078,030

C-2 4.78 50,426 9.55 41.05 26 9,490 204,035 4.4 5.5 611,654 $2,555,761 $54,948,856 $152,913,454 $207,862,310 8,537,460 28,795,163 4.78 $20,533,314 $1,910,076

D-1 4.05 42,800 8.11 35.68 30 10,950 235,425 3.8 4.7 531,632 $2,214,993 $47,622,342 $132,907,902 $180,530,244 7,246,327 24,955,808 1.25 $17,428,030 $1,621,212

D-2 3.16 33,400 6.33 33.29 32 11,680 251,120 3.6 4.4 495,942 $2,076,556 $44,645,946 $123,985,526 $168,631,471 5,654,844 23,396,070 3.16 $13,600,379 $1,265,152
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Concept A
Remainder Used in 

Proposed and 
Concepts B-D

Bank Cubic Yards Required: 13,000,000 105,000,000

Capacity in CY per Load: 132 132

Total Loads Required: 98,485 795,455

B D E F G H I J K L M N O P Q R S T U V

Site
One-Way Trip 
Mileage in feet

One-Way Trip 
Mileage

Round Trip 
Distance in 

feet
Round Trip 

Mileage

Round Trip 
Time in 
minutes

Round Trips in 18 
hour Day

Round Trips 
in Year

Round Trips 
in 21.5 Years Operating Trucks

Total Number 
of Trucks 

(assuming 80% 
Operability)

Total Hours of 
Operation

Annual 
Capital 

($470k/truck)

Total 
Additional 

Capital (over 
21.5 Years)

Total 
Operating 
Costs (at 
$250/hr)

Total 
Operating and 
Capital Cost

Vehicle Miles 
Traveled

Total Gallons of 
Fuel               

(31 gal/hr x 21.6 
hours/day)

New Haul 
Road 

Distance in 
Miles

Haul Road 
Maintenance 

Cost

New Road 
Construction 

Cost
Constant $466,667 21.5 years $250 670Gal/Day/Truck $200,000 $400,000

Formula E / 5280 (24 x 75% x 60) / G H x 365 I x 21.5 Total Loads / J K / 0.80 (G x J x K) / 60 K x Constant N x Constant M x Constant O + P Total Loads x F L x 21.5yrs x 365 
days/year * Constant

D - 2.8 (where 
applicable)

D x 21.5 x 
Constant D x Constant

A-1 17,020 3.22 34,040 6.45 25.32 42 15,330 329,595 0.3 0.4 41,560 $174,303 $3,747,521 $10,389,927 $14,137,448 634,929 1,963,835 3.22 $13,860,985 $1,289,394

P-1 10,950 2.07 21,900 4.15 16.42 65 23,725 510,088 1.6 1.9 217,689 $909,678 $19,558,068 $54,422,348 $73,980,416 3,299,329 10,249,126 2.07 $8,917,614 $829,545

P-2 15,870 3.01 31,740 6.01 19.53 55 20,075 431,613 1.8 2.3 258,920 $1,075,073 $23,114,080 $64,730,114 $87,844,193 4,781,767 12,112,603 3.01 $12,924,432 $1,202,273

B-1 24,312 4.60 48,624 9.21 32.43 33 12,045 258,968 3.1 3.8 429,970 $1,791,789 $38,523,466 $107,492,607 $146,016,074 7,325,413 20,187,672 1.80 $19,799,545 $721,818

B-2 19,050 3.61 38,100 7.22 40.25 26 9,490 204,035 3.9 4.9 533,602 $2,274,194 $48,895,169 $133,400,459 $182,295,628 5,739,928 25,622,815 3.61 $15,514,205 $1,443,182

C-1 27,430 5.20 54,860 10.39 40.32 26 9,490 204,035 3.9 4.9 534,567 $2,274,194 $48,895,169 $133,641,671 $182,536,840 8,264,893 25,622,815 2.40 $22,338,826 $958,030

C-2 25,213 4.78 50,426 9.55 41.05 26 9,490 204,035 3.9 4.9 544,268 $2,274,194 $48,895,169 $136,067,056 $184,962,225 7,596,892 25,622,815 4.78 $20,533,314 $1,910,076

D-1 21,400 4.05 42,800 8.11 35.68 30 10,950 235,425 3.4 4.2 473,062 $1,970,968 $42,375,813 $118,265,506 $160,641,319 6,448,003 22,206,439 1.25 $17,428,030 $501,212

D-2 16,700 3.16 33,400 6.33 33.29 32 11,680 251,120 3.2 4.0 441,304 $1,847,783 $39,727,325 $110,326,103 $150,053,428 5,031,853 20,818,537 3.16 $13,600,379 $1,265,152

Individual Components of Total Requirements for Entire 118,000,000 CY Moved
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Appendix E 
 
 

Evaluation Criteria Matrix 



Keetac Expansion Project
Analysis of Stockpile Location Concepts

Evaluation Criteria Matrix
Table E-1

Summary of Concepts B-D and Proposed Location

Visual

Concept Haul Route

Wetland 
Acreage 

Disturbed1

Artificial/ 
Degraded 
Wetland 
Acreage2

Natural Wetland 
Acreage2 Upland3 Rare Species4 PM PM10 PM2.5 NOx Emissions6 GHG 

Emissions7
Proximity to 
Residence8

Threshold 
Exceedences9

Proximity to 
Residence10

Seen by 
Residences11

Capacity Based on 
Spatial 

Considerations12

Surface 
Ownership 
Control13

Safety14 Capital 
Expense15

Operational 
Expenses16

Mitigation 
Expenses17 Total

Acres Acres Tons Tons Tons Tons Tons Miles Y/N Miles Y/N % $M $M $M $M

A

1 97,064 25,693 2,569 3,344 254,251 Traffic Through Crusher 
Area $45.1 $140 $5.1 $190.2

2 76,056 20,132 2,013 4,151 322,703 Steep Downhill Grades w/ 
Loaded Trucks $56.4 $165 $5.1 $226.4

1 109,512 28,988 2,899 4,158 322,703 Traffic Through Crusher 
Area $57.0 $172 $8.1 $237.0

2 100,661 26,645 2,665 4,234 322,703 Steep Downhill Grades w/ 
Loaded Trucks $56.9 $173 $8.1 $237.8

1 85,438 22,616 2,262 3,680 279,676 Traffic Through Crusher 
Area $49.2 $150 $3.8 $202.8

2 66,673 17,649 1,765 3,433 262,196 Steep Downhill Grades w/ 
Loaded Trucks $45.9 $137 $3.8 $186.8

1 43,717 11,572 1,157 1,693 129,081 __ $22.8 $70 $7.8 $100.4

2 63,360 16,772 1,677 2,014 152,551 __ $27.2 $85 $7.8 $120.2

Existing 
Stockpiles 144.6 144.6 0.0 -- St Lawrence 

Grapefern
Meets AAQ 
Standards

Yes - SE 
Stockpile 21.8% US Steel __

Maximize In-Pit 
Stockpiles -- -- -- -- None 

Identified
Meets AAQ 
Standards 52.0% US Steel __

1 total wetland acreage impacted requiring mitigation 10 distance from center of stockpile area to closest residence
2 wetlands by acreage estimated as natural or previously disturbed 11 directly seen by residences (yes/no)
3 non-wetland related cover types impacted by acreage and category 12 percentage of total in pit and out of pit stockpiling needs
4 acreage of impacted critical habitat for T & E species and other rare species per DNR Rare Species Guide 13 listing of known surface owners
5 quantity of various particulates generated by haulage in tons 14 known safety issues
6 quantity of NOx generated by haulage in Megagrams 15 capital costs for truck replacement and road construction
7 quantity of GHG generated by haulage in tons 16 truck operational and road maintenance costs
8 closest distance from stockpile or haul road to a residence 17 noise and wetland mitigation costs
9 day or night standard exceedance anticipated 

US Steel

Feasibility Factors

US Steel

US Steel

Ontario 
Iron, US 

Steel, and 
Hibbing 
Land Co

25.7%

26.2%

26.2%

No

No

No

Yes

5.2

3.6

1.2 26.2%
1.2 and 

Meets AAQ 
Standards

NO

No

No

NO (w/ 
Mitigation)

None 
Identified

B

C

D

Proposed 
Location

282.4

213.9

388.2

228.8

179.2

Fugitive Dust Emissions 5

None 
Identified

None 
Identified

Peregrine 
Falcon

See Table E-2 for Evaluation of Concept A w/ Fractional Remainder of Other Concepts, Such That Stockpile Storage Requirements Are Met

Economics

4.0

5.2

3.6

4.0

Environmental Factors Community Factors
Habitat Air Quality Noise

135.9

84.7

10.4

24.9

189.5

66.4

299.5

204.1

325.4

151.1

310.4
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Keetac Expansion Project
Analysis of Stockpile Location Concepts

Evaluation Criteria Matrix
Table E-2

Concept A Combined With Other Concepts
 

Visual

Concept Haul Route

Wetland 
Acreage 

Disturbed1

Artificial/ 
Degraded 
Wetland 
Acreage2

Natural Wetland 
Acreage2 Upland3 Rare Species4 PM PM10 PM2.5 NOx Emissions6 GHG 

Emissions7
Proximity to 
Residence8

Threshold 
Exceedences9

Proximity to 
Residence10

Seen by 
Residences11

Capacity Based 
on Spatial 

Considerations12

Surface 
Ownership 
Control13

Safety14 Capital 
Expense15

Operational 
Expenses16

Mitigation 
Expenses17 Total

Acres Acres Tons Tons Tons Tons Tons Miles Y/N Miles Y/N % $M $M $M $M

1 93,856 24,844 2,484 3,264 248,249 Traffic Through Crusher 
Area $61 $136 #REF! #REF!

2 75,163 19,896 1,990 3,981 309,160 Steep Downhill Grades w/ 
Loaded Trucks $67 $159 #REF! #REF!

1 104,933 27,776 2,778 3,988 309,160 Traffic Through Crusher 
Area $73 $165 #REF! #REF!

2 97,057 25,692 2,569 4,055 309,160 Steep Downhill Grades w/ 
Loaded Trucks $72 $72 #REF! #REF!

1 83,511 22,106 2,211 3,562 270,873 Traffic Through Crusher 
Area $63 $145 #REF! #REF!

2 66,814 17,686 1,769 3,342 255,319 Steep Downhill Grades w/ 
Loaded Trucks $57 $134 #REF! #REF!

1 46,387 12,279 1,228 1,794 136,869 __ $32 $74 #REF! #REF!

2 63,866 16,906 1,691 2,080 157,753 __ $39 $88 #REF! #REF!

1 total wetland acreage impacted requiring mitigation 10 distance from center of stockpile area to closest residence
2 wetlands by acreage estimated as natural or previously disturbed 11 directly seen by residences (yes/no)
3 non-wetland related cover types impacted by acreage and category 12 percentage of total in pit and out of pit stockpiling needs
4 acreage of impacted critical habitat for T & E species and other rare species per DNR Rare Species Guide 13 listing of known surface owners
5 quantity of various particulates generated by haulage in tons 14 known safety issues
6 quantity of NOx generated by haulage in Megagrams 15 capital costs for truck replacement and road construction
7 quantity of GHG generated by haulage in tons 16 truck operational and road maintenance costs
8 closest distance from stockpile or haul road to a residence 17 noise and wetland mitigation costs
9 day or night standard exceedance anticipated 

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

Environmental Factors Community Factors
Habitat Air Quality Noise

Fugitive Dust Emissions 5

None 
Identified

None 
Identified

Peregrine 
Falcon

None 
Identified

A/B

A/C

A/D

A w/ Proposed 
Location

#REF!

#REF!

#REF!

#REF!

#REF! .7/4.0

.7/5.2

.7/3.6

.7/1.2 and 
Meets AAQ 
Standards

NO

No

No

NO (w/ 
Mitigation)

.7/4.0

.7/5.2

.7/3.6

.7/1.23 26.2%

No

No

No

Yes US Steel

Feasibility Factors

US Steel

US Steel

Ontario 
Iron, US 

Steel, and 
Hibbing 
Land Co

26.2%

26.2%

26.2%

Economics
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Appendix H 
 
 

Noise Assessment Supplement 
(Barr Engineering March 26, 2009) 

 



 

 
 
 
 
March 26, 2009 
 
 
Erik Carlson 
Minnesota Department of Natural Resources 
500 Lafayette Road 
St. Paul, MN 55155-4029 
 
Re:  Proposed Stockpile Noise Assessment Supplement Draft 

U.S. Steel – Keetac Expansion Project 
Keewatin, Minnesota 

 
Dear Mr. Carlson, 
 
On behalf of U.S. Steel enclosed is the draft Proposed Stockpile Noise Assessment Supplement for 
the Keetac Expansion project. This supplement evaluates potential mitigation options for noise 
impacts on residential areas in the vicinity of the proposed new stockpile area for the Keetac 
Expansion Project near Keewatin, Minnesota. The study compares projected noise levels with the 
Minnesota daytime and nighttime noise standards and with the estimated ambient or background 
sound level at the residential areas.  
 
The supplemental modeling represents a quieting package fitted to the bulldozers used on the 
stockpile. Under these conditions, some impacts above state noise standards are still modeled at the 
receptors nearest the proposed stockpile. Because worst case operational assumptions were used it is 
unlikely that these conditions would actually occur. In addition there are many factors that reduce 
noise impacts such as ground effect, vegetative  shielding, ambient noise generated by wind, and 
other factors that are not included in the modeled predictions.  
 
Based on these results U.S. Steel proposes to utilize operating offsets to fully mitigate exceedance of 
the nighttime L10 and L50 standards.  U.S. Steel proposes to conduct daytime sound measurements 
once the stockpile is operational to determine actual noise levels at nearby residences. If these actual 
measurements demonstrate impacts below state nighttime noise standards, U.S. Steel proposes to 
eliminate the nighttime operating offset. 
 
Please review the Draft Proposed Stockpile Noise Assessment Supplement and contact myself or 
Andrew Skoglund from Barr or Mike Rhoads from U.S. Steel with any questions or comments. 
 
Sincerely,  
 

 
Lori L. Stegink 
Vice President       
Barr Engineering Company   

Barr Engineering Company 
4700 West 77th Street • Minneapolis, MN  55435-4803 
Phone: 952-832-2600 • Fax: 952-832-2601 • www.barr.com An EEO Employer 
 
Minneapolis, MN • Hibbing, MN • Duluth, MN • Ann Arbor, MI • Jefferson City, MO • Bismarck, ND 



Mr. Erik Carlson 
March 26, 2009 
Page 2 
 
 
Enclosure 
 
  
c: Mike Rhoads, USS 

Chrissy Bartovich, USS 
Tischie Woodwell, USS 
Scott Vagle, USS 
Dave Smiga, USS 
Peder Larson, Larkin Hoffman Daly and Lindgren, Ltd. 
Jon Ahlness, USACE electronic only 
Sherry Kampke, USEPA electronic only 
Darren Vogt, 1854 Treaty Authority electronic only 
Darin Steen, Bois Forte Reservation electronic only 
Rose Berens, Bois Fort Reservation electronic only 
Bill Latady, Bois Fort Reservation electronic only 
Nick Axtell, 1854 Treaty Authority electronic only 
Tim Colliton, Wenck 
Peter Miller, Wenck electronic only 
Steve Menden, Wenck electronic only
Jennifer Engstrom, DNR electronic only 
David Braslau, David Braslau Associates 
Anne Claflin, MPCA 
Ann Foss, MPCA electronic only  
Brian Timerson, MPCA electronic only 
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EXECUTIVE SUMMARY TO THE SUPPLEMENT 

 
Study Objectives 
 
This supplemental study evaluates several mitigation methods to achieve compliance with the 
Minnesota nighttime noise standards at the nearest residences taking into account the benefits of a 
quieting package on the dozer since the dozer was identified as a major contributor to the overall 
sound level associated with stockpile operations.  
 
Quieted Dozer Sound Level 
 
The objective for quieting the dozer is to eliminate the large time history peak associated with the 
dozer there by reducing both the L10 and L50 levels.  In addition to evaluation of a “quieting 
package”, a re-evaluation of the un-quieted level estimated earlier was made, due to clarification 
of assumptions in deriving the earlier level.  Based upon this analysis, an un-quieted dozer source 
level of 89dBA has been assumed in this supplemental assessment. 
    
Extensive sound level measurements on a Cat D9 at the Werris Creek Coal Mine in New South 
Wales with and without a quieting package have provided the basis for estimating a source sound 
level for a “quieted” dozer.  Sound level reductions from a static test were significant although 
reductions from a moving passby test with the dozer reversing in 2nd gear showed much lower 
benefits.  For this supplemental assessment, the combined reduction in dozer sound level with a 
quieting package assumes 50% static reduction and 50% 2nd gear reverse reduction. 
 
Prediction of L10 and L50 with a quieted dozer 
 
At the Kelly Lake residences with the quieted dozer, the maximum L10 exceedance at Residence 
#3 dropped from 60 dBA to 59 dBA although the predicted L10 exceedances at Receptor 6 have 
been reduced to only 1 dBA.  However, no changes in the L50 exceedances are predicted 
although these remain at 3 dBA or less for Residence #3 only.  
 
At the south residences with the quieted dozer, the number of L10 exceedances at Residence #6 
dropped from six to four, with one exceedance of 2 dBA and the remaining three only 1 dBA.  
Compliance with the L50 standard is still predicted for all dump/residence pairs.  
 
Prediction of L10 and L50 at Kelly Lake Residence #3 without dozer operation 
 
The L10 level does not change when dozer operations are completely eliminated and is still 
predicted to exceed the Minnesota nighttime L10 standard by 4 dBA.  However, the L50 level is 
lower with no dozer operations and would comply with the Minnesota nighttime L50 standard. 
The primary sources contributing to the L10 exceedance are the bed lift and dumping process.  
Remaining sources contributing to the L50 level are truck movement: approach when loaded and 
departure when empty.
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U.S. Steel  

Noise Contours with Quieted Dozer 
 
There is a small reduction in contour distances with the quieted dozer.  Predicted contour 
distances from the stockpile perimeter for nighttime standards are L10 of 55 dBA at 1610 feet and 
L50 of 50 dBA at 1370 feet.   
 
Offsets to Comply with Nighttime Standards 
 
The objective of this analysis is to estimate the distance from the stockpile perimeter that 
nighttime activity would need to be offset to achieve compliance with the nighttime noise 
standards.  These will naturally be larger for those dump locations closest to residential receptor 
sites, smaller for those further away, and not needed at all where compliance is already predicted. 
 
The offset distances are based on the distance from the residence to each dump perimeter and the 
predicted L10 and L50 levels from each dump at the residence.  Using this information, it is 
possible to calculate the additional distance from the perimeter at which the L10 and L50 
standards will be met 
 
The maximum offsets would be about 650 feet at for Dump 5 and 6 at Kelly Lake and 350 feet 
for Dump 12 at the south residences.  Actual monitoring of stockpile noise will provide a more 
accurate basis for determining if offsets are needed and if so, what these offset distances should 
be.  
 
As the stockpile increases in height, the necessary offset distance may be decreased due to 
additional shielding from the edge of the stockpile.  Revised offset distances could be calculated 
based upon stockpile heights.   
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1.0 SUPPLEMENTAL STUDY OBJECTIVES 

1.1. Purpose of the Study 
 
This supplemental study evaluates several mitigation methods to achieve compliance with the 
Minnesota nighttime noise standards at the nearest residences taking into account the benefits of a 
quieting package on the dozer which was identified as a major contributor to the overall sound 
level associated with stockpile operations.  

1.2. Study Objectives 
 
The study objectives were as follows: 
 

• Establish a sound source level for a quieted CAT D10 dozer 
• Evaluate the benefits to the L10 and L50 levels at the nearest residences. 
• Evaluate the L10 and L50 levels at the closest residence (Kelly Lake Receptor #3) 

without any dozer operations 
• Estimate an offset distance from the proposed stockpile perimeter at which quieted dozer 

operations can comply with the L10 and L50 nighttime standards.  

1.3. Report Structure 
This report is structured as follows: 

• Section 2  Establish Quieted Dozer Source Level 
• Section 3  Estimate L10 and L50 Levels at Kelly Lake with a Quieted Dozer 
• Section 4  Estimate L10 and L50 Levels at the South residences with a Quieted Dozer 
• Section 5  Estimate the L10 and L50 Level at Kelly Lake Receptor #3 with no Dozer 
• Section 5  Stockpile Noise Contours with a Quieted Dozer 
• Section 6  Offsets from Stockpile Perimeter needed to Comply with Nighttime Standards 
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2.0 ESTIMATED QUIETED DOZER SOUND LEVELS 

2.1. Revaluation of Monitored Dozer Level 
 
The original contribution of the dozer to the time history at receptor #3 from Dump 8 can be seen 
in Figure 2.1.  The high level and duration at this level made a relatively large contribution to 
both the L10 (length of time over 60 dBA) and the L50 (length of time over 53 dBA).  The 
objective for quieting the dozer is to eliminate this large peak and thereby reducing both the L10 
and L50 levels.  
 
The dozer source level assumed in the original report was based upon the assumption that all 
dozer activity took place in a relatively small zone near the perimeter dump site.  Further 
clarification of dozer movement during sound level measurements with both the Larson-Davis 
Model 824 and the Casella CEL Model 593 meter indicated that the dozer followed a longer track 
along with departing trucks.  
 
In a simple theoretical world, the sound levels in Figure 2.2 representing consecutive points 
along the dozer track and adjusted to a common distance of 50 feet would be identical.  However, 
factors such as air absorption and ground effect play a role in reducing the level more as distance 
from the monitoring site increases.  Since measurements at the closest approach are not greatly 
affected by these other factors, they tend to be more representative of the source level.  For 
purposes of this supplemental assessment, an average of the first seven readings has been 
assumed as the overall dozer sound level at 50 feet (89 dBA).  This compares with a level of 94.6 
dBA assumed in the original study.  

2.2. Review of Caterpillar D9 and D10 Sound Levels 
To determine the reasonableness of this assumption, a literature and web search of sound levels 
reported for Caterpillar D9 and D10 dozers was undertaken.  The results of this extensive review 
are summarized by the bar chart in Figure 2.3,   
 
Based upon data contained in the Transport Infrastructure (New South Wales) Construction Noise 
Strategy for Rail Projects, the maximum allowable A-weighted sound power level for a D10 
equivalent dozer is 1 dBA higher than an equivalent D9 Dozer.  Thus, extensive sound level 
measurements on a Cat D9 at the Werris Creek Coal Mine in New South Wales, Australia1, can 
be applied to a Cat D10 by adding 1 dB to these data. Those overall dBA levels are shown in 
Figure 2.3 by the bars labeled “D9+1”.  
 
Since the dozer observed and measured on the existing Keetac stockpile was backing during the 
entire measurement, the assumed dozer source level of 89 dBA compares favorably with the 2nd 
gear reverse level of 88 dBA shown on Figure 2.3.  The 89 dBA (at 50 ft) Cat D10 source level is 
used here because it also represents actual activity at an existing Keetac stockpile and compares 
favorably with the extensive data upon which a “quiet dozer” level can be based.   

                                                      
1 “Statement of Environmental Effects for Minor Modifications to Werris Creek Coal Mine”; Werris Creek 
Coal Pty Limited; Werris Creek, New South Wales.  Report No. 623/07, June 2008.  App. 2-4. 
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2.3. Benefits of Dozer Quieting Package 
 
The sound measurements from the Werris Creek Coal Mine in New South Wales included both 
before and after measurements on a “quieting package” installed on the D9 dozer.  These data 
provide a basis for estimating the benefits of a “quieting package” on the D10 dozer used at the 
Keetac stockpile.  
 
The sound reduction benefits of the quieting package were measured from a static test walk 
around at a distance of 16 meters (shown in Figure 2.4) and a moving passby test at a distance of 
10 meters of a dozer reversing in 2nd gear (shown in  Figure 2.5).  The bar charts represent A-
weighted spectral levels. 
 
Sound level reductions from the static test (Figure 2.4) are significant from the lowest reported 
frequency (80 Hz) all the way up to 2500 Hz.  However, sound level reductions from the moving 
passby test with the dozer reversing in 2nd gear (Figure 2.5) shows much lower benefits, in most 
cases only one or two dB.  Therefore, the level of benefit to be derived from a quieting package 
will depend heavily upon the mode in which the dozer is operated.  

2.4. Establish Quieted Dozer Level for Simulation Model Analysis 
 
A preliminary evaluation of alternative mode combinations were evaluated to help determine the 
level of sound level reduction that could be expected Keetac with a quieted Cat D10 dozer.  The 
results of two alternative modal mixes at the Kelly Dump 8/Receptor #3 location (closest 
residence to stockpile activity) are shown in Table 2.1.  The 50/50 split refers to the assumption 
of 50% static reduction/50% 2nd reverse reduction while the 70/30 split refers to 70% static 
reduction/30% 2nd reverse reduction 
 
Table 2.1 Comparison of Sound Level at Kelly Lake Dump 8/ Receptor #3 
 

Metric Previous Level 50/50 Split 70/30 Split 
Leq 57.5 55.5 55.3 
L10 60 59 59 
L50 53 53 53 
L90 53 49 49 

 
 It can be seen from this preliminary simulation that, while the Leq (or equivalent sound level) 
shows a 2 dBA benefit from the originally assumed dozer level, the L10 level shows only 1 dBA 
benefit wile the L50 shows no change.  The L90, however, shows a 4 dBA benefit although this is 
not used for compliance purposes.  What the table does show, however, is that if 50% or more of 
the dozer operation is backing, the quieting package provides a benefit more similar to the 2nd 
gear reverse than to the static test.  Therefore, the 50/50 split quieting package effectiveness has 
been assumed in the supplemental simulations.  
 
This small difference between the 50/50 and 70/30 static/2nd gear reverse reductions is also 
reflected in the octave band spectra for the dozer shown in Figure 2.6.  
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3.0 ESTIMATED NOISE AT KELLY LAKE WITH QUIETED DOZER 

3.1. Kelly Lake residential area and noise sources and residences 
 
For the supplemental simulation of stockpile noise levels at Kelly Lake, the previous dump and 
residences have been assumed.  These are included again for reference as Figure 3.1 in this report  

3.2. Projected sound levels at residences  
 
Projected L10 levels with a quieted dozer for the dump and residence pairs are presented in 
Figure 3.2.  While there is a slight decrease in the L10 level for Residence #3, the L10 levels are 
generally above the L10 nighttime standard.  There is also a small decrease in L10 levels for 
Residence #6.  
 
Projected L50 levels with a quieted dozer for the dump and residence pairs are presented in 
Figure 3.3.  These show little if any benefit from the quieted dozer.  

3.3. Compliance with Minnesota Noise Standards 
 
The maximum L10 exceedance dropped from 60 dBA to 59 dBA at Residence #3.although the 
predicted L10 exceedances at Receptor 6 have been reduced to only 1 dBA.  However, no 
changes in the L50 exceedances are predicted although these remain at 3 dBA or less for 
Residence #3 only.  
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4.0 ESTIMATED NOISE AT SOUTH RESIDENCES WITH QUIETED DOZER 

4.1. South residential area and noise sources and residences 
 
For the supplemental simulation of stockpile noise levels at the south residences, the previous 
dump and residences have been assumed.  These are included again for reference as Figure 4.1 in 
this report  

4.2. Projected sound levels at residences 
 
Projected L10 levels with a quieted dozer for the dump and residence pairs are presented in 
Figure 4.2.  There are some significant benefits with the quieted dozer at Residence #6 with 
exceedances dropping to only 1 dBA for three dump locations and to 2 dBA for Dump 12.  
Levels from some other dump/residence pairs are also predicted to decrease. 
 
Projected L50 levels with a quieted dozer for the dump and residence pairs are presented in 
Figure 4.3.  These are essentially unchanged from the original simulation. 
  

4.3. Compliance with Minnesota Noise Standards 
 
With the quieted dozer, operations at only four dump locations are predicted to exceed the L10 
nighttime standard at Residence #6 compared with six dump locations with the previous 
simulation.  Three of these are only 1 dBA with one exceedance of 2 dBA.  Compliance with the 
L50 standard is still predicted for all dump/residence pairs.  
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5.0 L10 AND L50 LEVEL AT KELLY LAKE RESIDENCE #3 WITH NO DOZER 

5.1. Estimated L10 and L50 at Residence #3 with No Dozer 
 
Since the Kelly Lake Residence #3 is predicted to experience the highest sound levels from 
stockpile operation, an evaluation of what would happen to the highest predicted level at this 
receptor (due to operations at Dump 8) has been made.  The results of the analysis are presented 
in Table 5.1.   
 
Table 5.1 Predicted Sound Levels at Residence #3 from Dump 8 with No Dozer 
 

Sound Level Metric Quieted Dozer No Dozer 
L10 59 59 
L50 53 50 
L90 49 48 

 
The L10 level, which is due primarily to the actual dumping operation, does not change when 
dozer operations are eliminated and is still predicted to exceed the Minnesota nighttime L10 
standard by 9 dBA.  However, the L50 level is lower with no dozer operations and would comply 
with the Minnesota nighttime L50 standard. 

5.2. Evaluation of Time History and Identification of Remaining Contributing Sources 
 
The time history for the Dump 8 and Residence #3 in Figure 5.1 shows why the L10 level does 
not change when dozer activity is eliminated.  The primary sources contributing to the L10 
exceedance are the bed lift and dumping process.  Remaining sources contributing to the L50 
level are truck movement: approach when loaded and departure when empty. 
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6.0 SOUND CONTOURS WITH QUIETED DOZER 

6.1. Sound contours from single track operation 
 
As in the original report, contour distances perpendicular to the stockpile perimeter have been 
calculated for both daytime and nighttime periods.  The approximate distances of contours from 
the dump location are listed in Table 6.1. 
 
Table 6.1   Daytime and Nighttime Contour Distances 

Daytime Contours Standard (dBA) Contour Distance (feet) 
L10 65 600 
L50 60 420 

   

Nighttime Contours Standard (dBA) Contour Distance (feet) 
L10 55 1610 
L50 50 1370 

 
 
A home would have to be as close as 600 feet to the stockpile perimeter to be exposed to an L10 
level of 65 dBA.  It would have to be only 420 feet from the perimeter to be exposed to an L50 
level of 60 dBA.  
 
For almost continuous or randomly time-varying sound sources, the L50 contour extends further 
from a source than the L10 contour.  However, because the L10 level is well above the L50 level 
for the assumed operational cycle and time history, the L10 contour is slightly larger in this case 
than the L50 contour.   
 

6.2. Sound contours for multiple truck operation  
 
Sound contours for multiple truck operation around the perimeter of the proposed stockpile can 
be developed assuming that the dumping points are continuous along the perimeter.  Barr 
Engineering has developed contours for L10 and L50 with the quiet dozer to show the extent of 
potential noise impacts from the stockpile.  The daytime and nighttime L10 contours are shown in 
Figure 6.1.  The daytime and nighttime L50 contours are shown in Figure 6.2. 
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7.0 OFFSETS FROM PERIMETER TO COMPLY WITH STANDARDS 

7.1. Kelly Lake Area 
 
The objective of this analysis is to estimate the distance from the stockpile perimeter that 
nighttime activity would need to be offset to achieve compliance with the nighttime noise 
standards.  These will naturally be larger for those dump locations closest to residential receptor 
sites, smaller for those further away, and not needed at all where compliance is already predicted. 
 
From Figure 3.2  (L10 levels at Kelly Lake residences), it can be seen that Residence #1, 
Residence #3, and Residence #6 are predicted to exceed the nighttime L10 55 dBA standard.  
Receptor #3 is predicted to have the largest exceedances of the nighttime L10 standard and is the 
only one at Kelly Lake to exceed the L50 standard.  The needed L10 and L50 offsets for this 
residence are shown in Figure 7.1. A maximum offset of about 650 feet is predicted for Dump 5 
and Dump 5.  
 
The offset distances are based on the distance from the residence to each dump perimeter and the 
predicted L10 and L50 levels from each dump at the residence.  Using this information, it is 
possible to calculate the additional distance from the perimeter at which the L10 and L50 
standards will be met.   
 
If any residences were located close to or adjacent to the stockpile perimeter, the offset would 
have to equal the contour distance from the perimeter.  However, since the residences are located 
1000 feet or more from the stockpile perimeter, the needed offset distances are always smaller 
than the contour distances.  
 
From Figure 3.2, it can be seen that Residence #1 is predicted to exceed the L10 level by 2 dBA 
only for Dump 1.  Residence #6 is predicted to exceed the L10 level by only 1 dBA for Dump 13, 
Dump 14, and Dump 15.  
 
For completeness the offsets to comply with the L10 standard for all dump/residence pairs are 
presented in Table 7.1. 
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Table 7.1 Offsets for Dump/Residence Pairs to Comply with Nighttime L10 Standard 
 

 Offset from Stockpile Perimeter (feet) 
Dump Home 1 Home 3 Home 5 Home 6 

1 350 0 0 0 
2 0 176 0 0 
3 0 333 0 0 
4 0 459 0 0 
5 0 645 0 0 
6 0 651 0 0 
7 0 459 0 0 
8 0 595 0 0 
9 0 615 0 0 

10 0 485 0 0 
11 0 353 0 0 
12 0 168 181 0 
13 0 0 0 180 
14 0 0 0 173 
15 0 0 0 175 
16 0 0 0 0 

 

7.2. South Residence Area 
 
From Figure 4.2 (L10 levels at South Residence receptors), it can be seen that Residence #6 is 
predicted to exceed the nighttime L10 standard for four of the nearest dump locations and by a 
maximum of 3 dBA.  From Figure 3.4 (L50 levels at South Residence) receptors) it can be seen 
none of the receptor sites are predicted to exceed the nighttime L50 standard.  
 
Based upon the distance from receptor #6 to each of the dump location perimeters and the 
predicted L10 levels from each, the additional distances have been estimated from the perimeter 
at which the L10 standard will be met.  These distances are shown in Figure 7.2.  A maximum 
predicted offset of 350 feet is predicted for Dump 12.  As expected, these offsets are considerably 
smaller than for Residence #3 at Kelly Lake.  An offset of only 150 feet could be within modeling 
error.  Actual monitoring of stockpile noise will provide a more accurate basis for determining if 
offsets are needed and if so, what these offset distances should be.  

7.3. Effectiveness of Stockpile Height in Reducing Needed Offset Distance 
 
All of the predictions in the original report and this supplement, including the offsets presented 
above, have assumed a relatively low stockpile height so that no shielding of sound from the 
operation is provided by the edge of the stockpile itself, which in effect may act as a noise berm. 
 
However, as the stockpile increases in height, this offset distance may be decreased due to this 
additional shielding which is shown schematically in Figure 7.3.  Given assumed stockpile 
heights above ground or at elevations relative to the impacted residences, revised offset distances 
could be calculated.   






































	Figures

	App A - Project Proposers Preliminary Concepts 

	App B - Caterpillar 793D Mining Truck Specifications 

	App C - Haulage Profiles and Cycle Times

	C-1 Proposed Location Haulage Profiles and Cycle Times

	C-2 Concept A Haulage Profiles and Cycle Times

	C-3 Concept B Haulage Profiles and Cycle Times

	C-4 Concept C Haulage Profiles and Cycle Times

	C-5 Concept D Haulage Profiles and Cycle Times


	App D - Haulage Operational Data Summary

	App E - Evaluation Criteria Matrix

	App F - Natural Heritage Information System Index Report

	App G - EPA Regulatory Announcement F-04-032, May 2004 Concerning Clean Air Non-Road Diesel Rule

	App H - Noise Assessment Supplement (Barr Engineering March 26, 2009)

	Proposed Stockpile Noise Assessment Supplement

	Executive Summary
	Table of Contents
	List of Figures
	1.0 Supplemental Study Objectives
	2.0 Estimated Quited Dozer Sound Levels
	3.0 Estimated Noise at Kelly Lake with Quieted Dozer
	4.0 Estimated Noise at South Residences with Quieted Dozer
	5.0 L10 and L50 Level at Kelly Lake Residence #3 with No Dozer
	6.0 Sound Countours with Quietd Dozer
	7.0 Offsets from Perimeter to Comply with Standards
	Figures

	Figure 2.1 Relative Contribution of Dozer in Simulation
	Figure 2.2 Estimated Dozer Source Level Based upon Revised Dozer Track
	Figure 2.3 Comparison of Monitored Dozer Source Levels
	Figure 2.4 Dozer Quiet Package Benefit – Static Walk-Around Test at 16 m
	Figure 2.5 Dozer Quiet Package Benefit - Reverse in 2nd Gear at 10 m
	Figure 2.6 Selected Octave Band Source Levels for Cat D10 Dozer
	Figure 3.1 Kelly Lake Dump Locations and Residential Receptors
	Figure 3.2 Estimated L10 Levels at Kelly Lake Residences
	Figure 3.3 Estimated L50 Levels at Kelly Lake Residences
	Figure 4.1 South Residence Dump Locations and Residential Receptors
	Figure 4.2 Estimated L10 Levels at South Residences
	Figure 4.3 Estimated L50 Levels at South Residences
	Figure 5.1 Contributing Sources with No Dozer Activity
	Figure 6.1 L10 Contours with Quiet Dozer
	Figure 6.2 L50 Contours with Quiet Dozer
	Figure 7.1 Offsets at Kelly Lake Needed to Comply with Nighttime Standards
	Figure 7.2 Offsets at South Residences Needed to Comply with Nighttime Standards
	Figure 7.3 Reduced Offsets with Increasing Stockpile Height



	Figures 1-11.pdf
	Figure SA-1 Concept Stockpile Locations.pdf
	Figure SA-2 Concept P-1 and P-2.pdf
	Figure SA-3 Concept A-1.pdf
	Figure SA-4 Concept B-1 and B-2.pdf
	Figure SA-5 Concept C-1 and C-2.pdf
	Figure SA-6 Concept D-1 and D-2.pdf
	Figure SA-7 Rare Plant Survey - Proposed Stockpile Location.pdf
	Figure SA-8 Rare Species Locations from NHIS Inventory.pdf
	Figure SA-9 Current Truck and Loader Traffic Patterns.pdf
	Figure SA-10 Projected Future Truck and Loader Traffic Patterns.pdf
	Figure SA-11 Blind Areas for 240 Ton Caterpillar Trucks.pdf

	ADPB94.tmp
	TECHNICAL MEMORANDUM




