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23 ROADS 

23.1 Existing Roads 

Transportation facilities at Navajo Mine consist of approximately 90 to 100 miles of road and 15.4 miles of railroad.  

Exhibits 10-1 through 10-6 show the existing roads (Primary and Ancillary) and the existing railroad.  In the 

construction of the roads and the railroad, the following were taken into consideration:  the mine’s safety program, 

minimization of erosion, impact on wildlife, and alteration of existing drainage channels.  All routes of travel 

defined as roads in 30 CFR § 701.5, are included in this section of the permit.  “As-Built” drawings of road designs 

approved by OSMRE are kept on file at Navajo Mine and will be available within 30 days of completed construction 

of the design.  Presently, Navajo Mine does not have plans to retain any roads for post-mining use.  Refer to Section 

30 – Reclamation Plan of the Permit Application Package for more information on post-mining land use. 

 

23.1.1 Mine Roads 

Per 30 CFR § 816.150 (a), the Navajo Mine roads are classified into two broad categories.  The two classifications 

are Primary and Ancillary roads.  The roads which fall into these two classifications are 

 

A. Primary Roads 

1. Access Roads – Frequently used roads by the mine personnel for direct access to permit facilities, or for 

transporting/tramming of large coal mining equipment between coal stockpiles or to shop areas. 

2. Coal Mine Haulroads – Roads used to transport coal to stockpiles or dump hopper.  These roads run from the 

top of pit ramps to stockpiles or hopper areas. 

 

Primary roads are constructed to the same standards, whether they are an access road or a haulroad.  The only real 

difference in these roads is their usage and widths.  Since the construction standards are the same for each type of 

road, one typical cross section drawing is provided to cover all Primary Roads.  The typical drawing common to 

both access roads and haulroads is numbered Exhibit 23-1.  Information on individual road segment width is 

provided in Table 23-1.  Routes of travel for which drainage control is otherwise provided, or which will be 

obliterated during the process of mining or reclamation, are not considered either  primary or ancillary roads. 

 

B. Ancillary Roads 

1. Service or inspection roads for power lines and substations. 

2. Environmental Service Roads used for: 

a. Topsoil Stockpiling and Maintenance. 

b. Maintenance of Revegetated Plots. 

c. Air Quality Monitoring Stations. 

d. Hydrologic Sampling Stations; Surface & Ground Water. 

e. 16 Inch Diameter Irrigation Pipeline Access. 

f. Access to Experimental Research Plots. 
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g. Access to ponds and other surface water control structures 

3. Railroad access road used for inspection and maintenance. 

4. Access Road to equipment and parts storage yard. 

5. Access road to vital mine Support Facilities. 

 

Ancillary roads are mostly small vehicle service roads, used infrequently for inspection or monitoring purposes.  

Ancillary roads with in the planned mining area will be removed as part of the normal mining operation and 

reclaimed as part of normal reclamation.  Other ancillary roads will be reclaimed when they are no longer required.  

 

23.1.2 Primary Roads 

The existing roads which are classified as primary roads are shown on Exhibits 10-1 through 10-6. 

 

The existing primary roads were constructed for a maximum service life of anywhere between 5 to 20 years.  Most 

primary roads are generally aligned to accommodate the mining pits and overall strip design layouts.  Generally, 

primary roads are located to facilitate the coal haulage from the pits to the railroad stockpiles. 

 

As shown in Exhibits 10-1 through 10-6 one continuous Primary road is shown traversing through Areas 1, 2, 3 and 

4 North.  This road is the main Primary road with an approximate length of 15 miles.  The point of beginning for the 

road is the North Area facilities, ending at Area 4 North.  There are several turnouts off this road which are also 

considered as Primary roads.  Refer to Table 23-1 for more detail.  

 

23.1.3 Ancillary Roads 

Locations of roads classified as Ancillary are shown in Exhibits 10-1 through 10-6. 

 

Where it is appropriate, most Ancillary roads are located where minimal or no road work is required for 

construction.  Ancillary roads are usually one lane (7 feet to 12 feet) roads with no embankment.  

 

23.1.4 Ancillary Roads Construction 

Ancillary roads will be constructed or reconstructed according to the typical cross-section shown in Exhibit 23-2.  

Approval will not be required prior to construction of any ancillary road.  Instead, the actual alignment of any new 

road will be determined and added to the appropriate exhibit (Exhibit 10-1 through 10-6).  The revised exhibit will 

then be certified and submitted to OSM within 60 days after completion of construction of the ancillary road. 

 

23.2 Primary Road Conditions 

Refer to Exhibit 23-1, Exhibit 23-2, and Exhibit 23-3 (Area 3 Main Access Road) for Primary Road Typical Cross 

Sections.  Table 23-1 contains information on each of the Primary Road segments. 
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23.2.1 Pinto Haulroad and Pinto Reroute  

This haulroad was built during the early periods of Area I coal mining operations.  The approximate date of Pinto 

Haulroad construction is 1965.  The road is approximately 60 feet in width.  Presently the road is in good condition 

and maintained by periodic blade work and side ditch cleaning. 

 

A portion of the Pinto Haulroad was rerouted in 1989.  The newer section of the road is shown as Pinto Reroute in 

Exhibit 10-2. 

 

At the present time, the road is occasionally used for coal haulage from Pinto Pit.  The majority of the time, 

however, it is used as a major access route to the Area I industrial complex.  The termination of the haulroad is in 

the emergency coal stockpile area.  The road's present sub-grade and surface course condition are excellent.   

 

23.2.2 Doby Haulroad 

The Doby Haulroad was built in 1970 and was used at that time primarily to mine the Doby Pit coal.  This road, in 

conjunction with the Pinto Road, was once used for long haul from Doby Pit Ramp #14 to the North Plant. 

 

Presently, the Doby Road is used as a main access road between Yazzie Pit and Pinto Pit.  The roads present sub-

grade and surface course condition are excellent. 

 

23.2.3 Yazzie Skyline Road 

This road was used as a haulroad for the mining of Yazzie Pit coal via ramps 3 and 4.  It is now used as the primary 

access route from the southern portions of the mine to the north facilities.  Equipment and vehicles traveling this 

route continues from the Burn’s Pass road through Yazzie Skyline Road, Doby Road and Pinto Road to the Plant.  

This road is located on regraded spoils the entire length of the road up to the Yazzie "Y" intersection (see Exhibit 

10-3). 

 

The current condition of the road is good to excellent for the sub-grade. 

 

23.2.4 Neck Road 

The Neck Road was constructed in 1978 for access to the Area 3 coal reserves.  After the Neck Road was 

constructed, the Area 3 reserves were developed.   

 

During the next few years, following the opening of Area 3 Coal reserves, this road was primarily used as a dragline 

walk-road.  Also anticipated at the time of construction was eventually placing the railroad through this route.  

However, the railroad roadway was built at a separate location on a later date. 
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The current condition of this road's sub-grade is excellent.  Traffic on this road consists of small vehicles, coal 

trucks, and coal and overburden drills and also provides access to, and along, segments of the main irrigation 

pipeline. 

 

23.2.5 Big Fill Road 

The Big Fill Road begins at Turnout #1 (Exhibits 10-2 and 10-3) on the Doby Road and ends at the Barber Railroad 

Stockpile.  The road was built in 1973 primarily as a railroad access road.  During this period, the Yazzie Skyline 

Road did not join the Hosteen Pit Roads, so the Big Fill Road was the primary access to Hosteen and Barber 

Stockpiles. 

 

The Big Fill Road shares its sub-grade with the railroad roadway.  Thus, the road sub-grade was constructed in 

accordance with "AREA" (American Railway Engineering Associated) sub-grade specifications.  Over the years, a 

surface course of railroad ballast has drifted onto the road by blade work.  This surface course of ballast has greatly 

improved the structural integrity of the road's sub-grade structure.  At the present time, this road is mainly used for 

access purposes only.  For safety reasons, this road is no longer used as a coal haulage road due to its narrow width.  

For emergency hauling situations, this road may be utilized.  Occasionally, an escorted, oversized piece of 

equipment will be trammed or transported on this road to get to the Barber or Hosteen Stockpiles. 

 

23.2.6 Dixon Haulroad 

The Dixon Haulroad begins at the south end of Dixon pit, bends to the west toward the spoils, and then follows the 

regraded area north to the Lowe Coal Stockpile.  The road will be used for truck haulage for coal mining and 

reclamation, and as an access road to south Dixon and eventually to Area 4 North.  The road is designed to Primary 

Road standards per this section.  The road design and location can be found in Exhibits 23-4 and 10-5, respectively.  

The road information is included in Table 23-1.  Hydrology information for culvert design on CP-128 is located in 

Appendix 23.A, with the culvert location on Exhibit 26-6.  The road shall be constructed and maintained as outlined 

in Section 23 – Roads General Performance Standards. 

 

23.2.7 Burn's Pass Road 

The Burn's Pass Road begins at Turnout #2 (shown on Exhibit 10-3) and ends at the intersection with North Hosteen 

Ramp #1. 

 

This road is primarily a maintenance access road to North Hosteen Ramp #1 and the main irrigation line.  The road's 

sub-grade is mostly original ground that has been bladed.  The road is in good condition. 

 

23.2.8 Hosteen Haulroad 

The Hosteen Haul Road serves Hosteen Pit Ramps #1 and #3.  The haulroad is also the continuation of the Burn's 

Pass Road at the top of Ramp #1. 
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This road is used mainly for hauling the Hosteen Pit coal to the railroad stockpile.  The majority of the road is built 

on reclaimed surface and is presently in good condition.  The condition of the existing road sub-grade is excellent 

with no visible failure or deterioration of road surface course.  

 

23.2.9 Ramp 7 Road 

The Ramp 7 Road is an existing mine primary road which has been re-aligned to improve road safety and to 

facilitate reclamation in the area.  The re-aligned Ramp 7 Road is designed to Primary road standards, refer to 

Exhibit 23-5, Exhibit 23-6, and Exhibit 23-7 for design drawings and Appendix 23.B for supporting design data. 

 

23.2.10 Lynch Skyline Haulroad 

This road is a mining haulroad which connects North Barber Ramp #2 with Barber Railroad Stockpile. 

 

The road was built in 1983 by dozers and graders.  The road is presently in good condition.  The road is located on 

regraded spoils to more closely accommodate the spoil Ramp #2 location and the mining of coal seams #7 and #8. 

 

23.2.11 Coal Plant Road 

The Coal Plant Road is located at the North Industrial Complex.  The function of the road is to provide access from 

the eastern side of the North Industrial Complex to the Coal Plant.  The road will be used primarily by Coal Plant 

personnel and equipment.  The road was redesigned as a Primary road per the requirements of Section 11.5.6.1 of 

the PAP, and meets the performance standards of 30 CFR Part 816.151.  The length of the road is approximately 

3,300 feet.  The average width of the road is 40 feet  Road design and cross-sections are shown in Exhibit 23-9 

(Sheet 1, Sheet 2, Sheet 3, and Sheet 4).  The road’s maximum and minimum elevations are 5,349 feet and 5,335 

feet, respectively. 

 

The Plant Road watershed is approximately 3.8 acres.  All surface runoff from the Plant Road will drain as sheet 

flow down the sides of the road.  Flow from station 0 to 21.5 and 21.5 to 38, will be captured by Pond 5 and Cell A2 

respectively (see Exhibit 26-1). 

 

23.2.12 Yazzie Spoil Side Road 

This road connects Yazzie Pit activities with the Yazzie Skyline Road.  Yazzie Spoil Side road is used for coal 

haulage, pit access, reclamation haulage, access around the east end of the pit, and power line access.  The location 

of the road is shown on Exhibit 10-3 and the design is shown on Exhibit 23-10.  Road information can be found on 

Table 23-1.  Yazzie Spoil Side road contains two culverts (shown on Exhibit 10-5) the Sedcad for these pipes can be 

found in Appendix 23.A.  The road is constructed and maintained as outlined in Section 23.5.4 Roads General 

Performance Standards . 
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23.2.13 Area 3 Access Roads 

Main Access Road was constructed in 1992 and provides small vehicle paved access to the Area 3 Facilities from 

the east.  This 0.86 mile paved road connects the Area 3 Facilities to BIA Road N4104.  The road is maintained and 

in excellent condition.  As required under the Grant of Easement for Right-of-Way, this road will be operated and 

maintained under the stipulations therein (see Part 1 Section 6). 

 

23.2.14 Employee Coal Dump Access Road 

The Employee Coal Dump Access Road will be used to facilitate the Area 3 employee coal dump.  The road 

alleviates the safety concerns associated with the current traffic pattern.  The road is designed to the Primary Road 

standards per Section 11.5.6.1 of the PAP and 30 CFR 816.151.  The general road design can be found on Exhibit 

23-11.  The typical road cross section and location can be found in Exhibit 23-1 and Exhibit 10-4, respectively.  The 

road information is included in Table 23-1.  For hydrology information on the added watershed to the Area 3 

Employee Coal Dump, refer to Appendix 22.A and Exhibit 26-11.  The road shall be constructed and maintained as 

outlined in Section 23 Roads General Performance Standards. 

 

23.2.15 Mason Road  

Mason Road commences at Turnout #5 (shown on Exhibit 10-4) near the north end of the Neck Road.  This road 

was built in 1980 for access to Mason and Barber Pit Ramps.  In 1998, NTEC formerly known as BHP submitted to 

OSM, a modification to widen the Mason Road to a width of 70 feet to facilitate coal haul from the new Barber 

Ramp 6 to Barber Stockpile. Barber Ramp 6 is no longer active but the road has been left in place to facilitate other 

mine operations 

 

23.2.16 Barber Haulroad 

The Mason Road turns into Barber Haulroad serving Ramp 5 and the Barber Stockpile area. Barber Ramp 5 is no 

longer active but the road has been left in place to facilitate other mine operations 

 

In 1997, NTEC formerly known as BHP submitted to OSM, a modification to widen the Barber Haulroad to the 

width of 50 ft. to eliminate safety concerns associated with road width.  The modification of Barber Haulroad 

included widening a 2,796 ft. section from the end of Mason Road to the intersection of Ramp No. 5.  A culvert 

(CP-119) was installed to provide adequate drainage for the road. 

 

In 2012, NTEC formerly known as BHP submitted to OSM, a modification to realign the Barber Haulroad to meet at 

a 90 degree intersection with the Barber By-pass Road, at Barber Stockpile. This modification improves sight 

distance at this intersection and better controls traffic flow. A culvert (CP-324) was also installed to provide 

adequate drainage through the new alignment.  
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23.2.17 Block B Access Road 

This road connects with the Hosteen Yazzie Haulroad at the north end and terminates at the Area 3 facilities.  The 

Block B Access Road is used for pre-strip material haulage, access to Hosteen and Yazzie Pit, and power line 

access.  In 2004 the final strip in Barber Pit disturbed the Block B Access Road, the layback of the highwall has 

narrowed up the road significantly in some reaches.  The road will be reconstructed to facilitate the haulage of pre-

strip material from Hosteen Pit to South Barber Pit.  The reconstruction requires backfilling portion of the pit along 

the highwall to obtain the road width required.  The design for the reconstruction of the road is presented on Exhibit 

23-12 (Sheet 1, Sheet 2, and Sheet 3).  The location of the road is shown on Exhibit 10-4.  The road is constructed 

and maintained as outlined in Section 23.5 – Roads General Performance Standards. 

 

23.2.18 Lowe Bypass Road 

The Lowe Bypass Road is located in the southwestern Lowe Pit area near the Lowe Stockpile. It was constructed in 

1994 as an ancillary road for light vehicles to obtain access to Dixon Pit, Lowe Stockpile, and the southern Lowe Pit 

area without using the main haulroads.  The north end of this road ties into Lowe Ramp #2; the southern portion 

crosses South Corridor Road and ties into the Dixon Haulroad (see Exhibit 23-13).  In 1995 the road status was 

changed from Ancillary to Primary. The primary function of this road is an access road for light vehicles. 

 

23.2.19 Lowe Boxcut Road 

The Lowe Boxcut Road is located in the northwestern Lowe area and replaces the northern portion of the current 

Lowe Road (see Exhibits 10-5 and Exhibit 23-14).  The road is classified as a Primary road and is used for access by 

light and heavy vehicle types.  The road offers access to the Neck Road (north of proposed road), the Lowe Coal 

Stockpile area, and Lowe Ramps 1 and 2.  The road was constructed to meet the performance standards noted in 

Section 23.5.4.  Location and design information for this road is available in Exhibits 10-5, and Exhibit 23-14, 

Exhibit 23-15, Exhibit 23-16, Table 23-1; and Appendix 23.C.  The length of the road is 5,402 feet and is 

approximately 70 feet wide.  Other details and as-builts can be obtained from Exhibit 23-14, Exhibit 23-15, Exhibit 

23-16, and Exhibit 23-17 (Sheet 1, Sheet 2, Sheet 3, Sheet 4,and Sheet 5). 

 

23.2.20 Gorman Haulroad 

Gorman Haulroad is located in the North Barber area.  The Gorman Haulroad comes off the Barber Ramp haul 

route, connecting this route with the Barber Coal Stockpile.  The road width will be increased to 70-feet to 

accommodate coal truck traffic.  Exhibit 23-18 shows the design plan/profile and the hydrology information is 

shown in Exhibit 26-87.  The haulroad data is listed in Table 23-1. 

 

The design to widen this road has been approved by the Regulatory Authority, but the field construction has not 

commenced.  The design was submitted in the anticipation of hauling coal between Barber and Hosteen Coal 

Stockpiles.  In the event that this need should arise in the future, Navajo Mine proposes to retain the approved 

design discussion for future construction. 
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23.2.21 Hosteen Yazzie Haulroad 

The Hosteen Yazzie Haulroad will be used to facilitate the Area 2 pre-stripping activities in the North Barber and 

Hosteen Yazzie Pits.  The primary function of the road shall serve as a truck haulage road.  The road is designed to 

Primary Road standards per Section 23.5 of the PAP and 30 CFR 816.151.  The road design and as-builts can be 

found in Exhibit 23-19 and Exhibit 23-20 and Exhibit 10-3.  The road information is included in Table 23-1, Section 

23.5.  For hydrology information on culvert designs CP-129 through CP-149 (excluding CP-135, 140, and 147), 

refer to Appendix 23.A and Exhibit 26-3.  The road was constructed and will be maintained as outlined in Section 

23.5 Roads General Performance Standards. 

 

23.2.22 Cottonwood Crossing 

The Cottonwood Crossing connects with the south end of the Dixon Haulroad and continues south across the 

Cottonwood Arroyo connecting with the Area 4 North East and West Perimeter Roads.  This road serves as the 

primary access to the mining activities in Area 4 North.  The Cottonwood Crossing is used for coal haulage, pit 

access, and power line access.  The location of the crossing is shown on Exhibit 10-6 and the detail designs are 

presented in Appendix 23.D.  Only the detail civil drawings and the hydraulic analysis of the box culverts and 

spillway are included in Appendix 23.D.  The structural and geotechnical detail engineering data and drawings were 

not included in Appendix 23.D. This information however can be made available upon request.  The road is 

constructed and maintained as outlined in Section 23.5 – Roads General Performance Standards. 

 

23.2.23 Area 4 North West Perimeter Road 

This road connects with the Cottonwood crossing and bends around the west end of the Area 4 North pit.  This road 

intersects with the ramps coming out the Area 4 North pit.  The West Perimeter Road is used for coal haulage, pit 

access, access around the west end of the pit, and power line access.  The location of the road is shown on Exhibit 

10-6 and the design is shown on Exhibit 23-21 (Sheet 1, Sheet 2, and Sheet 3).  Road information can be found on 

Table 23-1.  The road is constructed and maintained as outlined in Section 23.5 Roads General Performance 

Standards.  Slope stability analysis for the road embankments have been completed, see Appendix 23.E. 

 

23.2.24 Area 4 North East Perimeter Road 

This road connects with the Cottonwood crossing and bends around the east end of the Area 4 North pit.  This road 

intersects with the ramps coming out the Area 4 North pit.  The East Perimeter Road is used for coal haulage, pit 

access, access around the east end of the pit, and power line access.  The location of the road is shown on Exhibit 

10-6 and the design is shown on Exhibit 23-21 (Sheet 1, Sheet 2, and Sheet 3).  Road information can be found on 

Table 23-1.  The road is constructed and maintained as outlined in Section 23.5 – Roads General Performance 

Standards.  Slope stability analysis for the road embankments have been completed, see Appendix 23.E. 
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23.2.25 Area 3 By-pass Road 

Exhibit 10-4 shows the Area 3 By-pass Road is located west of the Area 3 Facility Complex. In order to facilitate 

the uninterrupted mining of the remaining South Barber strips, a single reroute around the remaining mining strips 

was constructed in December 1994. Design parameters for this road are located on Exhibit 11-90 and Table 23-1. 

 

Typical traffic will consist of pickup trucks and passenger vehicles using the road for pit access. Other traffic will 

include: 1) one-ton service trucks, 2) large mining equipment traveling to/from the maintenance shop or low boy 

delivery of dozers, drills, and dragline buckets, 3) forty-ton fuel and lube trucks, and 4) special delivery to the north 

area of the mine. 

 

23.2.26 Dixon By-Pass Road 
Exhibit 26-90 shows the Dixon By-Pass Road which begins at the South Corridor Road and continues south to the 

Dixon Haul Road. This road intersects two roads to the west – the Dixon Ramp 2 Road (see Exhibit 26-91 and the 

Power Line Road (ancillary). This road provides access to two ramps to the east – Dixon Ramp 2 and Dixon Ramp 

3. The Dixon By-Pass Road is to be used primarily by light vehicles, haulage trucks, and maintenance equipment.  

The road provides convenient access between the Dixon ramps. 

 

23.2.27 Dixon Ramp-2 Road 

The Dixon Ramp-2 Road stretches from Dixon Haul Road on the west end to Dixon By-Pass Road on the east end.  

This road was originally a ramp but as the Dixon pit advanced to the east, the ramp was reclassified as a primary 

road. Exhibit 26.91 shows the Dixon Ramp-2 Road. The primary function of this road is to accommodate haulage 

trucks from the Dixon pit to the Lowe Coal Stockpile. 

 

23.2.28 North and South Corridor Roads 

The North and South Corridor Roads are shown in Exhibit 26.89. North Corridor Road is a light vehicle access road.  

South Corridor Road is primarily a haulage road.  Both roads were originally ramps but with the advance of the 

Lowe and Dixon pits, the roads were reclassified from ramp status to primary road status. These roads begin in the 

west at Lowe By-Pass Road and continue east to the Lowe and Dixon pits. They are intersected by the West 

Corridor By-Pass Road which connects the two roads.  The South Corridor Road is also intersected by the Dixon 

By-Pass Road. 

 

23.3 Ancillary Road Conditions 

Ancillary roads are either:  a two track road, or a well maintained road (see Exhibit 23-2 for Typical Cross-

Sections). These roads are used periodically to: 

 

1. service and/or inspect the powerlines, 

2. service and/or inspect the railroad tracks, 
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3. obtain access to survey control points, 

4. transport various equipment or parts, 

5. obtain access to monitoring stations (i.e., air and water sites), 

6. service and operate the irrigation system, 

7. obtain access to reclaimed areas, 

8. obtain access to stockpiles (either to inspect or to commence reclamation operations), 

9. obtain access to equipment and parts storage yard, 

10. obtain access to research plots, and  

11. service and/or maintain the potable water system. 

 

Some roads which are established during topsoil stockpiling operations remain until the stockpile is depleted.  These 

roads are not serviced unless it is needed during stockpile idle periods. 

 

Air Quality monitoring station roads are one-lane roads, which are used on a weekly basis.  The monitoring sites are 

shown on Exhibit 12-1 and discussion is also in Section 42 – Monitoring, Maintenance, Inspections and 

Examinations.  Hydrologic sampling stations roads are also one-lane roads, which are used on a weekly basis. 

 

The irrigation pipeline access roads parallel the pipeline where no other means of access is available.  Typically, the 

road traffic is traveled during the spring and summer month’s irrigation season.  Very little blading is usually 

conducted on these roads due to the small amount of traffic. 

 

23.4 Protection of Fish, Wildlife, their Habitat and Related Environmental Values 

Roads and railroads will be located and constructed in such a manner to minimize the impact to fish and wildlife 

habitat and related environmental values, as outlined in Section 16 – Fish and Wildlife.  This program to minimize 

or prevent impacts to wildlife during operation of the mine (including road location and construction) includes: 

 

1. Limiting the amount of vegetation and topography disturbed to only that necessary to conduct mining, 

2. Designing facilities to prevent mortality of raptors, and 

3. Monitoring important wildlife habitats so appropriate plans can be developed and implemented to avoid 

significant undesirable impact. 

 

23.5 Construction 

All roads are built with minimization of embankment fill materials.  Where fills are required, the nearest road cut 

material is used until the desired material balance is achieved.  The compaction of road surfaces is achieved by 

repetitive travel of water trucks, scrapers, compactors, and dozers during construction. 
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23.5.1 Primary Road Construction Dates 

Table 23-1 presents the approximate construction dates of the Primary roads. 
 

23.5.2 Primary Roads Surfacing 

Depending upon site specific conditions such as geomorphological factors, material availability, and economics, 

present Primary Roads are commonly surfaced with one or more of the following: 

 

1. Compacted shale, silty clay, and sandy silt, 

2. Compacted gravel or crushed stone, 

3. Asphalt coating in some areas, 

4. Aggregate red dog (scoria). 

 

All road surfacing materials are non-toxic and non-acid forming.  Also see Section 14 – Soils. 

 

23.5.3 Primary Road Safety Controls 

To better facilitate and optimize road safety in accordance with the mine’s safety program, NTEC will utilize 

separation barriers on the road surface of primary roads to improve on safety conditions for the interaction of light 

vehicles and surface mobile equipment. These separation barriers shall be installed within the running surface of the 

roadway and will not inhibit the roads performance standard. The separation barriers may be temporary or 

permanent, based on the mines operational needs. These separation barriers may include one, or a combination, of 

the following safety features. 

• Reflectors, 

• Berms, 

• Barriers, 

• Bollards, 

• Barricades, 

• Gates, 

• Guardrails, 

• Barrels. 

 

23.5.4 Road Maintenance 

Routine road maintenance will consist of surface repairs; blading of side ditches and roadway surfaces; application 

of water and chemical road stabilizers; maintaining drainage control structures to standards of engineered design; 

and maintaining safety berms.  Periodic inspections will be conducted to insure proper maintenance and safe 

operating conditions. 

 

23.5.5 Roads General Performance Standards 

23.1.1.1 Primary Roads Dust Control 

Fugitive dust control measures of Primary roads are outlined in Section 40 – Probable Hydrologic Consequences. 

 

23.5.5.1 Ancillary Roads Dust Control 

Ancillary roads are usually not treated or watered. 

 

References 
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Table 23-1  Primary Road Segments 

 

Road Areas Length 
(feet) 

Width 
(feet) 

Grade 
(%) 

Surface 
Material 

Use Area 
(acres) 

Constr. 
Date 

Anticipated 
Removal 
Date 

Located 
on 
Exhibit 

References 

Area 3 By-Pass Road 3,970 70 0-4% Gravel/Dirt Access/Haul 6.37 1982 2019 10-1 Exhibit 23-22 - A3 By-Pass Rd. Design 
Area 3 Main Access Road 5,160 60 0-4% Pavement Access 7.09 1982 2019 10-1 Exhibit 23-3,  23-37 (3 sheets), 23-38 - A3 Main Access Rd. 

Design 
Barber By-Pass Road 7,355 70 0-6% Gravel/Dirt Access/Haul 11.82 2003 2019 10-1 Exhibit 23-23 (3 sheets) & Exhibit 23-23 (3 sheets) As-built 

folder - Barber By-Pass Rd. Design 
Barber Haulroad 11,000 60 0-6% Dirt Haul 15.12 1978 2019 10-1 Exhibit 23-41 - Barber Haulroad Modification Design 

Barber Hosteen By-Pass (Gorman 
Road) 

4,850 70 0-6% Dirt Access 7.78 1978 2019 10-6, 
10-1 

Exhibit 23-18 - Gorman Rd. As-Built 

Big Fill Road 19,450 60 0-5% Gravel/Dirt Access 26.74 1973 2019 10-6 Typical shown on Exhibit 23-1 - Pre-Law Rd. No Design or As-
Built 

Block B Access Road 13,220 60 0-4% Gravel/Dirt Access 18.17 1992 2019 10-1 Exhibit 23-12 (3 sheets)  - Block B Rd. Modification Design 
Burn's Pass Road 2,980 70 0-7% Dirt Access/Haul 4.78 1977 2019 10-6 Exhibit 23-24 - Burns Pass Rd. Design  
Coal Plant Road 3,780 40 0-8% Gravel/Dirt Access 3.46 1996 2019 10-5 Exhibit 23-9 (4 sheets) - A1 Coal Plant Rd. As-Built 
Dixon Haul Road 10,039 70 0-4% Gravel/Dirt Access/Haul 16.13 1999 2019 10-2 Exhibit 23-4 & 23-40 - Dixon Haulroad Design 
Doby Road 6,175 60 0-5% Gravel/Dirt Access 8.49 1970 2019 10-5 Exhibit 11-55 & 111-55A -C - Doby/Pinto Re-Route Haulroad 

As-Built folder 
Hosteen Haulroad 7,000 60 0-6% Dirt Haul 9.62 1977 2019 10-6 Exhibit 23-35 (3 sheets) -  Hosteen Rd. Design 

Hosteen Yazzie Haulroad 11,700 60 0-5% Dirt Haul 16.08 2000 2019 10-1 Exhibit 23-19 & 23-20 - Hosteen/Yazzie Rd. Re-Alignment 
Design 

Lowe Boxcut Road 5,720 70 0-6% Gravel/Dirt Access 9.17 1996 2019 10-1 Exhibit 23-14, 23-15 & 23-16 - Lowe Boxcut Rd. Design 
Lowe By-Pass Road 5,910 30 0-6% Gravel/Dirt Access 4.06 1994 2019 10-2 Exhibit 23-13 - Lowe By-Pass Rd. Modification Design 

Lynch Skyline 2,050 65 1-6% Dirt Access 3.05 1983 2019 10-6,  
10-1 

Exhibit 23-23 - A2 Lynch Skyline Rd. As-Built folder 

Mason Road 5,225 70 0-2% Dirt Access/Haul 8.38 1980 2019 10-1 Exhibit 23-27 (3 Sheets) - A2 Mason Haulroad As-Built  
Neck Road 8,500 120 0-6% Gravel/Dirt Access 23.37 1978 2019 10-5 Exhibit 11-93 - Area 3 Neck Haulroad As-Built folder(3 Sheets) 

 

Table 23-1 
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Table 23-1  (Continued) 

Road Areas Length 
(feet) 

Width 
(feet) 

Grade 
(%) 

Surface 
Material 

Use Area 
(acres) 

Constr. 
Date 

Anticipated 
Removal 
Date 

Located 
on 
Exhibit 

References 

Pinto Reroute 4,500 70 0-5% Gravel/Dirt Access 7.22 1989 2019 10-5 Exhibit 11-55 & 11-55A -C - Doby/Pinto Re-Route Haulroad 
As-Built folder 

Pinto Road 5,500 60 0-5% Gravel/Dirt Access/Haul 7.56 1965 2019 10-5 Typical shown on Exhibit 23-1 - Pre-Law Rd. No Design or 
As-Built 

Re-Aligned Ramp 7 Road 5,225 30 0-6% Gravel/Dirt Access 3.59 1998 2019 10-5 Exhibit 11-119 & 11-119A & B - Ramp 7 Rd. Re-Alignment 
Design 

Yazzie Skyline Road 6,450 65 0-7% Dirt Access 9.60 1970 2019 10-6 Exhibit 11-56 & 11-56A & 11-56B - Yazzie Skyline Rd. As-
Built folder 

Yazzie Spoil Side Road 3,450 70 0-4% Dirt Access/Haul 5.53 2004 2019 10-6 Exhibit 23-9 - Yazzie Spoil Side Rd. Design 
Lowe Ramp-2 Haulroad 687 70 4% Dirt Access/Haul 1.40 2008 2019 10-2 Exhibit 23-32  - Lowe Ramp 2 Haulroad As-Built 
Dixon Ramp-2 Haulroad 4,472 85 0-5% Dirt Access/Haul 8.73 2008 2019 10-2 Exhibit 26-91 -  Dixon Ramp -2 Haulroad Design 
Cottonwood Crossing Road 1,250 120 0-3% Gravel/Dirt Access/Haul 3.40 2009 2019 10-7 As-built shown in Appendix 23.D 
Area 4N Perimeter Haulroad (East 
segment) 

2,200 120 0-1% Gravel/Dirt Access/Haul 6.05 2009 2019 10-7 Exhibit 23-21 (5 Sheets) - A4N East & West Perimeter Rd. 
Design  

Area 4N Perimeter Haulroad (West 
segment) 

4,388 120 0-4% Gravel/Dirt Access/Haul 12.06 2009 2019 10-7 Exhibit 23-21 (5 Sheets) - A4N East & West Perimeter Rd. 
Design  

North Corridor Road 4,007 40 0-2% Dirt Access 3.68 2013 2019 10-2 Exhibit 26-89 - North Corridor Rd. Design 

South Corridor Road 4,081 85 0-2% Dirt Access/Haul 7.96 2013 2019 10-2 Exhibit 26-89 - South Corridor Rd. Design 

Dixon By-Pass Road 7,738 85 0-6% Dirt Access/Haul 15.10 2013 2019 10-2 Exhibit 26-90 (2 sheets)  - Dixon By-Pass Rd. Design 

West Corridor By-Pass Road 753 40 0-4% Dirt Access 0.69 2013 2019 10-2 Exhibit 26-89 - West Corridor By-Pass Rd. Design 

North Facilities Access Road 5,951 55 0-2% Dirt Access/Haul 7.51 2013 2019 10-5 Exhibit 11-155 (3 Sheets) - North Facilities Access Rd. As-
Built folder  

Total Length/Area Primary Roads 
[miles/acres] 

36.9         299.8         
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SCALE: 1" = 500' 

SCALE: 1 '' - 1 00' 

CERTIFICATION STAiEMENT 

NOTES: 

1. REFER EXHIBIT 11-132 FOR DESIGN 

POND INFORMATION. Removed Revision 1118 dated 9/8/2011
2. FOR POND WATERSHED REFER 

EXHIBIT 26-11.
3. FOR ROAD INFORMATION 

REFER EXHIBIT 10-1. 
4. 

SEE APPENDIX 26.C FOR 

SUPPORTING DESIGN DATA. 

5. FOR TYPICAL ROAD SECTION REFER 

EXHIBIT 23.1.

I. Leonard Raymond, hereby certify that this drawing 
was reviewed by me and that the information shown is 
accurate and complete to the best of my knowledge. 
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Lowe Silos Access Road
Culvert CP-45

The watershed area for the culvert are shown on Exhibit 11-12E.

RYazzie

BHP Navajo Coal Company

Fruitland, NM 87416

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 1

hartkl
Typewritten Text
1200



General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 2

hartkl
Typewritten Text
1201



Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Culvert #1 ==> End 0.000 0.000 CULVERT CP-45

#1

Culvert

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 3

hartkl
Typewritten Text
1202



Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 219.670 219.670 18.42 2.40

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 4

hartkl
Typewritten Text
1203



Structure Detail:
Structure #1 (Culvert)

     CULVERT CP-45

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater
(ft)

Entrance
Loss Coef.

(Ke)

76.00 1.04 0.0150 4.00 0.00 0.90

   Culvert Results:

Design Discharge = 18.42 cfs

Minimum pipe diameter: 1 - 21 inch pipe(s) required

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 5

hartkl
Typewritten Text
1204



Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 219.670 1.049 0.000 0.000 80.000 M 18.42 2.404

 219.670 18.42 2.404

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 0.96 6.00 625.00 0.970 0.178

8. Large gullies, diversions, and low
flowing streams 0.81 68.30 8,442.52 2.690 0.871

#1 1 Time of Concentration: 1.049

Filename: Culvert CP-45_Rev June2013.sc4 Printed 06-03-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 6
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CULVERT (Barber Haul Rd and Barber By-
pass Road Intersection)

CULVERT (CP-324)

R. Yazzie

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 1



General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 2



Structure Networking:
Type Stru # (flows

into)
Stru # Musk. K

(hrs)
 Musk. X Description

Culvert #1 ==> End 0.000 0.000 CP-324

#1

Culvert

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 3



Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 42.000 42.000 10.41 0.48

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 4



Structure Detail:
Structure #1 (Culvert)

     CP-324

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater (ft)
Entrance

Loss Coef.
(Ke)

110.00 0.60 0.0150 3.25 0.00 0.90

   Culvert Results:

Design Discharge = 10.41 cfs

Minimum pipe diameter: 1 - 18 inch pipe(s) required

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 5



Subwatershed Hydrology Detail:

Stru #
SWS

#
SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 42.000 0.202 0.000 0.000 79.000 M 10.41 0.481

 42.000 10.41 0.481

Subwatershed Time of Concentration Details:
Stru # SWS

#
Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity (fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans

11.25 11.40 101.34 3.350 0.008

8. Large gullies, diversions, and low
flowing streams

3.26 123.70 3,789.71 5.420 0.194

#1 1 Time of Concentration: 0.202

Filename: BARBER HAULROAD CP-124.sc4 Printed 01-27-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 6



Navajo Mine Area 3 Light Vehicle Traffic
& Pedestrian Seperation

10-YR 6-HR STORM

Culvert CP-25, CP-26, & CP-27

See Exhibit 11-12D-1 for location and watershed delineation.The
HY8 software was utilized to size the culverts, HY8 reports are

attach.

GEOMAT Inc.

915 Malta Avenue

Farmington, NM 87401

Phone:  (505) 327-7928

Filename: CULVERT CP 25,26,27.sc4 Printed 06-14-2012

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 1

1322



General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches

Filename: CULVERT CP 25,26,27.sc4 Printed 06-14-2012

SEDCAD 4 for Windows
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Structure Networking:
Type Stru #

(flows

into)
Stru #

Musk. K

(hrs)
 Musk. X Description

Null #1 ==> #2 0.000 0.000 CULVERT CP-27

Null #2 ==> #3 0.000 0.000 CULVERT CP-26

Null #3 ==> End 0.000 0.000 CULVERT CP-25

�
#1

Null

�
#2

Null

#3

Null
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Structure Summary:
Immediate

Contributing Area

(ac)

Total

Contributing Area

(ac)

Peak

Discharge

(cfs)

Total Runoff

Volume

(ac-ft)

#1 0.910 0.910 1.61 0.08

#2 0.920 1.830 3.23 0.15

#3 1.400 3.230 5.70 0.27
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Structure Detail:

Structure #1 (Null)

     CULVERT CP-27

Structure #2 (Null)

     CULVERT CP-26

Structure #3 (Null)

     CULVERT CP-25
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Subwatershed Hydrology Detail:

Stru #
SWS

#

SWS Area

(ac)

Time of Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff Volume

(ac-ft)

#1 1 0.910 0.034 0.000 0.000 98.000 F 1.61 0.077

ΣΣΣΣ 0.910 1.61 0.077

#2 1 0.920 0.035 0.000 0.000 98.000 F 1.62 0.078

ΣΣΣΣ 1.830 3.23 0.154

#3 1 1.400 0.035 0.000 0.000 98.000 F 2.47 0.118

ΣΣΣΣ 3.230 5.70 0.272

Subwatershed Time of Concentration Details:

Stru #
SWS

#
Land Flow Condition Slope (%)

Vert. Dist.

(ft)

Horiz. Dist.

(ft)
Velocity (fps) Time (hrs)

#1 1 7. Paved area and small upland gullies 2.23 8.35 373.79 3.000 0.034

#1 1 Time of Concentration: 0.034

#2 1 7. Paved area and small upland gullies 2.33 9.27 397.29 3.070 0.035

#2 1 Time of Concentration: 0.035

#3 1 7. Paved area and small upland gullies 2.47 9.97 404.00 3.160 0.035

#3 1 Time of Concentration: 0.035
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 Navajo Mine Area 3 Light Vehicle
Traffic & Pedestrian Seperation Project

10-YR 6-HR STORM

CULVERT CP-28 AND CHANNEL A, B & C

See Exhibit 11-12D-1 for location and watershed delineation.
The HY8 software was utilized to size the culvert, HY8 reports

are attach.

GEOMAT Inc.

915 Malta Avenue

Farmington, NM 87401

Phone:  (505) 327-7928
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General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches
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Structure Networking:

Type Stru #
(flows

into)
Stru #

Musk. K

(hrs)
 Musk. X Description

Channel #1 ==> #4 0.000 0.000 CHANNEL A

Channel #2 ==> #4 0.000 0.000 CHANNEL B

Channel #3 ==> #4 0.000 0.000 CHANNEL C

Null #4 ==> End 0.000 0.000 CULVERT CP-28

�
#3

Chan'l

�
#2

Chan'l

�
#1

Chan'l

#4

Null
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Structure Summary:
Immediate
Contributing

Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#3 3.180 3.180 2.38 0.08

#2 2.140 2.140 1.16 0.03

#1 1.200 1.200 1.31 0.05

#4 0.000 6.520 4.84 0.16
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Structure Detail:

Structure #3 (Erodible Channel)

     CHANNEL C

   Triangular Erodible Channel Inputs:

Material: Graded loam to cobbles when noncolloidal

Left
Sideslope
Ratio

Right
Sideslope
Ratio

Slope (%) Manning's n
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x (VxD)

Limiting
Velocity (fps)

4.0:1 2.0:1 3.0 0.0300 0.30 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 2.38 cfs

Depth: 0.49 ft 0.79 ft

Top Width: 2.96 ft 4.76 ft

Velocity: 3.26 fps

X-Section Area: 0.73 sq ft

Hydraulic Radius: 0.234 ft

Froude Number: 1.16

Structure #2 (Riprap Channel)

     CHANNEL B

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom

Width (ft)

Left

Sideslope
Ratio

Right

Sideslope
Ratio

Slope (%)
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x (VxD)

3.00 3.0:1 3.0:1 50.0 0.30

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 1.16 cfs

Depth: 0.04 ft 0.34 ft

Top Width: 3.21 ft 5.01 ft

Velocity*:

X-Section Area: 0.11 sq ft
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w/o Freeboard w/ Freeboard

Hydraulic Radius: 0.034 ft

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     CHANNEL A

   Trapezoidal  Erodible Channel Inputs:

Material: Graded loam to cobbles when noncolloidal

Bottom
Width (ft)

Left
Sideslope
Ratio

Right
Sideslope
Ratio

Slope (%) Manning's n
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x (VxD)

Limiting
Velocity (fps)

3.00 4.0:1 4.0:1 0.5 0.0300 0.30 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 1.31 cfs

Depth: 0.26 ft 0.56 ft

Top Width: 5.11 ft 7.51 ft

Velocity: 1.23 fps

X-Section Area: 1.07 sq ft

Hydraulic Radius: 0.206 ft

Froude Number: 0.47

Structure #4 (Null)

     CULVERT CP-28
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Subwatershed Hydrology Detail:

Stru #
SWS
#

SWS Area

(ac)

Time of Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#3 1 0.540 0.010 0.000 0.000 98.000 F 0.95 0.045

2 2.640 0.055 0.000 0.000 80.000 M 1.43 0.036

ΣΣΣΣ 3.180 2.38 0.082

#2 1 2.140 0.027 0.000 0.000 80.000 M 1.16 0.029

ΣΣΣΣ 2.140 1.16 0.029

#1 1 0.540 0.006 0.000 0.000 98.000 F 0.95 0.045

2 0.660 0.028 0.000 0.000 80.000 M 0.36 0.008

ΣΣΣΣ 1.200 1.31 0.054

#4 ΣΣΣΣ 6.520 4.84 0.164

Subwatershed Time of Concentration Details:

Stru #
SWS
#

Land Flow Condition Slope (%)
Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity (fps) Time (hrs)

#1 1 7. Paved area and small upland gullies 1.13 0.58 51.40 2.130 0.006

#1 1 Time of Concentration: 0.006

#1 2
8. Large gullies, diversions, and low
flowing streams

4.06 25.50 627.50 6.040 0.028

#1 2 Time of Concentration: 0.028

#2 1
8. Large gullies, diversions, and low
flowing streams

5.83 42.50 729.11 7.240 0.027

#2 1 Time of Concentration: 0.027

#3 1 7. Paved area and small upland gullies 1.22 1.00 82.00 2.220 0.010

#3 1 Time of Concentration: 0.010

#3 2
8. Large gullies, diversions, and low
flowing streams

3.60 40.50 1,126.34 5.680 0.055

#3 2 Time of Concentration: 0.055
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Navajo Mine Area 3 Light Vehicle Traffic
& Pedestrian Seperation Project

CHANNEL D & E

See Exhibit 11-12D-1 for location and watershed delineation.

GEOMAT Inc.

915 Malta Avenue

Farmington, NM 87401

Phone:  (505) 327-7928
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General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches
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Structure Networking:
Type Stru #

(flows

into)
Stru #

Musk. K

(hrs)
 Musk. X Description

Channel #1 ==> #2 0.000 0.000 CHANNEL D

Channel #2 ==> End 0.000 0.000 CHANNEL E

�
#1

Chan'l

#2

Chan'l
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Structure Summary:
Immediate

Contributing Area

(ac)

Total

Contributing Area

(ac)

Peak

Discharge

(cfs)

Total Runoff

Volume

(ac-ft)

#1 1.950 1.950 1.05 0.03

#2 0.000 1.950 1.05 0.03
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Structure Detail:

Structure #1 (Riprap Channel)

     CHANNEL D

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom Width

(ft)

Left

Sideslope

Ratio

Right

Sideslope

Ratio

Slope (%)
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x (VxD)

3.00 3.0:1 3.0:1 50.0 0.30

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 1.05 cfs

Depth: 0.03 ft 0.33 ft

Top Width: 3.21 ft 5.01 ft

Velocity*:

X-Section Area: 0.11 sq ft

Hydraulic Radius: 0.033 ft

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Erodible Channel)

     CHANNEL E

   Trapezoidal  Erodible Channel Inputs:

Material: Graded loam to cobbles when noncolloidal

Bottom Width

(ft)

Left

Sideslope

Ratio

Right

Sideslope

Ratio

Slope (%) Manning's n
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x (VxD)

Limiting

Velocity (fps)

3.00 4.0:1 2.0:1 3.3 0.0300 0.30 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 1.05 cfs

Depth: 0.14 ft 0.44 ft
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w/o Freeboard w/ Freeboard

Top Width: 3.83 ft 5.63 ft

Velocity: 2.23 fps

X-Section Area: 0.47 sq ft

Hydraulic Radius: 0.122 ft

Froude Number: 1.12
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Subwatershed Hydrology Detail:

Stru #
SWS

#

SWS Area

(ac)

Time of Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff Volume

(ac-ft)

#1 1 1.950 0.023 0.000 0.000 80.000 M 1.05 0.027

ΣΣΣΣ 1.950 1.05 0.027

#2 ΣΣΣΣ 1.950 1.05 0.027

Subwatershed Time of Concentration Details:

Stru #
SWS

#
Land Flow Condition Slope (%)

Vert. Dist.

(ft)

Horiz. Dist.

(ft)
Velocity (fps) Time (hrs)

#1 1
8. Large gullies, diversions, and low

flowing streams
5.93 37.00 623.75 7.300 0.023

#1 1 Time of Concentration: 0.023
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GILMORE SILOS (AN/HEF)
CULVERT CP-325 & 326

For culvert locations and watersheds refer to Exhibit 11-12E.
The hydrology model is presented on the attach sheet.

LR

BHP Navajo Coal Company
PO Box 1717

Fruitland, NM 87416

Phone:  (505) 598-3317
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General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches
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Structure Networking:
Type Stru # (flows

into) Stru # Musk. K
(hrs)  Musk. X Description

Culvert #1 ==> #2 0.065 0.296 CULVERT CP-325

Culvert #2 ==> End 0.000 0.000 CULVERT CP-326


#1

Culvert

#2

Culvert

Structure Routing Details:
Stru # Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft) Velocity (fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.68 4.00 586.00 2.47 0.065

#1 Muskingum K: 0.065
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 1.510 1.510 2.13 0.08

#2 2.090 3.600 4.97 0.19
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Structure Detail:
Structure #1 (Culvert)

     CULVERT CP-325

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater (ft)
Entrance

Loss Coef.
(Ke)

50.00 1.00 0.0150 2.50 0.00 0.90

   Culvert Results:

Design Discharge = 2.13 cfs

Minimum pipe diameter: 1 - 10 inch pipe(s) required

Structure #2 (Culvert)

     CULVERT CP-326

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater (ft)
Entrance

Loss Coef.
(Ke)

50.00 1.00 0.0150 2.50 0.00 0.90

   Culvert Results:

Design Discharge = 4.97 cfs

Minimum pipe diameter: 1 - 15 inch pipe(s) required
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Subwatershed Hydrology Detail:

Stru # SWS
#

SWS Area

(ac)

Time of Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 1.510 0.075 0.000 0.000 93.000 M 2.13 0.080

 1.510 2.13 0.080

#2 1 2.090 0.071 0.000 0.000 93.000 M 2.95 0.111

 3.600 4.97 0.190

Subwatershed Time of Concentration Details:
Stru # SWS

# Land Flow Condition Slope (%) Vert. Dist.
(ft)

Horiz. Dist.
(ft) Velocity (fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and alluvial
valley fans 8.20 5.00 61.00 2.860 0.005

8. Large gullies, diversions, and low
flowing streams 0.41 2.00 487.00 1.920 0.070

#1 1 Time of Concentration: 0.075

#2 1 5. Nearly bare and untilled, and alluvial
valley fans 3.45 4.00 116.00 1.850 0.017

8. Large gullies, diversions, and low
flowing streams 0.77 4.00 519.00 2.630 0.054

#2 1 Time of Concentration: 0.071
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DIXON RAMP 2 HAULROAD
CULVERT CP-327

The culvert location and watershed are presented on Exhibit 11-
12E.

A schematic of the hydrology model is attached.

CJB

BHP Billiton Navajo Coal Company
P.O. Box 1717

Fruitland, NM 87416
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Pond 310

Channel #2 ==> #1 0.000 0.000 West Channel

Channel #3 ==> #1 0.000 0.000 South Channel

Channel #4 ==> #1 0.000 0.000 East Channel

Channel #5 ==> #1 0.000 0.000 North Channel

Culvert #6 ==> #2 0.000 0.000 CP-171

Culvert #7 ==> #4 0.000 0.000 CP-327


#5

Chan'l


#7

Culvert


#4

Chan'l


#3

Chan'l


#6

Culvert


#2

Chan'l

#1

Null
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#5 24.130 24.130 9.70 0.52

#7 71.130 71.130 13.57 0.79

#4 161.830 232.960 31.94 2.56

#3 34.520 34.520 8.91 0.39

#6 19.480 19.480 12.78 0.57

#2 14.120 33.600 18.23 0.77

#1 6.760 331.970 43.72 4.38
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Structure Detail:
Structure #5 (Riprap Channel)

     North Channel

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

8.00 3.0:1 3.0:1 16.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 9.70 cfs

Depth: 0.12 ft 1.12 ft

Top Width: 8.71 ft 14.71 ft

Velocity*:

X-Section Area: 0.99 sq ft

Hydraulic Radius: 0.114 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #7 (Culvert)

     CP-327

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater
(ft)

Entrance
Loss Coef.

(Ke)

142.00 1.40 0.0150 3.00 0.00 0.90

   Culvert Results:

Design Discharge = 13.57 cfs

Minimum pipe diameter: 1 - 21 inch pipe(s) required
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Structure #4 (Riprap Channel)

     East Channel

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

14.00 3.0:1 3.0:1 17.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 31.94 cfs

Depth: 0.17 ft 1.17 ft

Top Width: 15.05 ft 21.05 ft

Velocity*:

X-Section Area: 2.54 sq ft

Hydraulic Radius: 0.168 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #3 (Riprap Channel)

     South Channel

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

8.00 3.0:1 3.0:1 18.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design
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w/o Freeboard w/ Freeboard

Design Discharge: 8.91 cfs

Depth: 0.10 ft 1.10 ft

Top Width: 8.61 ft 14.61 ft

Velocity*:

X-Section Area: 0.85 sq ft

Hydraulic Radius: 0.098 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #6 (Culvert)

     CP-171

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater
(ft)

Entrance
Loss Coef.

(Ke)

91.00 1.88 0.0150 6.00 0.00 0.90

   Culvert Results:

Design Discharge = 12.78 cfs

Minimum pipe diameter: 1 - 18 inch pipe(s) required

Structure #2 (Riprap Channel)

     West Channel

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

8.00 3.0:1 3.0:1 14.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 18.23 cfs

Depth: 0.21 ft 1.21 ft
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w/o Freeboard w/ Freeboard

Top Width: 9.24 ft 15.24 ft

Velocity*:

X-Section Area: 1.78 sq ft

Hydraulic Radius: 0.192 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Null)

     Pond 310
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#5 1 24.130 0.285 0.000 0.000 86.000 M 9.70 0.519

 24.130 9.70 0.519

#7 1 71.130 0.231 0.300 0.303 80.000 M 15.82 0.786

 71.130 13.57 0.786

#4 1 161.830 0.679 0.000 0.000 80.000 M 18.37 1.773

 232.960 31.94 2.559

#3 1 34.520 0.162 0.000 0.000 80.000 M 8.91 0.386

 34.520 8.91 0.386

#6 1 19.480 0.125 0.028 0.302 89.000 M 12.78 0.574

 19.480 12.78 0.574

#2 1 14.120 0.084 0.000 0.000 80.000 M 7.61 0.194

 33.600 18.23 0.768

#1 1 6.760 0.130 0.000 0.000 86.000 M 3.39 0.148

 331.970 43.72 4.380

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.26 16.00 706.43 1.500 0.130

#1 1 Time of Concentration: 0.130

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 1.64 2.00 122.29 1.270 0.026

8. Large gullies, diversions, and low
flowing streams 3.42 40.00 1,170.72 5.540 0.058

#2 1 Time of Concentration: 0.084

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 3.71 8.00 215.91 1.920 0.031

8. Large gullies, diversions, and low
flowing streams 1.79 34.00 1,896.47 4.010 0.131

#3 1 Time of Concentration: 0.162

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 0.91 11.94 1,308.06 0.950 0.382

8. Large gullies, diversions, and low
flowing streams 0.71 19.35 2,709.32 2.530 0.297
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#4 1 Time of Concentration: 0.679

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 1.15 2.00 173.39 1.070 0.045

8. Large gullies, diversions, and low
flowing streams 0.95 24.00 2,528.44 2.920 0.240

#5 1 Time of Concentration: 0.285

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 3.82 10.00 261.87 1.950 0.037

8. Large gullies, diversions, and low
flowing streams 2.14 30.00 1,399.05 4.390 0.088

#6 1 Time of Concentration: 0.125

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 0.79 2.50 315.05 0.890 0.098

8. Large gullies, diversions, and low
flowing streams 1.84 36.00 1,956.41 4.060 0.133

#7 1 Time of Concentration: 0.231

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#6 1 8. Large gullies, diversions, and low
flowing streams 0.75 2.00 266.31 2.590 0.028

#6 1 Muskingum K: 0.028

#7 1 8. Large gullies, diversions, and low
flowing streams 0.76 21.50 2,826.34 2.610 0.300

#7 1 Muskingum K: 0.300
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DIXON BYPASS ROAD
CULVERT CP-328

The culvert location and watershed area are presented on Exhibit
11-12E.

CJB

BHB Billiton Navajo Coal Company
P.O. Box 1717

Fruitland, NM 87416
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General Information

Storm Information:
Storm Type: NM TYPE II 70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.230 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Culvert #1 ==> End 0.000 0.000 CP-328

#1

Culvert
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 81.660 81.660 11.25 0.90

Filename: CP_328_Revised05Nov2013.sc4 Printed 11-05-2013

SEDCAD 4 for Windows
Copyright 1998 -2010 Pamela J. Schwab
Civil Software Design, LLC 4

melevm
Typewritten Text
1384



Structure Detail:
Structure #1 (Culvert)

     CP-328

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max.

Headwater
(ft)

Tailwater
(ft)

Entrance
Loss Coef.

(Ke)

142.00 0.50 0.0150 4.30 0.00 0.90

   Culvert Results:

Design Discharge = 11.25 cfs

Minimum pipe diameter: 1 - 18 inch pipe(s) required
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 81.660 0.511 0.000 0.000 80.000 M 11.25 0.895

 81.660 11.25 0.895

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 0.58 6.00 1,026.96 0.760 0.375

8. Large gullies, diversions, and low
flowing streams 3.63 102.00 2,806.09 5.710 0.136

#1 1 Time of Concentration: 0.511
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Navajo Mine Permit Application Package 

 

  

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 23.B 

Miscellaneous Hydrologic Structures 
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Navajo Mine Permit Application Package 

 

  

  (09/13/95)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 23.C 

Lowe Boxcut Road Proposal 

SEDCAD Calculations 
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Navajo Mine Permit Application Package 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 23.D 

 
Cottonwood Arroyo Crossing 

Final Design Report 

Prepared by URS   

and 

Cottonwood Arroyo Pre-Mine Hydrology and 

Sedimentology 

Prepared by BNCC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

   



























































































































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cottonwood Crossing As-built Drawings 
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 APPENDIX 23.E 

 

 SLOPE STABILITY SUMMARY 

 

 

To demonstrate that all cut and fill slopes, regraded areas and embankments are stable, 

representative structures were selected on which to conduct stability analyses.  Criteria for site 

selection included foundation material, embankment material, slope angle, safety and 

environmental concerns and use of the structure. 

 

An inventory was made of all ponds, impoundments, embankments (cut and fill) and regrade 

areas.  These structures were all examined in the field to determine their status.  Notes were 

made as to the presence or absence of water, spillways, slope failures, seepage, and piping.  The 

relative size of each structure was noted along with any potential safety or environmental hazards 

if the structure were to fail.  Excessively steep slopes were also noted as were any conditions 

resulting from erosion.  An assessment was made of the soil types forming both the structure 

itself and its foundation. All of this information, along with any unusual conditions seen during 

the field visits, was compiled to allow selection of representative structures for analysis. 

 

It was originally thought that soil types would be useful in cataloging the structures.  However, 

almost all of the structures were found to be composed of and sitting on a sandy clay type soil. 

Little difference is visible in the field from one structure to the next.  Since this criteria is 

important, the soils section of the Permit Application Package (PAP) was examined to determine 

the soil types and their relative 

 



 

(9/93) 11-I-2 

proportions.  This information was combined with data from "Soil Survey of San Juan County" 

by the Soil Conservation Service in which the various soils were evaluated as to their ability to 

form embankments, dikes and levees.  Soils which received unfavorable comments as to their 

suitability for use as embankments, etc. were found to cover more than eighty percent of the 

permit area.  A decision was made to treat all of the structures as if they were built on and of 

material which is not normally considered satisfactory.  Hence, soil type was not used as a 

selection criterion.  Selections were made based on size, steepness of slope, existence of seepage 

or other visible concerns and on potential safety and environmental problems.  Ponds whose 

designs had already been examined and approved by OSMRE were eliminated.  Totally incised 

structures were also eliminated as they have no dam or other structure to fail.  A listing of the 

structures considered, their associated selection criteria and a brief description of why or why 

they were not selected for testing is given on TABLE 11-I-1.  A steeply slope regrade area was 

selected as a worst case representative of the regraded spoils.  The structures selected for stability 

analyses are listed below. 

 

STRUCTURE AND REASON FOR SELECTION 

 

Big Fill 

 Largest fill on permit area.  Fill was not compacted and structure has had previous 

problem with piping and has had a small surficial slope failure.  Drainage pipes were 

installed to keep water from ponding on and soaking into the structure. 
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Stub 17 Large Impoundment  

 Largest dam structure of the impoundments.  Structure was not compacted. 

 

Elms Embankment 2  

 Largest impounding haulroad embankment. 

 

Area III Shop Pond 

 Dam has steep sides and has had significant erosional damage.  The largest of the two 

sediment ponds which have not been previously approved. 

 

Lowe Impoundment 13 

 Structure is representative of those built by Comstock and other pond-like impoundments 

and has the largest dam structure. 

 

Lowe Railroad 

 Largest embankment (fill) on permit area Embankment 1 without a culvert.  Water has 

previously impounded to a maximum depth of 5 feet.  Embankment forms part of the 

railroad.  Seepage from base occurs when water is present. 

 

Barber Regrade 

 Steep regraded spoils with no compaction. Area is located by the railroad near North 

Barber.  
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Big Fill Stability Analysis 

 

Two different stability analyses have been conducted on the Big Fill and are included in the 

permit package.  The first is kept on file at the Environmental Quality Department of the Navajo 

Mine, and is a determination of static stability.  The report indicates that the Big Fill would have 

a minimum static stability safety factor greater than 1.5 if certain remedial actions were taken.  

Those actions were all completed in 1985.  The second stability analysis is kept on file at the 

Environmental Quality Department of the Navajo Mine and is a seismic stability analysis of the 

structure.  The minimum seismic safety factor was found to be 1.2 under conservative 

assumptions. 

 

The Big Fill stands alone and is not representative of any other structure on the mine.  It was 

built using a dragline which excavated nearby material and placed it without compaction in the 

desired location.  This construction method led to the problems experienced by the structure in 

subsequent years. The other fill structures associated with the railroad were compacted and have 

all retained their integrity over the years. 

 

Stub 17 Large Impoundment 

 

Stub 17 Large Impoundment was chosen for stability analysis because it is the largest of the 

impoundment structures constructed without compaction along the Barber highwall.  Structures 

of like construction include Stub 17 small Impoundment and Stub 18 Impoundment.  Results of 

the analysis, as detailed on file at the Environmental Quality Department of the Navajo Mine, 

indicate a minimum static factor of 1.2 and a minimum seismic factor of safety of 1.0. 
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No plans have been made to modify the structures to increase the safety factors as all of them 

will be mined through in the next few years. 

 

Elms Embankment 2 (Standpipe)  

 

Elms Embankment 2 (Standpipe) was selected for analysis because it is the largest of the 

impounding haulroad embankments.  Other haulroad embankments also impound water along 

the same stretch of road.  Results of the analysis, as detailed on file at the Environmental Quality 

Department of the Navajo Mine, shows a minimum static factor of safety of 1.2 and a minimum 

seismic factor of safety of 1.1. 

 

The road has been modified since the analysis was made and is now approximately 70 feet wide 

at the crest.  This widening also affected the other haulroad embankments which impound water. 

 

Area III Shop Pond 

 

Area III Shop Pond is representative of the sediment control ponds constructed when facilities 

were built for Area III development.  

 

Those ponds include Area III Shop Pond, Area III Complex Pond and Lowe Stockpile Pond.  

Since Area III Shop Pond is the only one to have suffered any damage over the years it was 

analyzed for stability.  Results of the analysis, as detailed on file at the Environmental Quality 

Department of the Navajo Mine, indicates that the structure has a minimum static factor of safety 

of 1.5 and a minimum seismic factor of safety of 3.7. 
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To control overtopping, an additional pond was constructed upstream of the structure to reduce 

runoff into the structure.  The new pond is off the permit area and was built to Bureau of Indian 

Affairs specifications and now serves as a stock watering pond. 

 

Lowe Impoundment 13 

 

When Lowe pit was opened, five impoundments were constructed upstream of the workings to 

prevent water from flowing into the pit.  The impoundment with the largest dam structure, Lowe 

Impoundment 13, was selected as a worst case representative of these impoundments and was 

subjected to stability analysis.  Results of the analysis, as detailed on file at the Environmental 

Quality Department of the Navajo Mine, shows a minimum static factor of safety of 4.0 and a 

minimum seismic factor of safety of 2.9. 

 

Lowe Railroad Embankment 1 

 

Lowe Railroad Embankment 1 is directly representative of the two culvertless railroad 

embankments and is worse case representative of the embankments with culvert as they will not 

impound water. Unlike the Big Fill, these structures were compacted and the results of the 

stability analysis reflect the better construction practice.  The stability analysis, as detailed on file 

at the Environmental Quality Department of the Navajo Mine, indicates that the embankment has 

a minimum static factor of safety of 3.4. Seismic stability was not determined. 
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North Barber Regrade  

 

North Barber Regrade, a steep (4:1) regraded spoil slope, was selected as a worst case 

representative to determine static stability on regraded spoils.  Results of the analysis, as detailed 

on file at the Environmental Quality Department of the Navajo Mine, shows that the slope is 

very stable with a minimum factor of safety of 9.7. 
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Table 11-I-1 (1 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

North Sewer 

Pond 

Sandy Clay Same Medium Lined, well engineered mostly 

incised pond 

No. Previously 

approved. 

Area III Sewer Sandy clay Same Large Lined, well engineered, 

mostly incised pond. 

No, well 

engineered, 

lined, incised. 

Barber Loadout 

Pond 

Sandy clay Same Large Pond is totally incised. No, well 

engineered 

Sediment Pond 

1, Cell A  

Sandy clay Same Medium Design accepted by OSMRE. No. Previously 

approved. 

Sediment Pond 

1, Cell B  

Sandy clay Same Medium Design accepted by OSMRE. No. Previously 

approved. 

Sediment Pond 

1, Cell A  

Sandy clay Same Large Design accepted by OSMRE. No. Previously 

approved. 

Sediment Pond 

5 

Sandy clay Same Small Design accepted by OSMRE. No. Previously 

approved. 

Emma's Pond Sand with 

some clay 

Same Small Standpipe type spillway 

behind small dam structure. 

No. Previously 

approved. 

Pinto Pond Sand, 

sandstone 

Same Small Pond is incised. No. Previously 

approved. 

Hosteen 

Stockpile 

Sandy clay Coal 

seam 

Large Dam is 4-5 times higher than 

on other sedimentation pond 

Pond is large and has some sandy 

clay soil. Design has already been 

accepted by OSMRE. 

No. Previously 

approved 
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Table 11-I-1 (2 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

Barber Stock- 

pile Pond 1 

Sandy Clay Same Medium Incised pond with mild 

slopes. 

No. Previously 

approved. 

Barber Stock- 

pile Pond 2 

Sandy clay Same Medium Incised pond with mild 

slopes. 

No. Previously 

approved. 

Area III Shop 

Pond 

Sandy clay Same Medium Dam structure has steep 

Slopes. 

Yes. Possible 

steep slope 

failure. 

Area III 

Comples Pond 

Sandy clay Same Small Small dam with moderately 

steep slope. 

No. Small 

incised. 

Lowe Stock- 

pile Pond 

Badlands Same Small Partially incised, max height 

6 feet slopes not excessively 

steep. 

No. Small 

incised. 

Stub 17 

Impoundment 

Sandy clay Same Small Impounded only slight amounts 

of water in the past, dam is 

approximately 15' high 

with steep sides.  

No. Small 

structure and 

drainage basin. 

Stub 17 Large 

Impoundment 

Sandy clay Same Large Has failed to meet seismic 

stability requirements in the 

past. Slope will be modified. 

Stability 

tested 

Stub 18 

Impoundment 

Sandy clay Same Medium Spillway has never passed any 

water. 

No. 

Lowe 

Impoundment 10  

Sandy clay Same Medium Largely incised, no water, 

small drainage basin. 

No, Small 

drainage, 

engineered 
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Table 11-I-1 (3 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

Lowe 

Impoundment 11  

Sandy Clay Same Medium Totally incised, no failures of 

any type.  

No. Totally 

incised, well 

engineered. 

Lowe 

Impoundment 12  

 

Sandy clay Same Medium Totally incised, no failures 

of any type. 

No. Totally 

incised well 

engineered 

Lowe 

Impoundment 13  

Sandy clay Same Medium Maximum dam height of 7', 

no failures of any type. 

Yes. Largest 

Lowe impoundment 

not incised. 

Lowe 

Impoundment 14 

Sandy clay Same Large Totally incised, no failures 

of any type. 

No. Totally 

incised well 

engineered 

Area III 

Diversion 

Impoundment 1  

Sand, 

Sandy clay 

Shale, 

Sandy clay 

Large Structure has already been 

approved by OSMRE. 

No. Previously 

approved. 

Area III 

Diversion 

Impoundment 2  

Sandy clay Shale Large Structure has already been 

approved by OSMRE.  

No. Previously 

approved. 

Area III 

Diversion 

Impoundment 3 

Sandy clay Shale Large Structure has already been 

approved by OSMRE.  

No. Previously 

approved. 

Elms 

Embankment 1  

Sandy clay Same Small Embankment formed road, very 

wide. No culvert 

No. Small 
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Table 11-I-1 (4 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

Elms 

Embankment 2  

Sandy Clay Same Large Has been analyzed for seismic 

stability.  No culvert. 

Stability 

tested. 

Elms 

Embankment 3 

Sandy clay Same Small Embankment formed by road, 

very wide. No culvert. 

No. Small 

Elms 

Embankment 4 

Sandy clay Same Small Embankment formed by road, 

very wide. No culvert. 

No. Small 

Elms 

Embankment 5 

Sandy clay Same Small Embankment formed by road. 

No culvert. 

No. Small 

Elms 

Embankment 6 

Sandy clay Same Small Embankment formed by road. 

No culvert. 

No. Small 

Area III 

Embankment  

Sandy clay Same Large Embankment is 20' high and 

more than 170' wide. No 

culvert.  

No. Very 

similar to 

Elms Embankment 2 

Lowe 

Railroad 

Embankment 2  

Sandy clay Same with 

sandstone 

layers 

Large Large embankment, water 

seepage from base, small drainage 

area. No culvert. 

No. 

Lowe 

Railroad 

Embankment 1 

Sandy clay Same Large Large embankment, water 

seepage from base, small 

drainage area, no culvert. 

Yes. Largest 

culvertless 

fill. 

Neck Road 

Embankment 1 

Sandy clay Badlands Large Large, steep sided, 7' dia. 

culvert at base.  

No. Compacted 

fill. 
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Table 11-I-1 (5 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

Neck Road 

Embankment 2 

Sandy Clay Badlands Large Large, steep sided, 30' dia. 

culvert at base.  

No. Fill was 

compacted. 

Pinto RR 

Embankment 1  

Sandy clay Same Small Two culvert; 4'drain and a 

7' dia. livestock access. 

No. Small 

Pinto RR 

Embankment 2 

Clayey sand Sand, some 

sandstone 

Medium 4' dia. drain culvert in 

excellent shape. 

No. Small 

Pinto RR 

Embankment 4 

Sandy clay Same Small Concrete drain culvert in 

excellent shape.   

No. Small 

compacted fill. 

Big Fill Sandy clay Same Huge Concrete drain culvert in 

excellent shape. Fill was 

not compacted. 

Tested for 

static and 

seismic 

stability. 

Hosteen RR 

Embankment 

Sandy clay Badlands Large Concrete drain culvert in 

excellent shape 5' diameter.  

No. Compacted 

fill 

Barber RR 

Embankment 1 

Sandy clay Same with 

sandstone 

Small Concrete drain culvert in 

excellent shape 4' diameter.  

No. Compacted 

fill 

Barber RR 

Embankment 2  

Sandy clay Same Small 18" diameter culvert excellent 

shape. 

No. Small 

Updip Barber 

RR Embankment 1 

Sandy clay Same Small 24" diameter culvert 

excellent shape. 

No. Small 

Updip Barber 

RR Embankment 2 

Sand Sandy clay Small 30" diameter culvert 

excellent shape. 

No. Small 
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Table 11-I-1 (6 of 6) 

SLOPE STABILITY STRUCTURES 

NAME SOIL TYPE 

SURROUNDING  

FOUNDATION SIZE COMMENTS TEST: 

REASONING 

Updip Barber 

RR Embankment 3 

Sandy Clay 

Sandstone 

Same Small 30" diameter culvert 

excellent shape. 

No. Small 

Updip Barber 

RR Embankment 4 

Sandy clay Same Small 24" diameter culvert 

excellent shape. 

No. Small 

Updip Barber 

RR Embankment 5 

Sandy clay Same Large Culvert exit end tends to 

silt in.  

No. Compacted 

fill. 

Neck RR 

Embankment 1 

Sandy clay Badlands Large 10' diameter culvert in 

excellent condition. 

No. Compacted 

fill. 

Neck RR 

Embankment 2  

Sandy clay Badlands Large 30' diameter culvert in 

excellent condition. 

No. Compacted 

fill. 
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Appendix 23.F 

 

Barber By-Pass Road 

Roadway Side Ditch Design 
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Appendix 23.G 

 

Area 3 Main Access Road 

Verification of Adequacy of Side Ditch As-built 

 

 

 

 

March 1996 

 

 

 

 

 

 

 

 

  

   














	Section 23 - Roads
	23 Roads
	23.1 Existing Roads
	23.1.1 Mine Roads
	23.1.2 Primary Roads
	23.1.3 Ancillary Roads
	23.1.4 Ancillary Roads Construction

	23.2 Primary Road Conditions
	23.2.1 Pinto Haulroad and Pinto Reroute
	23.2.2 Doby Haulroad
	23.2.3 Yazzie Skyline Road
	23.2.4 Neck Road
	23.2.5 Big Fill Road
	23.2.6 Dixon Haulroad
	23.2.7 Burn's Pass Road
	23.2.8 Hosteen Haulroad
	23.2.9 Ramp 7 Road
	23.2.10 Lynch Skyline Haulroad
	23.2.11 Coal Plant Road
	23.2.12 Yazzie Spoil Side Road
	23.2.13 Area 3 Access Roads
	23.2.14 Employee Coal Dump Access Road
	23.2.15 Mason Road
	23.2.16 Barber Haulroad
	23.2.17 Block B Access Road
	23.2.18 Lowe Bypass Road
	23.2.19 Lowe Boxcut Road
	23.2.20 Gorman Haulroad
	23.2.21 Hosteen Yazzie Haulroad
	23.2.22 Cottonwood Crossing
	23.2.23 Area 4 North West Perimeter Road
	23.2.24 Area 4 North East Perimeter Road
	23.2.25 Area 3 By-pass Road
	23.2.26 Dixon By-Pass Road
	23.2.27 Dixon Ramp-2 Road
	23.2.28 North and South Corridor Roads

	23.3 Ancillary Road Conditions
	23.4 Protection of Fish, Wildlife, their Habitat and Related Environmental Values
	23.5 Construction
	23.5.1 Primary Road Construction Dates
	23.5.2 Primary Roads Surfacing
	23.5.3 Primary Road Safety Controls
	23.5.4 Road Maintenance
	23.5.5 Roads General Performance Standards
	23.1.1.1 Primary Roads Dust Control
	23.5.5.1 Ancillary Roads Dust Control




	Table 23-1  Primary Roads
	Exhibits
	Exhibit 23-1_Typical Cross Sections for Primary Roads and Culverts
	Exhibit 23-2_Ancillary Roads Typical Cross Sections
	Exhibit 23-3_Shop Office Access Road Typical Cross Section
	Exhibit 23-4_Dixon Haul Road Design
	Exhibit 23-5_Ramp 7 Road Realignment Location Watershed Map
	Exhibit 23-6_Ramp 7 Road Realignment Plan Profile
	Exhibit 23-7_Ramp 7 Road Realignment Plan Profile Typical Sections
	Exhibit 23-9_Area 1 AsBuilt Coal Plant Road_Sheet 1 of 4
	Exhibit 23-9_Area 1 AsBuilt Coal Plant Road_Sheet 2 of 4
	Exhibit 23-9_Area 1 AsBuilt Coal Plant Road_Sheet 3 of 4
	Exhibit 23-9_Area 1 AsBuilt Coal Plant Road_Sheet 4 of 4
	Exhibit 23-10_Yazzie Spoil Side Rd Design
	Exhibit 23-11_Area 3 Employee Coal Dump Access Road
	Untitled
	Untitled

	Exhibit 23-12_Block B Road Modification Design_Sheet 1 of 3
	Exhibit 23-12_Block B Road Modification Design_Sheet 2 of 3
	Exhibit 23-12_Block B Road Modification Design_Sheet 3 of 3
	Exhibit 23-13_Lowe Bypass R Modification Design Plan Profile and Sections
	Exhibit 23-14_Lowe Boxcut Road Plan Profile Designs
	Exhibit 23-15_Lowe Boxcut Road Design Cross Sections
	Exhibit 23-16_Lowe Boxcut Road Planned Watershed
	Exhibit 23-17_Lowe Boxcut Haulroad Asbuilt Mining Haulroad Plan Profile_Sheet 1 of 5
	Exhibit 23-17_Lowe Boxcut Haulroad Asbuilt Mining Haulroad Plan Profile_Sheet 2 of 5
	Exhibit 23-17_Lowe Boxcut Haulroad Asbuilt Mining Haulroad Plan Profile_Sheet 3 of 5
	Exhibit 23-17_Lowe Boxcut Haulroad Asbuilt Mining Haulroad Plan Profile_Sheet 4 of 5
	Exhibit 23-17_Lowe Boxcut Haulroad Asbuilt Mining Haulroad Plan Profile_Sheet 5 of 5
	Exhibit 23-18_Gorman Road Asbuilt
	Exhibit 23-19_Hosteen Yazzie Haulroad Typical Cross Section Design
	Exhibit 23-20_Hosteen Yazzie Haulroad Plan Profile
	Exhibit 23-21_Area 4N E and W Perimeter Road Design_Sheet 1
	Exhibit 23-21_Area 4N E and W Perimeter Road Design_Sheet 2
	Exhibit 23-21_Area 4N E and W Perimeter Road Design_Sheet 3
	Exhibit 23-21_Area 4N E and W Permeter Road Design_Sheet 4
	Exhibit 23-21_Area 4N E and W Permeter Road Design_Sheet 5
	Exhibit 23-22_Area 3 Bypass Road Design
	Exhibit 23-23_Barber Bypass Road Design Location Map_Sheet 1
	Exhibit 23-23_Barber Bypass Road Design Location Map_Sheet 2
	Exhibit 23-23_Barber Bypass Road Design Location Map_Sheet 3
	Exhibit 23-24_Burns Pass Road Realignment Design Profile Section
	Exhibit 23-25_Dixon Haulroad Asbuilt_Sheet 1
	Exhibit 23-25_Dixon Haulroad Asbuilt_Sheet 2
	Exhibit 23-26_Lowe Bypass Road Modification Asbuilt Plan Profile Sections
	Exhibit 23-27_Mason Haulroad Asbuilt-Sheet 1
	Exhibit 23-27_Mason Haulroad Asbuilt-Sheet 2
	Exhibit 23-27_Mason Haulroad Asbuilt-Sheet 3
	Exhibit 23-28_Ramp 7 Road Realignment Location AsBuilt
	Exhibit 23-29_Asbuilt Ramp 7 Road Realignment Plan Profile
	Exhibit 23-30_Ramp 7 Road Realignment AsBuilt
	Exhibit 23-31_Ramp 7 Road Realignment XSect Asbuilt
	Exhibit 23-32_Lowe Ramp 2 Haul Road  Asbuilt
	Exhibit 23-35_Hosteen Road Design Location Map_Sheet 1
	Exhibit 23-35_Hosteen Road Design Location Map_Sheet 2
	Exhibit 23-35_Hosteen Road Design Location Map_Sheet 3
	Exhibit 23-36_Index Sheet Area Map
	Exhibit 23-37_Shop Office Access Road_Sheet 1
	Exhibit 23-37_Shop Office Access Road_Sheet 2
	Exhibit 23-37_Shop Office Access Road_Sheet 3
	Exhibit 23-38_Shop Office Access Road Cattle Crossing Plan View
	Exhibit 23-39_Shop Office Access Road Cattle Crossing Section
	Exhibit 23-40_Dixon Ramp 4 Haulroad Design
	Exhibit 23-41_Area 2 Barber Haulroad Modification Design_in Table 23_1
	Exhibit 23-45_Barber Haulroad Barber By-Pass Intersection Design

	Appendices
	Appendix 23.A_Culverts Navajo Mine Hydrology Backup
	Appendix 23.B_Miscellaneous Hydrology Structures
	Appendix 23.C_Lowe Boxcut Road Proposal SEDCAD Calculations
	Appendix 23.D_Cottonwood Arroyo Crossing Final Design Report
	Appendix-11-tt
	Appendix-11-tt1

	URS As-built 2009-04-27 Cottonwood Arroyo Crossing Ames
	Temp00117
	Temp00118
	Temp00119
	Temp00120
	Temp00121
	Temp00122
	Temp00127
	Temp00128
	Temp00129
	Temp00130
	Temp00136
	Temp00137

	URS FinalDesign-C2-C6&D1-D4_May2007
	URS FinalDesignReptDrawingsS1toS4

	Appendix 23.E_GEOMAT AIVN Road Stabilization Analysis Rpt
	GEOMAT A4N Road Stability Analysis Report Part 1
	GEOMAT A4N Road Stability Analysis Report Part 2

	Appendix 23.F_Barber Bypass Roadway Side Ditch Design
	Appendix 23.G_Area 3 Main Access Road Side Ditch AsBuilt




