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SECTION 35 HYDROLOGIC RECLAMATION PLAN 

The objective of the hydrologic reclamation plan and associated mitigation measures is to minimize 

disturbance to the hydrologic balance within and adjacent to the Pinabete Mine Plan permit area (permit 

area) and to prevent material damage to the hydrologic balance outside the permit area.  This hydrologic 

reclamation plan has been developed in a sequential approach starting with the baseline hydrologic 

information, the mine plan, and the initial assessment of the probable hydrologic consequences (PHC) 

(Section 41).  The hydrologic reclamation plan includes the measures taken during and after proposed 

mining to ensure attainment of the hydrologic performance standards.  The PHC assessment describes the 

process for estimating hydrologic impacts and documents any remaining unmitigated impacts.  

 

35.1 Drainage and Sediment Control Structures Removal and Reclamation 

The drainage and sediment control structures, identified in Section 25 (Sediment Control Plan) and Section 

26 (Drainage Control Plan), will be removed and reclaimed once the structures are no longer needed to 

manage surface water runoff and sedimentation within a watershed.  The area of these structures will be 

regraded according to the FSC to provide for positive drainage, then topdressed and seeded according to the 

topsoil redistribution plan and revegetation plan presented in Section 36 (Post-Reclamation Soil) and 

Section 37 (Post-Reclamation Vegetation), respectively.  Once the regraded areas have been reclaimed and 

erosion rates are less than or equal to the pre-mine rates, the areas will be reconnected to the natural 

drainages that surround the mine permit area in accordance with 40 CFR part 434 Subpart H.  The 

anticipated reclamation date for the drainage and sediment control structures is provided in Table 26.2-1. 

 

BNCC may take advantage of temporary drainage and sediment control structures to opportunistically 

establish small area depressions during the final surface configuration (FSC) regrading.  The creation of 

these small area depressions will enhance post-mining topographic diversity, act as seasonal surface water 

collection sites, and create microhabitats for post-reclamation wildlife and vegetation communities.  Small 

area depressions have specific design criteria, presented in Section 34 (Post-Reclamation Topography), and 

unlike permanent impoundments do not require design approval from the Office of Surface Mining 

Reclamation and Enforcement (OSM) prior to construction.  However, OSM must authorize the retention 

of small depressions prior to bond release. 

 

35.1.1 Sedimentation Ponds and Siltation Structures Removal and Reclamation 

Sedimentation ponds and siltation structures are intended to manage and retain runoff and sediment from 

disturbed areas.  BNCC will remove the sediment control ponds and siltation structures by regrading all 

dams, berms, ditches, and embankments into the FSC to provide for positive drainage.  In cases where the 

sediment contained in the pond or siltation structure cannot be graded into the FSC, the material will be 

transported and placed in the mine pit or other designated area.  Non-earthen materials, such as geotextiles 
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and pond liners, will be removed and disposed of with non-coal solid waste materials in accordance with 

the procedures presented in Section 20 (Mining Operations) and applicable regulations. 

 

35.1.2 Temporary Impoundments Removal and Reclamation  

Temporary impoundments are structures intended to minimize surface water inflows from undisturbed 

areas (e.g., highwall impoundments).  BNCC will remove all temporary impoundments by regrading the 

associated dams, berms, ditches, and embankments into the FSC to provide for positive drainage.  In cases 

where the sediment contained in the temporary impoundment cannot be graded into the FSC, the material 

will be transported and placed in the mine pit or other designated area.  Nonearthen materials, such as 

geotextiles and pond liners, will be removed and disposed of with non-coal solid waste materials in the 

procedures presented in Section 20 (Mining Operations) and applicable regulations. 

 

35.1.3 Temporary Diversions Removal and Reclamation  

The drainage control plan, presented in Section 26, contains two categories of temporary diversions; 

intermittent stream diversions and miscellaneous flow diversions.  This permit application does not 

anticipate any need for intermittent stream diversions since the planned mining operations will avoid 

impacts to the South Fork of the Cottonwood Arroyo and Pinabete Arroyo channels.  Miscellaneous flow 

diversions are diversion structures that have a watershed less than 1 square mile (sq mi).  These 

miscellaneous flow diversions are generally used for site-specific drainage control plans, such as diverting 

surface flows around structures or facilities.  Further discussion on temporary diversions, including their 

anticipated reclamation dates, is provided in Section 26 (Drainage Control Plan). 

 

Temporary diversions, identified in the drainage control plan (Section 26), will be removed when they are 

no longer needed to convey surface water around disturbance areas.  Material that was stockpiled during 

construction of a temporary diversion may be used during the removal and reclamation process.  All berms, 

ditches, embankments, and unused stockpiled materials will be graded into the FSC.  The area will be 

topdressed and seeded according to the topsoil redistribution plan and revegetation plan presented in 

Section 36 (Post-Reclamation Soil) and Section 37 (Post-Reclamation Vegetation), respectively.  In cases 

where the sediment contained in the temporary diversion or its attenuation structures cannot be graded into 

the FSC, the material will be transported and placed in the mine pit or other designated area.  To the extent 

practicable, all riprap will be removed and recycled for beneficial use in other parts of the operation.  

Nonearthen materials such as geotextiles, gabion baskets, and liners, will be removed and disposed of with 

non-coal solid waste materials in accordance with the procedures presented in Section 20 (Mining 

Operations) and applicable regulations.   
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35.1.4 Removal and Reclamation of Other Drainage and Sediment Control Structures  

During mining and reclamation operations, BNCC will use best technology currently available (BTCA) 

measures, including but not limited to diversion, berms, rock-lined down drains, riprap, silt fences, straw 

bales, and fiber rolls, to control surface water drainage and sediment transport.  Further information on the 

sediment control plan is presented in Section 25.  These same measures are known as best management 

practices (BMP) under Clean Water Act permitting.  The two terms, BTCA measures and BMP, may be 

used interchangeably within this permit application package (PAP).  These measures will be removed and 

reclaimed when they are no longer needed to control drainage and sediment from disturbed areas.  These 

structures, along with a description of their construction, operation, use, maintenance, and approximate 

removal and reclamation dates, are identified in the sediment control and drainage control plans contained 

in Sections 25 and 26, respectively.  When BTCA measures are replaced or are no longer needed they will 

be removed and disposed of with non-coal solid waste in accordance with the procedures presented in 

Section 20 (Mining Operations) and applicable regulations.  Inert material, such as rock riprap, may be 

recycled for other BTCA measures or placed within the mine backfill material.  Sediments and earthen 

materials associated with the BTCA measures will be handled as previously described in this section.  Non-

earthen materials, such as geotextiles and straw bales, will be removed and disposed of with non-coal solid 

waste materials in accordance with the procedures presented in Section 20 (Mining Operations) and 

applicable regulations.  The disturbed areas associated with the BTCA measures will be topdressed and 

seeded. 

 

35.2 Post-reclamation Drainage  

BNCC utilized fluvial geomorphic reclamation approaches as detailed in Section 34 (Post-Reclamation 

Topography) and Section 38 (Post-Reclamation Surface Stabilization and Sediment Control) to design the 

FSC, but recognizes that there may be some circumstances where a traditional reclamation approach may 

be appropriate.  The traditional reclamation approach utilizes “hard-engineered” structures, such as down 

drains, terraces, etc., to achieve surface stabilization and sediment control.  The fluvial geomorphic 

reclamation approach utilizes site-specific fluvial geomorphic data, including but not limited to drainage 

density, tributary lengths and associated areas, sinuosity, width to depth ratios, and length between 

channels, to develop an FSC that conveys waters and sediment in a manner and volume comparable with 

pre-mine conditions.  The combination of these approaches enables BNCC to meet the objectives of the 

FSC as described below:  

1. Achieve mass balance while maximizing contemporaneous regrade acreage between ramps, 

2. Achieve positive drainage from all areas including pits and ramps, 

3. Develop an adequate drainage density,  

4. Allow development of stable drainage channels, 

5. Support the approved post-mining land use.  
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To the extent practicable, the post-reclamation watersheds have been designed to be comparable in size and 

have confluence locations similar to the pre-mining watersheds.  Adjacent ephemeral tributary drainages to 

the South Fork of the Cottonwood Arroyo, Pinabete Arroyo, or other drainages will be reconstructed, using 

fluvial geomorphic principles, from the confluence with the undisturbed channel and designed channel.  

The drainage pattern and alignment of the reconstructed South Fork of the Cottonwood Arroyo and 

Pinabete Arroyo tributaries will differ slightly as a result of mining activities.   

 

BNCC is not requesting a variance for mountain-top removal operations, or steep slope mining as these are 

not applicable to this permit application.  

 

35.2.1 Post-reclamation Watersheds  

The post-reclamation watersheds were delineated in a similar manner as the pre-mine watersheds presented 

in Section 18 (Water Resources).  Post-reclamation watersheds and subwatersheds were delineated for each 

of the major arroyos including Cottonwood Arroyo and tributaries, Pinabete Arroyo, and tributaries to the 

Chaco River, within and adjacent to the permit area based on the FSC digital elevation models (DEMs).  

These delineations were used in SEDCADTM 4 (SEDCAD) modeling to determine flood flows and 

sediment yields for the post-reclamation watershed and subwatershed conditions (Appendix 41.D).  The 

SEDCAD modeling also allows for comparison of pre-mining and post-reclamation watershed conditions.  

The results of this comparison are discussed in Section 41 (Probable Hydrologic Consequences).  Exhibit 

35.2-1 presents the post-reclamation SEDCAD watershed delineations and FSC contours for the permit 

area.   

 

35.2.2 Post-reclamation Drainage Structures  

BNCC does not plan to leave any temporary sedimentation ponds and/or impoundments as post-

reclamation drainage structures.  Permanent impoundments, which function as post-reclamation drainage 

structures, are discussed in Section 35.2.4. 

 

Temporary post-reclamation BMPs (e.g., silt fences, straw bales, or fiber rolls) may be used as needed to 

comply with applicable National Pollutant Discharge Elimination System (NPDES) regulations.  These 

BMPs will be removed once they are no longer needed and prior to final bond release.   

 

The permit area is intersected by two main ephemeral drainages, Pinabete Arroyo and South Fork of the 

Cottonwood Arroyo.  These drainages only flow in response to precipitation events or occasionally from 

snow-melt runoff.  However, these drainages are classified as intermittent stream channels based on the 

definition provided in 30 CFR 701.5.  Utilizing fluvial geomorphic and traditional reclamation principles 

and implementing the surface stabilization and sediment control plan presented in Section 38 (Post-

Reclamation Surface Stabilization and Sediment Control), BNCC will reconstruct portions of the tributaries 

Field Code Changed
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impacted by mining and reclamation activities.  These measures, both of which rely on scientifically proven 

engineering practices, emphasize landform construction and erosion controls to achieve sediment-control 

goals.  The reconstructed drainages within the permit area and the associated post-reclamation SEDCAD 

watersheds are presented on Exhibit 35.2-1. 

 

35.2.2.1 Reconstructed Intermittent Stream Channels 

The Pinabete Arroyo and South Fork of the Cottonwood Arroyo channels (Exhibit 35.2-1) will not require 

reconstruction since mining and reclamation activities will not impact these intermittent stream channels.   

 

35.2.2.2 Reconstructed Miscellaneous Flow Stream Channels 

The design of reconstructed tributary miscellaneous flow channels was completed in conjunction with the 

design of the FSC of Area 4 North and Area 4 South.  Design assumptions and details are discussed in 

Appendix 34.A.  These minor tributaries will have steeper channel profiles and the subwatersheds will have 

smaller drainage areas than the channels described under Section 35.2.2.1.  The channel profile will be 

concave and tie in with the undisturbed tributaries to Pinabete Arroyo and Cottonwood Arroyo at slopes 

that support long-term stability.  The head elevation and head slope will vary based on the topography 

established after backfilling and grading of the adjacent areas.  The design and construction of the 

miscellaneous flow channels will follow the fluvial geomorphic principles or traditional reclamation 

principles outlined in Section 38 (Post-Reclamation Surface Stabilization and Sediment Control).  The 

channel type will reflect a Rosgen Type A or Type C classification depending on slope (Rosgen 1996).  

The channels will contain up to the 50 year 6 hour (50yr-6hr) event within a defined bed and bank or valley 

channel, as appropriate.  BNCC will not reestablish a bed of coarse-textured material or redistribute 

topdressing in the upper reaches of these minor tributaries (Section 36 Post-Reclamation Soil).  The minor 

tributary subwatershed floodplains will be revegetated; the flood-prone and bank-full areas will not be 

directly revegetated to ensure that vegetation encroachment does not impact the long-term stability and 

performance of the reconstructed channel.  To the extent practicable, the bottoms of swales will be 

revegetated.  Further discussion on the post-reclamation vegetation and the revegetation plan is provided in 

Section 37 (Post-Reclamation Vegetation).   

 

There are three Pinabete Arroyo tributaries reconstructed as a result of mining and reclamation operations 

which are labeled Part 10, Part 11, and Part 13 on Exhibit 35.2-1.  These reconstructed Pinabete Arroyo 

tributary channels will follow along the backfilled location for ramps and final pit locations.  The slope and 

elevation of the reconstructed Pinabete Arroyo tributary channels from the Part 10, Part 11, and Part 13 

watersheds will tie in with the undisturbed Pinabete Arroyo tributary channels.  As described in Section 38 

(Post-Reclamation Surface Stabilization and Sediment Control), there may be reaches along the 

reconstructed channels and adjacent to tie-in locations where transient aggradation, degradation, and bank 

Field Code Changed
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erosion may occur to a degree that is commensurate with natural fluvial geomorphic processes and dynamic 

equilibrium adjustments. 

 

The Pinabete Arroyo Part 10 tributary watershed acreage exceeds 1 sq mi, and is classified as an 

intermittent stream as the definition provided in 30 CFR 701.5.  Therefore BNCC has prepared detailed 

channel designs of the Part 10 reconstructed Pinabete Arroyo tributary.  These The profile and cross 

sections of the Part 13 reconstructed Pinabete Arroyo tributary channel designs are provided in Exhibit 

35.2-2.  Design flow depths and velocities for the 50yr-6hr storm event for typical cross sections for each 

segment of “Part 1310” reconstructed Pinabete Arroyo tributary channel are provided in Exhibit 35.2-2.  

Design flows, flow depths and channel velocities for the 50yr-6hr precipitation event were obtained from 

the SEDCAD post-mine model of the Part 13 10 tributary channel that is included in Appendix 35.A. 

 

There are nine Cottonwood Arroyo miscellaneous flow tributaries impacted by mining operations labeled 

Part 1 through Part 9 on Exhibit 35.2-1.  All these tributaries function as ephemeral streams and have 

watershed sizes less than 1 sq mi, classifying them as miscellaneous flow channels.  These minor tributaries 

tie into the undisturbed tributary channels along the south side of the Cottonwood Arroyo and the South 

Fork of the Cottonwood Arroyo.  The design of the reconstructed Cottonwood Arroyo tributary channels 

was also completed in conjunction with the design of the FSC of permit area.  Design assumptions and 

details are discussed in Appendix 34.A. Detailed plan and profile designs have not been provided for these 

reconstructed watersheds due to the small size of affected drainage areas. 

 

There is one Chaco minor tributary impacted by mining operations labeled Part 12 on Exhibit 35.2-1.  This 

small tributary ties into the undisturbed tributary channel near the western permit boundary.  Detailed plan 

and profile designs have not been provided due to the small size of affected watershed area. 

 

35.2.3 Permanent Diversions 

BNCC does not plan to leave any permanent diversions in place once reclamation activities and bond 

release are complete.  Therefore, this section does not apply.   

 

35.2.4 Permanent Impoundments  

BNCC does not plan to leave any permanent impoundments after reclamation activities are complete and 

bond release has been obtained.  Therefore, this section does not apply.   

 

Refer to Section 35.5 for a discussion of the protection and replacement of water rights of present users and 

to Section 33 (Post-Reclamation Roads, Buildings, Facilities, and Other Structures) for details on the 

construction of replacement water resources. 
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35.3 Acid and Toxic Drainage Control  

Based on the overburden characterization study presented in Section 17 (Geologic Information), BNCC 

does not anticipate the need to treat any acid or toxic drainage during mining or reclamation operations or 

in the post-reclamation environment.  The overburden characterization study concluded that there were no 

widespread occurrences of potentially acid-or toxic-forming materials (PATFM) present in the permit area.  

Therefore, these materials will not require any special handling or disposal procedures.  The small 

quantities of PATFM and other material unsuitable for plant growth will be placed in mined-out areas and 

handled in a manner that protects the environmental resources and will not impact surface drainages or the 

FSC.  The placement of this material is discussed in Section 20 (Mining Operations) and Section 34 (Post-

Reclamation Topography). 

 

BNCC will conduct surface and groundwater monitoring according to the monitoring plans provided in 

Section 42 (Monitoring, Maintenance, Inspections, and Examinations).   

 

35.4 Restoration of Ground Water Recharge Capacity  

Mining and reclamation activities in the permit area will increase the recharge capacity of the disturbed 

area because the in-situ strata are replaced with unconsolidated backfill (Section 41, Probable Hydrologic 

Consequences).  This unconsolidated backfill has a higher hydraulic conductivity than the undisturbed 

strata.  No special effort will be required to restore the groundwater recharge capacity from surface 

infiltration over the general disturbance area.  The post-reclamation groundwater recharge capacity is 

discussed in Section 41 (Probable Hydrologic Consequences). 

 

As described in Section 41 (Probable Hydrologic Consequences), the modeled post-reclamation recharge 

rate estimate for the permit area is 0.04 inches per year.  This is about twice the pre-mining groundwater 

recharge rate discussed in Section 18 (Water Resources) and summarized in Table 41.3-1.  The pre-mining 

groundwater recharge rate estimated by Stone (1987) for undisturbed areas at Navajo Mine ranged from 

0.002 to 0.09 in/yr.  Groundwater modeling predicts it may take as long as 1,000 years for the mine backfill 

to reach a final steady-state potentiometric level.  The post-reclamation groundwater recharge capacity and 

rates and steady-state groundwater modeling were determined as part of the probable hydrologic 

consequences assessment and are discussed in greater detail in Section 41.   

 

35.5 Protection and Replacement of Water Rights of Present Users  

BNCC holds water rights Surface Permit Number 2838 issued by the New Mexico Office of the State 

Engineer.  This diversionary surface water usage is for irrigation of reclaimed areas of the mine, dust 

suppression, and other appropriate uses.   
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During mining development, BNCC will disrupt surface water availability to six four ephemeral or 

intermittent impoundments (Exhibit 18.1-2).  The use of livestock impoundment features is limited by the 

availability of sufficient water from precipitation events and the naturally poor quality of the surface water.  

Pre-mining water resource information is provided in Section 18.  To compensate for livestock 

impoundments disturbed by mining and reclamation operations, BNCC  maywill provide alternative 

sources for livestock watering (e.g., water tanks) to customary land users holding grazing permits , who 

request assistance, for affected areas within the BNCC lease.  BNCC delivers approximately 33,000 gallons 

of non-potable water to each of these individual water tanks annually for livestock watering.  The location 

of these alternative sources for livestock watering is provided in Exhibit 35.5-1.  

 

After mining operations are completed, BNCC may replace the lost water sources should BNCC find that 

the water users are still in need of the sources that existed pre-mine.  Should the customary land user 

require alternative water sources after reclamation, BNCC maywill replace the four livestock 

impoundments affected by mining with post-reclamation livestock permanent impoundments or wells, as 

deemed appropriate by BNCC.  Post-reclamation impoundments will be constructed near original pre-

mining locations as specified in Exhibit 18.1-2.  The placement of post-reclamation impoundments in pre-

mining locations will depend on watershed characteristics and surrounding topography suitability.  

Permanent impoundment location selection will be based on sufficient watershed size to provide sufficient 

water retention to support seasonal livestock watering.  Permanent impoundments will be designed to not 

exceed a capacity of 10 acre-feet.  Due to variability in watershed size, soil composition and slopes, 

impoundments will not be designed to retain runoff from a specific storm event.  Fifty percent (50%) of 

pond side slopes will be designed to a 4:1 grade or less to facilitate wildlife and livestock access. 

Impoundments will be constructed in low permeability material that will aid in water retention.  Permanent 

impoundments will blend in with the post mining topography and incorporate topographic diversity to the 

extent practicable.   

 

The replacement livestock impoundments or wells will provide comparable water quantity and quality for 

use in livestock watering to pre-mine impoundments.  BNCC does not intend for any impoundments or 

tanks to be used as a source of domestic water, as local sources of surface and groundwater do not meet 

drinking water standards.  BNCC will coordinate with OSM and with customary land users to determine 

the locations of potential impoundments or wells as a part of preparations for Phase III bond release.  

Additional information about these post-reclamation structures is included in Section 33 (Post-Reclamation 

Roads, Buildings, Facilities, and Other Structures).  The post-reclamation changes to surface water quantity 

and quality are presented in Section 41 (Probable Hydrologic Consequences). 
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35.6 Steps to Meet Federal, State, and Tribal Water Quality Laws, Regulations, and Standards  

BNCC will comply with Sections 401, 402, and 404 of the Clean Water Act.  As described in Section 8 

(Compliance with Air and Water Quality Laws and Regulations) of this PAP, BNCC will obtain the 

appropriate coverage under Section 402, which is administered by the U.S. Environmental Protection 

Agency (USEPA) Region 9 for lands within the Navajo Nation; Section 404, which is administered through 

the U.S. Army Corps of Engineers (USACE); and Section 401 certification, which is administered through 

the Navajo Nation Environmental Protection Agency (NNEPA).   

 

BNCC will meet the water quality standards through various practices described throughout this section 

and following the methods and procedures outlined in Section 25 (Sediment Control Plan) for controlling 

sediment during surface coal mining and reclamation operations.  Constructing stable drainages and 

surfaces according to the FSC and the post-reclamation surface stabilization and sediment control plan will 

prevent additional contributions of sediment and suspended solids to drainages within and adjacent to the 

permit area.  Reclaimed drainages and associated watersheds will be reconnected to the natural drainage 

system (i.e., not affected by mining) in accordance with 40 CFR part 434 Subpart H. 

 

Section 41 (Probable Hydrologic Consequences) describes the analysis and demonstrates how the various 

mitigation and preventive measures described in this section will ensure BNCC complies with applicable 

water quality laws, regulations, and standards. 

 

35.7 Steps to Minimize Hydrologic Balance Disturbances and Prevent Material Damage  

In accordance with 30 CFR 780.21(h), BNCC is submitting this hydrologic reclamation plan, which has 

been designed to: 

• Minimize to the extent possible disturbances to the hydrologic balance within the permit and 

adjacent areas; 

• Prevent to the extent possible material damage to the hydrologic balance outside the permit area;  

• Assure the protection or replacement of water rights; and 

• Support the approved post-mining land use. 

 

BNCC will utilize this plan and other sections of the PAP to comply with 30 CFR 816.41 through 816.43 

and to prevent to the extent possible adverse impacts to the hydrologic balance within and outside the 

permit area. 

 

Groundwater Protection and Monitoring 

Material unsuitable for plant growth will be placed in mined-out areas and handled in a manner that 

protects environmental resources and minimizes adverse impacts to the groundwater regime.  The measures 

and procedures to handle this material are discussed in Section 20 (Mining Operations) and Section 34 

  

 35-9 3/123/14 



Pinabete Permit Application Package 

 

(Post-Reclamation Topography).  The groundwater monitoring plan, presented in Section 42 (Monitoring, 

Maintenance, Inspections, and Examinations), has been developed to monitor changes in the quantity and 

quality of the groundwater resource during mining and subsequent reclamation.  Baseline groundwater 

sampling, presented in Section 18 (Water Resources), indicated the potential use of groundwater, i.e., 

livestock watering, within and adjacent to the permit area is limited due low permeability and yield and 

poor water quality.  The potential use of groundwater in the reclaimed area will also be negligible due to 

the low yield and water quality, as discussed in Section 41 (Probable Hydrologic Consequences).  

 

Groundwater model simulations presented in Section 41 (Probable Hydrologic Consequences) show 

groundwater changes expected from mining and reclamation activities.  Removal of the interbedded strata 

by mining and the replacement with a more uniform and isotropic backfill material results in a lower water 

table in the backfilled spoil relative to pre-mining, but higher potentiometric conditions at the base of the 

backfilled pit.  The steady-state heads in the mine spoil are much more uniform with depth, in comparison 

with the large vertical gradients and perched groundwater prior to mining.   

 

Resaturated mine backfill will develop as a result of recharge from precipitation, lateral inflow from the 

coals and interburden of the Fruitland Formation, and upward flow from the Pictured Cliffs Sandstone 

(PCS) formation.  Although modeled backfill recharge rates were estimated to be twice the pre-mine rate, 

model results indicate that it may take as long as 1,000 years for groundwater levels to recover in the 

backfill to a steady-state condition.  Recovery rates may actually be slower if the post-reclamation recharge 

rates are closer to the pre-mine rates.  Groundwater flow will be predominantly toward the backfilled mine 

pit as water levels recover in the backfill (Section 41, Probable Hydrologic Consequences).  Once water 

levels rise sufficiently in the mine backfill, groundwater will flow at a very slow rate from the backfill into 

the lower coal seams of the Fruitland Formation, into the PCS, and toward the topographic lows along the 

alluvial channels of the Cottonwood Arroyo (Section 41, Probable Hydrologic Consequences).   

 

Transport simulation modeling results, presented in Section 41 (Probable Hydrologic Consequences)  show 

several flow paths from backfilled pits with most of the flow vertical to PCS, a minor amount of flow 

downdip through the unmined coals and shales of the Fruitland Formation, and some flow through 

alluvium of Cottonwood Arroyo.  Background total dissolved solids (TDS) concentrations in PCS are 

similar to, if not higher than, the TDS levels expected for spoil water.  Thus, the primary direction for spoil 

water migration is into a water-bearing zone that has higher TDS concentrations.  Groundwater in the mine 

spoils, after reclamation, is predicted to have higher concentrations of TDS than the pre-mine Fruitland 

Formation and Cottonwood Arroyo alluvium.  However, the TDS concentrations in the alluvium of 

Cottonwood Arroyo are not expected to increase significantly a result of mining because the contribution 

from spoil water is much smaller than the contribution from alluvial recharge and upgradient alluvial flows.  

The estimated increase in TDS concentrations within the alluvium is within the variation of the measured 
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baseline concentrations.  Likewise, the TDS concentrations in the alluvium of Cottonwood Arroyo would 

not be expected to increase significantly in the event that the TDS concentrations in spoil water are higher 

than predicted (Section 41 Probable Hydrologic Consequences). 

 

The primary factor controlling the fate and transport of water in mine spoils is the extremely low rate of 

flow from the mine backfill that will occur as a result of the low recharge rates and low hydraulic 

conductivity of the mine backfill.  Based on these results, mining is estimated to have little effect on the 

long-term post-reclamation TDS concentrations in the groundwater in the PCS and the alluvium of 

Cottonwood Arroyo down gradient of the mine areas (Section 41, Probable Hydrologic Consequences).  

Groundwater flow from the mine backfill will be insufficient to sustain intermittent or perennial baseflow 

in streams or flow at seeps and springs. 

 

Surface Water Protection and Monitoring 

The surface water monitoring plan, presented in Section 42 (Monitoring, Maintenance, Inspections, and 

Examinations), has been developed to monitor changes in the quantity and quality of the surface water 

resources during mining and reclamation activities.  The fluvial geomorphic and traditional reclamation 

approaches utilized in the permit area will replicate the pre-mine landscape and reduce surface erosion and 

sediment yield to less than or equal to pre-mine conditions.  The fluvial geomorphic and traditional 

reclamation approaches are discussed in Section 34 (Post-Mining Topography) and Section 38 (Post-

Reclamation Surface Stabilization and Sediment Control).  Post-reclamation sedimentology is discussed in 

Section 41 (Probable Hydrologic Consequences).  BNCC will use a combination of the BTCA measures 

and BMPs, presented in Section 25 (Sediment Control and Section) and Section 38 (Post-Reclamation 

Surface Stabilization and Sediment Control), to control sediment and maintain water quality.   

 

Surface materials unsuitable for plant growth will be placed in mined-out areas and handled in a manner 

that protects environmental resources and minimizes adverse surface water impacts.  The measures and 

procedures to handle this material are discussed in Section 20 (Mining Operations) and Section 34 (Post-

Reclamation Topography).   

 

Acid and Toxic-Forming Materials 

The handling of PATFM will be conducted in a manner to prevent adverse impacts to surface water and 

groundwater is presented in Section 20 (Mining Operations) and Section 34 (Post-Reclamation 

Topography). 

 

Transfer of Wells 

Upon completion of mining, all wells will become the property of the Navajo Nation, as specified in 

BNCC’s lease agreement.  Any wells that the Navajo Nation does not want to maintain will be removed 
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and the area reclaimed.  Further discussion on the removal and retention of wells in the post-reclamation 

landscape is provided in Section 32 (Temporary Structures and Facilities Removal and Reclamation) and 

Section 33 (Post-Reclamation Roads, Building, Facilities, and Other Structures), respectively. 

 

Water Rights and Replacement 

The protection and replacement of water rights of present users is discussed in Section 35.5.  

 

Discharges Into an Underground Mine 

No underground mining is anticipated within the permit area, therefore, the potential for discharges to an 

underground mine does not exist. 

 

Post-mining Land Use 

Area disturbed by mining will be reclaimed to a grazing post-mining land use (PMLU) that is consistent 

with the pre-mining land use, described in Section 30 (Post-Reclamation Land Use) and Section 10 (Land 

Use), respectively.  The reclamation of the area will be accomplished in a manner to minimize disturbance 

of the hydrologic balance within and adjacent to the permit area and prevent material damage to the 

hydrologic balance outside of the permit area.  This will be accomplished by following methods and 

procedures described in the operation plan, sediment control plan, reclamation plan and monitoring plans 

found in Sections 20 through 23, Sections 25 through 26, Sections 30 through 39, and Section 42, 

respectively, of this PAP.   

 

35.8 Alluvial Valley Floor Reclamation Plan  

OSM has determined that there are no alluvial valley floors present within or adjacent to the permit area.  

Therefore, this section is not applicable.  The negative alluvial valley floor determination is provided in 

Section 19 (Alluvial Valley Floors). 

 

35.9 Hydrologic Reclamation Plan Information Collection and Analysis 

Fluvial geomorphic principles presented in the surface stabilization plan in Section 38 (Post-Reclamation 

Surface Stabilization and Sediment Control) and Natural Regrade with Geofluv™ software were used to 

develop the channel designs presented in the hydrologic reclamation plan.  Model inputs for the 

reconstruction designs are included in Appendix 34.A.   

 

SEDCAD modeling for the operational and post-reclamation channel designs is contained in Appendix 

41.C and Appendix 41.D, respectively, with baseline channel modeling contained in Appendix 18.B.  The 

subwatershed information was developed using Carlson Civil Suite 2008, AutoCAD®, and ArcGIS® 

software.  The base mapping used to develop subwatersheds is a combination of 10-feet-contoured aerial 

flight and digital elevation model (DEM) data of United States Geologic Survey (USGS) 7.5 minute 
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topographic quadrangle maps (NMRGIS 2009; USGS 2009).  All DEM analysis was performed utilizing 

the Spatial Analyst extension for ArcGIS® on DEM images projected to the North American Datum of 

1927 State Plane New Mexico West coordinate system and in standard units (feet) of measure.  Soils 

information for the SEDCAD modeling came from detailed baseline surveys, presented in Section 14 

(Soil), of the permit area and Natural Resources Conservation Service surveys (Keetch 1980) of the 

adjacent areas outside of the permit area.  Underlying assumptions that form the basis of all SEDCAD 

modeling are presented in Section 38 (Post-Reclamation Surface Stabilization and Sediment Control). 

 

35.10 Certification of Designs and Exhibits  

Certified exhibits for this section of the PAP are available for review upon request at either BNCC’s offices 

or OSM, Western Region, technical office in Denver, Colorado.  Certified as-built drawings will be kept on 

file at the mine site and made available upon request. 

 

Personnel 

Persons or organizations responsible for data collection, analysis, and preparation of this permit application 

package section: 

 

Ron Van Valkenburg 

Kent Applegate 

Matt Owens 

BHP Navajo Coal Company 

Norwest Corporation 

Denver, Colorado 
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Appendix 35.A 
SEDCAD Model Results for Pinabete Tributary Part 10 

  



Pinabete Post Mine Tributary "Part 10"

50yr-6hr storm event 1.76 inches

Refer to Channel design on Exh. 35.2-2

Ron Van Valkenburg, PE

BHP Navajo Coal Company
Navajo Mine

P.O. Box 1717
Fruitland, NM 87416

Phone:  505 598 4200
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  50 yr - 6 hr

Rainfall Depth: 1.760 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #2 0.112 0.301 Sta 85+00

Channel #2 ==> #3 0.452 0.290 Sta 75+00

Channel #3 ==> #4 0.474 0.279 Sta 37+00

Channel #4 ==> #5 0.172 0.304 Sta 0+00

Null #5 ==> End 0.000 0.000 Part 10


#1

Chan'l


#2

Chan'l


#3

Chan'l


#4

Chan'l

#5

Null

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 0.74 7.70 1,041.69 2.57 0.112

#1 Muskingum K: 0.112

#2 8. Large gullies, diversions, and low
flowing streams 0.61 23.30 3,811.00 2.34 0.452

#2 Muskingum K: 0.452

#3 8. Large gullies, diversions, and low
flowing streams 0.51 18.90 3,675.70 2.15 0.474

#3 Muskingum K: 0.474

#4 8. Large gullies, diversions, and low
flowing streams 0.77 12.60 1,634.00 2.63 0.172

#4 Muskingum K: 0.172
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 96.000 96.000 69.48 3.53

#2 124.300 220.300 145.15 8.09

#3 402.600 622.900 228.30 22.79

#4 168.400 791.300 244.66 28.94

#5 97.500 888.800 254.92 32.51
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Structure Detail:
Structure #1 (Erodible Channel)

     Sta 85+00

   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)

4.00 5.0:1 3.0:1 0.8 0.0300 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 69.48 cfs

Depth: 1.59 ft 2.59 ft

Top Width: 16.75 ft 24.75 ft

Velocity: 4.20 fps

X-Section Area: 16.54 sq ft

Hydraulic Radius: 0.965 ft

Froude Number: 0.74

Structure #2 (Erodible Channel)

     Sta 75+00

   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)

6.50 5.0:1 3.0:1 0.7 0.0300 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 145.15 cfs

Depth: 2.04 ft 3.04 ft

Top Width: 22.79 ft 30.79 ft

Velocity: 4.87 fps

X-Section Area: 29.83 sq ft

Hydraulic Radius: 1.281 ft

Filename: P-10 FSC.sc4 Printed 02-28-2014

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



w/o Freeboard w/ Freeboard

Froude Number: 0.75

Structure #3 (Erodible Channel)

     Sta 37+00

   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)

9.10 5.0:1 3.0:1 0.5 0.0300 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 228.30 cfs

Depth: 2.44 ft 3.44 ft

Top Width: 28.66 ft 36.66 ft

Velocity: 4.95 fps

X-Section Area: 46.16 sq ft

Hydraulic Radius: 1.577 ft

Froude Number: 0.69

Structure #4 (Erodible Channel)

     Sta 0+00

   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)

12.10 4.0:1 4.0:1 0.5 0.0300 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 244.66 cfs

Depth: 2.36 ft 3.36 ft

Top Width: 30.95 ft 38.95 ft

Velocity: 4.82 fps

X-Section Area: 50.74 sq ft

Hydraulic Radius: 1.609 ft
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w/o Freeboard w/ Freeboard

Froude Number: 0.66

Structure #5 (Null)

     Part 10
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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 96.000 0.246 0.000 0.000 83.300 M 69.48 3.531

 96.000 69.48 3.531

#2 1 124.300 0.257 0.000 0.000 83.300 M 88.23 4.559

 220.300 145.15 8.091

#3 1 231.200 0.307 0.000 0.000 83.300 M 151.85 8.460

2 171.400 0.624 0.000 0.000 83.300 M 74.72 6.242

 622.900 228.30 22.792

#4 1 168.400 0.486 0.000 0.000 83.300 M 86.31 6.149

 791.300 244.66 28.942

#5 1 97.500 0.352 0.000 0.000 83.300 M 59.94 3.568

 888.800 254.92 32.510

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 12.50 10.00 80.00 3.530 0.006

8. Large gullies, diversions, and low
flowing streams 1.16 29.00 2,502.50 3.220 0.215

8. Large gullies, diversions, and low
flowing streams 0.75 1.80 240.50 2.590 0.025

#1 1 Time of Concentration: 0.246

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 12.50 10.00 80.00 3.530 0.006

8. Large gullies, diversions, and low
flowing streams 2.46 87.60 3,565.60 4.700 0.210

8. Large gullies, diversions, and low
flowing streams 0.70 2.60 372.60 2.500 0.041

#2 1 Time of Concentration: 0.257

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 12.50 10.00 80.00 3.530 0.006

8. Large gullies, diversions, and low
flowing streams 5.13 106.20 2,069.20 6.790 0.084

8. Large gullies, diversions, and low
flowing streams 0.57 10.10 1,769.13 2.260 0.217

#3 1 Time of Concentration: 0.307

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 12.50 10.00 80.00 3.530 0.006
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Stru
#

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

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 0.90 56.90 6,325.60 2.840 0.618

#3 2 Time of Concentration: 0.624

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 3.17 21.40 675.70 1.770 0.106

8. Large gullies, diversions, and low
flowing streams 2.20 50.60 2,300.70 4.440 0.143

8. Large gullies, diversions, and low
flowing streams 0.51 9.20 1,820.90 2.130 0.237

#4 1 Time of Concentration: 0.486

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 1.32 10.00 757.30 1.140 0.184

8. Large gullies, diversions, and low
flowing streams 4.33 88.70 2,049.20 6.240 0.091

8. Large gullies, diversions, and low
flowing streams 0.74 5.30 720.20 2.570 0.077

#5 1 Time of Concentration: 0.352
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