
 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 19 

 

HYDROLOGIC RECLAMATION PLAN 



 

CHAPTER 19 

 

INDEX 

                                                                        Page 

Introduction                                                              1 

Practices Employed to Minimize the Impact of Mining on the 

Hydrologic System                                                         1 

Acid and Toxic Materials                                             1 

Drainage Control and Water Quality Standards                         2 

Restoration of Approximate Premining Ground 

Water Recharge Capacity                                              4 

Water Rights and Alternative Water Supplies                          4 

Monitoring Plan                                                           5 

Introduction                                                         5 

Ground Water Monitoring Plan                                         6 

Surface Water Monitoring Plan                                        8 

Literature Cited                                                          9 

 

LIST OF TABLES 

                                                                        Page 

Table 1  Monitoring Sites and Programs Utilized to 

Substantiate Significance Findings of Chapter 18, 

   Probable Hydrologic Consequences                           11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i      Revised 4/26/12 















 

Wepo wells 53, 62R, former Wepo well 62 and former alluvial wells 74 and 75 have shown clear 

evidence of mining induced drawdowns. 

 

The approach to evaluating the Wepo and alluvial monitoring wells for mining-induced water 

quality impacts is similar to the water level approach in that the analysis is closely linked 

to the wet pits and the Wepo/alluvial potentiometric surface.  Where the approach differs is 

water quality impacts can only occur downgradient (in the direction of decreasing 

potentiometric head) from the wet pits, and can only occur after the pits have been reclaimed 

and ground water levels have reestablished so ground water flow through the mining areas can 

return to what it was prior to mining.  Hydraulic characteristics for each aquifer (Chapter 

15, Attachments 9 and 14) were evaluated to determine which wells downgradient from the wet 

pits would have potential water quality impacts.  The hydraulic conductivities measured during 

pumping tests in each aquifer are low with average Wepo values being lower than the average 

alluvial values.  In order to determine mining-induced changes in the water chemistry at the 

Wepo, alluvial, and spoil monitoring wells, trend analyses will be performed for sodium, 

bicarbonate, sulfate, and total dissolved solids concentrations measured at these wells.  

Persistent trends of increasing concentrations of two or more of these major ions will suggest 

that mining impacts to the water quality are occurring.  Also, water type changes or shifts 

on trilinear diagram plots of the water chemistry for these wells will suggest mining impacts 

to the water quality. 

 

Navajo Aquifer Quality and Quantity.  Water level changes in the Navajo well bore holes on 

the leasehold are of little direct use in assessing drawdown in the N-aquifer as they are 

significantly influenced by well efficiency and pumpage rate changes.  Regional water level 

monitoring of the N-aquifer by the U.S. Geological Survey (USGS) in conjunction with 

periodically revised flow model runs will be utilized to assess the separate impacts from 

Peabody and Tribal pumpage on N-aquifer water levels.  As input to the model runs, Peabody 

will provide continuous pumpage data for the eight N-aquifer wells located on the leasehold. 

 

Navajo aquifer water quality changes will be compared against five-year ranges determined from 

Peabody monitoring data.  Significant increases in TDS, chloride and sulfate will suggest higher 

amounts of induced recharge from the overlying D-aquifer system.  The USGS monitoring program 

will be relied on to measure water quality changes in regional N-aquifer wells.  Annual progress 

reports from the USGS typically compare current chemical concentrations against average values 

determined over the period of sampling record.  Significant increases in parameter levels 
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over the long-term averages will be considered to suggest changes resulting from increased 

leakage of poorer quality D-aquifer water.   

 

Spring Flows and Quality.  Spring flows and quality changes on the leasehold will be compared 

to ranges developed from the five-year baseline-monitoring database.  Significant flow or 

quality deviations from the five-year ranges not explainable by climatic fluctuations will 

be considered suggestive of impacts from mining.  Regional spring flows and water quality will 

be monitored by the USGS.  Significant deviations from average values for the period of record 

will be considered suggestive of impacts from Tribal and Peabody N-aquifer pumpage. 

         

Surface-Water Monitoring Plan. 

 

Streamflows and Stream Water Quality.  Between 1980 and 2001, PWCC conducted extensive 

monitoring of streamflow and stream water quality in each of the major washes that cross the 

leasehold.  These monitoring data were compiled, analyzed, interpreted and used as the basis 

for a hydrologic program revision document submitted to OSM entitled “Justification of Monitor 

and Monitoring Frequency Reductions at the Black Mesa and Kayenta Mines, Arizona” (PWCC, 2001a).  

OSM approved this revision to Chapter 16 in several stages, resulting in significant changes 

to the surface-water monitoring program (refer to OSM (2001a, 2001b and 2002a) and PWCC (2001b) 

for details).  Included in this revision was the abandonment of eight stream-monitoring 

stations; the idling of one additional stream station; discontinuance of channel geomorphology 

monitoring and; discontinuance of sediment monitoring at all remaining stream monitoring sites.  

As of August 2011, the PWCC surface-water monitoring network on Black Mesa consists of five 

down-gradient stream stations that monitor for water quantity and quality. 

 

Since many factors influence streamflows and stream water chemistry on the leasehold, 

comparisons with five-year averages (as is done with well water chemistry) may not prove 

meaningful.  Instead, trending analyses is utilized to detect changes or trends in surface-water 

chemistry that may suggest mining impacts.  Consistently decreasing flows or increasing 

concentration levels, not associated with climatic fluctuations or local phreatophyte 

development, will be considered to suggest mining impacts.  Regional baseflow monitoring will 

be performed by the USGS.  Consistent reductions in baseflow at Moenkopi, Laguna Creek and 

Mexican Water will be interpreted as impacts from Tribal and Peabody pumpage, excepting periods 

of drought. 
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Reclaimed Area Runoff, Water Quality and Sediment Yields.  Analyses for potential impacts of 

reclaimed areas on streamflows and stream water quality have been conducted as part of the 

small watershed studies, the permanent impoundment studies and the EASI runoff and sediment 

yield modeling which has been described in the previous section on Drainage Control and Water 

Quality Standards.  The small watershed data and EASI model runs showed: runoff plot (hill 

slope) sediment yield data was higher on reclaimed areas; total watershed runoff volumes were 

comparable between reclaimed and undisturbed areas; and total watershed sediment yields were 

higher from undisturbed areas.  Monitoring of permanent impoundments showed reclaimed area 

runoff for a range of watershed sizes was good (some water persistence 80 percent of the time 

in the internal impoundments) and overall runoff water quality was equal to or better than 

baseflow and runoff in the principal channels on the leasehold. 
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TABLE 1 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 

 Alluvial Well Monitoring Sites 
 13R 17 19 23R 27R 29 31R 69  71 72 77 80R 83 87 89R 93 

                 
Interruption of Ground Water Flow and Drawdowns - - - - - - - - - - - - - - - - 
                 
Removal of Local Wells and Springs by Mining - - - - - - - - - - - - - - - - 
                 
Containment and Discharge of Pit Inflow Pumpage - - - - - - - - - - - - - - - - 
                 
Impact of Replaced Spoil Material on Ground Water Flow and Recharge 
Capacity 

- - X X X X X - - - - X X - X X 

                 
Impact of Replaced Spoil on Ground Water Quality - - X X X X - - - - - X X - X X 
                 
Interception of Wepo Recharge to the Alluvial Aquifer - - X X X X X - - - - X X - X X 
                 
Truncation of Alluvial Aquifers by Dams - X - X - X X - - - - X X - X - 
                 
Effects of Changed Wepo Aquifer Recharge Water 
Quality on the Alluvial Aquifer  

- - X X X X - - - - - X X - X X 

                 
Mining Interruption of Spring Flow - - - - - - - - - - - - - - - - 
                 
Impact of Peabody Navajo Wellfield Pumpage on Regional Water 
Levels and Stream and Spring Flow 

- - - - - - - - - - - - - - - - 

                 
Effects of Induced Leakage of Poorer Quality Water From the 
Overlying D-aquifer System on the N-aquifer Water Quality 

- - - - - - - - - - - - - - - - 

                 
Impact of Dams, Sediment Ponds and Impoundments on Runoff and 
Channel Characteristics 

- - - - - - - - - - - - - - - - 

                 
Impact of Dams, Sediment Ponds and Impoundments on Downstream 
Users 

- - - - - - - - - - - - - - - - 

                 
Impact of Dams, Sediment Ponds and Impoundments on Stream Water 
Quality 

- - - - - - - - - - - - - - - - 

                 
Impact of Stream Channel Diversions on Channel Characteristics and 
Runoff Water Quality 

- - - - - - - - - - - - - - - - 

                 
Effects of Culverts at Road Crossings on Stream Runoff and Water 
Quality 

- - - - - - - - - - - - - - - - 

                 
Effects of Runoff From Reclaimed Areas on the Quantity and Quality 
of Streamflow 

- - - - - - - - - - - - - - - - 

                 
The Impact of the Reclamation Plan on the Stability of Reclaimed 
Areas and the Reestablishment of Drainage Systems 

- - - - - - - - - - - - - - - - 

                 
Removal of Pre-existing Surface Water Structures - - - - - - - - - - - - - - - - 
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TABLE 1 (Cont.) 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 

 Alluvial Well Monitoring Sites 
 95 98R 99R 101R 104R 105R 106R 108R 165 168 169 170 172 181 
               
Interruption of Ground Water Flow and Drawdowns   - - - - - - - - - - - - - - 
               
Removal of Local Wells and Springs by Mining - - - - - - - - - - - - - - 
               
Containment and Discharge of Pit Inflow Pumpage - - - - - - - - - - - - - - 
               
Impact of Replaced Spoil Material on Ground Water Flow and Recharge 
Capacity 

X - X X X X X X X X X X X X 

               
Impact of Replaced Spoil on Ground Water Quality X - X X X X X X X X X X X X 
               
Interception of Wepo Recharge to the Alluvial Aquifer X - X X X X X X X X X X X X 
               
Truncation of Alluvial Aquifers by Dams - - - - - - - - - - - - X - 
               
Effects of Changed Wepo Aquifer Recharge Water Quality on the 
Alluvial Aquifer  

X - X X X X X X X X X X X X 

               
Mining Interruption of Spring Flow - - - - - - - - - - - - - - 
               
Impact of Peabody Navajo Wellfield Pumpage on Regional Water Levels 
and Stream and Spring Flow 

- - - - - - - - - - - - - - 

               
Effects of Induced Leakage of Poorer Quality Water From the 
Overlying D-aquifer System on the N-aquifer Water Quality 

- - - - - - - - - - - - - - 

               
Impact of Dams, Sediment Ponds and Impoundments on Runoff 
and Channel Characteristics 

- - - - - - - - - - - - - - 

               
Impact of Dams, Sediment Ponds and Impoundments on Downstream Users - - - - - - - - - - - - - - 
               
Impact of Dams, Sediment Ponds and Impoundments on Stream Water 
Quality 

- - - - - - - - - - - - - - 

               
Impact of Stream Channel Diversions on Channel Characteristics and 
Runoff Water Quality 

- - - - - - - - - - - - - - 

               
Effects of Culverts at Road Crossings on Stream Runoff and Water 
Quality 

- - - - - - - - - - - - - - 

               
Effects of Runoff From Reclaimed Areas on the Quantity and Quality 
of Streamflow 

- - - - - - - - - - - - - - 

               
The Impact of the Reclamation Plan on the Stability of 
Reclaimed Areas and the Reestablishment of Drainage Systems 

- - - - - - - - - - - - - - 

               
Removal of Pre-existing Surface Water Structures - - - - - - - - - - - - - - 
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TABLE 1 (Cont.) 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 
 

     Alluvial Well Monitoring Sites                                     Wepo Well Monitoring Sites 
 182 193 197 199 200   201    40 41 42 43R 44 45 46 47R 49 

                   
Interruption of Ground Water Flow and Drawdowns   - - - - - -    X - - X X X X X X 
                   
Removal of Local Wells and Springs by Mining - - - - - -    - - - - - - - - - 
                   
Containment and Discharge of Pit Inflow Pumpage  - - - - - -    - - - - - - - - - 
                   
Impact of Replaced Spoil Material on Ground Water Flow and 
Recharge Capacity 

X X X X X X    X - - X X X X X X 

                   
Impact of Replaced Spoil on Ground Water Quality  X X X X X X    X X X X X X X X X 
                   
Interception of Wepo Recharge to the Alluvial Aquifer X X X X X X    - - - - - - - - - 
                   
Truncation of Alluvial Aquifers by Dams  - - X - - X    - - - - - - - - - 
                   
Effects of Changed Wepo Aquifer Recharge Water Quality on the 
Alluvial Aquifer 

X X X X X X    X - - X X X X X X 

                   
Mining Interruption of Spring Flow - - - - - -    - - - - - - - - - 
                   
Impact of Peabody Navajo Wellfield Pumpage on Regional Water 
Levels and Stream and Spring Flow 

- - - - - -    - - - - - - - - - 

                   
Effects of Induced Leakage of Poorer Quality Water From 
the Overlying D-aquifer System on the N-aquifer Water Quality 

- - - - - -    - - - - - - - - - 

                   
Impact of Dams, Sediment Ponds and Impoundments on Runoff and 
Channel Characteristics 

- - - - - -    - - - - - - - - - 

                   
Impact of Dams, Sediment Ponds and Impoundments on Downstream 
Users 

- - - - - -    - - - - - - - - - 

                   
Impact of Dams, Sediment Ponds and Impoundments on Stream 
Water Quality 

- - - - - -    - - - - - - - - - 

                   
Impact of Stream Channel Diversions on Channel 
Characteristics and Runoff Water Quality 

- - - - - -    - - - - - - - - - 

                   
Effects of Culverts at Road Crossings on Stream Runoff and 
Water Quality 

- - - - - -    - - - - - - - - - 

                   
Effects of Runoff From Reclaimed Areas on the Quantity and 
Quality of Streamflow 

- - - - - -    - - - - - - - - - 

                   
The Impact of the Reclamation Plan on the Stability of 
Reclaimed Areas and the Reestablishment of Drainage Systems 

- - - - - -    - - - - - - - - - 

                   
Removal of Pre-existing Surface Water Structures - - - - - -    - - - - - - - - - 
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TABLE 1 (Cont.) 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 
 

                                    Wepo Well Monitoring Sites 
 51 52 53 54 55 56 57 58 59 60 61 62R 65 66 67 68  

                  
Interruption of Ground Water Flow and Drawdowns - - X X X X X X X X X X X X X -  
                  
Removal of Local Wells and Springs by Mining - - - - - - - - - - - - - - - -  
                  
Containment and Discharge of Pit Inflow Pumpage  - - - - - - - - - - - - - - - -  
                  
Impact of Replaced Spoil Material on Ground Water Flow and 
Recharge Capacity 

- - X X X X X X X X X X X X X X  

                  
Impact of Replaced Spoil on Ground Water Quality  - - X X X X X X X X X X X X X X  
                  
Interception of Wepo Recharge to the Alluvial Aquifer - - - - - - - - - - - - - - - -  
                  
Truncation of Alluvial Aquifers by Dams  - - - - - - - - - - - - - - - -  
                  
Effects of Changed Wepo Aquifer Recharge Water Quality on 
the Alluvial Aquifer 

- - X X X X X X X X X X X X X X  

                  
Mining Interruption of Spring Flow - - - - - - - - - - - - - - - -  
                  
Impact of Peabody Navajo Wellfield Pumpage on Regional Water 
Levels and Stream and Spring Flow 

- - - - - - - - - - - - - - - -  

                  
Effects of Induced Leakage of Poorer Quality Water From the 
Overlying D-aquifer System on the N-aquifer Water Quality 

- - - - - - - - - - - - - - - -  

                  
Impact of Dams, Sediment Ponds and Impoundments on Runoff 
and Channel Characteristics 

- - - - - - - - - - - - - - - -  

                  
Impact of Dams, Sediment Ponds and Impoundments on 
Downstream Users 

- - - - - - - - - - - - - - - -  

                  
Impact of Dams, Sediment Ponds and Impoundments on                  
Stream Water Quality - - - - - - - - - - - - - - - -  
                  
Impact of Stream Channel Diversions on Channel 
Characteristics and Runoff Water Quality 

- - - - - - - - - - - - - - - -  

                  
Effects of Culverts at Road Crossings on Stream Runoff and 
Water Quality 

- - - - - - - - - - - - - - - -  

                  
Effects of Runoff From Reclaimed Areas on the Quantity and 
Quality of Streamflow 

- - - - - - - - - - - - - - - -  

                  
The Impact of the Reclamation Plan on the Stability of 
Reclaimed Areas and the Reestablishment of Drainage Systems 

- - - - - - - - - - - - - - - -  

                  
Removal of Pre-existing Surface Water Structures - - - - - - - - - - - - - - - -  
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TABLE 1 (Cont.) 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 
 

   Spoil Well Monitoring Sites  Impoundments 
  161 Future Wells  Permanent Permanent Internal Other Internal 

        
Interruption of Ground Water Flow and Drawdowns  - -  - - - 
        
Removal of Local Wells and Springs by Mining  - -  - - - 
        
Containment and Discharge of Pit Inflow Pumpage   - -  - - - 
        
Impact of Replaced Spoil Material on Ground Water 
Flow and Recharge Capacity 

 X X  - - - 

        
Impact of Replaced Spoil on Ground Water Quality   X X  - - - 
        
Interception of Wepo Recharge to the Alluvial Aquifer  - -  - - - 
        
Truncation of Alluvial Aquifers by Dams   - -  - - - 
        
Effects of Changed Wepo Aquifer Recharge Water Quality on the Alluvial 
Aquifer  

 - -  - - - 

        
Mining Interruption of Spring Flow  - -  - - - 
        
Impact of Peabody Navajo Wellfield Pumpage on Regional Water Levels and 
Stream and Spring Flow 

 - -  - - - 

        
Effects of Induced Leakage of Poorer Quality Water From the Overlying 
D-aquifer System on the N-aquifer Water Quality 

 - -  - - - 

        
Impact of Dams, Sediment Ponds and Impoundments on Runoff and Channel 
Characteristics 

 - -  X X X 

        
Impact of Dams, Sediment Ponds and Impoundments on Downstream Users  - -  X X X 
        
Impact of Dams, Sediment Ponds and Impoundments on Stream Water Quality  - -  X X X 
        
Impact of Stream Channel Diversions on Channel Characteristics and Runoff 
Water Quality 

 - -  - - - 

        
Effects of Culverts at Road Crossings on Stream Runoff and Water Quality  - -  - - - 
        
Effects of Runoff From Reclaimed Areas on the Quantity and Quality of 
Streamflow 

 - -  X X X 

        
The Impact of the Reclamation Plan on the Stability of Reclaimed Areas and 
the Reestablishment of Drainage Systems 

 - -  - - - 

        
Removal of Pre-existing Surface Water Structures  - -  X X X 
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TABLE 1 (Cont.) 
 

Monitoring Sites and Programs Utilized to Substantiate Significance Findings 
of Chapter 18, Probable Hydrologic Consequences 

 
 

  
Local Well 
Inventory 

 
NPDES 
Ponds 

Regional USGS 
N-Aquifer, 

Stream & Spring 
Monitoring 

 
PWCC 3-D 

Flow Model 

Monitoring of 
Channel 

Characteristics 

Small 
Watershed 
Studies 

       
Interruption of Ground Water Flow and Drawdowns - - - - - - 
       
Removal of Local Wells and Springs by Mining X - - - - - 
       
Containment and Discharge of Pit Inflow Pumpage - X - - - - 
       
Impact of Replaced Spoil Material on Ground Water Flow and Recharge 
Capacity 

- - - - - - 

       
Impact of Replaced Spoil on Ground Water Quality - - - - - - 
       
Interception of Wepo Recharge to the Alluvial Aquifer - - - - - - 
       
Truncation of Alluvial Aquifers by Dams - - - - - - 
       
Effects of Changed Wepo Aquifer Recharge Water Quality on the Alluvial 
Aquifer 

- - - - - - 

       
Mining Interruption of Spring Flow X - - - - - 
       
Impact of Peabody Navajo Wellfield Pumpage on Regional Water Levels and 
Stream and Spring Flow 

 - X X - - 

       
Effects of Induced Leakage of Poorer Quality Water From the Overlying 
D-aquifer System on the N-aquifer Water Quality 

- - X - - - 

       
Impact of Dams, Sediment Ponds and Impoundments on Runoff and Channel 
Characteristics 

- - - - X - 

       
Impact of Dams, Sediment Ponds and Impoundments on Downstream Users - - - - - - 
       
Impact of Dams, Sediment Ponds and Impoundments on Stream Water Quality - X - - - - 
       
Impact of Stream Channel Diversions on Channel Characteristics and Runoff 
Water Quality 

- - - - - - 

       
Effects of Culverts at Road Crossings on Stream Runoff and Water Quality - - - - - - 
       
Effects of Runoff From Reclaimed Areas on the Quantity and Quality of 
Streamflow 

- - - - - X 

       
The Impact of the Reclamation Plan on the Stability of Reclaimed Areas 
and the Reestablishment of Drainage Systems 

- - - - - - 

       
Removal of Pre-existing Surface Water Structures - - - - - - 
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