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Modeling was performed to evaluate ET Cover profiles utilizing native soil and vegetation 
parameters as well as variability in climate data for the site.  The sensitivity analyses were 
performed to assess the range of potential input parameters and climatic scenarios expected over 
the full long-term performance period of the final cover system; and to demonstrate the cover 
system’s ability to meet the applicable performance objectives.   The following subsections 
summarize each of the sensitivity analyses performed with respective results. 


A.1 SIMULATION SERIES A 
The first set of computer simulations involved evaluating the borrow area with the remolded 
samples / laboratory measured soil values without any vegetation and incorporating the 1.5-inch 
diameter (D50) rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from 
the same borrow source.  The top 14-inches had the saturated hydraulic conductivity increased by 
an order of magnitude to account for effects such as roots and freeze/thaw action on the soil.  This 
order of magnitude increase to about a foot deep is consistent with soil measurements made in situ 
(Dwyer 2014). 


In Sections A.1.1 to A.1.4, Tables 1 to 4 contains the annual water balance variables for the initial 
five years after construction without any vegetation for the cover soil borrow sources (north 
drainage borrow area, south drainage borrow area, east borrow and west borrow).  The following 
water balance variables are summarized for each year: (1) applied precipitation; (2) applied 
potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated evaporation; (5) 
calculated runoff; and (6) calculated percolation. 


Figure 1 presents a graphical summary of the Series A computer simulations of flux (cm/yr) versus 
depth (cm) for all five years modeled for each borrow soil.  This depth of cover soil where flux is 
minimized is referred to as the Point of Diminishing Returns Method (Dwyer et al 2007).  The 
‘point of diminishing returns’ (PODR) is defined as the depth at which flux is effectively 
minimized; that is, the depth at which an additional increment of soil will no longer significantly 
reduce the flux.  It can be seen that the annual net flux is effectively minimized at a depth less than 
the 4-ft cover thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are 
satisfied in that flux through the cover be minimized. 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 89 


 


 
Figure 22.  Flux (cm/yr) v. Depth (cm) for Simulation Series A 


 


A.1.1 1.5-INCH ADMIXTURE 14-IN DEEP, EAST BORROW, NO 
VEGETATION 


Simulation 1 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with no vegetation. 


PODR @ less than 100 cm (39 in) depth 


Cover Depth: 122 cm (4-ft) 
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Table 20.  Simulation 1 Results (East Borrow, No Vegetation, 14-in Deep/1.5-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 28.777 cm 0.235 cm 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 29.050 cm 0.241 cm 2.69E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 29.174 cm 0.243cm 4.02E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 29.233 cm 0.246 cm 9.68E-03 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 29.272 cm 0.244 cm 2.00E-02 cm 


 


A.1.2 1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, NO VEGETATION 


Simulation 2 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 21.  Simulation 2 Results (North Drainage Borrow, No Vegetation, 14-in Deep/1.5-in 
Dia. Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 29.806 cm 0 1.41E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.531 cm 0 5.09E-02 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.581 cm 0 7.87E-02 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.610 cm 0 9.08E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.628 cm 0 9.55E-02 cm 
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A.1.3 1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, NO VEGETATION 


Simulation 3 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 22.  Simulation 3 Results (South Drainage Borrow, No Vegetation, 14-in Deep/1.5-in 
Dia. Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 27.893 cm 0 6.21E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 28.874 cm 0 6.20E-04 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.127 cm 0 6.20E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.236 cm 0 6.25E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.305 cm 0 7.08E-04 cm 


 


A.1.4 1.5-INCH ADMIXTURE 14-IN DEEP, WEST BORROW, NO 
VEGETATION 


Simulation 4 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 23.  Simulation 4 Results (West Borrow, No Vegetation, 14-in Deep/1.5-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 27.814 cm 0.001 cm 5.98E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 28.873 cm 0.001 cm 5.96E-04 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #3 


29.743 cm 211.744 cm 0 29.111 cm 0.001 cm 5.97E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.222 cm 0.001 cm 6.71E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.289 cm 0.001 cm 1.59E-03 cm 


 


A.2 SIMULATION SERIES B 
The next set of computer simulations involved evaluating the borrow sources with the laboratory 
measured soil values with no vegetation and incorporating the 2-inch diameter (D50) rock 
admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


In Sections A.2.1 to A.2.4, Tables 4 to 8 contains the annual water balance variables for the initial 
five years after construction with no vegetation for borrow source, respectively.  The following 
water balance variables are summarized for each year: (1) applied precipitation; (2) applied 
potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated evaporation; (5) 
calculated runoff; and (6) calculated percolation. 


Figure 2 presents a graphical summary of the Series B computer simulations of flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  It can 
be seen that the annual net flux is effectively minimized at a depth less than the 4-ft cover 
thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux 
through the cover is minimized. 
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Figure 23.  Flux (cm/yr) v. Depth (cm) for Simulation Series B 


A.2.1 2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, NO 
VEGETATION 


Simulation 5 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with no vegetation. 
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Table 24.  Simulation 5 Results (East Borrow, No Vegetation, 18-in Deep/2-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 29.055 cm 0.239 cm 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 29.193 cm 0.243 cm 2.67E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 29.254 cm 0.244 cm 3.37E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 29.289 cm 0.243 cm 6.54E-03 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 29.312 cm 0.244 cm 1.28E-02 cm 


 


A.2.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE BORROW, 
NO VEGETATION 


Simulation 6 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 25.  Simulation 6 Results (North Drainage Borrow, No Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 29.968 cm 0 1.35E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.566 cm 0 3.94E-02 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.601 cm 0 6.31E-02 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.623 cm 0 7.58E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.638 cm 0 8.20E-02 cm 
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A.2.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE BORROW, 
NO VEGETATION 
Simulation 7 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 26.  Simulation 7 Results (South Drainage Borrow, No Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.225 cm 0 6.21E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.152 cm 0 6.20E-04 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.275 cm 0 6.20E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.329 cm 0 6.22E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.366 cm 0 6.54E-04 cm 


 


A.2.4 2-INCH ADMIXTURE 18-IN DEEP, WEST BORROW, NO 
VEGETATION 


Simulation 8 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 27.  Simulation 4 Results (West Borrow, No Vegetation, 18-in Deep/2-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.251 cm 0.001 cm 5.98E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.148 cm 0.001 cm 5.96E-04 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #3 


29.743 cm 211.744 cm 0 29.262 cm 0.001 cm 5.97E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.323 cm 0.001 cm 6.71E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.364 cm 0.001 cm 1.59E-03 cm 


 


A.3 SIMULATION SERIES C 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with no vegetation and incorporating the 3-inch diameter (D50) rock 
admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


In Sections A.3.1 to A.3.4, Tables 9 to 12 contains the annual water balance variables for the initial 
five years after construction with no vegetation for borrow source, respectively.  The following 
water balance variables are summarized for each year: (1) applied precipitation; (2) applied 
potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated evaporation; (5) 
calculated runoff; and (6) calculated percolation. 


Figure 3 presents a graphical summary of the Series C computer simulations of flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  It can 
be seen that the annual net flux is effectively minimized at a depth less than the 4-ft cover 
thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux 
through the cover be minimized. 
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Figure 24.  Flux (cm/yr) v. Depth (cm) for Simulation Series C 
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Table 28.  Simulation 9 Results (East Borrow, No Vegetation, 27-in Deep/3-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 29.057 cm 0.239 cm 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 29.231 cm 0.244 cm 2.66E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 29.309 cm 0.244 cm 3.22E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 29.340 cm 0.245 cm 6.04E-03 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 29.358 cm 0.245 cm 1.17E-02 cm 


 


A.3.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE BORROW, 
NO VEGETATION 


Simulation 10 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 29.  Simulation 10 Results (North Drainage Borrow, No Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 30.013 cm 0 1.32E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.611 cm 0 3.63E-02 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.634 cm 0 5.67E-02 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.648 cm 0 6.75E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.658 cm 0 7.30E-02 cm 
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A.3.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE BORROW, 
NO VEGETATION 


Simulation 11 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 30.  Simulation 11 Results (South Drainage Borrow, No Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.224 cm 0 6.21E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.179 cm 0 6.20E-04 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.343 cm 0 6.20E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.413 cm 0 6.21E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.451 cm 0 6.46E-04 cm 


 


A.3.4 3-INCH ADMIXTURE 27-IN DEEP, WEST BORROW, NO 
VEGETATION 


Simulation 12 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with no vegetation. 


Table 31.  Simulation 12 Results (West Borrow, No Vegetation, 27-in Deep/3-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.252 cm 0.001 cm 5.98E-04 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.212 cm 0.001 cm 5.96E-04 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #3 


29.743 cm 211.744 cm 0 29.363 cm 0.001 cm 5.96E-04 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.426 cm 0.001 cm 6.18E-04 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.458 cm 0.001 cm 8.93E-04 cm 


 


A.4 SIMULATION SERIES D 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with reclaimed vegetation and incorporating the 1.5-inch diameter (D50) 
rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.4.1 to A.4.4, Tables 13 to 16 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 4 presents a graphical summary of the Series D computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
be minimized. 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 101 


 


 
Figure 25.  Flux (cm/yr) v. Depth (cm) for Simulation Series D 
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Table 32.  Simulation 13 Results (East Borrow, Reclaimed Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.777 cm 23.136 cm 0.201 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.201 cm 39.348 cm 4.113 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.289 cm 41.261 cm 4.172 cm 0 cm 


 


A.4.2 1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 14 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 33.  Simulation 14 Results (North Drainage Borrow, Reclaimed Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.814 cm 22.658 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 14.700 cm 42.402 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 15.809 cm 44.178 cm 0 cm 0 cm 


 


A.4.3 1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 15 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 
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Table 34.  Simulation 15 Results (South Drainage Borrow, Reclaimed Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.308 cm 22.646 cm 0.025 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.091 cm 39.035 cm 0.805 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 17.919 cm 41.125 cm 0.122 cm 0 cm 


 


A.4.4 1.5-INCH ADMIXTURE 14-IN DEEP, WEST BORROW, 
RECLAIMED VEGETATION 


Simulation 16 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 35.  Simulation 16 Results (West Borrow, Reclaimed Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.943 cm 22.091 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 17.138 cm 39.248 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 18.600 cm 41.048 cm 0 cm 0 cm 


 


A.5 SIMULATION SERIES E 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with reclaimed vegetation and incorporating the 2-inch diameter (D50) rock 
admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.5.1 to A.5.4, Tables 17 to 20 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; (6) calculated percolation; and (7) water stored in 
the modeled soil profile. 


Figure 5 presents a graphical summary of the Series E computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
be minimized. 
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Figure 26.  Flux (cm/yr) v. Depth (cm) for Simulation Series E 
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A.5.1 2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, RECLAIMED 
VEGETATION 


Simulation 17 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with reclaimed vegetation. 


Table 36.  Simulation 17 Results (East Borrow, Reclaimed Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.526 cm 23.161 cm 0.204 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.091 cm 40.254 cm 4.194 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 13.863 cm 42.314 cm 4.281 cm 0 cm 


 


A.5.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE BORROW, 
RECLAIMED VEGETATION 


Simulation 18 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 37.  Simulation 18 Results (North Drainage Borrow, Reclaimed Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.102 cm 22.841 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 14.292 cm 43.699 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 15.066 cm 45.379 cm 0 cm 0 cm 
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A.5.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE BORROW, 
RECLAIMED VEGETATION 


Simulation 19 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 38.  Simulation 19 Results (South Drainage Borrow, Reclaimed Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.179 cm 22.664 cm 0.026 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.268 cm 40.156 cm 0.349 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 17.910 cm 41.949 cm 0.136 cm 0 cm 


 


A.5.4 2-INCH ADMIXTURE 18-IN DEEP, WEST BORROW, RECLAIMED 
VEGETATION 


Simulation 20 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 39.  Simulation 20 Results (West Borrow, Reclaimed Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.748 cm 22.099 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.967 cm 40.263 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 18.333 cm 42.053 cm 0 cm 0 cm 
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A.6 SIMULATION SERIES F 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with reclaimed vegetation and incorporating the 3-inch diameter (D50) rock 
admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.6.1 to A.6.4, Tables 21 to 24 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 6 presents a graphical summary of the Series F computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
be minimized. 
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Figure 27.  Flux (cm/yr) v. Depth (cm) for Simulation Series F 
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A.6.1 3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, RECLAIMED 
VEGETATION 


Simulation 21 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with reclaimed vegetation. 


Table 40.  Simulation 21 Results (East Borrow, Reclaimed Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.526 cm 23.161 cm 0.204 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.096 cm 40.256 cm 4.193 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 13.860 cm 42.303 cm 4.313 cm 0 cm 


 


A.6.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE BORROW, 
RECLAIMED VEGETATION 


Simulation 22 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 41.  Simulation 22 Results (North Drainage Borrow, Reclaimed Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.102 cm 22.839 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 14.157 cm 43.994 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.768 cm 45.724 cm 0 cm 0 cm 
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A.6.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE BORROW, 
RECLAIMED VEGETATION 


Simulation 23 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 42.  Simulation 23 Results (South Drainage Borrow, Reclaimed Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.219 cm 22.690 cm 0.026 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.288 cm 40.204 cm 0.345 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 17.876 cm 42.102 cm 0.134 cm 0 cm 


 


A.6.4 3-INCH ADMIXTURE 27-IN DEEP, WEST BORROW, RECLAIMED 
VEGETATION 


Simulation 24 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with reclaimed 
vegetation. 


Table 43.  Simulation 24 Results (West Borrow, Reclaimed Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.748 cm 22.099 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.911 cm 40.377 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 18.170 cm 42.271 cm 0 cm 0 cm 
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A.7 SIMULATION SERIES G 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with grassland vegetation and incorporating the 1.5-inch diameter (D50) rock 
admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections 6.7.1 to 6.7.4, Tables 25 to 28 contains the annual water balance variables for the tenth 
year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 7 presents a graphical summary of the Series G computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
be minimized. 
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Figure 28.  Flux (cm/yr) v. Depth (cm) for Simulation Series G 
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Table 44.  Simulation 25 Results (East Borrow, Grassland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.057 cm 24.639 cm 0.200 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.583 cm 43.561 cm 4.259 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.559 cm 45.885 cm 4.368 cm 0 cm 


 


A.7.2 1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 26 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 45.  Simulation 26 Results (North Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.979 cm 24.968 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.830 cm 47.888 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.933 cm 49.959 cm 0 cm 0 cm 


 


A.7.3 1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 27 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 115 


Table 46.  Simulation 27 Results (South Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.806 cm 24.047 cm 0.012 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.314 cm 43.728 cm 0.242 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 11.873 cm 46.472 cm 0.095 cm 0 cm 


 


A.7.4 1.5-INCH ADMIXTURE 14-IN DEEP, WEST BORROW, 
GRASSLAND VEGETATION 


Simulation 28 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 47.  Simulation 28 Results (West Borrow, Grassland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.243 cm 23.603 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.981 cm 44.152 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 12.562 cm 46.714 cm 0 cm 0 cm 


 


A.8 SIMULATION SERIES H 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with grassland vegetation and incorporating the 2-inch diameter (D50) rock 
admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.8.1 to A.8.4, Tables 29 to 32 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 8 presents a graphical summary of the Series H computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 29.  Flux (cm/yr) v. Depth (cm) for Simulation Series H 
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included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with grassland vegetation. 


0


20


40


60


80


100


120


140


0 5 10 15 20


Co
ve


r D
ep


th
 (c


m
)


Annual Flux (cm)
PODR - Admixture 2-inch Rock, Remolded Soil,Grass


East Borrow (Average Year) East Borrow (Wet Year 1)


East Borrow (Wet Year 2) North Drainage (Average Year)


North Drainage (Wet Year 1) North Drainage (Wet Year 2)


South Drainage (Average Year) South Drainage (Wet Year 1)


South Drainage (Wet Year 2) West Borrow (Average Year)


West Borrow (Wet Year 1) West Borrow (Wet Year 2)


PODR @ flux is zero 
Cover Depth: 122 cm (4-ft) 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 118 


Table 48.  Simulation 29 Results (East Borrow, Grassland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.757 cm 23.937 cm 0.197 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.128 cm 42.847cm 4.238 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.875 cm 45.030 cm 4.335 cm 0 cm 


 


A.8.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE BORROW, 
GRASSLAND VEGETATION 


Simulation 30 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 49.  Simulation 30 Results (North Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.668 cm 24.276 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.445 cm 47.033 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 11.450 cm 48.739 cm 0 cm 0 cm 


 


A.8.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE BORROW, 
GRASSLAND VEGETATION 


Simulation 31 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 
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Table 50.  Simulation 31 Results (South Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.537 cm 23.339 cm 0.015 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 12.742 cm 42.692 cm 0.161 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.264 cm 44.795 cm 0.266 cm 0 cm 


 


A.8.4 2-INCH ADMIXTURE 18-IN DEEP, WEST BORROW, GRASSLAND 
VEGETATION 


Simulation 32 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 51.  Simulation 32 Results (West Borrow, Grassland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.015 cm 22.831 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.338 cm 43.102 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.828 cm 45.161 cm 0 cm 0 cm 


 


A.9 SIMULATION SERIES I 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with grassland vegetation and incorporating the 3-inch diameter (D50) rock 
admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.9.1 to A.9.4, Tables 33 to 36 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 9 presents a graphical summary of the Series I computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 30.  Flux (cm/yr) v. Depth (cm) for Simulation Series I 
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A.9.1 3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, GRASSLAND 
VEGETATION 


Simulation 33 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with grassland vegetation. 


Table 52.  Simulation 33 Results (East Borrow, Grassland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.757 cm 23.937 cm 0.197 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.168 cm 42.874 cm 4.216 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.940 cm 45.057 cm 4.347 cm 0 cm 


 


A.9.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE BORROW, 
GRASSLAND VEGETATION 


Simulation 34 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 53.  Simulation 34 Results (North Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.667 cm 24.277 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.425 cm 47.431 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 11.150 cm 49.180 cm 0 cm 0 cm 
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A.9.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE BORROW, 
GRASSLAND VEGETATION 


Simulation 35 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 54.  Simulation 35 Results (South Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.542 cm 23.341 cm 0.016 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 12.828 cm 42.799 cm 0.155 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.336 cm 45.024 cm 0.268 cm 0 cm 


 


A.9.4 3-INCH ADMIXTURE 27-IN DEEP, WEST BORROW, GRASSLAND 
VEGETATION 


Simulation 36 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with grassland vegetation. 


Table 55.  Simulation 36 Results (West Borrow, Grassland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.016 cm 22.831 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.395 cm 43.304 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.753 cm 45.486 cm 0 cm 0 cm 
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A.10 SIMULATION SERIES J 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with shrubland vegetation and incorporating the 1.5-inch diameter (D50) 
rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.10.1 to A.10.4, Tables 37 to 40 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 10 presents a graphical summary of the Series J computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 31.  Flux (cm/yr) v. Depth (cm) for Simulation Series J 


 


A.10.1   1.5-INCH ADMIXTURE 14-IN DEEP, EAST BORROW, 
SHRUBLAND VEGETATION 


Simulation 37 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with shrubland vegetation. 
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Table 56.  Simulation 37 Results (East Borrow, Shrubland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.779 cm 25.083 cm 0.201 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.344 cm 44.645 cm 4.273 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.073 cm 47.070 cm 4.381 cm 0 cm 


 


A.10.2   1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 38 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 57.  Simulation 38 Results (North Drainage Borrow, Shrubland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.578  cm 25.463 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.269 cm 49.076 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.056 cm 51.288 cm 0 cm 0 cm 


 


A.10.3   1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 39 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 
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Table 58.  Simulation 39 Results (South Drainage Borrow, Shrubland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.386 cm 24.567 cm 0.010 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.383 cm 45.140 cm 0.196 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.396 cm 48.077 cm 0.098 cm 0 cm 


 


A.10.4   1.5-INCH ADMIXTURE 14-IN DEEP, WEST BORROW, 
SHRUBLAND VEGETATION 


Simulation 40 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 59.  Simulation 40 Results (West Borrow, Shrubland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.713 cm 24.181 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.826 cm 45.654 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.856 cm 48.459 cm 0 cm 0 cm 


 


A.11 SIMULATION SERIES K 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with shrubland vegetation and incorporating the 2-inch diameter (D50) rock 
admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.11.1 to A.11.4, Tables 41 to 44 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 11 presents a graphical summary of the Series K computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 32.  Flux (cm/yr) v. Depth (cm) for Simulation Series K 


 


A.11.1   2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, 
SHRUBLAND VEGETATION 


Simulation 41 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with shrubland vegetation. 
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Table 60.  Simulation 41 Results (East Borrow, Shrubland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.974 cm 24.770 cm 0.201 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.857 cm 44.850 cm 4.296 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.469 cm 47.023 cm 4.452 cm 0 cm 


 


A.11.2   2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 42 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 61.  Simulation 42 Results (North Drainage Borrow, Shrubland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.719  cm 25.262 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.824 cm 49.024 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.682 cm 50.851 cm 0 cm 0 cm 


 


A.11.3   2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 43 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 
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Table 62.  Simulation 43 Results (South Drainage Borrow, Shrubland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.682 cm 24.209 cm 0.013 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.519 cm 45.150 cm 0.106 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.651 cm 47.464 cm 0.311 cm 0 cm 


 


A.11.4   2-INCH ADMIXTURE 18-IN DEEP, WEST BORROW, 
SHRUBLAND VEGETATION 


Simulation 44 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 63.  Simulation 44 Results (West Borrow, Shrubland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.050 cm 23.819 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.968 cm 45.666 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 11.108 cm 47.916 cm 0 cm 0 cm 


 


A.12 SIMULATION SERIES L 
The next set of computer simulations involved evaluating the borrow area with the laboratory 
measured soil values with shrubland vegetation and incorporating the 3-inch diameter (D50) rock 
admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.12.1 to A.12.4, Tables 45 to 48 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 12 presents a graphical summary of the Series L computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 33.  Flux (cm/yr) v. Depth (cm) for Simulation Series L 
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A.12.1   3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, 
SHRUBLAND VEGETATION 


 


Simulation 45 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the east borrow area, with shrubland vegetation. 


Table 64.  Simulation 45 Results (East Borrow, Shrubland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.968 cm 24.769 cm 0.201 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.900 cm 44.875 cm 4.295 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.565 cm 47.078 cm 4.483 cm 0 cm 


 


A.12.2   3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


 


Simulation 46 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 65.  Simulation 46 Results (North Drainage Borrow, Shrubland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.712  cm 25.266 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.869 cm 49.476 cm 0 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.514 cm 51.318 cm 0 cm 0 cm 
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A.12.3   3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


 


Simulation 47 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 66.  Simulation 47 Results (South Drainage Borrow, Shrubland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.678 cm 24.206 cm 0.012 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.616 cm 45.324 cm 0.104 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.770 cm 47.769 cm 0.319 cm 0 cm 


 


A.12.4   3-INCH ADMIXTURE 27-IN DEEP, WEST BORROW, 
SHRUBLAND VEGETATION 


 


Simulation 48 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, 
remolded laboratory measured soil from the north drainage borrow area, with shrubland 
vegetation. 


Table 67.  Simulation 48 Results (West Borrow, Shrubland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.048 cm 23.819 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.087 cm 45.959 cm 0 cm 0 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Wet Year 


#2 
60.350 cm 215.456 cm 11.179 cm 48.306 cm 0 cm 0 cm 


 


A.13 SIMULATION SERIES M 
 


The next set of computer simulations involved evaluating the borrow area with the in situ measured 
(Dwyer 2014) soil values with no vegetation and incorporating the 1.5-inch diameter (D50) rock 
admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


In Sections A.13.1 to A.13.3, Tables 49 to 51 contains the annual water balance variables for the 
initial five years after construction with no vegetation for borrow source, respectively.  The 
following water balance variables are summarized for each year: (1) applied precipitation; (2) 
applied potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated 
evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 13 presents a graphical summary of the Series M computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ (PODR) is defined as the depth at which flux is effectively minimized; that 
is, the depth at which an additional increment of soil will no longer significantly reduce the flux.  
It can be seen that the annual net flux is effectively minimized at a depth less than the 4-ft cover 
thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux 
through the cover is minimized. 
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Figure 34.  Flux (cm/yr) v. Depth (cm) for Simulation Series M 
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Simulation 50 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with no vegetation. 
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Table 68.  Simulation 50 Results (East Borrow, No Vegetation, 14-in Deep/1.5-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 28.791 cm 0 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 29.253 cm 0 2.79E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 29.386 cm 0 5.93E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 29.450 cm 0 1.69E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 29.491 cm 0 3.40 E-02 cm 


 


A.13.2 1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, NO VEGETATION 


 


Simulation 51 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, , 
in situ measured soil (Dwyer 2014) from the north drainage borrow area, with no vegetation. 


Table 69.  Simulation 51 Results (North Drainage Borrow, No Vegetation, 14-in Deep/1.5-in 
Dia. Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.693 cm 0 1.57 E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.054 cm 0 1.29E-01 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.213 cm 0 2.38E-01 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.296 cm 0 2.81E-01 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #5 


29.743 cm 211.744 cm 0 29.349 cm 0 2.93E-01 cm 


 


A.13.3 1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, NO VEGETATION 


 


Simulation 52 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the south drainage borrow area, with no vegetation. 


Table 70.  Simulation 52 Results (South Drainage Borrow, No Vegetation, 14-in Deep/1.5-in 
Dia. Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 27.029 cm 0 2.43E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 27.703 cm 0 2.58E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 27.931 cm 0 8.18E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 28.051 cm 0 3.70E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 28.122 cm 0 9.18E-02 cm 


 


A.14 SIMULATION SERIES N 
 


The next set of computer simulations involved evaluating the borrow area with the in situ measured 
(Dwyer 2014) soil values with no vegetation and incorporating the 2-inch diameter (D50) rock 
admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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In Sections A.14.1 to A.14.3, Tables 52 to 54 contains the annual water balance variables for the 
initial five years after construction with no vegetation for borrow source, respectively.  The 
following water balance variables are summarized for each year: (1) applied precipitation; (2) 
applied potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated 
evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 14 presents a graphical summary of the Series N computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ (PODR) is defined as the depth at which flux is effectively minimized; that 
is, the depth at which an additional increment of soil will no longer significantly reduce the flux.  
It can be seen that the annual net flux is effectively minimized at a depth less than the 4-ft cover 
thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux 
through the cover is minimized. 
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Figure 35.  Flux (cm/yr) v. Depth (cm) for Simulation Series N 


 


A.14.1 2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, NO 
VEGETATION 


 


Simulation 53 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with no vegetation. 
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Table 71.  Simulation 53 Results (East Borrow, No Vegetation, 18-in Deep/2-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 29.189 cm 0 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 29.402 cm 0 2.70E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 29.469 cm 0 4.10E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 29.506 cm 0 9.55E-03 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 29.533 cm 0 1.91E-02 cm 


 


A.14.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE 
BORROW, NO VEGETATION 


 


Simulation 54 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with no vegetation. 


Table 72.  Simulation 54 Results (North Drainage Borrow, No Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 28.992 cm 0 1.41 E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.152 cm 0 9.82E-02 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.268 cm 0 1.91E-01 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.333 cm 0 2.37E-01 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #5 


29.743 cm 211.744 cm 0 29.376 cm 0 2.56E-01 cm 


 


A.14.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE 
BORROW, NO VEGETATION 


 


Simulation 55 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the south drainage borrow area, with no vegetation. 


Table 73.  Simulation 55 Results (South Drainage Borrow, No Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 27.298 cm 0 2.43E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 27.926 cm 0 2.52E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 28.063 cm 0 5.97E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 28.137 cm 0 2.38E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 28.189 cm 0 6.05E-02 cm 


 


A.15 SIMULATION SERIES O 
 


The next set of computer simulations involved evaluating the borrow area with the in situ measured 
(Dwyer 2014) soil values with no vegetation and incorporating the 3-inch diameter (D50) rock 
admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 
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In Sections A.15.1 to A.15.3, Tables 55 to 57 contains the annual water balance variables for the 
initial five years after construction with no vegetation for borrow source, respectively.  The 
following water balance variables are summarized for each year: (1) applied precipitation; (2) 
applied potential evapotranspiration (PET); (3) calculated transpiration; (4) calculated 
evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 15 presents a graphical summary of the Series O computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ (PODR) is defined as the depth at which flux is effectively minimized; that 
is, the depth at which an additional increment of soil will no longer significantly reduce the flux.  
It can be seen that the annual net flux is effectively minimized at a depth less than the 4-ft cover 
thickness.  Thus 40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux 
through the cover is minimized. 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 145 


 


 
Figure 36.  Flux (cm/yr) v. Depth (cm) for Simulation Series O 


 


A.15.1 3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, NO 
VEGETATION 


Simulation 56 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with no vegetation. 
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Table 74.  Simulation 56 Results (East Borrow, No Vegetation, 27-in Deep/3-in Dia. Rock 
Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 cm 27.914 cm 0 2.66E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 cm 28.227 cm 0 2.70E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 cm 28.323 cm 0 3.58E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 cm 28.361 cm 0 8.10E-03 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 cm 28.380 cm 0 1.70E-02 cm 


 


A.15.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE 
BORROW, NO VEGETATION 


Simulation 57 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with no vegetation. 


Table 75.  Simulation 57 Results (North Drainage Borrow, No Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 29.096 cm 0 1.37E-02 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 29.271 cm 0 9.02E-02 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 29.351 cm 0 1.71E-01 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 29.395 cm 0 2.10E-01 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 29.426 cm 0 2.27E-01 cm 
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A.15.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE 
BORROW, NO VEGETATION 


Simulation 58 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the south drainage borrow area, with no vegetation. 


Table 76.  Simulation 58 Results (South Drainage Borrow, No Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 
Year #1 


29.743 cm 211.744 cm 0 27.309 cm 0 2.43E-03 cm 


Average 
Year #2 


29.743 cm 211.744 cm 0 28.023 cm 0 2.50E-03 cm 


Average 
Year #3 


29.743 cm 211.744 cm 0 28.182 cm 0 5.70E-03 cm 


Average 
Year #4 


29.743 cm 211.744 cm 0 28.245 cm 0 2.25E-02 cm 


Average 
Year #5 


29.743 cm 211.744 cm 0 28.280 cm 0 5.54E-02 cm 


 


A.16 SIMULATION SERIES P 
The next set of computer simulations involved evaluating the borrow area with the in situ measured  
soil values (Dwyer 2014) with reclaimed vegetation and incorporating the 1.5-inch diameter (D50) 
rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.16.1 to A.16.3, Tables 58 to 60 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 
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Figure 16 presents a graphical summary of the Series P computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 37.  Flux (cm/yr) v. Depth (cm) for Simulation Series P 


 


A.16.1   1.5-INCH ADMIXTURE 14-IN DEEP, EAST BORROW, 
RECLAIMED VEGETATION 


 


Simulation 59 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with reclaimed vegetation. 


Table 77.  Simulation 59 Results (East Borrow, Reclaimed Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.159 cm 21.954  cm 0.022 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 15.302 cm 39.575 cm 1.258 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 16.545 cm 41.830 cm 1.344 cm 0 cm 


 


A.16.2   1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 60 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, , 
in situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed 
vegetation. 


Table 78.  Simulation 60 Results (North Drainage Borrow, Reclaimed Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.291  cm 22.159 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.549 cm 40.184 cm 0.038 cm 0 cm 
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Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Wet Year 


#2 
60.350 cm 215.456 cm 17.977 cm 41.891 cm 0.045 cm 0 cm 


 


A.16.3   1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 61 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, , 
in situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed 
vegetation. 


Table 79.  Simulation 61 Results (South Drainage Borrow, Reclaimed Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.187 cm 21.995 cm 0.963 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.294 cm 36.213 cm 7.443 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.539 cm 37.707 cm 7.518 cm 0 cm 


 


A.17 SIMULATION SERIES Q 
The next set of computer simulations involved evaluating the borrow area with the in situ measured  
soil values (Dwyer 2014) with reclaimed vegetation and incorporating the 2-inch diameter (D50) 
rock admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.17.1 to A.17.3, Tables 61 to 63 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 
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Figure 17 presents a graphical summary of the Series Q computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 38.  Flux (cm/yr) v. Depth (cm) for Simulation Series Q 


 


A.17.1   2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, 
RECLAIMED VEGETATION 


Simulation 62 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with reclaimed vegetation. 


Table 80.  Simulation 62 Results (East Borrow, Reclaimed Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.922 cm 21.947  cm 0.020 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 14.966 cm 40.900 cm 1.402 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 15.872 cm 43.025 cm 1.532 cm 0 cm 


 


A.17.2   2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 63 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed vegetation. 


Table 81.  Simulation 63 Results (North Drainage Borrow, Reclaimed Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.724  cm 22.211 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.257 cm 41.277 cm 0.031 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 17.377 cm 42.971 cm 0.041 cm 0 cm 
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A.17.3   2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 64 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed vegetation. 


Table 82.  Simulation 64 Results (South Drainage Borrow, Reclaimed Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.900 cm 22.015 cm 0.960 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.544 cm 36.680 cm 7.456 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.503 cm 38.347 cm 7.591 cm 0 cm 


 


A.18 SIMULATION SERIES R 
The next set of computer simulations involved evaluating the borrow area with the in situ measured  
soil values (Dwyer 2014) with reclaimed vegetation and incorporating the 3-inch diameter (D50) 
rock admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.18.1 to A.18.3, Tables 64 to 66 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 18 presents a graphical summary of the Series R computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 39.  Flux (cm/yr) v. Depth (cm) for Simulation Series R 


 


A.18.1   3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, 
RECLAIMED VEGETATION 


Simulation 65 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with reclaimed vegetation. 
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Table 83.  Simulation 65 Results (East Borrow, Reclaimed Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.922 cm 21.947  cm 0.020 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 14.966 cm 40.900 cm 1.402 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 15.872 cm 43.025 cm 1.532 cm 0 cm 


 


A.18.2   3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 66 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed vegetation. 


Table 84.  Simulation 66 Results (North Drainage Borrow, Reclaimed Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 7.724  cm 22.211 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 16.257 cm 41.277 cm 0.031 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 17.377 cm 42.971 cm 0.041 cm 0 cm 


 


A.18.3   3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE 
BORROW, RECLAIMED VEGETATION 


Simulation 67 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, , in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with reclaimed vegetation. 
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Table 85.  Simulation 67 Results (South Drainage Borrow, Reclaimed Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.900 cm 22.015 cm 0.960 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 13.544 cm 36.680 cm 7.456 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 14.503 cm 38.347 cm 7.591 cm 0 cm 


 


A.19 SIMULATION SERIES S 
The next set of computer simulations involved evaluating the borrow area with the in situ measured  
soil values (Dwyer 2014) with grassland vegetation and incorporating the 1.5-inch diameter (D50) 
rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.19.1 to A.19.3, Tables 66 to 68 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 19 presents a graphical summary of the Series S computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 40.  Flux (cm/yr) v. Depth (cm) for Simulation Series S 


 


A.19.1   1.5-INCH ADMIXTURE 14-IN DEEP, EAST BORROW, 
GRASSLAND VEGETATION 


Simulation 68 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with grassland vegetation. 
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Table 86.  Simulation 68 Results (East Borrow, Grassland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.087  cm 23.806  cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.467 cm 45.430 cm 1.365 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.484 cm 47.874 cm 1.439 cm 0 cm 


 


A.19.2   1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 69 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 


Table 87.  Simulation 69 Results (North Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.778  cm 24.161 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.522 cm 45.285 cm 0.044 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 12.101 cm 47.479 cm 0.055 cm 0 cm 


 


A.19.3   1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 70 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 
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Table 88.  Simulation 70 Results (South Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.53 cm 23.379 cm 0.968 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.175 cm 39.551 cm 7.604 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.481 cm 41.461 cm 7.721 cm 0 cm 


 


A.20 SIMULATION SERIES T 
The next set of computer simulations involved evaluating the borrow area with the in situ measured  
soil values (Dwyer 2014) with grassland vegetation and incorporating the 2-inch diameter (D50) 
rock admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.20.1 to A.20.3, Tables 70 to 72 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 
Figure 20 presents a graphical summary of the Series T computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 41.  Flux (cm/yr) v. Depth (cm) for Simulation Series T 


 


A.20.1 2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, 
GRASSLAND VEGETATION 


Simulation 71 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with grassland vegetation. 
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Table 89.  Simulation 71 Results (East Borrow, Grassland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.915  cm 22.973  cm 0.001 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 11.181 cm 44.454 cm 1.493 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 12.030 cm 46.557 cm 1.592 cm 0 cm 


 


A.20.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 72 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 


Table 90.  Simulation 72 Results (North Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.537  cm 23.397 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 12.380 cm 44.400 cm 0.036 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 13.800 cm 46.216 cm 0.046 cm 0 cm 


 


A.20.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 73 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 
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Table 91.  Simulation 73 Results (South Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.236 cm 22.673 cm 0.968 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.927 cm 38.684 cm 7.525 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 11.948 cm 40.547 cm 7.678 cm 0 cm 


 


A.21 SIMULATION SERIES U 
The next set of computer simulations involved evaluating the borrow area with the in situ measured 
soil values (Dwyer 2014) with grassland vegetation and incorporating the 3-inch diameter (D50) 
rock admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.21.1 to A.21.3, Tables 73 to 75 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 
Figure 21 presents a graphical summary of the Series U computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 42.  Flux (cm/yr) v. Depth (cm) for Simulation Series U 
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GRASSLAND VEGETATION 


Simulation 74 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with grassland vegetation. 


0


20


40


60


80


100


120


140


0 5 10 15 20


Co
ve


r D
ep


th
 (c


m
)


Annual Flux (cm)
PODR - Admixture 3-inch Rock, Analog Soil, Grass


East Borrow (Average Year) East Borrow (Wet Year 1)


East Borrow (Wet Year 2) North Drainage (Average Year)


North Drainage (Wet Year 2) North Drainage (Wet Year 2)


South Drainage (Average Year) South Drainage (Wet Year 1)


South Drainage (Wet Year 2)


PODR @ flux is zero 
Cover Depth: 122 cm (4-ft) 







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 164 


Table 92.  Simulation 74 Results (East Borrow, Grassland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.664  cm 23.176 cm 1.044 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.871 cm 39.547 cm 8.015 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.675 cm 41.550 cm 8.119 cm 0 cm 


 


A.21.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 75 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 


Table 93.  Simulation 75 Results (North Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.537  cm 23.397 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 12.321 cm 44.892 cm 0.036 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 13.401 cm 46.767 cm 0.046 cm 0 cm 


 


A.21.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE 
BORROW, GRASSLAND VEGETATION 


Simulation 76 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with grassland vegetation. 
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Table 94.  Simulation 76 Results (South Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 6.236 cm 22.673 cm 0.967 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 10.987 cm 38.703 cm 7.524 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 12.026 cm 40.609 cm 7.677 cm 0 cm 


 


A.22 SIMULATION SERIES V 
The next set of computer simulations involved evaluating the borrow area with the in situ measured 
soil values (Dwyer 2014) with shrubland vegetation and incorporating the 1.5-inch diameter (D50) 
rock admixture that is 14-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top 14-inches had the saturated hydraulic conductivity increased by an order of 
magnitude to account for effects such as roots and freeze/thaw action on the soil.  This order of 
magnitude increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 
2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.22.1 to A.22.3, Tables 77 to 79 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 22 presents a graphical summary of the Series V computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 43.  Flux (cm/yr) v. Depth (cm) for Simulation Series V 
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SHRUBLAND VEGETATION 


Simulation 77 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with shrubland vegetation. 
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Table 95.  Simulation 77 Results (East Borrow, Grassland Vegetation, 14-in Deep/1.5-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.637 cm 24.385 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.948 cm 46.842 cm 1.361 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.669 cm 49.338 cm 1.443 cm 0 cm 


 


A.22.2 1.5-INCH ADMIXTURE 14-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 78 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 


Table 96.  Simulation 78 Results (North Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.316 cm 24.705 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.568 cm 46.619 cm 0.045 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.679 cm 49.025 cm 0.057 cm 0 cm 


 


A.22.3 1.5-INCH ADMIXTURE 14-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 79 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 1.5-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 
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Table 97.  Simulation 79 Results (South Drainage Borrow, Grassland Vegetation, 14-in 
Deep/1.5-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.139 cm 23.871 cm 0.969 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.782 cm 40.568 cm 7.648 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.774 cm 42.614 cm 7.769 cm 0 cm 


 


A.23 SIMULATION SERIES W 
The next set of computer simulations involved evaluating the borrow area with the in situ measured 
soil values (Dwyer 2014) with shrubland vegetation and incorporating the 2-inch diameter (D50) 
rock admixture that is 18-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.23.1 to A.23.3, Tables 79 to 81 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 
Figure 23 presents a graphical summary of the Series W computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 44.  Flux (cm/yr) v. Depth (cm) for Simulation Series W 
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A.23.1 2-INCH ADMIXTURE 18-IN DEEP, EAST BORROW, 
SHRUBLAND VEGETATION 


Simulation 80 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with shrubland vegetation. 


Table 98.  Simulation 80 Results (East Borrow, Grassland Vegetation, 18-in Deep/2-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.812 cm 24.122 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.490 cm 46.901 cm 1.528 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.179 cm 49.983 cm 1.617 cm 0 cm 


 


A.23.2 2-INCH ADMIXTURE 18-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 81 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 


Table 99.  Simulation 81 Results (North Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.338 cm 24.430 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.272 cm 46.588 cm 0.038 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.455 cm 48.586 cm 0.049 cm 0 cm 
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A.23.3 2-INCH ADMIXTURE 18-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 82 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 2-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 


Table 100.  Simulation 82 Results (South Drainage Borrow, Grassland Vegetation, 18-in 
Deep/2-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.418 cm 23.520 cm 0.973 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.536 cm 40.526 cm 7.643 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.426 cm 42.502 cm 7.768 cm 0 cm 


 


A.24 SIMULATION SERIES X 
The next set of computer simulations involved evaluating the borrow area with the in situ measured 
soil values (Dwyer 2014) with shrubland vegetation and incorporating the 3-inch diameter (D50) 
rock admixture that is 27-inches deep.  Beneath the admixture is cover soil from the same borrow 
source.  The top foot had the saturated hydraulic conductivity increased by an order of magnitude 
to account for effects such as roots and freeze/thaw action on the soil.  This order of magnitude 
increase to about a foot deep is consistent with soil measurements made in situ (Dwyer 2014). 


These computer simulations involved running 10 average years in a row to mitigate any biases 
from assumed initial soil conditions, followed by the wettest year on record modeled back to back.  
In Sections A.24.1 to A.24.3, Tables 82 to 84 contains the annual water balance variables for the 
tenth year of the average consecutive modeled years and the two wettest years on record modeled 
consecutively.  The following water balance variables are summarized for each year: (1) applied 
precipitation; (2) applied potential evapotranspiration (PET); (3) calculated transpiration; (4) 
calculated evaporation; (5) calculated runoff; and (6) calculated percolation. 


Figure 24 presents a graphical summary of the Series X computer simulations flux (cm/yr) versus 
depth (cm) for each year of each simulation.  This depth of cover soil where flux is minimized is 
referred to as the Dwyer Point of Diminishing Returns Method (Dwyer et al 2007).  The ‘point of 
diminishing returns’ is defined as the depth at which flux is effectively minimized; that is, the 
depth at which an additional increment of soil will no longer significantly reduce the flux.  For all 
of these simulations the flux is actually zero at a depth less than the 4-ft cover thickness.  Thus 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 are satisfied in that flux through the cover 
is minimized. 
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Figure 45.  Flux (cm/yr) v. Depth (cm) for Simulation Series X 
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A.24.1 3-INCH ADMIXTURE 27-IN DEEP, EAST BORROW, 
SHRUBLAND VEGETATION 


Simulation 83 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the east borrow area, with shrubland vegetation. 


Table 101.  Simulation 83 Results (East Borrow, Grassland Vegetation, 27-in Deep/3-in Dia. 
Rock Admixture) 


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 4.912 cm 23.952 cm 1.062 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 7.775 cm 41.336 cm 8.109 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 8.491 cm 43.442 cm 8.196 cm 0 cm 


 


A.24.2 3-INCH ADMIXTURE 27-IN DEEP, NORTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 84 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 


Table 102.  Simulation 84 Results (North Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.530 cm 24.435 cm 0 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 9.291 cm 47.150 cm 0.038 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 10.231 cm 49.151 cm 0.050 cm 0 cm 
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A.24.3 3-INCH ADMIXTURE 27-IN DEEP, SOUTH DRAINAGE 
BORROW, SHRUBLAND VEGETATION 


Simulation 85 included the input parameters described in Section 6.  Specifically, this simulation 
included an admixture with 33% rock to 67% soil by volume with 3-inch diameter D50 rock, in 
situ measured soil (Dwyer 2014) from the north drainage borrow area, with shrubland vegetation. 


Table 103.  Simulation 85 Results (South Drainage Borrow, Grassland Vegetation, 27-in 
Deep/3-in Dia. Rock Admixture)  


Year Precip. PET Transp. Evap. Runoff 
Percolation 


@ 4ft BGS 
Average 


Year 
29.743 cm 211.744 cm 5.415 cm 23.520 cm 0.973 cm 0 cm 


Wet Year 
#1 


60.350 cm 215.456 cm 8.618 cm 40.568 cm 7.648 cm 0 cm 


Wet Year 
#2 


60.350 cm 215.456 cm 9.555 cm 42.631 cm 7.776 cm 0 cm 


 


 


  







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 175 


 


 


 


 


 


APPENDIX B 
LONG-TERM MODELING SIMULATIONS OF COVER 


PROFILES 
  







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 176 


FIGURES 
Figure 1.  PODR for Long-Term Simulation with 1.5"Rock, 14" Deep Admixture in Profile .. Appendix B-
178 
Figure 2.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 1.5", 14" Deep 
Admixture ............................................................................................................................ Appendix B-179 
Figure 3.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 1.5", 14" 
Deep Admixture ................................................................................................................... Appendix B-180 
Figure 4.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation with 1.5", 
14" Deep Admixture ............................................................................................................ Appendix B-181 
Figure 5.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 1.5", 14" Deep 
Admixture ............................................................................................................................ Appendix B-182 
Figure 6.  PODR for Long-Term Simulation with 2"Rock, 18" Deep Admixture in ProfileAppendix B-183 
Figure 7.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 2", 18" Deep 
Admixture ............................................................................................................................ Appendix B-184 
Figure 8.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 2", 18" 
Deep Admixture ................................................................................................................... Appendix B-185 
Figure 9.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation with 2", 18" 
Deep Admixture ................................................................................................................... Appendix B-187 
Figure 10.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 2", 18" Deep 
Admixture ............................................................................................................................ Appendix B-188 
Figure 11.  PODR for Long-Term Simulation with 3"Rock, 27" Deep Admixture in Profile ... Appendix B-
189 
Figure 12.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 3", 27" Deep 
Admixture ............................................................................................................................ Appendix B-190 
Figure 13.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 3", 27" 
Deep Admixture ................................................................................................................... Appendix B-191 
Figure 14.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation with 3", 27" 
Deep Admixture ................................................................................................................... Appendix B-192 
Figure 15.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 3", 27" Deep 
Admixture ............................................................................................................................ Appendix B-193 
 


  







95% DRAFT - Revised NECR Cover System Design Report 
 


Dwyer Engineering LLC 177 


The long-term evaluation of the 4-ft cover profiles overlying the mine spoils simulated the 
potential changes through time, varying the vegetation and soil hydraulic properties as they evolve.  
Typical and extreme climate conditions are included.  Each admixture (1.5-in diameter rock mixed 
with soil to 14-inch depth, 2-inch rock mixed with soil to 18-inch depth, and 3-inch diameter rock 
mixed with soil to a 27-inch depth - the remainder of the cover is cover soil from same borrow 
source) was separately evaluated, thus there was three sets of long-term simulations completed in 
four stages. 


B.1 1.5-INCH, 14-IN DEEP ADMIXTURE 
40CFR264.310, 20.3.13.1313 NMAC, and 10CFR61.51 require that flux through the cover be 
minimized.  The ‘point of diminishing returns’ (PODR) is defined as the depth at which flux is 
effectively minimized.  That is, the PODR occurs at a depth whereby an additional increment of 
soil will no longer significantly reduce the flux.  This depth of cover soil where flux is minimized 
is referred to as the Dwyer (et al 2007) Point of Diminishing Returns Method.  Figure 1 contains 
all computer simulations years included for the cover geometry that included the top surface 
admixture to a depth of 14-inches.  Figure 1 shows that the PODR is reached at a depth of about 
85 cm (about 33-in) for the long-term set of simulations that included a profile with the admixture 
top surface of 1.5-inch rock mixed with soil at a ratio of 33% to 67% by volume with the cover 
soil from the south drainage borrow area to a depth of 14-inches.  The remainder of the profile 
included the same cover soil to a depth of 4-ft (122 cm) with mine spoils beneath this. 
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Figure 46.  PODR for Long-Term Simulation with 1.5"Rock, 14" Deep Admixture in Profile 


B.1.1 INITIAL TIME PERIOD OF LONG-TERM SIMULATION: NO 
VEGETATION 


Figure 2 includes the three years from the 'initial' stage of the long-term simulation for the 4-ft 
cover profile with a 14-inch deep surface admixture layer.  Figure 2 shows that the PODR is 
reached at a depth of about 85 cm (about 33-in) for the initial stage (no vegetation) of the long-
term set of simulations.  The annual flux at this PODR is about 1E-03 cm/year.  This flux is likely 
a result of the lower boundary condition (unit gradient) placed on the model profile. 
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Figure 47.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 1.5", 14" 


Deep Admixture 


B.1.2 SHORT-TERM TIME PERIOD OF LONG-TERM SIMULATION: 
RECLAIMED / DISTURBED VEGETATION 


Figure 3 includes the twenty years from the 'short-term' stage of the long-term simulation for the 
4-ft cover profile with a 14-inch deep surface admixture layer.  Figure 3 shows that the PODR is 
reached at a depth of about 72-cm (28-in) for the short-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.   
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Figure 48.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 


1.5", 14" Deep Admixture 


 


B.1.3 INTERMEDIATE-TERM TIME PERIOD OF LONG-TERM 
SIMULATION: GRASSLAND VEGETATION 


Figure 4 includes the twenty years from the 'intermediate' stage of the long-term simulation for the 
4-ft cover profile with a 14-inch deep surface admixture layer.  Figure 4 shows that the PODR is 
reached at a depth of about 107-cm (42-in) for the intermediate-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.  The wet climate did not produce the deepest 
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PODR, rather it was produced during an average climate year.  The deepest PODR occurs in the 
average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 


 
Figure 49.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation 


with 1.5", 14" Deep Admixture 
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average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 


 
Figure 50.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 1.5", 


14" Deep Admixture 
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depth of 18-inches.  Figure 6 shows that the PODR is reached at a depth less than 122 cm (4-ft) 
for the long-term set of simulations that included a profile with the admixture top surface of 2-inch 
rock mixed with soil at a ratio of 33% to 67% by volume with the cover soil from the south drainage 
borrow area to a depth of 18-inches.  The remainder of the profile included the same cover soil to 
a depth of 4-ft (122 cm) with mine spoils beneath this. 


 


 
Figure 51.  PODR for Long-Term Simulation with 2"Rock, 18" Deep Admixture in Profile 
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B.2.1 INITIAL TIME PERIOD OF LONG-TERM SIMULATION: NO 
VEGETATION 


Figure 7 includes the three years from the 'initial' stage of the long-term simulation for the 4-ft 
cover profile with a 18-inch deep surface admixture layer.  Figure 7 shows that the PODR is 
reached at a depth of about 85 cm (about 33-in) for the initial stage (no vegetation) of the long-
term set of simulations.  The annual flux at this PODR is about 1E-03 cm/year.  This flux is likely 
a result of the lower boundary condition (unit gradient) placed on the model profile. 


 
Figure 52.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 2", 18" Deep 
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B.2.2 SHORT-TERM TIME PERIOD OF LONG-TERM SIMULATION: 
RECLAIMED / DISTURBED VEGETATION 


Figure 8 includes the twenty years from the 'short-term' stage of the long-term simulation for the 
4-ft cover profile with a 18-inch deep surface admixture layer.  Figure 8 shows that the PODR is 
reached at a depth of about 75-cm (30-in) for the short-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.   


 
Figure 53.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 


2", 18" Deep Admixture 
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B.2.3 INTERMEDIATE-TERM TIME PERIOD OF LONG-TERM 
SIMULATION: GRASSLAND VEGETATION 


Figure 9 includes the twenty years from the 'intermediate' stage of the long-term simulation for the 
4-ft cover profile with a 18-inch deep surface admixture layer.  Figure 9 shows that the PODR is 
reached at a depth of about 122-cm (4-ft) for the intermediate-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.  The wet climate did not produce the deepest 
PODR, rather it was produced during an average climate year.  The deepest PODR occurs in the 
average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 
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Figure 54.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation 
with 2", 18" Deep Admixture 


 


B.2.4 LONG-TERM TIME PERIOD OF LONG-TERM SIMULATION: 
SHRUBLAND VEGETATION 


Figure 10 includes the twenty years from the 'long-term' stage of the long-term simulation for the 
4-ft cover profile with a 18-inch deep surface admixture layer.  Figure 10 shows that the PODR is 
reached at a depth of about 115-cm (45-in) for the long-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.  The wet climate did not produce the deepest 
PODR, rather it was produced during an average climate year.  The deepest PODR occurs in the 
average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 
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Figure 55.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 2", 


18" Deep Admixture 
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for the long-term set of simulations that included a profile with the admixture top surface of 3-inch 
rock mixed with soil at a ratio of 33% to 67% by volume with the cover soil from the south drainage 
borrow area to a depth of 27-inches.  The remainder of the profile included the same cover soil to 
a depth of 4-ft (122 cm) with mine spoils beneath this. 


 
Figure 56.  PODR for Long-Term Simulation with 3"Rock, 27" Deep Admixture in Profile 
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term set of simulations.  The annual flux at this PODR is about 1E-03 cm/year.  This flux is likely 
a result of the lower boundary condition (unit gradient) placed on the model profile. 


 
Figure 57.  PODR for Initial Stage (No Vegetation) of Long-Term Simulation with 3", 27" Deep 


Admixture 


B.3.2 SHORT-TERM TIME PERIOD OF LONG-TERM SIMULATION: 
RECLAIMED / DISTURBED VEGETATION 


Figure 13 includes the twenty years from the 'short-term' stage of the long-term simulation for the 
4-ft cover profile with a 27-inch deep surface admixture layer.  Figure 13 shows that the PODR is 
reached at a depth of about 73-cm (29-in) for the short-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.   
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Figure 58.  PODR for Short-Term Stage (Disturbed Vegetation) of Long-Term Simulation with 


3", 27" Deep Admixture 


B.3.3 INTERMEDIATE-TERM TIME PERIOD OF LONG-TERM 
SIMULATION: GRASSLAND VEGETATION 


Figure 14 includes the twenty years from the 'intermediate' stage of the long-term simulation for 
the 4-ft cover profile with a 27-inch deep surface admixture layer.  Figure 14 shows that the PODR 
is reached at a depth of about 107-cm (42-in) for the intermediate-term stage of the long-term set 
of simulations.  The annual flux at this PODR is zero.  The wet climate did not produce the deepest 
PODR, rather it was produced during an average climate year.  The deepest PODR occurs in the 
average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 
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Figure 59.  PODR for Intermediate-Term Stage (Grass Vegetation) of Long-Term Simulation 


with 3", 27" Deep Admixture 


B.3.4 LONG-TERM TIME PERIOD OF LONG-TERM SIMULATION: 
SHRUBLAND VEGETATION 


Figure 15 includes the twenty years from the 'long-term' stage of the long-term simulation for the 
4-ft cover profile with a 27-inch deep surface admixture layer.  Figure 15 shows that the PODR is 
reached at a depth of about 115-cm (45-in) for the long-term stage of the long-term set of 
simulations.  The annual flux at this PODR is zero.  The wet climate did not produce the deepest 
PODR, rather it was produced during an average climate year.  The deepest PODR occurs in the 
average years following the two consecutive wet years.  Those two wet years allowed more 
infiltration into the profile and although it did not make it to the base of the cover, it slowly moved 
downward until the upward energy gradients overcame gravity and pulled the moisture back up. 
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Figure 60.  PODR for Long-Term Stage (Shrub Vegetation) of Long-Term Simulation with 3", 
27" Deep Admixture 
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APPENDIX C 
MODELING SENSITIVITY ANALYSES OF COVER 


SYSTEMS WITHOUT VEGETATION 
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The ET Cover was evaluated without vegetation since it may take one to several years for a quality 
stand of vegetation to be established.  The cover without vegetation was modeled for a five-year 
period.  It should be noted that average precipitation climate was utilized for the analysis of the 
cover without vegetation.  This is considered conservative, given it is highly likely that the seeded 
vegetation will germinate during a typical year given the cover meets all applicable soil texture 
and nutrient requirements in the construction specifications are satisfied.  Table 1 provides an 
overview of the net annual flux for these simulations.  Although these simulations do not yield a 
net zero flux as the profiles with vegetation do (Appendixes A and B), the annual flux is very 
small.  Furthermore, from the graphics provided in Appendixes A and B, the PODR and thus 
regulatory criteria regarding flux was satisfied well within the 4-ft cover profile.  These annual 
flux rates are many orders of magnitude less than the existing cover profile is yielding (Dwyer 
2017). 


 


Table 104.  Sensitivity Analyses Annual Flux (cm/yr) Without Vegetation for 4-ft (122 cm) 
Cover 


Profile Borrow Yr1 Yr2 Yr3 Yr4 Yr5 
Admixture with 
1.5-inch rock 


East Borrow Soil, Remolded (EB-
B6-03), Grass 2.66E-03 2.69E-03 4.02E-03 9.68E-03 2.00E-02 


 
North Drainage Soil, Remolded 
(NB-B2-04), Grass 1.41E-02 5.09E-02 7.87E-02 9.08E-02 9.55E-02 


 
South Drainage Soil, Remolded 
(SB-B4-01), Grass 6.21E-04 6.20E-04 6.20E-04 6.25E-04 7.08E-04 


 
West Borrow Soil, Remolded 
(WB-B1-06), Grass 5.98E-04 5.96E-04 5.97E-04 6.71E-04 1.59E-03 


Admixture with 
2-inch rock 


East Borrow Soil, Remolded (EB-
B6-03), Grass 2.66E-03 2.67E-03 3.37E-03 6.54E-03 1.28E-02 


 
North Drainage Soil, Remolded 
(NB-B2-04), Grass 1.35E-02 3.94E-02 6.31E-02 7.58E-02 8.20E-02 


 
South Drainage Soil, Remolded 
(SB-B4-01), Grass 6.21E-04 6.20E-04 6.20E-04 6.22E-04 6.54E-04 


 
West Borrow Soil, Remolded 
(WB-B1-06), Grass 5.98E-04 5.96E-04 5.97E-04 6.22E-04 9.05E-04 


Admixture with 
3-inch rock 


East Borrow Soil, Remolded (EB-
B6-03), Grass 2.66E-03 2.66E-03 3.22E-03 6.04E-03 1.17E-02 


 
North Drainage Soil, Remolded 
(NB-B2-04), Grass 1.32E-02 3.63E-02 5.67E-02 6.75E-02 7.30E-02 


 
South Drainage Soil, Remolded 
(SB-B4-01), Grass 6.21E-04 6.20E-04 6.20E-04 6.21E-04 6.46E-04 


 
West Borrow Soil, Remolded 
(WB-B1-06), Grass 5.98E-04 5.96E-04 5.96E-04 6.18E-04 8.93E-04 


Admixture with 
1.5-inch rock East Borrow Soil, Analog, Grass 2.66E-03 2.79E-03 5.93E-03 1.69E-02 3.40E-02 


 
North Drainage Soil, Analog, 
Grass 1.57E-02 1.29E-01 2.38E-01 2.81E-01 2.93E-01 


 
South Drainage Soil, Analog, 
Grass 2.43E-03 2.58E-03 8.18E-03 3.70E-02 9.18E-02 


Admixture with 
2-inch rock East Borrow Soil, Analog, Grass 2.66E-03 2.70E-03 4.11E-03 9.55E-03 1.91E-02 
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Profile Borrow Yr1 Yr2 Yr3 Yr4 Yr5 


 
North Drainage Soil, Analog, 
Grass 1.41E-02 9.82E-02 1.91E-01 2.37E-01 2.56E-01 


 
South Drainage Soil, Analog, 
Grass 2.43E-03 2.52E-03 5.97E-03 2.38E-02 6.05E-02 


Admixture with 
3-inch rock East Borrow Soil, Analog, Grass 2.66E-03 2.66E-03 3.58E-03 8.11E-03 1.70E-02 


 
North Drainage Soil, Analog, 
Grass 1.37E-02 9.02E-02 1.71E-01 2.10E-01 2.27E-01 


 
South Drainage Soil, Analog, 
Grass 2.43E-03 2.50E-03 5.70E-03 2.25E-02 5.54E-02 
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To: Blickwedel, Roy (GE Corporate) <Roy.Blickwedel@ge.com>
Cc: Davis, Melanie <melanie.davis@stantec.com>; Peter Castiglia <pcastiglia@intera.com>
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Roy
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Jim
 
 
James Smith
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