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1.0 INTRODUCTION 
  
The Monarch DENM Gravel Mine (the Site) is located west of Colorado State Highway 85 with Weld County Road 40.5 
to the south and is bounded by the South Platte River to the west and north.  More specifically, the Site is comprised of 
portions of Section 18, Section 19, and Section 30, Township 4 North, Range 66 West of the 6th Principal Meridian.   
 
The Site is permitted through the Colorado Division of Reclamation, Mining, and Safety as a construction aggregate 
material mine. The approved mine plan calls for four (4) soil bentonite slurry wall (slurry wall) lined cells that will 
encompass most of the Site excluding approximately 15 acres along the eastern side of the Site along Highway 60 which 
will be wet mined and backfilled with wash fines and waste material.  Currently, the Site is utilized for pivot irrigated and 
dry land farming.  
 
A groundwater model was prepared for Monarch Mountain Minerals and Aggregates’ (MMMA) Monarch DENM Gravel 
Mine Site to investigate the impacts of the final construction of slurry walls at the Site on the surrounding alluvial aquifer.  
This report details the model inputs and construction, the findings of the model and recommendations to mitigate alluvial 
aquifer impacts.   
 
 
2.0 AREA GEOLOGY 
 
The Site is located approximately 25 miles east of the eastern flank of the Rocky Mountain Front Range.  Younger 
sedimentary strata dip eastward off the Pre-Cambrian igneous and metamorphic rocks that form the core of the Front 
Range into the Denver Structural Basin.  The Denver Basin is an asymmetrical downwarp of sedimentary strata with a 
steeply dipping west limb and a gently dipping east limb.   
 
Bedrock does not crop out at the Site, however regional geologic mapping of the area (Colton, 1978) indicates the near 
surface bedrock at the Site is most likely the Laramie Formation.  Colton (1978) describes the Laramie Formation as 
mostly claystone, shale, sandy shale, and lenticular sandstone (refer Figure 1).  The regional mapping indicates the 
bedrock is overlain by the Broadway Alluvium.  Colton (1978) describes these alluvial deposits as sand and gravel 
deposited by the South Platte River and its tributaries. The regional geology map is depicted in Figure 1.  
 
Civil Resources analyzed and mapped bedrock from 177 well logs from the Division of Water Resources as well as 27 
borings that were drilled at the site by the operator.  As shown on Figure 1, bedrock in the area generally slopes to the 
northeast following the route of the South Platte River.  Approximately one and a half (1.5) miles southeast of the South 
Platte River the bedrock drops in elevation dramatically from an elevation of 4,697 feet in the southeast corner of the Site 
to an elevation of 4,664 feet around the Town of Gilcrest.  On the southeastern side of Highway 85 the bedrock rises to 
an elevation of 4,719 feet on the southeast side of Highway 85.  Bedrock elevation contours are depicted in Figure 1. 
 
 
3.0 SITE GEOLOGY 
 
A total of twenty-seven (27) borings were drilled to bedrock at the Monarch DENM Site.  Depth to bedrock ranged from 
13 feet in H-13 on the lower terrace approximately 800 feet west of the site boundary to 58 feet in H-02 in the northeast 
corner of the Site.  The bedrock encountered at the Site consisted of wet brown weathered claystone in the first 6 inches 
to 1 foot which transitioned in to moist to dry, olive to grey claystone with further depth.  The claystone had a high 
plasticity and minimal fracturing.  The bedrock unit was not sampled.  Borehole locations and depth to bedrock are 
included in Figure 1. 
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The alluvial aquifer at the Site consists mainly of gravelly sand which grades to sandy gravel, usually becoming more 
gravelly with depth.  Aggregate unit thickness varied from 11 feet in H-13 west of the Site to 57 feet in H-02 in the 
northeastern side of the Site.   
 
 
4.0 EXISTING GROUNDWATER CONDITIONS 
 
Groundwater was measured in seven (7) piezometers, and typically occurs at depths usually ranging from 4.6’ to 29.3’ 
feet below surface with shallower groundwater to the north and west of the Site. The prevailing groundwater flow 
direction at the Site is to the northwest reflecting the Site topography. Groundwater in the area is tributary to the South 
Platte River located west of the site.  Depth to groundwater is shallower, as little as 5 feet, underlying the Town of 
Gilcrest likely due to the deep bedrock and low topography relative to the surrounding area. Locally the groundwater 
levels and flow directions are influenced by: 
 

 The South Platte River is northwest of the Site. For most of the year, the river likely acts as a drainage 
way, or gaining river reach, maintaining groundwater levels at elevations greater than water elevations 
in the river. In shorter periods of high runoff, usually in the spring, river water levels will locally 
recharge the groundwater table.  

 
 The Farmers Independent Ditch (FIDCO) passes southeast of the Site under the intersection of Weld 

County Road 42 and Weld County Road 29. North of Weld County Road 36, the ditch joins with a 
wetland drain which likely provides water year-round. During the irrigation season, the ditch diverts 
water from the South Platte River as well raising the water level of the ditch.  

 
 The Western Mutual Ditch (Western) traverses the southeast corner of the Site and bisects Cell 1 and 

2. The ditch flows most of the year based on diversion records for the ditch headgate located 
southwest of Platteville. 

 
 The Evans #2 Ditch passes southeast of the Town of Gilcrest on the eastern side of Highway 85. The 

ditch did not have discharge during the months of November and December but did have flow during 
the remainder of the year. 

 
 The Platte Valley Ditch branches off from the Evans #2 Ditch south of the Town of Gilcrest.  The Platte 

Valley Ditch does not have a stream gage, so it was assumed that it was flowing at the same time as 
the Evans #2 Ditch. 

 
 There are two unnamed sloughs approximately 500 feet to the west and another a ½ a mile to the 

northeast of the Site, respectively. These sloughs receive groundwater flowing out from the higher 
terrace and act as drains transporting water to the river. 

 
 There are multiple recharge ponds in the area of interest which provide groundwater recharge (refer 

Figure 2). 
 

 Irrigation: The Site is located in an area of irrigated cropland. Applied irrigation that is not lost to 
evaporation and transpiration recharges the groundwater.  

 
 Alluvial wells: Other than the seven monitoring wells drilled at the Site for monitoring groundwater 

levels, there are also eight pumping wells permitted within 600 feet of the mine property.  
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Wells within 600 feet of the permit boundary (not owned by the site property owner) are discussed below: 
 

 Carrol Sorrell Well 12462-R-R: This well is northeast of the plant area and is cross-gradient from the site. It is 
not expected to see a rise or fall due to the mine.  
 

 Richard Karbowski Well 216684—8: This well is located between the north Freshwater Pond and the Siltation 
Pond. During mining of the North Freshwater Pond and Siltation Pond this well may see some drawdown due to 
the dewatering process.  A monitoring well was installed  approximately 250 feet to the west in order to monitor 
the effects of dewatering on the Karbowski well. 

 
 Red Tierra Equities LLC Well 13689-R-R: This well is approximately 350 feet east of the Siltation Pond and may 

see some drawdown during dewatering of the Siltation Pond.  
 

 United Water and Sanitation District Well 14028-R: This well is located approximately 365’ southeast of the 
southern Fresh Water Pond.  This well is upgradient from the unlined Fresh Water Pond and may see some 
drawdown during dewatering operations.  

 
 Gerald Moran Well 187426—A: This well is located approximately 220 feet southeast and upgradient from the 

slurry wall lined Cell 2 and north of the Western Mutual Ditch. This well may see a groundwater mounding effect 
from the Cell 2 slurry wall on the order of a couple feet. 

 
 Allan Frank Well 206387-: This well is located approximately 520’ south west of the slurry wall lined Cell 1.  The 

well is cross-gradient from Cell 2 and it is not anticipated to see changes in groundwater table. 
 

 Janice Frank Well 14042-R: This well is located approximately 520’ south west of the slurry wall lined Cell 1.  
The well is cross-gradient from Cell 2 and it is not anticipated to see changes in groundwater table. 

 
 Ben Gutfelder Well 1874250-: This well is located approximately 275 feet northwest and downgradient from Cell 

2.  The well may see a groundwater shadow effect from the Cell 2 slurry wall on the order of a couple of feet.  
The groundwater shadow effect will likely be mitigated by the wells proximity to the South Platte River. 

 
5.0 GROUNDWATER MODEL 
 
The MODFLOW program utilizes a finite-difference mathematical model to simulate groundwater flow and was 
developed by the United States Geological Survey (USGS).  Groundwater Modeling System (GMS V 10.4.10) provided 
the graphical user interface for entering and reviewing the MODLFOW data.  The model has a total area of 
approximately 42 square miles, extending from the South Platte River to the west, the Town of Platteville to the south, 
the Evans #2 Ditch to the east and the Town of La Salle to the north (refer to Figure 1).  The grid size was set at 200 feet 
by 200 feet squares.  
 
The following boundary conditions were applied to the model as presented in Figure 2:  
 

 South Platte River to the northwest (River Package within MODFLOW);  
 

 A constant head boundary to the south;  

 
 A no flow boundary to the east to simulate the rise in bedrock east of Highway 85; 

 
 A constant head boundary to the north; 
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 Claystone bedrock – acting as an aquiclude forming the bottom of the aquifer. 
 
The shallow alluvial aquifer was modeled as a single aquifer (sand and small gravel), with zoned hydraulic conductivities 
based on historical well pumping tests, underlain by impervious claystone bedrock.  The model parameters and 
boundary conditions, such as Site topography, bedrock elevations, and hydraulic conductivities are further discussed in 
the following sections.              
 
5.1 Regional Topography 
Surface topography was obtained from USGS digital quadrangle (the Milliken 7.5 minute quadrangle).  The digital map 
was converted into a Civil 3d surface and imported to GMS and interpolated to the top elevations of the aquifer layer.  
 
5.2 Bedrock Surface 
The bedrock surface for the Site was obtained from borings completed by the Operator at the Site, borings completed by 
Civil Resources at the Section 20 Site, and 177 wells logs retrieved from the Colorado Division of Water Resources 
website.  These points were entered into Civil 3d to create a surface and smoothed using natural neighbor interpolation 
with a 20-foot by 20-foot interval.  The locations of the bedrock points are shown on Figure 1.  Bedrock is exposed to the 
west of the South Platte River, indicating that the alluvial aquifer pinches out to the west.  A feature line was used to map 
out the bedrock outcrop to bring the bedrock surface to meet the ground surface west of the river.  Corrections were 
made to this surface to lower the bedrock in areas in order to maintain usable cells along the river corridor and bedrock 
is likely shallower than the model input in this region.  
 
 
5.3 Hydraulic Conductivity 
Hydraulic conductivity is a measure of the soils ability to transmit water within the aquifer.  Some factors affecting 
hydraulic conductivity are: pore size distribution, grain size distribution, void ratio, roughness of mineral particles, and 
degree of soil saturation (Das, 1998).  The alluvium, underlying the region, is generally a clean to silty sand and gravel, 
as described above with an approximate depth of 50 to 95 feet in the upper terrace and shallower than 10 feet along the 
South Platte River floodplain.  Aquifer properties used in a previous study of the area performed by Bishop-Brogden 
Associates, Inc.(BBA) for the Town of Gilcrest were incorporated as this report utilized two long-term aquifer pumping 
tests in the vicinity of Gilcrest: the B4-66-11adc well 3 miles north of Gilcrest and the Lorenz Well approximately ½ mile 
to the east of Gilcrest.  
 

 The B4-66-011adc well approximately 3 miles north of Gilcrest is the nearest controlled long-term aquifer 
pumping and showed a hydraulic conductivity of 1,270 ft/day. 
 

 BBA performed an analysis of water level data from observation wells located near the Lorenz Well 
approximately ½ mile to the east of Gilcrest.  Their analysis indicated a hydraulic conductivity of approximately 
150 ft/day.   

 
The hydraulic conductivity was set at the lower end of the ranges provided by BBA and were increased until the model 
heads converged.  The model is sensitive to horizontal hydraulic conductivity and operates without errors in a narrow 
range of values at the high end of the ranges provided by BBA.  
 
Horizontal hydraulic conductivity for the calibrated model range from a low of 65 ft/day for the hills to the east and a high 
of 805 ft/day underlying the Site.  A map with the horizontal hydraulic conductivity values utilized in the model is shown 
on Figure 3. 
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5.4 Specific Yield 
Specific yield for the aquifer was set at 20% which corresponds to the value determined by BBA and in support of 
numerous water court decrees. 
 
5.5 Boundary Conditions 
Boundary conditions were set based on geologic features on the east and west sides of the model.  The constant head 
boundaries on the south and north sides were varied to match observed groundwater data sets. 
 

 Boundary conditions in a groundwater model are one tool used to approximate existing conditions at the outer 
extent of the model.  The boundary conditions are set sufficiently far away from the area of interest to allow the 
aquifer to respond to local stresses and are based on hydraulic, hydrogeologic, hydrologic, geological and 
geographical assumptions. 

 
 The model extends 3.3 miles southwest where constant head nodes were placed approximately 14 feet below 

the ground surface to represent existing groundwater levels taken in the area.  
 

 Another constant head boundary was placed approximately 3.7 miles northeast Site and constant head nodes 
were placed on the southeastern flank at water surface elevations approximately ten feet below the ground.   

 
 To the southeast of the model surface topography and bedrock slope up in elevation creating a natural barrier 

to flow.  The eastern limit of the alluvial aquifer was confirmed by researching the states database of permitted 
wells in the area and mapping where the permitted aquifer switches from the alluvial aquifer to a deep confined 
aquifer.  The approximate location of the shallow and deep aquifer divide is approximately ¼ mile east the 
location of the Platte Valley Ditch. 

 
 The South Platte River forms a natural hydrologic boundary to the west of the model.  Model inputs for the 

MODFLOW river package are bottom elevation, head-stage and conductivity.  The bed elevation was estimated 
using the USGS topographic quadrangle and Google Earth top of bed elevation and subtracting 6 feet to 
account for riverbed depth.  Head-stage was taken from the South Platte River at Platteville, CO (PLAPLACO) 
monitoring station which was approximately 4’ during the period of interest. See Appendix A for the PLAPLACO 
station discharge graph.   

 
 River conductance is a model parameter in the river package which simulates the riverbed’s ability to transfer 

water to the neighboring cell.  The river conductance parameter is calculated by taking vertical hydraulic 
conductivity divided by bed thickness multiplied by river width.  This value is then multiplied by GMS for the 
length of the river arc to which it is applied.  Since the riverbed hydraulic conductivity is unknown for this reach 
of the South Platte River, it was necessary to calibrate this parameter to groundwater conditions at the Site. An 
initial conductance of 36 ft/day was determined from well test reports that occurred upstream of the Site north of 
Fort Lupton.  Since the South Platte River acts as a drain throughout the reach, conductance values less than 
150 ft/day caused unrealistic head values and flooded cells. Values higher than 160 ft/day cause head values to 
drop and dry cells through the area. The river conductance was modeled to increase from 150 ft/day where the 
river enters the model to 160 ft/day where the river exits the model.  The rise in conductance was implemented 
to account for an increase in river width after the addition of the Saint Vrain River and groundwater inflows.   

 
A summary of the boundary conditions is presented in Table 1 below.        
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Table 1: Boundary Conditions 

Area Boundary Notes 

North 
Model extends 3.7 miles to the 
northeast 

See Figure 1 

West 
South Platte River located 
approximately 4,000 feet west of 
Site 

River bounds the western 
side of the model, see 
Figure 1 

South 
Model extends 3.3 miles to the 
southwest 

Constant head nodes, see 
Figure 1 

East 
Steeper Slopes to a ridge, wells 
change from shallow to deep 

See Figure 1 

 
The model boundary conditions are shown on Figure 2 
 
5.6 Internal Influences 
Surface features and activities that affect the alluvial groundwater include: 
 

 Ditches – There are four (4) ditches that traverse the interior of the model.  These ditches were modeled in 
GMS as river nodes.  As discussed in the South Platte River boundary condition above, the model inputs for the 
MODFLOW river package are: bottom elevation, head-stage, and conductance.  
 
The bed thickness for the ditches were all assumed to be 2 feet thick and to have a relatively low vertical 
hydraulic conductivity to limit seepage and were used as a calibration tool to match local groundwater 
elevations.  Head stage was estimated from the FRMDITCO, WESDITCO, EVANS2CO river diversion 
monitoring stations(See Appendix A).  The HB12-1278 Study of the South Platte River Alluvial Aquifer, 
performed by Colorado State University, states that calculated ditch seepage in the ranges from 10 to 50 
percent, averaging at 23 percent.  In the area of interest, ditch width ranges from approximately 10 feet wide to 
30 feet wide. Assuming the 2-foot bed thickness and starting with 10 percent seepage, ditch conductance was 
set at 0.5 ft/day and was raised incrementally until known groundwater head elevations and gradient were 
reached.  It was assumed that seepage from the ditches reduced over distance as water was consumed.  See 
Figure 1 for inputted parameters.   
 
The Western Mutual Ditch was the main factor in affecting groundwater levels at the Monarch DENM Site and 
small changes in head elevation and conductance were used to calibrate the river input to reach observed head 
measurements throughout the Site. 
 

 Drains – A series of drains were set at the base of three sloughs along the South Platte River. These drains 
were necessary to pull head elevations down to the slough elevation and not flood out the cells in the floodway. 
The drain inputs are bottom elevation and conductance. The bottom elevation was estimated from the USGS 
Quadrangle Map and were assumed to be at least 2 feet deep.   The conductance input was set high enough to 
account for all water that was above the drain bottom to model the slough action of removing groundwater and 
setting groundwater head levels at the base of the terrace.  

 
 Recharge – A number of upgradient recharge Sites were listed in the BBA report and were added to this model.  

The recharge values and location are located on Figure 2.  It was assumed that pivot and flood irrigation 
contributed 0.001 feet per day to the groundwater table over the whole model area during irrigation season. 
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6.0 MODEL SIMULATIONS 
Model simulations were completed to calibrate the model to reasonably represent the existing conditions and 
subsequently estimate the proposed change in hydrologic conditions. 
 
6.1 Existing Conditions 
Steady-state modeling of average baseline conditions of April through July were used to calibrate the system equilibrium 
to the measured water levels.  Monthly water level readings and other reported data can be seen in Appendix A.  The 
aquifer was modeled as consisting of alluvium from the existing ground surface to the top of bedrock.  Civil Resources 
evaluated the claystone bedrock as an aquiclude, thereby forming the bottom of the model.  The observed water levels 
used to calibrate the steady-state model are shown on Figure 1.    
 
Calibration is the process of refining input parameters and boundary conditions, within reason, so the model reflects 
observed water levels.  Parameters including:  1) hydraulic conductivity, 2) river conductance, 3) river head, 4) river 
bottom elevations, and 5) drain conductance were adjusted during calibration.   The groundwater levels to the northeast 
were estimated from the level of the Lower Latham Reservoir.  Groundwater levels to the southwest were estimated from 
monitoring wells in the area. The South Platte River, ditches and drain bottom elevations were estimated utilizing the 
USGS Quadrangle map and water surface elevations were estimated using stream gage head information from the DWR 
website(See Appendix A).  
 
Figure 5 shows the modeled groundwater contours and Figure 5A shows the modeled groundwater contours zoomed in 
on the Site and the Section 20 Site.  Table 2 below reports the steady-state modeled water levels and the measured 
water levels at the Site. Overall, the model matched the existing groundwater gradient to a good degree of accuracy and 
6 out of the 7 Site monitoring wells were within 1.0 feet of observed with one well, PZ-09, which was modeled at 1.46 
feet above the observed head elevation.  
 
Groundwater levels for monitoring wells in the Town of Gilcrest were also utilized in calibration of the model.  The BBA 
report contained well readings from multiple wells in the Town of Gilcrest measured in 2014.  It was assumed that these 
readings were similar to current head elevations and four (4) monitoring wells were included to get a representative 
sample of the Town. Of the four(4) wells chosen, three (3) of them were within 0.5 feet of observed.  BBA-EC, northeast 
of town on the eastern side of Highway 85 was 1.5 feet lower than the observed elevation head.  The monitoring wells 
included in the BBA report were recorded in 1-foot intervals, which could account for the 1.5 feet difference. Table 2 
below has the comparison between the measured and modeled groundwater levels at the Site.  The head contours for 
the baseline condition are shown on Figure 4. 
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Table 2: Measured and Modeled Site Groundwater Levels 

Well Observed  Modeled Difference Cell (IJK) 

PZ-01 4,712.93 4712.32 -0.61 146,111,1 

PZ-04 4,712.60 4712.44 -0.16 136,119,1 

PZ-09 4,723.90 4725.36 1.46 142,136,1 

PZ-15 4,723.89 4724.4 0.51 153,136,1 

PZ-20 4,737.52 4737.8 0.28 162,133,1 

PZ-25 4,733.10 4733.1 0.00 162,115,1 

PZ-27 4,741.33 4741.2 -0.13 148,122,1 

BBA-MW4 4741 4740.3 -0.70 148,122,1 

BBA-MW11 4737 4736.9 -0.10 148,122,1 

BBA-MW17 4735 4734.4 -0.60 166,164,1 

BBA-MW18 4738 4737.25 -0.75 148,122,1 

 
 
6.2 Slurry Wall Installation Simulation  
The Site is planned for a sequence of soil bentonite slurry wall lined cells encompassing the majority of the Site. The 
only area not planned to be slurry wall lined is the siltation and freshwater ponds along the eastern edge of the site 
parallel to Highway 60.  The slurry walls will be constructed in stages starting in the south and progressing north.  In 
order to model for the worst-case scenario with no mitigation, the model simulates the full buildout of all the sites slurry 
walls and filling in the siltation and freshwater ponds with waste material of a lower hydraulic conductivity.  To make the 
slurry wall lined cells no flow areas, the horizontal hydraulic conductivity of these areas were set to zero (0) feet/day. The 
area where the Western Mutual Ditch runs through the Site remained at the 470 feet/day horizontal hydraulic 
conductivity.  The horizontal hydraulic conductivity for the siltation and freshwater ponds was set to 75 feet/day to 
simulate filling the ponds with site overburden. 
 
The mounding and shadowing for the surrounding properties and wells is described in Table 3 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Groundwater Model Report – Monarch DENM Gravel Mine Site - 9 - January 2023 
  

 

Table 3: Surrounding Property Groundwater Elevations – Site Slurry Walls 

Location 
Basement 

(y/n) Baseline 
After Slurry Wall 

Construction 
Difference (FT 
Rise or Fall) 

Groundwater Depth 
Below Surface 

Surface Elevation 
(Google Earth) 

 

 

Knutson Barn n 4713.3 4713.7 0.4 13.3 4727 
 

Karbowski Brave House n 4725.4 4729.8 4.4 24.2 4754 
 

Red Tierra House n 4727.9 4732.0 4.1 28.0 4756 
 

Sharp House y 4738.3 4742.7 4.4 13.3 4760 
 

Greybill House y 4738.2 4743.8 5.6 13.2 4756 
 

Poncelow House n 4735.2 4740.7 5.5 24.3 4757 
 

Moran House y 4738.8 4744.5 5.7 19.5 4765 
 

Doolittle House y 4740.2 4745.6 5.4 20.4 4764 
 

Maroney House y 4741.8 4746.6 4.8 19.4 4766 
 

Scott House y 4742.3 4747.3 5.0 22.7 4766 
 

Meining House y 4744.1 4748.4 4.3 16.6 4770 
 

Schmunk House y 4741.8 4745.2 3.4 16.8 4765 
 

Guevara House y 4741.2 4743.6 2.4 20.4 4762 
 

Frank House y 4739.7 4741.2 1.5 13.8 4764 
 

Gutfelder House n 4728.3 4725.8 -2.5 29.2 4755 
 

Gilcrest Valley HS NA 4737.0 4738.2 1.2 7.8 4746 
 

 
 
As noted in the table above, groundwater elevation impacts from the installation of the slurry walls will be highly spatially 
variable.  The area east of Cell 2 is expected to see the most amount of mounding, up to 5.7 feet above baseline levels 
at the Moran property.  Depth to groundwater in this area after construction of the slurry wall ranges from 18.4 to 20.5 
feet below grade, so flooding is not anticipated to be an issue.  Mounding decreases to the west of Cell 1 with the 
Schmunk house on the southwest corner of the Site potentially seeing 3.4 feet of mounding.  Elevation from Google 
Earth for the Schmunk property is approximately 4765 feet, which would put the potential groundwater rise at 
approximately 16.8 feet below the surface.  
 
Potential shadow effects from the slurry wall are present north of the Site (downgradient).  There is one (1) well on the 
north side of the Site, between the site and the South Platte River, which will be in the groundwater shadow.  The drop in 
groundwater elevation at this well was modeled at approximately 2.5 feet at full buildout of the site.  The shadow effect is 
likely mitigated by the close proximity of the slough which is approximately two hundred (200) feet to the northwest and 
the proximity to the South Platte River.  The modest shadow effect should have limited effect on the productivity of local 
alluvial wells. 
 
The Town of Gilcrest is located between the Site and a rise in the bedrock elevation to the east which acts as a no flow 
boundary.  It is anticipated that slurry wall construction will restrict flow to the west of Town causing elevated 
groundwater levels in Town as noted for “Gilcrest Valley HS” in the table above.   
 
6.2.1 Red Tierra Equities, LLC Section 20 Site Impacts 
In addition to the Monarch DENM Gravel Mine, the Red Tierra Equities, LLC (Red Tierra) Section 20 Gravel Mine has 
applied for a DRMS 112 Reclamation Permit on the east side of Highway 60.  This site is comprised of eight (8) slurry 
wall lined cells and one (1) unlined cell at the northwest corner of the site.  To simulate the eight (8) lined cells, the 
horizontal hydraulic conductivity in these areas was set to zero (0).  The additional impacts from adding this site to the 
model are presented in Table 4 below and a layout of the site is shown on Figure 5 and 5A. 
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Table 4: Surrounding Property Groundwater Elevations – Both Sites 

Location Baseline 
Full Buildout with 

Section 20 Difference  

 

 

Knutson Barn 4713.3 4710.8 -2.50 
 

Karbowski Brave House 4725.4 4731.4 6.00 
 

Red Tierra House* 4727.9 NA NA 
 

Sharp House 4738.3 4750.8 12.50 
 

Greybill House 4738.2 4749.9 11.70 
 

Poncelow House 4735.2 4745.5 10.30 
 

Moran House 4738.8 4749.3 10.50 
 

Doolittle House 4740.2 4750.3 10.10 
 

Maroney House 4741.8 4751.2 9.40 
 

Scott House 4742.3 4751.8 9.50 
 

Meining House 4744.1 4752.7 8.60 
 

Schmunk House 4741.8 4747.5 5.70 
 

Guevara House 4741.2 4745.6 4.40 
 

Frank House 4739.7 4743.7 4.00 
 

Gutfelder House 4728.3 4726.4 -1.90 
 

Gilcrest Valley HS 4737.0 4742.5 5.57 
 

 
*Red Tierra House is inside of the proposed Section 20 slurry wall lined Cell 8. 

 
The addition of the full build out of the Section 20 Gravel Mine increases mounding on the southern side of the Monarch 
DENM Site by limiting groundwater flow to the east.  The additional slurry walls constructed along the eastern side of 
Highway 60 creates a groundwater corridor along Highway 60 north to the South Platte River, which causes the 
groundwater at the Sharp House to rise approximately twelve (12) feet from baseline conditions. 
 
6.3 Mitigation 
This section describes potential mitigation actions to decrease the mounding effect of slurry wall construction on the 
surrounding properties and the Town.  The Section 20 Gravel Mine timeline, submitted to the DRMS, was utilized in 
conjunction with the Monarch DENM expected timeline to determine the phasing of mitigation construction.  These 
timelines are approximate and are subject to change which may necessitate early construction of mitigation structures 
depending on measured groundwater conditions at the Site.   
 
The shadow effect to the north and west will likely be minimized by the proximity to the unnamed slough and the South 
Platte River.  At this time no mitigation is recommended to address shadowing to the north and west unless groundwater 
monitoring demonstrates that the drop in groundwater head elevations is larger than anticipated and has a demonstrable 
negative impact.  Mitigation would be warranted if the well owner to the north of Cell 2 complains about decreased 
pumping rates or their wells going dry.  This is not anticipated because the modeled saturated thickness of the alluvial 
deposit is still eighteen (18) to twenty (20) feet at full buildout of both sites and the proximity to the South Platte River. 
 
The groundwater table to the south of the combined Monarch DENM and Section 20 sites and underlying the Town of 
Gilcrest is anticipated to rise as a result of the full buildout of the slurry walls at the Site and the Section 20 Site.  Since 
depth to groundwater is relatively deep south of the Site, approximately 14 to 20 feet deep, mounding less than four (4) 
feet at the Site boundary is unlikely to cause conflicts with structures south of the Site.  The mounding is expected to be 
greatest towards the southeast corner of the Site as described in the previous section and shown on Figure 5.  To 
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mitigate against possible groundwater elevation rise in the Town of Gilcrest and the properties to the south of the Site, 
an implementation trigger of three (3) feet above maximum observed groundwater level was used to implement 
mitigation at the south Site boundary.  As discussed further in the section below, this threshold was exceeded after the 
construction of the Cell 3 Slurry Wall at which point a mitigation structure is warranted. 
 
Model iterations were run for the following phases: construction of Cell 1 slurry wall, construction of Cell 2 slurry wall, and 
the construction of the combined Cell 3 and 4 slurry walls.     
 
6.3.1 Cell 1 Slurry Wall Construction 
This scenario was modeled to include the construction of the Cell 1 slurry wall at the Site as well as construction of the 
Section 20 Cell 3 slurry wall.  The Cell 1 slurry wall is expected to be constructed four (4) years after the start of mining 
at the site.   
 
The Cell 1 slurry wall is approximately 5,392 linear feet in length with an approximate average depth of fifty (50) feet.  
The length of obstruction to the prevailing groundwater flow to the northwest is approximately 2,522 linear feet with an 
estimated flow obstruction area of 126,100 square feet. The total flow entering this area that is obstructed by the 
construction of the slurry wall is 122,196 cubic feet per day or approximately 1.4 cubic feet per second, as determined by 
the seventeen (17) cell flow budget along the southern and eastern edge of Cell 1 from the base model.  The installation 
of the Cell 1 slurry wall caused the modeled groundwater elevation at the southern end of the Site (PZ-27) to rise 
approximately 0.9 feet, see Table 5 below.  No mitigation is recommended for this phase due to the relatively small size 
of the slurry wall and minimal mounding that was observed up gradient.  Table 5 shows the groundwater elevation 
modeled after the addition of the Cell 1 slurry wall at the site and town monitoring well locations. Figure 7 shows the 
groundwater head contours for this model iteration. 
 

Table 5 
Base Model and Modeled Site Groundwater Level After Cell 1 Slurry Wall 

Well Base Modeled Difference Cell (IJK) 

PZ-01 4,712.3 4,712.3 0.0 146,111,1 

PZ-04 4,712.4 4,712.4 0.0 136,119,1 

PZ-09 4,725.4 4,725.4 0.0 142,136,1 

PZ-15 4,724.4 4,724.1 -0.3 153,136,1 

PZ-20 4,737.8 4,737.6 -0.2 162,133,1 

PZ-25 4,733.1 4,733.1 0.0 162,115,1 

PZ-27 4,741.2 4,742.2 0.9 148,122,1 

BBA-MW4 4,740.3 4,740.4 0.1 148,122,1 

BBA-MW11 4,736.9 4,737.0 0.1 148,122,1 

BBA-MW17 4,734.4 4,734.5 0.1 166,164,1 

BBA-MW18 4,737.3 4,737.4 0.1 148,122,1 

 
6.3.2 Cell 2 Slurry Wall Construction 
Mining in Cell 1 is expected to take approximately four (4) years.  The Cell 2 slurry wall will likely be constructed one (1) 
year prior to completion of Cell 1, three (3) years after starting Cell 1 and five (5) years after the establishment of the 
Site.   
 
The Cell 2 slurry wall is approximately 7,041 linear feet in length with an estimated curtain area of 345,772 square feet.  
Cell 2 is down gradient of Cell 1 and is partially in the groundwater shadow caused by the obstruction of the Cell 1 slurry 
wall.  Additional flow area impeded by the Cell 2 slurry wall is approximately 2,100 linear feet, or ten (10) cells along the 
southeastern and eastern border of the cell.  The flow budget into these ten (10) cells, prior to Cell 2 slurry wall 
construction but after Cell 1 is in place, is 127,755 cubic feet per day or an approximate 1.5 cubic feet per second.   
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The 1.5 cubic feet per second that is impeded by the insertion of the slurry wall into the model causes the greatest 
amount of mounding to occur in the southeastern corner of the cell at the location of PZ-20.  Groundwater elevation at 
PZ-20 rises approximately 1.9 feet which is less than the three (3) feet used as the implementation cutoff for mitigation.  
Therefore, mitigation is not expected to be warranted as a result of construction of Cell 2.  Table 6 below depicts the 
modeled groundwater elevations at the Site monitoring well locations and the Town.  Figure 8 depicts the groundwater 
elevation head contours for this model iteration. 

Table 6 
Base Model and Modeled Site Groundwater Level After Cell 2 Slurry Wall 

Well Base Modeled Difference 

PZ-01 4,712.3 4,712.4 0.1 

PZ-04 4,712.4 4,712.4 0.0 

PZ-09 4,725.4 4,725.7 0.3 

PZ-15 4,724.4 4,723.0 -1.4 

PZ-20 4,738.3 4,740.2 1.9 

PZ-25 4,733.1 4,733.6 0.5 

PZ-27 4,741.2 4,742.9 1.7 

BBA-MW4 4,740.3 4,740.7 0.4 

BBA-MW11 4,736.9 4,737.2 0.3 

BBA-MW17 4,734.4 4,734.7 0.3 

BBA-MW18 4,737.3 4,737.6 0.4 

 
6.3.3 Cell 3 and 4 Slurry Wall Construction 
Mining of Cell 2 is expected to take approximately seven (7) years.  As with the case with Cell 2, it is anticipated that 
construction of the Cell 3 slurry wall will begin one (1) year prior to completion of mining in Cell 2.  Since mitigation is 
warranted prior to construction of Cell 3, as will be discussed in this section, Cell 3 and Cell 4 slurry walls were modeled 
as one (1) slurry wall constructed at the same time.  Most obstruction to groundwater flow is presented by the Cell 3 
slurry wall as Cell 4 is in the groundwater shadow of Cell 3.  Modeling both cells together allows for the correct sizing and 
location of the mitigation structures and allows for the potential of constructing one larger cell in the future if timing and 
financial conditions warrant it. 
 
The Cell 3 and 4 slurry walls are approximately 13,693 linear feet in length around the perimeter of the cells and have a 
perimeter curtain area of approximately 685,000 square feet.  The upgradient section of slurry wall obstructs 
approximately 6,652 linear feet of groundwater flow encompassing thirty-three (33) MODFLOW cells.  The base flow into 
these cells is 304,518 cubic feet per day or 3.5 cubic feet per second.  
 
Groundwater mounding is most prevalent south of Cell 3 and east of Cell 2, which is modeled to equate to a rise of 5.8’ 
at PZ-20.  Obstructing flow through Cells 3 and 4 causes the groundwater gradient to steepen between Cell 2 and Cell 3 
to allow for more flow through the constrained area between the cells.  The groundwater flow direction to the east of 
Cells 3 and 4 is changed slightly from a northwest to northward flow direction and causes mounding of approximately 4.8 
feet along Highway 60 as shown at PZ-09.  The elevation head contours are shown in Figure 9 and are listed in Table 7 
below. 
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Table 7 

Base Model and Modeled Site Groundwater Level After Cell 3 and 4 Slurry Walls 

Well Base Modeled Difference 

PZ-01 4,712.3 4,713.1 0.8 

PZ-04 4,712.4 4,712.3 -0.2 

PZ-09 4,725.4 4,730.2 4.8 

PZ-15 4,724.4 4,723.4 -1.0 

PZ-20 4,737.8 4,743.6 5.8 

PZ-25 4,733.1 4,737.8 4.7 

PZ-27 4,741.2 4,743.8 2.6 

BBA-MW4 4,740.3 4,740.7 0.4 

BBA-MW11 4,736.9 4,737.2 0.3 

BBA-MW17 4,734.4 4,734.7 0.3 

BBA-MW18 4,737.3 4,737.6 0.4 

 
 
Since mounding exceeds the three (3) foot mitigation cut off established in the DRMS monitoring plan, mitigation is 
warranted prior to completion of the Cell 3 slurry wall.   
 
6.3.3.1 Cell 3 and Cell 4 Mitigation 
Groundwater flow at base conditions was to the northwest across the Cell 3 and Cell 4 area.  With the slurry walls in 
place, the flow to the river is obstructed and is forced to mound at the southern and southeastern end of the site to pass 
through the now constrained area between Cell 2 and Cell 3.  In order to minimize mounding in these areas an 
underdrain was set along the southern end of Cell 3 and passing between Cell 2 and Cell 3.  The underdrain acts to 
reroute groundwater that mounds at the southern end of the site and increases the hydraulic conductivity of the area 
between Cell 2 and Cell 3 thereby decreasing the gradient towards the river.  
 
The underdrain was modeled using the MODFLOW Drain Package.  The drain was set at an eastern invert elevation of 
4,736.4 feet, approximately at base groundwater elevation and twenty-one (21) feet below surface elevation.  The 
western invert elevation was set at 4,732.9 feet, approximately at below base groundwater elevation and eighteen (18) 
feet below surface.   
 
The Drain Package allows groundwater to flow into the drain as the groundwater elevation rises above the drain bottom.  
Groundwater is removed from the model by the Drain Package simulating return flow directly to the river.  The total flow 
returned to the river by the underdrain was 299,000 cubic feet per day or 3.46 cubic feet per second.  Table 8 below lists 
the groundwater elevations with mitigation at the Site and Town monitoring well locations and the water elevation 
contours are shown on Figure 9. 
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Table 8 

Cell 3 and 4 Slurry Wall with Underdrain Mitigation 

Well Base Modeled Difference 

PZ-01 4,712.3 4,712.5 0.2 

PZ-04 4,712.4 4,712.3 -0.1 

PZ-09 4,725.4 4,727.6 2.2 

PZ-15 4,724.4 4,722.7 -1.7 

PZ-20 4,737.8 4,739.1 1.3 

PZ-25 4,733.1 4,734.3 1.2 

PZ-27 4,741.2 4,742.7 1.5 

BBA-MW4 4,740.3 4,740.7 0.4 

BBA-MW11 4,736.9 4,737.2 0.3 

BBA-MW17 4,734.4 4,734.7 0.3 

BBA-MW18 4,737.3 4,737.6 0.4 

 
6.3.4 Combined Mitigation with Section 20 
The Section 20 Gravel Mine is currently in the process of obtaining a DRMS Reclamation Permit.  The Section 20 Site 
consists of eight (8) soil bentonite slurry wall lined cells to be constructed concurrently with the Monarch DENM Site.  
Slurry wall construction at the Section 20 Site is planned to start in the northwest corner of the site and be completed 
clockwise around the section.  The Section 20 Mine Plan Map is included in Appendix A and the timeline is shown below.  
The timeline assumes that both sites are completed according to the submitted schedules. 
 

Table 9 
Monarch DENM and Section 20 Approximate Construction Timeline 

 

Year Monarch DENM Expected Slurry 
Wall Construction Date 

Section 20 Expected Slurry Wall 
Construction Date 

Mitigation Structure Installed 

2023 - Cell 3 - 

2025 Cell 1 Cell 4 - 

2027 - - Section 20 Eastern Mitigation 

2028 Cell 2 - - 

2031 - Cell 5N - 

2034 Cell 3 Cell 5S Monarch Underdrain 

2039 - Cell 6 Section 20 Western Mitigation 

2043 - Cell 7 - 

2045 - Cell 8 - 

2047 Cell 4 Site Reclaimed - 

2058 Site Reclaimed - - 

 
6.3.4.1 Monarch Cell 1 Slurry Wall with Section 20 
The timeline assumes that Section 20 is permitted and begins slurry wall construction in 2023.  Mining at Monarch 
DENM was assumed to begin towards the end of 2023.  Monarch DENM will begin by mining the Freshwater Pond and 
Siltation Pond which will take approximately 2.3 years.  Approximately one (1) year prior to mining the cell it was 
assumed that the slurry wall would be constructed which is approximately the same year as construction on the Section 
20 Cell 4 slurry wall and the Section 20 eastern mitigation structure.  The Section 20 Groundwater Model Report dated 
December 2022 recommends an underdrain or dewatering wells along the southern border of Cell 5S.   
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A model iteration was run including the Monarch Cell 1, the Section 20 Cells 3 and 4, and three (3) dewatering wells 
removing 3.25 cubic feet per second from the model south of the Section 20 Cell 5S.  The modeled groundwater 
elevation is included in the table below and the head contours are shown in Figure 10.  The groundwater elevation at the 
site is below the three (3) foot threshold for mitigation and no mitigation is recommended for the Monarch DENM Site 
during this phase.  

Table 10 
Cell 1 and Section 20 Cell 3 and 4 Groundwater Elevations 

Well Base Modeled Difference Cell (IJK) 

PZ-01 4,712.3 4,712.1 -0.2 146,111,1 

PZ-04 4,712.4 4,712.4 0.0 136,119,1 

PZ-09 4,725.4 4,725.1 -0.3 142,136,1 

PZ-15 4,724.4 4,724.1 -0.3 153,136,1 

PZ-20 4,737.8 4,738.2 0.4 162,133,1 

PZ-25 4,733.1 4,733.3 0.2 162,115,1 

PZ-27 4,741.2 4,742.1 0.9 148,122,1 

BBA-MW4 4,740.3 4,739.9 -0.4 148,122,1 

BBA-MW11 4,736.9 4,736.5 -0.4 148,122,1 

BBA-MW17 4,734.4 4,734.1 -0.3 166,164,1 

BBA-MW18 4,737.3 4,737.0 -0.3 148,122,1 

 
6.3.4.2 Monarch Cell 3 Slurry Wall with Section 20 
Groundwater elevations at the Site reach the three (3) foot rise mitigation threshold with the construction of Cell 3.  A 
model iteration was run incorporating the Cell 3 and 4 slurry wall along with the buildout of the Section 20 site to Cell 5S.  
The groundwater elevations at the monitoring wells for the Site and Town are shown below.  The underdrain and Section 
20 eastern dewatering wells were effective at minimizing mounding at the Site and at Town. Figure 11 shows the 
groundwater head contours for the phase. 
 

Table 11 
Cell 3 and Section 20 Cell 3, 4, 5N, and 5S Groundwater Elevations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.3.4.3 Monarch DENM and Section 20 Full Buildout 
The Section 20 site is expected to be fully reclaimed by 2047 and the Monarch DENM site is expected to be reclaimed 
by 2058.  A model iteration was run to account for the full buildout of both sites including all of the mitigation structures in 
place.  The model included the three (3) dewatering wells at the southeastern corner of Section 20 removing 3.25 cubic 
feet per second from the model and a drain at the Section 20 site parallel to the southern end of the Cell 6 slurry wall.  
The inverts for the drain were placed approximately one (1) foot below base groundwater levels.  The Monarch DENM 

Well Base Modeled Difference Cell (IJK) 

PZ-01 4,712.3 4,712.2 -0.1 146,111,1 

PZ-04 4,712.4 4,712.3 -0.1 136,119,1 

PZ-09 4,725.4 4,727.4 2.0 142,136,1 

PZ-15 4,724.4 4,722.7 -1.7 153,136,1 

PZ-20 4,737.8 4,739.6 1.8 162,133,1 

PZ-25 4,733.1 4,734.4 1.3 162,115,1 

PZ-27 4,741.2 4,742.8 1.6 148,122,1 

BBA-MW4 4,740.3 4,740.4 0.1 148,122,1 

BBA-MW11 4,736.9 4,736.9 0.0 148,122,1 

BBA-MW17 4,734.4 4,734.4 0.0 166,164,1 

BBA-MW18 4,737.3 4,737.3 0.1 148,122,1 
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drain is described in Section 6.3.3.1.  Groundwater head contours for the full buildout of the Sites are shown on Figure 
12 and the groundwater elevations for the monitoring wells are listed in Table 12 and for the surrounding properties in 
Table 13.    

Table 12 
Total Buildout of Both Sites with Mitigation Groundwater Elevations 

Well Base Modeled Difference Cell (IJK) 

PZ-01 4,712.3 4,709.8 -2.5 146,111,1 

PZ-04 4,712.4 4,712.1 -0.3 136,119,1 

PZ-09 4,725.4 4,723.6 -1.8 142,136,1 

PZ-15 4,724.4 4,722.7 -1.7 153,136,1 

PZ-20 4,737.8 4,739.5 1.7 162,133,1 

PZ-25 4,733.1 4,732.9 -0.2 162,115,1 

PZ-27 4,741.2 4,742.7 1.5 148,122,1 

BBA-MW4 4,740.3 4,740.5 0.2 148,122,1 

BBA-MW11 4,736.9 4,736.9 0.0 148,122,1 

BBA-MW17 4,734.4 4,734.4 0.0 166,164,1 

BBA-MW18 4,737.3 4,737.3 0.1 148,122,1 

 
Table 13 

Total Buildout of Both Sites with Mitigation Groundwater Elevations at Surrounding Properties 

Location 
Basement 

(y/n) Baseline 
Full Buildout With 

Mitigation 
Difference (FT 
Rise or Fall) 

Groundwater Depth 
Below Surface 

Surface Elevation 
(Google Earth) 

 

 

Knutson Barn n 4713.3 4709.5 -3.8 17.5 4727 
 

Karbowski Brave House n 4725.4 4723.4 -2.0 30.6 4754 
 

Red Tierra House n 4727.9 NA NA NA 4756 
 

Sharp House y 4738.3 4738.4 0.1 17.6 4760 
 

Greybill House y 4738.2 4738.3 0.1 18.7 4756 
 

Poncelow House n 4735.2 4734.6 -0.6 30.4 4757 
 

Moran House y 4738.8 4740.5 1.7 23.5 4765 
 

Doolittle House y 4740.2 4741.9 1.7 24.1 4764 
 

Maroney House y 4741.8 4743.4 1.6 22.6 4766 
 

Scott House y 4742.3 4744.4 2.1 25.6 4766 
 

Meining House y 4744.1 4745.8 1.7 19.2 4770 
 

Schmunk House y 4741.8 4743.9 2.1 18.1 4765 
 

Guevara House y 4741.2 4742.5 1.3 21.5 4762 
 

Frank House y 4739.7 4740.9 1.2 14.1 4764 
 

Gutfelder House n 4728.3 4725.3 -3.0 29.7 4755 
 

Gilcrest Valley HS NA 4737.0 4736.6 -0.4 9.4 4746 
 

 
 
 
The amount of groundwater necessary for the underdrain to remove from the model with the Section 20 slurry walls in 
place is approximately 247,000 cubic feet per day or 2.86 cubic feet per second.  This is less than the water removed 
without the Section 20 site since the east face of the Monarch Cell 3 and 4 is in the shadow of the Section 20 site.  This 
should be taken into consideration when the Monarch DENM underdrain is designed. 
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The baseline groundwater level is based on six (6) months of piezometer readings taken at the site and further water 
level monitoring should be taken into account during design of the final mitigation structures.  
 
7.0 CONCLUSION   
 
Civil Resources makes the following conclusions and recommendations based on the modeling: 
 

 An underdrain constructed south of Cell 3 will be effective at minimizing the groundwater elevation rise south of 
the Site, and similarly the Gilcrest area, by removing water from the aquifer and rerouting it through the Site to 
the South Platte River via the unnamed slough west of the Site.  At total site buildout, including the Section 20 
Site, the quantity of water to be piped to the river would be an estimated 2.86 cubic feet per second.  
 

 If the shadow effect to the north causes negative impacts to the well north of the site (Gutfelder well) then a 
recharge drain or recharge pond could be constructed to the north of Cell 2 to received the groundwater from 
the underdrain.  

 
 The models and data presented in this report are based on six (6) months of piezometer data collected at the 

Site.  Further groundwater monitoring of baseline conditions and after the installation of slurry walls 1 and 2 will 
be necessary for designing the size and invert elevation for the underdrain.   

 
 Since groundwater is expected to rise (mound) south of the Site the mine operator will continue to monitor the 

existing monitoring wells in accordance with the Groundwater Level Monitoring and Mitigation Plan to catch any 
mounding or shadow effects at the Site before it become an issue to the surrounding properties.  
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AS NOTED

1

REGIONAL
BEDROCK
SURFACE

MODEL BOUNDARY

BEDROCK CONTOURS
SOURCE: WELL PERMITS AND
BORE LOGS (SEE APPENDIX)

720.289.5584

ERIC LEIGH

Qpp - POST-PINEY CREEK (UPPER HOLOCENE)
DARK-GRAY HUMIC, SANDY TO GRAVELLY ALLUVIUM CONTAINING SCATTERED PLANTS REMAINS.

UNDERLIES FLOOD PLAINS OF MAJOR STREAMS AND TERRACES LESS THAN 10' ABOVE STREAM LEVEL.
UNDERLAIN BY OLDER ALLUVIAL GRAVEL IN LARGE VALLEYS. THICKNESS IS FROM 5 TO 15 FEET.

OCCASIONAL FLOODS MAY COVER THIS UNIT.

Qpc - PINEY CREEK ALLUVIUM (UPPER HOLOCENE)
DARK-GRAY HUMIC, SANDY TO GRAVELLY ALLUVIUM CONTAINING ORGANIC MATTER
SUCH AS ROOTS. UNDERLIES TERRACES WHOSE SURFACES ARE 10 TO 20 FEET ABOVE
A NEARBY FLOOD PLAIN. UPPER PART IS CHARACTERIZD BY WEAKLY DEVELOPED BROWN SOIL;
GRADES INTO COLLUVIUM UPSLOPE. AREAS UNDERLAIN BY THIS FORMATION ARE NOT USUALLY
COVERED BY FLOODWATERS. LOCALLY INCLUDES SOME POST-PINEY CREEK ALLUVIUM.

Qb - BROADWAY ALLUVIUM (PINEDALE GLACIATION, PLEISTOCENE)
SAND AND GRAVEL DEPOSITED BY THE SOUTH PLATTE RIVER AND ITS
TRIBUTARIES. WELL-SORTED AND WELL-STRATIFIED; SIZE ANALYSIS INDICATE THAT
THE AVERAGE SIZE DISTRIBUTION IS 50% SAND, 25% GRANULES AND 25% PEBBLES.
POORLY DEVELOPED BROWN SOIL PROFILE OF EARLY HOLOCENE AGE UNDERLIES SURFACE
OF DEPOSIT. TERRACE SURFACES ARE ABOUT 40 FEET ABOVE MAJOR STREAMS NEAR
THE FRONT RANGE BUT ARE ONLY 20 FEET ABOVE NEAR GREELEY. ALONG TRIBUTARIES THE
BROADWA ALLUVIUM IS 10 TO 15 FEET THICK. THICKNESS OF THE BROADWAY ALLUVIUM ALONG
THE SOUTH PLATTE RIVER IS AS MUCH AS 125 FEET THICK, BUT AVERAGES ONLY 25 FEET.

Qe - EOLIUM (WINDBLOWN CLAY, SILT, SAND AND GRANULES) (UPPER HOLOCENE TO BULL
LAKE GLACIATION)
LIGHT BROWN TO REDDISH-BROWN TO OLIVE-GRAY DEPOSITS OF WINDBLOWN CLAY, SILT,
SAND, AND GRANULES MAINLY AS SAND DUNES IN THE EAST HALF OF THE AREA BUT ALSO
AS A BLANKET OF LOESS BETWEEN THE FRONT RANGE AND THE SOUTH PLATTE RIVER.
LOESS IS AS MUCH AS 15 FEET THICK BUT GENERALLY IS LESS THAN 3 FEE THICK; SAND DUNES
AS MUCH AS 50 FEET THICK BUT GENERALLY ARE LESS THAN 15 FEET THICK.

Qrf - ROCKY FLATS ALLUVIUM (AFTONIAN INTERGLACIATION OR NEBRASKAN GLACIATION,
PLEISTOCENE)
BROWN TO WHITE, COARSE, POORLY SORTED, POORLY TO WELL-STRATIFIED GRAVEL
MAXIMUM DIAMETER OF CLASTS IS ABOUT 2 FEET. CLASTS OF MOSTLY ROUNDED GRANITE,
GRANODIORITE, TONALITE, GNEISS, SCHIST, AND QUARTZITE; SUBORDINATE SANDSTONE
AND LIMESTONE. DEPOSITE IS AS MUCH AS 10 FEET THICK BUT GENERALLY LESS. SOIL
PROFILES HAVE BEEN TRUNCATED, AND ONLY A THICK CALICHE REMAINS. UPPER SURFACE
OF DEPOSITS IS GENERALLY ABOUT 325 FEET ABOVE LOCAL MAJOR STREAMS NEAR
MOUNTAINS BUT IS ONLY ABOUT 230 FEET ABOVE STREAMS IN THE NORTHEAST PART
OF AREA.

Kfh - FOX HILLS SANDSTONE (UPPER CRETACEOUS)
UPPER PART OF FORMATION CONSISTS OF CROSSBEDDED

TAN SANDSTONE. GRADES DOWNWARD INTO BROWN,
FINE-GRAINED SILTY SANDSTONE INTERBEDDED WITH

GRAY FISSILE SHALE. LOCALLY IT MAY CONTAIN A
THIN COAL BED. THICKNESS ABOUT 300 TO 500 FEET.
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Qpp - POST-PINEY CREEK (UPPER HOLOCENE)
DARK-GRAY HUMIC, SANDY TO GRAVELLY ALLUVIUM CONTAINING SCATTERED PLANTS REMAINS.

UNDERLIES FLOOD PLAINS OF MAJOR STREAMS AND TERRACES LESS THAN 10' ABOVE STREAM LEVEL.
UNDERLAIN BY OLDER ALLUVIAL GRAVEL IN LARGE VALLEYS. THICKNESS IS FROM 5 TO 15 FEET.

OCCASIONAL FLOODS MAY COVER THIS UNIT.

Qpc - PINEY CREEK ALLUVIUM (UPPER HOLOCENE)
DARK-GRAY HUMIC, SANDY TO GRAVELLY

ALLUVIUM CONTAINING ORGANIC MATTER
SUCH AS ROOTS. UNDERLIES TERRACES

WHOSE SURFACES ARE 10 TO 20 FEET ABOVE
A NEARBY FLOOD PLAIN. UPPER PART IS

CHARACTERIZD BY WEAKLY DEVELOPED BROWN SOIL;
GRADES INTO COLLUVIUM UPSLOPE. AREAS

UNDERLAIN BY THIS FORMATION ARE NOT USUALLY
COVERED BY FLOODWATERS. LOCALLY

INCLUDES SOME POST-PINEY CREEK ALLUVIUM.

Qb - BROADWAY ALLUVIUM (PINEDALE GLACIATION, PLEISTOCENE)
SAND AND GRAVEL DEPOSITED BY THE SOUTH PLATTE RIVER AND ITS
TRIBUTARIES. WELL-SORTED AND WELL-STRATIFIED; SIZE ANALYSIS INDICATE THAT
THE AVERAGE SIZE DISTRIBUTION IS 50% SAND, 25% GRANULES AND 25% PEBBLES.
POORLY DEVELOPED BROWN SOIL PROFILE OF EARLY HOLOCENE AGE UNDERLIES SURFACE
OF DEPOSIT. TERRACE SURFACES ARE ABOUT 40 FEET ABOVE MAJOR STREAMS NEAR
THE FRONT RANGE BUT ARE ONLY 20 FEET ABOVE NEAR GREELEY. ALONG TRIBUTARIES THE
BROADWA ALLUVIUM IS 10 TO 15 FEET THICK. THICKNESS OF THE BROADWAY ALLUVIUM ALONG
THE SOUTH PLATTE RIVER IS AS MUCH AS 125 FEET THICK, BUT AVERAGES ONLY 25 FEET.
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MODEL BOUNDARY
SPECIFIED HEAD
APPROX. 10' BELOW SURFACE

MODEL BOUNDARY
SOUTH PLATTE RIVER

HEAD AND RIVER BED BASED ON USGS TOPO
CONDUCTANCE 150-160 INCREASING

DOWNSTREAM AS RIVER WIDENS

MODEL BOUNDARY
SPECIFIED HEAD

APPROX. 10' BELOW SURFACE

MODEL BOUNDARY
NO FLOW BOUNDARY
WHERE TOPOGRAPHY RISES AND
WELLS GO FROM COMPLETED IN ALLUVIAL AQUIFER
TO COMPLETED IN CONFINED AQUIFERS

INTERNAL BOUNDARY CONDITION
RIVER - WESTERN MUTUAL DITCH
CONDUCTANCE UPSTREAM 6 FT/DAY
DOWNSTREAM 2 FT/DAY

INTERNAL BOUNDARY CONDITION
RIVER - FARMERS INDEPENDENT DTICH

CONDUCTANCE 2-6.5 FT/DAY

INTERNAL BOUNDARY CONDITION
RIVER - EVANS #2
CONDUCTANCE 3-5 FT/DAY

HUNT RECHARGE PONDS
RATE 0.015 FT/DAY

YEARLY RECHARGE UNKNOWN

A&W RECHARGE PONDS
RATE 0.012 FT/DAY

2013 ANNUAL RECHARGE
1,677.4 AC-FT

VFRANK RECHARGE POND
RATE 0.067 FT/DAY
2013 ANNUAL RECHARGE
122.9 AC-FT

WEIDEMAN RECHARGE POND
RATE 0.04 FT/DAY
2013 ANNUAL RECHARGE
82.5 AC-FT

HUNT RECHARGE PONDS
RATE 0.107 FT/DAY

HUNT RECHARGE PONDS
RATE 0.015 FT/DAY
ESTIMATED ANNUAL RECHARGE

DRAIN

DRAIN

DRAIN

HAREN RECHARGE POND
RATE 0.0135 FT/DAY
2013 ANNUAL RECHARGE
1,260 AC-FT

SCHAFER RECHARGE POND
RATE 0.015 FT/DAY
2015 ANNUAL RECHARGE
188.3 AC-FT

BUDERUS RECHARGE POND
RATE 0.015 FT/DAY
2013 ANNUAL RECHARGE
71.3 AC-FT

INTERNAL BOUNDARY CONDITION
RIVER - PLATTE VALLEY DITCH
CONDUCTANCE 3-5 FT/DAY
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370 FT/D

470 FT/D

805 FT/D

790 FT/D

710 FT/D

120 FT/D

65 FT/D
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PRINCIPIA
November 22nd, 2019

Gilcrest Groundwater Flow Model
Hypothetical Pumping Wells & Drains

Hypothetical Pumping Wells
Extracting from the October 2016 Dewatering Improvements Study1 by JVA, Inc and Bishop-Brogden
Associates, Inc. for the Town of Gilcrest, Colorado, three hypothetical pumping wells were selected to
evaluate the effects of pumping.  Three wells were simulated in the groundwater flow model to pump at
varying rates for three years of operations to evaluate the effects of pumping on water level elevations
in the immediate vicinity of the Town of Gilcrest.  The locations of these three pumping wells were
selected to match the locations of the Town of Gilcrest Waste Water Treatment Plant (WWTP), Pump
Station 1 (PS1) and Pump Station 2 (PS2), as depicted in Figure 2.4 of the Dewatering Improvement
Study report.  The three hypothetical pumping wells and monitor wells in the vicinity are depicted in
Figure 1.

Pumping Rates of the three wells:
Well Pumping Rate (gpm) Pumping Rate (cfs)

WWTP 450  ~1.0

PS1 2500 ~5.6

PS2 1400 ~3.1
The hypothetical pumping rates for these three wells are shown in Figure 2. These three wells were
each simulated to pump at their varying rates for a period of 36 months. 

Hypothetical Drains
In addition to simulating pumping from three wells, a set of hypothetical drains were placed along the
west and south-east perimeter of the Town of Gilcrest.  The locations of the modeled drain cells are
depicted  in  Figure  3.  Two  separate  groundwater  model  simulations  were  undertaken  with  these
perimeter drains, with the bottom drain elevations set at 2' and 5' below the starting water table.  The
locations  of the pumping wells  and drains,  in  relation to  the model  transmissivity,  are  depicted in
Figure 4.

PRINCIPIA MATHEMATICA INC.
445 UNION BLVD, SUITE 230   LAKEWOOD, COLORADO 80228

WEB www.prinmath.com   TELEPHONE (303) 716-3573   FAX (303) 716-3575



Model Simulation Results: Pumping & Drains
The predicted head changes from the pumping simulations are depicted in Figure 5, at 6 month intervals. After
36 months of pumping, the predicted drawdown at PS1 is ~25', at PS2 is ~20', and at WWTP is ~19'. Within the
15' Target Groundwater Zone, the predicted drawdown after 36 months ranges from ~17' to ~25' at PS1.  Within
the 18' Target Groundwater Zone, the predicted drawdown after 36 months ranges from ~8' to ~20' at PS2.

The predicted change in water levels from the two separate drain simulations (2’ and 5’) are depicted in Figures
6 and 7, at 6 month intervals. After 36 months of drain operations (2' drain elevation), drawdown in the 15'
Target Groundwater Zone is ~2', while in the 18' Target Groundwater Zone, drawdown ranges from ~1' to ~1.5'.
For the simulation with a drain elevation of 5', drawdown in the 15' Target Zone is ~5', while in the 18' Target
Zone, drawdown ranges from ~2.5' to ~4.5'.

The model predicted water level changes for the pumping and drain simulations, at monitor wells in the vicinity
of the Town of Gilcrest are shown in Figures 8-29.  The table below provides a tabulation of the predicted
drawdown at each of the monitor wells, after 36 months of pumping/drain operations.

Water Budgets:
Monthly water budget results for the well pumping simulation are depicted in Figure 30.  Well pumping was
approximately 600 Acre-Feet/Month.  Inflow from storage was approximately 600 Acre-Feet/Month initially,
with  storage  inflow decreasing  to  approximately  275 Acre-Feet/Month  after  36  months.   Inflow from (or
depletion to) the South Platte River was initially 0 Acre-Feet/Month, with inflow increasing to approximately
215 Acre-Feet/Month after 36 months.  Initial constant head inflow (south and north ends of model domain)
was initially 0 Acre-Feet/Month, with inflow approximately 110 Acre-Feet/Month after 36 months.

Monthly water budget results for the drain simulation with a bottom elevation of -2’ are shown in Figure 31.
Outflow  from  the  aquifer  to  the  drains  was  approximately  245  Acre-Feet/Month  initially,  with  outflow
decreasing  to  approximately  60  Acre-Feet/Month  after  36  months.   Initial  inflow  from  storage  was
approximately 245 Acre-Feet/Month,  decreasing to  20 Acre-Feet/Month after  36 months.   Inflow from the
South Platte River was initially 0 Acre-Feet/Month, increasing to approximately 25 Acre-Feet/Month after 36
months.  Constant head inflow from the southern and northern boundaries was initially 0 Acre-Feet/Month,
increasing to approximately 15 Acre-Feet/Month after 36 months.

Monthly water budget results for the drain simulation with a bottom elevation of 5’ are shown in Figure 32.
Outflow  from  the  aquifer  to  the  drains  was  approximately  615  Acre-Feet/Month  initially,  with  outflow
decreasing  to  approximately  145  Acre-Feet/Month  after  36  months.   Initial  inflow  from  storage  was
approximately 615 Acre-Feet/Month,  decreasing to  45 Acre-Feet/Month after  36 months.   Inflow from the
South Platte River was initially 0 Acre-Feet/Month, increasing to approximately 65 Acre-Feet/Month after 36
months.   Constant  head  inflow  was  initially  0  Acre-Feet/Month,  increasing  to  approximately  35
Acre-Feet/Month after 36 months.

1  JVA, Inc. and Bishop-Brogden Associates, Inc, Dewatering Improvement Study, October 2016, 101 p.
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Predicted Drawdown (After 36 Months)

Well Pumping Simulation Drain Simulation (-2’) Drain Simulation (-5’)

MW1: Lorenz West 9.2' 1.0' 2.6’

MW2: Lorenz South 13.4’ 1.5’ 3.6’

MW3: Lorenz North 14.7’ 1.5’ 3.8’

MW4: Fritzler East 5.9’ 0.6’ 1.6’

MW5: Fritzler Central 7.6’ 0.8’ 2.1’

MW6: Fritzler West 9.1’ 1.0’ 2.4’

MW7: Weideman 11.6’ 1.3’ 3.3’

MW8: Ulrich West 4.6’ 0.5’ 1.4’

MW9: Ulrich East 3.5’ 0.4’ 1.1’

Nelson 13.1’ 1.5’ 3.8’

Main & Elm 17.3’ 1.9’ 4.8’

5th Street 14.8’ 1.8’ 4.4’

Town Hall 18.2’ 2.0’ 5.0’

Pumping Well PS1 25.0’ 1.8’ 4.6’

Pumping Well WWTP 18.5’ 1.7’ 4.4’

WWTP South 19.2’ 1.8’ 4.5’

WWTP East 18.7’ 1.8’ 4.5’

RE1 16.7’ 1.9’ 4.8’

Lorenzo 12938-R 9.5’ 1.0’ 2.6’

CDA WL-M-003A 8.3’ 1.0’ 2.6’

Greiman 11224-R 6.3’ 0.75’ 1.9’

Pumping Well PS2 19.8’ 1.9’ 4.8’
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8308 COLORADO BLVD • FIRESTONE, COLORADO 80504 • PHONE: 303.833.1416 • FAX: 303.833.2850 

 

 
June 1st, 2022 
  
Mr. Eric Leigh 
Monarch Mountain Minerals and Aggregates, LLC. 
5 Concourse Parkway, Suite 1900 
Atlanta, GA 30328 
  
 
RE: Monarch DENM Gravel Mine – Mitigation Plan for Potential Groundwater Impacts  
 
Dear Mr. Leigh 
 
The purpose of this memo is to describe the existing groundwater regime in the vicinity of the Monarch DENM gravel 
mine including the potential groundwater impacts of the new soil-bentonite slurry wall(slurry wall) installations and wet 
mining of the Siltation and Freshwater Ponds.  The Monarch DENM The site is located west of Highway 60, north of 
Weld County Road 40.5, and east and south of the South Platte River.  It encompasses 545.90 acres (plus or minus) 
and consists of four slurry wall lined pits, an unlined Siltation Pond, and two Fresh Water Ponds. More specifically, the 
site is within parts of Section 18, 19 and 30, Township 4 North, Range 66 West, 6th P.M., County of Weld, State of 
Colorado. The site is approximately 550’ south east of the South Platte River at its closest point. Land uses in the area 
include irrigated agricultural, oil and gas production, active gravel mines, mines reclaimed as below grade reservoirs, and 
low-density residential housing.  
 
The Monarch DENM site will be mined in 5 phases comprising 7 cells. Phase 1 will consist of 2 unlined cells referred to 
as the freshwater pond and the siltation pond. The siltation pond will receive wash fines from the processing of mined 
sand and gravel.  Phase 2 will be lined with a slurry wall and will contain Cell 1. Phase 3 will be lined with a slurry wall 
and will contain Cell 2.  Phase 4 will be lined with a slurry wall and will contain Cell 3.  Phase 5 will consist of 1 unlined 
Fresh Water Pond and a slurry wall lined Cell 4. 
 
Existing Groundwater Conditions 
 
The near surface groundwater is part of an alluvial aquifer in which permeable sand and gravel alluvium overlies 
relatively impermeable bedrock of the Denver Formation. Groundwater, measured in 7 piezometers, occurs at depths 
usually ranging from 4.6’ to 29.3’ feet with shallower groundwater to the north of the site. The prevailing groundwater flow 
at the site is to the north west reflecting the site topography. Groundwater in the area is tributary to the South Platte 
River located north of the site.  Locally the groundwater levels and flow directions are likely influenced by: 
 

 The South Platte River is north and west of the site. For most of the year, the river likely acts as a 
drainage way maintaining groundwater levels at elevations greater than water elevations in the river. In 
shorter periods of high run off, usually in the spring, river water levels will locally recharge the 
groundwater table. 

 An unnamed slough runs between the South Platte River and the site.  The slough likely acts as a 
drainage way maintaining groundwater elevations greater than water elevations in the slough.  

 
 The Western Mutual Ditch traverses the southern portion property from west to east between Cell 1 

and Cell 2 and then follows the east permit boundary until it flows underneath County Road 25.5. The 
ditch may act like a drain during the non-irrigation season maintaining water levels at or above the 
water levels in the ditch. During the irrigation season, the ditch may serve as a source of recharge to 
the water table.  
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 There are four (4) small pivot ponds at the site. These ponds likely cause elevated groundwater levels 
at the site during the irrigation season. 

 
 Irrigation: The site is located in an area of irrigated cropland. Applied irrigation that is not lost to 

evaporation and transpiration likely recharges the groundwater.  
 

 Alluvial wells: Other than the five monitoring wells drilled at the site for monitoring groundwater levels, 
there are also eight pumping wells permitted within 600 feet of the mine property. There are three wells 
north of the site, three wells east of the site, one well south of the site and one well west of the site. If 
pumping, groundwater will be drawn to these wells.  

 
Potential Slurry Wall and Mining Impacts to Local Groundwater Levels 
 
For all lined cells, a properly constructed slurry wall will tend to isolate these cells from the surrounding alluvial 
groundwater table. The liner around these cells could cause “mounding” of groundwater (increase in groundwater 
elevation) on the upgradient side (south and southeast) of the lined cells and a potential “shadow effect” (reduction in 
groundwater level) on the downgradient side (north and northwest) of the mine. Because the liner will tend to isolate 
these cells from the surrounding groundwater table, the effects of dewatering when mining lined cells will tend to not 
extend beyond the liner.  
 
Any mounding effect on the upgradient side of the site (south and southwest) is anticipated to be on the order of a few 
feet or less and will dissipate with distance from the mine. Similarly, shadowing effects will be on the order of a few feet 
and will dissipate with distance from the mine. The shadowing effects will be minimized by the presence of the South 
Platte River to the northwest. 
 
Dewatering of the unlined cells (Siltation Pond, and Freshwater Ponds) will result in decreases in water levels around 
these cells.  
 
Area Wells 
 
A review of the permitted wells on file with the State Engineer’s Office (SEO), Division of Water Resources (DWR) 
indicates that there are eight permitted pumping wells within 600 feet of the permit boundary. All of these wells are 
screened in the alluvium. Three of these wells are located within 600 feet of the unlined cells (south Fresh Water Pond, 
Siltation Pond and North Fresh Water Pond).  
 
Wells within 600 feet of the permit boundary(not owned by the site property owner) are discussed below: 
 

 Carrol Sorrell Well 12462-R-R: This well is northeast of the plant area and is cross-gradient from the site. It is 
not expected to see a rise or fall due to the mine.  

 Richard Karbowski Well 216684—8: This well is located between the north Freshwater Pond and the Siltation 
Pond. During mining of the North Freshwater Pond and Siltation Pond this well may see some drawdown due to 
the dewatering process.  A monitoring well was installed  approximately 250 feet to the west in order to monitor 
the effects of dewatering on the Karbowski well. 

 Red Tierra Equities LLC Well 13689-R-R: This well is approximately 350 feet east of the Siltation Pond and may 
see some drawdown during dewatering of the Siltation Pond.  

 United Water and Sanitation District Well 14028-R: This well is located approximately 365’ southeast of the 
southern Fresh Water Pond.  This well is upgradient from the unlined Fresh Water Pond and may see some 
drawdown during dewatering operations.  

 Gerald Moran Well 187426—A: This well is located approximately 220 feet southeast and upgradient from the 
slurry wall lined Cell 2 and north of the Western Mutual Ditch. This well may see a groundwater mounding effect 
from the Cell 2 slurry wall on the order of a couple feet. 



 

   

 Allan Frank Well 206387-: This well is located approximately 520’ south west of the slurry wall lined Cell 1.  The 
well is cross-gradient from Cell 2 and it is not anticipated to see changes in groundwater table. 

 Janice Frank Well 14042-R: This well is located approximately 520’ south west of the slurry wall lined Cell 1.  
The well is cross-gradient from Cell 2 and it is not anticipated to see changes in groundwater table. 

 Ben Gutfelder Well 1874250-: This well is located approximately 275 feet northwest and downgradient from Cell 
2.  The well may see a groundwater shadow effect from the Cell 2 slurry wall on the order of a couple of feet.  
The groundwater shadow effect will likely be mitigated by the wells proximity to the South Platte River. 

 
Groundwater Level Monitoring and Mitigation Plan 
 
Dewatering during mining of the Siltation Pond and Freshwater Pond is unlikely to affect any wells in the area. However, 
if the miner receives a complaint, the following mitigation plan will be implemented.  
 
The site monitoring wells will be measured monthly to identify potential changes in alluvial groundwater flow or elevation 
associated with mining and reclamation activities. Baseline data collected from the monitoring program will provide a 
range of relative water levels associated with pre-mining groundwater conditions. Experience at other mines in similar 
geologic settings has found that groundwater levels tend to fluctuate being highest in the summer irrigation season and 
lowest in the winter and early spring.  
  
If, during mining or reclamation, the relative seasonal groundwater elevation at any monitoring wells differs from baseline 
conditions by more than 2 feet, and the condition was not observed during baseline monitoring, or if the miner receives a 
complaint from any well owner within 600 feet of the site boundary, then the miner will evaluate the cause and take 
action within 7 days and notify the DRMS.  
  
After the DRMS has been notified, the miner will review the data and available information and submit a report to the 
DRMS within 30 days. The evaluation will include discussions with the well owner who has contacted the miner 
regarding a concern and review of baseline data from the well and vicinity to evaluate whether changes may be due to 
seasonal variations, climate, mining, slurry wall lining or other factors. The report will identify the extent of potential or 
actual impacts associated with the changes.  If the extent of groundwater changes due to mining or reclamation activities 
is determined to be a significant contributing factor that has or may create adverse impacts, the mining associated 
impacts will be addressed to the satisfaction of the DRMS.  
  
Miner will begin implementing one or more mitigation measures if mining and reclamation activity is determined to be a 
significant factor to groundwater changes requiring mitigation.  
  
Mitigation measures may include, but are not limited to:  
  

 Placing water in a recharge pond to raise groundwater levels around the well.  
  

 Constructing a local clay liner at the edge of the mine Cell (i.e. between the dewatering point and the well) in 
order to raise water levels on the well side of the liner and mitigate dewatering effects.   

  
 Cleaning the well to improve efficiency.  

  
 Providing an alternative source of water or purchasing additional water to support historic well use in terms of 

water quantity and quality. If needed, water quality parameters will be checked in affected wells to ensure 
alternative sources support historic use. 
 

 Modifying a well to operate under lower groundwater conditions. This could include deepening the well or 
lowering pumps.  All work would be done at the miner’s expense with the exception of replacing equipment that 
was non-functional prior to mining. 



 

   

 
 
Attachments:  
Existing Conditions Map  
Proposed Reclamation Map 
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MINE ENTRANCE
N 40°18'15.77"
W 104°48'40.22"
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ABOVE THE HIGH WATER LINE
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SURFACE ELEVATION
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MAP

FRESH WATER POND - 2
OPENED AFTER FRESH WATER
POND 1 IS RECLAIMED
TOPSOIL ≈ 16,000 CY
FILL ≈ 317,500 CY

SILTATION POND
TOPSOIL ≈ 40,900 CY
FILL ≈ 655,000 CY

FRESH WATER POND
TOPSOIL ≈ 20,200 CY
FILL ≈ 402,000 CY

LEGEND:
PROPOSED PERMIT BOUNDARY

SLURRY WALL ALIGNMENT

PROPOSED MAJOR CONTOUR

PROPOSED MINOR CONTOUR

EXISTING BARBED WIRE FENCE

EXISTING CHAINLINK FENCE

EXISTING EASEMENT

EXISTING GAS LINE

EXISTING WATER LINE

EXISTING STORM SEWER

EXISTING RAW WATER LINE

EXISTING IRRIGATION

EXISTING BURIED ELECTRICAL

EXISTING OVERHEAD ELECTRICAL

EXISTING FIBER OPTIC

EXISTING SANITARY SEWER

MONITORING WELLS

TYPICAL SECTION - RECLAMATION SLOPE
NOT TO SCALE

CELL 4 - RECLAIM AT 3:1 SLOPE
SLURRY WALL LENGTH ≈ 9,042 LF
TOPSOIL NEEDED ≈ 17,400 CY

CELL 3 - RECLAIM AT 3:1 SLOPE
SLURRY WALL LENGTH ≈ 8,782 LF
TOPSOIL NEEDED ≈ 16,900 CY

CELL 2 - RECLAIM AT 3:1 SLOPE
SLURRY WALL LENGTH ≈ 7,041 LF
TOPSOIL NEEDED ≈ 13,600 CY

CELL 1 - RECLAIM AT 3:1 SLOPE
SLURRY WALL LENGTH ≈ 5,392 LF
TOPSOIL NEEDED ≈ 10,400 CY
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REC NO 4119994

80.5' WESTERN MUTUAL
DITCH ROW
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REC NO. 3719674

30.0' DCP MIDSTREAM
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REC NO.
4131750

60.0' ACCESS
AND DRAINAGE
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REC NO.
3719673

30.0' WESTERN MIDSTREAM
EASEMENT
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60.0' WELD COUNTY
ROAD 25.5 ROW

BK 5 PG 330

121.3' SUNCOR
EASEMENT

REC NO 3636568

30.0' AKA EASEMENT
REC NO 4093198

20.0'
CCWCD IRRIGATION

EASEMENT
REC NO 3719674

30.0' INGRESS
AND EGRESS
EASEMENT

FOR LOTS A&B
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PRE-MINING
MAP

THIS MAP WAS CREATED TO SATISFY SECTION 6.4.3 SUBSECTIONS B, C, D,
E AND I OF THE COLORADO  MINED LAND RECLAMATION BOARD
CONSTRUCTION MATERIAL RULES AND REGULATIONS.

LEGEND:
PROPOSED PERMIT BOUNDARY

EXISTING MAJOR CONTOUR

EXISTING MINOR CONTOUR

EXISTING BARBED WIRE FENCE

EXISTING CHAINLINK FENCE

EXISTING EASEMENT

EXISTING GAS LINE

EXISTING WATER LINE

EXISTING STORM SEWER

EXISTING RAW WATER LINE

EXISTING IRRIGATION

EXISTING BURIED ELECTRICAL

EXISTING OVERHEAD ELECTRICAL

EXISTING FIBER OPTIC

EXISTING SANITARY SEWER

MONITORING WELLS

J:\
Q

ui
kr

et
e 

- 2
82

\M
on

ar
ch

 D
EN

M
\D

ra
w

in
gs

\S
he

et
s\

EX
-C

-1
 P

re
M

in
in

g 
M

ap
.d

w
g,

 2
/2

3/
20

22
 1

0:
27

:5
1 

AM

AutoCAD SHX Text
PDC OIL AND GAS WELL HSR-GUTFELDER #3-30

AutoCAD SHX Text
PDC OIL AND GAS WELL HSR-GUTFELDER #18-30

AutoCAD SHX Text
100-YEAR FLOOD PLAIN

AutoCAD SHX Text
WESTERN MIDSTREAM GAS LINE

AutoCAD SHX Text
WESTERN MIDSTREAM GAS LINE

AutoCAD SHX Text
CCWCD WATER LINE

AutoCAD SHX Text
CCWCD WATER LINE

AutoCAD SHX Text
CCWCD WATER LINE

AutoCAD SHX Text
CENTURY LINK FIBER OPTIC LINE

AutoCAD SHX Text
SECTION LINE

AutoCAD SHX Text
WESTERN MIDSTREAM GAS LINE

AutoCAD SHX Text
AKA GAS LINE

AutoCAD SHX Text
AKA GAS LINE

AutoCAD SHX Text
CCWCD WATER LINE

AutoCAD SHX Text
PIVOT WATER LINE(TO BE REMOVED)

AutoCAD SHX Text
PRIVATE PIVOT  WATER AND ELECTRIC LINE(TO BE REMOVED)

AutoCAD SHX Text
PRIVATE PIVOT  WATER AND ELECTRIC LINE(TO BE REMOVED)

AutoCAD SHX Text
OIL AND GAS  FACILITY

AutoCAD SHX Text
OIL AND GAS  FACILITY

AutoCAD SHX Text
OIL AND GAS  FACILITY

AutoCAD SHX Text
OIL AND GAS  FACILITY

AutoCAD SHX Text
OIL AND GAS  FACILITY

AutoCAD SHX Text
EX HOUSE

AutoCAD SHX Text
EX SHOP AND  OFFICE BUILDINGS

AutoCAD SHX Text
PIPELINE EASEMENT (NO WIDTH SPECIFIED)

AutoCAD SHX Text
PIPELINE EASEMENT (NO WIDTH SPECIFIED)

AutoCAD SHX Text
XCEL ENERGY OVERHEAD ELECTRIC LINE

AutoCAD SHX Text
NOBLE OIL AND GAS WELL EATON #12-19

AutoCAD SHX Text
KPK OIL AND GAS WELL PHELPS #3-26

AutoCAD SHX Text
PDC OIL AND GAS WELL BIG BEND UPRR#41-19

AutoCAD SHX Text
PDC OIL AND GAS WELL BIG BEND-UPRR #31-19

AutoCAD SHX Text
KPK OIL AND GAS WELL PHELPS @2-17

AutoCAD SHX Text
KPK OIL AND GAS WELL PHELPS #1-13

AutoCAD SHX Text
( IN FEET)

AutoCAD SHX Text
400

AutoCAD SHX Text
200

AutoCAD SHX Text
0

AutoCAD SHX Text
NORTH

AutoCAD SHX Text
5740

AutoCAD SHX Text
MON.

AutoCAD SHX Text
WELL



 

Appendix F 
 

 

 

 



Piezo ID

Riser 

Height

Date: 11/5/2021 2/28/2022 3/31/2022 4/29/2022 6/10/2022 7/5/2022 8/1/2022 Average(April - August)

P01 3.5 11.7 13.2 13.4 13.5 12.8 13.1 12.9 13.075

P04 3.8 4.6 5.5 5.8 6.1 4.8 5.3 5.4 5.4

P09 3.9 19.9 22.5 22.7 23.1 22.1 21.7 21.5 22.1

P15 3.2 26.3 28 28.5 29.3 27.9 27.4 26.5 27.775

P20 3.8 14.6 19.3 19.3 19.5 18.2 17.2 15.7 17.65

P25 3.5 15.6 19.1 19.4 19.6 16.3 15.3 12.5 15.925

P27 3.8 13 16.6 16.7 16.8 17.6 16.9 16.3 16.9

Water Depth (BGS)


