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1.0 INTRODUCTION 
 
This report details the work conducted as part of the voluntary lead management activities as 
detailed in the Final Voluntary Lead Management Report, Cherry Creek State Park, Family 
Shooting Center (Versar, 2005), and as modified by the April 29, 2005 Versar, Inc. (Versar) 
letter to Colorado State Parks.  
 
For this project, Versar performed all of the environmental engineering aspects, as well as all 
project, construction, and administrative management.  Our team partner, Metals Treatment 
Technology (MT²) performed all field remedial and lead treatment activities under contract to 
Versar. 
 
1.1 Project Objectives and Scope of Work 
 
The project objective was the removal of lead impacted soil from selected areas of both the pistol 
and rifle ranges.  The Colorado Department of Public Health and Environment’s proposed 
residential cleanup standard and the Environmental Protection Agency’s (EPA) screening level 
for total lead of 400 milligrams per kilogram (mg/kg) and the Toxicity Characteristic Leaching 
Procedure (TCLP) limit for lead of 5 milligrams per liter (mg/L) were used to determine soil to 
be removed, treated and disposed of at an off-site location.  The project scope included: 

 
• Pre-sampling research on historical firing patterns and range boundaries. 

 
• Soil sampling and analysis to determine the extent of lead contamination, defined 

as lead levels exceeding 400 mg/kg (the Colorado Department of Public Health 
and Environment’s proposed residential cleanup standard and the EPA’s 
screening level) and TCLP exceeding 5 mg/L for lead. 

 
• Removal, stockpiling, and treatment with ECOBOND® for metal stabilization of 

lead impacted soil. 
 
• Replacement of removed lead-impacted soil with cleanfill sourced from an off-

site provider. 
  

• Off-site disposal of ECOBOND® treated soil at a licensed solid-waste facility. 
 

• Additional sampling was conducted on the adjacent trap range, however removal 
and treatment actions were not conducted on identified impacted soils.  Sampling 
and analysis details are included in Appendix A. 

 
2.0 SITE LOCATION 
 
The Family Shooting Center, located within Cherry Creek State Park, has been an active outdoor 
public shooting venue for approximately 40 years.  The center consists of 22 rifle/pistol stations.   
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Figure 1, Site Location Map shows the location of Cherry Creek State Park. 
 
3.0 PRE-SAMPLING RESEARCH 
 
Prior to lead impacted soil sampling and analysis, Versar researched and gathered information 
regarding the historical use of the Family Shooting Center.  Information was obtained from 
historical aerial photographs and through interviews with persons familiar with past operations, 
including the current range operator.  Based on the results of this research, sampling locations 
were selected to determine the extent of lead contamination at both the pistol and rifle ranges.   
 
4.0 SOIL SAMPLING AND ANALYSIS 
 
Soil sampling and analysis was conducted to determine the extent and depth of lead 
contamination in order to establish those areas requiring removal, treatment and off-site disposal.  
Sample locations were selected based on data obtained from the pre-sampling research, visual 
observations, lines of fire, and in consultation with range operators and Cherry Creek State Park 
personnel.  Sampling was conducted from January 27 to February 1, 2005 and on February 8 and 
11, 2005. 
 
4.1 Sampling Locations 
 
All sampling locations were clearly marked with a painted stake and sited with a Global 
Positioning System (GPS) handheld receiver.  The coordinates of the sampling locations for the 
rifle and pistol ranges are listed in Tables 1 and 2, respectively.  
 

Table 1, GPS Coordinates, Rifle Range 
Sample ID GPS Coordinates Location Notes 

N 39° 37.175’ RR1 W 104° 50.470’ First berm, middle 

N 39° 37.172’ RR2 
W 104° 50.430’ 

Eastern berm, middle, approximately 4 feet up 
slope 

N 39° 37.154’ RR3 W 104° 50.444’ 
Final backstop, eastern edge, approximately 4 feet 

up slope 
N 39° 37.157’ RR4 

W 104° 50.458’ 
Lower final backstop, middle 

N 39° 37.148’ RR5 W 104° 50.462’ 
Final backstop, middle, approximately 4 feet up 

slope 
N 39° 37.144’ RR6 

W 104° 50.464’ 
Final backstop, middle, top of berm 

N 39° 37.156’ RR7 W 104° 50.480’ Soil stockpile, western area, middle 

N 39° 37.165’ RR8 
W 104° 50.485’ 

Final pistol range backstop, top of berm, middle 

N 39° 37.148’ RR9 W 104° 50.485’ 
Western berm, middle, approximately 4 feet up 

slope 
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Table 2, GPS Coordinates, Pistol Range 

Sample ID GPS Coordinates Location Notes 
N 39° 37.188’ PR1 

W 104° 50.487’ 
First bullet backstop, center 

N 39° 37.181’ PR2 
W 104° 50.485’ 

Second bullet backstop, center 

N 39° 37.172’ PR3 
W 104° 50.483’ 

Eastern soil stockpile abutting final bullet 
backstop, front center 

N 39° 37.170’ PR4 
W 104° 50.487’ 

Eastern edge of final bullet backstop, 
approximately 4 feet up slope 

N 39° 37.171’ PR5 
W 104° 50.479’ 

Center of final bullet backstop, approximately 4 
feet up slope 

N 39° 37.168’ PR6 
W 104° 50.494’ 

Western soil stockpile abutting final bullet 
backstop, front center 

N 39° 37.179’ PR7 
W 104° 50.496’ 

Western berm, middle, approximately 4 feet up 
slope 

 
Figure 2 shows the sampling locations at the rifle range and Figure 3 shows the sampling 
locations at the pistol range. 
 
4.2 Sampling  Protocol 
 
A shovel, and in selected accessible locations, a backhoe were used to collect composite samples 
at predetermined depths, generally surface, 1 foot, and 2 feet.  In line of fire areas, sampling pits 
were advanced along a horizontal access to best approximate bullet penetration.  In areas outside 
the line of fire, sample pits were advance in a vertical direction to best approximate bullet and 
debris depth caused by soil mixing.  Each gross sample was screened to remove rocks, debris and 
bullet casings and blended in a plastic bag to render it homogeneous.  Samples were then 
delivered to MT2, following proper chain-of-custody protocol, for analysis using a multi-element 
X-ray fluorescence (XRF) analyzer for total lead.  Five samples with total lead concentration 
above 400 mg/kg were further analyzed by TCLP for lead as specified in EPA SW-846, Method 
1311/6010. 
 
4.3 Analytical Results 
 
Tables 3 and 4 present the analytical results for the rifle and pistol ranges, respectively.  
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Table 3, XRF and TCLP Analysis Results, Rifle Range 
Sample Identification Depth (feet) XRF Lead (mg/kg) TCLP (mg/L) 

RR1-S Surface 424 ± 68 - 
RR1-1 1 301 ± 82 - 
RR1-2 2 291 ± 80 - 
RR2-S Surface <83  - 
RR2-1 1 <83  - 
RR2-2 2 <79  - 
RR3-S Surface 5,010 ± 270 - 
RR3-1 1 2,240 ± 160 - 
RR3-2 2 1,440 ± 140 82 
RR4-S Surface 2,710 ± 180 - 
RR4-1 1 272 ± 85 - 
RR4-2 2 <120  - 
RR5-S Surface >14,000 ± 1500 - 
RR5-1 1 >25,000 ± 2400 1045 
RR5-2 2 9,960 ± 800 - 

RR5-2.5 2.5 10,700 ± 910 - 
RR5-3 3 7,920 ± 480 - 

RR5-3.5 3.5 3,060 ± 130 - 
RR5-4 4 <53  - 
RR6-S Surface 6,910 ± 430 550 
RR6-1 1 296 ± 120 - 
RR6-2 2 1,050 ± 120 - 

RR6-2 (2) 2 440 ± 85 - 
RR7-S Surface 273 ± 100 - 
RR7-1 1 <130  - 
RR7-2 2 <130  - 
RR8-S Surface 1,100 ± 110 - 
RR8-1 1 <130  - 
RR8-2 2 <110  - 
RR9-S Surface 715 ± 89 - 
RR9-1 1 <130  - 

RR10-S Surface 568 ± 75 - 
RR10-1 1 <91  - 

Note: 
The last digit of the sample identification indicates the depth, in feet (S is for surface) 
TCLP = Toxicity Characteristic Leaching Procedure 
mg/kg = milligrams per kilogram 
mg/L = milligrams per liter 
XRF = x-ray fluorescence 
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Table 4, XRF and TCLP Analysis Results, Pistol Range 
Sample Identification Depth (feet) XRF Lead (mg/kg) TCLP (mg/L) 

PR1-S Surface 1,440 ± 95 - 
PR1-1 1 1,430 ± 100 - 
PR1-2 2 1,080 ± 82 - 
PR2-S Surface 3,750 ± 170 - 
PR2-1 1 2,170 ± 130 - 
PR2-2 2 1,790 ± 120 - 
PR3-S Surface 2,530 ± 130 - 
PR3-1 1 1,490 ± 98 - 
PR3-2 2 648 ± 64 - 
PR4-S Surface 10,900 ± 650 - 
PR4-1 1 3,790 ± 230 - 
PR4-2 2 3,240 ± 210 412 
PR5-S Surface 7,510 ± 270 - 
PR5-1 1 7,490 ± 280 - 
PR5-2 2 2,380 ± 140 370 

PR5-2.5 2.5 <100   
PR5-3 3 <96   
PR6-S Surface 1,370 ± 94 - 
PR6-1 1 776 ± 71 - 
PR6-2 2 736 ± 71  

PR6-2.5 2.5 177 ± 100  
PR6-3 3 106 ± 59 - 
PR7-S Surface 289 ± 52 - 
PR7-1 1 195 ± 74 - 
PR7-2 2 379 ± 68 - 

Note: 
The last digit of the sample identification indicates the depth, in feet (S is for surface) 
TCLP = Toxicity Characteristic Leaching Procedure 
mg/kg = milligrams per kilogram 
mg/L = milligrams per liter 
XRF = x-ray fluorescence 
 
Based on the above results, the location and depth of soil to be removed were used to estimate 
removal areas.  Soil with total lead concentrations above 400 mg/kg, the Colorado Department of 
Public Health and Environment’s proposed residential cleanup standard, and the EPA’s 
screening level, was selected for removal.   
 
Please see Appendix B for laboratory results. 
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4.4 Treatability Study 
 
A treatability study was conducted by MT2 to determine application volumes of ECOBOND® on 
lead impacted soil.  One sample from both the rifle range and pistol range were selected for 
application.  ECOBOND® was added to these samples in varying by weight percentages and 
allowed to incubate and stabilize overnight. Samples were then analyzed by TCLP to determine 
the availability of leachable lead.  Based on these results, a field application rate was determined 
to ensure leachable lead concentrations were below 5 mg/L.  Table 5 presents the treatability 
study results. 
 

Table 5, Treatability Study Results 
Sample 

Identification 
Sample Treatment 

Weight (grams) 
ECOBOND® 

Addition 
TCLP (mg/L) 

PR5-2 NA Untreated 370 
PR5-2 100 1.0% 6.6 
PR5-2 100 2.0% 1.1 
PR5-2 100 3.0% 2.1 
RR5-2 NA Untreated 898 
RR5-2 100 1.0% 582 
RR5-2 100 2.0% 315 
RR5-2 100 3.0% 55 
RR5-2 100 4.0% 3.4 

 
The complete treatability study is presented in Appendix C. 
 
5.0 LEAD-IMPACTED SOIL REMOVAL, TREATMENT, AND DISPOSAL 
 
This section addresses the events that were performed to accomplish the voluntary lead 
management at both the pistol and firing ranges. The activities occurred May 16 to 19, 2005 and 
May 31 to June 1, 2005.  A photo log depicting the activities before, during, and after the work is 
presented in Appendix D and on the attached compact disc.  All applicable field forms are 
included in Appendix E.  
 
5.1 Pistol and Rifle Range Voluntary Lead Management 

 
Versar and MT2 personnel arrived on site on May 16, 2005.  A site walkthrough was conducted 
to determine any hazards or inaccessible areas.  A tailgate safety meeting was held to brief 
personnel on the work to be conducted and any inherent safety issues, anticipated problems, and 
emergency procedures.  These procedures were followed each day work was conducted on-site. 
 
Identified lead contaminated soils were removed using a backhoe with a 3-yard bucket, a small 
bobcat with a 2-yard bucket, and a 6-yard front-end loader.  The front-end loader was used to 
transport contaminated soil to the stockpile location, located on the northern edge of the facilities 
parking lot.  Contaminated soil was stockpiled on 6-millimeter high-density polyethylene 



 

P:\Cherry Creek\DraftFinalReport1.doc DRAFT  
111244.1244.002 

                                                                                                                                                

7 

(HDPE), and surrounded by a constructed soil berm of approximately 2 feet in height.  The berm 
was covered with 6-millimeter HDPE for additional containment.  Daily, upon completion of 
work, the stockpiles were covered with additional 6-millimeter HDPE to minimize possible 
rainwater infiltration and/or dust emissions.  During the course of soil removal, two soil 
stockpiles were created, with volumes estimated at approximately 460 cubic yards each.  Final 
volumes will be determined in coordination with Colorado State Parks and after a review of 
waste transportation manifests and tickets. 
 
The following tables identify the locations lead impacted soil was removed from, the 
representative samples, and the approximate volume of soil removed.  
 

Table 6, Approximate Volume of Soil Removed, Rifle Range 

Location 
Representative 

 Sample 
Length 

(ft) 
Height 

 (ft) 
Depth 

 (ft) 
Cubic  
Yards 

First Berm  RR1 65 3 1 7.2 
First Tier of Terminal Berm  RR4 70 5 1 13.0 
Terminal Berm - Eastern Side RR3,  RR5,  RR6 140 25 4 518.5 
Terminal Berm Out of Line Of Fire- Western Side RR10 50 25 1 46.3 
Western Berm  RR9 75 10 1 27.8 
Backside of Pistol Range Terminal Berm  RR8 50 5 1 9.3 
 Total 622.0 

 
Table 7, Approximate Volume of Soil Removed, Pistol Range 

Location 
Representative 

 Sample 
Length 

(ft) 
Height 

 (ft) 
Depth 

 (ft) 
Cubic  
Yards 

First Berm - Entire Berm  PR1 55 1 6 12.2 
Second Berm  PR2 55 4 7 57.0 
Soil Stockpile- Eastern Side - Entire Stockpile PR3 15 15 6 50.0 
Terminal Berm  PR4, PR5 70 25 2.5 162.0 
Soil Stockpile- Western Side - Partial Stockpile PR6 10 10 3 11.1 
 Total 292.4 

 
Concurrently, during the contaminated soil removal from the pistol and rifle ranges, clean soil 
was placed on the berms to replace the removed lead-impacted soil.  The clean soil was placed to 
approximately resemble the shape of the previous berm, and modifications to both berm shape 
and height were made at the suggestion of range personnel.  The soil was then compacted to 
minimize slumping.  Clean soil was sourced from Pioneer Sand and Gravel Company, an off-site 
location.   
 
Upon completion of contaminated soil removal from the pistol and rifle ranges, the contaminated 
soil stockpiles were treated with ECOBOND® for metal stabilization, at the prescribed average 
rate of 2.4% by weight of soil.  A composite sample was then taken from each of the two soil 
stockpiles for analysis by EPA SW-846, Method 1311/6010, TCLP for lead.  The composite 
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sample was collected by taking soil samples from random locations within the stockpile, 
combining the collected samples within a large, plastic bag and vigorously mixing.  A sample 
was then taken from the plastic bag for analysis.  The following table presents the laboratory 
results. 
 

Table 8, Treated Soil Stockpiles TCLP Results 
Sample Identification TCLP (mg/L) 

West Stockpile 0.120 
East Stockpile 1.04 

Notes: 
mg/L = milligrams per liter 
 
Based on the above results, both of which were below the Resource Conservation and Recovery 
Act (RCRA) regulatory threshold of 5 mg/L, the soil was classified as non-hazardous waste for 
transportation and disposal. 
 
Laboratory results are presented in Appendix B.   
 
5.2 Transportation and Disposal 
 
All soil removed from both the pistol and rifle ranges was transported to Tower Landfill facility 
for proper disposal.   Both soil import and waste manifests have been provided to Colorado State 
Parks. 
 
6.0 CONCLUSIONS 
 
All identified lead impacted soil was successfully removed from the rifle and pistol ranges. All 
areas where lead-impacted soil was removed were backfilled, compacted, and finished to their 
original condition using imported cleanfill.  
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