
Shooting Ranges: 

BMPs & Cleanup



SHOOTING RANGES: 
Why do we Care?

• The lead deposited on a range is not 
hazardous waste . . . 

. . . as long as it stays on the range or goes 
to recycling.

So, BMPs to help keep the lead where it 
belongs.



BMPs: What they are

• Shooting range design considerations and 
operational procedures employed to better 
contain, concentrate and manage projectiles 
and other materials in a way that will 
minimize impacts to the environment;

• Strictly voluntary measures that can 
minimize range liability;

• Documented to be successful



BMPs: What they aren’t

• Not a regulatory program requirement;
• Not a guarantee that a site can close without 

some measure of cleanup;
• Not a shield for third party legal action 

against the range operation;
• Not uniform in application, and must be 

tailored to site specific conditions.  



BMPs: What is being managed?

• Primarily lead in metallic form of bullets 
and shotgun pellets;

• Secondary metals antimony, arsenic, copper 
and zinc;

• Broken skeet targets- Polycyclic Aromatic 
Hydrocarbons (PAHs);

• Containment features such as soil berms.
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Source Source 
Documents Documents 
included:included:

A Good 
Manual from 
EPA Region 2



Source Source 
Documents Documents 
included:included:

NSSF Facility 
Development 
Series



Source Source 
Documents Documents 
included:included:

Draft BMPs for 
Florida, 
Compiled by the 
U of F Florida 
Center for Solid 
and Hazardous 
Waste 
Management



Source Source 
Documents Documents 
included:included:

And a lot of 
input from 
dedicated 
Stakeholders --

both 
government and 
private industry 
experts:

FSU/FAMU School of Engineering
Florida DEP
Tallahassee Community College
Santa Rosa Sheriff’s Dept.
Wildlife Management Institute
Florida Fish and Wildlife

Conservation Commission
Florida Department of Corrections 
Sarasota County
George Stone Center
Orange County Sheriff’s Dept.
Martin County Sheriff’s Dept.



Source Source 
Documents Documents 
included:included:

And a lot of 
input from 
dedicated 
Stakeholders --

both 
government and 
private industry 
experts:

Flagler Gun and Archery Club
Hopping, Green and Sams
George Stone Center
U.S. Air Force
Department of the Navy
Massachusetts DEP
National Sport Shooting Foundation
Escambia County
U.S. Environmental Protection

Agency
Clark Vargas (range doc)
Florida Shooting Services, Inc.



Florida’s BMPs are 
organized into a brief 
Introduction,

then two chapters of 
specific range siting
and management 
guidance

followed by reference 
materials in 
16 Appendices.



The Introduction 
presents plain English 
goals and expectations 
for ranges to establish 
proper management 
and environmental 
stewardship

and a five-step approach 
to lead management.



Chapter 2 discusses 
concerns with lead in 
the environment 

and details 
Step 1 of the lead 
management approach, 
to: Evaluate existing 

environmental
conditions. 



Chapter 2 includes sub-
chapters on:



This sporting clays course is arranged such that it shares 
a common shotfall zone with the trap and skeet ranges.



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 2 includes sub-
chapters on:



Chapter 3 provides 
real range 

management guidance 
and techniques

and
the next 4 Steps in 

the lead management 
approach 



Chapter 3 includes sub-
chapters on:

Step 2
Control and Contain the

Lead



Hurlburt Air Force Base, Fort Walton Beach, FL

Utilizes 
ACTION Target 
Systems at two 
bullet trap 
ranges.

The two ranges 
cost about 
$300,000.



The bullet is trapped by the steel plates in front, and 
channeled into a deceleration chamber, then into a bucket.

Vacuum with 
hepa-filter 
collects lead 
dust from the 
chambers.







Chapter 3 includes sub-
chapters on:

Step 3
Prevent Lead Migration



Lead
Mobility
Resources potentially 
impacted:

• Soil and sediment

• Surface water quality

• Groundwater quality

• Ingestion by wildlife

Management techniques:

• pH adjustment 
• Erosion control 
• Range orientation
• Projectile containment
• Alternative ammo
• Recovery/recycling
• Clay barrier
• Chemical stabilization
• Stormwater run-off management
• Vegetative controls with soil 
amendments



Chapter 3 includes sub-
chapters on:

Step 4
Periodically Remove

the Lead



Chapter 3 includes sub-
chapters on:

Step 5
Document Activities
and Keep Records



Chapter 3 includes sub-
chapters on:



Chapter 3 includes sub-
chapters on:



Lead vs. Steel Shot

• Use required for waterfowl hunting over 
lakes, rivers and bays;

• Some research indicates that collocation 
with steel shot increases the corrosion rate 
lead shot thereby increasing lead mobility;

• Purely academic issue at present, but might 
be a concern for long term use of steel shot at 
ranges.



Chapter 3 includes sub-
chapters on:



Chapter 3 includes sub-
chapters on:



Section 3.8 addresses lead removal and specific 
requirements for a Remediation/Closure Plan.





Section 3.9 points to Appendix M of highly 
recommended BMPs.



The remainder 
of the Florida 
BMP manual 
consists of 
reference 
Appendices:



The remainder 
of the Florida 
BMP manual 
consists of 
reference 
Appendices:

Of 150 pages in the manual -- 2/3 are appendices



Splash page on 
the CDROM that 

links to the 
electronic BMP 

manual, 
checklists, forms 

and Internet 
resources.



Internet resources are posted on DEP’s Web 
site at:

http://www.dep.state.fl.us/waste/categories/hazardous/pages/lead.htm

http://www.dep.state.fl.us/waste/categories/hazardous/pages/lead.htm


They include 
Range Operator’s 
Checklists:

Both from 
FDEP’s
Appendix C 

and from EPA’s 
publication



Also included –
a template for 
developing a 
Range’s 
Environmental 
Stewardship Plan 
from FDEP’s
Appendix D:



And record 
keeping forms 
from FDEP’s
Appendix D:



Range Environmental 
Management Goals

• Range environmental management goal
– Manage potential detrimental impacts posed by range 

activities to the environment, public health or public welfare

• Range environmental management objectives
– Keep lead on-site and in its metallic form
– Prevent surface migration of lead and other hazardous 

constituents
– Prevent projectiles from impacting wetlands or surface 

waters
– Prevent projectiles from landing off property
– Reduce noise impacts to surrounding properties



The BMP Cow

Get a mooove on 
managing your site!



Cleanup at Shooting Ranges

• Location of ranges in Florida;
• Potential range contaminants;
• Operational areas likely to be 

contaminated;
• Select assessment sampling topics;
• Typical remedial technologies;
• Site cleanup closure.
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Potential Contaminants
Constituent Comment
Lead Primary projectile constituent 
Antimony Increases hardness
Arsenic Used to increase roundness of small 

shot
Tin Increases hardness
Copper and zinc Jacket alloy metal
Tungsten Ammunition
Nickel Coating improves shot performance; an 

alloy in center fire ammo
PAHs (Polycyclic 
Aromatic 

Hydrocarbons) 

In limestone matrix of clay targets used 
at shotgun ranges



Lead Bullets in SoilLead Bullets in Soil



Knight’s Trail Park in Sarasota County, near Venice, FL

It’s all about the lead, stupid!



♦ Metallic lead is subject to 
breakdown into bio-available and 
toxic form;

♦ Lead has no biological benefit;
♦ Not naturally elevated above risk 

based levels;
♦ High percent of ranges have 

years/decades of accumulation;
♦ Most ranges have not implemented 

lead recovery programs or BMPs
that effectively manage lead.

Lead FactsLead Facts



Florida environmentFlorida environment

♦ Easily elevated due to low soil 
background Pb concentrations

• Range = 0.18-290 ppm
• Geometric mean = 5.4 ppm

♦ Enhance  chemical reactions
• High temperature and humidity
• Acid soil pH

♦ Favour chemical leaching
• High rainfall
• Sandy soil
• Shallow groundwater



Lead Mobility
• Metallic lead insoluble;
• Pb + O2 lead oxide, hydroxide, etc. 

(soluble)
• pH < 7– increased dissolution;
• Precipitation rate affected by presence of 

metals with greater solubility;
• Organic matter and clays may provide 

considerable sorption and arrest transport.



♦ Arsenic is a known human carcinogen;
♦ Associated with lead at outdoor ranges;
♦ Naturally present in Florida soils with 

concentrations that often exceed risk 
based corrective action criteria;

♦ More soluble and mobile than lead.

Arsenic Facts:Arsenic Facts:



http://www.itrcweb.org/



Characterization - Static Rifle 
and Handgun Range

Range 
Floor

Primary Impact 
Berm

Safety Fan

Lateral Berm Not Shown

Residues from 
Muzzle Discharge Dispersed Metal 

in Impact Area
Concentrated Metal 
in Impact Area



A 100A 100--Yard Pistol/Rifle RangeYard Pistol/Rifle Range
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Sampled



Sample collection at a 100Sample collection at a 100--Yard RangeYard Range
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Distance (m) Total Pb Total As Soil pH 
10 1,201 1.37 6.7 
30 4,448 3.69 6.1 
60 1,793 1.84 5.6 
80 875 2.90 5.4 
100 1,723 1.71 5.5 
Top of berm 10,138 3.57 6.8 
Middle of berm 17,850 6.12 7.7 

 

Concentrations of Concentrations of PbPb and As (and As (ppmppm) ) 
and pH in surface soil of 100and pH in surface soil of 100--yard yard 

rifle/pistol rangerifle/pistol range



Total Pb and As (ppm) in soils of a 
200-yard rifle/pistol range

Distance (m) Total Pb Total As 
3 715 2.82 

43 336 2.75 
83 754 1.58 

103 147 0.23 
143 366 1.02 
183 16,983 1.64 

Berm (Mean of 3) 18,322 33.8 
 



Concentrations of Pb & As (ppm) and pH 
in a soil profile of a 100100--yard pistol rangeyard pistol range

Depth (cm) Total Pb Total As pH 
0-10  2,357 2.03 6.7 
10-30  83.0 1.10 5.9 
30-50  13.2 0.86 5.0 
50-100  9.0 0.80 4.8 
180-200  9.8 0.54 5.1 

 



Characterization - Shotgun 
Range Layout

Firing Line

Area with highest 
potential lead shot 

accumulation

Area with potential 
target fragment 
accumulation

Dispersed metal 
shot in surface soil

Dispersed target
fragments in surface soil



Cartridges, Clay Targets, and 
Litter



Characterization - Skeet Range 
Layout

Maximum Shot 
Fall Area 375 ft

600 ft770 ft





Select Assessment Topics

• Soil screening for lead and 
arsenic using  X-ray fluorescence 
(XRF);

• Soil sample sieving;
• TCLP and SPLP analysis;
• Clay target fragments / PAHs.



XRF Screening

• Can quickly define widespread areas of 
gross metals contamination;

• Equipment is rugged and portable;
• Cost effective for large scale assessment;
• Confirmation by laboratory analysis is 

needed for contamination boundary
• Interference with collocated metals.



XRF Screening Tool



XRF Vendors



To sieve or not to sieve?

• Field samples are often sieved using a 
#10-mesh screen for extraneous matter;

• Laboratories often use #10 & #30-mesh 
screen sieves for soil during sample prep;

• Should sieve prepared XRF samples;
• End use of results should figure into 

extent of soil sample matrix separation. 



♦ Toxicity Characteristic Leaching Procedure (TCLP) 
• Hazardous waste determination under conditions of municipal 

landfills under RCRA
• TCLP regulatory limit for Pb = 5 mg/L

♦ Synthetic Precipitation Leaching Procedure (SPLP) 
• Metal leachability ug/L
• under simulated rainfall
• SPLP regulatory limit for Pb = 15

TCLP/SPLP Tests
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TCLP Pb (ppm) in surface soil of a 
50-yard pistol pistol range
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TCLP Pb (ppm) in surface soil of a 
200-yard rifle rifle range
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TCLP Pb (ppm) in surface soil of a 
sport clay range
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TCLP- & SPLP- Pb in Berm Soils

Berm TCLP-Pb SPLP-Pb
50-P-30y 1,568 13.4
50-P-10y 1,408 1.0
200-R-30y 544 6.1



TCLP / SPLP TCLP / SPLP PbPb at Rangesat Ranges

♦ Surface soils in shooting ranges 
contained elevated TCLP Pb (>5 ppm)

♦ Highest TCLP Pb was observed in  
berm soil (240-1,568 ppm)

♦ Highest SPLP Pb was observed in  
berm soil (1.0-13.4 ppm)



Clay Targets



Trap & Skeet Clay Targets

• Contain PAHs, non-toxic and not bio-
available;

• Broken target fragments are solid waste;
• Impacts are limited to very near surface 

unless accumulation zone soil is 
reworked;

• Targets now available that don’t contain 
PAHs.



Remedial Options:

• Dig and Haul;
• Soil washing/Particle 

separation;
• Soil stabilization/solidification;
• Chemical extraction.



Regulatory Perspective

• Depending on conditions at the range 
and range siting, different federal and 
state environmental laws may apply
– Clean Water Act
– Wetlands Protection Act
– RCRA



RCRA Requirements

• Lead bullets/shot are not a solid or hazardous waste 
when discharged; no RCRA permit is required;

• Recycled lead bullets are considered a scrap metal 
and exempt from RCRA waste management;

• Processed reclamation soil is RCRA exempt if reused 
in backstop or shotfall areas at an active range;

• Soil removed from range site must be characterized;
• Lead left in media after a range closes is subject to a 

RCRA 7002/7003 cleanup order if it poses harm.



Site Cleanup Closure

• Closure plan required at time of changing 
land use;

• BMP Manual has checklist of major items 
that need to be included;

• RCRA waste management concerns can 
be addressed early in remediation order;

• Florida Legislature mandated that 
“principals of risk-based corrective action”
be utilized regarding cleanup at ranges.



Cleanup at Shooting Ranges

When is a range subject to RBCA ?
• Usually when there is a range closure and 

change in land use;
• Third party complaint for offsite contamination;
• The range owner(s) may request assistance 

from the Department with site assessment. 



Helpful Documents
• Colorado Department of Public Health and Environment, Hazardous 

Materials and Waste Management Division, Corrective Action at 
Outdoor Shooting Ranges Guidance Document, Version One, January 
2005. (http://www.cdphe.state.co.us/hm)

• Interstate Technology and Regulatory Cooperation Work Group, 
Technical/Regulatory Guidance: Characterization & Remediation of 
Soil at Closed Small Arms Firing Ranges. January 2003 
(http://www.itrcweb.org/SMART-1.pdf)

• U.S. EPA, Office of Solid Waste and Emergency Response/ 
Brownfields Technology Support Center, Analysis of Considerations 
for Developing a Methods Applicability Study- Small Arms Firing 
Range, Bluffton, South Carolina.  April 2003

http://www.cdphe.state.co.us/hm
http://www.itrcweb.org/SMART-1.pdf


Cleanup Squirrel

This isn’t about hunting, is it?


	Shooting Ranges: ��BMPs & Cleanup
	SHOOTING RANGES: �Why do we Care?
	BMPs: What they are
	BMPs: What they aren’t
	BMPs: What is being managed?
	Lead�Mobility
	Lead vs. Steel Shot
	Range Environmental Management Goals
	The BMP Cow
	Cleanup at Shooting Ranges
	Potential Contaminants 
	Lead Mobility 
	Characterization - Static Rifle and Handgun Range
	Total Pb and As (ppm) in soils of a 200-yard rifle/pistol range
	Concentrations of Pb & As (ppm) and pH in a soil profile of a 100-yard pistol range
	Characterization - Shotgun Range Layout
	Cartridges, Clay Targets, and Litter
	Characterization - Skeet Range Layout
	Select Assessment Topics
	XRF Screening
	To sieve or not to sieve?
	TCLP/SPLP Tests  
	TCLP Pb (ppm) in surface soil of a 50-yard pistol range
	TCLP Pb (ppm) in surface soil of a 200-yard rifle range
	TCLP Pb (ppm) in surface soil of a sport clay range
	TCLP- & SPLP- Pb in Berm Soils 
	Clay Targets
	Trap & Skeet Clay Targets
	Remedial Options:
	Regulatory Perspective
	RCRA Requirements
	Site Cleanup Closure
	Cleanup at Shooting Ranges
	Helpful Documents
	Cleanup Squirrel

