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Executive Summary 

The United States (U.S.) Marine Corps (Marine Corps) Range Environmental Vulnerability 
Assessment (REVA) program meets the requirements of the Department of Defense (DoD) 
Directive 4715.11 Environmental and Explosives Safety Management on Operational Ranges 
within the United States and DoD Instruction 4715.14 Operational Range Assessments. 

The purpose of the REVA program is to identify whether there is a release or substantial threat of 
a release of munitions constituents (MC) from the operational range or range complex areas to 
off-range areas.  This is accomplished through a baseline assessment of operational range areas 
and periodic five-year review assessments, and, where applicable, the use of fate and transport 
modeling.  Fate and transport modeling provides a conservative examination of MC and how they 
may migrate through the environment to potential receptors.  Results of the model-predicted MC 
concentrations are compared to an established set of REVA trigger values.  Each trigger value is a 
median value of method detection limits.  Modeling results that exceed a trigger value may 
warrant further investigation to determine if a release or threat of a release may be present.  The 
MC evaluated in the REVA program include trinitrotoluene (TNT), cyclotetramethylene 
tetranitramine (HMX), cyclotrimethylene trinitramine (RDX), perchlorate, and lead.    

Site-specific sampling is conducted under REVA if screening-level fate and transport analyses 
exceed trigger values at down gradient receptor locations.  The sampling is performed to further 
evaluate the potential of MC release and support the installation and Marine Corps Installations 
Command in assessing the potential for degradation of groundwater and/or surface water quality. 
The results of sampling are compared to DoD screening values (DoD, 2012), state, or other 
applicable screening values to determine if the release is a threat to human health and/or the 
environment.  

This report presents the five-year review assessment results for the operational ranges at the 
Marine Corps Base (MCB) Quantico located in Northern Virginia.  This report serves as the first 
five-year review assessment documenting the period of munitions loading from 2007 through 
2012.  The baseline assessment examined and documented munitions use through 2006.  

Military Munitions Training and Operations 

MCB Quantico encompasses approximately 59,000 acres in Stafford, Prince William, and 
Fauquier Counties located in Northern Virginia, approximately 30 miles south of Washington, 
D.C.  It is the home of the Marine Corps Combat Development Command, which develops the 
doctrine, tactics, techniques, equipment, training, and education employed by the Marine Corps in 
all war fighting areas.  Tenants on the base include the Marine Corps University, Marine Corps 
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War College, Marine Corps Command and Staff College, Marine Corps Systems Command, 
Federal Bureau of Investigation (FBI) Academy and Laboratory, and Drug Enforcement 
Administration (DEA) Office of Training.  The FBI and DEA have been on the base since 1940 
and 1985, respectively.  They have their own environmental and safety offices that manage these 
aspects for their training assets (Justice Training Facility, referred to as FBI Academy in this 
document); however, the FBI Ranges are MCB Quantico property and are managed by the MCB 
Quantico Range Management Branch.  The FBI Academy has 10 training ranges and a Ballistics 
Research Facility.   

The installation is divided into two areas separated by Interstate 95:  the Mainside area and the 
Guadalcanal area.  Mainside was removed from the operational range inventory in 2009, and use 
of military munitions is not authorized in this area.  Mainside contains the space used for 
cantonment, housing, and offices.  Military training that includes the use of munitions is 
conducted at Guadalcanal.  The installation currently is subdivided into 41 training areas that 
contain numerous landing zones, drops zones, demolitions ranges, high explosive (HE) ranges, 
and small arms ranges (SARs).  Additionally, Camp Upshur (used for Reserve unit training) and 
the FBI Academy training ranges are located on the installation.   

MC loading areas are where the majority of MC is deposited within an operational range area.  
Twenty-four MC loading areas were identified at MCB Quantico to reflect specific locations of 
current range facilities, known targets, and munitions use.  MC loading area sizes and boundaries 
were adjusted based on new data collected during this five-year review and a better understanding 
of training activities to more realistically estimate MC loading and deposition.  Data collected 
during this five-year review allowed for a more precise identification of discrete MC loading 
areas.  Consequently, more MC loading areas were evaluated for this five-year review than in the 
baseline assessment.  A total of 16 active SARs were identified at MCB Quantico, and 10 SARs 
and a ballistics research facility were identified at the FBI facility located within MCB Quantico.  
The SARs were assessed qualitatively using the Small Arms Range Assessment Protocol 
(SARAP).   

MC loading rates were estimated for MC loading areas and SARs to estimate the amount of MC 
deposited annually in these areas.  Four watersheds containing the MC loading areas were 
identified for screening-level analysis (surface water, sediment, and groundwater) during this 
five-year review:  Smith Lake, Chopawamsic Creek, Cedar Run, and South Fork Quantico Creek.  
A conceptual site model was developed to qualitatively assess the potential for MC transport from 
the loading area to identified off-range human and ecological receptors.   

Conceptual Site Model for MCB Quantico 

Most of the installation (approximately 90%) is undeveloped land that is used for training.  This 
area includes a large part of the Guadalcanal area and consists predominantly of forested areas 
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(Labat-Anderson, 1997).  This area has an average annual precipitation of 40 inches which is 
distributed somewhat evenly throughout the year; however, it can occur as high intensity rainfall 
at times.  The elevation at MCB Quantico is less than 10 feet above mean sea level (amsl) 
adjacent to the Potomac River and varies up to 600 feet amsl on the western boundary (Tetra 
Tech NUS, 2000).  The topography at MCB Quantico generally is characterized by gently rolling 
hills.  Slopes grade from 2% to 25%, with some steeper slopes.  The predominant soil 
associations at MCB Quantico have low to moderate erodibility ratings, with an average rating of 
moderate (USDA NRCS, 1988).   

There are four primary watersheds at MCB Quantico: Smith Lake watershed, Chopawamsic 
Creek watershed, Cedar Run watershed, and Quantico Creek watershed.  South Fork Quantico 
Creek is a sub-watershed of Quantico Creek watershed and is the smaller drainage area where the 
MC loading areas evaluated in the screening-level analysis are located.  An extensive network of 
perennial and intermittent streams drains MCB Quantico.  The primary perennial streams and 
drainage basins over the installation are Cedar Run, Quantico Creek, Chopawamsic Creek, and 
Aquia Creek.  Most of these streams flow south and southeast, ultimately to the Potomac River; 
the exception is Cedar Run, which flows north and northeast into Occoquan Creek.   

Three reservoirs (Breckenridge, Lunga, and Smith Lake) located within MCB Quantico are 
drinking water sources, and all three are located downgradient of operational ranges.  Mainside 
uses water from Breckenridge Reservoir, and during periods of low rainfall, water is pumped 
from Lunga Reservoir to replenish Breckenridge Reservoir (MCB Quantico et al., 2007).  The 
Smith Lake Reservoir is a drinking water source for Stafford County residents and most of the 
Guadalcanal section of the base (MCB Quantico et al., 2007).  Smith Lake also is used for 
recreational purposes, such as fishing, boating, and hunting.  In addition to the uses of recreation 
and drinking water, MCB Quantico reservoirs are designated for aquatic life, fish consumption, 
shellfish consumption, and wildlife. 

The groundwater system underlying MCB Quantico and the surrounding area is exceedingly 
complex, with groundwater occurring in numerous bedrock and unconsolidated units.  The 
majority of the Guadalcanal area overlies fractured bedrock, unconsolidated saprolite, and other 
sediment, which vary in thickness from a few feet to over 100 feet.  Depths to competent bedrock 
around the perimeter of the installation vary from 10 feet below ground surface (bgs) to 
approximately 160 feet bgs (Malcolm Pirnie, 2011).  The Mainside area predominately overlies 
the unconsolidated sediments associated with the Coastal Plain physiographic province.  

Two wells located at Camp Upshur supply potable water to Camp Upshur through the Camp 
Upshur water system.  Other private and public water supply wells are located near the 
installation boundary.  The majority of well depths range between 200 and 400 feet bgs (Malcolm 
Pirnie, 2011).  Shallow groundwater at MCB Quantico discharges to surface waters, such as 
reservoirs that are drinking water sources for the installation and nearby residents (e.g., Stafford 
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County residents).  Virginia considers all groundwater as having the potential to meet their 
highest beneficial use (drinking water).  Additionally, groundwater in and around MCB Quantico 
is used for drinking, agricultural supply, and mining activities (Malcolm Pirnie, 2011).   

Surface Water and Sediment Pathway 

Surface water runoff is expected to be the major transport pathway of MC to surface water bodies 
located within and around MCB Quantico.  MC transported in groundwater also could discharge 
into surface water as interflow and base flow to streams and other surface water features.  All 
streams at MCB Quantico eventually discharge into the Potomac River estuary to the east of the 
installation.   

Most soils at MCB Quantico are moderately erodible.  In parts of the installation where the slope 
is steep and the vegetation cover is bare to sparse (frequent conditions at many of the identified 
MC loading areas), soil erosion and sedimentation is an important mechanism for MC transport to 
surface water.  Through surface water runoff, dissolved and soil-associated MC could be 
transported to intermittent and perennial streams and to larger surface water bodies downstream.  
MC transported in surface water runoff (through dissolution and adsorbed to eroded soil), 
interflow, or base flow could reach human or ecological receptor locations.  Human receptor 
locations include reservoirs that are used as sources of drinking water.  Ecological receptor 
locations include surface waters that support ecological receptors, including threatened and 
endangered (T/E), rare, and special concern species (e.g., Chopawamsic Creek, Beaverdam Run 
and tributaries, Aquia Creek). 

MC loading areas are located in the four primary watershed areas within the MCB Quantico 
installation boundary:  Chopawamsic Creek, Cedar Run, Smith Lake, and Quantico Creek 
watersheds.  Smith Lake and Chopawamsic Creek watersheds drain to drinking water sources 
located within MCB Quantico.  Cedar Run and Quantico Creek watersheds drain off the MCB 
Quantico installation boundary to areas that have potential human receptors through drinking 
water and recreation.  Cedar Run drains northeast off the installation boundary, ultimately to Lake 
Jackson, located approximately 5 miles north of the installation.  Lake Jackson is a drinking water 
source for the city of Manassas.      

The Smith Lake, Cedar Run, and Quantico Creek watersheds drain off range to areas that have 
potential T/E ecological species or designated wildlife management areas.  MC in surface water 
or adhered to sediment transported in streams potentially can come into contact with these 
receptors.   
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Groundwater Pathway 

Recharge at MCB Quantico ranges from 1 to 12 inches per year (Swain et al., 1991; McFarland, 
1996; Nelm et al., 1997; Heath, 1984).  All of the identified MC loading areas are within the 
Guadalcanal area, which generally is underlain by a saprolite layer consisting of silty sand with 
varying amounts of clay, a more permeable transition zone, and fractured bedrock.  Surface soils 
in this area are generally permeable; therefore, MC have the potential to migrate down with the 
infiltrating water to the saprolite, where it encounters groundwater.  Over a period of time, MC 
potentially can migrate through the saprolite and the transition zone to the bedrock fractures, 
where the groundwater flow velocity can be high and flow direction varied based on fracture 
orientation, interconnection with other fractures, and location of groundwater discharge (streams 
and water supply wells).   

The water table is confined to the saprolite at MCB Quantico and generally conforms to surface 
topography.  Based on topography, there is an assumed groundwater divide across the 
northwestern part of the installation, near the southeast boundary of the Cedar Run watershed.  
Other factors, such as groundwater withdrawals, impoundments, and in the bedrock aquifer, 
fracture orientation and interconnection, can affect groundwater flow directions significantly.   

Shallow groundwater in the saprolite discharges to streams, lakes, and reservoirs.  As a result, 
groundwater from MC loading areas can discharge into the three drinking water reservoirs on the 
installation.  However, the reservoirs at their downstream ends also can lose water to the 
groundwater and potentially contribute MC back to the groundwater.  In addition to their use as 
drinking water, the reservoirs also have recreational purposes such as swimming, boating, and 
fishing.  Ecological receptors are also potentially present in the surface waters where groundwater 
potentially discharges. 

Two active groundwater supply wells are located north of Cedar Run, whereas the natural 
groundwater flow direction in the saprolite is generally to the southeast (toward Cedar Run).  
However, with the wells pumping, flow contribution is expected from areas in the southeast 
within the installation boundary.  Furthermore, because these wells are screened in the bedrock, 
they tap fractures in the bedrock and draw water from various areas, depending on the fracture 
orientation.  As a result, these wells likely receive some groundwater from the southeast, where 
there are identified MC loading areas.  Similarly, off-installation supply wells that are located just 
outside the installation on the southwest, south, northeast, and east potentially can receive 
groundwater from MC loading areas within MCB Quantico. 

Surface Water and Sediment Analyses Summary  

The screening-level assessments of MC fate and transport in surface water and sediment were 
conducted for 24 MC loading areas located within four watershed areas (Smith Lake, 
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Chopawamsic Creek, Cedar Run, and South Fork Quantico Creek).  Annual average MC 
concentrations in surface water runoff and sediment at the edge of each MC loading area were 
estimated.  MC concentrations in surface water and sediment entering identified downstream 
receptor locations (drinking water reservoirs or streams leaving the MCB Quantico installation 
boundary) also were estimated. 

Modeled annual average concentrations of RDX, TNT, and perchlorate in surface water entering 
Smith Lake reservoir were predicted to be above their respective REVA trigger values.  Annual 
average MC concentrations in sediment entering the four downstream surface water receptor 
locations were predicted to be below REVA trigger values.  Based on the model predictions and 
prior monitoring efforts, surface water and sediment sampling was conducted in three and one 
watersheds, respectively, and results are summarized in the Field Data Collection Results section 
below.   

Groundwater Assessment Summary    

Groundwater fate and transport modeling through screening-level assessment was conducted for 
24 MC loading areas.  Modeled concentrations of perchlorate potentially migrating to the 
groundwater within all four watersheds at MCB Quantico were predicted to potentially reach 
groundwater supply wells at concentrations above its REVA trigger value.  Other REVA MC 
were predicted to be below their respective REVA trigger values.  Based on model predictions, 
prior monitoring efforts, and identified receptors, groundwater sampling was conducted in three 
watersheds.   

Field Data Collection Results 

Surface water, sediment, and groundwater samples were collected in conjunction with the five-
year review.  Samples collected down gradient of HE ranges were analyzed for explosives, 
perchlorate, and lead.  Samples collected down gradient of SARs, where inert small arms 
projectiles are used, were analyzed only for lead.         

Surface Water 

Surface water sampling was conducted on July 23–24 and August 8, 2012, at 18 locations: 5 
locations from the Smith Lake watershed, 4 locations from the Cedar Run watershed, and 9 
locations from the Chopawamsic Creek watershed.  Sampling locations were outside of 
operational range areas, and one sample from the Smith Lake watershed was located upstream of 
the installation boundary to serve as a background reference.  Based on the types of munitions 
used at the ranges within each of the watersheds, surface water samples from Smith Lake and 
Cedar Run watersheds were analyzed for explosives, perchlorate, and lead (total and dissolved), 
while samples from the Chopawamsic Creek watershed were analyzed for lead (total and 
dissolved).  The surface water analytical results were compared to established DoD and Virginia 
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surface water screening criteria (9VAC25-260-140) for human health and ecological receptors.  
Dissolved lead values were compared to hardness-adjusted values using U.S. Environmental 
Protection Agency (USEPA) and Virginia Department of Environmental Quality methodology for 
ecological receptors.  A summary of surface water sampling results at MCB Quantico follows: 

 Explosives were not detected in surface water samples.    

 Total and dissolved lead were not detected in the Smith Lake or Cedar Run watershed.  Total 
lead was detected at six locations in the Chopawamsic Creek watershed at concentrations 
below DoD screening criteria (no ecological screening value available).  Dissolved lead was 
detected at six locations in the Chopawamsic Creek watershed at concentrations ranging from 
0.20 to 3.4 micrograms per liter (µg/L), and all were below the DoD screening criterion for 
drinking water.  Samples from four of these locations exceeded the hardness-adjusted DoD 
ecological screening values ranging from 0.19 to 0.40 µg/L, and two of these locations 
exceeded the hardness-adjusted Virginia ecological screening values of 0.72 and 0.81 µg/L.      

 Perchlorate was detected in the Smith Lake and Cedar Run watersheds but was not detected 
above DoD screening criteria for humans or ecological receptors.  The maximum 
concentration detected was from the background sample located upstream of the installation 
boundary.     

All detected MC concentrations in surface water in the Smith Lake and Cedar Run watersheds at 
MCB Quantico were below the DoD and Virginia surface water screening criteria for human and 
ecological receptors.  Dissolved lead exceeded DoD and Virginia ecological screening criteria in 
the Chopawamsic Creek watershed at four and two locations, respectively.  Two sample locations 
were in the South Branch of Chopawamsic Creek downgradient of the Weapons Training 
Battalion (WTBN) Complex and FBI Academy.  Two sample locations were in Breckenridge 
Reservoir and included upper and lower water profile samples.  Ecological screening criteria for 
dissolved lead is very low (within an order of magnitude of the method detection limit), and only 
one detected concentration exceeded the screening value by more than 0.6 µg/L.  All detections 
were well below the human health screening criteria.  These concentrations do not represent an 
immediate threat, and this area will continue to be monitored.                 

Sediment 

Sediment field sampling was conducted on August 8 and October 19, 2012.  This effort was 
conducted to confirm concentrations detected in Breckenridge Reservoir by the U.S. Geological 
Survey in 2009 and to assess potential migration from SARs up gradient of the reservoir (USGS, 
2012).  Sediment samples were collected at 17 locations from the Chopawamsic Creek watershed: 
8 locations in tributaries to Breckenridge Reservoir, 3 locations in Breckenridge Reservoir, and 6 
locations downstream of Breckenridge Reservoir.  Sediment samples were collected outside of 
operational range areas and were analyzed for lead.  The analytical results were compared to DoD 
and USEPA Region 3 screening criteria for ecological receptors.  The Virginia screening criteria 
for sediment (Voluntary Remediation Program Risk Assessment Guidance) is much higher than 
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the DoD and USEPA Region 3 values, and no detections exceeded the Virginia screening value 
of 400 mg/kg lead.  Sediment sampling results at MCB Quantico indicate the following: 

 In the North and Middle Branches of Chopawamsic Creek, the maximum concentration of 
lead detected was 5.2 mg/kg, which is below DoD and USEPA Region 3 screening criteria. 

 In the South Branch of Chopawamsic Creek up gradient of Breckenridge Reservoir, lead was 
detected at a maximum concentration of 35 milligrams per kilogram (mg/kg), which was 
below but nearing DoD and USEPA Region 3 ecological screening criteria of 47 mg/kg and 
35.8 mg/kg, respectively.   

 Lead was detected in Breckenridge Reservoir at a maximum concentration of 220 mg/kg, 
which exceeds both DoD and USEPA Region 3 ecological screening criteria.  The highest 
detections occurred at the middle and southernmost portion of the reservoir, which are 
downstream of where the South Branch discharges into the reservoir.  The detections in the 
reservoir are approximately an order of magnitude greater than concentrations detected in the 
South Branch of Chopawamsic Creek.   

 Lead was detected in sediment downstream of Breckenridge Reservoir at a maximum 
concentration of 12 mg/kg and was observed to decrease with distance further downstream of 
Breckenridge Reservoir.  Lead was detected at a concentration of 2.0 mg/kg at the sample 
location closest to the installation boundary. 

Analytical results indicate that lead is not migrating off the installation via sediment.  
Concentrations in the reservoir are approximately an order of magnitude greater than those 
detected in the South Branch of Chopawamsic Creek, which discharges into the reservoir.  Water 
depth in the reservoir would limit human interaction with lead-impacted sediments, and no known 
ecological receptors (defined in REVA as threatened and endangered species or species of 
concern) are present in the reservoir and exposed to sediments.  Additional sampling will be 
conducted to determine bioavailability of lead in sediments and the extent of impacted sediments 
in the reservoir.    

Groundwater Sampling 

Groundwater sampling was conducted on July 23–24, 2012, and included 13 locations: 11 from 
groundwater monitoring wells and 2 from water supply wells.  The monitoring wells were 
installed in 2008 to detect potential MC releases to areas outside the installation boundary.  
Groundwater samples were analyzed for explosives, perchlorate, and lead (total and dissolved) 
and analytical results were compared to DoD drinking water screening criteria and Virginia state 
screening values (Virginia Administrative Code 9VAC25-280).  Groundwater sampling results at 
MCB Quantico indicate the following: 

 No explosives were detected in groundwater samples.    
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 Total lead was detected in the majority of monitoring well samples, at a maximum 
concentration of 28 µg/L.  Total lead exceeded the DoD screening value of 15 µg/L in one 
monitoring well; dissolved lead did not exceed screening values in any wells.      

 Perchlorate was detected in five monitoring well samples and both water supply well samples 
at concentrations well below the screening value.      

One total lead concentration in a monitoring well exceeded screening criteria, but dissolved lead 
was not detected in this monitoring well.  All other MC concentrations in groundwater at the 
installation boundary are generally well below screening criteria, indicating that there is not a 
current threat to human health; no ecological receptors were identified.  Groundwater monitoring 
is ongoing to monitor potential changes.   

Small Arms Range Assessments 

The primary MC associated with SARs is lead because it is the most prevalent (by weight) 
potentially hazardous constituent associated with small arms ammunition.  Modeling parameters 
for lead fate and transport are contingent upon site-specific geochemical data that generally are 
unavailable unless site-specific investigations are conducted.  Therefore, SARs are qualitatively 
assessed under the REVA program to identify factors that influence the potential for lead 
migration.  A total of 18 SARs or groups of SARs at MCB Quantico were evaluated during this 
REVA five-year review using the SARAP.  Some of the SARs were grouped based on similar 
use, proximity, and setting. 

SARAP evaluations were completed to determine the potential for lead migration to surface water 
and groundwater receptors.  The surface water evaluations resulted in one minimal ranking, nine 
moderate rankings, and eight high rankings.  High rankings indicate the highest potential for lead 
migration creating greatest level of environmental concern and requiring additional action.  
Moderate rankings are those ranges that may have the potential for lead migration, but there is 
likely not an immediate environmental concern; however, action may be necessary to prevent 
future concerns.  Minimal rankings indicate ranges that have minimal or no concern for lead 
migration and minimal environmental concern, but action still may be necessary to ensure that 
concerns do not elevate.  The high surface water rankings were associated with ranges in the FBI 
and WTBN complexes.  These high scores reflected the long duration of use, high lead loading, 
and proximity to human and ecological receptors associated with Breckenridge Reservoir and 
Chopawamsic Creek.  Surface water and sediment sampling results in 2012 indicated that lead 
concentrations in surface water and sediment are elevated in the South Branch of Chopawamsic 
Creek, which discharges into Breckenridge Reservoir.  The FBI Academy ranges and WTBN 
ranges are up gradient of the South Branch of Chopawamsic Creek and Breckenridge Reservoir.   

The groundwater evaluations resulted in 1 minimal ranking and 17 moderate rankings.  
Groundwater at MCB Quantico is a complex system of bedrock fractures, and water supply wells 
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are located just outside the installation boundary to the south, southwest, northeast, and east.   
Higher groundwater scores reflected the presence of drinking water wells and potential receptors, 
a shallow groundwater table, and low soil pH, which increases the solubility of lead.  The 
moderate scores indicate there is likely no immediate threat to human health or the environment, 
but actions may be necessary to prevent future concern.   

Results and Conclusions of the REVA Five-Year Review 

A summary of the results and conclusions for the watersheds and MC loading areas assessed at 
MCB Quantico in the REVA five-year review is presented in Table ES-1.   
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Table ES-1: Results and Conclusions of the MCB Quantico REVA Five-Year Review 

Watershed Analysis Findings/Results 

Smith Lake	 Surface Water Screening-
Level Modeling 

The modeled average annual concentrations of MC in surface water entering Lunga Reservoir were 
predicted to be below REVA trigger values; however, the modeled average annual concentrations of 
RDX, TNT, and perchlorate in surface water entering Smith Lake Reservoir were predicted to be 
above REVA trigger values. 

Sediment Screening-Level 
Modeling 

The annual average MC concentrations in sediment entering the Lunga Reservoir and the Smith Lake 
Reservoir were predicted to be below REVA trigger values.  No sampling was conducted. 

Groundwater Screening-
Level Modeling 

Perchlorate in groundwater was predicted to reach the nearest groundwater supply wells at 
concentrations above the REVA trigger value. 

2012 Field Sampling Perchlorate was detected only in the surface water sample collected as the background reference 
sample, and the concentration was far below the DoD screening value.  Explosives and lead were not 
detected in surface water. 
Seven groundwater monitoring wells were sampled in the Smith Lake watershed in July 2012.  
Perchlorate was detected in two wells at concentrations far below the DoD screening value.  Total lead 
was detected in five monitoring wells at concentrations below the DoD and Virginia screening value.  
Explosives were not detected.  

CONCLUSION There is no immediate threat to identified receptors, and no further analysis is needed at this 
time.  As a proactive measure, field sampling of surface water and groundwater is ongoing.         

Chopawamsic Creek Surface Water Screening-
Level Modeling 

The annual average MC concentrations in surface water entering Breckenridge Reservoir and 
Chopawamsic Creek were predicted to be below REVA trigger values. 

Sediment Screening-Level 
Modeling 

The average annual MC concentrations in sediment at the edge of all four MC loading areas within the 
Chopawamsic Creek watershed were predicted to be below their respective REVA trigger values.   

Groundwater Screening-
Level Modeling 

Perchlorate in groundwater was predicted to reach the nearest groundwater supply wells at 
concentrations above the REVA trigger value from all three MC loading areas modeled within the 
Chopawamsic Creek watershed.  

2012 Field Sampling Total and/or dissolved lead were detected in four of six surface water samples collected on the North, 
Middle, and South Branches of Chopawamsic Creek.  Two detections of dissolved lead exceeded the 
hardness-adjusted DoD and Virginia ecological screening values.  These samples were collected down 
gradient of the FBI Academy and WTBN Range Complex.  Total and/or dissolved lead were detected 
at the three samples locations in Breckenridge Reservoir; dissolved lead exceeded the hardness-
adjusted DoD ecological screening value at two of the locations.  
Sediment samples were collected in the North, Middle, and South Branches of Chopawamsic Creek, 
Breckenridge Reservoir, and in Chopawamsic Creek down gradient of Breckenridge Reservoir.  Lead 
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Watershed Analysis Findings/Results 

was detected in all samples collected, but only two samples collected in the reservoir exceeded DoD 
and USEPA Region 3 screening criteria.  Samples collected down gradient of the reservoir and near the 
installation boundary indicate that lead is not migrating off the installation via sediment.  The 
concentrations in samples down gradient of the WTBN Range Complex appear to be elevated and are 
nearing screening values.  
No groundwater receptors were identified in the Chopawamsic Creek watershed; therefore, no 
groundwater samples were collected.      

CONCLUSION There is no immediate threat to identified receptors; however, analytical results from sediment 
and surface water sample collected immediately down gradient of the WTBN and FBI Ranges 
indicate that actions may be necessary to prevent future concerns.  Surface water and sediment 
monitoring is ongoing.   

Cedar Run  Surface Water Screening-
Level Modeling 

The annual average MC concentrations in surface water entering the downstream receptor location of 
Cedar Run on the installation boundary were predicted to be below REVA trigger values. 

Sediment Screening-Level 
Modeling 

The average annual MC concentrations in sediment entering the downstream point of Cedar Run at the 
installation boundary were predicted to be below their respective REVA trigger values.  No sampling 
was conducted.  

Groundwater Screening-
Level Modeling 

Perchlorate in groundwater was predicted to reach the nearest groundwater receptors (supply wells) at 
concentrations above the REVA trigger value from all eight MC loading areas modeled within the 
Cedar Run watershed. 

2012 Field Sampling Perchlorate was detected in three surface water samples at estimated concentrations well below the 
DoD screening values and below the concentration detected in the background sample.  Explosives and 
lead were not detected in surface water. 
Groundwater was sampled in two public supply wells and two monitoring wells in the Cedar Run 
watershed in July 2012.  Perchlorate was detected in all four wells far below DoD screening values.  
Total and dissolved lead were detected in the two water supply wells at concentrations well below the 
DoD and Virginia screening values.  Explosives were not detected. 

CONCLUSION There is no immediate threat to identified receptors, and no further analysis is needed at this 
time.  As a proactive measure, field sampling of surface water and groundwater is ongoing.  

South Fork Quantico 
Creek 

Surface Water Screening-
Level Modeling 

The annual average MC concentrations in surface water entering the downstream receptor location at 
the downstream point of South Fork Quantico Creek on the installation boundary were predicted to be 
below REVA trigger values.  No sampling was conducted. 

Sediment Screening-Level 
Modeling 

The average annual MC concentrations in sediment at the edge of the two MC loading areas within the 
South Fork Quantico Creek watershed were predicted to be below REVA trigger values.  No sampling 
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Watershed Analysis Findings/Results 

was conducted. 
Groundwater Screening-
Level Modeling 

Perchlorate in groundwater was predicted to reach the nearest groundwater supply wells at 
concentrations above the REVA trigger value from the two MC loading areas modeled within the 
South Fork Quantico Creek watershed.  

2012 Field Sampling No surface water or sediment samples were collected in this watershed during the REVA five-year 
review since screening-level modeling results did not indicate MC transported in surface water or 
sediment would reach the downstream receptor location.   
Two groundwater wells were sampled in the South Fork Quantico Creek watershed in July 2012.  Total 
lead was detected below DoD and Virginia screening criteria in one of the wells.    

CONCLUSION There is no immediate threat to identified receptors, and no further analysis is needed at this 
time.  Monitoring of groundwater wells is ongoing as part of the REVA evaluation.   
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1. Introduction 

1.1. Purpose 

The United States (U.S.) Marine Corps (Marine Corps) Range Environmental Vulnerability 
Assessment (REVA) program meets the requirements of the Department of Defense (DoD) 
Directive 4715.11 Environmental and Explosives Safety Management on Operational Ranges 
within the United States and DoD Instruction (DoDI) 4715.14 Operational Range Assessments.  
The REVA program is a proactive and comprehensive program designed to support the Marine 
Corps’ Range Sustainment Program.  Operational ranges across the Marine Corps are being 
assessed to identify areas and activities that are subject to possible impacts  from external 
influences, as well as to determine whether a release or substantial threat of a release of munitions 
constituents (MC) from operational ranges to off-range areas creates an unacceptable risk to 
human health and/or the environment.  This is accomplished through assessments of operational 
range areas and periodic five-year review assessments and, where applicable, the use of fate and 
transport modeling/analysis of the REVA indicator MC based upon site-specific environmental 
conditions at the operational ranges and training areas.  

This report presents the five-year review assessment results for the operational ranges at the 
Marine Corps Base (MCB) Quantico, located in Northern Virginia.  This report serves as the first 
five-year review assessment and documents the period of munitions loading from 2007 through 
2012.  The baseline assessment, completed in August 2010, documented munitions use at MCB 
Quantico through 2006. 

MCB Quantico encompasses approximately 59,000 acres in Stafford, Prince William, and 
Fauquier Counties located in Northern Virginia, approximately 30 miles south of Washington, 
D.C (Figure 1-1).  It is the home of the Marine Corps Combat Development Command, which 
develops the doctrine, tactics, techniques, equipment, training, and education employed by the 
Marine Corps in all war fighting areas.  Tenants on the base include the Marine Corps University, 
Marine Corps War College, Marine Corps Command and Staff College, Marine Corps Systems 
Command, Federal Bureau of Investigation (FBI) Academy and Laboratory, and Drug 
Enforcement Administration (DEA) Office of Training.  The FBI and DEA have been on the base 
since 1940 and 1985, respectively.  The FBI Academy has its own training ranges and a Ballistics 
Research Facility (BRF).  They have their own environmental and safety offices that manage 
these aspects for their training assets (Justice Training Facility, referred to as FBI Academy in 
this document); however, the ranges are certified by the Range Management Branch, reserved by 
the Scheduling Section, deconflicted by Range Safety, and the FBI communicates with the Range 
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Management Branch Facility.  Although Marines do not use these ranges, the ranges are located 
on Marine Corps property and, therefore, are managed by the MCB Quantico Range Management 
Branch.    

The installation is divided into two areas separated by Interstate 95:  the Mainside area and the 
Guadalcanal area, as shown in Figure 1-2.  Mainside is located east of the interstate and contains 
the space used for cantonment housing and administrative offices.  Mainside was removed from 
the operational range inventory in 2009, and use of military munitions is not authorized.  Military 
training that includes the use of munitions is conducted at Guadalcanal, located west of Interstate 
95.  Land was first leased by the federal government for marine training in 1917, at which time 
thousands of marines began training at Quantico to support World War I.  The land was 
purchased in 1918; by 1920, Marine Corps schools were founded.  The Guadalcanal area was 
purchased from local landowners in 1943 for the purpose of developing ranges and maneuver 
area to support the World War II effort.   

The installation is currently subdivided into 41 training areas (TAs) that contain numerous 
landing zones (LZs), drops zones (DZs), demolitions ranges, high explosive (HE) ranges, and 
small arms ranges (SARs).  Six inactive fixed ranges and two inactive gun positions (GPs) also 
were identified; although not currently used, they have not undergone formal closure, so they 
retain operational status.  Additionally, Camp Upshur (used for Reserve unit training) and the FBI 
Academy training ranges are located on the installation.  These areas are shown in Figure 1-2. 

1.2. Scope and Applicability 

The scope of the REVA program includes Marine Corps operational ranges located within the 
United States and overseas.  Operational ranges (as defined in 10 United States Code 101 (e)(3)) 
include, but are not limited to, fixed ranges, live-fire maneuver areas, SARs, buffer areas, and 
TAs where military munitions are known or suspected currently to be or historically to have been 
used.  Operational ranges used exclusively for small arms training are evaluated qualitatively 
under REVA.  The Marine Corps (specifically the Training and Education Command [TECOM]) 
purposely separates operational ranges and TAs.  For ease of understanding, in this document, the 
term “operational range” includes both operational ranges and TAs.   

A number of range types are specifically excluded from DoDI 4715.14 and are not assessed as 
part of the REVA program.  Operational ranges that have a Resource Conservation and Recovery 
Act Subpart X permit are excluded since these ranges are monitored under a specific regulatory 
program.  Military Munitions Response Program (MMRP) sites are excluded, as they are 
nonoperational ranges; therefore, they no longer are used for their intended purpose.  
Additionally, the management and funding of MMRP sites are conducted under a separate DoD 
program.  Any ranges located wholly indoors also are not included, as any MC associated with 
these ranges are assumed to be contained and not available to the environment.  
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Site-specific environmental conditions and MC loading rates are used in fate and transport 
models to assess whether the potential exists for a release or substantial threat of a release of MC 
from an operational range or range complex area to an off-range area.  Modeling is conducted for 
MC loading areas, which are delineated based on the area in which the majority of MC is 
deposited within an operational range.  Fate and transport modeling in REVA uses screening-
level transport analyses that conservatively estimate the concentrations of MC potentially 
migrating to off-range exposure points.  Receptor groups considered in the REVA process include 
human as well as ecological receptors (defined in the REVA analysis as any threatened or 
endangered species or species of concern).  Human exposure pathways considered include 
consumption of surface water and groundwater for off-range human receptors, as described in the 
REVA Five-year Review Manual (HQMC, 2010).  Exposure pathways for off-range ecological 
receptors include direct consumption of surface water and direct exposure to surface water and 
sediment.  Other off-range exposure scenarios (e.g., soil ingestion, incidental dermal contact, 
bioaccumulation, food chain exposure) currently are not considered in the REVA process unless 
site-specific considerations warrant an evaluation.  Environmental sampling and analysis (i.e., 
field data collection) is conducted if the results of the screening-level fate and transport modeling 
suggest potential of an off-range release of MC where receptors may be present.  Field data 
collection activities are conducted to determine whether an off-range release has occurred and 
whether such a release constitutes an unacceptable risk to human health or the environment. 

The MC evaluated in the REVA program include trinitrotoluene (TNT), cyclotetramethylene 
tetranitramine (HMX), cyclotrimethylene trinitramine (RDX), perchlorate, and lead.  TNT, HMX, 
and RDX are considered indicator MC.  Studies have shown that they are detected in a high 
percentage of samples containing MC because they are common HEs used in a wide variety of 
military munitions and because of their chemical stability within the environment.  Perchlorate is 
a component of the solid propellants used in some military munitions.  Perchlorate also is 
considered an indicator MC because its high solubility, low sorption potential, and low natural 
degradation rate make the compound highly mobile in the environment.  Additional information 
pertaining to the physical and chemical characteristics of the REVA indicator compounds is 
provided in the REVA Reference Manual (HQMC, 2009). 

The primary MC at SARs is lead because it is the most prevalent (by weight) potentially 
hazardous constituent associated with small arms ammunition.  Lead is geochemically specific 
regarding its mobility in the environment; thus, fate and transport modeling of lead requires site-
specific geochemical data that usually are unavailable during a REVA assessment.  Therefore, 
instead of modeling lead transport, operational SARs at the installation are qualitatively reviewed 
and assessed to identify factors that influence the potential for lead migration.  These factors 
include a range’s design and layout, the physical and environmental conditions of the area, 
current and past operation and maintenance practices, and the amount of lead that has been loaded 
to the operational range. 
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Lead loading associated with small arms and munitions components at HE ranges was estimated 
as part of the five-year review process.  Lead is present primarily in expenditures at the point of 
impact as an inert compound and, consequently, does not undergo low order or high order 
detonations.  As such, lead loading was estimated based on the total amount of lead content in the 
munition DoD Identification Code (DoDIC) multiplied by the total number of items of each 
DoDIC fired into the range or MC loading area.  The total lead loaded at the site aids in 
determining if additional actions, such as sampling, are necessary.   

The process and assumptions used in estimating the amount of MC deposited onto operational 
ranges, defined in REVA as MC loading, are discussed in Section 3.  The screening-level fate 
and transport modeling and analysis methods and assumptions for surface water and groundwater 
are discussed in Section 5.   

This report presents the analysis of the data collected during site visits and the results of 
screening-level fate and transport modeling for MC loading areas.  Additional details of the 
REVA assessment methods are outlined in the REVA Reference Manual, which includes a 
detailed description of the fate and transport models selected for the REVA assessments, the data 
needed to run those models, and recommended sources for data.  In addition, the REVA Reference 
Manual provides a detailed description of the REVA MC Loading Rate Calculator tool used to 
estimate MC deposition on operational ranges (HQMC, 2009).  

This five-year review REVA report presents the conditions of the operational ranges at the time 
the assessment was conducted.  The assessment was performed using available data and 
personnel interviews and is supplemented with information from external sources, including 
reports and documentation. 

1.3. Data Collection Effort 

A thorough review of data collected during the baseline assessment was conducted prior to 
collecting data from the installation.  Data required for the operational range assessments were 
obtained from the installation during a site visit by the REVA assessment team, from Marine 
Corps Installations Command (MCICOM), and from external data sources.  Data collected 
include various documents and reports prepared for the installation (e.g., expenditure data, range 
operating procedures, natural and cultural resource surveys), weather records, and geographic 
information systems (GIS) files.   

The REVA assessment team conducted a site visit to MCB Quantico from 22 to 27 July 2012.  
MCICOM and TECOM personnel accompanied the team during the site visit.  The installation 
site visit involved a review of various data repositories and interviews with installation personnel 
from the following offices:     
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 Natural Resources and Environmental Affairs / Cultural Resources Office 

 Training and Range Operations Support Branch 

 FBI 

 Explosive Ordnance Disposal (EOD) 

 Engineering 

 Real Estate 

 Facilities Management Division 

 GIS 

 Air Traffic Control 

 Public Affairs Office 

Subject matter experts within each of these offices were interviewed to identify areas of interest 
and specific concerns pertaining to each office.  Specific issues relating to operational range use 
and potential impacts to training were the focus of these discussions.   

During the five-year review installation visit, site visits were performed at most of the operational 
ranges.  The REVA assessment team surveyed the physical condition of each range, noting firing 
points, impact areas, engineered controls, and other environmental factors (e.g., areas of erosion, 
potential migration routes, drainage features). 

1.4. Report Organization 

This REVA five-year review environmental range assessment report for MCB Quantico is 
organized into the following sections: 

 Section 1 – Introduction 

 Section 2 – Baseline Results and Installation Changes 

 Section 3 – Munitions Constituents Loading Rate and Assumptions 

 Section 4 – Conceptual Site Model (CSM) 

 Section 5 – Modeling Assumptions and Parameters  

 Section 6 – Screening-Level Assessment Results 

Section 7 – Field Data Collection Results 

Section 8 – Small Arms Range Assessments  

Section 9 – References   
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2. Baseline Results and Installation Changes 

2.1. Baseline Results 

The baseline assessment for MCB Quantico was conducted using information obtained through 
interviews during the baseline site visit to the installation in August 2006.  At the time of the 
baseline assessment, all identified operational range areas and historical data were used to assess 
the impact of munitions loading on operational ranges.  The results of the baseline assessment are 
documented in the Range Environmental Vulnerability Assessment Marine Corps Base Quantico 
(Malcolm Pirnie, 2011).  The following sections provide a brief summary of the baseline 
assessment results that provide a framework for the structure and areas of focus for the five-year 
review. 

A total of 14 primary MC loading areas were identified in the baseline assessment.  These loading 
areas and the associated fixed ranges are shown in Table 2-1.  At the time of the baseline 
assessment, eight MC loading areas were used for active training and six were historical use areas 
located in operational area.         

Table 2-1: Primary MC Loading Areas in the Baseline Assessment 

MC Loading Area 
Range Status at Time of 

Baseline 
Associated Ranges at Time of Baseline 

Impact Area 1 Current Range 7, GP-31a, GP-38a, GP-44 

Impact Area 2 Current Range 15, David’s Crossroads 

Impact Area 3 Current Range 8, Range 8A 

Charlie Demo Current Charlie Demolition Area 

Murphy Demo Current Murphy Demolition Area 

LZ-Thrush Current LZ-Thrush 

TF-Combat Town Current Combat Town 

RTA-7B Current Range 3A, Range 3B, Range 4b 

HIS-1 Historical use area Ranges 1c, 13 c, 14 c, 15 c 

HIS-2 Historical use area Range 2 c 

HIS-3 Historical use area Range 3 Bombing c 

HIS-4 Historical use area Range 3 Artillery c 

HIS-5 Historical use area Range 10 c 

Camp Barrett Demo Historical use area Camp Barrett Demolition Area c 
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Note: 
HIS – Historical 
RTA – Range Training Area 
TF – Training Facility 

a Range is no longer active, and no expenditure data were recorded during the five-year review period. 
b Range was renamed GP-4 after the baseline assessment was completed. 
C Range is a historical use only range; details provided in REVA Baseline Assessment Report (Malcolm Pirnie, 2011).  

The MC loading areas were located within four watersheds: Cedar Run, Smith Lake, 
Chopawamsic Creek, and South Fork Quantico Creek.  Each watershed was evaluated using 
surface water and groundwater screening-level analyses to determine the potential for an off-
range release of MC.  HIS-4 was the only MC loading area not evaluated using a screening-level 
model because the past range use and environmental profiles indicated a low potential for release 
of MC to the environment.  Table 2-2 summarizes the results of the baseline assessment.     

Table 2-2: Summary of the Baseline Assessment at MCB Quantico 

Watershed 

Contributing MC 
Loading Area(s) 

(% land area of MC 
loading area 

contributing to the 
watershed) 

Screening-Level Modeling 
Results 

Predicted Exceedance of 
REVA Trigger Valuesa 

Samples 
Collected 

for Baseline 
Assessment

Samples 
Exceed 

DoD 
Values 

Assessing 
Contributing 
MC Loading 

Area(s) in 
Five-Year 

Review Surface 
Water 

Groundwater

Cedar Run 
Impact Area 2 (91%) 
HIS-5 (27%) 

No Yes Yes No Yesb 

Smith Lake 

Impact Area 1 
Impact Area 2 (9%) 
Impact Area 3 
Charlie Demo 
Murphy Demo 
LZ-Thrush 
Camp Barrett Demo 
HIS-1 (66%) 
HIS-2 
HIS-3 
HIS-4 
HIS-5 (73%) 
RTA-7B 

Yes Yes Yes No Yesb 

Chopawamsic 
Creek 

HIS-1 (34%) No No Yesc No No 

South Fork 
Quantico 
Creek 

Combat Town No Yes Yesc No Yes 
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a Result is indicated for identified downstream or down gradient receptor; trigger value is the median value of 
analytical method detection limits.  Exceedance of the trigger value warrants further investigation to determine if a 
release or threat of release may be present. 
b Not all contributing MC loading areas are further evaluated in the five-year review because they are historical use 
areas only, and no additional loading has occurred since the baseline assessment.  
c Only groundwater samples were collected in this watershed. 

 

Twenty SARs were evaluated during the baseline assessment using the Small Arms Range 
Assessment Protocol (SARAP).  The SARAP employs a consistent methodology to identify and 
assess factors that influence the potential for lead migration at an operational SAR.  Some of 
these factors include range design and layout, physical and chemical characteristics of the area, 
and past and present operation and maintenance practices.  In addition, potential receptors and 
pathways are identified, and the potential for the receptors to be impacted by MC migration 
through these pathways is evaluated.  Through this protocol, ranges are prioritized for possible 
further assessment or management practices.  A summary of the results of the SARAP analyses is 
provided in Table 2-3.   

Table 2-3: Summary of SARAP Analysis from Baseline Assessment for MCB Quantico 

SAR 
Surface 
Water 

Ranking 

Groundwater 
Ranking 

Evaluated Using the 
SARAP in the Five-

Year Review 

FBI Academy and Laboratory Fields 1–7 Moderate Moderate Yes 

Range 9 Minimal Minimal Noa 

Range 9A Minimal Minimal No 

Range 12 Moderate Moderate Yes 

Range 14A Minimal Moderate Yes 

Range 14B Minimal Moderate Yes 

Range 14C Moderate Moderate Yes 

Range 14D Moderate Moderate Yes 

Range 14E Minimal Moderate Yes 

Range 14F Moderate Moderate Yes 

WTBN-1 Moderate Moderate Yes 

WTBN-2 Moderate Moderate Yes 

WTBN-3 Moderate Moderate Yes 

WTBN-4 Moderate Moderate Yes 

WTBN-305 Moderate Moderate Yes 

WTBN-HRP Moderate Moderate Yes 

WTBN-International Pistol Competition/ 
PET 

Moderate Moderate Noa 

WTBN-QPR Moderate Moderate No 
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SAR 
Surface 
Water 

Ranking 

Groundwater 
Ranking 

Evaluated Using the 
SARAP in the Five-

Year Review 

WTBN-Shooting Club Moderate Moderate No 

WTBN-Training Shed Moderate Moderate No 

Note: 
HRP – High-Risk Personnel 
PET – Programming Environment Training 
QPR – Quality Point Rating 
WTBN – Weapons Training Battalion 

Moderate ranking – potential for lead migration but likely no immediate threat to human health or the environment; 
however, actions may be necessary to prevent future concern 

Minimal ranking – minimal or no potential for lead migration and, therefore, little threat to human health or the 
environment 

a Range 9 and WTBN-International Pistol Competition/PET Range were not evaluated using the SARAP in the five-
year review because these ranges were inactive during the five-year review period. 

 

An extensive field investigation was completed as part of the baseline assessment to further 
evaluate potential MC migration predicted by the screening-level modeling.  These activities 
included: 

 a detailed evaluation of potential groundwater receptors at and near MCB Quantico; 

 an assessment of the site-specific hydrogeologic conditions of MCB Quantico by bedrock 
fracture trace analysis; 

 surface water sampling at five locations in the Smith Lake watershed: upper and lower 
intervals at three locations in Smith Lake, one location off-range and down gradient of 
operational ranges, and one background sample; 

 surface water sampling in the Cedar Run watershed at four locations located off-range and 
down gradient of operational ranges; 

 installation of 11 groundwater wells at identified bedrock fracture locations near the 
installation boundary; and 

 two groundwater sampling events of the newly installed wells. 

Analytical results from surface water and groundwater samples were below screening values and 
indicated no release or threat of a release of MC to off-range areas or threat to identified human 
or ecological receptors.  Additional surface water and groundwater sampling was completed in 
2010 to monitor potential changes.  No results exceeded screening values.  Further details on the 
sampling and analysis activities are provided in the baseline REVA Report (Malcolm Pirnie, 
2011).    
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2.2. Installation Changes 

2.2.1. Changes at MCB Quantico 

Some ranges and TAs have become inactive or have not been used since the baseline assessment 
including TA-1, Lunga Reservoir TA, Range 5A, Range 6, Range 10, Range 14E, GP-31, and 
GP-38.  No expenditure data were recorded for any of the areas during the five-year review 
period, and Range Management Branch personnel confirmed that these areas were inactive during 
this time.  Lunga Reservoir was closed to visitors and recreational users indefinitely in 2012 due 
to concerns regarding unexploded ordnance (UXO) found on the land near the reservoir.  Some 
UXO clearance was conducted during the early 1990s when the reservoir was partially drained, 
but no clearance activities have been conducted since that time.  Lunga Reservoir was enrolled in 
the MMRP to address these concerns in July 2013.  Range 6 was dormant during the five-year 
review period while undergoing range improvements and recertification.  It can be reopened for 
training as soon as these upgrades are complete.  

SARs evaluated in the baseline assessment that were not evaluated in this five-year review are 
Range 9, Range 9A, Range 14E, WTBN-International Pistol Competition/PET, WTBN Shooting 
Club, and WTBN-Training Shed.  Range 9 was not used during the five-year review period as 
confirmed by RFMSS data and Range Management Branch personnel.  It was historically was 
used as a rocket range, but expenditure data during the baseline identified it as a SAR because of 
the types of munitions used at that time.  This range went through operational range clearance 
(ORC) and vegetation removal in 2010.  The range is currently scheduled for redesign to meet 
future training needs.  Range 9A was reconstructed and is now the Urban Training Center (UTC) 
(the UTC is evaluated in this review).  Range 14E, WTBN-International Pistol Competition/PET, 
WTBN-Training Shed, and WTBN Shooting Club currently are not used for training and/or 
contained no expenditure data during the five-year review period.  If any of these ranges become 
active and are used again for training, they will be evaluated in a future REVA review. 

Range 14B was combined with Range 14A in 2009 to create one range, Range 14.  Both Range 
14A and Range 14B fired into the same area prior to consolidating into one range.  Expenditure 
data from Range 14B for the five-year review period was included in the evaluation of Range 14.  
The High-Risk Personnel (HRP) Range evaluated in the baseline assessment was renamed 
WTBN Range 5 during the five-year review period when the HRP School closed. 

New ranges and TAs that opened since the baseline assessment include GP-13, the UTC, the 
Live-Fire Convoy Course (LFCC), the FBI Hostage Rescue Team (HRT) Range 8, and the FBI 
Sniper/Rifle Range.  GP-13 also is referred to as Observation Point (OP)-13 and fires into Range 
15.  The UTC was established on the former Range 9A in 2008 and is divided into Zones A, B, C, 
and D.  The LFCC was established on Range 15A at the back of the range, but no expenditure 
data were associated with LFCC during the five-year review period.  Range 4 was renamed GP-4 



Section 2 
Baseline Results and Installation Changes 

 

2-6 

 

Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

 

within the last 2 years.  This range was assessed as Range 4 in the baseline assessment but was 
assessed as GP-4 in the five-year review.        

MCB Quantico initiated an ORC plan in 2007, through which several range clearances have been 
completed and others are ongoing.  The ORC plan is being executed in two phases:  baseline 
ORC and sustainment ORC.  During the baseline ORC, all ranges intended for continued use are 
cleared of potential UXO.  After this phase is completed, the sustainment ORC phase begins, 
which provides for additional clearance activities depending on prioritization of the range based 
on frequency and type of range use.  The sustainment ORC phase began in 2012. 

ORC removes some MC available for transport from the MC loading area.  ORC completion 
reports were obtained and factored into MC loading estimates.  ORC was not considered in the 
baseline assessment, and its use in the five-year review is further discussed in Section 3.4.4.    

2.2.2. Changes in REVA Assessment 

The baseline REVA evaluation focused on MC loading impact areas with contributions from 
multiple ranges or firing points rather than MC loading areas on individual ranges.  As such, the 
MC loading areas were large and encompassed large sections of land in which munitions impacts 
may have been limited.  For this review, the MC loading area boundaries were adjusted based on 
a more complete and accurate data set to reflect specific locations of range facilities, known 
targets, and munitions data.  This generally allowed a more precise representation of MC 
deposition areas across the installation, resulting in an increase in MC loading areas.   

During the baseline assessment, six historical-use-only MC loading areas were identified (HIS-1, 
HIS-2, HIS-3, HIS-4, HIS-5, and Camp Barrett Demolition).  Since no new loading has occurred 
on the historical ranges, the historical ranges evaluated in the baseline assessment were not 
considered as part of the five-year assessment.   

Lead loading on operational ranges was considered only for SARs in the baseline assessment.  
However, to provide an initial understanding of the amount of lead deposition on HE ranges and 
TAs, lead loading was estimated for all ranges, including non-SARs, in the five-year review.  
Similar to SAR evaluations, the potential for lead migration was not quantitatively assessed 
because fate and transport parameters for lead are dependent on site-specific geochemical 
properties, which generally are not available without site-specific investigations.   

2.3. Summary of Areas Address in the Five-Year Review 

The baseline assessment identified 14 MC loading areas.  Based on the results of the baseline 
assessment and additional data collected for the five-year review, 24 MC loading areas were 
identified and evaluated for this MCB Quantico five-year review: 
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 Charlie Demo 

 Combat Town 

 DZ-Raven 

 Goettge Demo  

 LZ-Falcon 

 LZ-Hummingbird 

 LZ-Peacock 

 LZ-Peregrine 

 LZ-Vulture 

 TF Military 
Operations in 
Urban Terrain 
(MOUT) 

 Murphy Demo 

 Range 3A 

 Range 3B 

 Range 5 

 Range 7 

 Range 8 

 Range 8A 

 Range 11 

 Range 14 Combined 

 Range 15 

 Range 15A 

 UTC Zones B-C 

 UTC Zone D 

 WTBN Combined 

Twenty SARs were evaluated in the baseline assessment.  During this five-year review, 18 SARs 
or groups of SARs were identified.  SARs were grouped for this assessment when they were 
located adjacent to one another with similar use, and similar physical and environmental 
characteristics.  WTBN-1, WTBN-2, WTBN-3, and WTBN-4 were assessed together since use is 
similar and these four ranges fire into one long, connected backstop berm.  FBI Ranges 2, 3, and 
BRF were also assessed together since they are located adjacent to one another and have similar 
use, surface water flow, and groundwater transport.  All FBI Academy ranges were evaluated  
together during the baseline assessment; however, these ranges were divided into six assessments 
in the five-year review using detailed information that was not available during the baseline 
assessment.  Four ranges identified as MC loading areas in the five-year review also were 
evaluated as SARs, as discussed in Section 3.5.1.  The following SARs or group of SARs were 
evaluated through the SARAP in the five-year review:a 

 FBI Range 1 

 FBI Ranges 2, 3, and BRF 

 FBI Range 4 

 FBI Range 5 

 FBI HRT Ranges 

 FBI HRT Rifle Range 

 Range 5 

 Range 11 

 Range 12 

 

 Range 14 

 Range 14C 

 Range 14D 

 Range 14F 

 WTBN Competition Pistol 

 WTBN Requalification Pistol 

 WTBN Range 5 

 WTBN Range 305 

 WTBN Rifle Complex 
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3. Munitions Constituents Loading Rates and 
Assumptions 

The qualitative and screening-level analyses conducted under REVA require estimation of the 
amount of indicator MC deposited on operational ranges over time in order to determine if there 
is a release or substantial threat of a release of MC.  The deposition of indicator MC that is 
estimated under the REVA program is referred to as MC loading. 

Operational range usage, boundaries, and other characteristics typically change over time.  The 
objective of the five-year review is to determine the impact of MC loading since the baseline 
assessment.  For this review of training at MCB Quantico, MC loading estimates include the 
period from January 2007 to May 2012; no further review of historical loading prior to 2007 is 
required since it was addressed in the baseline assessment, and no new historical areas were 
identified.  MC loading areas were adjusted for five-year review to reflect updated information 
about locations of range facilities, known targets, surface danger zones, and munitions data.  MC 
loading was estimated using the REVA MC Loading Calculator and modified to account for 
standard management practices at demolition and EOD ranges as well as ORC activities that 
occurred during the five-year review period. 

The MC loading process for a baseline assessment is outlined in the REVA Reference Manual 
(HQMC, 2009), while specifics pertaining to MCB Quantico are discussed in its baseline REVA 
Report (Malcolm Pirnie, 2011).  This five-year review utilizes and builds upon this process, 
developing MC loading estimates expressed as the average areal loading rate (kilograms per 
square meter [kg/m2]) deposited annually in the defined area(s) of interest for the most recent 
time period (from baseline assessment to present).  Assumptions were made throughout this MC 
loading analysis process pertaining to the spatial distribution of the MC on the MC loading areas, 
as summarized in Section 3.1 through Section 3.5.  Section 3.4 provides a description of the TAs 
and ranges at MCB Quantico and defines the specific MC loading areas identified for the 
installation and the overall assumptions for MC loading on the operational ranges.  The range-
specific assumptions used in the process and the results of the MC loading screening-level 
assessment are provided in Section 6. 

3.1. Munitions Constituents Loading Process 

The MC loading was estimated based on mass-loading principles.  One key consideration for MC 
loading estimates is the MC content of each type or specific item(s) used at a given MC loading 
area.  Information on the types and amounts of energetic fillers associated with military munitions 
was developed primarily through the use of Internet-based sources, such as the Defense 
Ammunition Center’s Munitions Items Disposition Action System (MIDAS) Web site and the 
ORDATA database (2012). 
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Additional key considerations for MC loading estimates are dud, low order, and high order 
detonation rates.  Studies have shown that MC are deposited on operational ranges through low 
and high order detonations, as well as the leaching of corroded UXO.  MC loading estimates are 
based upon the sum of the MC deposition associated with each outcome (i.e., high order, low 
order, and UXO) for a given MC loading area.  Details on this process are included in the MCB 
Quantico baseline report and the REVA Reference Manual (Malcolm Pirnie, 2011; HQMC, 2009). 

When calculating MC loading for a range or TA that is determined to be regularly and intensely 
managed for explosive hazards (e.g., demolition or engineering range), dud and low order rates 
were set to zero.    

Deposition of metals, specifically lead, was considered during this five-year review.  Small arms 
are presumed to be the most significant contributor to lead deposition at operational ranges and 
TAs, although lead may also be part of other HE munitions components to varying degrees.  
Using a similar MC loading methodology, the annual areal deposition of lead for any given MC 
loading area was estimated; the results are included in Section 6.  Deposition rates may provide 
an initial measure of potential impact from lead on training ranges; however, it is important to 
note such rates differ from other MC loading rates.  Given the nature of metals, lead deposition 
estimates assume no consumption from impact (e.g., no loss due to detonation of the munition) 
and that all of the lead contained within the munition is deposited in the MC loading area.  
However, the amount of lead that is deposited in a form that is exposed to the environment and 
available for transport (e.g., small particles and dust separated from the munition body upon 
impact) cannot be estimated without site-specific measurements.  This is further complicated at 
demolition ranges or other ranges where management practices may involve collection of scrap 
metals, which would reduce the overall lead presence at that location.  At ranges where these 
practices are known to occur, it is conservatively assumed that lead deposition is 5% of the 
munitions’ lead content.  Fate and transport parameters for lead are dependent on site-specific 
geochemical properties, which may vary across small areas in a designated MC loading area and 
cannot be determined solely by physical observation.  For these reasons, the lead loading 
estimates developed for this assessment are intended to serve as a general indicator of the total 
lead deposited rather than an estimate of the fraction of lead that is environmentally available for 
transport and exposure to receptors.  In the case of a SAR, range design typically concentrates the 
impact point to a small, restricted area, and the SARAP may be used to qualitatively assess the 
potential for off-site impacts, as covered in Section 8. 

Additional specifics regarding how these data were incorporated are explored in the 
aforementioned REVA Reference Manual and baseline REVA Report for MCB Quantico. 
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3.2. Expenditure Data 

The Range Management Branch is responsible for the administration and oversight of the training 
operations conducted at MCB Quantico.  The Range Management Branch coordinates primary 
recordkeeping for munitions expenditures at the operational ranges of the installation through use 
of the Range Facility Management Support System (RFMSS).    

The use of documented expenditure data is preferred in the REVA program.  A quality review of 
the expenditure data provided by the installation resulted in a series of assumptions applicable 
across operational TAs at MCB Quantico: 

 The primary expenditure data provided by the installation covered the period January 2007 
through July 2012.  The RFMSS data for 2012 did not constitute a full year, as the site visit 
was conducted in July 2012.  The expenditure counts for 2012 were extrapolated so that a full 
year of expenditures was estimated for 2012.   

 The expenditure summaries contain some DoDICs for which data regarding MC content were 
not available in MIDAS or other munitions inventories. 

o In some of these instances, a general description of the munitions associated with these 
DoDICs were identified, either as part of the installation data or as found in other readily 
available sources.  This was reviewed, along with available information regarding the 
associated range, its design, and its regulations, and technical judgment was used to select 
surrogate MC loading factors from available data associated with similar munitions for 
use in MC loading calculations. 

o In other instances, descriptions of the munitions were not provided.  The associated 
expenditure counts for the unknown DoDICs were proportionally distributed among other 
similar known DoDICs within the given location based on totals for the other similar 
DoDICs listed for the same range within that given year.   

Additionally, key assumptions were developed with regard to EOD activities at MCB Quantico.  
EOD units may be called upon to address actual or suspected UXO or other munitions-related 
hazards encountered at the installation.  When disposal through destruction is deemed necessary, 
munitions may be either blown in place or transported to an EOD range.  In the latter instance, 
range personnel indicated that expenditure information may not be reflected in the RFMSS data.     

A summary of select EOD-related activities was provided by the installation in the form of EOD 
call sheets and used to account for EOD-related expenditures that may not be captured in the 
RFMSS data.  The data cover the period of September 2010 to August 2012 and contain 
information regarding type of UXO found, location found, and remedy applied, to include a 
record of transport or demolition materials used.  From these data, four ranges were identified as 
locations where munitions were transported for disposal:  Charlie Demo, Murphy Demo, Range 
3A, and Range 7.  For each of these ranges, the summary of EOD activities was used to develop 
annual averages of expenditures associated with those disposal activities, which was added to the 
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appropriate annual average of expenditures for those MC loading areas extracted from the 
RFMSS data, using the following assumptions:   

 DoDICs where MC content data were not available in MIDAS or other inventories were 
managed using similar assumptions described previously in this section. 

 Only EOD calls involving disposal of munitions (as opposed to recovery, for example) were 
incorporated into the MC loading calculations.   

 When information regarding the location of demolition was not provided, it was assumed to 
have occurred at Range 7, which is recognized as the “primary” EOD range for final UXO 
disposition.   

 The EOD data covered 24 months of operations.  These data were assumed to represent 2 
typical years of operation, and the averages from these 2 years were added to corresponding 
annual averages developed from the expenditure data.   

 Dud/UXO rates associated with DoDICs reported in the RFMSS data were not used in place 
of the standard dud assumptions used in the REVA MC Loading Rate Calculator.  These data 
were not reported for a long enough period to develop meaningful dud rates and may not 
have been reported consistently.  As such, the REVA standard dud rate assumptions were 
used in order to maintain a higher level of conservatism in the estimate. 

3.3. REVA Munitions Constituents Loading Rate Calculator 

The REVA MC Loading Rate Calculator is used to provide an automated method for calculating 
the overall loading of the operational range area in the units needed for the fate and transport 
analysis (kg/m2).  It uses the size of MC loading areas, the military munitions expenditure data 
obtained from the installation, and information and assumptions related to duds and low order and 
high order detonations to complete the calculations.  Additionally, training factors can be applied 
to account for fluctuations in training during periods of use where no expenditure data are 
available. 

Further explanation regarding the REVA MC Loading Rate Calculator is provided in the REVA 
Reference Manual (HQMC, 2009).  All known data and assumptions input into the MC Loading 
Rate Calculator for each operational range area assessed are documented elsewhere in Section 3 
and in Section 6. 

3.4. Munitions Constituents Loading at MCB Quantico 

Military training that includes the use of munitions is conducted at the Guadalcanal area, located 
west of Interstate 95.  The installation currently is subdivided into 41 TAs, which contain 3 
demolition ranges, 61 LZs, 3 DZs, 3 active GPs, and over 30 outdoor active fixed training ranges.  
Six inactive fixed ranges and two inactive GPs also were identified; although these ranges 
currently are not used, they have not undergone formal closure and retain operational status.  
Additionally, Camp Upshur (used for Reserve unit training) and the FBI Academy training ranges 
are located on the installation.  A summary of the TAs and facilities is provided in Table 3-1.  
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This table provides size, associated TA, authorized weapons and munitions, and primary purpose 
information.  Section 3.4.1 and Section 3.4.2 describe TAs and fixed ranges in greater detail.   

3.4.1. Training Areas 

The 41 TAs are shown in Figure 1-2.  Of the 41 TAs, 38 are located in the Guadalcanal area.  
The Range Management Branch uses the division of TAs to better manage the scheduling of 
range activities.  They are used as maneuver and training areas for light, heavy, or amphibious 
forces and accommodate non-live-fire training maneuvers, which may include the use of blank 
ammunition, smoke grenades, illumination rounds, and other pyrotechnic munitions.  TAs also 
may include smaller training facilities (fixed operational ranges) that support more specific 
operations, including live-fire training.   

Camp Upshur and the FBI Academy are located within MCB Quantico.  Reserve Marines are the 
primary users of Camp Upshur, which contains Reserve quarters, Drivers Training, orienteering, 
obstacle course, and authorized use of blank fire and very limited illumination rounds.  The FBI 
and DEA exclusively use the FBI Academy, which is discussed in Section 8. 

New TAs have not been designated since the baseline REVA assessment, but two (TA-1 and 
Lunga Reservoir) are no longer used as TAs.  TA-1 was located on Mainside, and the Lunga 
Reservoir TA was in the area immediately east of Lunga Reservoir.  Neither TA was authorized 
for military munitions use.   

LZs, DZs, and some active GPs are located throughout the TAs.  Authorized munitions at LZs or 
DZs are nonlethal, to include blanks and pyrotechnics.  On very limited occasions, demolition 
charges may be authorized.  LZs are used for helicopter landing or airlift during training 
missions; DZs are designated areas for airdrop training; and GPs are points where munitions can 
be fired into designated impact areas or at designated targets.     

3.4.2. Fixed Firing Ranges 

Based on a review of range data, 15 active non-SAR operational outdoor fixed ranges were 
identified at MCB Quantico.  Details regarding location, use profile, and authorized munitions for 
each range are provided in Table 3-1.  Of these 15 ranges, 7 are HE fixed ranges, 3 are EOD and 
demolition ranges, and 5 are MOUT ranges. 

3.4.2.1. High Explosives Ranges 

HE fixed ranges at MCB Quantico include Range 3A, Range 3B, Range 7, Range 8, Range 8A, 
Range 15, and Range 15A.  Range 7 and Range 15 contain dud-producing impact areas for fire 
from other ranges and GPs.  The use of Range 7 and Range 15 as impact areas for other firing 
positions is recognized and incorporated in this five-year review.  Ranges 8 and 8A are evaluated 
separately in this review, whereas they were combined as one impact area in the baseline 
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assessment.  Since target locations are known, MC loading could be assessed accurately for each 
individual range in the five-year review.     

Range 3A opened in 1985 and is located south of Lunga Reservoir.  The range is used for 
familiarization of automatic weapons and small arms, and firing of grenade launchers.  It is 
heavily vegetated, and HE dud-producing munitions are authorized; however, Range 
Management Branch personnel indicated that HE munitions are not used frequently.  Because of 
the possible presence of UXO, only EOD personnel are allowed downrange.   

Range 3B opened in 1985 and is located to the southeast of Range 3A.  The range is used only for 
hand grenade training.  There are three bays / impact areas for throwing live grenades, and they 
are separated by earthen berms.  Each bay has 6 throwing pits, which are elevated above the 
impact bays.  One grenade is thrown at a time so that any dud grenades can be recovered.  Range 
3B maintains an area of pits for practice grenades.     

Range 7 opened in 1945 and is located in the southwestern part of the installation.  This range is a 
heavily used training range at MCB Quantico and also serves as the location for destroying UXO 
items found on the installation.  Range 7 is the impact area for aerial bombardment and gunnery 
at specific target locations: aerial munitions impact area (AMIA)-7 and aerial munitions impact 
point (AMIP)-7.  There are 15 firing locations, and targets are set into the hillside.    

GP-4 (formerly Range 4) directs fire into the Range 7 impact area.  This is the only firing location 
used for artillery on the installation.   

Range 8 opened in 1946 and is located in the western part of the Guadalcanal area.  It is a 
machinegun range that also is authorized for mortar fire, although Range Management Branch 
personnel indicated that mortars are not fired often.  The range has a dud-producing impact area.  
Range 8 was evaluated as part of Impact Area 3 during the baseline assessment.   

Range 8A opened in 1985 and is located north of Range 8.  It is a light armor assault range used 
for light anti-tank weapons and assault rocket launchers.  Tank hulls and targets are downrange.  
Range 8A was also evaluated as part of Impact Area 3 during the baseline assessment.   

Range 15 opened in 1975 and is located in the western part of MCB Quantico.  It is a stationary 
and indirect fire range that is used frequently.  Range 15 was evaluated as part of Impact Area 2 
during the baseline assessment.  This range has a high hazard dud-producing impact area with 
tank hull targets on the southwest side of the range.  A firing line is located on the north side of 
the range and is used exclusively for small arms.  Direction of fire for the small arms ammunition 
is parallel to the northeastern range boundary toward targets in the southeastern part of the range.  
Mortar Position (MP)-15 (also referred to as OP-15) is located near the small arms firing line and 
fires into the Range 15 impact area.     
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Road MCB-3 separates Range 15 and Range 15A, which is immediately northeast of Range 15.  
Range 15A is primarily a maneuver area but also is used for pyrotechnics, illumination rounds, 
small arms ammunition, and blanks.  Practice mortar rounds are fired from Range 15A into the 
Range 15 impact area.  The LFCC is a newly constructed range located inside the Range 15A 
boundary at the rear of the range in the northwest end.  It consists of shock-absorbing concrete 
(SACON®) structures with targets.  Range Management Branch personnel indicated that at the 
time of the REVA site visit, the LFCC had only been used a few times, but RFMSS data 
contained no data attributed to use of this range.  

GP-44 is a mortar firing position with three discrete areas for firing into the Range 7 impact area.  
This GP is certified for field artillery but not used for that purpose.  MCB Quantico Range 
Management Branch personnel indicated plans to convert GP-44 into a standalone range in the 
future with its own impact area.   

GP-13 (also referred to as OP-13) is a new GP that fires into the Range 15 impact area.   

3.4.2.2. Explosive Ordnance Disposal and Demolition Ranges 

Of the fixed range facilities at MCB Quantico, three ranges are designed to conduct demolition 
activities:  Charlie Demo, Goettge Demo, and Murphy Demo.  Range 7 is a fixed training range 
that also is used to destroy UXO at the installation.  Charlie Demo opened in 1943 and is the 
primary EOD training range in the National Capital Region.  It is used by the MCB Quantico 
EOD Detachment, the FBI, the U.S. Secret Service, and other federal agencies to conduct EOD 
training and operational activities, to include inerting.  Goettge Demo opened in 1987 and is used 
for indoor and outdoor assault breaching training.  The range has four distinct areas to 
accommodate different types of breaching training.  Low order detonations are not authorized.  
Murphy Demo opened in 1962 and is a standard demolition range with a steel cutting pit and no 
breaching training.      

3.4.2.3. Military Operations in Urban Terrain Facilities 

The emphasis on MOUT training is based on evolving training requirements and the need for 
Marines to adapt to new operational environments.  These facilities simulate developed areas for 
urban operations training and generally consist of one- and two-story concrete block and wood 
buildings or containers to simulate infiltration, patrolling of built-up areas, building searches, and 
various other urban scenarios.  With the exception of a small number of facilities on the 
installation equipped with SACON® construction, training in a MOUT-type facility is conducted 
using blanks, special effects small arms marking systems (SESAMS), smoke grenades, and 
limited explosive breaching charges.  MCB Quantico has five MOUT facilities: TF MOUT, 
Mobile Assault Course (MAC), UTC, Raid Facility, and Combat Town.   

The TF MOUT opened in 1989, is comprised of 17 structures, and is located next to the MAC 
range.  Live fire is authorized from select locations at TF MOUT into specified locations on the 
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MAC range.  Within TF MOUT, only blanks, SESAMS, pyrotechnics, smoke grenades, and 
illumination rounds are used.      

The MAC facility opened in 1989, is divided into MAC North and MAC South, and is used 
infrequently according to Range Management Branch personnel.  Only MAC North is authorized 
for HE use.  The range contains pop-up and mover targets as well as a two-story SACON® 
structure and a SACON® live grenade house.  The Range Management Branch is considering 
modifications that would make MAC North and MAC South more usable for training.   

The original planned use for Range 9A was abandoned, and it was redesigned to create the UTC, 
which is located on the footprint of former Range 9A and divided into Zones A, B, C, and D.  The 
combined zones have 172 containerized structures and authorized use of blanks, pyrotechnics, 
marking cartridges, and smoke grenades.  Zone D opened in 2008, Zone A opened in February 
2012, and Zones B and C opened in July 2012.  Since Zones B and C opened, use of kinetics was 
discontinued at Zone D.  All kinetic fire at the UTC is non-live fire and occurs in Zones B and C.  
The UTC opened in 2008 after the baseline assessment was completed and, therefore, was not 
evaluated previously. 

The Raid Facility, opened in 1990, is a non-live fire facility located in the northeastern corner of 
the Guadalcanal area.  It is used for conducting raid training, non-combatant evacuation operation 
training, or for MOUT training.  It includes one main administrative building and two large 
inactive radar dishes.  The entire area is fenced.  Munitions use recorded in RFMSS at the Raid 
Facility is almost exclusively blanks and training rounds (marking cartridges), which contain little 
or no REVA indicator MC.    

 Combat Town has 11 block structures and authorizes non-live-fire only, including use of blanks, 
SESAMs, and smoke grenades.  This range is located in the northeastern part of the Guadalcanal 
area and has been operational since 1960.    



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

TA‐02 1134.46

TA‐03 1123.66

TA‐04 1206.59

TA‐05A 1541.60

Charlie Demolition 

Range 

X

45.63 444.57 Demolition Training

LZ‐Gull Landing Zone

LZ‐Starling Landing Zone

TA‐05B 1683.83

LZ‐Hawk Landing Zone

TA‐05C 817.95

LZ‐Grouse Landing Zone

LZ‐Thrush Landing Zone

TA‐06B 2210.87

LZ‐Falcon Landing Zone

TA‐06C 1508.29

TA‐07A 1776.36

TA‐07B 1628.43



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 3A  37.31 2466.63 Individual small arms familiarization, 

grenade launcher firing, and automatic 

weapons qualification

Alternate use: basic weapons 

instruction

Range 3B  3.07 28.69 Instruction and application of hand 

grenade throwing

Gun Position 4  7.08 2837.96 Field firing artillery in support of 

training evolutions

LZ‐Dove Landing Zone

LZ‐Hen Landing Zone

TA‐07C 770.54

TA‐08A 1318.99

Murphy Demolition 

Range 

X

20.60 504.23 Basic Demolition and Engineer 

Operation

LZ‐Cockatoo Landing Zone

LZ‐Owl Landing Zone

TA‐08B 615.28

DZ‐Raven Drop Zone

TA‐09A 2929.33
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Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 8A  13.58 2351.93 Familiarization firing of light anti‐tank 

weapons and assault rocket launchers

Alternate use: small arms firing and 

hand grenade training

Range 10 13.55 918.23 Mobile ambush range; alternate use: 

mortar firing position

Range 15  63.40 7537.98 All‐purpose range used for Rifle 

Company or platoon defensive firing

Alternate use: class 3B and class 4 

lasers. Mortar firing position is present.

Gun Position 44  6.59 2143.15 Artillery Gun Position

Alternate use:forward arming and 

refueling point ( FARP), MG, Mortar 

Position, Class 3B and Class 4 lasers
TA‐09B   1056.34

Range 7  336.46 7438.05 Direct and indirect live‐fire range

Alternate use: call for fire instruction in 

close fire support; close air support 

training, class 3B and class 4 lasers



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 8  38.06 5467.93 Machine‐gun instruction, qualification, 

and familiarization firing

Alternate use: class 3B and class 4 lasers

LZ‐Black Bird Landing Zone

LZ‐Red Bird Landing Zone

TA‐09C 790.91

Range 5  X 

(HE used in 

pits)

37.49 2338.76 Fire and maneuver range for squad‐

sized units

Range 5A 8.35

Range 6 

X

3.45 749.23 Small arms direct fire multipurpose 

range; 

Alternate use: basic weapons 

instruction
LZ‐Loon Landing Zone

LZ‐Swan Landing Zone

TA‐09D 1565.07

TA‐10A 1990.91

Range 15A 

X

74.02 3697.62 Fire and maneuver course designed to 

accommodate squad or platoon size 

units

Live Fire Convoy 

Course (LFCC) 
X

Part of 15A Part of 15A Standard, multipurpose small arms 

direct fire

Alternate use: fire and movement

LZ‐Chicken Landing Zone

TA‐10B 970.40
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Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

TA‐10C 1706.29

LZ‐Condor Landing Zone

LZ‐Wren Landing Zone

TA‐11A 2293.47

Range 12 

X

2.75 1684.97 Small arms firing range able to support 

squad‐size training units

Alternate use: BZO range

LZ‐Quail Landing Zone

LZ‐Woodpecker Landing Zone

TA‐11B (Includes Weapons Training Battalion) 4285.20

WTBN Range 1 

X

10.69 1917.96 Small Arms Multipurpose; 

Alternate use: foreign weapons live fire, 

rec fire

WTBN Range 2 

X

26.54 2452.18 Known Distance Rifle Qualification; 

Alternate use: foreign weapons, small 

arms multipurpose

WTBN Range 3 

X

25.58 3432.30 Known Distance Rifle Qualification; 

Alternate use: foreign weapons, small 

arms multipurpose

WTBN Range 4 

X

36.70 4610.64 Rifle Qualification

Alternate use: rifle team/sniper training



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

WTBN Range 5

X

1.32 807.24 Primary use of Range 5 is to support the 

training and competition of the Marine 

Corps Combat Shooting Team

Alternate use: basic weapons 

instruction and short range qualification

WTBN Range 305 

X

32.72 2495.71 KD Multipurpose Small Arms Range; 

Alternate use: foreign weapons firing

WTBN Competition 

Pistol
X

1.46 258.38 KD Competition Pistol

WTBN 

Requalification Pistol 
X

1.46 271.93 KD Pistol Requalification

WTBN Range Test 

Shed
X

3.26 923.50

WTBN International 

Pistol/PET X
1.12 249.53

LZ‐Robin Landing Zone

TA‐11C 267.43

LZ‐Mallard Landing Zone

TA‐12A   432.19

Range 14C 

X

16.81 2307.60 Small arms firing, BZO

Allternate use: unknown distance firing
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Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 14D 

X

3.29 1224.52 M16 BZO; 

Alternate use: small arms firing

Range 14E X

Range 14F 

X

9.70 1828.82 Squad defensive perimeter range; 

Alternate use: live fire and movement

LZ‐Blue Bird Landing Zone

LZ‐Grackle Landing Zone

TA‐12B 383.35

Range 14 

X

30.20 1318.10 Multi‐purpose small arms range for 

squad size units in the offensive 

Alternate use: multipurpose machine 

gun range

LZ‐Oriole Landing Zone

TA‐13 1123.45

Gun Position 13  2.37 Indirect mortar fire into Range 15 

impact area for platoon‐size units

Alternate use: supports range 15A 

maneuver exercise

GP‐31 5.93

GP‐38 5.83

TA‐14A  902.09

LZ‐Bigbird Landing Zone

TA‐14B   1332.82
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Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 9  8.87 Former Grenade Launcher Qualification 

Range
Range 9A /Urban 

Training Center 

(UTC)
X

131.67/ UTC = 

23.89

UTC = 95.53 9A was intended to be a scout sniper 

unknown distance live‐fire

Alternate use: scout sniper stalks.  UTC 

is MOUT training (non‐live‐fire). 

Goettge Demolition 

Range 
X

19.85 79.82 Dynamic Entry/Assault Breacher Course

MOUT Facility 

(Combined Training 

Facility) 
X

12.21 2123.12 MOUT Training. Includes 17 structures 

used for military Operations in Urban 

Terrain (MOUT) training to include a 

lighted classroom. This facility can be 

tied into training on the MAC ranges.

Mobile Assault 

Course (MAC) North
X

9.87 4240.51 Small arms dismounted assault

Mobile Assault 

Course (MAC) South
X

28.97 4240.51 Small arms room clearing and hand 

grenade training

LZ‐Bluejay Landing Zone

LZ‐Egret Landing Zone

LZ‐Heron Landing Zone

LZ‐Kiwi Landing Zone

LZ‐Parrot Landing Zone

LZ‐Turkey Landing Zone

TA‐15A 1233.44



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Range 11  54.70 3963.74 Fire and maneuver live‐firing for 

squad/platoon size units in the assault; 

Alternate use: sniper

LZ‐Buzzard Landing Zone

LZ‐Cardinal Landing Zone

LZ‐Chickadee Landing Zone

LZ‐Goose Landing Zone

LZ‐Goshawk Landing Zone

LZ‐Hummingbird Landing Zone

TA‐15B 1324.96

LZ‐Duck Landing Zone

LZ‐Pelican Landing Zone

LZ‐Tern Landing Zone

TA‐15C 873.86

LZ‐Cuckoo Landing Zone

LZ‐Drake Landing Zone

LZ‐Penguin Landing Zone

LZ‐Redwing Landing Zone

LZ‐Stork Landing Zone

TA‐16A 833.20

LZ‐Pheasant Landing Zone

TA‐16B 1772.83

LZ‐Canary Landing Zone

LZ‐Eagle Landing Zone

LZ‐Vulture Landing Zone

TA‐16C 786.83



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

Raid Facility 2.45 37.28 Used for conducting raid training, Non‐

combatant Evacuation Operation (NEO) 

training, or for limited training in 

military operations in urban terrain. 

Includes a radar site complex consisting 

on one main administrative building and 

two large radar dishes.

LZ‐Osprey Landing Zone

TA‐16D 596.20

LZ‐Crane Landing Zone

LZ‐Snipe Landing Zone

TA‐16E 1090.72

LZ‐Peregrine Landing Zone

TA‐16F 1178.61

Combat Town (CBT) 

X

1.89 24.87 MOUT training. Includes 13 block 

structures. Used for training in military 

operations in urban terrain.

LZ‐Finch Landing Zone

LZ‐Sparrow Landing Zone

TA‐16G 1880.18

LZ‐Crow Landing Zone

LZ‐Harrier Landing Zone

LZ‐Martin Landing Zone

LZ‐Peacock Landing Zone

LZ‐Pigeon Landing Zone

TA‐17A 557.17

LZ‐Albatross Landing Zone



Table 3‐1
Marine Corps Base Quantico, Virginia
Operational Ranges and Training Areas

Training Area Fixed Range
Small Arms 

Range
MOUT Demo

Range/Training 
Area (acres)

Range and SDZ 
(acres) Primary Use / Alternate Use

LZ‐Toucan Landing Zone

TA‐17B 1160.73

TA‐17C 190.78

Camp Upshur 320.38

LZ‐Roadrunner Landing Zone

FBI Academy
FBI Range 1 X 1.31 638.22

FBI Range 2 X 1.52 748.48

FBI Range 3 X 1.20 786.64

FBI Range 4 X 0.17 733.40

FBI Range 5 X 0.27 717.22

FBI Range 6A/B X 0.33 711.78

FBI Range 7 X 0.21 742.10

FBI Range 8 HRT X 0.23 729.36

FBI Range HRT 

Sniper/Rifle Range X
11.67 2496.06

FBI Ballistics 

Research Facility 

(BRF)

X

0.32



Table 3-1
Marine Corps Base Quantico, Virginia

Operational Ranges and Training Areas

NOTES

AAR = After Action Report KD = Known Distance PET = Programming Environment Training
AMIA = Aerial Munition Impact Area LAAW = Light Anti-armor Weapon PITS = Portable Infantry Target System
AMIP = Aerial Munition Impact Point LFCC = Live-Fire Convoy Course RETS = Remote Target System
BRF = Ballistics Research Facility lbs = pound(s) SACON = Shock Absorbing Concrete
BZO = Battle Sight Zero LZ = Landing Zone SAR = Small Arms Range
cal = caliber m = meter SDZ = Surface Danger Zone
CAS = Close Air Support MAC = Mechanized Assault Course SESAMS = Special Effects Small Arms Marking System
CS = 2-chlorobenzalmalononitrile (tear gas) MCB = Marine Corps Base SITS = Stationary Infantry Target System
DODIC = Department of Defence Identification Code MG = machinegun SMAW = Shoulder-launched Multipurpose Assault Weapon
EOD = Explosive Ordnance Disposal MICLIC = Mine-Clearing Line Charge TA = Training Area
EODT = Explosive Ordnance Disposal Training MITS = Moving Infantry Target System TBS = The Basic School
FARP = Forward Arming and Refueling Point mm = millimeter TNT = Trinitrotoluene
FBI = Federal Bureau of Investigation MOUT = Militatry Operations in Urban Terrain TP = Target Practice
frag = fragmentation MP = Mortar Position TSS = Training Support Section
HE = High Explosive NEW = Net Explosive Weight WTBN = Weapons and Field Training Battalion
illum = illumination NEO = Noncombat Evacuation Operations UTC = Urban Training Center
HRP = High-Risk Personnel ORC = Operational Range Clearance UXO = Unexploded Ordnance

Training Area
Inactive Range
Not active in the baseline assessment

The designation "Small Arms Range" identifies ranges where its facilities or subset thereof are specifically designed to only accomodate the use of live .50 caliber or smaller munitions, along with 
                   supporting simulation or illumination munitions.  
The designation "MOUT" denotes facilities identified by installation Operations & Training personnel that accommodate training scenarios affected by man-made constructions.
Total acreage of training areas based on modified Range Control GIS information.
Recreational and indoor ranges are not included as they are not evaluated in REVA
Observation points are not listed in this table.
Active obstacle or rappel towers are not listed in this table.

Historical training and historical facilities were addressed in the baseline REVA assessment; no additional historical training areas were identified during this 5-year review.
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3.4.3. Small Arms Ranges 

Sixteen SARs at MCB Quantico and 10 ranges and the BRF at the FBI Academy were 
qualitatively evaluated as part of the five-year review using the SARAP.  Due to similar use and 
locations, they were grouped into a total of 18 SARAP evaluations, which are provided in 
Appendix A.  Most of the SARs are located in the WTBN complex to the east of Lunga 
Reservoir.  The WTBN active training ranges are WTBN Range 1, WTBN Range 2, WTBN 
Range 3, WTBN Range 4, WTBN Range 5, Competition Pistol Range, Requalification Pistol 
Range, and WTBN Range 305.  The WTBN Test Shed is also located in the WTBN and is used 
for constructing and testing weapons and small arms ammunition. The 14-series ranges are 
located near the eastern boundary of MCB Quantico north of the WTBN.  The active 14-series 
ranges are Range 14, Range 14C, Range 14D, and Range 14F.  The other active SARs evaluated 
in this five-year review are located throughout the Guadalcanal area and are Range 5, Range 11, 
and Range 12.  The 10 FBI Academy ranges and BRF are located immediately west of the 
WTBN complex (east of Lunga Reservoir).  The SARs are described in detail in Section 8. 

3.4.4. Operational Range Clearance Program 

MCB Quantico has implemented an ORC plan for the removal of UXO that poses a safety hazard 
to Marines training on operational ranges.  This program establishes baseline clearance (phase 1) 
and continued sustainment (phase 2) objectives, provides cost estimates, identifies ORC 
shortfalls, and considers range enhancements that may impact future ORC.  MCB Quantico 
currently is executing the baseline phase, where all ranges programmed for continued use are 
being cleared of UXO over a 5-year period.  A sustainment ORC program follows, which began 
in 2012 and continues through 2014. 

MCB Quantico has completed baseline range clearances at 30 operational and historical areas or 
TAs during the five-year review period.  Since November 2007, over 2,800 tons of range debris 
and demilitarized UXO have been removed.  Clearance activities primarily were surface 
clearances completed by conducting surface sweeps over the range areas in 100-foot-by-100-foot 
grids.  Subsurface clearances were conducted on some of the ranges to a depth of 2 feet on access 
roads and pathways to target locations.  Table 3-2 summarizes clearance activities conducted at 
the installation since 2007.  Clearance is planned for two historical areas on Mainside (UXO21, 
UXO25) and an area on the northwestern bank of Lunga Reservoir (UXO034).  The sustainment 
phase is in progress at Range 7/8 Extension, Range 7, and Range 15.  In 2013, sustainment ORC 
is underway for Range 3A, Murphy Demo Range, WTBN Range 1 (berm mining), and WTBN 
Range 2 (berm mining).     
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Table 3-2: ORC Program Summary 

Location Clearance Dates 
Clearance 

Area 
(acres) 

Debris 
Removeda  

(lb of metal) 

UXO Items 
Destroyedb

Range 3A November 2007–January 2008 36 316,000 NA 

Range 8A January 2008–February 2008 9.5 146,200 NA 

Camp Barrett May 2009–August 2009 95 45,166 0 

Murphy Demo May 2009–August 2009 56 63,251 0 

LZ-Thrush May 2009–August 2009 8 60 0 

GP-44 February 2009–November 2010 337 942,000 NA 

Range 9, Range 9 Dud February 2009–November 2010 204 524,000 NA 

Range 10, Range 10 Extension February 2009–November 2010 398 154,000 NA 

HIS-4 January 2010–May 2011 258 
94,940 

NA 

HIS-4 Extension January 2010–May 2011 399 NA 

Murphy Demo September 2007–March 2008 2 178,000 NA 

Range 7 June 2008–May 2009 737 1,420,000 NA 

Range 8 March 2008–June 2008 49.8 1,052,000 NA 

Range 15 February 2008–April 2008 35.6 448,000 NA 

Range 1A Extension January 2011– March 2012 1762 

229,279 

15 

Range 10 Extension January 2011– March 2012 414 81 

Range 14 January 2011–March 2012 358 2108 

Charlie Demo January 2011March 2012 248 66 

HIS-1 January 2011–March 2012 2053 18 
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Location Clearance Dates 
Clearance 

Area 
(acres) 

Debris 
Removeda  

(lb of metal) 

UXO Items 
Destroyedb

HIS-2 January 2011–March 2012 1385 196 

Range 11 Report not yet available -- -- -- 

Range 15A Extension Report not yet available -- -- -- 

Range 7 North Gap Report not yet available -- -- -- 

Impact Area 1 Extension Report not yet available -- -- -- 

HIS 3-Rhea Report not yet available -- -- -- 

HIS 3-5 Report not yet available -- -- -- 

HIS-5 Report not yet available -- -- -- 

TA-5C Report not yet available -- -- -- 

TA-13, TA10A January 2013–April 2013 2,097 -- -- 

TA-11A/TA-15A/TA-15B January 2013–April 2013 -- -- -- 

Totals > 10,942 > 5,612,896 > 2,484 

Note:   
lb – pound 
NA – not available; information not found in completion report 
a Debris removed includes munitions debris and range related debris. 
b Numbers reported in the After Action Reports associated with the UXO clearance operations. 
 
  

While these range clearance activities were undertaken to reduce the explosive risk to Marines 
and other user units during training activities and to contractors performing construction 
activities, the removal of UXO also serves as a means to partially reduce the MC loading 
occurring at these operational ranges.  As such, the ORC activities have been factored into the 
MC loading process to reduce the MC loads for appropriate ranges during this five-year review.   
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3.5. Munitions Constituents Loading Assumptions 

3.5.1. Selection of Munitions Constituents Loading Areas 

The REVA team reviewed existing operational ranges and TAs to determine the locations of MC 
loading areas that require analysis in the five-year review.  These areas represent the locations at 
which significant MC loading is occurring or suspected to have occurred as a result of training 
with munitions containing HE (TNT, RDX, and HMX), illumination rounds and other munitions 
containing solid propellants (perchlorate), and metals (lead).  Lead deposition was evaluated for 
all operational ranges during this review.   

A total of 24 MC loading areas were delineated at MCB Quantico for this review: 

 Charlie Demo 

 Combat Town 

 DZ-Raven 

 Goettge Demo  

 LZ-Falcon 

 LZ-Hummingbird 

 LZ-Peacock 

 LZ-Peregrine 

 LZ-Vulture 

 TF MOUT 

 Murphy Demo 

 Range 3A 

 Range 3B 

 Range 5 

 Range 7 

 Range 8 
 

 Range 8A 

 Range 11 

 Range 14 Combined 

 Range 15 

 Range 15A 

 UTC Zones B-C 

 UTC Zone D 

 WTBN Combined 

The boundaries of each MC loading area were selected based on training-specific information 
(e.g., operational range boundaries, known target locations).  This results in a realistic yet 
conservative estimate of MC loading rates for all of the MC loading areas.   

Seven MC loading areas are designated because of HE use at the ranges.  These are Range 3A, 
Range 3B, Range 7, Range 8, Range 8A, Range 15, and Range 15A MC loading areas.  Range 
boundaries, target locations, and aerial imagery were used to determine the MC loading area 
boundaries.  The Range 7 is used as an impact area for other firing points and training exercises 
and therefore, the MC loading estimate was calculated with data recorded in RFMSS under 
AMIA-7, AMIP-7, EOD Operations (OPS) Area, GP-44, and GP-4, all of which are known to fire 
into Range 7.  The term “EOD OPS Area” in the RFMSS data is referring to the use of Range 
7for UXO items that are discovered on other installation ranges and TAs and then transported to 
Range 7 for destruction.  Range 15 is also used as an impact area for other firing points on the 
installation and therefore, expenditure data applied to the Range 15 MC loading area include use 
recorded in RFMSS under MP-15, OP-13, and OP-15, all of which fire into Range 15.  
Additionally, MCB Quantico personnel segregated data from Range 15A for munitions that were 
fired from Range 15A into Range 15, and these data were included in the Range 15 MC loading 
calculation.  
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Four ranges that are used primarily as SARs also were identified as MC loading areas for the 
five-year review.  A SAR typically is evaluated only for lead loading, but in the case of these four 
ranges, illumination, pyrotechnics, or even demolition materials also may be used on a SAR.  
Three of the four SAR MC loading areas were identified because of perchlorate associated with 
pyrotechnics and illumination rounds that are used at the range to simulate battle effects.  These 
MC loading areas are Range 11 Bfx (“Bfx” signifies use of munitions for battle effects), WTBN 
Combined Ranges, and Range 14 Bfx.  The WTBN Combined Ranges MC loading area boundary 
was determined using aerial photographs of the WTBN ranges at which pyrotechnic/illumination 
use was recorded in RFMSS (WTBN Ranges 3, 4, and 305).  Range 5 is a SAR identified as an 
MC loading area because of a series of pits on the eastern side of the range where HE is detonated 
to simulate mortar fire.  The MC loading area for Range 5 was defined by the locations and sizes 
of the pits; this resulted in a very small MC loading area.  SARAPs also were completed to 
qualitatively assess the lead deposited on Range 11, the Range 14 series, WTBN ranges, and 
Range 5. 

Munitions use was recorded for several LZs and DZs, and the most heavily used were defined as 
MC loading areas:  LZ-Falcon, LZ-Hummingbird, LZ-Peacock, LZ-Peregrine, LZ-Vulture, and 
DZ-Raven.  The MC loading area boundaries were defined using installation geospatial data.  
Other LZs with lower expenditure counts were evaluated but not selected as MC loading areas.   

Three demolition ranges (Charlie Demo, Goettge Demo, and Murphy Demo) were identified as 
MC loading areas due to high use of demolition materials.  The MC loading area boundaries at all 
three demolition ranges were defined using geospatial data, aerial photographs, and information 
provided by Range Management Branch personnel as to where demolition shots typically occur.  
Goettge Demo was not evaluated as an MC loading area in the baseline assessment.  Expenditure 
data for this range since the baseline evaluation were of significant quantity to designate this as an 
MC loading area for this review.  

MOUT facilities identified as MC loading areas for the five-year review include TF MOUT, UTC 
Zones B-C, UTC Zone D, and Combat Town.  Combat Town was evaluated as an MC loading 
area in the baseline assessment, whereas TF MOUT and UTCs were not.  Although these are non-
live-fire areas, they were identified as MC loading areas due to use of smoke grenades and 
illumination rounds.  UTC Zones B and C are adjacent to one another and were combined into 
one MC loading area for the five-year review.  Zone D is designated as a separate MC loading 
area because MC loading is occurring within a specific area that is not contiguous with Zones B 
and C.  The boundaries of the UTC zones and TF MOUT provided in the installation geospatial 
data were used to delineate MC loading area boundaries.  The MC loading area boundary for 
Combat Town was developed using aerial imagery to determine where the training structures are 
located.   
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Some munitions use was recorded in the TAs in RFMSS, and use is assumed to occur to a limited 
degree throughout the TA.  Because of this low use spread over a large area, negligible impact is 
expected from munitions use within TAs, and no TAs were identified as MC loading areas.  

3.5.2. Overarching Assumptions 

To estimate MC loading for operational ranges, assumptions were developed to apply to data 
collected during the five-year review.  Complete details and background of these assumptions and 
data are available in the REVA Reference Manual for Baseline Assessments (HQMC, 2009).  The 
following bullets represent the primary assumptions used in the MC loading assessment.   

 Only the main fillers and perchlorate components (REVA indicator MC) are included in the 
estimates.  The amount of MC in fuzes, boosters, and other components is not considered 
significant enough, by comparison, to impact the MC loading amounts.     

 All REVA indicator MC are considered 100% pure. 

 Dud and low order detonation rate estimates are from the Report of Findings for: Study of 
Ammunition Dud and Low Order Detonation Rates, United States Army Defense Ammunition 
Center (DAC, 2000).  In the event rate estimates are not available, the default values listed in 
the referenced report of 3.45% (dud rate) and 0.028% (low order detonation rate) are used. 

 One hundred percent of the MC within a munition remains when a UXO event occurs.  
Following deposition of UXO, 1% of the total MC mass within the UXO is considered 
exposed and available for transport. 

 For low order detonations, it is assumed that 50% of the total MC per item is consumed, 
resulting in deposition of the other 50% of the MC mass on the MC loading area (DAC, 
2000).  For high order detonations, it is assumed 99.9% of the total MC per item is consumed, 
resulting in deposition of 0.1% of the MC mass on the loading area, as detailed in the REVA 
Reference Manual (HQMC, 2009). 

 Calculations incorporating expenditures at EOD and demolition ranges are adjusted to reflect 
an assumed 100% high order detonation. 

 For any MC loading area in which ORC has been conducted, a portion of UXO occurrences 
was converted to high order detonations in the MC loading process.  This adjustment was 
made as UXO encountered during clearance would be subject to blow-in-place operations or 
consolidated on range for demolition and/or removal.  In both cases, the result would be a 
high order detonation of the previous UXO item(s), with a net reduction in MC deposition.  
In instances where range operating procedures or ORC activities potentially may reduce the 
amount of lead deposited on an MC loading area (e.g., collection of munitions debris), 
deposition is conservatively reduced to 5% of potential deposition during the affected time 
frame.   

HE and perchlorate were evaluated at MC loading areas where significant HE use has been 
documented; lead was evaluated at all MC loading areas and SARs.  Calculation of representative 
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annual expenditure estimates at the ranges was performed to help characterize MC loading.  The 
recorded totals by DoDIC for applicable years were averaged together, with all fractional values 
conservatively rounded up to the next whole number.  The specific methodologies and 
assumptions used to conduct the MC loading at each loading area are detailed in Section 6, as 
applicable. 
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4. Conceptual Site Model 

Predicting off-range migration of MC requires the evaluation of potential transport pathways, 
such as surface water and groundwater flow systems, and potential receptors (human and 
ecological) that could be affected.  To this end, the REVA team developed a CSM of MC 
transport at MCB Quantico.  The primary components of this CSM include: 

 delineation of the MC loading area, 

 identification of which REVA indicator MC have been used at the MC loading area, and 

 a synthesis and interpretation of various environmental data to identify potential MC 
migration pathways and receptors. 

The CSM was developed using information obtained during the site visit, environmental reports 
obtained from MCB Quantico, and local geologic field studies.  Where information on site-
specific characteristics was limited, regional information was used to estimate site-specific 
characteristics.  Documents obtained from the Natural Resources and Environmental Affairs 
(NREA) Office, Real Estate, Engineering, Range Management, Range Operations and Control, 
and the installation EOD unit provided information on the site geology and hydrology, the water 
supply system, cultural resource studies, natural resource studies, range operating procedures, 
EOD commitments, and ORC.  In addition, the REVA team used various types of geospatial data 
provided by the NREA GIS office and GEOFidelis to map site characteristics.    

A schematic diagram depicting the site conditions addressed in the CSM is presented in Figure 4-
1.  The geomorphology is shown relative to generalized MC loading areas, the installation 
boundary, and potential receptors (e.g., drinking water wells, ecological receptors).   

The site-specific CSMs for the MC loading areas are provided in Section 6. 
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Figure 4-1

Graphical Conceptual Site Model 
(CSM) at MCB Quantico.  

MCB Quantico
Quantico, VA

Possible MC Migration Pathway:
Potential transport of MC to streams and reservoirs in surface water runoff (dissolution and erosion of particulate with 
adsorbed MC in soil)
Potential vadose zone transport to groundwater in saprolite and fracture bedrock aquifer underlying MC loading areas
Potential transport of MC to streams and reservoirs through shallow groundwater discharge
Potential transport of MC in groundwater to drinking water wells

Potential Receptor Locations:
1) Drinking water reservoirs (Breckenridge, Smith Lake & Lunga)
2) On and off-installation drinking water wells
3) T/E, state rare and special concern species in Chopawamsic and Aquia Creeks, Beaverdam Run, reservoirs and near 
many of the major streams
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4.1. Installation Profile 

CSM Information Profiles – Installation Profile 

Information 
Needs 

Information 

Installation 
location 

MCB Quantico occupies approximately 59,000 acres of land in Northern 
Virginia (MCB Quantico et al., 2007).  Approximately 31,360 acres are in 
Stafford County, 24,280 acres in Prince William County, and 3,360 in 
Fauquier County (Figure 1-2).  It is located approximately 35 miles 
southwest of Washington, D.C., and 24 miles north of Fredericksburg, 
Virginia.  Interstate 95 and U.S. Route 1 cross the eastern part of the 
installation.  Prince William Forest Park, a unit of the National Park Service, 
is located northeast of the installation.  The Potomac River shoreline borders 
the southeastern boundary of the installation.  The surrounding land use 
largely includes rural, agricultural, residential, and recreational uses (Tetra 
Tech NUS, 2011).  

The town of Quantico, Virginia, is surrounded by MCB Quantico on three 
sides, and the Potomac River bounds the other side of the town.  Residents of 
the town of Quantico must pass through the MCB Quantico security gate in 
order to reach the town.  Nearby towns include Triangle and Dumfries (east 
of I-95 and north of MCB Quantico) and Garrisonville (to the south of MCB 
Quantico).    

Date of 
installation 
establishment 

The federal government leased approximately 5,300 acres of land near 
Quantico, Virginia, in April 1917, and a temporary training base opened in 
May 1917 (MCB Quantico et al., 2007).  The Marine Corps purchased this 
land and an additional 1200 acres in 1918, and President Wilson declared 
Marine Barracks Quantico a permanent base.  A year later, the Marine Corps 
leased land south of Chopawamsic Creek to build two airfields.  In 1922, 
these two airfields were named Brown Field.  Brown Field remained 
operational until 1931, at which time the present airfield, Turner Field, was 
built along the shore of the Potomac River (USACE, 2001).  The FBI moved 
its new academy to Quantico in 1940; the academy is still active there today.  
In 1942, an additional 51,000 acres were acquired west of U.S. Route 1, 
currently known as the Guadalcanal area.  Many ranges and TAs were 
constructed at this time to support the World War II effort.  The Marine 
Corps also obtained 4,262 acres of adjacent land under a Special Use Permit 
from the Department of the Interior.  Further development occurred during 
the Korean conflict when Camps Goettge, Upshur, and Barrett were 
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constructed.  

Installation area 
and layout 

 

The installation is split into two noncontiguous areas divided by I-95 and 
U.S. Route 1: the Mainside area to the east and the Guadalcanal area to the 
west.  Mainside contains the cantonment, housing, and office areas and 
other-than-operational ranges (i.e., MMRP sites).  Although TA-2, TA-3, 
and TA-4 are located on Mainside, use of military munitions is not 
authorized at these TAs.  Historically, parts of the Mainside area were used 
for military munitions training. 

Most of the installation (approximately 90%) is undeveloped land that is 
used for training.  This area includes a large part of the Guadalcanal area and 
predominantly consists of forested areas.  Only about 5% of the installation 
area is developed and includes administration support areas, housing, and 
recreation.  This area is predominantly on Mainside.  Another 4% to 5% of 
the installation area is semideveloped and includes road shoulders, utility 
rights-of-way, live-firing ranges (within the Guadalcanal area), ammunition 
storage, LZs, private cemeteries, and outlying recreation and support 
facilities.  Lunga Reservoir was a major recreational area at MCB Quantico, 
but it was closed indefinitely in 2012 due to concerns about UXO in the 
reservoir. 

Installation 
mission 

A primary mission of MCB Quantico is education.  The installation seeks to 
provide the resources, including facilities, ranges, services, and personnel, to 
support the initiation of concepts, doctrine, training, and equipment for the 
future of the Marine Corps (TECOM, 2004).  Furthermore, MCB Quantico’s 
mission is to optimize readiness by providing operational and training 
support, infrastructure, and community services that are responsive to 
Marine Corps, Marine Corps Combat Development Command (MCCDC), 
and tenant requirements and the needs of military members, families, and 
civilians within a safe and secure environment.  MCB Quantico serves as the 
focal point for professional military education.  

The base is the home of the MCCDC, which develops the doctrine, tactics, 
techniques, equipment, training, and education employed by the Marine 
Corps in all war fighting areas.  Tenants on the base include the Marine 
Corps University, Marine Corps War College, Marine Corps Command and 
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Staff College, Marine Corps Systems Command, other Marine Corps support 
offices, FBI Academy and Laboratory, and DEA Office of Training.  The 
FBI Academy and Laboratory has been on MCB Quantico since 1940, and 
the DEA office was established on MCB Quantico in 1985 (MCB Quantico 
et al., 2007). 

Several units and organizations train at MCB Quantico, which includes use 
of the ranges: The Basic School, WTBN, Marine Corps Embassy Security 
Group, Reserve Support Unit, Fleet Antiterrorism Security Team, EOD, and 
federal agencies.  Federal agencies that use the ranges include the Central 
Intelligence Agency, Department of Energy, FBI, U.S. Secret Service, 
Department of State, and U.S. Capital Police. 

 

4.2. Operational Range Profile 

CSM Information Profiles – Operational Range Profile 

Information 
Needs 

Information 

MC loading 
areas 

Twenty-four MC loading areas, as shown in Figures 3-1 to 3-4, were 
identified for assessment during the five-year review: 
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 Charlie Demo 

 Combat Town 

 DZ-Raven 

 Goettge Demo 

 LZ-Falcon 

 LZ-Hummingbird 

 LZ-Peacock 

 LZ-Peregrine 

 LZ-Vulture 

 TF MOUT 

 Murphy Demo 

 Range 3A 

 Range 3B 

 Range 5 

 Range 7 

 Range 8 

 Range 8A 

 Range 11 

 Range 14 Combined 

 Range 15 

 Range 15A 

 UTC Zones B-C 

 UTC Zone D 

 WTBN Combined Ranges 

The MC loading areas were determined based on a review of existing 
operational ranges and evaluation of munitions expenditures tracked by the 
installation.   

Range names The installation is subdivided into 41 TAs in addition to Camp Upshur and 
the FBI Training Academy.  Within the 41 TAs, there are 61 LZs, 3 DZs, 3 
demolition ranges, 3 active GPs, 15 active operational fixed training ranges, 
and 16 active SARs.  The FBI Academy contains an additional 10 SARs and 
1 BRF.  The TAs and fixed range facilities located at MCB Quantico are 
presented in Table 3-1. 

Six ranges and two GPs were identified on operational training areas that 
currently are not used:  Range 5A, Range 6, Range 9, Range 10, Range 14E, 
International Pistol Range, GP-31, and GP-38.   
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Date of range 
establishment 

Land was first acquired in 1917 to create MCB Quantico; almost 
immediately, thousands of Marines began training at Quantico to support the 
World War I effort.  An additional 51,000 acres were acquired in 1942 to 
establish live-fire training ranges and maneuver area to support the World 
War II effort. 

Ranges have been built at MCB Quantico since the 1940s.  The FBI 
Academy has been training on the base since 1940, and several other ranges 
were built in the 1940s: Charlie Range, Range 7, Range 5, Range 8, Range 
8A, Range 11.  The WTBN ranges were constructed in 1952.  Range 12 and 
Combat Town were built in 1960; Murphy Range was built in 1962; and the 
14-series ranges and Range 15 were built in 1975.  Ranges added in the 
1980s were Range 3A, Range 3B, Goettge Range, MOUT Facility, and 
MAC Facility.  The most recently added ranges are the UTC Zones which 
opened in 2008 and 2012.         

Range design 
and use 

 

 

Training at MCB Quantico is dependent on current, emerging, and future 
threats, weapons, tactics, and doctrinal changes.  As such, ranges at MCB 
Quantico may undergo modifications to meet training requirements driven 
by these changes. 

Training Areas 

The TAs are defined as maneuver and training areas for light, heavy, or 
amphibious forces.  Authorized military munitions are limited to blanks and 
pyrotechnics unless other munitions are permitted via facilities contained 
within the TAs (e.g., fixed range facility).        

Fixed Ranges  

There are 15 fixed ranges in which HE and/or pyrotechnics and illumination 
munitions are used; this includes traditional firing ranges, demolition ranges; 
and MOUT facilities.  Three primary impact areas associated with dud-
producing munitions at MCB Quantico are established on Range 7, Range 8, 
and Range 15, all of which are located in the western side of the 
Guadalcanal area.  Range 3A and Range 3B, located south of Lunga 
Reservoir, also utilize HE; Range 3A has a dud-producing impact area.  
Duds are removed when produced at Range 3B; therefore, this is effectively 
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a non-dudded impact area.      

Small Arms Ranges 

Sixteen SARs are used by Marines at MCB Quantico.  Nine of the 16 SARs 
are located at the WTBN, east of Lunga Reservoir.  These ranges have 
earthen impact berms for bullet containment, and most are known-distance 
ranges used for qualification and proficiency training.  Ranges 14, 14C, 
14D, and 14F are a series of ranges in the northeastern part of the 
Guadalcanal area; these ranges are field firing ranges that do not contain 
earthen backstop berms.  Although small arms ammunition is most heavily 
used at the WTBN and the 14-series ranges, pyrotechnics and illumination 
rounds also are used at these ranges to simulate battle effects.  Other SARs 
include Range 5, Range 11, and Range 12, which are spread across the 
Guadalcanal area. 

The FBI Academy has 10 SARs and 1 BRF used exclusively by the FBI and 
the DEA.  The rifle range was closed for construction at the time of the 
REVA site visit.  The other ranges have maximum firing distances ranging 
from 25 to 50 yards and fire into earthen impact berms. 

Range security 

 

Visitors must pass through a guarded security gate to gain access into 
Mainside or the Guadalcanal area.  The main gates are off U.S. Route 1 / I-
95.  Security guards check identification and screen visitors before allowing 
entrance.  Roads leading into the installation from county roads around the 
perimeter are gated but not guarded.  Marine Corps Police patrol the 
perimeter as a security measure.  A railroad line passes through the far 
eastern side of the installation through the town of Quantico.  Residents of 
the town of Quantico must pass through a guarded gate to gain entrance into 
the town. 

Military 
munitions usage 

For TAs and ranges that are designated as non-live-fire (including MOUT 
facilities), authorized military munitions generally include blank 
ammunition, smoke grenades, and illumination rounds.  For the fixed ranges 
where HE is authorized, a wide range of munitions is authorized for use 
dependent on range design.  Range 7 receives aerially delivered munitions.  
All live fire and HE fire are conducted in the Guadalcanal area only.   
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SARs are located throughout the Guadalcanal area, and inert projectiles up 
to 0.50caliber are associated with these ranges.  HE constituents typically 
are not associated with SARs, but some SARs are authorized to use 
pyrotechnics and illumination rounds to simulate battle effects.   

MC All five REVA indicator MC are potentially present on the HE live-fire 
ranges.  Targets where MC are likely to accumulate are in the Guadalcanal 
area.  The only indicator MC anticipated at most SARs is lead, although 
some use of pyrotechnics and illumination rounds, which contain 
perchlorate, is noted at some SARs.  The types of munitions used at the non-
live-fire ranges and TAs (blanks, simulators, and pyrotechnics) have small 
amounts of REVA indicator MC.   

Maintenance Routine maintenance of range assets, including targets and SACON®, is 
conducted by contractors.  Some of these maintenance activities include 
setting up targets, patching SACON®, reworking the berms, and repairing 
targets as needed.  Grass cutting is completed, as needed, by the installation, 
except at Range 305 within the WTBN, where the task is subcontracted as 
part of the range maintenance contract.   

MCB Quantico is executing a baseline ORC plan where all ranges 
programmed for continued use are cleared of UXO over a 5-year period.  To 
date, MCB Quantico has completed baseline range clearances at 30 
operational and historical areas or TAs since November 2007.  Over 2,800 
tons of range debris and demilitarized UXO have been removed.  This 
primarily has been through surface clearance, but subsurface clearance has 
been conducted across roads and pathways to targets.  This is followed by 
planned sustainment ORC in 2012 through 2014.   

The WTBN ranges are scheduled for lead mining in 2013 and 2014.  This 
includes WTBN Range 1, WTBN Range 2, WTBN Range 3, WTBN Range 
4, Competition Pistol Range, and Requalification Pistol Range.  The Marine 
Corps performs this due to the ricochet hazard presented by bullets and 
fragments that have collected in the berms.  WTBN Range 2 was mined for 
lead and refilled in 2010 because of the frequency of backsplash.  The berm 
was reseeded after the berm was reconstructed.  
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Engineered 
controls 

The WTBN and FBI ranges have drains and culverts to divert runoff.  The 
FBI Academy has three stormwater retention ponds to allow suspended 
sediment to settle from surface water runoff before flowing out of the pond. 

 

4.3. Physical Profile 

CSM Information Profiles – Physical Profile 

Information 
Needs 

Information 

Climate The climate at MCB Quantico is classified as modified continental, with 
mild winters and humid summers.  The proximity to the Atlantic Ocean, 
Potomac River, and Chesapeake Bay adds moisture to the air and moderates 
the temperatures by bringing warm breezes during the winter and cool 
breezes in the summer.  The Blue Ridge and Appalachian Mountains are 
about 50 miles to the west and lessen the intensity of winter storms (Tetra 
Tech NUS, 2000).  Based on 49 years of recorded data, the average annual 
temperature is 56 degrees Fahrenheit (°F) (MCB Quantico et al., 2007).  
July is the warmest month, with a mean temperature of 78°F, and January is 
the coldest month, with a mean temperature of 36°F.  Wind is usually from 
the south or southwest at an average speed of 10 miles per hour (Tetra Tech 
NUS, 2000).   

Precipitation is distributed rather evenly throughout the year.  Summer 
precipitation is in the form of showers and thunderstorms, and much of the 
winter precipitation results from mid-latitude cyclones or fronts.  In 
addition to rainfall, some winter precipitation usually occurs as snow.  In 
the years ranging from 2000 through 2006, the maximum annual snowfall 
was 50 inches.  The annual precipitation for the years 1948 through 2006 
ranged from 21.4 to 56.8 inches, and the average annual precipitation 
during this period was 40 inches.   

Elevation The elevation at MCB Quantico is less than 10 feet above mean sea level 
(amsl) adjacent to the Potomac River and ranges up to 600 feet amsl on the 
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 western boundary (Tetra Tech NUS, 2000).  The elevation at the 
Guadalcanal area where live-fire operational ranges are located ranges from 
approximately 20 to 460 feet amsl (MCB Quantico, 2012b).  Elevations 
within the Mainside area range from less than 10 feet amsl to approximately 
250 feet amsl at the Fall Line (Tetra Tech NUS, 2000). 

Topography and 
geologic features 

 

 

 

The topography at MCB Quantico generally is characterized by moderately 
dissected, gently rolling hills typical of the Piedmont area.  Slopes range 
from 2% to 25%, with some steeper slopes.  The land generally slopes to 
the southeast, although a smaller portion of the area on the northwest slopes 
to the northwest.   

The installation lies in the Piedmont and Coastal Plain physiographic 
provinces.  The Fall Line, located just west of I-95 in the MCB Quantico 
area, divides the two physiographic provinces and trends northeast-
southwest.  Mainside and a small portion of the Guadalcanal area is within 
the Coastal Plain physiographic province (approximately 17%), while the 
remainder of the Guadalcanal area (approximately 83% of the installation 
area) is within the Piedmont physiographic province.   

Stratigraphy 

 

 

 

 

The Piedmont Physiographic Province 

The part of the installation that lies within the Piedmont physiographic 
province (west of the Fall Line, approximately located at I-95) is underlain 
by deformed, fractured igneous and metamorphic rock from the late 
Proterozoic and early Paleozoic eras and sedimentary and igneous rock 
from the Triassic Period.  This area stretches from the northeast portion of 
the installation to the southwest, covering the area underlain by Triassic- 
and Cambrian/Ordovician-aged units (Figure 4-2).  The surface of the 
bedrock is irregular and does not follow the land surface closely 
(McFarland, 1996).  The bedrock is overlain by a thicker layer of weathered 
rock (saprolite) and surface soil (McFarland, 1996; Nelms et al., 1997; 
Swain et al., 1991).  Regionally, the thickness of this unconsolidated 
material overlying the bedrock varies from less than a foot to over 100 feet.  

Above the metamorphic rock, hydration of feldspar minerals causes a 
separation of the platy structure of the rock, initially yielding a more 
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permeable material.  As the weathering process continues, the feldspars are 
chemically altered to form lower permeability clay-sized particles.  For this 
reason, the weathered rock transition zone between the bedrock and the 
saprolite is more permeable than the zones of saprolite above, where the 
weathering process has advanced further (Swain et al., 1991; McFarland, 
1996).  The thickness of the transition zone is dependent on the bedrock 
material.  Thicker transition zones are found above bedrocks with more 
feldspar in their material makeup (McFarland, 1996).  The transition zone 
above the bedrock includes thin, discontinuous alluvial deposits near 
streams.  This alluvium is more permeable than the saprolite.  Because the 
saprolite development is based on the initial rock type, the hydraulic 
properties of saprolite in the northwestern portion of the installation where 
the bedrock is sedimentary-based are expected to be different from the 
majority of the Piedmont portions of the installation where the bedrock is 
metamorphic or igneous.  The saprolite in the northwest is composed 
primarily of silty sand, while that in the remainder of the installation is 
composed of silty sand with a significant clay component (USDA NRCS, 
2007). 

The bedrock formations beneath the saprolite and the transition zone at 
MCB Quantico have complex structure and form bands that strike northeast 
to southwest.  Figure 4-2 shows the surficial formations at MCB Quantico.  
The metamorphosed sedimentary, volcanic, and intrusive rocks are located 
to the southeast of the Culpeper Triassic Basin and are separated by a 
bounding fault, as identified by the U.S. Geological Survey (USGS) 
(Berquist, 2003).  On the north side of this fault opposite the basin, a gray 
to green Cambrian/Ordovician phyllite with the Goldvein Pluton underlies 
the installation in the southwest.  This Cambrian/ Ordovician formation 
laterally thickens to the southwest and consists of medium to coarse, weakly 
to strongly foliated muscovite, garnet metamonzogranite with granoblastic 
quartz (Berquist, 2003).  Southwest of these formations is the Cambrian 
Lunga Reservoir Formation, which covers the largest areal extent of any of 
the units present at the installation.  The Lunga Reservoir Formation is a 
diamictite consisting of pebble to cobble, milky colored quartz and 
porphyroblastic muscovite, magnetite, garnet, and biotite surrounded by a 
nonstratified, micaceous, quartzofeldspathic matrix.  Based on boring log 
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data near the western boundary of the installation, the Lake Jackson Pluton 
Formation was identified to be present (Malcolm Pirnie, 2011).  This 
formation consists of quartz smaller than coarse sand, some epidote, 
pyroxenes and biotite.  As seen in Figure 4-2, two major northeast to 
southwest trending faults pass through this formation within the limits of 
the installation.  The Chopawamsic Formation is separated from the Lunga 
Reservoir Formation by one of these faults.  The Chopawamsic Formation 
contains laterally discontinuous lenses of metamorphosed vesicular mafic, 
felsic and intermediate volcanic flows with interlayered schist, phyllite, 
quartzose greywacke, and quartzite.     

The Quantico Formation occurs locally to the east of the Chopawamsic 
Formation.  This unit consists of gray to black, graphitic, pyritic phyllite 
and slate.  The metamorphic grade increases to the southwest to produce 
porphyroblasticstaurolite-, kyanite-, and garnet-biotitemuscovite schists.  
The thickness at the installation is unknown but has been estimated to be as 
much as 3000 feet regionally (Berquist, 2003). 

The northwestern-most edge of the installation overlies a Triassic rift basin 
characterized by sandstone, siltstone, and shale termed the Culpeper 
Triassic Basin (VDMR, 2003).  The sedimentary units within the Culpeper 
Basin that outcrop/subcrop at the installation include sandstones, siltstones, 
and shales.  The Culpeper Basin is separated from the older units by a series 
of southwest to northeast trending faults (Kuniansky, 2002) (Figure 4-2). 

At least four major faults or disconformities trend roughly northeast to 
southwest across the installation.  The bedrock fractures are found mostly in 
the valleys and within the upper 200–800 feet (MCB Quantico et al., 2007; 
McFarland, 1996; Nelms et al., 1997; Swain et al., 1991).  These faults are 
shown in Figure 4-2. 

The Coastal Plain Physiographic Province 

Coastal Plain formations underlying MCB Quantico include the Cretaceous 
Potomac Formation, which consists of thickly bedded, poorly sorted, fine- 
to coarse-grained sand interbedded with clay and silt.  This formation also 
may contain thinly bedded to laminated carbonaceous silt and clay and 
conglomerate-containing clay clasts (Berquist, 2003).  Lower Tertiary 
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deposits, the Quaternary Tabb Formation, and Holocene alluvium overlie 
the Potomac Formation.  Thickness of these unconsolidated deposits can 
exceed 400 feet within the Mainside area. 

Soil and vadose 
zone 
characteristics 

 

 

 

Surface soils at MCB Quantico generally consist of sandy loam, fine sandy 
loam, loam, and silt loam with varying amounts of sand and gravel (MCB 
Quantico et al., 2007; McFarland, 1996).  Soils are mostly acidic and low in 
organic matter and natural fertility (MCB Quantico et al., 2007).  Soils with 
reddish and yellowish acid subsoils, which consist of the Panorama-
Calverton-Arcola, Elioak-Glenelg, and Buckhall-Hayesville-Occoquan 
associations, underlie a majority of the Guadalcanal area of the installation.  
These are deep and moderately deep well-drained soils.   

The Panorama-Calverton-Arcola associations consist of loam and silt loam 
soils that have an organic content ranging from 1% to 1.75%, clay content 
ranging from 18.5% to 21%, pH ranging from 4.55 to 5, a moderate soil 
erodibility, and a surface runoff potential of moderate to high (USDA 
NRCS, 1988).   

The Elioak-Glenelg associations consist of silt loam and silt clay loam soils 
that have an organic content ranging from 0 to 2%, clay content ranging 
from 0 to 20%, pH ranging from 5 to 5.25, soil erodibility ranging from low 
to moderate, and a surface runoff potential of low to high.   

The Buckhall-Hayesville-Occoquan associations consist of clay loam, fine 
sandy loam, gritty loam, and silty loam that have an organic content ranging 
from 0.12% to 2%, pH ranging from 4.55 to 5.25, soil erodibility ranging 
from low to moderate, and a surface runoff potential of moderate to very 
high. 

The Neabsco-Fairfax association underlies some of the northeastern part of 
the Guadalcanal area.  These are soils with medium textured surface soils 
and yellowish clayey subsoils.  They are deep and well- to moderately 
drained soils.  They consist of fine sandy loam, loam, and permeable loam 
that have an organic content ranging from 1.5% to 2%, clay content ranging 
from 14% to 18.5%, pH ranging from 4.75 to 5, soil erodibility ranging 
from low to moderate, and a surface runoff potential of moderate to very 
high (USDA NRCS, 1988).   
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Other soils that largely underlie the southeastern part of the Guadalcanal 
area are the Caroline-Lunt association.  These are soils with grayish, sandy 
surface soils and yellowish and reddish, clayey subsoils.  They are deep and 
shallow and well- to excessively drained soils.  These soil types also 
underlie a significant portion of Mainside.  These soil associations consist 
of clay loam and fine sandy loam that have an organic content ranging from 
0.125% to 1.25%, clay content ranging from 15% to 18.5%, pH ranging 
from 4.55 to 5, a moderate soil erodibility, and a high surface runoff 
potential (USDA NRCS, 1988). 

Erosion potential 

 

The predominant soil associations at MCB Quantico have low to moderate 
erodibility ratings, with an average rating of moderate (USDA NRCS, 
1988).  The topographic slope of the installation generally ranges from 
approximately 2% to 25%; however, slopes greater than 50% exist in some 
parts of the installation.  The installation area is largely covered with forest 
but includes some areas without vegetation, specifically in areas where HE 
are used.  The overall erosion potential at MCB Quantico can range from 
low at forested areas with low slopes to relatively high at steep unvegetated 
areas.  Soil erosion potential at identified MC loading areas ranges from 
low to high. 

Potential MC 
release 
mechanisms 

 

Potential MC release mechanisms include mobilization in surface water 
runoff or groundwater.  High intensity precipitation events occur frequently 
at MCB Quantico.  Because of this, the relatively steep topography in some 
parts of the installation, and the soil characteristics on site, surface water 
runoff rates can be significant.  Surface water runoff can transport MC in 
soil through dissolution in runoff water or erosion of soil and sediments.  
MC in surface water runoff potentially can be released into intermittent and 
perennial streams, drinking water reservoirs, and ultimately to the Potomac 
River estuary.  Some portion of the precipitation infiltrates through the 
saprolite and the transition zone overlying the bedrock at impact areas and 
potentially migrates to deeper fractured bedrock.  Shallow groundwater in 
the saprolite and the transition zone potentially can discharge to surface 
water features, such as drinking water reservoirs.  Deeper groundwater in 
the fractured bedrock can flow at high velocity, and the direction of flow is 
affected by various factors, such as the orientation of fracture joints, faults, 
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and bedding planes (Malcolm Pirnie, 2011), indicating that flow direction is 
highly unpredictable.   
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4.4. Surface Water Profile 
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Surface water 
drainage 

 

An extensive network of perennial and intermittent streams drains MCB 
Quantico.  Surface water drainage at MCB Quantico is largely perennial, but 
the smaller tributary streams within the installation flow intermittently.  The 
primary perennial streams and drainage basins over the installation are Cedar 
Run, Quantico Creek, Chopawamsic Creek, and Aquia Creek (Figure 4-3).  
Most of these streams flow south and southeast, ultimately to the Potomac 
River (the exception is Cedar Run, which flows north and northeast into 
Occoquan Creek).  Streams in the Piedmont portion of MCB Quantico 
generally have bedrock materials at or just below stream bottoms.  After 
streams flow onto the Coastal Plain physiographic province to the east, they 
generally become wider and slower and broaden into tidal creeks (EFA 
Chesapeake, 2002b).   

Several streams at MCB Quantico, including Aquia Creek, Chopawamsic 
Creek, Quantico Creek, and Cedar Run, are tidally influenced in the lower 
reaches in portions of the streams east of the Fall Line, which is 
approximately along I-95.  Tidal water enters the creeks from the Potomac 
River such that surface water currents reverse direction (EFA Chesapeake, 
2002a).  These flow reversals have been observed several hundred feet 
upstream in Chopawamsic Creek (Tetra Tech NUS, 2001).   

Wetlands exist at various locations throughout the installation at MCB 
Quantico, but the highest density wetlands occur at the southeastern part of 
the installation.  Overall, approximately 6% of the installation area is 
classified as wetlands, consisting of palustrine, riverine, and lacustrine 
wetlands.  Flowing creeks, including the Potomac River, generally are 
associated with riverine wetlands.  Fresh waters, including Lunga and 
Breckenridge Reservoirs, Smith Lake, and Dalton Pond, are associated with 
lacustrine wetlands (MCB Quantico et al., 2007). 

Hydrological 
unit & 
watershed areas 

 

MCB Quantico is located within the Lower Potomac (Hydrologic Unit Code 
[HUC] 02070011) and the Middle Potomac-Anacostia-Occoquan (HUC 
02070010) hydrologic units (Virginia Department of Environmental Quality 
and Virginia Department of Conservatin and Recreation [VDCR], 2010).  
These hydrologic units are within the Potomac River basin.  There are six 
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watersheds within the MCB Quantico installation boundary:  Cedar Run, 
Smith Lake, Quantico Creek, Chopawamsic Creek, Little Creek, and Tank 
Creek.  The watersheds range in size from 430 to 112,150 acres and mostly 
consist of perennial stream systems that flow in a southerly direction toward 
the Potomac River (with the exception of the Cedar Run watershed, which 
contains streams flowing in a northeasterly direction) (Figure 4-3).  All the 
watersheds on the installation extend up gradient beyond the northern, 
eastern, and western boundaries of the installation.    

Identified MC loading areas are located in four of the six watersheds within 
MCB Quantico:  the Cedar Run, Smith Lake, Quantico Creek, and 
Chopawamsic Creek watersheds (Figure 4-3).  The two remaining 
watersheds (Little Creek and Tank Creek) are significantly smaller, and there 
are no MC loading areas located near these watersheds. 

Cedar Run 
watershed 

The Cedar Run watershed is the largest watershed in and around MCB 
Quantico.  It is approximately 112,150 total acres, and over 80% of the 
watershed is located outside of the installation boundary (MCB Quantico, 
2012b).  This watershed covers the northwestern portion of the installation 
and extends to the northwest off the installation boundary.  The watershed 
contains perennial and intermittent streams, ponds (including Dalton Pond 
and Camp Upshur Pond), and associated wetlands.  Goslin Run, Johns 
Branch, Lucky Run, and Chestnut Branch are all tributaries to Cedar Run.  
Streams within this watershed generally flow north and discharge into Cedar 
Run.  Cedar Run is a tidally influenced stream that flows northeast along the 
northern border of the installation boundary and discharges into the Occoquan 
River.  The Occoquan River flows into Lake Jackson, which is located 
approximately 5 miles off the installation boundary and serves as a drinking 
water source for the city of Manassas.   

All of the Goettge Demo, LZ-Hummingbird, LZ-Vulture, Range 15, TF 
MOUT, UTC Zones B-C, and UTC Zone D , MC loading areas, 
approximately 98% of the Range 11 MC loading area, and approximately 
50% of the Range 15A MC loading area, one SAR, and 13 TAs are located 
within the Cedar Run watershed. 
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Smith Lake 
watershed 

The Smith Lake watershed is the second largest watershed in and around the 
installation.  It is approximately 34,760 acres (MCB Quantico, 2012b).  This 
watershed lies on the southwestern part of MCB Quantico and extends 
southwestward off the installation boundary.  Approximately 70% of the total 
watershed area is within the MCB Quantico boundary.  The watershed 
includes intermittent and perennial streams, the Lunga Reservoir, Range 6 
and Camp Barrett Ponds, Smith Lake, and associated wetlands.  Streams 
within this watershed generally flow in a southeast direction.  The two major 
streams that drain the Smith Lake watershed are Beaverdam Run and Aquia 
Creek.  Beaverdam Run flows south into Lunga Reservoir; water leaves 
Lunga Reservoir and eventually discharges to Smith Lake.  Flat Run, a 
tributary to Beaverdam Run, originates upstream of Lunga Reservoir and 
joins with Beaverdam Run in Lunga Reservoir.  Major tributaries of Aquia 
Creek are Cannon Creek and Long Branch.  Both of these streams originate 
within MCB Quantico, flow southeast, and discharge into Aquia Creek.  
Aquia Creek flows east into Smith Lake and is tidally influenced in its lower 
reaches.   

The Smith Lake watershed contains the largest number of identified MC 
loading areas.  Nine MC loading areas, one SAR, and 15 TAs are located 
within this watershed; portions of two other MC loading areas also fall within 
this watershed.  MC loading areas partially or fully contained within the 
watershed are Charlie Demo, DZ-Raven, Range 3A, Range 3B, Range 5, 
Range 7, Range 8, Range 8A, Range 11 (2%), Range 15A (50%), and 
Murphy Demo. 

Quantico Creek 
watershed 

 

 

The Quantico Creek watershed lies on the northeastern part of MCB Quantico 
and extends eastward off the installation boundary.  The watershed has an 
area of 22,340 acres.  Approximately 80% of the total watershed area extends 
beyond the MCB Quantico boundary.  The watershed consists of North Fork 
Quantico Creek and South Fork Quantico Creek, which join together to form 
Quantico Creek.  Only the South Fork Quantico Creek flows (partially) within 
the MCB Quantico boundary.  The South Fork Quantico Creek flows 
southeast off the installation boundary and ultimately to Quantico Creek, 
which borders the southeastern installation boundary at its lower reaches.  
Quantico Creek widens into a tidal creek in its lower reaches and discharges 
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into the Potomac River.  All of the Combat Town and LZ-Peacock MC 
loading areas and three TAs are located within this watershed. 

Chopawamsic 
Creek 
watershed 

 

A large proportion of the Chopawamsic Creek watershed (approximately 
92%) lies within MCB Quantico.  Small parts of the watershed on the east 
extend beyond the installation boundary.  The Chopawamsic Creek 
watershed, which has an area of 21,890 acres, is located in the east-central 
part of MCB Quantico.  The watershed contains intermittent and perennial 
streams, Breckenridge Reservoir, Buffalo Pond, and associated wetlands.  
Breckenridge Reservoir is the primary drinking water source for MCB 
Quantico.  Streams within this watershed generally flow in a southeast 
direction.  The watershed includes North Branch, Middle Branch, and South 
Branch Chopawamsic Creeks, which are tributaries of Breckenridge 
Reservoir.  Chopawamsic Creek flows southeast from Breckenridge Reservoir 
through wetland areas, where it widens into a tidal creek and discharges into 
the Potomac River.    

All of the LZ-Peregrine, LZ-Falcon, and Range 14 Combined, and WTBN 
Combined Ranges MC loading areas, 11 SARs, and 13 TAs are located 
within this watershed.  All of the SARs within the watershed are located 
upstream of the Breckenridge Reservoir. 

Known water 
quality 
characteristics 

 

 

 

Based on the water samples collected and analyzed by the USGS at various 
locations in Breckenridge Reservoir (Lotspiech, 2012) and in the three major 
tributaries to Breckenridge Reservoir (North Branch Chopawamsic Creek, 
Middle Branch Chopawamsic Creek, and South Branch Chopawamsic 
Creek), the water quality of the reservoir generally was determined to be 
similar to other reservoirs in the region.  During the study, the measured water 
quality parameters indicated that the reservoir is not in violation of published 
State Water Control Board (SWCB) ambient water quality standards.  Water 
quality parameters (water temperature, dissolved oxygen concentration, 
specific conductance, pH, and turbidity) were measured, and water samples 
were analyzed for pesticides and metals.  From the pesticide analyses, only 
atrazine was detected to be above the laboratory minimum reporting level.  
Atrazine concentrations of 0.008 micrograms per liter (µg/L) and 0.010 µg/L 
were found near the surface and bottom of the reservoir, respectively, at all 
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sample locations.  The U.S. Environmental Protection Agency (USEPA) 
maximum contaminant level for atrazine is 3.0 µg/L, so these detections were 
below the drinking water standard. 

Sediment samples also were collected at three different locations as part of 
the USGS study within the Breckenridge Reservoir and analyzed for metals: 
arsenic, cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, 
nickel, phosphorus, selenium, and zinc.  Sediment concentrations of arsenic, 
cadmium, and mercury in the reservoir were similar to analyzed 
concentrations in other reservoirs in the region.  However, concentrations of 
most other metals in the Breckenridge Reservoir, especially iron and lead, 
were much higher than in other reservoirs.  The SWCB currently does not 
have criteria for sediment concentrations of metals; however, the lead 
sediment concentrations at two of the three locations sampled in the reservoir 
are above DoD and USEPA Region 3 ecological screening values of 47 
milligrams per kilograms (mg/kg) and 35.8 mg/kg, respectively. 

According to the 2011 annual drinking water quality report, the Virginia 
Department of Health (VDH) conducted source water assessment of the 
drinking water systems at MCB Quantico in 2002.  Based on the testing 
conducted for the Mainside water system where the source water is 
Breckenridge Reservoir, there was no evidence of constituents in the water 
exceeding regulatory limits.  However, based on activities in the watershed, 
Smith Lake, which is the source water for the Camp Barrett water system, 
was determined to have high susceptibility of containing constituents in the 
water that potentially could exceed regulatory limits.   

Based on the regular monitoring of the water distribution systems at MCB 
Quantico conducted by MCB Quantico Utilities and Stafford County, both 
Mainside and Camp Barrett water systems generally were in compliance for 
all regulated water quality parameters (MCB Quantico, 2011).  The only 
exception was in 2010, when two samples of the Camp Barrett water system 
showed elevated levels of lead, but retesting showed results were 
nondetectable.  

As part of the REVA baseline analysis for MCB Quantico, samples for 
explosives, perchlorate, lead, and other water quality parameters were 
collected at select surface water locations in the Smith Lake and Cedar Run 
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watersheds in June 2008 and July 2010 (Malcolm Pirnie, 2011; Malcolm 
Pirnie, 2010).  Explosives were not detected in any samples collected during 
these sampling events.  During the June 2008 sampling event, total and 
dissolved lead were detected in all samples collected in Smith Lake and Cedar 
Run watersheds (total lead ranging from 0.17 to 7 µg/L and dissolved lead 
ranging from 0.15 to 1.5 µg/L), but the concentrations were below the DoD 
drinking water screening value of 15 µg/L for total lead and dissolved lead 
and the DoD surface water screening value of 2.5 µg/L for dissolved lead.  
During the July 2010 sampling event, total and dissolved lead were detected 
only in samples from the Smith Lake Reservoir (total lead ranging from 0.56 
to 0.92 µg/L and dissolved lead ranging from 0.20 to 0.29 µg/L).  These 
concentrations were below the DoD drinking water and surface water 
screening values for total and dissolved lead.  During the July 2010 sampling 
event, total and dissolved lead were not detected in samples collected in the 
Cedar Run watershed or in the Smith Lake watershed outside of the Smith 
Lake Reservoir.  Perchlorate was detected in all samples collected during the 
June 2008 and July 2010 sampling events (ranging from 0.009 to 0.16 µg/L).  
All detected concentrations of perchlorate were below the DoD drinking 
water screening value of 15 µg/L and the DoD surface water screening value 
of 9300 µg/L for perchlorate.  During both sampling events, pH ranged from 
2.74 to 7.08; dissolved oxygen ranged from 2.82 to 9.35 milligrams per liter 
(mg/L); and hardness ranged from 11 to 97 mg/L.   

REVA sampling in surface water (at locations within the Cedar Run, Smith 
Lake, and Chopawamsic Creek watersheds) was conducted in July 2012 as 
part of the REVA five-year review as well as part of the continued monitoring 
at MCB Quantico.  Sediment and surface water were sampled at locations 
within the Chopawamsic watershed, including Breckenridge Reservoir and 
streams draining to and from the Breckenridge Reservoir, in August and 
October 2012.  Discussions of the sampling analysis results are included in 
Section 7.   

Designated 
beneficial uses 

Based on the determinations made by the Virginia Department of 
Environmental Quality and Virginia Department of Conservation and 
Recreation (VDCR) (2010), the designated uses for perennial waters in MCB 
Quantico include aquatic life, fish consumption, shellfish consumption, 
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recreation, and wildlife.  The Chopawamsic Creek area is classified as a 
nursery for commercial fish and sports fish (MCB Quantico et al., 2007).  In 
addition to these designated uses, the Breckenridge, Lunga, and Smith Lake 
Reservoirs also have been designated for public water supply.     

The three reservoirs (Breckenridge, Lunga, and Smith Lake) are drinking 
water sources at MCB Quantico.  Mainside receives water from Breckenridge 
Reservoir after treatment.  This reservoir is approximately 98 acres in size.  
During periods of low water, water is pumped from Lunga Reservoir to 
replenish Breckenridge Reservoir (MCB Quantico et al., 2007).  The Lunga 
Reservoir, which is approximately 670 acres, is used only as a backup 
drinking water source for the base.  The primary use of this reservoir is for 
recreational purposes; however, it was closed indefinitely in 2012 due to 
concerns raised when UXO was discovered on land near the reservoir.  It was 
enrolled in the MMRP in July 2013.  The Smith Lake Reservoir is a drinking 
water source for Stafford County residents and most of the Guadalcanal 
section of the base, including Camp Barrett, the FBI Academy and 
Laboratory, the DEA Academy, and the WTBN (MCB Quantico et al., 2007).  
Smith Lake also is used for recreational purposes, such as fishing, boating, 
and hunting. 

Supported 
habitats/ 
ecosystems 

 

MCB Quantico provides a diversity of species and habitat types.  A variety of 
wildlife species, including amphibians, reptiles, mammals, and birds, inhibit 
MCB Quantico (MCB Quantico et al., 2007).  Predominant wildlife includes 
deer, turkey, squirrel, rabbit, quail, grouse, dove, waterfowl, fox, beaver, 
muskrat, skunk, and raccoon.  Otter and mink also have been reported to exist 
in nearby water bodies (MCB Quantico et al., 2007).  There are various types 
of freshwater fish that exist within the installation.   

Approximately 3,900 acres of wetlands exist within MCB Quantico.  Of 
these, 525 acres are associated with Chopawamsic Creek and the Potomac 
River (EFA Chesapeake, 2002b).  These wetlands are tidally influenced and 
support both aquatic and semiaquatic vegetation.  The Chopawamsic Creek 
area is classified as a nursery for commercial fish and sport fish.  Typical 
plants found at the MCB Quantico wetlands include marsh grasses, mud 
algae, and phytoplankton.  Aquatic wildlife includes white perch, yellow 
perch, silversides, gizzard shad, striped bass, American eel, striped killfish, 
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bluegill, pumpkinseed, spottail shiner, mosquito fish, shad, and herring (MCB 
Quantico et al., 2007).    

Two plant species on MCB Quantico (small whorled pogonia [SWP] and 
harperella) and two animal species (bald eagle and dwarf wedgemussel) are 
federally and state-listed as threatened or endangered (T/E) (MCB Quantico 
et al., 2007).  Additionally, five plant and two animal species are state-listed 
rare or are identified as state special concern species.  Additional information 
on T/E species and species of special concern is provided in the Natural 
Resources Profile. 

Gaining or 
losing streams 

Groundwater at MCB Quantico generally discharges to streams and other 
water bodies, such as lakes and reservoirs.  As a result, streams at MCB 
Quantico generally are gaining.   

Surface water 
collection points 

 

 

 

There are three reservoirs within MCB Quantico where water accumulates 
and then is used for drinking after treatment: Breckenridge Reservoir (in 
Chopawamsic Creek watershed), Lunga Reservoir, and Smith Lake Reservoir 
(both in Smith Lake watershed).  Other water collection points are ponds, 
including Dalton and Camp Upshur Ponds (both in Cedar Run watershed), 
Range 6 and Camp Barrett Ponds (both in Smith Lake watershed), and 
Buffalo Pond (in Chopawamsic Creek watershed).  Furthermore, storm water 
retention ponds, golf course ponds, and sewage lagoons found within the 
installation are water collection points.   

 

4.5. Groundwater Profile 
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Groundwater 
basins 

Groundwater in Virginia is not designated by basins.  On a regional basis, 
groundwater is divided into five general physiographic provinces that are 
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further divided based on bedrock geology, topography, or depth of 
occurrence: 

1. Coastal Plain 
a. Shallow 
b. Deep 

2. Piedmont 
a. Western Foothills 
b. Eastern Lowlands 
c. Northern Highlands 
d. Triassic Basins 

3. Blue Ridge 
4. Valley and Ridge 

a. Great Valley (Carbonate) 
b. Northwestern Ridge (Siliciclastic) 

5. Cumberland (or Appalachian) Plateau 
 

Individual aquifers occur within these subdivisions.   

The groundwater system underlying MCB Quantico and the surrounding 
area is complex, with groundwater occurring in numerous bedrock and 
unconsolidated units.  The area generally west of I-95, predominately the 
Guadalcanal area, is located within the Piedmont physiographic province.  
The northwestern-most corner of the installation is located within the 
Culpeper Triassic Basin, while the remainder of the Guadalcanal area is 
within the Eastern Lowlands.  As such, the majority of the Guadalcanal 
area overlies fractured bedrock, unconsolidated saprolite, and other 
sediment, which vary in thickness from a few feet to over 100 feet.  Based 
on drilling activities to install monitoring wells around the perimeter of 
MCB Quantico for the REVA baseline assessment, depths to competent 
bedrock at the installed monitoring wells varied from 10 feet below 
ground surface (bgs) to approximately 160 feet bgs (Malcolm Pirnie, 
2011).  The Mainside area predominately overlies the unconsolidated 
sediments associated with the Coastal Plain physiographic province.  
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Aquifer Systems in the Piedmont Physiographic Province  

The majority of the Piedmont province in the area surrounding MCB 
Quantico consists of metamorphic and, locally, sedimentary rocks (Figure 
3-2), which generally have very low primary permeability.  The highest 
well yields in the Piedmont province are where large, water-filled bedrock 
fractures are overlain by thick, saturated saprolite.  The saprolite and the 
bedrock have very different porosities.  The saprolite, which has a high 
primary porosity, serves as a reservoir for groundwater.  The fractured 
bedrock has a moderate to high secondary permeability, allowing flow of 
groundwater to springs, streams, and wells (Brown, 1981; McFarland, 
1996; Heath, 1984). 

Most wells, especially those with moderate yields, are cased through the 
saprolite but finished with open holes in the bedrock.  The yield and 
sustainability of these well supplies are dependent on the number and size 
of the bedrock fractures intersected by the well, the thickness of the 
saprolite, and the hydrologic relationship between the bedrock and the 
saprolite (Heath, 1984; Swain et al., 1991; Brown, 1981; McFarland, 
1996).  Highly fractured zones of bedrock normally are found in valleys, 
gullies, and surface depressions (Heath, 1984).  Saprolite is generally 
thickest on gentle slopes, valley floors, and large, flat upland areas without 
rock outcrops (Brown, 1981).  Areas with a combination of large and 
numerous bedrock fractures and thick saprolite normally are good 
locations for water supplies and are found in some valleys or sides of the 
valleys of the Piedmont province (Swain et al., 1991; Heath, 1984).   

Bedrock fractures are most numerous and largest near the bedrock surface.  
Estimates of the maximum depths of water-bearing fractures vary from 
300 to 800 feet (McFarland, 1996).  Well yields in the Piedmont generally 
vary from less than 1  to 100 gallons per minute (gpm), with the majority 
of yield measurements for wells varying from a few gallons per minute to 
approximately 20 gpm.  The well yield in any particular well is highly 
dependent on the nature of the fracture system that the well intercepts 
(Laczniac and Zenone, 1985; Nelms and Brockman, 1997).   

Although the water table can be in the bedrock, it generally is found in the 
saprolite.  The surficial aquifer is unconfined in most locations, but there 
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can be artesian heads in deep fractured bedrock.  The majority of the 
groundwater flow is in the top 30 feet in the saprolite/bedrock transition 
zone and the higher density fractures of shallow bedrock (McFarland, 
1996). 

Aquifer Systems in the Culpeper Triassic Basin  

The Culpeper Basin (present in the northwest-most corner of the 
installation) is composed primarily of sandstones and siltstones, which 
generally have low primary permeability.  However, locally intense 
fracturing and the presence of high frequency intersections between 
closely to widely spaced fractures and bedding plane partings allow 
sustained yields from wells for the aquifer sufficient use as a public water 
supply (Laczniac and Zenone, 1985; Nelms and Brockman, 1997).  
Metamorphic units occupying the center of the basin generally have low 
water-bearing potentials.   

Well yields in the Culpeper Basin generally vary from less than 1 gpm up 
to 1,000 gpm, with the majority varying from a few gallons per minute to 
approximately 20 gpm.  Typical well yields generally increase with depth.  
Additionally, yields in wells open to sedimentary units generally are 
significantly greater that those open to igneous or metamorphic units 
(Laczniac and Zenone, 1985; Nelms and Brockman, 1997).  The Culpeper 
Basin is considered to have a moderate to excellent water-bearing potential 
and is used locally as a public water supply.  

Aquifer Systems in the Coastal Plain Physiographic Province 

A small portion of the southeast corner of MCB Quantico (Mainside of the 
installation) underlies unconsolidated sediments of the Coastal Plain.  The 
geologic materials of the Coastal Plain consist of sand, gravel, and clay 
layers that dip and thicken to the east.  Groundwater within this region 
moves through primary porosity.  Many of the units that make up the 
Coastal Plain are considered to have very good to excellent water-bearing 
potential and are used throughout the region as a viable water supply 
(Laczniac and Zenone, 1985; Nelms and Brockman, 1997). 

Designated Virginia does not subdivide groundwater based on beneficial use.  Rather, 
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beneficial uses 

 

 

Virginia considers all groundwater as having the potential to meet their 
highest beneficial use (drinking water).  Additionally, groundwater in and 
around MCB Quantico is used for drinking, agricultural supply, and mining 
activities (Malcolm Pirnie, 2011).   

Two wells located near the northwest boundary of the installation supply 
potable water to the installation through the Camp Upshur water system.  A 
third well is present but currently inactive.  These wells are within the 
Culpeper Triassic Basin and likely tap fractured sandstone and shale.  Other 
private and public water supply wells located off-installation are shown in 
Figure 4-4.  Wells east of I-95 generally withdraw groundwater from a 
Coastal Plain aquifer, wells between I-95 and the approximate groundwater 
flow divide in Figure 4-4 withdraw groundwater from the Piedmont Eastern 
Lowlands, and wells northwest of the approximate groundwater flow divide 
withdraw groundwater from the Culpeper Triassic Basin. 

Shallow groundwater at MCB Quantico discharges to surface waters, such 
as reservoirs that are drinking water sources for the installation and nearby 
residents (e.g., Stafford County residents).   

Groundwater 
supply wells 

There are three supply wells located at MCB Quantico; however, only two 
of these wells are used to provide potable water to Camp Upshur.  One well 
is no longer used (MCB Quantico, 2012c).  The two active wells pump 
groundwater from fractured bedrock within the Culpeper Basin.  They are 
screened at depths of 300 feet bgs (Tetra Tech NUS, 2011).  Based on 
pumping data for the wells for 2008 and 2009, the average water withdrawn 
by the wells is approximately 14,600 gallons per day (MCB Quantico, 
2012a). 

In addition to the water supply wells at MCB Quantico, there are many off-
installation wells located immediately outside the installation boundary and 
within a 1-mile radius of MCB Quantico (Figure 4-4).  These mostly 
consist of residential wells.  As shown in Figure 4-4, large clusters of off-
installation supply wells are located along the northern and southwestern 
borders of the installation boundary.  Depths of the wells located along the 
southwest and south installation boundary in the Piedmont vary from 
slightly over 100 feet bgs to over 400 feet bgs, with the majority of well 
depths ranging between 200 and 400 feet bgs (Malcolm Pirnie, 2011).  
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Wells located to the northeast of the installation also in the Piedmont are 
generally shallower, varying from less than 100 feet bgs to over 400 feet 
bgs, with most wells drilled between 100 and 300 feet bgs.  Wells located to 
the northwest of the installation in the Culpeper Basin have depths ranging 
from less than 100 to approximately 300 feet bgs.  Wells located along the 
southeast and south installation boundary in the Coastal Plain have depths 
generally ranging from approximately 200 to 400 feet bgs.      

 

   



Section 4 
Conceptual Site Model 

 

4-36 

 

Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

 

 

 

 

 

 

 

 

This page intentionally left blank   



REVA
FIGURE 4-4

GROUNDWATER FEATURES

MCB QUANTICO
QUANTICO, VA

COORDINATE SYSTEM: UTM
ZONE: 18N
DATUM: WGS 1984

DATE: OCTOBER 2013

SOURCE: MCB QUANTICO/NREA GIS Office 2012
                 MCB QUANTICO/RANGE CONTROL OFFICE 2011
           

0 7,500 15,0003,750

Feet

³

LEGEND

Installation Boundary

MC Loading Area

U.S. Highway

U.S. Route

State Route

Stream/River Permanent

Stream/River Seasonal

Groundwater Flow Direction (assumed)

Approximate Location of Off-Site Wells

     Depth (feet)

Unknown

1 - 200

201 - 300

301 - 400

401 - 2254

��1

��234

��619

Aquia Creek

Cedar Run

North Chopawam
sic Creek

M
iddle Chopawamsic Creek

South Chopawamsic Creek

Chopawam
sic Creek

Smith Lake
Reservoir

Lunga
Reservoir

Breckenridge
Reservoir

Beaverdam
 Run

Quantico Creek

S
ou

th
F

o
rk

Quantico Creek

P
o
to

m
a
c

R
iv

e
r

G
eneral Direction of  Groundwater Flow

Appro
xim

ate
 L

ocatio
n o

f 
A
ss

um
ed

 G
ro

undw
at

er
 
D

iv
id

e

Note: Generalized groundwater flow 
vectors are for non-pumping conditions.

���95

N
orth

Fork

Q
u
an

tico

Creek



Section 4 
Conceptual Site Model 

 

4-38 

 

Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

 

 

 

 

 

 

 

 

This page intentionally left blank 

   



 Section 4
Conceptual Site Model

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

4-39 

 

CSM Information Profiles – Groundwater Profile 

Information 
Needs 

Information 

Recharge 
source(s) 

Groundwater recharges the unconfined saprolite in the Piedmont province 
and Coastal Plain province by infiltration of precipitation in most areas 
outside the floodplains.  Recharge to the bedrock aquifer occurs through 
percolation from the overlying saprolite layer.  Recharge to the confined 
aquifers in the Coastal Plain province is predominately through the 
outcrops of sandy sediments, but recharge also can reach the aquifers by 
percolating slowly through silt or clay confining layers (Heath, 1984).  
Recharge in the area of MCB Quantico is estimated to range from 1 to 12 
inches per year (in/yr) (Swain et al., 1991; McFarland, 1996; Nelms et al., 
1997; Heath, 1984).  Based on soil type, land cover, and slope at the 
identified MC loading areas, recharge was estimated to range from 3.7 to 
6.5 in/yr.   

Although the aquifers are recharged by precipitation, the rate and timing of 
the recharge are controlled by evapotranspiration.  Precipitation is relatively 
constant during the year, but evapotranspiration occurs mostly during warm 
months (high temperature) and the growing season (high transpiration).  
The groundwater table rises between January and May, when 
evapotranspiration is at a minimum and more precipitation passes through 
the root zone, percolating to the saturated zone.  Between June and 
December, the water table drops because most of the precipitation returns 
to the atmosphere through evapotranspiration (McFarland, 1996).  

Most of MCB Quantico is forested and, therefore, covered with a thick 
layer of forest litter.  Even on steep slopes, very little of the precipitation 
runs off.  Instead, it seeps into the forest litter and reaches the soil zone 
(Heath, 1984). 

Porous or 
fracture flow 

 

Groundwater flow is generally porous-media flow through the saprolite and 
weathered rock transition zone overlying bedrock in the Piedmont and 
Culpeper Basin and through the unconsolidated sediments of the Coastal 
Plain at MCB Quantico.  The saprolite in the Culpeper Basin generally 
consists of silty sand, whereas it consists of silty sand with a significant 
component of clay in the Piedmont Eastern Lowlands.  The Coastal Plain 
sediments generally consist of thickly bedded, poorly sorted, fine- to 
coarse-grained sand interbedded with clay and silt.  

Fracture flow occurs within the fractures and joints of the bedrock that 
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underlies the saprolite and transition zone over a large portion of MCB 
Quantico.  In these fracture flow systems, orientation and interconnection 
of the fractures can affect groundwater flow directions. 

Depth to 
groundwater 

 

 

 

Groundwater levels vary seasonally from a high in April to a minimal level 
in October (Brown, 1981).  Based on a few known water levels within the 
installation, depths to groundwater are generally very shallow (less than 10 
feet bgs) in stream valleys or near perennial streams and deeper underlying 
uplands.  Depth to groundwater is greatest near the tops of ridges.  Based 
on water level measurements at monitoring wells installed around the 
perimeter of MCB Quantico as part of the REVA assessment, the depth to 
groundwater typically ranges from 10 to 50 feet bgs.  Based on all known 
water level measurements conducted at the installation, the depth to 
groundwater at MCB Quantico can range from approximately 6 to 300 feet 
bgs (Tetra Tech, 2001; Potomac-Hudson and Baker, 2006; Tetra Tech, 
2005).  

Gradient and 
flow velocity 

 

 

 

 

 

 

 

The majority of groundwater flow at MCB Quantico occurs in the top 30 
feet of the saprolite/bedrock transition zone and in the higher density 
fractures of shallow bedrock (McFarland, 1996).  The water table in the 
area generally conforms to surface topography.  As such, a large regional 
groundwater divide is expected to exist along the northwestern border of 
the installation, extending northward to the general area of Independent Hill 
(Figure 4-4).  Like surface water, groundwater west and north of this 
divide generally flows to the northwest toward Cedar Run.   

Groundwater south and east of the divide generally flows southeast toward 
the Potomac River.  Groundwater levels available for wells on the 
installation and data for areas off installation verify this regional pattern 
(Nelms and Brockman, 1997).  Shallow groundwater where streams have 
deeply incised a valley may depart locally from this regional flow pattern.  
Factors other than topography that can affect groundwater flow directions 
at MCB Quantico include fracture orientation and interconnection, the 
presence of groundwater withdrawals (such as supply wells), and surface 
impoundments. 

Based on groundwater elevations from three environmental sites near the 
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DZ-Raven and the Charlie Demo MC loading areas (Rifle Range Sewage 
Treatment Plant, Municipal Landfill and Camp Barrett Disposal Area), 
gradient of the shallow groundwater flowing toward Smith Lake Reservoir 
was estimated to range from 0.018 to 0.030, with an average value of 0.023 
(Tetra Tech, 2001; Tetra Tech, 2005; Potomac-Hudson and Baker, 2006).  
Based on these gradient estimates and estimates of a hydraulic conductivity 
value and an average effective porosity for sandstone saprolite (McFarland, 
1996; Heath, 1984; Swain et al., 1991; Nelms et al., 1997), velocity of the 
groundwater in saprolite near the DZ-Raven and the Charlie Demo MC 
loading areas is estimated to range from 25 to 41 feet per year (ft/yr) with 
an average velocity of 32 ft/yr.  Groundwater flow velocity in fracture rock 
varies significantly, based in large part on size of the open fractures, degree 
of interconnection with other fractures, and proximity to discharge areas 
(streams or wells). 

Known water 
quality 
characteristics 

 

 

 

 

 

Groundwater in the Culpeper Basin where the installation supply wells 
draw water is calcium-magnesium bicarbonate to calcium-magnesium 
sulfate dominated (Nelms and Brockman, 1997).  Based on measured 
groundwater quality at wells in Prince William County, Virginia from 1990 
through 1991, the median pH in Culpeper Basin was 7.5, the median 
dissolved oxygen was 2.6 mg/L, and the median total dissolved solids was 
273 mg/L.  According to the 2011 annual drinking water quality report, 
VDH conducted a source water assessment of the drinking water systems at 
MCB Quantico in 2002.  Based on the testing conducted for the Camp 
Upshur water system where the sources of water are the two installation 
supply wells, there was no evidence of constituents in the groundwater 
potentially exceeding their respective regulatory limits.  Furthermore, based 
on the regular monitoring of the water distribution systems at MCB 
Quantico, the Camp Upshur water system was in compliance for all 
regulated water quality parameters (MCB Quantico, 2011). 

Groundwater was sampled in 2009, 2010, and 2012 as part of the REVA 
baseline analysis and the five-year review.  Each sampling event included a 
subset of or all 11 monitoring wells, which are installed in the bedrock 
aquifer around the perimeter of the installation.  Two water supply wells 
were sampled in 2010 and 2012.  Samples were analyzed for explosives, 
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perchlorate, and total and dissolved lead. 

Explosives were not detected in the water supply wells in either 2010 or 
2012.   

Sporadic explosive detections have been detected in monitoring wells, and 
all results have been far below DoD screening values.  In 2009, 2-amino-
4,6-dinitrotolune was detected in two monitoring wells: one well is located 
in southeastern Guadalcanal area, and the other is located in western 
Guadalcanal area.  1,3,5-Trinitrobenzene was detected in 2010 in a well 
located in the southern Guadalcanal area (Malcolm Pirnie, 2010).  No 
explosives were detected in 2012.    

Perchlorate, total lead, and dissolved lead were detected in both of the 
supply well samples in 2010 and 2012 below the DoD and Virginia 
screening values.   

Perchlorate has been detected in three to six monitoring wells at each of the 
sampling events at concentrations far below the DoD screening value.  
Total lead was detected in 6 to 10 monitoring wells, and the only 
exceedance occurred in 2012 at a monitoring well on the western side of 
the installation.  Turbidity was relatively high during sampling, and 
dissolved lead was not detected in this well, indicating detected lead was 
likely associated with sediment and relatively immobile.  Dissolved lead 
was detected in zero to six monitoring wells during the sampling events.  
No dissolved lead concentrations exceeded the DoD or Virginia screening 
values. 

Discharge 
location(s) 

 

Groundwater at MCB Quantico discharges as interflow and base flow to the 
numerous streams and rivers in the area.  Interflow can discharge to streams 
for several weeks after a precipitation event (McFarland, 1996).  
Groundwater also discharges to the three reservoirs on base.  In the Coastal 
Plain province, groundwater discharges to estuaries (such as the Potomac 
River) in addition to streams (Heath, 1984).  Other groundwater discharge 
locations include the two actively used drinking water supply wells located 
near the northwestern boundary of the installation and the off-installation 
water supply wells located near MCB Quantico. 
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Land use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The primary purpose of MCB Quantico is providing training for general 
combat by having a varied background in tactical operations and performing 
research and development of Marine Corps equipment.  As a result, the 
majority of MCB Quantico’s land area always has been devoted to outdoor 
TAs and live-fire ranges.  Approximately 3,000 of the 59,000 acres of MCB 
Quantico are considered improved ground, consisting of turf lawns, golf 
courses, parade grounds, and athletic fields.  Approximately 870 acres are 
semi-improved areas used for wildlife, aesthetics, and erosion control.  
Approximately 3,900 acres of MCB Quantico consist of various types of 
wetlands.  Approximately 360 acres consist of buildings and associated 
paved areas.  The remaining area (approximately 50,870 acres) is 
unimproved land, which includes woodlands, wildlife management areas, 
artillery ranges, demolition areas, and other military use areas (Tetra Tech 
NUS, 2011).   

Within the installation, there are non–Marine Corps managed properties.  
These include the town of Quantico, which is entirely located within the 
installation along the northeastern boundary of the base, and the Department 
of Justice complex consisting of the FBI laboratory, DEA/FBI academics, 
and shooting ranges, which are located within the central portion of the 
installation (Tetra Tech NUS, 2011).  Other tenants within the installation 
include colleges, schools, and other Marine Corps Commands (including 
Marine Corps Systems Command, Marine Security Guard, Marine 
Helicopter Squadron One, Marine Corps Air Facility, Marine Corps 
Recruiting Command, Navy-Marine Corps Relief Society, Human 
Resources and Organizational Management, Defense Commissary Agency, 
WTBN, and Joint Non-Lethal Weapons Directorate).  The American Red 
Cross and Defense Commissary are also tenants of the installation. 

Land surrounding MCB Quantico is generally rural, residential, or 
recreational.  Prince William Forest Park is located northeast of the 
installation.  This national park covers approximately 17,000 acres and is 
used for camping, hiking, and picnicking.  Also to the northeast is the 
Quantico National Cemetery, encompassing 726 acres near I-95 and 
Virginia State Route 619.  Locust Shade Park is located adjacent to the 
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 Quantico National Cemetery and between I-95 and U.S. Route 1.  The 
southern and western areas of the installation are primarily rural with 
occasional housing development located near State Route 610.  The town of 
Triangle borders the MCB Quantico main gate along U.S. Route 1. 

Encroachment is caused by factors that degrade or have the potential to 
degrade the mission’s capability of an installation.  This is an issue at MCB 
Quantico because of the populated area in which the installation is located, 
and many residential homes are located immediately outside the installation 
boundary.  Encroachment issues of moderate concern include urban growth, 
airborne noise, and air and land space restrictions.    

Current human 
receptors 

 

 

Streams and other surface water bodies, including ponds, lakes, reservoirs, 
and wetlands, are located in and around MCB Quantico.  Three reservoirs 
on the installation (Breckenridge, Lunga, and Smith Lake) are used as 
potable water supply for the base and neighboring residents.  Also, Lake 
Jackson, which is located downstream of Cedar Run approximately 5 miles 
north of the installation in Prince William County, is a water supply source 
for the city of Manassas.  Cedar Run, which flows along the northern 
boundary of the installation, flows to Lake Jackson.  Lunga and Smith Lake 
Reservoirs and the perennial streams and ponds within the installation also 
are used for recreational purposes (such as swimming, fishing, boating, and 
hunting).  The Chopawamsic Creek area is classified as a nursery for 
commercial fish and sports fish (MCB Quantico et al., 2007).  

Two groundwater supply wells within the installation also supply potable 
water to the installation.  Additionally, there are off-installation wells 
located immediately outside the installation boundary and within a 1-mile 
radius of MCB Quantico that supply water for potable, commercial, and 
industrial uses to nearby residents and industries.   

Land use 
restrictions  

 

 

At MCB Quantico, access is highly restricted in areas including ammo 
supply dumps, dud areas, and demolition ranges.       

Training is restricted in areas such as cantonment areas, housing and office 
areas, Installation Restoration Program and MMRP environmental cleanup 
areas, and landfills.  The use of military munitions on Mainside (consisting 
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 of TA-2 through TA-4) is unauthorized. 

Through the designation of protected natural areas and establishment of 
buffer zones for T/E species, the installation minimizes adverse impacts to 
species and natural areas from training activities and installation operations.  
Designation of protected natural areas helps to promote the preservation of 
the areas in their natural state for the enjoyment of military families and the 
public.   

 

4.7. Natural Resources Profile 

CSM Information Profiles – Natural Resources Profile 
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Needs 
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Ecosystems  MCB Quantico is located within the eastern deciduous forest biome of 
North America (MCB Quantico et al., 2007).  The area lies within an 
ecological transition zone between the hardwood forests to the north and 
the fire-maintained pine ecosystems to the south and contains species 
characteristic of both regions.  TAs, forests, urban areas, and grasslands all 
contribute to the habitat resources at MCB Quantico.  Terrestrial habitat 
resources comprise about 94% of MCB Quantico lands.  Approximately 
6% of the installation is classified as wetlands.  There are approximately 4 
miles of managed trout streams, 12 miles of tidal shoreline, and eight ponds 
and lakes at MCB Quantico.   

Vegetation Nearly 80% of the MCB Quantico land area is forested (MCB Quantico et 
al., 2007).  The forested land is used for training, recreation, timber, 
aesthetics, wildlife management, and watershed protection.  Forested lands 
are grouped into four primary habitat types: hard mast-producing 
hardwoods (HMHD), mixed pine hardwoods (PHWD), non-mast-
producing hardwoods (NMHD), and conifers (CONI).   
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HMHD Forests 

HMHD Forests comprise about 56% of the forests at MCB Quantico and 
49% of the land area.  The primary trees include white oak, southern red 
oak, northern red oak, hickories, and American beech.  These species all 
produce nuts that have high nutritional value and are used as a primary food 
source by wildlife.  At MCB Quantico, the availability of hard mast plays a 
significant role in the health of many wildlife populations and is a large part 
of the winter food supply for these animals.  

PHWD Forests 

These comprise approximately 17% of the forestland at MCB Quantico.  
These forests mainly consist of mature pine stands. 

NMHD Forests    

These forests comprise approximately 5% of the total forested area.  Most 
NMHD forestland is comprised of species such as yellow poplar, sweet 
gum, sycamore, and river birch, which can survive in seasonally saturated 
soils.  Much of the NMHD is located along riparian areas and is classified 
under the U.S. Fish and Wildlife Service wetland classification system as 
palustrine forested wetlands. 

CONI Forests 

These forests cover over 20% of the forested area.  The predominant tree 
species is the Virginia pine.  Some natural stands of shortleaf pine also 
exist.  Other species, such as eastern white pine, table-mountain pine, and 
pitch pine, occur as few scattered trees. 

Approximately 9% of MCB Quantico consists of grassland areas.  
Grassland areas at MCB Quantico are found in non-forested upland areas 
that include semi-improved and improved grounds.  Grassland areas are 
categorized into four primary habitat types: native grasses, scrub, and 
seedlings; cultivated legume and tall grass pastures; cultivated small grain 
fields; and managed turf grasses.  Native grasslands, which constitute over 
30% of the grassland, typically occur near explosive impact areas.  These 
grasslands are the result of frequent fires that occur as a result of military 
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CSM Information Profiles – Natural Resources Profile 

Information 
Needs 

Information 

training exercises and prescribed burning.  The fires control invasion of 
woody plant species and help maintain a healthy native grassland 
community. 

Wetlands constitute approximately 6% of the MCB Quantico area. MCB 
Quantico wetlands identified by the National Wetlands Inventory, U.S. Fish 
and Wildlife Service consist of palustrine, riverine, and lacustrine wetlands.  
Palustrine wetlands are shallow freshwater wetlands that are found within 
the Chopawamsic Creek, Aquia Creek, Cedar Run, and Quantico Creek 
watersheds.  Riverine wetlands are freshwater wetlands associated with the 
deeper water habitats of flowing creeks and the Potomac River.  Wetlands 
of the Potomac shoreline, Quantico Creek, and the lower Chopawamsic 
Creek are affected by tidal fluctuations.  Lacustrine wetlands include deep 
freshwater habitats and are found at Lunga, Breckenridge, and Smith Lake 
Reservoirs and at Dalton Pond.  Typical plants found at the MCB Quantico 
wetlands include marsh grasses, mud algae, and phytoplankton. 

Fauna The large natural areas of MCB Quantico support a variety of fish and 
wildlife species.  In addition to hundreds of invertebrates, there are various 
types of amphibians, reptiles, mammalian, avian, and fish species (MCB 
Quantico et al., 2007).  Many of the species rely on the habitats found at 
MCB Quantico: stream corridors, grasslands, forest edges, and mature 
closed canopy forests.   

The following types species are found within the installation: 

Amphibians 

Various types of frogs and toads and salamanders 

Reptiles 

Various types of turtles, lizards, snakes and amphibians  

Mammals 

Pouched mammals, insect eaters, bats, flesh-eaters, gnawing mammals, 
hares and rabbits, and hoofed mammals 

Fish 
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Information 
Needs 

Information 

Various types in streams, impoundments, and tidal sections of 
Chopawamsic and Quantico Creeks 

Avian 

Various types of waterfowl and birds, including neotropical migratory birds  

Many wildlife species are resident on the installation and can be found 
throughout the year.  Other wildlife species migrate to the installation 
seasonally—such as neotropical migratory birds, like the wood thrush, 
scarlet tanager, and red-eyed vireo.  In general, the installation strives, to 
the extent practical within the military training environment, to implement 
land management programs that maintain the habitat diversity required to 
support and perpetuate the existing wildlife species. 

Special status 
species 

 

 

 

Rare animal and plant species have been identified at MCB Quantico.  The 
Division of Natural Heritage (DNH), VDCR conducted surveys in 1990 
and 1991 to identify rare and T/E species at MCB Quantico.  Further 
inventories for rare species were carried out by DNH from 1998 to 1999.  
According to their findings, the following species or communities at MCB 
Quantico have been classified as rare or T/E (VDCR, 1992; Fleming et al., 
2000; Chazal, 2000): 

Animal Species 

 Bald eagle:  This species is federally protected and state listed as 
threatened.  Bald eagles have been observed nesting on Chopawamsic 
Creek since 1984.  Since that time, nests also have been found in the 
Quantico Creek and Beaverdam Run watersheds (MCB Quantico et 
al., 2007). 

 Least bittern:  This species is state listed rare and was documented 
aboard MCB Quantico during field surveys conducted in 1991.  A 
total of three least bitterns were observed in the lower Chopawamsic 
Creek area. 

 Star nosed mole:  This is a state special concern species.  It is 
generally associated with water and occurs primarily in floodplains, 
riparian zones, fens, and bogs.  

 Dwarf wedgemussel:  This species is federally listed as endangered 
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CSM Information Profiles – Natural Resources Profile 

Information 
Needs 

Information 

and was found in Aquia Creek during a survey conducted in 1992. 

Plant Species/Communities 

 SWP:  Three populations of the SWP were listed as threatened during 
the 1992 VDCR study.  Since their discovery, SWP stems have been 
identified at 14 locations on the base (MCB Quantico et al., 2007). 

 Harperella:  A population of this federally listed endangered species 
was found to be growing in the bed of Aquia Creek.  This population 
was discovered by VDCR in 2002. 

 Buxbaum’s sedge:  This state rare plant was found in the fire-
maintained dud impact area (TA-9A) during inventory plant studies 
conducted by VDCR in 1998 and 1999. 

 Red milkweed:  This state rare plant was found in TA-9A during 
inventory plant studies conducted by VDCR in 1998 and 1999. 

 Coastal Plain/Piedmont seepage bog:  This fire-maintained natural 
community type plant was found in TA-9A during inventory plant 
studies conducted by VDCR in 1998 and 1999. 

 Oak-hickory woodland/savanna:  This fire-maintained natural 
community type plant was found in TA-9A during inventory plant 
studies conducted by VDCR in 1998 and 1999. 

 Piedmont prairie:  This fire-maintained natural community type plant 
was found in TA-9A during inventory plant studies conducted by 
VDCR in 1998 and 1999.  

Field surveys conducted for reptiles, amphibians, fishes, and invertebrates 
(including moths and butterflies) have not detected rare or T/E species of 
these types at MCB Quantico (MCB Quantico et al., 2007). 

 

4.8. Potential Pathways and Receptors 

MC accumulated in the MC loading area potentially can migrate to potential receptors via the 
following exposure pathways: 

 Surface water runoff, including sediment transport 

 Leaching to groundwater and subsequent groundwater flow 
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Exposure pathways considered in the REVA process include consumption of surface water and 
groundwater by off-range human receptors, as described in the REVA Reference Manual (HQMC, 
2009).  For groundwater, water supply wells located within and outside the installation boundary 
are considered receptor locations because the water from the wells is distributed to consumers 
within the installation and to nearby residents outside the installation.  The three surface water 
reservoirs within the installation serve as drinking water sources and, thus, are human receptor 
locations.  Exposure pathways for off-range ecological receptors (defined in the REVA analysis 
as any T/E species or species of concern) also are considered, including direct consumption of 
surface water and direct exposure to surface water.  Ecological receptor exposure to sediment, 
including dermal contact and direct ingestion, also is considered.  Other off-range exposure 
scenarios (e.g., soil ingestion, incidental dermal contact, bioaccumulation and food chain 
exposure) are not considered in the REVA process.  The potential receptors at the MCB Quantico 
installation include the following: 

 Human receptors using water from the two groundwater supply wells at Camp Upshur and 
the off-installation water supply wells located just outside of the installation boundary 

 Human receptors using water from the three reservoirs on the installation (Breckenridge, 
Lunga, and Smith Lake) and from Lake Jackson, which is a water supply source for the city 
of Manassas and is located downstream from the installation 

 T/E, rare, and special concern ecological receptors, such as the threatened bald eagles, 
endangered dwarf wedgemussel, threatened SWP, endangered harperella, and various rare 
and special concern species, which have habitat areas near major streams, impoundments, and 
estuaries 

 Human receptors (through contact and noncontact recreation) at the major streams, ponds, 
lakes, reservoirs, and estuaries 

4.8.1. Surface Water and Sediment Pathway 

Precipitation at MCB Quantico is relatively high (average of approximately 40 in/yr) and is 
distributed evenly throughout the year.  Surface water runoff is expected to be the major transport 
pathway of MC to surface water bodies located within and around MCB Quantico.  MC 
transported in groundwater also could discharge into surface water as interflow and base flow to 
streams and other surface water features, such as reservoirs.  All streams at MCB Quantico 
eventually discharge into the Potomac River estuary to the east of the installation.  The 
installation generally has gentle to relatively steep slopes (with slopes typically ranging from 2% 
to 25%).  Slopes at the identified MC loading areas range from nearly level to approximately 39% 
(MCB Quantico, 2012b).  

Most soils at MCB Quantico are moderately erodible.  In parts of the installation where the slope 
is steep and the vegetation cover is bare to sparse (frequent conditions at many of the identified 
MC loading areas), soil erosion and sedimentation would be expected to be an important 
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mechanism for MC transport to surface water.  Through surface water runoff, dissolved and soil-
associated MC could be transported to intermittent and perennial streams and to larger surface 
waters downstream.  MC transported in surface water runoff (through dissolution and adsorbed to 
eroded soil), interflow, or base flow could reach human and ecological receptor locations.  
Human receptor locations include reservoirs that are used as sources of drinking water (such as 
Lunga, Breckenridge, and Smith Lake Reservoirs).  Ecological receptor locations include surface 
waters that support ecological receptors, including T/E, rare, and special concern species (e.g., 
Chopawamsic Creek, Beaverdam Run and tributaries, Aquia Creek). 

As discussed in Section 4.4, identified MC loading areas are located in the four primary 
watershed areas within the MCB Quantico installation boundary:  Chopawamsic Creek, Cedar 
Run, Smith Lake, and Quantico Creek watersheds.  Smith Lake and Chopawamsic Creek 
watersheds, which contain MC loading areas, drain to drinking water sources located within 
MCB Quantico.  Cedar Run and Quantico Creek watersheds drain off the MCB Quantico 
installation boundary to areas that have potential human receptors through drinking water and 
recreation.  Lake Jackson, approximately 5 miles north of the installation downstream from Cedar 
Run, is a drinking water source for the city of Manassas.  South Fork Quantico Creek within the 
Quantico Creek watershed potentially is used for recreational activities.   

The Smith Lake, Cedar Run, and Quantico Creek watersheds drain off range to areas that have 
potential T/E ecological species (various T/E in Smith Lake and Chopawamsic Creek watersheds 
and designated management areas of the threatened SWP species in Quantico Creek watershed).  
Sediment transported in streams near T/E species potentially can come into contact with these 
receptors.   

Locations of all watersheds, streams, and identified MC loading areas within MCB Quantico are 
shown in Figure 4-3. 

4.8.2. Groundwater Pathway 

Groundwater pathways at MCB Quantico are very complex and unpredictable and, yet, can be 
significant because groundwater velocity can be high in the bedrock aquifer and the flow 
direction variable, depending on the fracture orientation.   

Recharge at MCB Quantico ranges from 1 to 12 in/yr (Swain et al., 1991; McFarland, 1996; 
Nelms et al., 1997; Heath, 1984).  All of the identified MC loading areas are within the 
Guadalcanal area, which generally is underlain by a saprolite layer consisting of silty sand with 
varying amounts of clay, a more permeable weathered bedrock transition zone, and fractured 
bedrock.  Surface soils in this area are generally permeable; therefore, MC have the potential to 
migrate down with the infiltrating water to the saprolite layer, where it encounters groundwater.  
Over a period of time, MC potentially can migrate through the saprolite and the transition zone to 
the bedrock fractures where the groundwater flow velocity can be very high and flow direction 
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varying based on fracture orientation, interconnection with other fractures, and location of 
groundwater discharge areas (streams and water supply wells).   

The water table at MCB Quantico generally conforms to surface topography.  Based on 
topography, there is an assumed groundwater divide across the northwestern part of the 
installation, near the southeast boundary of the Cedar Run watershed (Figure 4-4).  Groundwater 
south and east of the assumed groundwater divide generally flows southeast toward the Potomac 
River, and groundwater north and west of the assumed groundwater divide generally flows 
northwest.  Shallow groundwater where streams have incised a valley may depart locally from 
this regional flow pattern.  Other factors, such as fracture pattern (in the fractured bedrock of the 
deeper groundwater), groundwater withdrawals, and impoundments, can affect groundwater flow 
directions significantly.   

The shallow groundwater discharges to streams, lakes, and reservoirs.  As a result, groundwater 
from MC loading areas can discharge into the three drinking water reservoirs on the installation.  
However, the reservoirs at their downstream ends also can lose water to the groundwater and 
potentially contribute MC back to the groundwater.  In addition to people using the reservoirs for 
drinking purposes, people also use the streams and other surface waters for recreational purposes.  
Other potential receptors of the surface waters where groundwater potentially discharges include 
ecological receptors (as discussed in Section 4.8.1).   

The installation groundwater supply wells located north of Cedar Run, where the natural 
groundwater flow direction in the saprolite is generally to the southeast (toward Cedar Run).  
However, with the wells pumping, flow contribution is expected from areas in the southeast 
within the installation boundary.  Furthermore, because these wells are screened in the bedrock, 
they tap fractures in the bedrock and draw water from various areas, depending on the fracture 
orientation.  As a result, these wells likely receive some groundwater from the southeast where 
there are identified MC loading areas.  Similarly, off-installation supply wells that are mostly 
located just outside the installation on the southwest, south, northeast, and east potentially can 
receive groundwater from MC loading areas within MCB Quantico (Figure 4-4). 
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5. Modeling Assumptions and Parameters 

As part of the REVA five-year review effort, fate and transport screening-level modeling 
assessments were conducted for the following MC loading area at MCB Quantico: 

 Charlie Demo  Range 5 

 Combat Town  Range 7 

 DZ-Raven  Range 8 

 Goettge Demo  Range 8A 

 LZ-Falcon  Range 11 

 LZ-Hummingbird  Range 14 Combined 

 LZ-Peacock  Range 15 

 LZ-Peregrine  Range 15A 

 LZ-Vulture  TF MOUT 

 Murphy Demo  UTC-Zone B-C 

 Range 3A  UTC Zone D 

 Range 3B  WTBN Combined Ranges 

The MC loading areas were selected for quantitative transport modeling based on their current 
use of munitions containing HE and their proximity to potential down gradient receptor locations.  
The purpose of the fate and transport screening-level assessment is to determine the potential for 
release of MC in surface water, groundwater, and sediment from the identified MC loading areas.  
If the results of the screening-level assessments indicate a potential release of MC, additional 
assessments (such as sampling) were conducted.  Otherwise, no further assessment was 
conducted, and the identified MC loading areas will be reassessed in the next five-year review to 
ensure that continued loading at these sites are not impacting surface water, sediment, and 
groundwater.  The surface water, sediment, and groundwater screening-level modeling 
assessment methods and assumptions are presented in the following sections. 

5.1. Surface Water and Sediment Modeling Assumptions 

The analyses of potential surface water and sediment impacts for MCB Quantico were conducted 
following the REVA process described in the REVA Reference Manual and the REVA 5-Year 
Review Manual (HQMC, 2009; HQMC, 2010).  The initial step is a qualitative analysis of the 
surface water and sediment conditions based on the CSM, described in detail in Section 4, 
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including the identification of potential exposure pathways, migration routes, and potential 
receptors (human and ecological).  When these qualitative analyses indicate a potential for MC 
migration from MC loading areas to surface water receptors, screening-level MC transport 
assessments are conducted to quantitatively estimate potential concentrations of indicator MC 
(RDX, HMX, TNT, and perchlorate) that can migrate in surface water and sediment.   

Under REVA, screening-level transport assessments are used first to estimate the MC 
concentrations in surface water runoff and sediment at the edge of the identified MC loading 
areas.  If these assessments predict potential impacts at the edge of the loading areas, then 
additional calculations are performed to estimate the potential MC concentrations at downstream 
receptor locations.  Receptor locations assessed at MCB Quantico include drinking water 
reservoirs and streams leaving the MCB Quantico boundary that are potentially used for 
recreational purposes or are associated with potential ecological receptors.   

Average annual surface water and sediment concentrations of the indicator MC are estimated 
based on the average annual MC loading of each indicator MC to each MC loading area. 

All parameters used in the screening-level analyses are provided in Appendix B.     

The mass loading of the indicator MC on the operational ranges was estimated as described in 
Section 3.  In accordance with the REVA Part I surface water and sediment screening-level 
methodology, the entire annual MC load was converted to an average daily loading rate.  This 
average daily loading rate was assumed to be loaded to the ground surface soil.  The screening-
level assessments were conducted for 2007–2012.  

A conservative, screening-level modeling approach was taken to estimate the annual average 
concentrations of MC in surface water runoff and sediment from the identified MC loading areas.   

Results of the surface water and sediment screening-level assessments were compared to the 
REVA trigger values (Table 5-1) to evaluate the potential for MC releases to off-range receptors.  
REVA trigger values are a mean of method detection limits collected from several laboratories; 
therefore, the screening-level assessments predict if the estimated concentrations of MC are 
detectable.  The screening-level assessment methods are described briefly in the following 
sections.  Additional details on the methods are provided in the REVA Reference Manual and the 
REVA 5-Year Review Manual (HQMC, 2009; HQMC, 2010). 
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Table 5-1: REVA Trigger Values for MC 

MC 
Trigger Value for Water 

(µg/L) 
Trigger Value for Sediment 

(µg/kg) 

RDX 0.110 32.5 

TNT 0.113 25 

HMX 0.114 51 

Perchlorate 0.021 0.18 

Note:  
µg/kg – micrograms per kilogram 

5.1.1. Surface Water Screening-Level Approach at the MC Loading Areas 

This subsection discusses the methods used in estimating MC entering surface water through (1) 
erosion of particulate or adsorbed MC in soil and transported in surface water runoff and (2) 
direct dissolution of MC in surface water runoff.  MC at the loading areas were assumed to be 
loaded to the ground surface soil. 

5.1.1.1. Estimation of the Annual Average MC Concentrations Leaving MC 
Loading Areas 

The following three calculations were carried out in order to estimate average annual MC 
concentrations in surface water runoff leaving the MC loading areas. 

Estimation of Soil Erosion 

Estimates of total soil erosion were required for subsequent calculation of the mass of MC 
transported from MC loading areas.  Estimation of the soil erosion to calculate transported MC 
mass is especially important for MC that strongly adsorb to soil (e.g., TNT).  An annual soil 
erosion rate was estimated using the Revised Universal Soil Loss Equation (RUSLE), which 
incorporates the major factors affecting erosion to predict the rate of soil loss in mass per area per 
year.  The RUSLE is expressed as follows: 

A = RKLSCP 

Where:  A = Predicted soil loss 
              R = Rainfall energy factor 
              K = Soil erodibility factor 
              LS = Topographic factor (factor influenced by length and steepness of slope) 
              C = Cover and management factor 
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              P = Erosion control practice factor 

These factors were estimated for the MC loading areas at MCB Quantico using available 
information, such as soil types, land use / land cover, and digital elevation data (MCB Quantico, 
2012b; USDA NRCS, 1988).  Appendix B lists parameter values used for estimating soil erosion 
for the MC loading areas. 

Estimation of Surface Water Runoff Rate 

The annual surface water runoff rate from each MC loading area was estimated simply as the 
product of the average annual precipitation, the loading area, and a runoff coefficient.  The 
average annual precipitation of 40 in/yr was evaluated from annual precipitation data obtained 
from National Oceanic and Atmospheric Administration National Climatic Data Center, station 
COOPID 446979 (1999) (for the period 1948–1997) and MCB Quantico weather data (2006) (for 
the period 2004–2006).  Runoff coefficients were selected from published tabular data based on 
soil hydrologic group, slope, and land cover of the MC loading areas being assessed (McCuen, 
1998) (Appendix B). 

Estimation of MC Mass and Concentration in Surface Water Runoff 

A multimedia partitioning model, CalTOX, was used to estimate the mass of MC transported 
from surface soil to surface water runoff.  This model has the capability of simulating the major 
transport mechanisms that are likely to affect MC from their point of origin in surface soils to 
their release into surface water runoff.  CalTOX can be used to simulate the partitioning of MC 
loaded into various media (soil, air, and water) over time.  The rate at which MC will partition 
among these media is dependent on both the chemical properties of the MC and the 
physical/hydrological properties of the site.  CalTOX requires the input of landscape properties of 
the MC loading areas and chemical properties of the MC (Appendix B).  Values of landscape and 
chemical properties were selected based on local reports, soil surveys, mapping information, and 
the scientific literature.  Estimates of soil erosion and surface water runoff were calculated as 
described above and entered into CalTOX.  An estimated groundwater recharge rate was also 
entered into CalTOX as one of the input parameters. 

The chemical parameter values used in the model were selected as the most recent available at the 
time the modeling was carried out.  It was noted that some of the parameter values have 
variability in the literature, such as MC decay rate and MC organic carbon partition coefficient 
(Koc).  In general, variability of many of the chemical parameters in the literature is not wide 
enough to cause significant variations in model results. 

The CalTOX output of interest for the surface water analysis was the MC mass transferred from 
surface soil to surface water, which CalTOX expresses as an average daily load in grams per day.  
This daily mass transfer rate was divided by the daily runoff volume to estimate the MC 
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concentration in surface water runoff at the edge of the MC loading area, prior to down gradient 
mixing/dilution in streams. 

Temporal and spatial resolution of the analysis is limited by the basic input parameter, the loading 
rate, which is defined on an annual basis and to a fixed area.  Therefore, the screening analysis 
inherently results in annual average concentrations. 

5.1.1.2. Estimation of Munitions Constituents Concentrations Entering 
Downstream Receptor Locations 

The MC loading areas within MCB Quantico drain to intermittent and perennial streams that flow 
to drinking water reservoirs (Lunga, Smith Lake and Breckenridge) or to streams that flow off the 
MCB Quantico boundary that potentially are used for recreational purposes and/or are associated 
with ecological receptors.     

For MC loading areas where MC concentrations in surface water runoff at the edge of the MC 
loading area were estimated to be above the REVA trigger value, an additional conservative 
mixing calculation was carried out to estimate MC concentrations in surface water entering 
downstream receptor locations.  Total drainage areas to the potential downstream receptor 
locations (drinking water reservoirs and streams flowing off the installation boundary) were 
estimated (Figure 5-1).  The estimated concentrations at the edge of the MC loading areas then 
were multiplied by the ratio of the MC loading area to the total drainage area of the downstream 
receptor location.    

The down gradient, mixed MC concentrations entering the receptor locations were estimated as 
area-weighted sums of the concentrations from the individual MC loading areas draining to the 
same downstream receptor locations: 

  Cmixed = (Crunoff × ALA) / ADA 

Where:   Cmixed = Post-mixed concentrations entering downstream receptor locations 
(μg/L) 

Crunoff = Concentration in runoff from MC loading areas (μg/L) 

ALA = Area receiving MC loading (square meters [m2]) 

ADA = Total drainage area of the downstream receptor locations (m2) 
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Table 5-2 shows proportions of MC loading areas draining to identified downstream receptor 
locations.  An inherent assumption of this assessment is that all areas other than the MC loading 
area contribute runoff that has negligible MC concentrations.  This provides an estimate of the 
potential for estimated concentrations to be reduced by mixing with other runoff prior to entry 
into the identified downstream receptor locations.  This approach conservatively assumes no 
reduction of MC through MC decay in surface water. 

Table 5-2: Proportions of MC Loading Areas Draining to Receptor Locations 

Receptor Location 
MC Loading Area Draining 

to Receptor Location 

Approximate Percent of 
Loading Area Draining to 

Receptor Location 

Smith Lake Reservoir Charlie Demo 100 

DZ-Raven 100 

Murphy Demo 100 

Range 3A 100 

Range 3B 100 

Range 5 100 

Range 7 100 

Range 8 100 

Range 8A 100 

Range 11 2 

Range 15A 50 

Lunga Reservoir  Range 11 2 

Range 15A 50 

Chopawamsic Creek at its 
confluence point with the 
Potomac River  

LZ-Falcon  100 

LZ-Peregrine  100 

Range 14 Combined 100 
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Receptor Location 
MC Loading Area Draining 

to Receptor Location 

Approximate Percent of 
Loading Area Draining to 

Receptor Location 

WTBN Combined 
Ranges 

100 

Upper segment Breckenridge 
Reservoir  

LZ-Peregrine 100 

Range 14 Combined  100 

Lower segment Breckenridge 
Reservoir 

WTBN Combined 
Ranges 

100 

The downstream point of 
South Fork Quantico Creek 
on the MCB Quantico 
installation boundary  

Combat Town 100 

LZ-Peacock 100 

The downstream point of 
Cedar Run on the MCB 
Quantico installation 
boundary 

Goettge Demo 100 

LZ-Hummingbird 100 

LZ-Vulture 100 

TF MOUT 100 

Range 11 98 

Range 15A 50 

Range 15 100 

UTC Zone B-C 100 

UTC Zone D 100 

 

In addition to direct surface water runoff sources, shallow groundwater is a known source of 
baseflow to streams and other surface waters at MCB Quantico.  MC concentrations in 
groundwater potentially discharging into the nearest surface water receptor locations from MC 
loading areas were estimated in the groundwater screening-level assessment that is discussed in 
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Section 5.2.  From the groundwater screening-level assessment, MC concentrations that were 
predicted to discharge into surface water receptor locations above REVA trigger values were 
considered for a mixing calculation with runoff sources.  The following steps were followed in 
the mixing calculation: 

i) The MC load in groundwater from the MC loading area was estimated by multiplying the 
predicted concentration (result of the groundwater screening assessment from Section 
5.2.2.3) with a baseflow rate of 0.54 cubic feet per second per square mile (Malcolm Pirnie, 
2011) of the loading area.  

ii) The mixed runoff and baseflow concentration leaving the MC loading area was estimated by 
dividing the total MC load leaving the MC loading area (the sum of the MC load from 
groundwater calculated in step i and MC load from runoff estimated from CalTOX) by the 
total volume of runoff and baseflow. 

The mixed runoff and baseflow concentration from step ii was used as the input concentration 
(instead of the Crunoff) in the downstream mixing calculation described above to estimate 
downstream mixed concentrations entering identified downstream receptor locations.  In order to 
take a conservative approach, if the mixed runoff and baseflow concentration from step ii was 
lower than the Crunoff, then Crunoff was used as the input concentration in the downstream mixing 
calculation. 

5.1.2. Sediment Screening-Level Approach at MC Loading Areas 

The CalTOX partitioning model was used to estimate MC concentrations in sediment leaving the 
MC loading areas.  The input variables used are similar to the input variables used for the surface 
water assessment, as described in Section 5.1.1.1.  CalTOX was used to estimate the MC mass 
transferred to surface water through partitioning into the soil/sediment eroding from the site and 
transported in surface water runoff.  The MC concentrations in eroded soil/sediment leaving the 
MC loading areas then were estimated by dividing the MC mass in eroded soil (obtained from 
CalTOX) by the estimated total soil erosion (obtained from RUSLE).  

If the MC concentrations in sediment at the edge of the MC loading areas were estimated to be 
above REVA trigger values, additional screening assessment was carried out to estimate MC 
concentration in sediment at downstream receptor locations.  This involved using RUSLE to 
estimate the total annual mass of sediment transported to the downstream receptor locations from 
areas upstream of the receptor locations (the total mass of sediment eroded within the drainage 
areas of the receptor locations).  The sediment MC concentration at the downstream receptor 
locations were estimated to be equivalent to the MC mass in sediment leaving MC loading areas 
divided by the total sediment mass from the drainage area transported to the downstream receptor 
location.  The cumulative sediment MC concentration from different MC loading areas draining 
to the same receptor location will be equivalent to the sum of the MC mass in sediment leaving 
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the individual MC loading areas divided by the sediment mass eroding into the receptor location 
as follows:   

 Csed,mixed = ∑ MMC,LA / Msed,DA 

Where:  Csed,mixed = Post-mixed MC concentration in sediment entering downstream receptor 
locations (µg/kg)  

MMC,LA = MC mass in sediment leaving the MC loading area located within a 
drainage area of a receptor location (micrograms per day) 

Msed,DA = Sediment mass eroded within the drainage area of a receptor location 
(kilograms per day) 

This method conservatively assumes that 100% of the sediment generated over the loading area is 
deposited into downstream surface water (downstream receptor locations).  This is a conservative 
approach because typical sediment yields in surface water range from 30% to 50%. 

5.2.  Groundwater Modeling Assumptions 

The purpose of the groundwater assessment in the REVA program is to make best use of the 
available information to infer whether indicator MC (RDX, HMX, TNT, and perchlorate) can be 
transported in groundwater from MC loading areas to receptors.  Both conceptual and quantitative 
methods are used.  The initial step is a qualitative assessment of the groundwater conditions based 
on the CSM, described in detail in Section 4, including the identification of potential exposure 
pathways, migration routes, and potential receptors (human and ecological).  When this 
qualitative assessment indicates there is potential for MC migration from loading areas to 
groundwater receptors, a screening-level MC transport assessment is performed to quantitatively 
estimate potential concentrations of indicator MC in groundwater migrating to a receptor or 
beyond the installation boundaries.  This quantitative screening-level assessment method uses 
multiple conservative assumptions, is more likely to overestimate than underestimate MC 
concentrations, and is used to determine whether particular MC loading areas merit additional 
investigation.  The groundwater screening-level analysis methods employed for MCB Quantico 
follow the approach described in the REVA Reference Manual and the Assessment of Models for 
Evaluating Fate and Transport of Munitions on Operational Ranges and are discussed in this 
section (HQMC, 2009; Malcolm Pirnie, 2005).   

5.2.1. Qualitative Assessment 

The qualitative groundwater assessment looked at multiple data sources, which are detailed in the 
CSM.  The following key information sources were used in the qualitative assessment: 

 Military munitions expenditure data 

 Geospatial data (MCB Quantico NREA GIS office) 



 Section 5
Modeling Assumptions and Parameters

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

5-13 

 

 Installation Restoration Program site data 

 USGS topographic maps and regional groundwater resource reports 

 Virginia Division of Mineral Resources geologic map and publication 

 Fauquier, Prince William, and Stafford Counties well databases 

 Monitoring well boring log data 

 U.S. Department of Agriculture Natural Resources Conservation Service soil survey 

 Precipitation data 

The groundwater conditions, the potential for MC migration in vadose zone and saturated zones, 
and the presence of potential groundwater receptors at off-range locations are described in more 
detail in Section 4.3, Section 4.5, and Section 4.8.2, respectively. 

5.2.2. REVA Groundwater Assessment Procedure  

A screening-level fate and transport assessment of potential MC migration via groundwater was 
conducted as part of the vulnerability assessment for MCB Quantico.  The assessment was 
conducted for the 24 MC loading areas identified at MCB Quantico that are listed at the 
beginning of this section.  These MC loading areas were selected for groundwater modeling 
based on their current use of munitions containing HE and their proximity to a potential 
groundwater receptor location (supply wells) and surface water receptor location where the 
shallow groundwater discharges.  The screening-level assessment was accomplished in three 
main steps: 

1. Initial groundwater screening assessment: MC concentrations are estimated in the portion of 
the precipitation water that infiltrates to the groundwater and assumed to arrive at the 
groundwater at that concentration.   

2. Vadose zone modeling: A screening-level vadose zone model was used to evaluate the 
potential for MC to migrate through the vadose zone to the groundwater at concentrations 
greater than the REVA trigger value.  

3. Saturated zone modeling: A screening-level saturated zone model was used to predict the 
potential for MC that were identified to reach the groundwater at concentrations above the 
REVA trigger value in step 2 to migrate farther through the saturated zone and reach potential 
groundwater and surface water receptor locations at concentrations above the REVA trigger 
value.  

The above three steps executed for the screening-level assessment are discussed in the following 
subsections. 

5.2.2.1. Initial Groundwater Screening Assessment 

The first step in assessing groundwater transport is an initial assessment of the MC loading rate 
and the annual groundwater recharge rate to determine a maximum MC concentration in 
infiltrating water.  This approach produces a highly conservative concentration because the 
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majority of the MC (with the exception of perchlorate) are not completely soluble in water and 
their effective solubilities decrease when in mixtures.  Further, most MC have a high rate of 
decay and some of the MC (TNT and RDX) can have a relatively strong affinity to the soil 
particles and, thus, can sorb readily to the soil from the aqueous phase.  Perchlorate is the only 
recalcitrant (persistent) indicator MC that does not readily degrade, is miscible (completely 
soluble) in water, and does not sorb to solid soil particles.  This assessment also assumes that 
there is no removal of MC in the surface water runoff or decay as a result of biotic and abiotic 
transformations.  If this initial, conservative analysis indicates the potential for MC to have a 
concentration in the infiltrating water above the REVA trigger values (Table 5-1), a more 
detailed screening-level modeling analysis is done for that MC using the models outlined in the 
REVA Reference Manual and the Assessment of Models for Evaluating Fate and Transport of 
Munitions on Operational Ranges (HQMC, 2009; Malcolm Pirnie, 2005). 

The initial groundwater assessment is performed as a spreadsheet-based mass balance calculation.  
The basic input data are the estimated average annual MC loading rates at the MC loading areas 
(presented in Section 6) and the estimated infiltration rate (recharge) of 3.7 to 6.5 in/yr at the MC 
loading areas within MCB Quantico (Swain et al., 1991; McFarland, 1996; Nelms et al., 1997; 
Heath, 1984).  The recharge rate values at the MC loading areas were estimated by adjusting 
general recharge values for the area obtained from the literature (a range of 1 to 12 in/yr) based 
on soil types, estimated slopes, and land cover at the various loading areas.  The estimated 
recharge rate values of 3.7 to 6.5 in/yr include the estimated evapotranspiration rate, which 
reduces recharge significantly.  The estimated recharge rate values at the MC loading areas are 
presented in Appendix B.  

The maximum possible concentrations of MC in the infiltrating water were calculated by dividing 
the MC loading rates by the volume of the infiltrating water.  The MC estimated to have 
concentrations above the REVA trigger values at MC loading areas were assessed further for 
transport through the vadose zone using a screening-level vadose zone model.  MC estimated to 
have concentrations below REVA trigger values at MC loading areas were eliminated from 
additional assessment. 

5.2.2.2. Vadose Zone Modeling 

When the results from the initial groundwater assessment from Section 5.2.2.1 indicate a need for 
further evaluation, the USEPA VLEACH Model was used to simulate fate and transport of MC 
through the unsaturated zone to the groundwater table.  VLEACH is a one-dimensional finite 
difference vadose zone leaching model that simulates the movement of organic contaminants 
within and between three phases: 1) as a solute dissolved in water, 2) as a gas in the vapor phase, 
and 3) as an adsorbed compound in the solid phase (Ravi and Johnson, 1997).  Partitioning 
between phases occurs according to the contaminant distribution coefficient.  Vertical transport in 
VLEACH is simulated by advection in the liquid phase and by gaseous diffusion in the vapor 
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phase.  Since VLEACH does not include decay as a mechanism of environmental fate and 
transport, a post-processing step that included decay was performed on the VLEACH results.  
The MC decay rate was applied to the VLEACH output concentrations based on the elapsed time. 

Results obtained from the initial groundwater screening assessment (Section 5.2.2.1) were used 
to simulate MC transport to the water table.  MC were modeled for migration through the vadose 
zone as follows: 

 HMX, RDX, TNT, and perchlorate were modeled at four MC loading areas (Charlie Demo, 
Goettge Demo, Range 8A, and Range 15). 

 RDX, TNT, and perchlorate were modeled at six MC loading areas (Murphy Demo, Range 
3B, Range 5, Range 7, Range 8, and Range 15A). 

 RDX and perchlorate were modeled at two MC loading areas (Range 11 and Range 14 
Combined). 

 RDX was modeled at Range 3A MC loading area. 

 Perchlorate was modeled at nine MC loading areas (Combat Town, DZ-Raven, LZ-Falcon, 
LZ-Hummingbird, LZ-Peacock, LZ-Peregrine, LZ-Vulture, TF MOUT, and UTC Zone D). 

Local soils generally consist of sandy loam, fine sandy loam, loam, and silt loam.  The relevant 
physical and chemical properties of the vadose zone soils, MC, and climate that were used as 
input parameters to VLEACH are presented in Appendix B.  Figure 5-1 presents groundwater 
features receptor locations and locations of the modeled MC loading areas. 

5.2.2.3. Saturated Zone Modeling 

The fate and transport of MC at the various MC loading areas that were estimated to reach the 
groundwater (from the vadose zone modeling) were simulated using BIOCHLOR 2.2, a one-
dimensional analytical solute transport and fate model (Aziz and Newell, 2002).  Only 
perchlorate was estimated to reach the groundwater at a concentration above the REVA trigger 
value at 21 MC loading areas (based on results of the vadose zone modeling).  As a result, 
perchlorate at the 21 MC loading areas was modeled for movement through the saturated zone.  
The model was used to predict the possible movement of perchlorate through the saturated zone 
to potential receptor locations.  It was run on a box grid and assumed a homogeneous aquifer with 
constant velocity. 

Transport to Surface Water Receptor Location:  The shallow groundwater flowing through the 
saprolite layer at MCB Quantico discharges to streams that flow to drinking water reservoirs or to 
larger streams that drain off the installation boundary.  Potential receptors in the surface waters 
where the shallow groundwater discharges include humans (drinking and recreational use) and 
ecological receptors (including T/E species).  The distance from each MC loading area modeled 
to the nearest potential surface water receptor location was estimated.  Using the maximum 
perchlorate concentration predicted to migrate to the groundwater (based on the result of the 
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vadose zone modeling) as an input to the BIOCHLOR model, perchlorate concentrations 
potentially reaching the nearest surface water receptor location (perennial stream) from each of 
the 21 MC loading areas were estimated.  The relevant aquifer and chemical properties used as 
input parameters in the BIOCHLOR model are presented in Appendix B.  These values were 
based on the literature or conservative assumptions.  The site-specific model parameters are also 
presented in Appendix B.   

Transport to Groundwater Receptors:  Deeper groundwater flow within the fractured bedrock 
aquifer is highly variable, and depends on fracture orientation, interconnection with other 
fractures, and location of groundwater discharges.  It was conservatively assumed that the 
groundwater flow system between the MC loading areas and the supply wells located within and 
outside of the installation boundary are connected by fractures and that groundwater from the MC 
loading areas in the fractured bedrock aquifer flows toward the supply wells (on- and off-
installation wells).  Using the maximum perchlorate concentrations predicted to migrate to 
groundwater at the 21 MC loading areas (from result of the vadose zone modeling) as input to the 
BIOCHLOR model, perchlorate concentrations potentially reaching the nearest supply well from 
each of the 21 MC loading areas were estimated.  Figure 5-1 shows locations of the off-
installation supply wells and the general regional groundwater flow directions.  The relevant 
model parameters are presented in Appendix B.  
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6. Screening-Level Assessment Results 

MC loading areas, listed in Table 6-1, were assessed qualitatively through the development of 
site-specific CSMs and quantitatively through screening-level transport assessments.  The 
assessment results for the MC loading areas are presented within this section based on the 
hydrologic watershed areas within which they are located since multiple MC loading areas fall 
within each watershed: 

 Smith Lake watershed (Section 6.1) 

 Chopawamsic Creek watershed of (Section 6.2) 

 Cedar Run watershed (Section 6.3) 

 South Fork Quantico Creek watershed (Section 6.4) 

The MC loading areas identified in the REVA five-year review are presented in Table 6-1. 

Table 6-1: MC Loading Areas 

MC Loading Area 
Size of MC Loading Area 

Acres 1,000 m2 

Smith Lake Watershed 

Charlie Demo 7.44 30.12 

DZ-Raven 20.92 84.68 

Murphy Demo 9.33 37.76 

Range 3A 23.87 96.59 

Range 3B 0.78 3.16 

Range 5 0.02 0.0835 

Range 7 150.9 610.8 

Range 8 9.50 38.4 

Range 8A 3.22 13.02 

Range 11 0.98a 3.98a 

Range 15A 14.93b 60.4b 

Chopawamsic Creek Watershed 

LZ-Falcon 2.15 8.69 

LZ-Peregrine 1.83 7.41 

Range 14 Combined 56.01 226.7 
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MC Loading Area 
Size of MC Loading Area 

Acres 1,000 m2 

WTBN Combined Ranges 69.62 281.7 

Cedar Run Watershed 

Goettge Demo 5.45 22.07 

LZ-Hummingbird 3.59 14.51 

LZ-Vulture 4.74 19.19 

TF MOUT 12.08 48.90 

Range 11 48.25a 195.2a 

Range 15A 14.93b 60.4b 

Range 15 21.57 87.3 

UTC Zones B-C 9.05 36.64 

UTC Zone D 1.92 7.77 

South Fork Quantico Creek Watershed 

Combat Town 0.94 3.80 

LZ-Peacock 3.36 13.58 

a  Two percent of Range 11 drains to Smith Lake watershed, and 98% drains to Cedar Run watershed.  The 
total acreage of Range 11 MC loading area is 49.23 acres or 199,225 m2. 
b  Fifty percent of Range 15A drains to Smith Lake watershed, and 50% drains to Cedar Run watershed.  The 
total acreage of Range 15A is 29.86 acres or 120,800 m2. 

 

All of the identified MC loading areas contributed to screening-level modeling during the five-
year review.   

The section for each hydrologic watershed area contains discussions on the operational range 
areas identified, the site-specific CSM, MC deposition estimates, screening-level modeling 
results, and additional range information.  The boundaries of each MC loading area were selected 
based on training-specific information (e.g., operational range boundaries, target locations, other 
geospatial data), which does not necessarily capture the complete potential spatial distribution of 
MC loading. 

Surface Water and Sediment Assessments Summary 

The screening-level assessments of MC fate and transport in surface water and sediment were 
conducted for 24 MC loading areas located within four watershed areas (Smith Lake, 
Chopawamsic Creek, Cedar Run, and South Fork Quantico Creek).  These MC loading areas 
were selected for quantitative transport assessment based on their current use of munitions 
containing HE and the presence of surface drainages that lead to potential receptor locations.  
Annual average MC concentrations in surface water runoff and sediment at the edge of each MC 
loading area were estimated.  MC concentrations in surface water and sediment entering 
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identified downstream receptor locations (drinking water reservoirs or streams leaving the MCB 
Quantico installation boundary) also were estimated. 

The average annual concentration of at least one indicator MC in surface water runoff was 
estimated to be above the REVA trigger value at the edge of 22 of the 24 MC loading areas 
assessed.  Furthermore, the average annual concentrations of RDX, TNT, and perchlorate in 
surface water entering one of the identified downstream surface water receptor locations (Smith 
Lake) were predicted to be above their respective REVA trigger values.  The average annual 
concentration of TNT in sediment was estimated to be above the REVA trigger value at the edge 
of 5 of the 24 MC loading areas assessed.  Annual average MC concentrations in sediment 
entering all identified downstream surface water receptor locations were predicted to be below 
REVA trigger values.  The results of the surface water and sediment screening-level assessments 
for the 24 MC loading areas are discussed in detail in Section 6.1.2, Section 6.2.2, Section 6.3.2, 
and Section 6.4.2. 

Groundwater Assessment Summary    

Groundwater fate and transport modeling through screening-level assessment was conducted for 
24 MC loading areas.  These MC loading areas were selected for quantitative transport 
assessment based on their current use of munitions containing HE and their proximity to a 
potential groundwater or surface water receptor location.  Surface water receptor locations were 
included in the analysis because the shallow groundwater discharges to surface water as interflow 
or base flow.   

Based on the initial groundwater screening-level assessment, at least one indicator MC was 
predicted to leach into the vadose zone above the REVA trigger value at 22 of the 24 MC loading 
areas assessed.  Therefore, vadose zone modeling was conducted at the 22 MC loading areas.  
Based on the vadose zone modeling, perchlorate was predicted to reach the groundwater at a 
concentration above the REVA trigger value at 21 of the MC loading areas modeled.  Saturated 
zone modeling was conducted to quantify the potential for perchlorate in groundwater to migrate 
to the identified surface water and groundwater receptor locations.  The results of the 
groundwater screening-level assessment for the 24 MC loading areas are discussed in detail in 
Section 6.1.3, Section 6.2.3, Section 6.3.3, and Section 6.4.3.       

6.1. Smith Lake Watershed 

The Smith Lake watershed is located on the southwestern part of MCB Quantico; it is 
approximately 34,760 acres, with approximately 70% of the total watershed area located inside 
the MCB Quantico installation boundary (Figure 6-1).  The watershed area encompasses 
intermittent and perennial streams that generally flow in a southeast direction.  Lunga and Smith 
Lake Reservoirs are drinking water sources that are located within the watershed.  Lunga 
subwatershed is located within the Smith Lake watershed and is depicted in Figure 6-1.  Water 
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flows into Lunga Reservoir by way of Beaverdam Run, which the discharges into the Smith Lake 
Reservoir farther downstream. 

The 11 MC loading areas located within the Smith Lake Watershed are listed in Table 6-1. 

Military Munitions 

Some of the military munitions authorized for use within the 11 MC loading areas are small arms, 
HE and practice grenades, pyrotechnics, demolition charges, , and mortars.  A wide variety of 
munitions (from non-lethal and blanks to small arms to high explosives) is used across the MC 
loading areas found in the Smith Lake watershed.   

6.1.1. Conceptual Site Model 

6.1.1.1. Estimated Munitions Constituents Loading 

The MC loading areas within the Smith Lake watershed are shown in Figure 6-1.  The MC 
Loading Rate Calculator was used to estimate the amount of MC deposited annually within these 
MC loading areas (Table 6-2) using assumptions detailed in Section 3.  The Smith Lake 
watershed represents the highest overall loading rates observed at any of the watersheds at MCB 
Quantico during the five-year review period.  Specifically, the analysis suggests that RDX and 
TNT represent the highest MC loading within the Smith Lake watershed.  The highest MC 
loading occurred for TNT in the demolition pits at the Range 5 MC loading area.  The high 
loading rate is likely a reflection of the small MC loading area.  Based on the size of the MC 
loading area and the associated MC loading rates, the most significant loading in the watershed 
appears to be RDX and TNT deposition at the Range 7 MC loading area.  

The total aggregate, noncontiguous MC loading area across the watershed was significantly 
smaller for the five-year review period compared to that of the combined MC loading areas from 
Period E (1989–2006) in the baseline assessment (Table 6-2).  This was due to the refinement of 
MC loading areas based on target locations and information provided by Range Management 
Branch personnel.  The baseline assessment evaluated MC loading using large impact areas, 
whereas the five-year review defined MC loading areas using better defined range-specific 
information; this resulted in a significantly reduced combined MC loading area.  Despite this 
reduction in size, the aggregate MC loading area within the Smith Lake watershed is greater than 
the other watersheds at MCB Quantico assessed during the five-year review period.  

The estimated MC loading rates for each MC loading area are summarized in Table 6-2.  The 
total noncontiguous surface areas of the individual MC loading areas and their specific loading 
rates were aggregated for the baseline and five-year review periods so that a comparison of MC 
loading rates could be used to identify general MC loading changes within the watershed over 
time.  Compared to estimated baseline MC loading rates, the estimated MC loading rates for the 
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five-year review suggest loading has increased slightly since the baseline assessment, with the 
exception of perchlorate, which decreased by greater than one order of magnitude across the 
watershed (Table 6-2).  Estimated HMX loading increased by approximately one order of 
magnitude compared to baseline estimates, while estimated TNT and RDX loading rates 
increased by less than one order of magnitude across the watershed when compared to the 
baseline estimates.  Note that this is a very rough methodology for comparing the datasets; the 
MC loading areas are noncontiguous and adding the rates into a single area does not capture 
concentrated MC loading at specific range locations.  As such, these comparisons are relevant 
only for a watershed-level comparison only. 

Table 6-2: Estimated MC Loading Rates for the Smith Lake Watershed 

Assessment MC Loading Area 
Assumed 
Loading 

Area (m2) 

Estimated Annual Loading Rate (kg/m2) 

HMX RDX TNT Perchlorate 

Baseline (Period 
E 1989–2006) 

Total MC loading 
in Smith Lake 
Watershed (Period 
E) 

5,005,761 7.43E-10 9.91E-06 1.26E-05 2.89E-06 

Five-Year 
Review (Period 
F 2007–2012) 

Charlie Demo 30,121 1.32E-08 1.54E-05 7.26E-06 3.15E-09 

 DZ-Raven 84,677 0.00E+00 0.00E+00 6.26E-12 8.76E-08 

 Murphy Demo 37,764 9.22E-11 6.04E-05 5.18E-05 1.26E-07 

 Range 3A 96,588 1.63E-09 1.57E-06 1.58E-09 5.10E-10 

 Range 3B 3,164 0.00E+00 1.15E-04 7.40E-05 1.90E-05 

 Range 5 Bfx 668 0.00E+00 7.38E-07 1.59E-04 2.81E-05 

 Range 7 610,772 7.85E-09 7.06E-05 1.03E-04 2.95E-08 

 Range 8 53,818 1.45E-11 1.03E-04 1.55E-06 4.36E-08 

 Range 8A 34,514 6.64E-08 8.37E-06 3.52E-06 4.23E-09 

 Range 11 Bfx 199,214 0.00E+00 3.89E-08 9.88E-12 2.43E-07 

 Range 15A 120,844 9.62E-12 9.35E-08 3.40E-08 6.25E-08 
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Assessment MC Loading Area 
Assumed 
Loading 

Area (m2) 

Estimated Annual Loading Rate (kg/m2) 

HMX RDX TNT Perchlorate 

 Total MC loading 
area in Smith Lake 
Watershed (Period 
F) 

1,272,144 6.01E-09 4.11E-05 5.16E-05 8.5E-08 

 

Annual lead deposition for the MC loading areas in the Smith Lake watershed was estimated 
during this five-year review (Table 6-3).  As noted in Section 3.1, the lead deposition rate is not 
comparable to an MC loading rate; rather, it is an estimate of the total amount of lead deposited in 
a given MC loading area without the loss of mass from explosive decomposition.  The baseline 
assessment did not include such lead loading estimates for MC loading areas.  For SARs 
designated as MC loading areas (Range 5 Bfx and Range 11 Bfx), only HE munitions were used 
to calculate lead loading associated with the MC loading areas.  SAR lead loading is discussed in 
Section 8.  Calculations indicate the Range 8 MC loading area has the most significant lead 
deposition in the Smith Lake watershed, estimated at 7,260 lb of lead annually.  Accounting for 
all MC loading areas identified in the Smith Lake watershed, it is estimated that a total of 14,900 
lb of lead was deposited annually during this review period.   

Table 6-3:  Estimated Annual Lead Deposition for the Smith Lake Watershed 

MC Loading Area Size (m2) 
Lead Deposition 

kg/m2 lb/yd2 Total lb 

Charlie Demo 30,121 6.91E-05 1.27E-04 4.59E+00 

DZ-Raven 84,677 2.04E-10 3.76E-10 3.81E-05 

Murphy Demo 37,764 1.31E-05 2.41E-05 1.09E+00 

Range 3A 96,588 3.23E-03 5.95E-03 6.88E+02 

Range 3B 3,164 3.61E-05 6.65E-05 2.52E-01 

Range 5 Bfx 668 8.51E-05 1.57E-04 1.25E-01a 

Range 7 610,772 3.95E-03 7.28E-03 5.32E+03 
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MC Loading Area Size (m2)
Lead Deposition 

kg/m2 lb/yd2 Total lb 

Range 8 53,818 6.12E-02 1.13E-01 7.26E+03 

Range 8A 34,514 3.05E-03 5.62E-03 2.32E+02 

Range 11 Bfx 199,214 4.71E-07 8.68E-07 2.07E-01a 

Range 15A 120,844 5.39E-03 9.94E-03 1.44E+03 

Total lead loading in 
Smith Lake Watershed 
(Period F) 

1,272,144 5.33E-03 9.82E-03 1.49E+04 

Note:  
lb/yd2 – pounds per square yard  

          a – Lead contributed from HE munitions only. 

6.1.1.2. Geography and Topography 

The terrain of Smith Lake watershed is characterized by low gently rolling hills with well-
rounded or flat tops.  The topography generally slopes southeast toward the major streams 
(Beaverdam Run and Aquia Creek) and their tributaries.  Available contour data indicate the 
elevation of the watershed area within the installation boundary ranges from approximately 60 
feet amsl at Smith Lake Reservoir to approximately 450 feet amsl on the northeastern boundary 
of the watershed and the north-central part of the watershed area (MCB Quantico, 2012b).  Based 
on available spatial data, the slope within the watershed area inside the installation can range 
from approximately less than 1% to approximately 40%, but the majority of the area has a slope 
ranging from approximately 5% to 21%.          

6.1.1.3. Surface Water Features 

The Smith Lake watershed contains an intermittent and perennial stream network with a dendritic 
drainage pattern.  The major streams within the watershed include Beaverdam Run, Flat Run, 
Cannon Creek, and Aquia Creek.  Beaverdam Run, Flat Run, and Cannon Creek flow 
southeasterly within the MCB Quantico installation boundary.  Beaverdam Run and Flat Run 
flow into the Lunga Reservoir.  Beaverdam Run continues flowing southeasterly from the Lunga 
Reservoir and discharges into the Smith Lake Reservoir farther downstream.  Aquia Creek 
originates approximately 7 miles outside the installation boundary and flows southeasterly to the 
installation, where it meets with Cannon Creek.  It continues flowing southeasterly within the 
installation and discharges into the Smith Lake Reservoir.  Both Lunga and Smith Lake 
Reservoirs are used as drinking water sources.  The Smith Lake watershed also includes Range 6 
and Camp Barrett Ponds (Figure 6-1). 
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Table 6-4 describes the drainage characteristics of the 11 MC loading areas within the Smith 
Lake watershed. 

Table 6-4: Drainage Description of the MC Loading Areas within the Smith Lake Watershed 

MC Loading Area Drainage Description 

Charlie Demo 

The MC loading area drains southeast into a small tributary stream and southwest 
into the Beaverdam Run.  The small tributary stream flows southwesterly into the 
Smith Lake Reservoir, and Beaverdam Run flows southeasterly into the Smith 
Lake Reservoir.  Smith Lake Reservoir is approximately 1 mile down gradient of 
the MC loading area.  

DZ-Raven 
The MC loading area drains east into the tributary stream of Beaverdam Run, 
which flows southeasterly adjacent to the MC loading area to Beaverdam Run 
approximately 1 mile up gradient of the Smith Lake Reservoir.  

Murphy Demo 
The MC loading area drains east into the Beaverdam Run, which flows 
southeasterly into the Smith Lake Reservoir.  The MC loading area is 
approximately 2.4 miles up gradient of the Smith Lake Reservoir. 

Range 3A 
The MC loading area drains southwest into Long Branch (a tributary of Aquia 
Creek), which flows southeasterly adjacent to the MC loading area to Aquia 
Creek approximately 1.3 miles up gradient of the Smith Lake Reservoir. 

Range 3B 
The MC loading area drains into a small tributary stream of Long Branch, which 
flows southwest into Long Branch.  Long Branch flows southeasterly to Aquia 
Creek approximately 1.3 miles up gradient of the Smith Lake Reservoir. 

Range 5 
The MC loading area drains east and north into Cannon Creek, which flows 
southeasterly into Aquia Creek approximately 3.5 miles up gradient of the Smith 
Lake Reservoir.  

Range 7 
Cannon Creek and three of its tributary streams flow through the western and 
eastern parts of the MC loading area.  Cannon Creek flows southeasterly into 
Aquia Creek approximately 3.5 miles up gradient of the Smith Lake Reservoir.  

Range 8 

The MC loading area drains west into the tributary of Cannon Creek, which 
flows southwesterly adjacent to the MC loading area to Cannon Creek.  Cannon 
Creek flows southeasterly into Aquia Creek approximately 3.5 miles up gradient 
of the Smith Lake Reservoir. 

Range 8A 
The MC loading area drains south into the tributary of Cannon Creek, which 
flows southwesterly into Cannon Creek.  Cannon Creek flows southeasterly into 
Aquia Creek approximately 3.5 miles up gradient of the Smith Lake Reservoir. 

Range 11 

Approximately 2% of the MC loading area drains south to a small tributary 
stream of Beaverdam Run.  Beaverdam Run flows southeasterly and discharges 
into the Lunga Reservoir approximately 2 miles downstream of the confluence 
point with the tributary stream.  Beaverdam Run continues to flow southeasterly 
from the Lunga Reservoir and, ultimately, discharges into the Smith Lake 
Reservoir.  The remaining 98% of the loading area drains within the Cedar Run 
watershed, discussed in Section 6.3.1.3.  
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MC Loading Area Drainage Description 

Range 15A 

Approximately 50% of the MC loading area drains southeast to Beaverdam Run, 
which flows southeasterly and discharges into the Lunga Reservoir 
approximately 2.5 miles downstream of the MC loading area.  Beaverdam Run 
continues to flow southeasterly from Lunga Reservoir and, ultimately, discharges 
into the Smith Lake Reservoir.  The remaining 50% of the MC loading area 
drains within the Cedar Run watershed (Section 6.3.1.3). 

6.1.1.4. Soil Characteristics and Land Cover 

Soils within the Smith Lake watershed are largely of the Buckhall-Occoquan associations.  Some 
of the soil types located on the east and southeast parts of the watershed belong to the Elioak-
Glenelg soil association.  These soil associations are dominated by soils with reddish and 
yellowish acid subsoils that are deep and well drained (MCB Quantico et al., 2007).   

The predominant soil map symbols of the Smith Lake watershed within the installation boundary 
are Ae (Atlavista loam) and Gc (Glenelg silt loam).  These soils consist of fine sandy loam and 
silt loam.  Both soils have an acidic pH range (4.5 to 5.5), organic content ranging from 1.25% to 
2%, clay content ranging from 15% to 20%, moderate inherent soil erodibility factors (ranging 
from 0.28 to 0.32), and relatively low runoff potentials (both have hydrologic group B) (USDA 
NRCS, 1988).  The predominant soil map symbols found within the Lunga Reservoir drainage 
area that is part of the Smith Lake watershed are Ga (Glenelg silt loam) and Gc.  The Ga soil 
consists of silt loam.  It has 2% organic content, clay content of 20%, a moderate soil erodibility 
factor of 0.32, and a somewhat low runoff potential (hydrologic group B). 

The Smith Lake watershed is partially vegetated.  Most of the vegetated area includes forest, and 
the remaining is largely grass.  Part of the watershed area includes unvegetated land, specifically 
at impact areas within the installation.  A large area of the watershed outside the installation 
boundary includes developed land.  The Lunga Reservoir drainage area that is part of the Smith 
Lake watershed is largely vegetated with forest. 

6.1.1.5. Erosion Potential 

The Smith Lake watershed, including the Lunga Reservoir drainage area, was estimated to have 
moderate soil erosion potential (Smith Lake watershed had a RUSLE predicted soil loss value of 
1.01E-02 kilograms per square meters per day [kg/m2/d], and the Lunga Reservoir drainage area 
had a RUSLE predicted soil loss value of 4.61E-03 kg/m2/d).  The estimated moderate soil 
erosion potentials are largely results of moderately steep topographic slopes and moderate 
inherent soil erodibility factors common to the areas.   

With the exception of the Range 3B MC loading area, which was estimated to have a low soil 
erosion potential, all MC loading areas within the Smith Lake watershed were estimated to have 
high soil erosion potential.  The estimated high soil erosion potentials at almost all the MC 
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loading areas are largely results of poor vegetation cover and/or moderate to steep topographic 
slopes at the MC loading areas.  The estimated low erosion potential at Range 3B MC loading 
area is attributed to the relatively flat topographic slope at the MC loading area.  

6.1.1.6. Groundwater Characteristics 

The Smith Lake watershed is within the Eastern Lowlands of the Piedmont physiographic 
province.  Groundwater occurs in fractured bedrock aquifers and in unconsolidated saprolite and 
weathered transition zones overlying the bedrock aquifers.  Based on boring log data of seven 
monitoring wells within the watershed (MW-A through MW-G), the depth to competent bedrock 
can range from approximately 12 feet bgs at W-7 near the northern boundary of the watershed to 
approximately 141 feet bgs at W-6, approximately 1.3 miles southwest of MW-G (Malcolm 
Pirnie, 2011).  The depth to bedrock in the southern and central parts of the watershed (at MW-A, 
MW-B, MW-C, and MW-D) was estimated to range from 40 to 45 feet bgs.  Water-bearing 
fractures were encountered at depths ranging from approximately 120 to 400 feet bgs.  The 
estimated well yields at the seven monitoring wells within the Smith Lake watershed ranged from 
approximately less than 1 gpm to approximately 12 gpm.  Most wells located off the installation 
within the watershed have similar total depths that range from 200 to 400 feet bgs.  Depths to 
groundwater measured at the seven monitoring wells and other installation monitoring wells 
located within the Smith Lake watershed area range from approximately 7 to 50 feet bgs.      

The southern part of the watershed at MW-A consists of the Quantico Formation overlain by 
weathered Potomac Formation, consisting of poorly graded fine- to medium-grained sand with 
quartz and plagioclase feldspar.  At this location, approximately 20 feet of weathered Quantico 
Formation, consisting of clay phyllite to slate, overlies the bedrock unit that is encountered at 45 
feet bgs.  The part of the watershed near the western boundary of the installation (from MW-B to 
MW-E) consists of the Lunga Reservoir Formation.  The saprolite layer in this area has a 
thickness ranging from 40 to 106 feet, and it includes weathered Lunga Reservoir Formation, 
consisting of some clay, silt, and fine- to coarse-grained sand.  The Lake Jackson Pluton 
Formation is found farther north at MW-F.  The saprolite layer here is approximately 141 feet 
thick and consists mostly of fines with some fine sands and medium to coarse sand with quartz 
and phyllite composition.  The Goldvein Pluton Formation is found at MW-G near the north-
central boundary of the watershed.  The surface layer here consists of clay followed by sand with 
clay and gravel saprolite.   

6.1.1.7. Potential Surface Water and Groundwater Pathways 

Surface Water and Sediment Pathways 

The estimated surface water runoff rates at the 11 MC loading areas within the Smith Lake 
watershed range from 0.18 to 0.26 cubic meters per square meter per year (m3/m2/yr).  Based on 
these estimated surface water runoff rates, there is a moderate potential for MC to migrate via 
surface water runoff from all 11 MC loading areas.  This is attributed to the relatively high 
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precipitation common to the area (average of 40 in/yr), poor vegetation cover, and moderate to 
steep topographic slopes at the MC loading areas.  Some of the MC loading areas (Range 3A, 
Range 3B, and Range 7) also have soil types with high runoff potential (hydrologic group D).    

The high soil erosion potential that may occur at all the MC loading areas, with the exception of 
Range 3B, makes soil erosion an important mechanism for MC mobilization into surface water 
runoff.  MC transported through surface water runoff and sediment from the MC loading areas 
could reach nearby streams and, ultimately, the major streams that flow southeast to Lunga and 
Smith Lake Reservoirs, such as Beaverdam Run, Cannon Creek, and Aquia Creek.  MC 
transported in groundwater from the MC loading areas also can discharge into streams as 
interflow and base flow.  Surface water drainage from Range 15A and Range 11 MC loading 
areas would reach the Lunga Reservoir before further draining down to the Smith Lake Reservoir.   

Groundwater Pathways 

MC deposited on MC loading areas within the Smith Lake watershed have the potential to 
migrate to the underlying saprolite and farther to the fractured bedrock aquifer.  Shallow 
groundwater in the saprolite generally flows in a southeast direction toward the Lunga and Smith 
Lake Reservoirs (Figure 6-1).  Locally, the shallow groundwater discharges to nearby streams; as 
a result, the potential shallow groundwater pathway at MC loading areas is toward the nearest 
perennial streams.  MC that potentially migrate through the saprolite and the transition zone to the 
fractured bedrock aquifer in the deeper groundwater are transported through fractures in the 
bedrock.  Groundwater flow in the bedrock fractures can alter direction from the regional 
southeast gradient.  The groundwater flow velocity in the bedrock fractures can be very high, and 
the flow direction varies based on fracture orientation, interconnection with other fractures, and 
location of groundwater discharge (streams and water supply wells).  It is assumed that the flow 
system between the MC loading areas within the Smith Lake watershed and the off-installation 
supply wells is connected by fractures and that groundwater from the MC loading areas in the 
fractured bedrock aquifer flows toward the supply wells located outside the installation boundary 
on the west.   

6.1.1.8. Potential Surface Water and Groundwater Receptors 

Surface Water and Sediment Receptors  

Lunga and Smith Lake Reservoir are human receptor locations as they are drinking water sources 
and also are used for recreational activities.  The Lunga Reservoir is used as a backup drinking 
water source.  The primary use of the Lunga Reservoir is for recreational purposes; however, it 
was closed indefinitely in 2012 due to concerns raised when UXO was found on land near the 
reservoir.  T/E species, including bald eagles and dwarf wedgemussel, potentially are found near 
Beaverdam Run and Aquia Creek downstream of the MC loading areas within the watershed.   
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Groundwater Receptors 

Potential groundwater receptors include off-installation wells located within a 1-mile radius west 
of the installation boundary that are potential drinking water sources. Potential receptors in 
surface water features where shallow groundwater discharges include humans (using the Lunga 
Reservoir and Smith Lake Reservoir for drinking and recreational activities) and potential T/E 
species (as discussed in the surface water and sediment receptor section above).  

6.1.2. Surface Water and Sediment Screening-Level Assessment Results 

A screening-level assessment was used to obtain conservative estimates of MC concentrations in 
surface water and sediment from 11 MC loading areas that drain to the Smith Lake Reservoir 
(Figure 6-1).  These screening-level assessments were conducted as described in Section 5.1.1 
and Section 5.1.2, respectively.  Of the 11 MC loading areas, 4 (DZ-Raven, Range 3B, Range 5 
and Range 11) were estimated to have negligible HMX loading.  One of the MC loading areas 
(DZ-Raven) was estimated to have negligible RDX loading.  These MC loading areas were not 
included in the modeling for HMX and RDX.  No MC loading areas were estimated to have 
negligible TNT or perchlorate loading.  Therefore, all 11 MC loading areas were modeled for 
TNT and perchlorate. 

Table 6-5 presents the estimated percentage of total MC mass contributed by the individual MC 
loading areas draining to the Smith Lake and the Lunga Reservoirs.  The Range 7 MC loading 
area was predicted to contribute the highest proportions of all MC mass to the Smith Lake 
Reservoir.  The DZ-Raven MC loading area was predicted to contribute a significant proportion 
of the perchlorate mass (the second highest proportion) to the Smith Lake reservoir.  The Range 
15A MC loading area was predicted to contribute all of the HMX and TNT mass, nearly all of the 
RDX mass, and a significant proportion of the perchlorate mass to the Lunga Reservoir (Table 6-
5).  

Table 6-5: Screening-Level Estimates of Percent MC Mass Contributed by Individual MC Loading 
Areas into the Smith Lake and the Lunga Reservoirs 

MC Loading 
Area 

MC Contributed to Smith Lake 
Reservoir (% Total Mass) 

MC Contributed to Lunga 
Reservoir (% Total Mass) 

HMX RDX TNT Perchlorate HMX RDX TNT Perchlorate 

Charlie Demo 6 1 0.4 0.2 N/Ab N/Ab N/Ab N/Ab 

DZ-Raven N/Aa N/Aa ~0 19 N/Ab N/Ab N/Ab N/Ab 

Murphy Demo ~0 4 2 11 N/Ab N/Ab N/Ab N/Ab 

Range 3A 3 0.3 ~0 0.1 N/Ab N/Ab N/Ab N/Ab 

Range 3B N/Aa 0.5 0.1 1.1 N/Ab N/Ab N/Ab N/Ab 

Range 5 N/Aa ~0 ~0 6 N/Ab N/Ab N/Ab N/Ab 

Range 7 79 87 97 48 N/Ab N/Ab N/Ab N/Ab 
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MC Loading 
Area 

MC Contributed to Smith Lake 
Reservoir (% Total Mass) 

MC Contributed to Lunga 
Reservoir (% Total Mass) 

HMX RDX TNT Perchlorate HMX RDX TNT Perchlorate 

Range 8 ~0 7 0.1 4 N/Ab N/Ab N/Ab N/Ab 

Range 8A 12 0.2 0.1 0.1 N/Ab N/Ab N/Ab N/Ab 

Range 11 N/Aa ~0 ~0 2 N/Aa 3 ~0 24 

Range 15A ~0 ~0 ~0 8 100 97 100 76 

Note: 
N/Aa – not modeled because the MC loading rate was estimated to be negligible 
N/Ab – not applicable; MC loading area does not drain within the drainage area of the reservoir 

Table 6-6 presents the annual average edge-of-loading-area concentrations in surface water 
runoff from the MC loading areas draining within the Smith Lake watershed.  Based on the 
screening-level calculations, the concentration of HMX was only predicted to exceed the REVA 
trigger value at the edge of the Range 8A MC loading within the Smith Lake watershed.  The 
concentration of RDX was predicted to exceed the REVA trigger value at the edge of 9 of the 10 
MC loading areas modeled for RDX within the Smith Lake watershed.  Concentrations of TNT 
and perchlorate were predicted to exceed their respective REVA trigger value at the edge of 
seven and eight of the MC loading areas, respectively, within the Smith Lake watershed (Table 
6-6).   

Table 6-6:  Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC Concentrations 
in Surface Water Runoff within the Smith Lake Watershed 

MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Charlie Demo 
0.039 21.0 5.37 0.010 

DZ-Raven 
N/A N/A ~0 0.262 

Murphy Demo 
~0 74.7 25.4 0.342 

Range 3A 
0.004 1.97 ~0 0.001 

Range 3B 
N/A 137 19.1 0.544 

Range 5 
N/A 0.954 81.3 90.9 

Range 7 
0.020 90.3 55.3 0.082 
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MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Range 8 
~0 136 0.760 0.141 

Range 8A 
0.169 11 2.36 0.012 

Range 11 
N/A 0.055 ~0 0.725 

Range 15A 
~0 0.121 0.025 0.158 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 
Shading and bold indicate concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering the Lunga 
Reservoir and the Smith Lake Reservoir (as described in Section 5.1.1.2).  The average annual 
concentrations of all MC in surface water entering the Lunga Reservoir were predicted to be 
below REVA trigger values (Table 6-7).  Similarly, the average annual concentration of HMX in 
surface water entering the Smith Lake Reservoir was predicted to be below the REVA trigger 
value.  However, the average annual concentrations of RDX, TNT, and perchlorate in surface 
water entering the Smith Lake Reservoir were predicted to be above trigger values (Table 6-7).     

Table 6-7: Screening-Level Estimates of Annual Average MC Concentrations in Surface Water 
(including surface water and base flow contributions) Entering Lunga and Smith Lake Reservoirs 

Reservoirs MC 
Loading Areas 
Drain to 

Drainage Area 
(acres) 

Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Lunga  3,159 ~0 ~0 ~0 0.002 

Smith Lake 34,762 ~0 0.459 0.249 0.561 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
Shading and bold indicate concentration exceeds the REVA trigger value. 
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Although surface water concentrations of RDX, TNT, and perchlorate in Smith Lake Reservoir 
were predicted to potentially exceed REVA trigger values, actual concentrations in the reservoir 
are expected to be somewhat lower because of mixing with the volume of water within the 
reservoir and MC mass loss resulting from degradation and sedimentation in the reservoir.  
However, to further investigate the results of the transport assessments, surface water sampling in 
Smith Lake Reservoir and in Aquia Creek was conducted in July 2012 as part of the five-year 
review.  Five locations were sampled: three locations in Smith Lake (upper and lower water 
profiles), a location in Aquia Creek on the installation boundary, and one background reference 
location up gradient of the installation in Aquia Creek.  Explosives were not detected, and 
perchlorate was detected only in the background sample at a concentration of 0.065 µg/L. 

Table 6-8 presents the estimated annual average edge-of-loading-area concentrations in sediment 
from the 11 MC loading areas draining within the Smith Lake watershed.  Based on the 
screening-level calculations, the average annual concentrations of TNT in sediment at the edge of 
Murphy Demo, Range 3B, Range 5, and Range 7 MC loading areas were predicted to be above 
the REVA trigger value.  The average annual concentrations of HMX, RDX, and perchlorate in 
sediment were predicted to be below REVA trigger values at the edge of all MC loading areas 
modeled within the Smith Lake watershed.    

Table 6-8:  Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC Concentrations 
in Sediment within the Smith Lake Watershed 

 

MC Loading Area 

MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

Charlie Demo 
~0 1.18 17.8 ~0 

DZ-Raven 
N/A N/A ~0 ~0 

Murphy Demo 
~0 6.71 138 ~0 

Range 3A 
~0 0.213 0.004 ~0 

Range 3B 
N/A 21.5 201 ~0 

Range 5 
N/A 0.086 398 ~0 

Range 7 
0.001 10.9 365 ~0 

Range 8 
~0 12.2 3.90 ~0 
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MC Loading Area 

MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

Range 8A 
0.005 0.738 9.08 ~0 

Range 11 
N/A 0.003 ~0 ~0 

Range 15A 
~0 0.006 0.077 ~0 

REVA Trigger Value for Sediment 51 32.5 25 0.18 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 
Shading and bold indicate concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
sediment entering the Lunga Reservoir and the Smith Lake Reservoir.  Average annual MC 
concentrations in sediment entering these reservoirs were predicted to be below REVA trigger 
values (Table 6-9).  

Table 6-9: Screening-Level Estimates of Annual Average MC Concentrations in Sediment Entering 
Lunga and Smith Lake Reservoirs 

Reservoirs MC Loading Areas Drain to 

Estimated MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

Lunga  ~0 ~0 ~0 ~0 

Smith Lake ~0 0.108 3.38 ~0 

REVA Trigger Value for Sediment 51 32.5 25 0.18 

 

Based on the results of the sediment screening-level assessment, no further evaluation of this 
transport pathway is required at this time. 

6.1.3. Groundwater Screening-Level Assessment Results 

The groundwater screening-level assessment was conducted for the 11 MC loading areas within 
the Smith Lake watershed.  Similar to the surface water and sediment screening assessments, 
HMX transport via groundwater mechanisms was assessed in 7 MC loading areas; RDX was 
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assessed in 10 MC loading areas; and TNT and perchlorate were assessed in all 11 MC loading 
areas. 

The initial step of the Part I groundwater screening-level assessment was used to determine the 
maximum MC concentrations potentially reaching the groundwater table at the MC loading areas 
assessed within the Smith Lake watershed.  In doing this, the estimated MC loading rates (Table 
6-2) were divided by recharge rate values that were estimated for the MC loading areas based on 
slope and land cover.  Table 6-10 shows the estimated MC concentration in infiltrating water at 
the MC loading areas.  All MC concentrations were estimated to exceed REVA trigger values at 
all MC loading areas.   

Table 6-10: Estimated Maximum MC Concentrations in Infiltrating Water at the MC Loading Areas 
within the Smith Lake Watershed 

MC Loading Area 
Recharge 

Rate 
(ft/yr) 

Estimated Maximum Infiltration 
Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Charlie Demo 0.31 0.138 161 76.0 0.033 

DZ-Raven 0.31 N/A N/A ~0 0.917 

Murphy Demo 0.43 ~0 461 395 0.961 

Range 3A 0.31 0.017 16.4 .017 0.005 

Range 3B 0.54 N/A 694 447 1.15 

Range 5 0.31 N/A 7.73 1664 294 

Range 7 0.31 0.082 739 1078 0.309 

Range 8 0.31 ~0 1078 16.2 0.457 

Range 8A 0.43 0.507 63.9 6.9 0.032 

Range 11 0.31 N/A 0.407 ~0 2.54 

Range 15A 0.54 ~0 0.565 0.205 0.377 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 
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Note: 
N/A – not modeled because the MC loading area was estimated to be negligible 
Shading and bold indicate concentrations exceed the REVA trigger value. 

As a result, MC were modeled for migration through the vadose zone as follows: 

 HMX was modeled at two MC loading areas (Charlie Demo and Range 8A). 

 RDX was modeled at 10 MC loading areas (Charlie Demo, Murphy Demo, Range 3A, Range 
3B, Range 5, Range 7, Range 8, Range 8A, Range 11, and Range 15A). 

 TNT was modeled at eight MC loading areas (Charlie Demo, Murphy Demo, Range 3B, 
Range 5, Range 7, Range 8, Range 8A, and Range 15A). 

 Perchlorate was modeled at 10 MC loading areas (Charlie Demo, DZ-Raven, Murphy Demo, 
Range 3B, Range 5, Range 7, Range 8, Range 8A, Range 11, and Range 15A). 

Vadose zone modeling was performed using VLEACH, a vadose zone leaching model with a 
post-processing step that included decay.  The screening-level model was conducted using the 
methodology described in Section 5.2.2.2.  The flow and transport parameters used in the model 
are presented in Appendix B.  The model was run for a simulation time of 150 years. 

Modeling results, including conservative (e.g., no decay) and decay scenarios, are presented in 
Table 6-11 for comparison.  Using the estimated infiltration rates ranging from 3.7 to 6.5 in/yr 
based on soil types, land cover and slope of the MC loading areas (Appendix B), and a depth to 
groundwater of approximately 10 to 30 feet bgs, the minimum travel time for MC to reach the 
water table at concentrations equal to the respective MC trigger value is approximately 1 year, 
which occurs at Range 5 MC loading area.  Without decay, all MC were predicted ultimately to 
reach the water table for the modeling simulations.  When decay is included, RDX, TNT and 
HMX at all MC loading areas were predicted to degrade to concentrations below their respective 
REVA trigger values before reaching the water table.  The perchlorate concentrations at all MC 
loading areas modeled are estimated to exceed the REVA trigger value.     

Table 6-11: Modeled MC Concentrations Reaching the Water Table at MC Loading Areas within the 
Smith Lake Watershed 

MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Charlie Demo RDX 0.110 161 ~8 ~0 --

TNT 0.113 76 ~130 ~0 -- 

HMX 0.114 0.138 ~ 25 ~0 -- 

Perchlorate 0.021 0.033 ~20 0.033 ~20 



 Section 6
Screening-Level Assessment Results

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

6-21 

 

MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

DZ-Raven RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.917 ~5 0.916 ~5 

Murphy Demo RDX 0.110 460 ~6 ~0 -- 

TNT 0.113 395 ~100 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.961 ~7 0.960 ~7 

Range 3A RDX 0.110 16.4 ~15 ~0 -- 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 N/A N/A N/A N/A 

Range 3B RDX 0.110 694 ~5 ~0 -- 

TNT 0.113 447 ~100 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 1.15 ~8 1.15 ~8 

Range 5 RDX 0.110 7.72 ~6 ~0 -- 

TNT 0.113 1660 ~20 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 294 ~1 294 ~1 

Range 7 RDX 0.110 739 ~8 ~0 -- 

TNT 0.113 1080 ~100 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.309 ~15 0.308 ~15 

Range 8 RDX 0.110 1080 ~15 ~0 -- 

TNT 0.113 16.2 ~550 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.457 ~20 0.456 ~20 

Range 8A RDX 0.110 63.9 ~2 ~0 -- 

TNT 0.113 26.9 ~20 ~0 -- 

HMX 0.114 0.507 ~6 ~0 -- 

Perchlorate 0.021 0.032 ~8 0.032 ~8 

Range 11 RDX 0.110 0.47 ~30 ~0 -- 

TNT 0.113 N/A N/A N/A N/A 
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MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 2.54 ~15 2.54 ~15 

Range 15A RDX 0.110 0.56 ~5 ~0 -- 

TNT 0.113 0.205 ~100 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.377 ~3 0.377 ~3 

Note: 

N/A – not modeled, as the constituent was eliminated for further assessment from the initial groundwater screening 
assessment. 
yrs – years 
-- denotes that the MC degrade before reaching the water table. 
Shading and bold indicate concentration exceeds the REVA trigger value. 

 

Based on the vadose zone results, saturated zone modeling was conducted for perchlorate at 10 
MC loading areas to estimate the MC concentration potentially reaching the nearest surface water 
receptor location and supply well from each MC loading area. 

The saturated zone modeling was conducted using BIOCHLOR 2.2 for movement through the 
saprolite to potential surface water receptor locations (perennial streams) and through the 
fractured bedrock aquifer to potential groundwater receptors (supply wells).  The modeling was 
conducted as described in Section 5.2.2.3.  The model was run for a simulation time of 500 years.  
The BIOCHLOR simulation results produced the estimated MC concentration profile along the 
centerline of flow between the source zones at the MC loading areas and nearest receptor 
locations (perennial streams and supply wells). 

The assessment predicted that perchlorate concentrations exceeded the REVA trigger value in 
shallow groundwater reaching the closest perennial streams within the Smith Lake watershed 
from all 10 MC loading areas modeled for saturated zone transport through the saprolite (Table 
6-12).  These results were used in the surface water screening-level assessment for estimating 
perchlorate concentrations at receptor locations down gradient of the MC loading areas (Smith 
Lake and Lunga Reservoir) (presented in Section 6.1.2). 
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Table 6-12: Model-Estimated MC Concentrations Reaching Surface Water Receptor Locations 
within the Smith Lake Watershed        

MC Loading Area 

Concentration at Closest Surface Water Receptor 
Location (µg/L) 

HMX RDX TNT Perchlorate 

Charlie Demo N/A N/A N/A 0.033 

DZ-Raven N/A N/A N/A 0.916 

Murphy Demo N/A N/A N/A 0.957 

Range 3A N/A N/A N/A N/A 

Range 3B N/A N/A N/A 1.14 

Range 5 N/A N/A N/A 145 

Range 7 N/A N/A N/A 0.309 

Range 8 N/A N/A N/A 0.456 

Range 8A N/A N/A N/A 0.032 

Range 11 N/A N/A N/A 2.51 

Range 15A N/A N/A N/A 0.356 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled, as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
Shading and bold indicate concentration exceeds the REVA trigger value. 
 
Additional BIOCHLOR modeling was conducted to simulate saturated zone transport though the 
fractured bedrock aquifer.  Perchlorate in groundwater was predicted to reach the nearest 
groundwater receptors (supply wells) from the 10 MC loading areas modeled within the Smith 
Lake watershed at concentrations above the REVA trigger value (Table 6-13).  Perchlorate is 
highly persistent in the environment (i.e no decay or sorption).  In the modeling conducted, 
dispersion in groundwater is the only factor that reduces perchlorate concentrations.  Based on the 
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parameters picked at many of the MC loading areas, the groundwater dispersion was low enough 
not to have caused significant reduction in perchlorate concentrations from many of the MC 
loading areas.  Figure 6-1 shows the approximate regional groundwater flow direction within the 
Smith Lake watershed.   

Table 6-13: Model-Estimated MC Concentrations Reaching Groundwater Receptors within the 
Smith Lake Watershed 

MC Loading Area 
Distance to 

NSW (miles) 

Concentration at Groundwater Receptor Location 
(µg/L) 

HMX RDX TNT Perchlorate 

Charlie Demo 1.6 N/A N/A N/A 0.032 

DZ-Raven 1.7 N/A N/A N/A 0.916 

Murphy Demo 1.8 N/A N/A N/A 0.100 

Range 3A N/A N/A N/A N/A N/A 

Range 3B 1.4 N/A N/A N/A 0.888 

Range 5 0.5 N/A N/A N/A 94.1 

Range 7 0.8 N/A N/A N/A 0.308 

Range 8 1.5 N/A N/A N/A 0.456 

Range 8A 1.9 N/A N/A N/A 0.100 

Range 11 3.4 N/A N/A N/A 0.100 

Range 15A 2.6 N/A N/A N/A 0.100 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
NSW – nearest supply well 
Shading and bold indicate concentration exceeds the REVA trigger value. 
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Groundwater sampling for MC in seven monitoring wells screened in the fractured bedrock 
aquifer within the Smith Lake watershed was conducted in July 2012 as part of the five-year 
review.  The monitoring wells where groundwater sampling was conducted are located near the 
western and southern installation boundary (down gradient of the MC loading areas and up 
gradient of the off-installation wells within the Smith Lake watershed).  Explosives were not 
detected, and perchlorate was detected at estimated concentrations in two wells at concentrations 
less than 0.05 µg/L.    

6.2. Chopawamsic Creek Watershed 

The Chopawamsic Creek watershed is located in the east-central part of MCB Quantico; it is 
approximately 21,890 acres with approximately 92% of the total watershed area located inside the 
installation boundary (Figure 6-2).  The watershed area encompasses intermittent and perennial 
streams that generally flow in a southeast direction.  The Breckenridge Reservoir, the primary 
drinking water source for MCB Quantico, is located within the watershed.  The watershed 
encompasses some portion of the Guadalcanal area and almost all of Mainside of MCB Quantico. 

The four MC loading areas are listed in Table 6-14. 

Table 6-14: MC Loading Areas in the Chopawamsic Creek Watershed 

MC Loading Area Size (acres) 

LZ-Falcon 2.15 

LZ-Peregrine 1.83 

Range 14 Combined 56.01 

WTBN Combined Ranges 69.62 

 

Military Munitions 

Military munitions authorized for use within the four MC loading areas are primarily small arms, 
pyrotechnics, signaling devices, nonlethal munitions and simunitions, and illumination rounds.   

6.2.1. Conceptual Site Model 

6.2.1.1. Estimated Munitions Constituents Loading 

The MC loading areas within the Chopawamsic Creek watershed are shown in Figure 6-2.  The 
MC Loading Rate Calculator was used to estimate the amount of MC deposited annually within 
these MC loading areas (Table 6-15) using assumptions detailed in Section 3.  The total non-
contiguous surface areas of the individual MC loading areas and their specific loading rates are 
provided for the baseline and five-year review periods.  The analysis shows that loading rates 
within the Chopawamsic Creek watershed are relatively low compared to other watersheds at 
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MCB Quantico.  The highest overall loading is represented by perchlorate.  The highest MC 
loading rate observed in the watershed was perchlorate at the LZ-Peregrine MC loading area.   

The combined non-contiguous MC loading areas in the five-year review are approximately twice 
the size of the combined non-contiguous MC loading areas in the baseline (Table 6-15).  No 
primary MC loading areas were identified within the Chopawamsic Creek watershed during the 
baseline; rather, only TAs were identified as secondary MC loading areas.  One percent or 10% of 
the total TA acreage was designated as the MC loading area, and this resulted in a small 
combined MC loading area.  Expenditure data from the five-year review period was used to 
identify four MC loading areas in the Chopawamsic Creek watershed; these are SARs and LZs 
that are not typically associated with HE use.  They were established as MC loading areas 
because of the use of illumination rounds, smoke grenades, and other munitions to simulate battle 
effects.   

The estimated MC loading rates for the five-year review suggest loading has increased marginally 
since the baseline assessment, with the exception of perchlorate (Table 6-15).  Using limited data 
available and the approach developed during the baseline assessment, no HMX or RDX loading 
was estimated across the watershed, but these two indicator MC were estimated at relatively low 
loading rates in the five-year review.  Although TNT loading is still relatively low compared to 
other watersheds at the installation, it increased by approximately one order of magnitude during 
the five-year review.  Perchlorate loading decreased by almost two orders of magnitude in the 
five-year review when compared with the baseline assessment.  These low overall MC loading 
rates are consistent with the types of ranges (SARs and LZs/DZs) and their use within this 
watershed.  Note that this is a very rough methodology for comparing the datasets; the MC 
loading areas are noncontiguous and adding the rates into a single area does not capture 
concentrated MC loading at specific range locations.  As such, these comparisons are relevant 
only for a watershed-level comparison only.     
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Table 6-15: Estimated MC Loading Rates for the Chopawamsic Creek Watershed 

Assessment MC Loading Area 
Assumed 
Loading 

Area (m2) 

Estimated Annual Loading Rate (kg/m2) 

HMX RDX TNT Perchlorate 

Baseline (Period 
E 1989–2006) 

Total MC loading 
in Chopawamsic 
Creek Watershed 
(Period E) 

244,998 0.00E+00 0.00E+00 
4.98E-10 1.35E-06 

Five-Year 
Review (Period 
F 2007–2012) 

LZ-Falcon 8,692 0.00E+00 1.97E-10 2.23E-11 1.58E-06 

 LZ-Peregrine 7,411 0.00E+00 0.00E+00 4.06E-11 1.73E-06 

 Range 14 Combined 226,656 3.57E-13 1.70E-08 1.08E-08 7.96E-09 

 WTBN Combined 
Ranges 

281,739 3.09E-12 0.00E+00 0.00E+00 0.00E+00 

 Total MC loading 
in Chopawamsic 
Creek Watershed 
(Period F) 

524,498 1.81E-12 7.34E-09 4.65E-09 5.41E-08 

 

Annual lead deposition for the MC loading areas in the Chopawamsic Creek watershed was 
estimated during this five-year review (Table 6-16).  For SARs designated as MC loading areas 
(Range 14 Combined and WTBN Combined Ranges), only HE munitions were used to calculate 
lead loading associated with the MC loading areas.  Small arms ammunition lead loading is 
discussed in Section 8.  Calculations indicate the Range 14 Combined MC loading area has the 
most significant lead deposition in the Chopawamsic Creek watershed, estimated at 7.35E-02 lb 
of lead annually (contributed from HE munitions only).  Accounting for all MC loading areas 
identified in the Chopawamsic Creek watershed, it is estimated that a total of 0.09 lb of lead was 
deposited annually during this review period; essentially no lead deposition is occurring in the 
Chopawamsic Creek watershed associated with HE munitions.    

Table 6-16: Estimated Annual Lead Deposition for the Chopawamsic Creek Watershed 

MC Loading Area Size (m2) 
Lead Deposition  

kg/m2 lb/yd2 Total lb 

LZ-Falcon 8,692 9.41E-09 1.73E-08 1.80E-04 

LZ-Peregrine 7,411 8.06E-07 1.49E-06 1.32E-02 

Range 14 Combined 226,656 1.47E-07 2.71E-07 7.35E-02a 
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MC Loading Area Size (m2) 
Lead Deposition  

kg/m2 lb/yd2 Total lb 

WTBN Combined Ranges 281,739 0.00E+00 0.00E+00 0.00E+00a 

Total lead loading in 
Chopawamsic Creek 
Watershed (Period F) 

524,498 7.52E-08 1.38E-07 8.69E-02 

Note: 
       a – Lead contributed from HE munitions only. 

6.2.1.2. Geography and Topography 

The eastern part of the Chopawamsic Creek watershed (approximately 30% of the watershed 
area) is located within the Coastal Plain physiographic province, and the western part is located 
within the Piedmont physiographic province.  The terrain of the watershed on the east within the 
Coastal Plain physiographic province is characterized as low and flat, and the terrain on the west 
within the Piedmont physiographic province is characterized as low, gently rolling hills.  The 
topography generally slopes southeast toward the Chopawamsic Creek.  Available contour data 
indicate the elevation of the watershed area within the installation boundary ranges from sea level 
at the downstream tidal creek portion of Chopawamsic Creek and at the Potomac River to 
approximately 467 feet amsl on the northwestern part of the watershed area, just up gradient of 
Middle Branch Chopawamsic Creek.  Based on available spatial data, the slope within the 
installation boundary of the watershed area can range from approximately less than 1% to 
approximately 30%, but slope at the MC loading areas ranges from approximately 2% to 16%.  

6.2.1.3. Surface Water Features 

The Chopawamsic Creek watershed contains an intermittent and perennial stream network with a 
branched dendritic pattern.  Chopawamsic creek and three of its major tributaries (North Branch, 
Middle Branch, and South Branch Chopawamsic Creek) are the largest streams within the 
watershed.  All the major streams within the watershed originate from within the MCB Quantico 
installation boundary and, for the most part, flow within the installation boundary.  A short 
segment of the downstream North Branch Chopawamsic Creek flows outside the installation 
before flowing back into the installation and discharging into the Breckenridge Reservoir.  
Drainages from the Middle Branch and South Branch Chopawamsic Creek also lead to the 
Breckenridge Reservoir.  Both these streams flow southeasterly within the installation boundary.  
Chopawamsic Creek flows southeast from the Breckenridge Reservoir through wetland areas, 
where it widens into a tidal creek and discharges into the Potomac River.  The watershed includes 
Buffalo Pond on the east (Figure 6-2). 

Table 6-17 describes the drainage characteristics of the four MC loading areas within the 
Chopawamsic Creek watershed. 
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Table 6-17: Drainage Description of the MC Loading Areas within the Chopawamsic Creek 
Watershed 

MC Loading Area Drainage Description 

LZ-Falcon 
The MC loading area drains south to an adjacent intermittent stream, which flows 
east to Chopawamsic Creek.  Chopawamsic Creek flows southeasterly, widens 
into a tidal creek and, ultimately, discharges into the Potomac River. 

LZ-Peregrine 

The MC loading area drains west into an intermittent stream, which flows 
southwest into North Branch Chopawamsic Creek.  North Branch Chopawamsic 
Creek flows southeasterly to the Breckenridge Reservoir approximately 4.6 miles 
down gradient of the MC loading area. 

Range 14 Combined 
The MC loading area drains west into the North Branch Chopawamsic Creek.  
North Branch Chopawamsic Creek flows southeasterly to the Breckenridge 
Reservoir approximately 3 miles down gradient of the MC loading area.   

WTBN Combined 
Ranges 

A portion of the MC loading area drains northeast to South Branch Chopawamsic 
Creek, and the remaining portion drains east to an intermittent stream, which 
flows northeast to South Branch Chopawamsic Creek.  South Branch 
Chopawamsic Creek flows southeasterly to Breckenridge Reservoir 
approximately 1.4 miles down gradient of the MC loading area. 

 

6.2.1.4. Soil Characteristics and Land Cover 

Soils within the Chopawamsic Creek watershed west of I-95 are largely of the Elioak-Glenelg 
and Buckhall-Hayesville-Occoquan soil associations.  And soils east of I-95 within the watershed 
are largely of the State-Murumsco-Suffolk and Caroline-Lunt soil associations.  Soils with 
reddish and yellowish acid subsoils dominate the Elioak-Glenelg and the Buckhall-Hayesville-
Occoquan soil associations; and soils with grayish sandy surface soils and yellowish and reddish 
clayey subsoils dominate the Caroline-Lunt and State-Murumsco-Suffolk soil associations (MCB 
Quantico et al., 2007).  

The predominant soil map symbols of the Chopawamsic Creek watershed within the installation 
boundary are Fa (Fairfax loam) and Gc (Glenelg silt loam).  These soils consist of loam and silt 
loam.  Both soils have acidic pH (4.75 and 5), organic content ranging from 1.5% to 2%, clay 
content ranging from 15% to 20%, moderate inherent soil erodibility factors (0.44 and 0.32), and 
a relatively low to moderate runoff potential (hydrologic group B and C).  The predominant soil 
map symbols found within the upper and the lower drainage areas of the Breckenridge Reservoir 
that are part of the Chopawamsic Creek watershed are Fa (in the upper drainage area) and Ge 
(Glenelg silty clay loam) (in the lower drainage area).  The Ge soil map symbol found in the 
lower drainage area of the Breckenridge Reservoir consists of silty clay loam and has 2% organic 
content, 20% clay content, an acidic pH of 5.0, a moderate soil erodibility factor of 0.32, and a 
relatively low runoff potential (hydrologic group B). 
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The Chopawamsic Creek watershed is largely vegetated but includes some unvegetated areas, 
specifically at impact areas within the installation.  There are some developed areas outside the 
installation boundary within the watershed.  More than half the vegetated area includes forest and 
the remaining has grass.  The upper and lower drainage areas of the Breckenridge Reservoir are 
also largely vegetated with forest and grass.  Unvegetated areas are also found within these 
drainage areas.  The upper drainage area of the Breckenridge Reservoir has more unvegetated 
areas than the lower drainage area of the Breckenridge Reservoir. 

6.2.1.5. Erosion Potential 

The Chopawamsic Creek watershed was estimated to have high soil erosion potential (RUSLE 
predicted soil loss value of 1.49E-02 kg/m2/d), and the upper and lower Breckenridge Reservoir 
drainage areas were estimated to have high and moderate soil erosion potentials, respectively 
(RUSLE predicted soil loss values 1.33E-02 kg/m2/d, and 1.12E-02 kg/m2/d).  The estimated 
moderate and high soil erosion potentials are largely attributable to relatively steep topographic 
slopes and moderate inherent soil erodibility factors common to the areas. 

Two MC loading areas (LZ-Falcon and LZ-Peregrine) were estimated to have moderate soil 
erosion potentials, and the other two MC loading areas (Range 14 Combined and WTBN 
Combined Ranges) were estimated to have high soil erosion potentials.  The estimated high soil 
erosion potentials at Range 14 Combined and WTBN Combined Ranges MC loading areas are 
largely results of steep topographic slopes, poor vegetation covers, and moderate inherent soil 
erodibility factors at the MC loading areas.  The LZ-Falcon and the LZ-Peregrine MC loading 
areas, which were estimated to have moderate soil erosion potentials, either had a low inherent 
soil erodibility factor or a relatively flat topography.     

6.2.1.6. Groundwater Characteristics 

A large part of the Chopawamsic Creek watershed (west of the Fall Line and I-95) is within the 
Eastern Lowlands of the Piedmont physiographic province.  Groundwater in this part of the 
watershed occurs in bedrock aquifers and in unconsolidated saprolite, a weather bedrock 
transition zone overlying the bedrock aquifer.  The part of the watershed east of the Fall Line and 
I-95 is within the Coastal Plain physiographic province that is underlain by unconsolidated 
sediments of the Coastal Plain consisting of stratified sand, gravel, and clay layers.  Groundwater 
in this part of the watershed moves through primary porosity.  Many of the units that make up the 
Coastal Plain are considered to have very good to excellent water-bearing potential.   

Most wells located east of MCB Quantico just outside the Chopawamsic Creek watershed have 
well depths ranging from less than 100 to more than 400 feet bgs.  The average groundwater 
depths measured at an old landfill site and at a gravel pit site in the southeastern parts of the 
Chopawamsic Creek watershed within the installation boundary (east of the Fall Line and I-95) 
range from approximately 6 to 38 feet bgs. 
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6.2.1.7. Potential Surface Water and Groundwater Pathways 

Surface Water and Sediment Pathways 

The estimated surface water runoff rates at the four MC loading areas within the Chopawamsic 
Creek watershed range from 0.13 to 0.25 m3/m2/yr.  Based on these estimated surface water 
runoff rates, there is a moderate potential for MC to migrate via surface water runoff from three 
of the four MC loading areas within the watershed.  LZ-Peregrine MC loading area was estimated 
to have a low potential for MC to migrate via surface water runoff.  This is because of the 
relatively flat topography of the area.  The moderate potential for MC migration via surface water 
runoff estimated at the three MC loading areas (LZ-Falcon, Range 14 Combined, and WTBN 
Combined Ranges) is attributed to the relatively high precipitation common to the area and the 
relatively steep topographic slopes at the MC loading areas.  LZ-Falcon MC loading area also has 
soil types with moderate runoff potential (hydrologic group C).  

The high and moderate soil erosion potential that may occur at the MC loading areas makes soil 
erosion an important mechanism for MC mobilization into surface water runoff.  MC transported 
through surface water runoff and sediment from the MC loading areas could reach nearby streams 
and, ultimately, the major streams, such as Chopawamsic Creek and its tributaries (North Branch, 
Middle Branch, and South Branch Chopawamsic Creeks).  MC transported in groundwater from 
the MC loading areas can also discharge into streams as interflow and base flow.  Surface water 
drainage from LZ-Peregrine, Range 14 Combined, and WTBN Combined Ranges MC loading 
areas would reach the Breckenridge Reservoir before draining down to the lower reaches of the 
Chopawamsic Creek and the Potomac River.   

Groundwater Pathways 

MC deposited at the four MC loading areas within the Chopawamsic Creek watershed have the 
potential to migrate down to the underlying saprolite and farther down to the fracture bedrock 
aquifer.  Shallow groundwater in the saprolite generally flows in a southeast direction toward the 
Breckenridge Reservoir and the Potomac River (Figure 6-2).  Locally, the shallow groundwater 
discharges to nearby streams; as a result, the potential shallow groundwater pathway at MC 
loading areas is toward the nearest perennial streams (e.g., North Branch and South Branch 
Chopawamsic Creek).  MC potentially migrate down through the saprolite and the transition zone 
to the fractured bedrock aquifer.  Groundwater flow in the bedrock fractures can alter direction 
from the regional southeast gradient.  The groundwater flow velocity in the bedrock fractures can 
be very high, and the flow direction varies based on fracture orientation, interconnection with 
other fractures, and location of groundwater discharge.  It is assumed that the flow system 
between the MC loading areas within the Chopawamsic Creek watershed and the off-installation 
supply wells are connected by fractures and that groundwater from the MC loading areas in the 
fractured bedrock aquifer flows toward the supply wells located outside the installation boundary 
on the east. 
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6.2.1.8. Potential Surface Water and Groundwater Receptors 

Surface Water and Sediment Receptors 

The Breckenridge Reservoir is a human receptor location, as it is one of the primary drinking 
water sources for MCB Quantico.  Water from the reservoir is used by Mainside for potable 
purposes.  Chopawamsic Creek and the Potomac River are used for recreational activities.  
Chopawamsic Creek is classified as nursery for commercial and sport fish.  T/E and state rare 
species, including bald eagles, SWP, and least bittern, are potentially found within the 
Chopawamsic Creek watershed down gradient of the MC loading areas. 

Groundwater Receptors  

Potential groundwater receptors include off-installation wells located within a 1-mile radius east 
of the installation boundary, which are potential drinking water sources.  Potential receptors in 
surface water features where shallow groundwater discharges include humans (using the 
Breckenridge Reservoir for drinking) and potential T/E and state rare species (as discussed in the 
surface water and sediment receptor section above).  

6.2.2. Surface Water and Sediment Screening-Level Assessment Results 

The surface water and sediment screening-level assessment was conducted for the four MC 
loading areas.  Of the four assessed MC loading areas, two of the MC loading areas were 
estimated to have negligible HMX (LZ-Falcon and LZ-Peregrine) and RDX (LZ-Peregrine and 
WTBN Combined Ranges) loading.  Therefore, two of the four assessed MC loading areas were 
modeled for HMX (Range 14 Combined and WTBN Combined Ranges) and RDX (LZ-Falcon 
and Range 14 Combined).  One of the four assessed MC loading areas (WTBN Combined 
Ranges) was estimated to have negligible TNT and perchlorate loading.  Three of the four 
assessed MC loading areas (LZ-Falcon, LZ-Peregrine, and Range 14 Combined) were modeled 
for TNT and perchlorate. 

Table 6-18 presents the estimated percentage of total MC mass contributed by the individual MC 
loading areas draining to the upper segment of the Breckenridge Reservoir and to Chopawamsic 
Creek at its confluence with the Potomac River.  Only WTBN Combined Ranges MC loading 
area drains to the lower segment of the Breckenridge Reservoir and, therefore, is the sole 
contributor of MC mass to the lower segment of the Breckenridge Reservoir.  Range 14 
Combined MC loading area was predicted to contribute all of the HMX and RDX mass and 
almost all of the TNT mass to the upper segment of the Breckenridge Reservoir.  LZ-Peregrine 
MC loading area was predicted to contribute a significant proportion of the perchlorate mass to 
the upper segment of the Breckenridge Reservoir.  Range 14 Combined MC loading area was 
predicted to contribute almost all of the RDX and TNT mass to Chopawamsic Creek at its 
confluence with the Potomac River.  WTBN Combined Ranges MC loading area was predicted to 
contribute a significant proportion of the HMX mass, and LZ-Falcon MC loading area was 
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predicted to contribute the highest proportion of perchlorate mass to Chopawamsic Creek at its 
confluence with the Potomac River.  

Table 6-18: Screening-Level Estimates of Percent MC Mass Contributed by Individual MC Loading 
Areas into the Breckenridge Reservoir and the Chopawamsic Creek at its Confluence with the 

Potomac River 

MC 
Loading 
Area 

MC Contributed to Upper Segment 
Breckenridge Reservoir (% total 

mass) 

MC Contributed to Chopawamsic 
Creek at its Confluence with the 
Potomac River (% total mass) 

HMX RDX TNT Perchlorate HMX RDX TNT Perchlorate 

LZ-Falcon NA NA NA NA N/A ~0 ~0 57 

LZ-Peregrine N/A N/A ~0 83 N/A ~0 ~0 35 

Range 14 
Combined 

100 100 100 17 9 100 100 7 

WTBN 
Combined 
Ranges 

NA NA NA NA 91 N/A N/A N/A 

Note: 
N/A – not modeled because the MC loading rate was estimated to be negligible 
NA – not applicable; MC loading area does not drain within the drainage area of the receptor location 

 

Table 6-19 presents the annual average edge-of-loading-area concentrations in surface water 
runoff from the MC loading areas draining within the Chopawamsic Creek watershed.  Based on 
the screening-level calculations, the perchlorate concentration was predicted to exceed the REVA 
trigger value at the edge three of the MC loading areas (LZ-Falcon, LZ-Peregrine, and Range 14 
Combined MC loading areas) modeled for perchlorate.  All other MC concentrations in surface 
water runoff at the edge of all the MC loading areas modeled were predicted to be below REVA 
trigger values. 

Table 6-19: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Surface Water Runoff within the Chopawamsic Creek Watershed 

MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

LZ-Falcon 
N/A ~0 ~0 4.09 

LZ-Peregrine 
N/A N/A ~0 5.93 

Range 14 Combined 
~0 0.022 0.006 0.022 
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MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

WTBN Combined Ranges 
~0 N/A N/A N/A 

REVA Trigger Value for Water 
0.114 0.110 0.113 0.021 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 

Shading and bold indicate concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering the upper and 
lower segment Breckenridge Reservoir and the Chopawamsic Creek at its confluence with the 
Potomac River (as described in Section 5.1.1.2).  The annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering all 
downstream receptor locations within the Chopawamsic Creek watershed were predicted to be 
below REVA trigger values (Table 6-20).  Based on these results, no additional surface water 
assessment is required at this time for the MC loading areas identified within the Chopawamsic 
Creek watershed.   

Table 6-20: Screening-Level Estimates of Annual Average MC Concentrations in Surface Water 
(including surface water and base flow contributions) Entering Breckenridge Reservoir and 

Chopawamsic Creek at its Confluence with the Potomac River 

Downstream Surface 
Water Receptor Location 

Drainage Area 
(acres) 

Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate

Breckenridge Reservoir (upper 
segment) 

8,136 ~0 ~0 ~0 0.002 

Breckenridge Reservoir (lower 
segment) 

2,738 ~0 N/A N/A N/A 

Chopawamsic Creek 21,888 ~0 ~0 ~0 0.002 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 
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Note: 
N/A – Not modeled because the MC loading rate was estimated to be negligible 

 

Table 6-21 presents the estimated annual average edge-of-loading-area concentrations in 
sediment from the four MC loading areas draining within the Chopawamsic Creek watershed.  
Based on the screening-level calculations, the average annual MC concentrations in sediment at 
the edge of all four MC loading areas were predicted to be below their respective REVA trigger 
values.  No additional sediment assessment is required at this time. 

Table 6-21: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Sediment within the Chopawamsic Creek Watershed 

 

MC Loading Area 

MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

LZ-Falcon 
N/A ~0 ~0 ~0 

LZ-Peregrine 
N/A N/A ~0 ~0 

Range 14 Combined 
~0 0.002 0.029 ~0 

WTBN Combined Ranges 
~0 N/A N/A N/A 

REVA Trigger Value for Sediment 51 32.5 25 0.18 

Note: 
N/A – Not modeled because the MC loading rate was estimated to be negligible 

6.2.3. Groundwater Screening-Level Assessment Results 

The groundwater screening-level assessment was conducted for the four MC loading areas.  
Similar to the surface water and sediment screening assessments (Section 6.2.2), HMX and RDX 
were assessed in two of the four MC loading areas (Range 14 Combined and WTBN Combined 
Ranges for HMX; LZ-Falcon, and Range 14 Combined Ranges for RDX).  TNT and perchlorate 
were assessed in three of the four MC loading areas (LZ-Falcon, LZ-Peregrine, and Range 14 
Combined Ranges).  

Table 6-22 shows the estimated MC concentrations in infiltrating water at the MC loading areas 
within the Chopawamsic Creek watershed.  In accordance with the initial step of the Part I 
groundwater screening assessment, the concentrations were estimated by dividing the estimated 
MC loading rates by the estimated recharge rate values at the loading areas.  The perchlorate 
concentration was estimated to exceed the REVA trigger value at all three of the MC loading 
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areas modeled for perchlorate, and the RDX concentration was estimated to exceed the REVA 
trigger value at one of the two MC loading areas modeled for RDX (Table 6-22).  HMX and 
TNT concentrations were estimated to be below their respective REVA trigger values at all MC 
loading areas modeled for these MC.  As a result, RDX and perchlorate were modeled for 
migration through the vadose zone at LZ-Falcon (perchlorate only), LZ-peregrine (perchlorate 
only), and Range 14 Combined (RDX and perchlorate). 

Table 6-22: Estimated Maximum MC Concentrations in Infiltrating Water at the MC Loading Areas 
within the Chopawamsic Creek Watershed 

MC Loading Area 
Recharge 

Rate (ft/yr) 

Estimated Maximum Infiltration 
Concentration (µg/L) 

HMX RDX TNT Perchlorate 

LZ-Falcon 0.43 N/A 0.002 ~0 12.1 

LZ-Peregrine 0.54 N/A N/A ~0 10.4 

Range 14 Combined 0.43 ~0 0.130 0.082 0.061 

WTBN Combined Ranges 0.43 ~0 N/A N/A N/A 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled because the MC loading area was estimated to be negligible 
Shading and bold indicate concentrations exceed the REVA trigger value. 

The vadose zone modeling was conducted using VLEACH with a post-processing step that 
included decay.  The model was run for a simulation time of 150 years.  Modeling results 
including decay are presented in Table 6-23 for comparison.  Based on the estimated infiltration 
rates ranging from 5.2 to 6.5 in/yr based on the soil types, land cover and slope (Appendix B), 
and a depth to groundwater of approximately 14 to 29 feet bgs, the minimum travel time for MC 
to reach the water table at concentrations equal to the respective MC trigger value is 
approximately 5 years at LZ-Falcon MC loading area.  When decay is included, RDX at the 
Range 14 Combined MC loading area was predicted to degrade to a concentration below the 
REVA trigger value before reaching the water table.  The perchlorate concentration at all three 
MC loading areas modeled is estimated to exceed the REVA trigger value.  The lowest estimated 
travel time for perchlorate to exceed its REVA trigger value of 0.021 µg/L in groundwater is 
approximately 5 years at LZ-Falcon MC loading area (Table 6-23).  
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Table 6-23: Modeled MC Concentrations Reaching the Water Table at MC Loading Areas within the 
Chopawamsic Creek Watershed 

MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

LZ-Falcon RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 12.1 ~5 12.1 ~5 

LZ-Peregrine RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 10.4 ~8 10.4 ~8 

Range 14 
Combined 

RDX 0.110 0.13 ~30 ~0 -- 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.061 ~20 0.061 ~20 

WTBN 
Combined 
Ranges 

RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 N/A N/A N/A N/A 

Note: 

N/A – not modeled, as the constituent was eliminated for further assessment from the initial groundwater screening 
assessment 
-- denotes that the MC degrade before reaching the water table. 

Shading and bold indicate concentration exceeds the REVA trigger value. 

Based on the vadose zone results, saturated zone modeling was conducted for perchlorate at LZ-
Falcon, LZ-Peregrine, and Range 14 Combined MC loading areas to estimate the perchlorate 
concentration potentially reaching the nearest surface water receptor location and the nearest 
supply well from each MC loading area. 

The saturated zone modeling was conducted using BIOCHLOR 2.2 for movement through the 
saprolite to potential surface water receptor locations (perennial streams) and through the 
fractured bedrock aquifer to potential groundwater receptors (supply wells).  The modeling was 
conducted as described in Section 5.2.2.3.  The model was run for a simulation time of 500 years.  
The BIOCHLOR simulation results produced the estimated MC concentration profile along the 
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centerline of flow between the source zones at the MC loading areas and nearest receptor 
locations (perennial streams and supply wells). 

The assessment predicted that perchlorate concentrations exceeded the REVA trigger value in 
shallow groundwater reaching the closest perennial streams within the Chopawamsic Creek 
watershed from all three MC loading areas modeled for saturated zone transport through the 
saprolite (Table 6-24).  These results were used in the surface water screening-level assessment 
for estimating perchlorate concentrations at receptor locations down gradient of the MC loading 
areas (Breckenridge Reservoir and Chopawamsic Creek at its confluence with the Potomac River) 
(presented in Section 6.2.2).  

Table 6-24: Model-Estimated MC Concentrations Reaching Surface Water Receptor Locations 
within the Chopawamsic Creek Watershed 

MC Loading Area 

Concentration at Closest Surface Water Receptor 
Location (µg/L) 

HMX RDX TNT Perchlorate 

LZ-Falcon N/A N/A N/A 12.0 

LZ-Peregrine N/A N/A N/A 10.1 

Range 14 Combined N/A N/A N/A 0.061 

WTBN Combined Ranges N/A N/A N/A N/A 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
Shading and bold indicate concentration exceeds the REVA trigger value. 
 

Additional BIOCLOR modeling was conducted to simulate saturated zone transport through the 
fractured bedrock aquifer.  Perchlorate in groundwater was predicted to reach the nearest 
groundwater receptors (supply wells) from all three MC loading areas modeled within the 
Chopawamsic Creek watershed at concentrations above the REVA trigger value (Table 6-25).  
Figure 6-2 shows the approximate regional groundwater flow direction within the Chopawamsic 
Creek watershed. 
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Table 6-25: Model-Estimated MC Concentrations Reaching Groundwater Receptors within the 
Chopawamsic Creek Watershed 

MC Loading Area 
Distance to NSW 

(miles) 

Concentration at Groundwater Receptor 
Location (µg/L) 

HMX RDX TNT Perchlorate 

LZ-Falcon 2.7 N/A N/A N/A 11.7 

LZ-Peregrine 2.4 N/A N/A N/A 9.99 

Range 14 Combined 0.7 N/A N/A N/A 0.061 

WTBN Combined Ranges N/A N/A N/A N/A N/A 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
NSW – nearest supply well 
Shading and bold indicate concentration exceeds the REVA trigger value. 

Perchlorate from LZ-Falcon, LZ-Peregrine, and Range 14 Combined MC loading areas was 
predicted to reach the closest supply wells located outside the installation on the east at 
concentrations above the REVA trigger value.  The perchlorate loading at these MC loading areas 
is primarily associated with a simulator ground burst (DoDIC L594).  ORC, including vegetation 
clearance and burning, was completed at the Range 14 Combined MC loading area in 2011–2012, 
reducing the perchlorate loading available at this MC loading area.  The adjacent off-site area is 
part of Prince William Forest Park, federally owned land operated by the National Park Service 
(NPS) (Figure 6-2).  The nearest off-installation supply well on the east closest to these MC 
loading areas is located in Prince William Forest Park and is out of service and no longer in use 
(NPS, 2013) (Figure 6-2).  The closest NPS well is approximately 0.75 mile from Range 14 
Combined MC loading area.  This and other wells in the park were used as a water supply source 
for the park until approximately 6 years ago, at which point the NPS switched the park over to 
Prince William County Water.  As a result, because the wells are not in use and not expected to 
be used in the future, no additional groundwater assessment is required at this time.  If the NPS 
re-activates the wells, samples could be collected from these wells as part of a future periodic 
review.        
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6.3. Cedar Run Watershed 

The Cedar Run watershed is located on the northwestern part of MCB Quantico; it is 
approximately 112,150 acres, with approximately 20% of the total watershed area located inside 
the installation boundary (Figure 6-3).  The watershed area encompasses intermittent and 
perennial streams that generally flow in a northwest direction.  Dalton Pond and Camp Upshur 
Pond are located within the watershed. 

The nine MC loading areas are listed in Table 6-26. 

Table 6-26: MC Loading Areas in the Cedar Run Watershed 

MC Loading Area Size (acres) 

Goettge Demo 5.45 

LZ-Hummingbird 3.59 

LZ-Vulture 4.74 

Range 11 49.2 

Range 15 21.6 

Range 15A 29.9 

TF MOUT 12.08 

UTC Zone B-C 9.05 

UTC Zone D 1.92 

 

Military Munitions 

A wide range of military munitions is authorized for use within the nine MC loading areas in the 
Cedar Run watershed.  Some of these include small arms, pyrotechnics, practice and HE 
grenades, mortars, , and demolition charges.     

6.3.1. Conceptual Site Model 

6.3.1.1. Estimated Munitions Constituents Loading 

The MC loading areas within the Cedar Run watershed are shown in Figure 6-3.  The MC 
Loading Rate Calculator was used to estimate the amount of MC deposited annually within these 
MC loading areas (Table 6-27) using assumptions detailed in Section 3.  The total non-
contiguous surface areas of the individual MC loading areas and their specific loading rates are 
provided for the baseline and five-year review periods.  The analysis suggests that RDX 
represents the highest MC loading within the Cedar Run watershed.  The highest MC loading 
rates observed in the Cedar Run watershed during the five-year review period were RDX and 



 Section 6
Screening-Level Assessment Results

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

6-43 

 

TNT at the Range 15 MC loading area.  The lowest overall loading rate was for HMX, which was 
only observed at the Goettge Demo, Range 15, and Range 15A MC loading areas.  

The combined non-contiguous MC loading area was significantly smaller in the five-year review 
period compared to that of the baseline for the combined non-contiguous MC loading areas from 
period E (1989–2006) (Table 6-27).  This was due to the use of a large impact area as an MC 
loading in the baseline assessment, as well as use of TAs in MC loading calculations.  MC 
loading areas in the five-year review were better defined based on target locations, aerial imagery, 
and information provided by Range Management Branch personnel, which typically resulted in 
smaller MC loading areas than seen in the baseline assessment.   

Compared to estimated baseline MC loading rates, the estimated MC loading rates for all 
indicator MC indicate loading has increased by approximately one order of magnitude since the 
baseline assessment, likely due to reduction in total MC loading area size.  Table 6-27 provides a 
summary of the baseline and five-year review MC loading estimates.  This is a very rough 
methodology for comparing the datasets that is relevant only for a watershed-level comparison 
only. 

Table 6-27: Estimated MC Loading Rates for the Cedar Run Watershed 

Assessment 
MC Loading 

Area 

Assumed 
Loading Area 

(m2) 

Estimated Annual Loading Rate (kg/m2) 

HMX RDX TNT Perchlorate

Baseline 
(Period E 
1989–2006) 

Total MC loading 
in Cedar Run 
Watershed (Period 
E) 

1,975,539 2.73E-10 5.42E-07 2.62E-07 3.51E-07 

Five-Year 
Review (Period 
F 2007–2012) 

Goettge Demo 22,071 2.09E-08 4.44E-06 6.77E-08 1.47E-08 

LZ-Hummingbird 14,511 0.00E+00 0.00E+00 8.38E-12 2.13E-07 

LZ-Vulture 19,191 0.00E+00 1.30E-11 1.78E-11 2.83E-07 

Range 11 199,214 0.00E+00 3.89E-08 9.88E-12 2.43E-07 

Range 15 87,307 4.22E-08 2.47E-05 1.26E-05 5.78E-06 

Range 15A 120,844 9.62E-12 9.35E-08 3.40E-08 6.25E-08 

TF MOUT 48,900 0.00E+00 1.06E-08 1.15E-10 4.83E-07 

UTC Zone B-C 36,636 0.00E+00 0.00E+00 2.14E-11 1.92E-10 

UTC Zone D 7,766 0.00E+00 0.00E+00 1.18E-10 1.74E-07 

Total MC loading 
in Cedar Run 
Watershed (Period 
F) 

556,440 7.45E-09 4.09E-06 1.99E-06 1.07E-06 
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Annual lead deposition for the MC loading areas in the Cedar Run watershed was estimated 
during this five-year review (Table 6-28).  For SARs designated as MC loading areas (Range 11 
Bfx), only HE munitions were used to calculate lead loading associated with the MC loading 
areas.  Small arms ammunition lead loading is discussed in Section 8.  Calculations indicate the 
Range 15 MC loading area has the most significant lead deposition in the Cedar Run watershed, 
estimated at 1,680 lb of lead annually.  Accounting for all MC loading areas identified in the 
watershed, it is estimated that a total of 3,140 lb of lead were deposited annually during this 
review period.    

Table 6-28: Estimated Annual Lead Deposition for the Cedar Run Watershed 

MC Loading Area Size (m2) 
Lead Deposition 

kg/m2 lb/yd2 Total lb 

Goettge Demo 22,071 4.37E-04 8.06E-04 2.12E+01 

LZ-Hummingbird 14,511 2.47E-11 4.55E-11 7.90E-07 

LZ-Vulture 19,191 1.47E-08 2.71E-08 6.22E-04 

Range 11 Bfx 199,214 4.71E-07 8.68E-07 2.07E-01a 

Range 15 87,307 8.75E-03 1.61E-02 1.68E+03 

Range 15A 120,844 5.39E-03 9.94E-03 1.44E+03 

TF MOUT 48,900 6.47E-06 1.19E-05 6.98E-01 

UTC Zone B-C 36,636 0.00E+00 0.00E+00 0.00E+00 

UTC Zone D 7,766 4.20E-07 7.74E-07 7.19E-03 

Total lead loading in 
Cedar Run Watershed 
(Period F) 

556,440 2.56E-03 4.72E-03 3.14E+03 

Note: 
       a – Lead contributed from HE munitions only.   
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6.3.1.2. Geography and Topography 

The terrain of Cedar Run watershed is characterized by low gently rolling hills.  The topography 
within the installation boundary generally slopes northwest toward Cedar Run.  Available contour 
data indicate the elevation of the watershed area within the installation boundary ranges from 
approximately 160 feet amsl at Cedar Run where it intersects the northern installation boundary 
(Cedar Run just before it leaves the installation) to approximately 440 feet amsl at the southern 
boundary of Cedar Run watershed near the headwater of Lucky Run or near Range 15 MC 
loading area (MCB Quantico, 2012b).  Based on available spatial data, the slope within the 
installation boundary of the watershed area ranges from approximately less than 1% to 
approximately 40%, but slope at the MC loading areas within the watershed ranges from 10% to 
23%. 

6.3.1.3. Surface Water Features 

The Cedar Run watershed contains an intermittent and perennial stream network with an 
irregularly branched dendritic pattern.  Dalton Pond and Camp Upshur Pond are located within 
the watershed.  Streams within the watershed drain toward Cedar Run, which flows northeast 
through the installation.  Cedar Run originates approximately 19 miles upstream of the 
installation boundary and flows approximately 3.6 miles within MCB Quantico before flowing 
off the installation.  Streams that flow to Cedar Run from within the installation include Dorrells 
Run, Goslin Run, Johns Branch, Lucky Run, Mill Run, and Oak Branch (Figure 6-3).  These 
streams originate within the installation boundary.  They flow north, northeast, and northwest to 
Cedar Run.  

Table 6-29 describes the drainage characteristics of the nine MC loading areas within the Cedar 
Run watershed. 

Table 6-29: Drainage Description of the MC Loading Areas within the Cedar Run Watershed 

MC Loading Area Drainage Description 

Goettge Demo 

The MC loading area drains east to the part of the segment of Goose Run that 
flows intermittent.  Goose Run flows northeasterly and, ultimately, merges with 
Goslin Run, which flows to Cedar Run.  Goose Run flows intermittent for 
approximately 1 mile down gradient of the MC loading area and then flows 
perennial. 

LZ-Hummingbird 

A portion of the MC loading area drains west to Goslin Run, which flows 
northwesterly to Cedar Run approximately 2 miles down gradient of the MC 
loading area.  The remaining portion of the MC loading area drains north to an 
unknown short tributary stream of Johns Branch that flows to Johns Branch. 
Johns Branch flows northeasterly to Cedar Run. 

LZ-Vulture 

The MC loading area either drains east to a short unnamed intermittent stream 
that flows west to Oak Branch or drains west directly to Oak Branch.  Oak 
Branch flows northwesterly and merges with Mill Run, which flows into Cedar 
Run. 
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MC Loading Area Drainage Description 

Range 11 

Approximately 98% of the MC loading area drains north to the segment of 
Goslin Run that flows intermittent.  This segment of Goslin Run flows 
approximately 1 mile down gradient of the MC loading area before flowing 
perennially.  The remaining 2% of the MC loading area drains within the Smith 
Lake watershed, which is discussed in Section 6.1.1.3. 

Range 15 

The MC loading area drains northwest to an unnamed stream that initially flows 
intermittently then perennially to Dalton Pond.  Dorrells Run flows out of Dalton 
pond northward to Cedar Run.  Dorrells Run flows a distance of approximately 
3.5 miles before discharging into Cedar Run.  

Range 15A 

Approximately 50% of the MC loading area drains west to the unnamed stream 
that initially flows intermittently then perennially to Dalton Pond.  The drainage 
characteristic here is similar to what is described for Range 15 MC loading area.  
The remaining 50% of the MC loading area drains within the Smith Lake 
watershed discussed in Section 6.1.1.3.   

TF MOUT 

The MC loading area drains west to the segment of Goslin Run that flows 
intermittent.  The intermittent segment of Goslin Run flows approximately 1.7 
miles down gradient of the MC loading area before flowing perennially.  The 
perennial segment of Goslin Run flows northwesterly to Cedar Run.   

UTC Zone B-C 

The MC loading area partially drains east to the intermittent segment of Goslin 
Run, which flows northeasterly a distance of approximately 1.6 miles before 
flowing perennially northwestward to Cedar Run.  The MC loading area also 
partially drains west to the intermittent segment of Goose Run that flows 
northeasterly a distance of approximately 1.5 miles before flowing perennially in 
a northeast direction toward Cedar Run.  Goose Run and Goslin Run come to a 
confluence approximately 2.3 miles down gradient of the MC loading area. 

UTC Zone D 
Similar to the drainage characteristic of UTC Zone B-C MC loading area, the MC 
loading area partially drains east to the intermittent segment of Goslin Run and 
partially drains west to the intermittent segment of Goose Run.   

 

6.3.1.4. Soil Characteristics and Land Cover 

Soils at MCB Quantico within the Cedar Run watershed are largely of the Panorama-Calverton-
Arcola soil association (MCB Quantico et al., 2007).  Some of the soils in the central-west and 
northeast parts of MCB Quantico within the Cedar Run watershed belong to the Buckhall-
Hayesville-Occoquan and the Elioak-Glenelg soil associations.  These three soil associations are 
dominated by reddish and yellowish acid subsoils. 

The predominant soil map symbols of the Cedar Run watershed within the installation boundary 
are Fa, Pc (Penn silt loam), and Pd (Penn silt loam).  These soils consist of loam and silt loam.  
They have an acidic pH (ranging from 4.75 to 5), organic content ranging from 1.25% to 1.5%, 
clay content ranging from 15% to 21%, and moderate inherent soil erodibility factors (ranging 
from 0.37 to 0.43).  The Fa soil map symbol has a relatively low runoff potential (hydrologic 



 Section 6
Screening-Level Assessment Results

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

6-49 

 

group B), but the Pc and the Pd soil map symbols have relatively high runoff potentials 
(hydrologic group C). 

A significant portion of the Cedar Run watershed within MCB Quantico is vegetated with forest.  
Minor areas of the vegetation include grass.  There are patches of unvegetated land that mostly 
occur at impact areas within the installation.  The land cover outside the installation within the 
watershed is primarily farmland.     

6.3.1.5. Erosion Potential 

The Cedar Run watershed was estimated to have moderate soil erosion potential (RUSLE 
predicted soil loss value of 9.23E-03 kg/m2/d).  This estimated moderate soil erosion potential is 
largely attributed to the moderately steep topographic slope and the moderate inherent soil 
erodibility factor common within the watershed area. 

All nine MC loading areas within the watershed were estimated to have high soil erosion 
potential (RUSLE predicted soil loss value ranging from 1.33E-02 to 3.16E-02 kg/m2/d).  The 
estimated high soil erosion potentials at the MC loading areas are attributed to poor vegetation 
cover, moderate to steep topographic slopes, and moderate inherent soil erodibility factors at the 
MC loading areas. 

6.3.1.6. Groundwater Characteristics 

The Cedar Run watershed is within the Culpeper Triassic Basin of the Piedmont physiographic 
province.  Similar to groundwater within the Smith Lake watershed and within the part of the 
Chopawamsic Creek watershed west of I-95 (discussed in Section 6.1.1.6 and Section 6.2.1.6), 
groundwater occurs in fractured bedrock aquifers and in unconsolidated units overlying the 
bedrock aquifers.  Based on boring log data of three monitoring wells within the watershed (MW-
H, MW-I, and MW-J), the depth to competent bedrock can range from approximately 10 feet bgs 
at MW-I in Camp Upshur to approximately 160 feet bgs at MW-J located at the southeastern 
boundary of the Cedar Run watershed, approximately 3.6 miles east of MW-I (Malcolm Pirnie, 
2011).  Similar to MW-I, the depth to bedrock at MW-H was estimated to be relatively shallow 
(approximately 15 feet bgs).  Water-bearing fractures were encountered at depths ranging from 
approximately 80 to 190 feet bgs.  The estimated well yields at the three monitoring wells located 
at MCB Quantico within the Cedar Run watershed ranged from approximately 5 gpm to 
approximately 50 gpm.  Most wells located off the installation within the watershed have total 
depths ranging from less than 100 to approximately 300 feet bgs (Figure 6-3).  Depths to 
groundwater measured at the three monitoring wells and other installation monitoring wells 
located within the Cedar Run watershed range from approximately 9 to 46 feet bgs. 

The part of the watershed near the northwestern installation boundary (at MW-H and MW-I) 
consists of the Balls Bluff Siltstone Formation overlain by weathered siltstone consisting of silt to 
coarse gravel.  The part of the watershed near the northeastern installation boundary (at MW-J) 
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consists of the Lake Jackson Pluton Formation overlain by approximately 160 feet thick of 
saprolite consisting of soft white clay with apparent foliation interlayered with coarse sand to fine 
gravel-sized quartz.  

6.3.1.7. Potential Surface Water and Groundwater Pathways 

Surface Water and Sediment Pathways  

The estimated surface water runoff rates at the nine MC loading areas within the Cedar Run 
watershed range from 0.20 to 0.29 m3/m2/yr.  Based on these estimated surface water runoff rates, 
there is a moderate potential for MC to migrate via surface water runoff from all nine MC loading 
areas.  This is due to the relatively high precipitation common to the area, poor vegetation cover, 
and moderate to steep topographic slopes at the MC loading areas. 

The high soil erosion potential that may occur at all the MC loading areas (Section 6.3.1.5) 
makes soil erosion an important mechanism for MC mobilization into surface water runoff.  MC 
transported through surface water runoff and sediment from the MC loading areas could reach 
nearby streams and, ultimately, the major tributaries of Cedar Run, including Goose Run, Goslin 
Run, Johns Branch, Oak Branch, and Dorrells Run.  Cedar Run flows northeasterly along the 
northwestern installation boundary to areas outside the installation boundary.  MC transported in 
groundwater from the MC loading areas also can discharge into streams as interflow and base 
flow.   

Groundwater Pathway 

MC deposited on MC loading areas within the Cedar Run watershed have the potential to migrate 
to the underlying saprolite and farther to the fractured bedrock aquifer.  The Cedar Run watershed 
is located west of the groundwater divide where the general regional groundwater flow direction 
is to the northwest toward Cedar Run (Figure 6-3).  As a result, the shallow groundwater in the 
saprolite generally flows in a northwest direction toward Cedar Run.  Locally, the shallow 
groundwater discharges to nearby streams; as a result, the potential shallow groundwater pathway 
at MC loading areas is toward the nearest perennial streams (Goose Run, Goslin Run, Johns 
Branch, Oak Branch, and Dorrells Run).  Deeper groundwater flow in the bedrock fractures can 
alter direction from the regional northwest gradient.  Thus, although the two installation water 
supply wells located north of Cedar Run and not directly down gradient of the regional 
groundwater flow direction at the installation, it is possible for the wells to tap fractures in the 
bedrock and draw water from within the installation.  Similarly, groundwater flow through the 
fractured bedrock also can be redirected outward from MC loading areas to off-installation 
receptor areas, such as irrigation-turf farms located less than 1 mile northwest off the installation 
boundary and residential wells located largely north of the installation. 

6.3.1.8. Potential Surface Water and Groundwater Receptors 

Surface Water and Sediment Receptors 
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Cedar Run and its tributaries are potential human receptor locations through recreational use.  
Additionally, Cedar Run flows off the installation, ultimately to Lake Jackson, which is located 
approximately 5 miles north of the installation.  Lake Jackson is a water supply source for the city 
of Manassas.  State rare plants (Buxbaum’s sedge, red milkweed, Coastal Plain/Piedmont seepage 
bog, oak-hickory woodland/savanna, and Piedmont prairie) potentially are found near Dorrells 
Run downstream of Range 15 and Range 15A MC loading areas within the Cedar Run watershed. 

Groundwater Receptors 

Potential groundwater receptors include the two installation supply wells, off-installation wells 
located north and northwest of the installation, and irrigation-turf farms located northwest off the 
installation.  Potential receptors in surface water features where shallow groundwater discharges 
include humans and potential rare plant species (as discussed in the surface water and sediment 
receptor section above). 

6.3.2. Surface Water and Sediment Screening-Level Assessment Results 

A screening-level assessment was used to obtain conservative estimates of MC concentrations in 
surface water and sediment from nine MC loading areas (Goettge Demo, LZ-Hummingbird, LZ-
Vulture, Range 11, Range 15, Range 15A, TF MOUT, UTC Zone B-C, and UTC Zone D) that 
drain to the downstream point of Cedar Run on the MCB Quantico installation boundary.    

Of the nine MC loading areas, six were estimated to have negligible HMX loading (LZ-
Hummingbird, LZ-Vulture, Range 11, TF MOUT, UTC Zone B-C, and UTC Zone D).  Three 
MC loading areas (LZ-Hummingbird, UTC Zone B-C, and UTC Zone D) were estimated to have 
negligible RDX loading.  No MC loading areas were estimated to have negligible TNT or 
perchlorate loading.  Only MC loading areas in which MC loading estimates resulted in a 
calculated value were carried through the modeling process. 

Table 6-30 presents the estimated percentage of total MC contributed by the individual MC 
loading areas draining to the downstream point of Cedar Run on the installation boundary.  Range 
15 MC loading area was predicted to contribute significant proportions of the HMX, RDX, and 
perchlorate mass (more than 80%) and almost all of the TNT mass to the downstream point of 
Cedar Run on the installation boundary.  

 

Table 6-30: Screening-Level Estimates of Percent MC Mass Contributed by Individual MC Loading 
Areas into Cedar Run on the MCB Quantico Installation Boundary 

MC Loading Area 
MC Contributed to Upper Segment Breckenridge 

Reservoir (% Total Mass) 

HMX RDX TNT Perchlorate 
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MC Loading Area 
MC Contributed to Upper Segment Breckenridge 

Reservoir (% Total Mass) 

HMX RDX TNT Perchlorate 

Goettge Demo 10 3 0.2 ~0 

LZ-Hummingbird N/A N/A ~0 0.6 

LZ-Vulture N/A ~0 ~0 1 

Range 11 N/A 0.3 ~0 9 

Range 15 90 96 99.6 85 

Range 15A ~0 0.2 0.2 1 

TF MOUT N/A ~0 ~0 4 

UTC Zone B-C N/A N/A ~0 ~0 

UTC Zone D N/A N/A ~0 0.2 

Note: 
N/A – not modeled because the MC loading rate was estimated to be negligible 
 

Table 6-31 presents the annual average edge-of-loading-area concentrations in surface water 
runoff from the MC loading areas draining within the Cedar Run watershed.  It is important to 
note that Range 11 and Range 15A MC loading areas partially drain within the Smith Lake 
watershed; therefore, the annual average edge-of-loading-area MC concentrations from these 
loading areas also are presented in Table 6-7.  Based on the screening-level calculations, HMX 
concentrations were predicted to be below the REVA trigger value at the edge of all three MC 
loading areas modeled for HMX.  RDX concentrations were predicted to exceed the REVA 
trigger value at the edge of three of the six MC loading areas modeled for RDX (Goettge Demo, 
Range 15, and Range 15A).  The TNT concentration was predicted to exceed the REVA trigger 
value at the edge of one of the nine modeled MC loading areas (Range 15).  Perchlorate 
concentrations were predicted to exceed the REVA trigger value at the edge of eight of the nine 
MC loading areas modeled for perchlorate.  The perchlorate concentration was only predicted to 
be below the REVA trigger value at the edge of UTC Zone B-C MC loading area (Table 6-31).  

Table 6-31: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Surface Water Runoff within the Cedar Run Watershed 

MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Goettge Demo 
0.057 5.77 0.041 0.044 

LZ-Hummingbird 
N/A N/A ~0 0.638 
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MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

LZ-Vulture 
N/A ~0 ~0 0.785 

Range 11 
N/A 0.055 ~0 0.725 

Range 15 
0.098 30.7 7.67 14.6 

Range 15A 
~0 0.121 0.025 0.158 

TF MOUT 
N/A 0.013 ~0 1.15 

UTC Zone B-C 
N/A N/A ~0 ~0 

UTC Zone D 
N/A N/A ~0 0.510 

REVA Trigger Value for Water 
0.114 0.110 0.113 0.021 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 

Shading and bold indicate concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering the 
downstream point of Cedar Run on the installation boundary (as described in Section 5.1.1.2).  
The estimated drainage area of Cedar Run above its downstream point on the MCB Quantico 
installation boundary is equivalent to 112,151 acres.  The annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering the 
downstream receptor location at the downstream point of Cedar Run on the installation boundary 
were predicted to be below REVA trigger values (Table 6-32).  Based on these results, no 
additional surface water assessment is required at this time for the MC loading areas identified 
within the Cedar Run watershed. 

Table 6-32: Screening-Level Estimates of Annual Average MC Concentrations in Surface Water 
(including surface water and base flow contributions) Entering the Downstream Point of Cedar on 

the MCB Quantico Installation Boundary 

Downstream Surface Drainage Area Estimated MC Concentration (µg/L) 



Section 6 
Screening-Level Assessment Results 

 

6-54 

 

Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

 

Water Receptor Location (acres) HMX RDX TNT Perchlorate

Downstream point of Cedar 
Run at the installation 
boundary 

112,151 ~0 0.006 0.001 0.006 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

 

Table 6-33 presents the estimated annual average edge-of-loading-area concentrations in 
sediment from the nine MC loading areas draining within the Cedar Run watershed.  Based on the 
screening-level calculations, the average annual concentration of TNT in sediment at the edge of 
Range 15 MC loading area was predicted to be above the REVA trigger value.  The average 
annual concentrations of HMX, RDX, and perchlorate in sediment were predicted to be below 
REVA trigger values at the edge of all MC loading areas modeled within the Cedar Run 
watershed. 

Table 6-33: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Sediment within the Cedar Run Watershed 

MC Loadng Area 
MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

Goettge Demo 
0.001 0.272 0.150 ~0 

LZ-Hummingbird 
N/A N/A ~0 ~0 

LZ-Vulture 
N/A ~0 ~0 ~0 

Range 11 
N/A 0.003 ~0 ~0 

Range 15 
0.004 2.53 33.5 ~0 

Range 15A 
~0 0.006 0.077 ~0 

TF MOUT 
N/A ~0 ~0 ~0 

UTC Zone B-C 
N/A N/A ~0 ~0 

UTC Zone D 
N/A N/A ~0 ~0 



 Section 6
Screening-Level Assessment Results

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico 

 

6-55 

 

MC Loadng Area 
MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate 

REVA Trigger Value for Sediment 51 32.5 25 0.18 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 
Shading and bold indicate concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
sediment entering the downstream point of Cedar Run on the installation boundary.  Average 
annual MC concentrations in sediment entering the identified downstream receptor location were 
predicted to be below REVA trigger values (Table 6-34).  Based on these results, no additional 
sediment assessment is required at this time. 

Table 6-34: Screening-Level Estimates of Annual Average MC Concentrations in Sediment Entering 
the Downstream Point of Cedar Run on MCB Quantico Installation Boundary 

MC REVA Trigger Value (µg/kg) Concentration (µg/L) 

HMX 51 ~0 

RDX 32.5 ~0 

TNT 25 0.010 

Perchlorate 0.18 ~0 

 

6.3.3. Groundwater Screening-Level Assessment Results 

The groundwater screening-level assessment was conducted for the nine MC loading areas within 
the Cedar Run watershed.  Similar to the surface water and sediment screening assessments 
(Section 6.3.2), HMX was assessed in three of the nine MC loading areas (Goettge Demo, Range 
15 and Range 15A).  RDX was assessed in six of the nine MC loading areas (Goettge Demo, LZ-
Vulture, Range 11, Range 15, Range 15A, and TF MOUT).  TNT and perchlorate were assessed 
in all nine MC loading areas.      

Table 6-35 shows the estimated MC concentrations in infiltrating water at the MC loading areas 
within the Cedar Run watershed.  In accordance with the initial step of the Part I groundwater 
screening-level assessment, the concentrations were estimated by dividing the estimated MC 
loading rates by the estimated recharge rate values at the MC loading areas.  All MC 
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concentrations were estimated to exceed REVA trigger values at various MC loading areas 
(Table 6-35).   

Table 6-35: Estimated Maximum MC Concentrations in Infiltrating Water at the MC Loading Areas 
within the Cedar Run Watershed 

MC Loading Area 
Recharge 

Rate (ft/yr) 

Estimated Maximum Infiltration Concentration 
(µg/L) 

HMX RDX TNT Perchlorate 

Goettge Demo 0.43 0.16 33.9 0.517 0.112 

LZ-Hummingbird 0.31 N/A N/A ~0 2.23 

LZ-Vulture 0.31 N/A ~0 ~0 2.96 

Range 11 0.31 N/A 0.407 ~0 2.54 

Range 15 0.43 0.322 188 96.1 44.1 

Range 15A 0.54 ~0 0.565 0.205 0.377 

TF MOUT 0.43 N/A 0.081 ~0 3.69 

UTC Zone B-C 0.43 N/A N/A ~0 0.001 

UTC Zone D 0.43 N/A N/A ~0 1.33 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled because the MC loading area was estimated to be negligible 
Shading and bold indicate concentrations exceed the REVA trigger value. 

As a result, MC were modeled for migration through the vadose zone as follows: 

 HMX was modeled at two MC loading areas (Goettge Demo and Range 15). 

 RDX was modeled at four MC loading areas (Goettge Demo, Range 11, Range 15, and 
Range 15A). 

 TNT was modeled at three MC loading areas (Goettge Demo, Range 15, and Range 15A). 

 Perchlorate was modeled at eight MC loading areas (Goettge Demo, LZ-Hummingbird, LZ-
Vulture, Range 11, Range 15, Range 15A, TF MOUT. and UTC Zone D). 
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The vadose zone modeling was conducted using VLEACH with a post-processing step that 
included decay.  The model was run for a simulation time of 150 years. 

Modeling results including decay are presented in Table 6-36 for comparison.  Based on the 
estimated infiltration rates ranging from 0.31 to 0.54 ft/yr (Table 6-35) and a depth to 
groundwater of approximately 5 to 40 feet bgs, the minimum travel time for MC to reach the 
water table at concentrations equal to the respective MC trigger value is approximately 1 year at 
Range 15 MC loading area.  When decay is included, HMX, RDX, and TNT at all MC loading 
areas modeled were predicted to degrade to concentrations below their respective REVA trigger 
values before reaching the water table.  The perchlorate concentrations at all eight MC loading 
areas modeled are estimated to exceed the REVA trigger value.  The lowest estimated travel time 
for perchlorate to exceed its REVA trigger value of 0.021 µg/L in groundwater is approximately 
1 year at Range 15 MC loading area (Table 6-36). 

Table 6-36: Modeled MC Concentrations Reaching the Water Table at MC Loading Areas within the 
Cedar Run Watershed 

MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Goettge Demo RDX 0.110 33.9 ~15 ~0 -- 

TNT 0.113 0.517 ~300 ~0 -- 

HMX 0.114 0.159 ~25 ~0 -- 

Perchlorate 0.021 0.112 ~16 0.112 ~16 

LZ-
Hummingbird 

RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 2.23 ~30 2.22 ~30 

LZ-Vulture RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 2.96 ~12 2.95 ~12 

Range 11 RDX 0.110 0.47 ~30 ~0 -- 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 2.54 ~15 2.54 ~15 

Range 15 RDX 0.110 188 ~1 ~0 -- 

TNT 0.113 96.1 ~1 ~0 -- 
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MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

HMX 0.114 0.322 ~3 ~0 -- 

Perchlorate 0.021 44.1 ~1 44.0 ~1 

Range 15A RDX 0.110 0.56 ~5 ~0 -- 

TNT 0.113 0.205 ~100 ~0 -- 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 0.377 ~3 0.377 ~3 

TF MOUT RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 3.69 ~12 3.69 ~12 

UTC Zone D RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 1.33 ~13 1.33 ~13 

Note: 

N/A – not modeled, as the constituent was eliminated for further analysis from the initial groundwater screening 
analysis 
-- denotes that the MC degrade before reaching the water table. 

Shading and bold indicate concentration exceeds the REVA trigger value. 

Based on the vadose zone results, saturated zone modeling was conducted for perchlorate at eight 
MC loading areas to estimate the MC concentration potentially reaching the nearest surface water 
receptor location and supply well from each MC loading area. 

The saturated zone modeling was conducted using BIOCHLOR 2.2 for movement through the 
saprolite to potential surface water receptor locations (perennial streams) and through the 
fractured bedrock aquifer to potential groundwater receptors (supply wells).  The modeling was 
conducted as described in Section 5.2.2.3.  The model was run for a simulation time of 500 years.  
The BIOCHLOR simulation results produced the estimated MC concentration profile along the 
centerline of flow between the source zones at the MC loading areas and nearest receptor 
locations (perennial streams and supply wells). 

The assessment predicted that perchlorate concentrations exceeded REVA trigger value in 
shallow groundwater reaching the closest perennial streams within the Cedar Run watershed from 
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all eight MC loading areas modeled for saturated zone transport through the saprolite (Table 6-
37).  These results were used in the surface water screening-level analysis for estimating 
perchlorate concentrations at the identified receptor locations down gradient of the MC loading 
areas (the downstream point of Cedar Run on the installation boundary) (presented in Section 
6.3.2). 

Table 6-37: Model Estimated MC Concentrations Reaching Surface Water Receptor Locations 
within the Cedar Run Watershed 

MC Loading Area 

Concentration at Closest Surface Water Receptor 
Location (µg/L) 

HMX RDX TNT Perchlorate 

Goettge Demo N/A N/A N/A 0.112 

LZ-Hummingbird N/A N/A N/A 2.22 

LZ-Vulture N/A N/A N/A 2.95 

Range 11 N/A N/A N/A 2.51 

Range 15 N/A N/A N/A 44.1 

Range 15A N/A N/A N/A 0.377 

TF MOUT N/A N/A N/A 3.69 

UTC Zone B-C N/A N/A N/A N/A 

UTC Zone D N/A N/A N/A 1.32 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
Shading and bold indicates concentration exceeds the REVA trigger value. 
 

Additional BIOCLOR modeling was conducted to simulate saturated zone transport through the 
fractured bedrock aquifer.  Perchlorate in groundwater was predicted to reach the nearest 
groundwater receptors (supply wells) from all eight MC loading areas modeled within the Cedar 
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Run watershed at concentrations above the REVA trigger value (Table 6-38).  Figure 6-3 shows 
the approximate regional groundwater flow direction within the Cedar Run watershed. 

Table 6-38: Model Estimated MC Concentrations Reaching Groundwater Receptors within the 
Cedar Run Watershed 

MC Loading 
Area 

Distance to 
NSW (miles) 

Concentration at Groundwater Receptor Location 
(µg/L) 

HMX RDX TNT Perchlorate 

Goettge Demo 2.1 N/A N/A N/A 0.100 

LZ-Hummingbird 2.4 N/A N/A N/A 2.22 

LZ-Vulture 1.7 N/A N/A N/A 0.100 

Range 11 3.4 N/A N/A N/A 0.100 

Range 15 2.5 N/A N/A N/A 43.6 

Range 15A 2.6 N/A N/A N/A 0.100 

TF MOUT 3.1 N/A N/A N/A 3.65 

UTC Zone B-C N/A N/A N/A N/A N/A 

UTC Zone D 3.0 N/A N/A N/A 1.14 

REVA Trigger Value for Water  0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
Shading and bold indicates concentration exceeds the REVA trigger value. 

Groundwater sampling for MC in three monitoring wells screened in the fractured bedrock 
aquifer within the Cedar Run watershed and in the two installation supply wells was conducted in 
July 2012 as part of the five-year review.  The monitoring wells where groundwater sampling was 
conducted are located near the northern installation boundary (down gradient of the MC loading 
areas and up gradient of the off-installation wells within the Cedar Run watershed).  Explosives 
were not detected.  Perchlorate was detected in both water supply wells at concentrations of 0.096 
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µg/L and 0.12 µg/L and in two of the monitoring wells at concentrations of 0.12 µg/L and 0.19 
µg/L. 

6.4. South Fork Quantico Creek Watershed 

The South Fork Quantico Creek watershed is located on the northeastern part of MCB Quantico; 
it is approximately 4,320 acres, with almost all of the watershed area located inside the 
installation boundary (Figure 6-4).  The watershed area encompasses intermittent and perennial 
streams that generally flow in a southeast direction.   

The two MC loading areas are listed in Table 6-39. 

Table 6-39: MC Loading Areas in the South Fork Quantico Creek Watershed Upstream of MCB 
Quantico Installation Boundary 

MC Loading Area Size (acres) 

Combat Town 0.94 

LZ-Peacock 3.36 

 

Military Munitions 

Military munitions authorized for use within the MC loading areas are blanks, pyrotechnics, 
signaling devices, and nonlethal munitions and simunitions.    

6.4.1. Conceptual Site Model 

6.4.1.1. Estimated Munitions Constituents Loading 

The MC loading areas within the South Fork Quantico Creek watershed are shown in Figure 6-4.  
The MC Loading Rate Calculator was used to estimate the amount of MC deposited annually 
within these MC loading areas (Table 6-40) using assumptions detailed in Section 3.  The total 
non-contiguous surface areas of the individual MC loading areas and their specific loading rates 
are provided for the baseline and five-year review periods.  The analysis results show that 
perchlorate represents the highest MC loading within the South Fork Quantico Creek watershed, 
with much less TNT loading across the watershed.  Expenditure data indicated that there is no 
HMX or RDX loading within the watershed.  TNT and perchlorate loading at the Combat Town 
MC loading area is approximately one order of magnitude greater than that estimated at the LZ-
Peacock MC loading area.  This watershed represents the lowest MC loading of any watershed at 
MCB Quantico during the five-year review period.      

The combined non-contiguous MC loading area is much smaller in the five-year review period 
compared to that of the combined non-contiguous MC loading areas from Period E (1989-2006) 
in the baseline assessment (Table 6-40).  This was primarily due to a significant reduction in the 
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size of the Combat Town MC loading area, which was defined using aerial imagery and 
geospatial data in the five-year review.  The MC loading area contained in this watershed is much 
smaller than the other watersheds at MCB Quantico during the five-year review period.       

The estimated MC loading rates for the five-year review suggest loading has decreased in the 
South Fork Quantico Creek watershed since the baseline assessment (Table 6-40).  HMX and 
RDX loading was relatively low in the baseline assessment but has reduced to zero in the five-
year review time period.  Estimated TNT loading decreased by approximately one order of 
magnitude, whereas perchlorate loading decreased by approximately two orders of magnitude.  
The reduction in loading rate is likely attributable to the decrease in the size of the combined 
loading area in the five-year review.  This is a very rough methodology for comparing the 
datasets that is relevant only for a watershed-level comparison only.  

Table 6-40: Estimated MC Loading Rates for the South Fork Quantico Creek Watershed 

Assessment 
MC Loading 

Area 

Assumed 
Loading 

Area (m2)

Estimated Annual Loading Rate (kg/m2) 

HMX RDX TNT Perchlorate

Baseline (Period E 
1989–2006) 

Total MC loading 
in South Fork 
Quantico Creek 
Watershed (Period 
E) 

311,889 1.42E-11 6.34E-09 3.41E-09 2.42E-05 

Five-Year Review 
(Period F 2007–
2012) 

Combat Town 3,801 0.00E+00 0.00E+00 6.31E-10 1.01E-06 

LZ-Peacock 13,577 0.00E+00 0.00E+00 2.05E-11 2.89E-07 

Total MC loading 
in South Fork 
Quantico Creek 
Watershed (Period 
F) 

17,378 0.00E+00 0.00E+00 1.54E-10 4.47E-07 

 

Annual lead deposition for the MC loading areas in the South Fork Quantico Creek watershed 
was estimated during this five-year review.  As presented in Table 6-41, essentially no lead 
deposition is occurring at MC loading areas in the South Fork Quantico Creek watershed.       
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Table 6-41: Estimated Annual Lead Deposition for the South Fork Quantico Creek Watershed 

MC Loading Area Size (m2) 
Lead Deposition 

kg/m2 lb/yd2 Total lb 

Combat Town 3,801 2.36E-07 4.35E-07 1.97E-03 

LZ-Peacock 13,577 9.53E-09 1.76E-08 2.85E-04 

Total MC loading area in 
South Fork Quantico Creek 
Watershed (Period F) 

17,378 5.91E-08 1.09E-07 2.23E-03 

6.4.1.2. Geography and Topography 

The South Fork Quantico Creek watershed upstream of the MCB Quantico installation boundary 
consists of a flat to undulating terrain with narrow ridgetops and relatively steep-sided valleys.  
The topography generally slopes southeast toward South Fork Quantico Creek.  Available 
contour data indicate the elevation of the watershed area within the installation boundary ranges 
from approximately 240 feet amsl at the most downstream point of South Fork Quantico Creek 
where it crosses the installation boundary to approximately 420 feet amsl at the northwestern 
boundary of the watershed (MCB Quantico, 2012b).  Based on available spatial data, the slope 
within the installation boundary of the watershed area can range from approximately less than 1% 
to approximately 21%.  Slopes at the MC loading areas within the watershed range from 
approximately less than 1% to 17%.    

6.4.1.3. Surface Water Features 

The South Fork Quantico Creek watershed upstream of the MCB Quantico installation boundary 
contains an intermittent and perennial stream network with an irregularly branched dendritic 
pattern.  South Fork Quantico Creek is the major stream within the watershed.  It is one of the 
tributaries of Quantico Creek.  It originates within the installation boundary and flows 
southwesterly within the installation for approximately 3.4 miles and then off the installation 
boundary.  South Fork Quantico Creek meets with North Fork Quantico Creek approximately 5 
miles southeast of the installation to form Quantico Creek.  Quantico Creek continues flowing 
southwesterly and widens into a tidal creek before discharging into the Potomac River. 

Table 6-42 describes the drainage characteristics of the two MC loading areas within the South 
Fork Quantico Creek watershed. 
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Table 6-42: Drainage Description of the MC Loading Areas within the South Fork Quantico Creek 
Watershed Upstream of the MCB Quantico Installation Boundary 

MC 
L di

Drainage Description 

Combat 
Town 

The MC loading area drains south to a branch of South Fork Quantico Creek.  This 
portion of the stream partially flows intermittently and then perennially.  South Fork 
Quantico Creek is approximately 0.2 miles downstream of the MC loading area. 

LZ-Peacock 

The MC loading area drains west to Quail Branch, which flows perennially to South Fork 
Quantico Creek, and south to a portion of South Fork Quantico Creek, which flows 
intermittently.  South Fork Quantico Creek is approximately 0.3 miles downstream of the 
MC loading area. 

 

6.4.1.4. Soil Characteristics and Land Cover 

Soils within the South Fork Quantico Creek watershed upstream of the MCB Quantico 
installation boundary are largely of the Neabsco-Fairfax and Elioak-Glenelg soil associations.  
However, soils in a small portion of the southern part of the watershed are of the Buckhall-
Hayesville-Occoquan soil associations (MCB Quantico et al., 2007).  The Neabsco-Fairfax soil 
associations are dominated by medium textured surface soils and yellowish clayey subsoils.  The 
Elioak-Glenelg and the Buckhall-Hayesville-Occoquan soil associations are dominated by 
reddish and yellowish acidic subsoils. 

The predominant soil map symbols of the South Fork Quantico Creek watershed within the 
installation boundary are Fa and Cn (Colfax fine sandy loam).  These soils consist of loam and 
fine sandy loam.  Both soils have an acidic pH (4.75 and 5.5), organic content of 1.5% and 2%, 
clay content of 15% and 18.5%, relatively moderate to moderate inherent soil erodibility factors 
(ranging from 0.28 to 0.43), and somewhat low runoff potentials (both have hydrologic soil group 
B) (USDA NRCS, 1988).  

A significant portion of the South Fork Quantico Creek watershed within MCB Quantico is 
vegetated with forest.  Minor areas of the vegetation include grass.  There are patches of 
unvegetated land that mostly occur at impact areas within the installation.    

6.4.1.5. Erosion Potential 

The South Fork Quantico Creek watershed area within the MCB Quantico installation boundary 
was estimated to have moderate soil erosion potential (RULSE predicted soil loss value of 5.54E-
03 kg/m2/d).  The estimated moderate soil erosion potential is attributed to the relatively steep 
topographic slope and the moderate inherent soil erodibility factor common to the area.  The 
relatively dense vegetation cover of the watershed area reduced the RUSLE predicted soil loss 
value. 
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The MC loading areas within the South Fork Quantico Creek watershed were estimated to have 
low (Combat Town) and high (LZ-Peacock) soil erosion potential.  The estimated low soil 
erosion potential at the Combat Town MC loading area is due to the relatively flat topographic 
slope and the presence of the asphalt land cover at the MC loading area, which protects the soil 
from erosion.  The estimated high soil erosion potential at the LZ-Peacock MC loading area is 
due to the steep topographic slope, poor vegetation cover, and the moderate inherent soil 
erodibility factor at the MC loading area. 

6.4.1.6. Groundwater Characteristics 

The South Fork Quantico Creek watershed is within the Eastern Lowlands of the Piedmont 
physiographic province.  Groundwater occurs in bedrock aquifers and in unconsolidated units 
overlying the bedrock aquifers.  Based on boring log data of two monitoring wells within the 
watershed (M-J10 and MW-K; MW-J is on the boundary of the Cedar Run watershed), the depth 
to competent bedrock ranges from approximately 140 feet bgs at W-11 just north of LZ-Peacock 
MC loading area to approximately 160 feet bgs at MW-J at the northwestern boundary of the 
watershed (Malcolm Pirnie, 2011).  Water-bearing fractures were encountered at depths of 
approximately 190 and 160 feet bgs.  The estimated well yields at the two monitoring wells 
within the watershed ranged from approximately 1 gpm to approximately 8 gpm.  Most wells 
located off the installation on the northeast within the watershed have total depths that range from 
less than 100 to more than 300 feet bgs (Figure 6-4).  Depths to groundwater measured at the two 
monitoring wells located within the South Fork Quantico Creek watershed area range from 
approximately 25 to 32 feet bgs. 

The part of the watershed at the two monitoring wells (MW-J and MW-K) within the installation 
boundary consists of the Lake Jackson Pluton Formation.  At W-10, the saprolite is 
approximately 160 feet thick, and consists of soft white clay with apparent foliation inter layered 
with coarse sand to fine gravel sized quartz.  The saprolite at MW-K is approximately 140 feet 
thick.  The saprolite sediment grain size here gets coarser by depth; where the shallow sediments 
consist of silt to medium sand and deeper sediments consist of fine to coarse sand with some 
gravel. 

6.4.1.7. Potential Surface Water and Groundwater Pathways 

Surface Water and Sediment Pathways  

The surface water runoff rates at the two MC loading areas within the South Fork Quantico Creek 
watershed were estimated to be 0.69 m3/m2/yr at Combat Town MC loading area and 0.26 
m3/m2/yr at LZ-Peacock MC loading area.  Based on these estimated surface water runoff rates, 
there is a high and moderate potential for MC from Combat Town and LZ-Peacock MC loading 
areas to migrate via surface water runoff.  The high migration potential via surface water runoff 
from the Combat Town MC loading area is due to the presence of an asphalt cover at the loading 
area that can lead to high runoff, and the relatively high precipitation common to the area.  The 
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steep topographic slope, poor vegetation cover and the presence of soil types with relatively high 
runoff potential (soil hydrologic group C) at the LZ-Peacock MC loading area leads to the 
moderate migration potential in surface water runoff. 

The high soil erosion potential that may occur at the LZ-Peacock MC loading area (Section 
6.4.1.5) makes soil erosion an important mechanism for MC mobilization into surface water 
runoff.  MC transported through surface water runoff and sediment from the MC loading areas 
could reach nearby streams and, ultimately, the South Fork Quantico Creek, which flows 
southeast off the MCB Quantico installation boundary toward the Potomac River.  MC 
transported in groundwater from the MC loading areas also can discharge into streams as 
interflow and base flow.  

Groundwater Pathways 

MC deposited on MC loading areas within the South Fork Quantico Creek watershed have the 
potential to migrate down to the underlying saprolite and farther to the fractured bedrock aquifer.  
Shallow groundwater in the saprolite generally flows in a southeast direction toward the Potomac 
River (Figure 6-4).  Locally, the shallow groundwater discharges to nearby streams; as a result, 
the potential shallow groundwater pathway at MC loading areas is toward the nearest perennial 
streams (the unnamed tributary streams of South Fork Quantico Creek).  Deeper groundwater 
flow in the bedrock fractures can alter directions from the regional southeast gradient.  It is 
assumed that the flow system between the MC loading areas within the South Fork Quantico 
Creek watershed and the closest off-installation supply wells are connected by fractures and that 
groundwater from the MC loading areas in the fractured bedrock aquifer flows toward the supply 
wells located north and east of the installation boundary. 

6.4.1.8. Potential Surface Water and Groundwater Receptors 

Surface Water and Sediment Receptors 

South Fork Quantico Creek and streams downstream of South Fork Quantico Creek outside the 
installation boundary, such as Quantico Creek and the Potomac River, are potential human 
receptor locations through recreational use.  Threatened bald eagle nests have been found in 
Quantico Creek, and threatened SWP management areas are found within the South Fork 
Quantico Creek watershed area. 

Groundwater Receptors 

Potential groundwater receptors include off-installation wells located within a 1-mile radius north 
and east of the installation boundary, which are potential drinking water sources. Potential 
receptors in surface water features where shallow groundwater discharges include humans 
(potentially using the South Fork Quantico Creek and other downstream waters for recreational 
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purposes) and potential threatened species (as discussed in the surface water and sediment 
receptor section above).  

6.4.2. Surface Water and Sediment Screening-Level Assessment Results 

A screening-level assessment was used to obtain conservative estimates of MC concentrations in 
surface water and sediment from two MC loading areas (Combat Town and LZ-Peacock) that 
drain to the downstream point of South Fork Quantico Creek on the MCB Quantico installation 
boundary.  HMX and RDX loading were estimated to be negligible at the Combat Town and LZ-
Peacock MC loading areas.  Thus, only TNT and perchlorate were modeled at these two loading 
areas within the South Fork Quantico Creek watershed.    

Table 6-43 presents the estimated percentage of total MC contributed by the individual MC 
loading areas draining to the downstream point of South Fork Quantico Creek on the installation 
boundary.  Combat Town MC loading area was predicted to contribute a significant proportion of 
the TNT mass and more than half of the perchlorate mass to the downstream point of South Fork 
Quantico Creek on the installation boundary. 

Table 6-43: Screening-Level Estimates of Percent MC Mass Contributed by Individual MC Loading 
Areas into South Fork Quantico Creek on the MCB Quantico Installation Boundary 

MC Loading Area 
MC Contributed to Upper Segment Breckenridge 

Reservoir (% Total Mass) 

HMX RDX TNT Perchlorate 

Combat Town N/A N/A 91 55 

LZ-Peacock N/A N/A 9 45 

Note: 
N/A – not modeled because the MC loading rate was estimated to be negligible 

Table 6-44 presents the annual average edge-of-loading-area concentrations in surface water 
runoff from the MC loading areas draining within the South Fork Quantico Creek watershed.  
Based on the screening-level calculations, only perchlorate concentrations were predicted to be 
above the REVA trigger value at the edge of the two MC loading areas.  TNT, which was the 
only other MC modeled, was predicted to have a concentration below the REVA trigger value at 
the edge of Combat Town and LZ-Peacock MC loading areas. 
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Table 6-44: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Surface Water Runoff within the South Fork Quantico Creek Watershed 

MC Loading Area 
Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Combat Town 
N/A N/A ~0 1.23 

LZ-Peacock 
N/A N/A ~0 0.745 

REVA Trigger Value for Water 
0.114 0.110 0.113 0.021 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 
Shading and bold indicates concentration exceeds the REVA trigger value. 

Additional assessment was conducted to estimate the annual average MC concentrations in 
surface water (including surface water runoff and base flow contributions) entering the 
downstream point of South Fork Quantico Creek on the installation boundary (as described in 
Section 5.1.1.2).  The estimated drainage area of South Fork Quantico Creek above its 
downstream point on the MCB Quantico installation boundary is equivalent to 4,322 acres.  The 
annual average MC concentrations in surface water (including surface water runoff and base flow 
contributions) entering the downstream receptor location at the downstream point of South Fork 
Quantico Creek on the installation boundary were predicted to be below REVA trigger values 
(Table 6-45).  Based on these results, no additional surface water assessment is required at this 
time for the MC loading areas identified within the South Fork Quantico Creek watershed. 

Table 6-45: Screening-Level Estimates of Annual Average MC Concentrations in Surface Water 
(including surface water and base flow contributions) Entering the Downstream Point of South Fork 

Quantico Creek on the MCB Quantico Installation Boundary 

Downstream Surface 
Water Receptor 
Location 

Drainage 
Area (acres) 

Estimated MC Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Downstream point of 
South Fork Quantico 
Creek at the installation 
boundary 

4,322 N/A N/A ~0 0.002 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 
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Note: 
N/A – not modeled because the MC loading rate was estimated to be negligible 

Table 6-46 presents the estimated annual average edge-of-loading-area concentrations in 
sediment from the Combat Town and LZ-Peacock MC loading areas draining within the South 
Fork Quantico Creek watershed.  Based on the screening-level calculations, MC concentrations in 
sediment at the edge of the two MC loading areas were predicted to be below REVA trigger 
values.  As a result, no additional sediment assessment is required at this time for the MC loading 
areas identified within the South Fork Quantico Creek watershed. 

Table 6-46: Screening-Level Estimates of Annual Average Edge-of-Loading-Area MC 
Concentrations in Sediment within the South Fork Quantico Creek Watershed 

MC Loading Area 
MC Concentration (µg/kg) 

HMX RDX TNT Perchlorate

Combat Town 
N/A N/A 0.002 ~0 

LZ-Peacock 
N/A N/A ~0 ~0 

REVA Trigger Value for Sediment 51 32.5 25 0.18 

Note: 

N/A – not modeled because the MC loading rate was estimated to be negligible 

6.4.3. Groundwater Screening-Level Assessment Results 

The groundwater screening-level assessment was conducted for the Combat Town and LZ-
Peacock MC loading areas within the South Fork Quantico Creek watershed.  Similar to the 
surface water and sediment screening assessments (Section 6.4.2), only TNT and perchlorate 
were assessed at the two MC loading areas within the watershed.    

Table 6-47 shows the estimated MC concentrations in infiltrating water at the MC loading areas 
within the South Fork Quantico Creek watershed.  In accordance with the initial step of the Part I 
groundwater screening assessment, the concentrations were estimated by dividing the estimated 
MC loading rates by the estimated recharge rate values at the MC loading areas.  Only 
perchlorate concentrations were estimated to exceed the REVA trigger value at the two MC 
loading areas.   
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Table 6-47: Estimated Maximum MC Concentrations in Infiltrating Water at the MC Loading Areas 
within the South Fork Quantico Creek Watershed 

MC Loading Area 
Recharge Rate 

(ft/yr) 

Estimated Maximum Infiltration 
Concentration (µg/L) 

HMX RDX TNT Perchlorate 

Combat Town 0.31 N/A N/A 0.007 10.6 

LZ-Peacock 0.43 N/A N/A ~0 2.21 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled because the MC loading area was estimated to be negligible 
Shading and bold indicates concentrations exceed the REVA trigger value. 

As a result, perchlorate was modeled for migration through the vadose zone at the Combat Town 
and LZ-Peacock MC loading areas.  The vadose zone modeling was conducted using VLEACH 
with a post-processing step that included decay.  The model was run for a simulation time of 150 
years.  Modeling results including decay are presented in Table 6-48 for comparison.  Based on 
the estimated infiltration rates ranging from 0.31 to 0.43 ft/yr (Table 6-47) and a depth to 
groundwater of approximately 23 to 32 feet bgs, the minimum travel time for perchlorate to reach 
the water table at a concentration equal to the REVA trigger value is approximately 11 years at 
Combat Town MC loading area.  The perchlorate concentration at both MC loading areas 
modeled for perchlorate is estimated to exceed the REVA trigger value (Table 6-48). 

Table 6-48: Modeled MC Concentrations Reaching the Water Table at the South Fork Quantico 
Creek Watershed 

MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Combat Town RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 10.6 ~11 10.6 ~11 

LZ-Peacock RDX 0.110 N/A N/A N/A N/A 

TNT 0.113 N/A N/A N/A N/A 
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MC Loading 
Area 

MC 

REVA 
Trigger 
Value 
(µg/L) 

VLEACH (No Decay) VLEACH (Decay) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

Steady-State 
Concentration 
at Water Table 

(µg/L) 

Time to 
Exceed 
Trigger 
Value 
(yr) 

HMX 0.114 N/A N/A N/A N/A 

Perchlorate 0.021 2.21 ~14 2.21 ~14 

Note: 

N/A – not modeled, as the constituent was eliminated for further analysis from the initial groundwater screening 
analysis 
Shading and bold indicates concentration exceeds the REVA trigger value. 
 

Based on the vadose zone results, saturated zone modeling was conducted for perchlorate at the 
two MC loading areas to estimate the MC concentration potentially reaching the nearest surface 
water receptor location and supply well from each MC loading area. 

The saturated zone modeling was conducted using BIOCHLOR 2.2 for movement through the 
saprolite to potential surface water receptor locations (perennial streams) and through the 
fractured bedrock aquifer to potential groundwater receptors (supply wells).  The modeling was 
conducted as described in Section 5.2.2.3.  The model was run for a simulation time of 500 years.  
The BIOCHLOR simulation results produced the estimated MC concentration profile along the 
centerline of flow between the source zones at the MC loading areas and nearest receptor 
locations (perennial streams and supply wells). 

The assessment predicted that perchlorate concentrations exceeded REVA trigger value in 
shallow groundwater reaching the closest perennial streams within the South Fork Quantico 
Creek watershed from the two MC loading areas modeled for saturated zone transport through the 
saprolite (Table 6-49).  These results were used in the surface water screening-level analysis for 
estimating perchlorate concentrations at the identified receptor location down gradient of the MC 
loading areas (the downstream point of South Fork Quantico Creek on the installation boundary) 
(presented in Section 6.4.2). 
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Table 6-49: Model Estimated MC Concentrations Reaching Surface Water Receptor Locations 
within the South Fork Quantico Creek Watershed 

MC Loading Area 

Concentration at Closest Surface water Receptor 
Location (µg/L) 

HMX RDX TNT Perchlorate 

Combat Town N/A N/A N/A 10.6 

LZ-Peacock N/A N/A N/A 2.21 

REVA Trigger Value for Water 0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
Shading and bold indicates concentration exceeds the REVA trigger value. 

 

Additional BIOCLOR modeling was conducted to simulate saturated zone transport through the 
fractured bedrock aquifer.  Perchlorate in groundwater was predicted to reach the nearest 
groundwater receptors (supply wells) from the two MC loading areas modeled within the South 
Fork Quantico Creek watershed at concentrations above the REVA trigger value (Table 6-50).  
Figure 6-4 shows the approximate regional groundwater flow direction within the South Fork 
Quantico Creek watershed. 

Table 6-50: Model Estimated MC Concentrations Reaching Groundwater Receptors within the 
South Fork Quantico Creek Watershed 

MC Loading 
Area 

Distance to 
NSW (miles) 

Concentration at Groundwater Receptor Location 
(µg/L) 

HMX RDX TNT Perchlorate 

Combat Town 1.9 N/A N/A N/A 9.08 

LZ-Peacock 0.4 N/A N/A N/A 2.20 

REVA Trigger Value for Water  0.114 0.110 0.113 0.021 

Note: 
N/A – not modeled as MC was eliminated for further assessment based on the first two steps of the groundwater 
screening assessment 
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Shading and bold indicates concentration exceeds the REVA trigger value.  

 

Groundwater sampling for MC in two monitoring wells screened in the fracture bedrock aquifer 
within the South Fork Quantico Creek watershed was conducted in July 2012 as part of the five-
year review.  Neither explosives nor perchlorate were detected in either well.  One of these 
monitoring wells where groundwater sampling was conducted is located down gradient of the 
LZ-Peacock MC loading area and up gradient of the off-installation wells that are closest to LZ-
Peacock MC loading area.  There are no monitoring wells along the potential groundwater flow 
path between Combat Town and the closest off-installation well located east of the installation 
boundary.  However, it was identified that the nearest off-installation supply well located near the 
Combat Town MC loading area is out of service (NPS, 2013).  This well and other wells close by 
are located in Prince William Forest Park and, as discussed in Section 6.2.3, the wells are no 
longer used as a water supply source for the park.  Therefore, based on the absence of 
groundwater receptors close to the Combat Town MC loading area and the conservative nature of 
the groundwater assessment that likely overestimates concentrations, no additional groundwater 
assessment is required at this time.  
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7. Field Data Collection Results 

The field study, including surface water, sediment, and groundwater sampling, was conducted in 
July 2012 concurrent with the REVA five-year review.  Twenty-four MC loading areas were 
identified within the Guadalcanal area in four watersheds: Smith Lake, Cedar Run, Chopawamsic 
Creek, and Quantico Creek.  Surface water, sediment, and/or groundwater samples were collected 
throughout these four watersheds to answer to the following study objectives: 

 Study Objective #1 – Determine if analytical results for samples show a potential release of 
MC to off-range areas. 

 Study Objective #2 – Determine if analytical results indicate potential impacts to human 
health or the environment. 

Sampling was conducted in accordance with the  Sampling and Analysis Plan.  Sampling 
locations were selected based on modeling outputs described in Section 6.  Analytical results 
were compared to applicable DoD screening levels (Appendix C), State of Virginia screening 
levels, and applicable USEPA Region 3 screening criteria.     

7.1. Surface Water and Sediment Sampling 

Nine surface water locations were sampled from the Smith Lake and Cedar Run watersheds on 
July 23–24, 2012.  Five of the locations were in the Smith Lake watershed, and four locations 
were in the Cedar Run watershed.  A background sample was collected from Aquia Creek (SW-
05), which is upstream of the installation boundary in the Smith Lake watershed.  All other 
surface water sample locations were down gradient and outside of MC loading areas.  A total of 
eight surface water samples were collected in the Smith Lake watershed.  Six of these samples 
were collected from the upper and lower intervals at three locations  in Smith Lake.  Samples 
from the Smith Lake and Cedar Run watersheds were analyzed for total and dissolved lead, 
perchlorate, and explosives.   

Following completion of the July 2012 sampling event, MCB Quantico NREA personnel 
recommended sampling sediment in the Breckenridge Reservoir because of high lead levels 
detected in sediment during a study conducted by the USGS in 2008 and 2009.  The USGS 
sediment samples from Breckenridge Reservoir contained lead concentrations ranging from 28 to 
380 mg/kg, with increasing lead concentrations observed at the southern portion of the reservoir 
(USGS, 2012).  Eleven surface water samples and nine sediment samples were collected from 
nine locations within the Chopawamsic Creek watershed in August 2012 and analyzed for lead.  
Four of these surface water samples were collected from upper and lower intervals at two 
locations  in the Breckenridge Reservoir.  Six samples were collected from streams that feed into 
Breckenridge Reservoir and are down gradient of operational range areas.  Based on results of the 
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August 2012 sampling event, sediment was sampled at eight additional locations on October 19, 
2012.   

7.2. Groundwater Sampling 

Eleven groundwater monitoring wells and two MCB Quantico water supply wells were sampled 
on July 23–24, 2012.  All of these wells are located around the perimeter of the installation, and 
the water supply wells are located in the Cedar Run watershed.  Seven of the 11 monitoring wells 
are in the Smith Lake watershed; 2 are in the Cedar Run watershed; 1 is in the Quantico Creek 
watershed; and 1 is at the divide of the Quantico Creek and Cedar Run watersheds.  Groundwater 
samples were analyzed for explosives, perchlorate, and lead (total and dissolved).         

7.3. Summary of Analytical Results 

7.3.1. Surface Water Sampling 

Over two surface water sampling events in July 2012 and August 2012, surface water samples 
were collected at 18 locations: 5 locations form the Smith Lake watershed, 4 locations from the 
Cedar Run watershed, and 9 locations from the Chopawamsic Creek watershed.  The surface 
water analytical sampling results were compared to DoD and Virginia screening criteria for 
human health and ecological receptors.  In order to compare surface water dissolved lead results 
to aquatic ecological screening criteria, dissolved lead screening values were adjusted based on 
the hardness of the water sample in accordance with the USEPA National Recommended Water 
Quality Criteria (USEPA, 2013) and Virginia Administrative Code 9VA25-280 (Virginia 
Department of Environmental Quality [VDEQ], 2010).  Surface water sampling results at MCB 
Quantico indicate the following: 

 Explosives were not detected in surface water samples.  

 Total and dissolved lead were not detected in surface water samples from the Smith Lake and 
Cedar Run watersheds.  Total lead was detected at six locations in the Chopawamsic Creek 
watershed at concentrations below DoD and Virginia screening criteria (no ecological 
screening value available).  Dissolved lead was detected at six locations in the Chopawamsic 
Creek watershed at concentrations ranging from 0.20 to 3.4 µg/L, and all were below the 
DoD and Virginia screening criterion for drinking water.  However, four of these detections 
exceeded the hardness-adjusted DoD ecological screening values ranging from 0.19 to 0.40 
µg/L, and two of the detections exceeded the hardness-adjusted Virginia ecological screening 
values ranging of 0.72 and 0.81 µg/L.  These samples were collected in the South Branch of 
Chopawamsic Creek and in Breckenridge Reservoir. 

 Perchlorate was detected in three of four samples in the Cedar Run watershed and one of five 
in the Smith Lake watershed at maximum concentrations of 0.065 μg/L and 0.019 μg/L, 
respectively.  All detections were below the DoD screening values for human and ecological 
receptors.  The highest perchlorate detection occurred at a location upstream of the 



 Section 7
Field Data Collection Results

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico  

7-3 

 

installation boundary (SW-05).  This sample location was used as a reference of background 
concentration because it is not down gradient of any range activity and is outside the 
installation boundary.    

Data validation was performed on the analytical data; data sets meet the data quality objectives 
and are considered usable, and the project daily quality objectives (DQOs) have been met.    

7.3.2. Sediment Sampling 

Sediment samples were collected from 17 locations from the Chopawamsic Creek watershed over 
two sampling events.  Eight of these 17 locations were in tributaries to the Breckenridge 
Reservoir (North, Middle, and South Branches of Chopawamsic Creek), 3 were from 
Breckenridge Reservoir and 6 were from locations downstream of Breckenridge Reservoir.  
Sediment samples were collected outside of operational range areas and analyzed for lead (total 
and dissolved).  The sediment analytical results were compared to DoD screening criteria for 
ecological receptors and USEPA Region 3 Biological Technical Assistance Group freshwater 
sediment screening benchmark values (USEPA, 2006).  Sediment sampling results at MCB 
Quantico indicate the following: 

 In the North and Middle Branches of Chopawamsic Creek, lead was detected in sediment at 
concentrations ranging from 2.5 to 5.2 mg/kg.  The South Branch of Chopawamsic Creek 
drains the area where the WTBN and FBI SARs are located. Lead was detected in this stream 
at a concentrations ranging from 31 to 35 mg/kg.  Although this is below both DoD (47 
mg/kg) and USEPA Region 3 ecological screening criteria (35.8 mg/kg), it is nearing 
ecological screening criteria.  These concentrations indicate that lead is at elevated 
concentrations in sediment in the South Branch of Chopawamsic Creek.  

 In Breckenridge Reservoir, lead was detected at a maximum concentration of 220 mg/kg, 
which exceeds both DoD and USEPA Region 3 ecological screening criteria.  The highest 
detections occurred at the middle and southernmost portion of the reservoir, which are 
downstream of the confluence with the South Branch.   

 In locations downstream of Breckenridge Reservoir, lead was detected at a maximum 
concentration of 12 mg/kg and was observed to decrease with distance downstream of 
Breckenridge Reservoir.  Lead was detected significantly lower, 2.0 mg/kg, at the sample 
location closest to the installation boundary. 

Data validation was performed on the analytical data, and the datasets meet the project DQOs.  
Minor data quality issues were observed in some analyses.   

7.3.3. Groundwater Sampling 

Groundwater samples were collected from 13 locations, 11 from groundwater monitoring wells 
and 2 from water supply wells.  Groundwater samples were analyzed for explosives, perchlorate, 
and lead (total and dissolved).  Analytical results were compared to DoD drinking water 
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screening criteria and Virginia state screening standards (VDEQ, 2013a).  Groundwater sampling 
results at MCB Quantico indicate the following: 

 Explosives were not detected in groundwater samples.  

 Total lead was detected at 28 μg/L, exceeding the DoD screening level of 15 μg/L in one 
monitoring well.  Total lead was detected in the majority of monitoring well samples, but 
concentrations were below DoD and Virginia screening criteria.  Dissolved lead was not 
detected in monitoring well samples but was detected in both water supply wells at 
concentration of 0.29 μg/L and 0.71 μg/L, which are below the DoD and Virginia screening 
criteria (15 and 50 μg/L, respectively).   

 Perchlorate was detected in five groundwater samples and both water supply well samples.  
Perchlorate was detected at a maximum concentration of 0.19 μg/L in groundwater and 0.12 
μg/L in water supply wells, versus the DoD screening value of 15 μg/L.   

Data validation was performed on the analytical data; data sets meet the data quality objectives 
and are considered usable, and the project DQOs have been met.  Minor data quality issues were 
observed in some analyses.   

7.4. Comparison of 2012 Results to Previous Investigations 

Previous surface water sampling events at MCB Quantico occurred in June 2008 and July 2010 in 
the Smith Lake and Cedar Run watersheds.  Explosives were not detected in surface water 
samples during the any of the sampling events.  Historically, lead has been detected in Smith 
Lake and Cedar Run watersheds but below human health and ecological screening criteria.  Total 
and dissolved lead were not detected in 2012 surface water samples collected in the Smith Lake 
and Cedar Run watersheds.  Historically, perchlorate usually has been detected in the Smith Lake 
and Cedar Run watersheds at concentrations significantly below screening criteria.  Perchlorate 
was detected in samples collected from the background location during all sampling events at 
concentrations similar to those observed in other samples.   

Previous groundwater sampling at MCB Quantico occurred in July and October 2009 and July 
2010.  Historically, 2-amino-4,5-dinitrotoluene has been detected infrequently at concentrations 
well below the screening criteria for drinking water.  2-Amino-4,5-dinitrotoluene was not 
detected in the 2012 sampling event.  Total and dissolved lead and perchlorate detection in 
groundwater were similar to historical results.   

7.5. Conclusions of 2012 Field Study 

Data collected during the surface water, sediment, and groundwater sampling were interpreted to 
address the following study objectives: 

 Study Objective #1 – Determine if analytical results for samples indicate a potential release 
of MC to off-range areas.  
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All detected MC concentrations in surface water in the Smith Lake and Cedar Run watersheds at 
MCB Quantico were below the DoD and Virginia surface water screening criteria.  Total and 
dissolved lead were detected at elevated concentrations in surface water in the South Branch of 
Chopawamsic Creek downstream of the WTBN and FBI SARs.  The South Branch discharges 
into Breckenridge Reservoir, where total and dissolved lead were detected at concentrations 
slightly lower in surface water than those detected in the creek.  Dissolved lead concentrations 
were above DoD and Virginia ecological screening criteria in the South Branch of Chopawamsic 
Creek and/or in Breckenridge Reservoir.  Total and dissolved lead concentrations at the 
installation boundary are unknown but are likely lower due to further dilution from numerous 
tributaries located downstream of Breckenridge Reservoir.  All detections were well below the 
human health screening criteria.  These concentrations do not represent an immediate threat, and 
this area will continue to be monitored.                 

Perchlorate was detected in surface water samples from the Smith Lake and Cedar Run 
watersheds at a maximum concentration of 0.065 µg/L.  This concentration occurred in the 
background sample in the Smith Lake watershed, which is located upstream and outside of the 
installation boundary.  In the Cedar Run watershed, perchlorate was detected at significantly 
lower concentrations than DoD screening criteria.  As the highest perchlorate detection occurred 
at an upstream and off-installation sampling location, perchlorate concentrations in surface water 
at the installation appear to be at background levels, and no potential release is indicated.    

Sediment was sampled in the Chopawamsic Creek watershed in August 2012 and October 2012.  
In the North and Middle Branches of Chopawamsic Creek, lead was detected in sediment at a 
maximum concentration of 5.2 mg/kg.  The South Branch of Chopawamsic Creek drains the area 
where the WTBN and FBI SARs are located.  Lead was detected in this stream at concentrations 
ranging from 31 to 35 mg/kg.  Although this is below both DoD (47 mg/kg) and USEPA Region 
3 ecological screening criteria (35.8 mg/kg), it is nearing ecological screening criteria.   

In Breckenridge Reservoir, lead was detected at a maximum concentration of 220 mg/kg, which 
exceeds both DoD and USEPA Region 3 ecological screening criteria.  The highest detections 
occurred at the middle and southernmost portion of the reservoir, which are downstream of the 
confluence with the South Branch.  The large difference in concentrations between the creek and 
reservoir indicates that there may be another source into the reservoir.  Sediment results south of 
the reservoir do not indicate that lead is migrating beyond the reservoir or the installation 
boundary.  Additional sampling will be conducted to determine bioavailability of lead in 
sediments and the extent of impacted sediments in the reservoir.   

Total and dissolved lead were detected in groundwater at maximum concentrations of 28 and 0.71 
µg/L, respectively.  Dissolved lead was detected only in the two water supply wells, and 
concentrations were estimated below 1 µg/L.  Total lead was detected in a monitoring well 
located on the west-southwest part of the installation boundary, at a concentration of 28 µg/L.  
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This exceeds the DoD screening value of 15 µg/L.  Historical concentrations of total lead in the 
same well are lower, ranging from 2.3 to 12 µg/L.  Total lead is detected more frequently and at 
greater concentrations at the south and southwestern areas of the installation boundary.   

Perchlorate was detected in groundwater at a maximum concentration of 0.19 µg/L, which did not 
exceed the DoD screening value of 15 µg/L.  The only quantifiable detections of perchlorate have 
been at MW-H, MW-I, and the two installation supply wells, all in the northwestern part of the 
installation.  Perchlorate concentrations in these wells are consistent with historical levels.  
Perchlorate also has been detected at estimated levels in MW-E and MW-F in the southwestern 
part of the installation at concentrations that are approximately 10 times lower than to the 
northwest.  At the installation boundary, the concentrations are relatively low and likely further 
diluted outside of the installation boundary.    

 Study Objective #2 – Determine if analytical results indicate potential impacts to human 
health or the environment 

Surface water, sediment, and groundwater analytical data were compared to DoD, Virginia, and 
USEPA Region 3 (where applicable) screening values for human health and ecological receptors.  
In all three media, no explosives were detected and all perchlorate detections were below 
screening criteria.  At least one lead exceedance was observed in each medium.   

Surface water and sediment exceedances were in the Chopawamsic Creek watershed.  An 
imminent threat to human health or the environment is not apparent in the concentrations 
detected, but further evaluation is warranted to confirm concentrations and determine the source 
of the lead.  

In groundwater, lead was detected above human health screening levels at one location on the 
west-southwest side of the installation boundary.  Historical results at this location were lower 
than those observed in 2012.  Turbidity was high in this well, and dissolved lead was not 
detected, indicating that detected total lead is likely associated with sediment and, therefore, 
relatively immobile.  Confirmation sampling is recommended to confirm concentrations.  An 
imminent threat to human health or the environment is not apparent in groundwater. 
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8. Small Arms Range Assessments 

The REVA indicator MC for SARs is lead because it is the most prevalent (by weight) potentially 
hazardous constituent associated with small arms ammunition.  As described in previous sections, 
fate and transport parameters for lead at SARs are dependent on site-specific geochemical 
properties, which cannot be determined solely by physical observation.  Therefore, ranges that 
solely use small arms ammunition (defined as non-explosive ammunition, 0.50-caliber or smaller) 
for training purposes at MCB Quantico are qualitatively assessed under the REVA program.  
Ranges that perform joint small arms and live-fire training with HE munitions are not assessed 
through this process; rather, they are assessed through the MC loading estimation and modeling 
processes previously described.  Only operational SARs are addressed in this protocol; historical 
use SARs that are no longer used are not assessed due to lack of information to adequately 
perform an assessment.  

The SARAP was developed as a qualitative approach to identify and assess factors that influence 
the potential for lead to migrate from an operational range.  These factors include the following: 

 Range design and layout, including any best management practices 

 Physical and chemical characteristics of the area 

 Past and present operation and maintenance practices 

In addition, potential receptors and pathways are identified relative to the SAR being assessed.  
The potential for an identified receptor to be impacted by MC migration through an identified 
pathway is evaluated. 

8.1. Summary of the Small Arms Range Assessment Protocol 

The SARAP produces two scores:  the sum of surface water elements and the sum of groundwater 
elements.  These determine the overall rankings for surface water and groundwater conditions.  
The scoring system assigns minimal, moderate, and high values for each category: 

 Minimal (0 to 29 points) – The SAR has minimal or no potential for lead migration to a 
receptor, but actions may be necessary to ensure that continuing training activity at the range 
does not pose a future threat to human health or the environment. 

 Moderate (30 to 49 points) – The SAR may have the potential for lead migration to a 
receptor, most likely indicating no immediate threat to human health or the environment, but 
actions may be necessary to prevent a greater or future concern. 
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 High (50 to 65 points) – The SAR most likely has the potential for lead migration to an 
identified receptor and requires additional action(s). 

Additional documentation describing the purpose, requirements, and supporting drivers for the 
performance of the SAR assessment is provided with the range-specific assessments in Appendix 
A.   

Table 8-1 provides a summary of results for the assessment completed for each range.  Eighteen 
operational SARs or group of SARs were identified at MCB Quantico for the five-year review.  
Twenty SARs were evaluated during the baseline using the SARAP.  Six of the 20 SARs (Range 
9, Range 9A, Range 14E, WTBN-International Pistol Competition/PET, WTBN-Shooting Club, 
and WTBN-Training Shed) were not active during the five-year review period, contained no 
expenditure data, were designated for recreational use, or had a change in training activity such 
that the range was no longer considered strictly a SAR.  As such, they were not evaluated in the 
five-year review.  Changes to SARs that have occurred since the baseline assessment are: 

 Range 9A was redesigned and is now the UTC, which was evaluated as an MC loading area 
in this five-year review.   

 Range 9, Range 14E, WTBN-International Pistol Competition/PET, and WTBN-Training 
Shed were not active and/or contained no expenditure data during the five-year review 
period.   

 WTBN-1, WTBN-2, WTBN-3, and WTBN-4 are assessed together since use is similar and 
these four ranges fire into one long, connected backstop berm.   

 Range 14A and Range 14B are evaluated together since these ranges fire into the same 
downrange area and were combined in 2009 to form Range 14.   

 The FBI Academy ranges were evaluated as one range during the baseline assessment.  These 
were divided into six assessments in the five-year review based on detailed information that 
was not available during the baseline assessment.   

 Two of the current FBI ranges opened after the baseline assessment was conducted. 

 

Table 8-1: Summary of SAR Rankings 

SAR 

Surface Water 
Evaluation Ranking 

Groundwater 
Evaluation Ranking 

Ranking Score Ranking Score 

FBI Range 1 High 51 Moderate 37 

FBI Ranges 2, 3, and BRF High 51 Moderate 37 

FBI Range 4 High 51 Moderate 37 
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SAR 

Surface Water 
Evaluation Ranking 

Groundwater 
Evaluation Ranking 

Ranking Score Ranking Score 

FBI Range 5 Moderate 43 Moderate 37 

FBI HRT Ranges (4 ranges) High 51 Moderate 37 

FBI HRT Rifle Range Moderate 41 Minimal 29 

WTBN Competition Pistol High 56 Moderate 37 

WTBN Requalification Pistol High  51 Moderate 37 

WTBN Range 5 High 56 Moderate 37 

WTBN Range 305 Moderate 48 Moderate 37 

WTBN Rifle Complex High 52 Moderate 35 

Range 5 Moderate 32 Moderate 39 

Range 11 Moderate 36 Moderate 39 

Range 12 Moderate 34 Moderate 41 

Range 14 Moderate 30 Moderate 37 

Range 14C Moderate 30 Moderate 37 

Range 14D Minimal 28 Moderate 37 

Range 14F Moderate 30 Moderate 37 

 

8.2. Small Arms Ranges 

There are 16 SARs at MCB Quantico and 10 ranges and the BRF at the FBI Academy.  The 
majority of the SARs are located in the WTBN complex or the FBI Academy, and the South 
Branch of Chopawamsic Creek drains the land occupied by these ranges.  Surface water and 
sediment sampling in the Chopawamsic Creek watershed conducted in 2012 was described in 
Section 7.  Concentrations of lead in sediment and dissolved lead in surface water were slightly 
elevated and indicate that migration of lead from this area appears to be occurring.  It is unknown 
which range or ranges may be a source of the lead observed in the creek.  An immediate threat is 
not indicated, and additional sampling will be conducted to determine the nature and extent of the 
lead observed in surface water sediment. 

SARs are qualitatively assessed using the REVA SARAP; SARAP evaluations are provided in 
Appendix A.  For many of the SARs, the general information used to document soil 
characteristics, groundwater characteristics, fate and transport pathways, potential receptors, and 
T/E species are the same.  Information applicable across the installation is further detailed in 
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Section 4.3.  Site-specific information, if available, was used to complete the SARAPs for each 
SAR and is provided in Appendix A.  The SARs are described briefly in the following sections. 

8.2.1. FBI Academy Range 1 

8.2.1.1. Site Background  

Range 1 is the easternmost range within the FBI Complex.  Range 1 is enclosed on the sides by 
two earthen berms, and a large impact berm is at the rear of the range to capture fired projectiles.  
Range 1 has 60 firing positions with a maximum firing distance of 50 yards and has an asphalt 
floor.  Lead loading estimated using expenditure data provided by the FBI Academy shows that 
FBI ranges are very heavily used, but the FBI does not track expenditures separately by range.  
FBI personnel indicated Range 1 is one of the most frequently used ranges.  Runoff is captured in 
a ditch in front of the impact berm and is released to a retention pond north of the range behind 
the impact berm.  The retention pond is heavily vegetated.   The FBI Academy is located up 
gradient of the Breckenridge Reservoir, which is the primary drinking water source for MBC 
Quantico.   

8.2.1.2. Assessment Results 

The evaluation of FBI Academy Range 1 resulted in a high ranking for surface water and a 
moderate ranking for groundwater.  The high ranking for surface water is based on several 
factors, including considerable lead loading, vegetation on the impact berm that has been 
significantly destroyed due to impact, the range’s vicinity to nearby surface waters where 
sensitive species are known to be present, and potential lead migration via surface water and/or 
sediment in the South Branch of Chopawamsic Creek.  The moderate ranking for groundwater 
also is based on the considerable lead loading as well as the presence of a shallow groundwater 
table and acidic soils, which promote leaching of metals into water.  No groundwater receptors 
were identified near the range. 

8.2.2. FBI Ranges 2, 3, and Ballistics Research Facility 

8.2.2.1. Site Background  

FBI Ranges 2 and 3 are located adjacent to one another within the FBI Complex and are 
separated by an earthen berm.  Range 2 is separated from Range 1 by a ballistic wall, and Range 
3 is separated from Range 4 by an earthen berm.  The FBI BRF is located west of Range 3 and is 
separated from it by a wooden wall.   

Ranges 2 and 3 have 60 firing positions with firing distances ranging from 4 to 50 yards.  The 
firing lines are asphalt with grass floors between the 50-, 25-, and 15-yard firing lines.  Both 
ranges have separate impact berms behind the targets.  The BRF is a two-lane research range 
where no training occurs but where testing of small arms projectiles occurs.  The range has its 
own earthen impact berm, and the range floor is fully vegetated.  Lead loading estimated using 
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expenditure data provided by the FBI Academy shows that FBI ranges are very heavily used, but 
the FBI does not track expenditures separately by range.  FBI personnel indicated these are two of 
the most heavily used of the FBI Academy ranges.   

8.2.2.2. Assessment Results 

The evaluation of the FBI Ranges 2, 3, and BRF resulted in a high ranking for surface water and a 
moderate ranking for groundwater.  The high ranking for surface water is based on several 
factors, including considerable lead loading, signs of erosion and worn vegetation on impact 
berms, the range’s vicinity to nearby surface waters where sensitive species are known to be 
present, and potential lead migration via surface water and/or sediment in the South Branch of 
Chopawamsic Creek.  The moderate ranking for groundwater also is based on the considerable 
lead loading as well as the presence of a shallow groundwater table and acidic soils, which 
promote leaching of metals into water.  No groundwater receptors were identified near the range. 

8.2.3. FBI Range 4 

8.2.3.1. Site Background  

Range 4 is located between the BRF and Range 5 within the FBI Complex and is separated on 
both sides by a vegetated earthen berm.  Range 4 has 30 firing positions with a maximum 
shooting distance of 25 yards and has an asphalt floor.  An earthen impact berm is present behind 
the targets.  Lead loading estimated using expenditure data provided by the FBI Academy shows 
that FBI ranges are very heavily used, but the FBI does not track expenditures separately by 
range. 

8.2.3.2. Assessment Results 

The evaluation of the FBI Range 4 resulted in a high ranking for surface water and a moderate 
ranking for groundwater.  The high ranking for surface water is based on several factors, 
including considerable lead loading, signs of erosion and worn away vegetation on the impact 
berm, the range’s vicinity to nearby surface waters where sensitive species are known to be 
present, and potential lead migration via surface water and/or sediment in the South Branch of 
Chopawamsic Creek.  The moderate ranking for groundwater also is based on the considerable 
lead loading as well as the presence of a shallow groundwater table and acidic soils, which 
promote leaching of metals into water.  No groundwater receptors were identified near the range. 

8.2.4. FBI Range 5 

8.2.4.1. Site Background  

Range 5 is located west of Range 4 and southeast of the HRT Ranges within the FBI Complex.  It 
is separated from Range 4 on both sides by a vegetated earthen berm.  Range 5 has 30 firing 
positions with a maximum shooting distance of 25 yards.  An earthen impact berm is present and 
is well vegetated.  The range floor is grass and gravel.  Shots are fired into steel targets, and they 
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are deflected into the range floor, so the impact berm does not tend to concentrate lead bullets.  A 
second bay contains five targets and is part of Range 5 but located to the west of the main range 
area.  This bay appears to be used very little.  Lead loading estimated using expenditure data 
provided by the FBI Academy shows that FBI ranges are very heavily used ranges, but the FBI 
does not track expenditures separately by range. 

8.2.4.2. Assessment Results 

The evaluation of the FBI Range 5 resulted in moderate rankings for both surface water and 
groundwater.  The moderate ranking for surface water is based on several factors, including 
considerable lead loading, sustained use, and the range’s vicinity to nearby surface waters where 
sensitive species are known to be present.  The moderate ranking for groundwater also is based 
on the considerable lead loading as well as the presence of a shallow groundwater table and acidic 
soils, which promote leaching of metals into water.  No groundwater receptors were identified 
near the range. 

8.2.5. FBI HRT Ranges 

8.2.5.1. Site Background  

The HRT ranges are located just west of Ranges 1 through 5 within the FBI Complex.  HRT 
ranges include Range 6A, Range 6B, Range 7, and Range 8, which are immediately adjacent to 
one another and share one continuous vegetated rear impact berm.  Side berms are present on the 
east side of Range 6B and the west side of Range 8.  Except for behind Range 8, vegetation on 
the rear impact berm has been largely destroyed due to use of the ranges.  The berm area facing 
Range 6A was reshaped and resurfaced in early 2012.  Wooden walls separate each range from 
the adjacent range.  The HRT ranges have a maximum firing distance of 25 yards.  Firing lines 
are asphalt, while the rest of the range floor is grass.  Lead loading estimated using expenditure 
data provided by the FBI Academy shows that FBI ranges are very heavily used, but the FBI does 
not track expenditures separately by range.  FBI personnel indicated that Range 7 is used the least 
of the FBI Ranges, but plans for reconstruction of this range are in development. 

8.2.5.2. Assessment Results 

The evaluation of the FBI HRT Ranges resulted in a high ranking for surface water and a 
moderate ranking for groundwater.  The high ranking for surface water is based on several 
factors, including considerable lead loading, signs of erosion and worn vegetation on the impact 
berm, the range’s vicinity to nearby surface waters where sensitive species are known to be 
present, and potential lead migration via surface water and/or sediment in the South Branch of 
Chopawamsic Creek.  The moderate ranking for groundwater also is based on the considerable 
lead loading as well as the presence of a shallow groundwater table and acidic soils, which 
promote leaching of metals into water.  No groundwater receptors were identified near the range. 
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8.2.6. FBI HRT Rifle Range 

8.2.6.1. Site Background  

The HRT Rifle Range is the range farthest west within the FBI Complex.  The HRT Sniper/Rifle 
Range opened in 2009 but was closed in 2011 for reconstruction.  The range has a 53-foot earthen 
impact berm, and a large detention pond is located immediately east of the impact berm.  The 
range has a maximum firing distance of 500 yards.  Drains and catch basins are located along the 
range sides to collected surface water and drain to the retention pond.  Lead loading estimates 
using expenditure data provided by the FBI Academy show that the FBI Ranges are very heavily 
used; however, the FBI does not track expenditures separately by range.  Therefore, it is unclear 
what proportion of the expenditures is from use at the HRT Rifle Range. 

8.2.6.2. Assessment Results 

The evaluation of the FBI HRT Rifle Range resulted in a moderate ranking for surface water and 
a minimal ranking for groundwater.  The moderate ranking for surface water is primarily based 
on the range’s vicinity to nearby surface waters where sensitive species are known to be present.  
The minimal ranking for groundwater is due to the fact that no nearby receptors were identified 
and little loading has occurred at this range. 

8.2.7. WTBN Competition Pistol 

8.2.7.1. Site Background  

The Competition Pistol range is used for the training and competition of the Marine Corps Pistol 
Team.  It is a known distance range with 50 firing points and firing distances from 7 to 50 yards.  
The range has been used since 1952.  It is located between WTBN Range 4 and the WTBN 
Requalification Pistol Range.  Ammunition is fired into a vegetated earthen impact berm, which 
shows signs of erosion.  An estimated 1,666 lb of lead are used on the range annually.  Lead 
mining of the berm is currently planned for 2014.     

8.2.7.2. Assessment Results 

The evaluation of WTBN Competition Pistol range resulted in a high ranking for surface water 
and a moderate ranking for groundwater.  The high ranking for surface water ranking is based on 
high use of the range, sloped and worn berm, proximity to human and ecological receptor 
locations, and potential migration of lead via surface water and/or sediment in the South Branch 
of Chopawamsic Creek.  The moderate ranking for groundwater is based on the relatively shallow 
groundwater table, high precipitation, and the presence of acidic soils; however, no groundwater 
receptors were identified near the range.   
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8.2.8. WTBN Requalification Pistol 

8.2.8.1. Site Background  

Requalification Pistol range is located beside the WTBN Competition Pistol Range and is a live-
fire known distance SAR used for static engagements only.  The range has been used since 1952.  
It has 50 firing points and firing distances from 7 to 50 yards.  The range floor is grassed.  It is 
primarily used for the Marine Corps Combat Marksmanship Program and Entry Level 
Marksmanship Training for students in The Basic School (TBS) and Annual Pistol Training for 
personnel assigned to the National Capital Region.  An earthen impact berm is present at the rear 
of the range.  An estimated 10,451 lb of lead are used annually at the range.   

8.2.8.2. Assessment Results 

The evaluation of WTBN Requalification Pistol range resulted in a high ranking for surface water 
and a moderate ranking for groundwater.  The high ranking for surface water ranking is based on 
high use, a sloped and partially eroded berm, proximity to human and ecological receptors, and 
potential migration of lead via surface water and/or sediment in the South Branch of 
Chopawamsic Creek.  The moderate ranking for groundwater is based on the high lead loading, 
relatively shallow groundwater table, high precipitation and the presence of acidic soils; however, 
no groundwater receptors were identified near the range.   

8.2.9. WTBN Range 5 

8.2.9.1. Site Background  

Range 5 was formerly the HRP Range used for the HRP School, but it was renamed Range 5 
when the Marine Corps closed the school.  It is used to support the training and competition of 
the Marine Corps Combat Shooting Team.  The range has been in use since 1952.  It is located 
between the WTBN Requalification Pistol Range and WTBN Range 305 and is a series of four 
bays used for training exercises that support live fire.  Bay 1 has 12 target stands for paper targets 
and 2 steel head plate racks.  Bay 2 has 14 steel chest plates.  Bay 3 simulates an urban area, and 
Bay 4 is an individual 25-meter-square bay.  Maximum shooting distance is 50 meters.  An 
estimated 1,666 lb of lead are used annually at the range.   

8.2.9.2. Assessment Results 

The evaluation of WTBN Range 5 resulted in a high ranking for surface water and a moderate 
ranking for groundwater.  The high ranking for surface water ranking is based on  the sloped 
impact berm with severe erosion, lack of maintenance, proximity of human and ecological 
receptors, and potential migration of lead via surface water and/or sediment in the South Branch 
of Chopawamsic Creek.  The moderate ranking for groundwater is based on the relatively shallow 
groundwater table, high precipitation and the presence of acidic soils; however, no groundwater 
receptors were identified near the range.   
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8.2.10. WTBN Range 305 

8.2.10.1. Site Background  

WTBN Range 305 is an unknown distance range that supports only static engagements.  The 
range has been used since 1952.  It has 10 firing lanes with 168 stationary infantry targets (SITs) 
and 34 moving infantry targets (MITs) and an additional 2 lanes reserved for stationary, non-
automated target engagement.  All of the targets except those in lane 12 are equipped with 
Location of Miss and Hit technology.  The range has a short impact berm, only 2–3 feet high; 
therefore, the berm does not capture a significant quantity of fired ammunition.  Most fired 
rounds are deposited into the woods at the back of the range.  This range is used primarily for the 
execution of the Marine Corps Combat Marksmanship Program and Entry Level Marksmanship 
Training for students at TBS and Annual Rifle Training for personnel assigned to the National 
Capital Region.  An estimated 5,027 lb of lead are used annually at the range.   

8.2.10.2. Assessment Results 

The evaluation of WTBN Range 305 resulted in moderate rankings for both surface water and 
groundwater.  The moderate surface water ranking is due to factors such as high use, proximity to 
human and ecological receptors, and potential migration of lead via surface water and/or sediment 
in the South Branch of Chopawamsic Creek.  Ditches and a small retention pond on the 
installation control surface water flow over a portion of the range; however, this is not the area 
where projectiles typically would be deposited.  Therefore, these controls would not control 
migration of lead.  The moderate ranking for groundwater is based on the relatively shallow 
groundwater table, high precipitation, and the presence of acidic soils; however, no groundwater 
receptors were identified near the range.   

8.2.11. WTBN Rifle Complex 

8.2.11.1. Site Background  

WTBN Range 1, Range 2, Range 3, and Range 4 are located adjacent to each other and are 
separated by earthern berms and a thin line of trees.  These ranges combine to form the WTBN 
Rifle Complex.  The ranges have been in use since 1952.  These ranges all fire into one connected 
earthen impact berm that is approximately 30 feet high.   

Range 1 is a small arms familiarization, qualification, and short-range (7–100 meters) live-fire 
range.  A ballistic wall separates it from the Test Shed, and a tree-lined berm separates it from 
Range 2.  It has multiple firing points that fire into an earthen impact berm.  Paper, wood, or 
plastic targets are placed on line or at varying distances. 

Ranges 2 and 3 are small arms live-fire known distance ranges with 50 firing points each and 
firing distances from 15 to 600 yards.  The ranges are used primarily for the Marine Corps 
Combat Marksmanship Program and Entry Level Marksmanship Training for students TBS and 
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Annual Rifle Training for personnel assigned to the National Capital Region.  Paper, wood, or 
plastic targets are placed in target carriages for known distance firing.  Side berms are present on 
both sides of each range to separate it from the adjacent range. 

Range 4 is a small arms, live-fire known distance range with 50 firing points and firing  distances 
of 100 to 1000 yards.  The range is used for the Scout Sniper Instruction and Competitive 
Marksmanship Training for Marine Corps rifle teams.  Paper, wood, plastic, glass, and steel 
targets are placed in target carriages for known distance training, or they can be placed on the 
100-yard firing line.   

The estimated lead loading for all four ranges is 17,032 lb of lead per year.  Lead mining was 
completed at Range 2 in 2009.  This is completed as needed and as funding is available, but there 
is not a regular maintenance schedule.  Lead mining is scheduled for 2013 at WTBN Ranges 1 
and 2 and for 2014 at WTBN Ranges 3 and 4. 

8.2.11.2. Assessment Results 

The evaluation of the WTBN Rifle Complex resulted in a high ranking for surface water and a 
moderate ranking for groundwater.  The high ranking for surface water ranking is based on high 
use, steeply sloped berms, proximity to human and ecological receptors, and potential migration 
of lead via surface water and/or sediment in the South Branch of Chopawamsic Creek.  The 
moderate ranking for groundwater is based on high lead loading, the relatively shallow 
groundwater table, high precipitation, and the presence of acidic soils; however, no groundwater 
receptors were identified near the range. 

8.2.12. Range 5 

8.2.12.1. Site Background  

Range 5 is a small arms fire and movement range located in the southwestern part of the 
Guadalcanal area and opened in 1946.  The range includes 28 individual battery-operated Remote 
Engagement Target System (RETS) targets with SACON® protective walls, 3 RETS moving 
targets with SACON® protective walls, and 3 RETS targets inside SACON® bunkers.  Users also 
can provide approved targets (wood, paper, plastic, approved steel) in authorized locations.  
Shooters cannot advance more than 200 meters down range.  The range does not have an impact 
berm, and projectiles primarily are deposited downrange into the forested area. 

While this range accommodates the use of HE and pyrotechnic munitions, small arms 
ammunition represents the majority of munitions use at the range.  As such, Range 5 is also 
evaluated through the SARAP.    
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Demolition pits are located on the eastern side of the range.  Demolition pits are 6 feet deep and 
are used to detonate TNT.  All TNT used on the range is contained in the pits.  An estimated 
2,818 lb of lead is used annually at Range 5.   

8.2.12.2. Assessment Results 

The evaluation of Range 5 resulted in moderate rankings for both surface water and groundwater.  
The moderate ranking for surface water is based on long term high use of the range and no 
regular maintenance practices.  Moderately erodible soils and high precipitation could also 
contribute to lead migration via surface water or sediment.  Although erosion was observed 
occurring at the range, lead projectiles are primarily deposited further downrange, and this 
erosion is not expected to contribute to the transport of lead.  Range 5 is located approximately 
3.5 miles upgradient of the Smith Lake Reservoir, providing a long distance between the nearest 
human surface water receptor.  The moderate ranking for groundwater is based on the shallow 
depth to groundwater and the relatively high precipitation, which increase potential for MC to 
reach the groundwater table and affect groundwater receptors located nearby just outside the 
southern installation boundary. 

8.2.13. Range 11 

8.2.13.1. Site Background  

Range 11 opened in 1946 and is located in the western part of the Guadalcanal area.  It is a 
multipurpose SAR with a stationary firing line and a maneuver box.  There are 78 battery-
operated SITS with SACON® protective walls, eight battery-operated MITS with SACON® 
protective walls, and seven BES bunkers with SACON® protective walls.  The range does not 
have an impact berm, but fire is directed primarily into the ground.  This range also uses 
pyrotechnics and illumination rounds to simulate battle effects.  An estimate 1,597 lb of lead are 
used each year at the range.    

8.2.13.2. Assessment Results 

The evaluation of Range 5 resulted in moderate rankings for both surface water and groundwater.  
While the range is fully vegetated, the slopes throughout the range and high precipitation increase 
surface water runoff, therefore giving Range 5 a surface water ranking of moderate.  The 
moderate ranking for groundwater is based on several factors, including the relatively shallow 
groundwater table, which flows toward Lunga Reservoir, a secondary drinking water source at 
MCB Quantico.   

8.2.14. Range 12 

8.2.14.1. Site Background  

Range 12 opened in 1960 and is a multipurpose small arms live-fire range; however, the range 
footprint was previously used by Range E-12, which was in operation from 1946 through 1960 
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and authorized use of small arms, hand grenades, and mines.  Range 12 has 25 firing points and a 
maximum firing distance of 150 meters.  An impact berm is present at the rear of the range.  The 
users provide their own targets.  Range Management Branch personnel indicated this is one of the 
most frequently used ranges and is used almost daily.  An estimated 9,649 lb of lead are used 
annually at Range 12.   

8.2.14.2. Assessment Results 

The evaluation of Range 12 resulted in moderate rankings for both surface water and 
groundwater.  The moderate ranking for surface water is based on several factors, including the 
high usage, a sloped berm with little vegetation, and high precipitation, which could promote 
higher runoff velocity and erosion.  Human and ecological receptors are located in the 
Chopawamsic watershed, but distance lowers the potential for MC reaching receptor locations.  
Although the range is upgradient of the Breckenridge Reservoir, it is a significiant distance 
(approximately 4 miles) from this drinking water reservoir.  The bald eagle is located in the 
Chopawamsic Creek watershed in which Range 12 is located, but it is expected to forage much 
further downstream of Range 12.  Surface water and sediment samples were collected in 2010, 
and results did not indicate an imminent threat to human health or the environment.  Soil samples 
were collected in 2010 and 2011, and elevated levels appear to be limited to the vicinity of the 
impact berm, indicating that the berm is generally effective in containing lead deposited on the 
berm.   

The moderate groundwater ranking is due to the long, heavy use and relatively shallow water 
table and high annual precipitation.  Acidic soils and groundwater would promote leaching of 
metals into water.   The nearest groundwater receptors identified are approximately four miles 
away; however, the fractured bedrock does provide an unpredictable pathway for groundwater.  
Groundwater samples were collected in 2011 from each end of the impact berm.  Elevated total 
metals were detected, but dissolved metals were below screening criteria, indicating that metals 
are primarily sorbed to sediment and therefore, expected to relatively immobile. 

8.2.15. Range 14 

8.2.15.1. Site Background  

Range 14 is a multipurpose SAR with multiple firing points and a maximum firing distance of 
600 meters.  Range 14 has been in use since 1975 (use of Ranges 14A and 14B) and is located in 
the northeastern part of the Guadalcanal area.  While this range accommodates the use of 
pyrotechnic munitions, small arms ammunition represents the majority of munitions use at the 
range.  As such, Range 14 also is evaluated through the SARAP. 

The range has individual battery-operated RETS fixed and moving targets all with SACON® 
protective walls or bunkers.  Rounds are deposited into the ground, SACON®, or downrange in 
the forest, rather than in an impact berm.  Approximately 3,696 lb of lead are used annually at 
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Range 14.  Range Management Branch personnel indicated that vegetation clearance conducted 
during ORC may lead to expansion of this range.   

8.2.15.2. Assessment Results 

The evaluation of Range 14 resulted in moderate rankings for both surface water and 
groundwater.  The moderate ranking for surface water is based on several factors, including 
regular use of the range, moderate slope of the range, and proximity to the Breckenridge 
Reservoir.  The vegetation at the range and the presence of well-drained soils is expected to 
reduce surface water flow runoff. Surface water and sediment samples were collected from the 
North and Middle Branches of Chopawamsic Creek in August 2012 and analyzed for lead.  
Results indicate that lead is not migrating off range and moving toward the Breckenridge 
Reservoir.  Ecological receptors are present as bald eagles do forage in the Chopawamsic Creek 
watershed.   

The moderate ranking for groundwater is based on the relatively shallow groundwater table, high 
precipitation, and the presence of acidic soils.  A potential pathway to human receptors is present 
as water supply wells owned by the National Park Service are located approximately 1 mile east 
of the range; however, these wells have been out of service for six years.  No ecological receptors 
were identified. 

8.2.16. Range 14C 

8.2.16.1. Site Background  

Range 14C is a Battle Sight Zeroing (BZO) Range with 10 firing points and a maximum firing 
distance of 300 meters located directly north of Range 14 and south of Range 14D.  The range 
has been in use since 1975.  The range contains individual battery-operated RETS targets with 
SACON® protective walls, RETS moving targets with SACON® protective walls, and RETS 
targets inside SACON® bunkers.  Approximately 1,750 lb of lead are used at the range annually.   
The range does not have an impact berm, but many of the projectiles are stopped on the range due 
to the use of steel targets.  Other projectiles are deposited in the forest downrange. 

8.2.16.2. Assessment Results 

The evaluation of Range 14C resulted in moderate rankings for both surface water and 
groundwater.  The moderate surface water ranking is based on several factors, including the high 
precipitation and moderate slope of the range.  The range is fully vegetated, which should limit 
erosion and subsequently reduce lead transport in surface water runoff.  The range is up gradient 
of the Breckenridge Reservoir, a primary drinking water source for the installation.  Surface water 
and sediment samples collected in the North and Middle Branches of Chopawamsic Creek in 
August 2012 indicate that lead is not migrating off range via surface water or sediment and 
moving toward the Breckenridge Reservoir.  Ecological receptors are present as bald eagles do 
forage in the Chopawamsic Creek watershed.   
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The moderate ranking for groundwater is based on the relatively shallow groundwater table, high 
precipitation, and the presence of acidic soils.  A potential pathway to human receptors is present 
as water supply wells owned by the National Park Service are located approximately 1 mile east 
of the range; however, these wells have been out of service for six years.  No ecological receptors 
were identified. 

8.2.17. Range 14D 

8.2.17.1. Site Background  

Range 14D is a BZO range with 12 firing points and a maximum firing distance of 100 meters 
located between Range 14C and Range 14F in the eastern part of MCB Quantico.  The range has 
been in use since 1975.  Targets include individual battery-operated RETS targets with SACON® 
protective walls, RETS moving targets with SACON® protective walls, and RETS targets inside 
SACON® bunkers.  The range is fully vegetated, and most rounds are projected into the woods at 
the rear of the range as there is no impact berm for bullet containment.  An estimated 2,818 lb of 
lead are used on the range annually.     

8.2.17.2. Assessment Results 

The evaluation of Range 14D resulted in moderate rankings for both surface water and 
groundwater.  The moderate surface water ranking is based on several factors, including the high 
precipitation and regular usage.  The range is fully vegetated and contains well-drained soils, 
which should reduce surface water runoff.  The range is upstream of the Breckenridge Reservoir, 
a primary drinking water source for the installation.   Surface water and sediment samples 
collected in the North and Middle Branches of Chopawamsic Creek in August 2012 indicate that 
lead is not migrating off range via surface water or sediment and moving toward the 
Breckenridge Reservoir.  Ecological receptors are present as bald eagles do forage in the 
Chopawamsic Creek watershed.   

The moderate ranking for groundwater is based on the relatively shallow groundwater table, high 
precipitation, and the presence of acidic soils.  A potential pathway to human receptors is present 
as water supply wells owned by the National Park Service are located approximately 1 mile east 
of the range; however, these wells have been out of service for six years.  No ecological receptors 
were identified. 

8.2.18. Range 14F 

8.2.18.1. Site Background  

Range 14F is a multipurpose SAR located northwest of Range 14D with a stationary firing line 
and maneuver box and a maximum firing distance of 500 meters.  The range has been in use since 
1975.  Range Management Branch personnel indicated this range is used almost daily, and a 
frequent user is the U.S. Capital Police.  There is not a rear impact berm for projectile 



 Section 8
Small Arms Range Assessments

 

 
Marine Corps Installations Command 
Range Environmental Vulnerability Assessment 5-Year Report 
Marine Corps Base Quantico  

8-15 

 

containment; rounds are deposited in the woods at the back of the range.  An estimated 5,712 lb 
of lead are used on the range annually.    

8.2.18.2. Assessment Results 

The evaluation of Range 14F resulted in moderate rankings for both surface water and 
groundwater.  The moderate surface water ranking is based on several factors, including the high 
precipitation and regular usage.  The range is fully vegetated and contains well-drained soils, 
which should reduce surface water runoff.  The range is up gradient of the Breckenridge 
Reservoir, a primary drinking water source for the installation.  Surface water and sediment 
samples collected in the North and Middle Branches of Chopawamsic Creek in August 2012 
indicate that lead is not migrating off range via surface water or sediment and moving toward the 
Breckenridge Reservoir.  Ecological receptors are present as bald eagles do forage in the 
Chopawamsic Creek watershed.   

The moderate ranking for groundwater is based on the relatively shallow groundwater table, high 
precipitation, and the presence of acidic soils.  A potential pathway to human receptors is present 
as water supply wells owned by the National Park Service are located approximately 1 mile east 
of the range; however, these wells have been out of service for six years.  No ecological receptors 
were identified.   
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by the MCB Quantic Range Management 

Branch.  There are 10 training ranges and the FBI BRF.  The Hostage Rescue Team 

(HRT) ranges are located just west of Ranges 1 through 5.  HRT ranges include Range 

6A, Range 6B, Range 7, and Range 8.  Lead loading estimated using expenditure data 

provided by the FBI Academy shows that FBI ranges are very heavily used, but the FBI 

does not track expenditures separately by range.  FBI personnel indicated that Range 7 is 

used the least of the FBI Ranges, but plans for reconstruction of this range are in 

development. 

HRT Ranges are located immediately adjacent to one another and share one continuous 

vegetated rear impact berm.  Side berms are present on the east side of Range 6B and the 

west side of Range 8.  Wooden walls separate each range from the adjacent range.  

Vegetation on the rear berm has been largely destroyed due to use of the ranges.  The 

berm area facing Range 6A was reshaped and resurfaced in early 2012.  The HRT ranges 

have a maximum firing distance of 25 yards.  Firing lines are asphalt while the rest of the 

range floor is grass.  FBI personnel indicated that Range 7 is used the least of the HRT 

ranges; however, plans are in place to reconstruct this range.   

Surface water runoff from Range 6B is collected in a ditch in front of the berm and flows 

toward Range 6A, where an outlet at the back of the berm releases the flow to the woods.  

Surface water runoff from Range 7 is captured and a sump pump delivers flows to an 

outfall on Range 8.  Range 8 contains an outlet on the back side of the range that drains 

into the woods.  Because of the slope of the land, this runoff drains toward a surface 

water retention pond located southwest of Range 8 HRT.   

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The Surface Water Evaluation Ranking is High.  Lead loading at the FBI Academy 

Ranges is very high, though the lead loading estimate included use at all 10 ranges.  The 

ranges are well maintained, though berms show signs of erosion and vegetation has been 

worn away by bullet impact.  Runoff on the ranges is controlled by a series of ditches and 

culverts that direct flow either to the woods or a settling pond.  Human and ecological 

receptors were identified in the Chopawamsic watershed.  The bald eagle is known to 

forage further downstream in Chopawamsic Creek, and Breckenridge Reservoir is a 

primary drinking water source for the installation and is located downgradient of the FBI 
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HRT Ranges.  Surface water and sediment samples collected in August 2012 downstream 

of the FBI Academy in the South Branch of Chopawamsic Creek indicate that elevated 

concentrations of lead are present in surface water and sediment nearing or exceeding 

ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The FBI Academy first opened at 
MCB Quantico in 1940.  HRT 
Range 8 was not evaluated in the 
baseline assessment and therefore 
assumed to have opened after 
2006.  The opening dates of other 
ranges are not known.  This was 
conservatively assumed to be 
greater than 30 years. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

Impact berms are present at the 
ranges, but no bullet capture 
technology is on  any of the 
ranges. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

The Range 6A berm was reshaped 
with new soil earlier in 2012.  No 
regular lead mining activities occur, 
but during the reshaping of Range 
6A, any objects >5/8 inch were 
removed before new soil was 
added.   

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
Although the ranges are flat, the impact 
berms are sloped at approximately a 45-
degree angle. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The ranges are vegetated with some 
asphalt or gravel, but the impact berms 
show signs of erosion from bare soil.  
Impact has worn vegetation away on the 
berms. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A series of ditches and culverts direct 
stormwater runoff toward the woods which 
flows into a retention pond southwest of the 
HRT Range 8. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 16 
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes:  Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream 
between the WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek.  
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy HRT Ranges 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 16 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  51 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:   

Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by the MCB Quantico Range Management 

Branch.  There are 10 training ranges and the FBI BRF.  The HRT Rifle Range is the 

range furthest west within the FBI Complex.   

The HRT Sniper/Rifle Range opened in 2009 but was closed in 2011 for reconstruction.  

The range has a 53-foot earthen impact berm, and a large retention pond is located 

immediately east of the impact berm.  The range has a maximum firing distance of 500 

yards.  Drains and catch basins are located along the range sides to collected surface 

water and drain to the retention pond east of the rear berm.  Lead loading estimated using 

expenditure data provided by the FBI Academy show that the FBI Ranges are very 

heavily used; however, the FBI does not track expenditures separately by range.  

Therefore, it is unclear what proportion of the expenditures are from use at the HRT Rifle 

Range. 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Lead loading at the FBI 

Academy Ranges is very high, though the lead loading estimate included use at all 10 

ranges.  The ranges are well maintained, though berms show signs of erosion and 

vegetation has been worn away by bullet impact.  Runoff on the ranges is controlled by a 

series of ditches and culverts that direct flow either to the woods or a settling pond.  

Human and ecological receptors were identified in the Chopawamsic watershed.  The 

bald eagle is known to forage further downstream in Chopawamsic Creek, and 

Breckenridge Reservoir is a primary drinking water source for the installation and is 

located downgradient of the FBI HRT Rifle Range.  Surface water and sediment samples 

collected in August 2012 downstream of the FBI Academy in the South Branch of 

Chopawamsic Creek indicate that elevated concentrations of lead are present in surface 

water and sediment nearing or exceeding ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The Rifle Range opened in 2009.  

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

1 

Bullet-
Capturing 
Technology 

A 53-foot high impact berm is 
present, but no bullet capture 
technology is used at the HRT Rifle 
Range. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or bullet capture technology 

has never been used. 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds.  It is unknown what portion 
of this was used at the HRT Rifle 
Range, but because the rifle range 
was only in use for 2 years, it is 
assumed that a moderate quantity 
was used. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

3 

Range 
Maintenance 

The berm has never been mined 
for lead and there is no known plan 
for regular berm mining; however, 
the range has only be operational 
for two years. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

3 

Source Element Score 7 

Notes: 
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
The range slopes gently toward the berm, 
but the berm is a steeply sloped. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The range is currently under construction 
but will be vegetated; however, it is 
expected that vegetation would be at least 
partially destroyed on the berm at the areas 
of impact.  

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A series of ditches and culverts direct 
stormwater runoff toward a retention pond 
or the woods. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 14 
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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FBI Academy HRT Rifle Range  

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy HRT Rifle Range 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 7 

Surface Water Pathways  2 14 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  41 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 7 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  29 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                         50-65 

Moderate                         30-49 

Minimal                                                                                   0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Minimal 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by the MCB Quantico Range Management 

Branch.  The FBI Academy contains 10 small arms training ranges and the FBI BRF.  

Range 1 is the easternmost within the FBI Academy.  It is just northeast of Range 2 and 

the two ranges are separated by a ballistic wall.  Range 1 is enclosed on the sides by two 

earthen berms, and a large impact berm is at the rear of the range.  Lead loading 

estimated using expenditure data provided by the FBI Academy shows that FBI ranges 

are very heavily used, but the FBI does not track expenditures separately by range.  FBI 

personnel indicated Range 1 is one of the most frequently used ranges. 

Ranges 1 has 60 firing positions with a maximum firing distance of 50 yards.  An earthen 

impact berm captures rounds, and much of the vegetation on the lower half of berm has 

been destroyed by impact.  Erosion down the berm face is evident.  Runoff is captured in 

a ditch in front of the berm and is released to a retention pond north of the range behind 

the impact berm.  The retention pond is heavily vegetated.    

   

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading at the FBI Academy 

Ranges is estimated to be very high.  The ranges are well maintained, though berms show 

signs of erosion and vegetation has been worn away by bullet impact.  Runoff on the 

ranges is controlled by a series of ditches and culverts that direct flow either to the woods 

or a settling pond.  Human and ecological receptors were identified in the Chopawamsic 

watershed.  The bald eagle is known to forage further downstream in Chopawamsic 

Creek, and Breckenridge Reservoir is a primary drinking water source for the installation 

and is located downgradient of FBI Range 1.  Surface water and sediment samples 

collected in August 2012 downstream of the FBI Academy in the South Branch of 

Chopawamsic Creek indicate that elevated concentrations of lead are present in surface 

water and sediment nearing or exceeding ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The FBI Academy first opened at 
MCB Quantico in 1940.  The 
opening dates of Range 1 is not 
known; however, it is assumed to 
have been used for more than 30 
years. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

An impact berms is present, but no 
bullet capture technology has ever 
been used. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or never had bullet capture 

technology 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds. It is unknown what portion 
of this was used at the Range 1, 
but due to the large quantity, it is 
assumed that >1000 pounds per 
year were used at this range. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No known lead mining has 
occurred at Range 1. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
The range is flat but the berm is sloped at 
approximately 45 degrees. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
The range has a paved floor, and much of 
the vegetation on the berm has been 
destroyed due to impact. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A ditch and culvert direct stormwater runoff 
toward a retention pond located north of the 
range. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 16 

Notes: 
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy Range 1 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 16 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  51 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by the MCB Quantic Range Management 

Branch.  FBI Ranges 2 and 3 are located adjacent to one another and are separated by an 

earthen berm.  Range 2 is separated from Range 1 by a ballistic wall, and Range 3 is 

separated from the FBI Ballistics Research Facility (BRF) by a wooden wall.  Lead 

loading estimated using expenditure data provided by the FBI Academy shows that FBI 

ranges are very heavily used, but the FBI does not track expenditures separately by range.  

FBI personnel indicated these are two of the most heavily used of the FBI Academy 

ranges.   

FBI Ranges 2 and 3 have 60 firing positions with firing distances ranging from 4 to 50 

yards.  Both ranges have one impact berm behind the targets where much of the 

vegetation has been destroyed by impact.  The firing lines are asphalt with grass floors 

between the 50-, 25-, and 15-yard firing lines.  A ditch runs in front of the berms to drain 

surface water runoff.  Runoff from Range 2 is directed toward Range 1 and ultimately to 

a large retention pond, whereas runoff from Range 3 is directed west toward the floor 

drains at the BRF.  Standing water was observed in the ditch at Range 2 indicating the 

drain may be clogged with sediment.   

The BRF is a two-lane research range where no training occurs.  There is no vegetation 

on the covered earthen impact berm due to impact by fired ammunition, but the range 

floor is fully vegetated.  Water tends to pool in the center of the range, but drains are 

located in the floor of the range to capture surface water runoff.  The BRF is separated 

from Range 3 by a wooden wall and from Range 4 to the west by an earthen berm.  

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading at the FBI Academy 

Ranges is very high, though the lead loading estimate included use at all 10 ranges.  The 

ranges are well maintained, although berms show signs of erosion and vegetation has 

been worn away by bullet impact.  Runoff on the ranges is controlled by a series of 

ditches and culverts that direct flow either to the woods or a settling pond.  Human and 

ecological receptors were identified in the Chopawamsic watershed.  The bald eagle is 

known to forage further downstream in Chopawamsic Creek, and Breckenridge Reservoir 

is a primary drinking water source for the installation and is located downgradient of the 

FBI Academy Range 2, 3, and the BRF.  Surface water and sediment samples collected in 
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August 2012 downstream of the FBI Academy in the South Branch of Chopawamsic 

Creek indicate that elevated concentrations of lead are present in surface water and 

sediment nearing or exceeding ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The FBI Academy first opened at 
MCB Quantico in 1940.  It is 
unknown when Ranges 2 and 3 
and the BRF opened.  This was 
conservatively assumed to be 
greater than 30 years. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

Impact berms are present at the 
ranges, but no bullet capture 
technology is on  any of the 
ranges. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds. It is unknown what portion 
of this was used at the Ranges 2, 
3, and the BRF, but FBI personnel 
indicated Ranges 2 and 3 are the 
most heavily used ranges at the 
FBI Academy. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No known lead mining activities 
have occurred. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
Although the ranges are flat, the impact berms 
are sloped at approximately a 30-degree 
angle. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The ranges are vegetated, but the impact 
berms show signs of erosion from bare soil.  
Impact has worn vegetation away on the 
berms. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A series of ditches and culverts direct 
stormwater runoff toward a retention pond or 
the woods; however, these may clog with 
sediment as indicated by standing water 
during the REVA site visit. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 16 

Notes: 

  

  

A-28



 
APPENDIX A

Small Arms Range Assessment Protocol

 

 
FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy Ranges 2, 3, and BRF 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 16 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  51 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by the MCB Quantico Range Management 

Branch.  There are 10 training ranges and the FBI BRF.  Range 4 is located between the 

BRF and Range 5, and separated on both sides by a vegetated earthen berm.  Lead 

loading estimated using expenditure data provided by the FBI Academy shows that FBI 

ranges are very heavily used, but the FBI does not track expenditures separately by range. 

Range 4 has 30 firing positions with a maximum shooting distance of 25 yards.  The 

range floor is asphalt.  An earthen impact berm is present behind the targets, and almost 

all vegetation has been destroyed by impact.  Runoff from Range 4 is directed to Range 5 

by a ditch in front of the berm and outlet on the west side of the range.  FBI personnel 

indicated that runoff on Range 4 tends not to drain during periods of heavy rainfall.  This 

may be due to sedimentation in the outlet pipe.   

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading at the FBI Academy 

Ranges is very high, though the lead loading estimate included use at all 10 ranges.  The 

ranges are well maintained, though berms show signs of erosion and vegetation has been 

worn away by bullet impact.  Runoff on the ranges is controlled by a series of ditches and 

culverts that direct flow either to the woods or a settling pond.  Human and ecological 

receptors were identified in the Chopawamsic watershed.  The bald eagle is known to 

forage further downstream in Chopawamsic Creek, and Breckenridge Reservoir is a 

primary drinking water source for the installation and is located downgradient of the FBI 

Range 4.  Surface water and sediment samples collected in August 2012 downstream of 

the FBI Academy in the South Branch of Chopawamsic Creek indicate that elevated 

concentrations of lead are present in surface water and sediment nearing or exceeding 

ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The FBI Academy first opened at 
MCB Quantico in 1940.  It is 
unknown how long Range 4 has 
been in use, and therefore, it was 
conservatively scored as greater 
than 30 years. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

An impact berm is present at the 
range, but bullet capture 
technology is not. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or bullet capture technology 

has never been present. 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds. It is unknown what portion 
of this was used on Range 4.  
Given the large quantity used at 
the FBI ranges, it was assumed 
that loading on Range 4 is greater 
than 1000 pounds/year. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No known lead removal has 
occurred at Range 4. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
Although the range is flat, the impact berm 
is sloped at approximately a 30-degree 
angle. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
The range floor is asphalt, and most 
vegetation has been worn away from the 
impact berm. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A ditch in front of the impact berm directs 
water toward an outlet that discharges water 
toward Range 5. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 16 

Notes: 
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy Range 4 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 16 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  51 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  8/22/2013 

 

The FBI Academy is located west of the WTBN and east of Lunga Reservoir.  It has been 

on the installation since 1940 and is managed by MCB Quantico Range Management 

Branch.  There are 10 training ranges and the FBI BRF.  Range 5 is located west of 

Range 4 and southeast of the HRT Ranges.  It is separated Range 4 is separated on both 

sides by a vegetated earthen berm.  Lead loading estimated using expenditure data 

provided by the FBI Academy shows that FBI ranges are very heavily used ranges, but 

the FBI does not track expenditures separately by range. 

Range 5 has 30 firing positions with a maximum shooting distance of 25 yards.  The 

range floor is grass and gravel.  An earthen impact berm is present and is well vegetated, 

but shots are fired primarily into steel targets and deflected into the range floor.  A 

second bay contains 5 targets and is part of Range 5 but located to the west of the main 

range area.  This bay appears to be used very little.  A vegetated ditch runs in front of the 

berm and receives water from Range 4 as well as from the road.  An outlet discharges 

water behind the berm into the woods, where it flows with topography toward the HRT 

ranges.   

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Lead loading at the FBI 

Academy Ranges is very high, though the lead loading estimate included use at all 10 

ranges.  The ranges are well maintained, though berms show signs of erosion and 

vegetation has been worn away by bullet impact.  Runoff on the ranges is controlled by a 

series of ditches and culverts that direct flow either to the woods or a settling pond west 

of the range.  Human and ecological receptors were identified in the Chopawamsic 

watershed.  The bald eagle is known to forage further downstream in Chopawamsic 

Creek, and Breckenridge Reservoir is a primary drinking water source for the installation 

and is located downgradient of FBI Range 5.  Surface water and sediment samples 

collected in August 2012 downstream of the FBI Academy in the South Branch of 

Chopawamsic Creek indicate that elevated concentrations of lead are present in surface 

water and sediment nearing or exceeding ecological screening values.   

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The FBI Academy first opened at 
MCB Quantico in 1940.  It is 
unknown when Range 5 opened, 
and it is  conservatively assumed 
to be greater than 30 years. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

An impact berm is present at the 
range, but bullet capture 
technology has never been used. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

Annual lead loading at the 
combined FBI ranges was 50,123 
pounds. It is unknown what portion 
of this was used at Range 5, but 
given the large quantity, it is 
assumed to be greater than 1000 
pounds per year. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Range 5 was mined in 1998 but no 
other lead mining activities are 
known. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 

Any lead mining, reshaping activities are done for safety and sustainability of the range. 
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the FBI Academy 
and WTBN, and pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 

The range is gently sloped but generally flat. 
The impact berm is sloped at approximately 
a 30-degree angle, but most of the rounds 
are deflected off of steel targets onto the 
range floor.  

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

1 

Vegetation 
The range floor well-vegetated with some 
gravel.  The impact and side berms are 
vegetated. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A vegetated ditch  helps to retain sediment 
on the range and direct runoff to an outlet at 
the foot of the berm. The range also 
receives runoff from the road. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 8 
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The FBI Academy is 
upgradient of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the installation.   
Surface water samples 
collected in 2012 indicated 
that dissolved lead is 
present in the South 
Branch of Chopawamsic 
Creek at concentrations 
above USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge Reservoir.     

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of the 
Chopawamsic Creek 
watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the FBI 
Academy. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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FBI Academy Range 5 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 8 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  43 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

The Competition Pistol range is used for the training and competition of the Marine 

Corps Pistol Team.  It is a live-fire known distance range with 50 firing points and firing 

distances from 7 to 50 yards.  Targets are placed in the target carriages and are limited to 

paper, wood, and plastic.  Fire is directed into a vegetated earthen impact berm; however, 

much of the vegetation has been destroyed due to impact, and the berm shows signs of 

erosion.  Sedimentation was present at the foot of the berm and numerous projectiles 

were observed in the berm during the REVA site visit.   A ditch is present in front of the 

berm and drains surface water runoff toward the west, under the road, and ultimately 

discharges via an outlet in the woods.  Accumulated sediment was observed in the ditch 

during the REVA site visit, thus limiting the effectiveness of this drainage feature.   Grass 

is present at the base of the berm. 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The Surface Water Evaluation Ranking is High.  Lead loading indicates the range is used 

frequently, but not as much as other SARs in the WTBN.  A vegetated backstop berm is 

present at the range, but it is partially eroded and lacks vegetation at the primary line of 

impact.  A sloped berm and high precipitation could promote runoff and erosion, though 

vegetation in some portions of the berm help to stabilize the berm.  Human and 

ecological receptors were identified in the Chopawamsic watershed.  The bald eagle is 

known to forage further downstream in Chopawamsic Creek, and Breckenridge Reservoir 

is a primary drinking water source for the installation and is located downgradient of the 

Competition Pistol Range.  Surface water and sediment samples collected downstream of 

the WTBN Ranges in August 2012 indicate that elevated concentrations of lead are 

present in surface water and sediment nearing or exceeding ecological screening values.   

 

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been used since 
1952. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

While a backstop berm is present, 
no bullet capture technology has 
ever been in place. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used. 

0 

MC Loading 
Rates 

Annual lead loading is estimated to 
be 1,666 pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Lead mining of the berm is 
currently planned for 2014.  No 
previous lead mining activities are 
known. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes:  Some vegetation remains on the berm; however, erosion is evident in the areas of the berm where bullets 
impact and soil has accumulated at the foot of the berm.     
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the WTBN and pH 
was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
Although the range is generally flat, the impact 
berm is sloped at approximately a 45 degree 
angle. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
The range is vegetated, but the earthen berm 
shows signs of erosion and loss of vegetation 
at the areas where bullets impact. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A ditch at the base of the berm captures runoff 
from the berm and directs it to a heavily 
vegetated hill toward a natural drainage 
channel.  At the time of the site visit, heavy 
sediment had accumulated in the ditch, limiting 
the effectiveness of the engineering controls. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 21 

Notes:   
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The Competition Pistol 
Range is upgradient of 
Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the 
installation.   Surface 
water samples collected 
in 2012 indicated that 
dissolved lead is 
present in the South 
Branch of 
Chopawamsic Creek at 
concentrations above 
USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge 
Reservoir.     

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 

or has a reasonable potential to move toward a surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 
or has moved to a point of exposure or if a designation as 

agricultural or other beneficial usage is unknown 
 

3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is not 

moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides 
in southeastern portion 
of the Chopawamsic 
Creek watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the 
WTBN. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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WTBN Competition Pistol 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 21 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  56 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Requalification pistol is a live-fire known distance small arms range used for static 

engagements only.  It has 50 firing points and firing distances from 7 to 50 yards.  The 

range floor is grassed.  It is primarily used for the Marine Corps Combat Marksmanship 

Program and Entry Level Marksmanship Training for students in TBS and Annual Pistol 

Training for personnel assigned to the National Capital Region.  Paper, wood, and plastic 

targets are placed in target carriages. An earthen impact berm is present at the rear of the 

range, and erosion was visible at the berm during the REVA site visit.  Numerous 

corroded bullet fragments were evident in the berm.  A ditch is present in front of the 

berm and drains surface water runoff toward the east, under the road, and ultimately 

discharges via an outlet in the woods.      

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading indicates the range 

is heavily used.  A vegetated backstop berm is present at the range, but it is partially 

eroded and lacks vegetation at the primary line of impact.  A sloped berm and high 

precipitation would promote runoff and erosion, though vegetation would help stabilize 

the berm.  Human and ecological receptors were identified in the Chopawamsic 

watershed.  The bald eagle is known to forage further downstream in Chopawamsic 

Creek, and Breckenridge Reservoir is a primary drinking water source for the installation 

and is located downgradient of the Competition Pistol Range.  Surface water and 

sediment samples collected downstream of the WTBN Ranges in August 2012 indicate 

that elevated concentrations of lead are present in surface water and sediment nearing or 

exceeding ecological screening values.   

 

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been used since 
1952. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

While a backstop berm is present, 
no bullet capture technology has 
ever been in place. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used. 

0 

MC Loading 
Rates 

Annual lead loading is estimated to 
be 10,451 pounds.   

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Lead mining is scheduled for 2014 
at the WTBN Requalification Pistol 
Range.  No previous lead mining 
events are known to have 
occurred. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes:  According to the lead loading estimates, this is the most heavily used small arms range at MCB Quantico.  
Numerous corroded bullet fragments were observed in the berm during the site visit. 
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WTBN Requalificaiton Pistol 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the WTBN and pH 
was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
An impact berm is present at approximately a 
45-degree angle. It is connected to the 
Competition Pistol Range berm. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The range is vegetated, but the area of the 
impact berm where bullets impact is bare of 
vegetation.  Vegetation is present above and 
below the line of impact on the berm. 
 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A ditch at the foot of the berm directs runoff to 
a culvert where it is discharged into the 
woods.  A small amount of sedimentation was 
observed in the ditch. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

-5 

Surface Water Pathway Score 16 

Notes:  During the REVA site visit, the impact berm was observed to be heavily eroded at the primary line of impact, 
but vegetated remained above and below this line.  Some sedimentation was present at the foot of the berm, 
indicating some erosion of the berm face.  A netting material was on the face of the berm to improve stabilization, but 
bullet impact had destroyed much of it. 
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 
 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The Requalification 
Pistol Range is 
upgradient of 
Breckenridge 
Reservoir, which is 
the primary drinking 
water source for the 
installation.   Surface 
water samples 
collected in 2012 
indicated that 
dissolved lead is 
present in the South 
Branch of 
Chopawamsic Creek 
at concentrations 
above USEPA 
Ecological Screening 
values.  This stream 
drains to the 
Breckenridge 
Reservoir.     

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing 
is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the 
WTBN. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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WTBN Requalification Pistol 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 16 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  51 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                         50-65 

Moderate                         30-49 

Minimal                                                                                   0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:    Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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WTBN Range 5 (formerly HRP Range) 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 5 was formerly the High Risk Personnel (HRP) Range used for the HRP School, 

but it was renamed Range 5 when the Marine Corps closed the school.  It is used to 

support the training and competition of the Marine Corps Combat Shooting Team.  It 

contains 4 individual bays for different training exercises.  Bay 1 has 12 target stands for 

paper targets and 2 steel head plate racks.  Bay 2 has 14 steel chest plates.  Bay 3 

simulates an urban area, and Bay 4 is an individual 25 meter square bay.  Maximum 

shooting distance is 50 meters.   

 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading indicates the range 

is less used than some of the other SARs, but lead loading was still greater than 1,000 

pounds per year.  The berm is very eroded and the range lacks vegetation in some areas 

due to wear on the ground.  Stormwater ditches and culverts are located on the ranges; 

however, some of the inlet locations were blocked by sediment, and this resulted in 

ponding.  The range is upgradient of the Breckenridge Reservoir, which is a primary 

drinking water source for the installation.  Human and ecological receptors were 

identified in the Chopawamsic watershed.  The bald eagle is known to forage further 

downstream in Chopawamsic Creek, and Breckenridge Reservoir is a primary drinking 

water source for the installation and is located downgradient of the WTBN Complex.  

Surface water and sediment samples collected downstream of the WTBN Ranges in 

August 2012 indicate that elevated concentrations of lead are present in surface water and 

sediment nearing or exceeding ecological screening values.   

 

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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WTBN Range 5 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The ranges have been used since 
1952. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

While a backstop berm is present, 
no bullet capture technology has 
ever been in place. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used. 

0 

MC Loading 
Rates 

Annual lead loading is estimated to 
be 1,666 pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No lead removal activities are 
known to have occurred at the 
range. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes:   
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WTBN Range 5 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the WTBN and pH 
was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
The bays within the range are, but the impact 
berms are sloped at approximately a 45 degree 
angle. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The bays of the range are vegetated, but 
severe erosion has occurred on the berms, and 
the floors of the berm have areas where 
vegetation is sparse. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

 
Ditches and culverts direct surface water flow 
from the range.  During the site visit, a structure 
was obstructing flow in one of the bays causing 
ponding and sedimentation.  Although ditches 
and culverts are in place, it is not clear how 
effective they are at managing runoff. 
 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 21 
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WTBN Range 5 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the range is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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WTBN Range 5 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

Range 5 is upgradient 
of Breckenridge 
Reservoir, which is the 
primary drinking water 
source for the 
installation.   Surface 
water samples collected 
in 2012 indicated that 
dissolved lead is 
present in the South 
Branch of 
Chopawamsic Creek at 
concentrations above 
USEPA Ecological 
Screening values.  This 
stream drains to the 
Breckenridge 
Reservoir.     

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 

or has a reasonable potential to move toward a surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 
or has moved to a point of exposure or if a designation as 

agricultural or other beneficial usage is unknown 
 

3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is not 

moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides 
in southeastern portion 
of the Chopawamsic 
Creek watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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WTBN Range 5 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the 
WTBN. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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WTBN Range 5  

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 21 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  56 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

WTBN Range 305 is an unknown distance range that supports only static engagements.  

It has 10 firing lanes with 168 SITs and 34 MITs, and an additional 2 lanes reserved for 

stationary, non-automated target engagement.  All of the targets except those in lane 12 

are equipped with Location of Miss and Hit (LOMAH) technology.  The range has an 

impact berm, but it is only 2-3 feet high and does not capture a significant quantity of 

fired ammunition.  This range is used primarily for the execution of the Marine Corps 

Combat Marksmanship Program and Engry Level Marksmanship Training for students at 

TBS and Annual Rifle Training for personnel assigned to the National Capital Region.      

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Lead loading indicates 

frequent use of the range, but the flat range and thick vegetation should reduce surface 

water runoff velocities.  The short berm at the rear of the range is expected to be only 

moderately effective because of the low height.  Ditches and a small retention pond on 

the installation control surface water flow over a portion of the range; however, this is not 

the area where projectiles would typically be deposited and therefore, these controls are 

primarily effectively only in stormwater runoff control rather than assisting in retaining 

lead on the range.  Human and ecological receptors were identified in the Chopawamsic 

watershed.  The bald eagle is known to forage further downstream in Chopawamsic 

Creek, and Breckenridge Reservoir is a primary drinking water source for the installation 

and is located downgradient of the Competition Pistol Range.  Surface water and 

sediment samples collected downstream of the WTBN Ranges in August 2012 indicate 

that elevated concentrations of lead are present in surface water and sediment nearing or 

exceeding ecological screening values.   

 

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been used since 
1952. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

While a backstop berm is present, 
many rounds are projected beyond 
the berm because the berm is low.  
No bullet capture technology has 
ever been in place. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used. 

0 

MC Loading 
Rates 

Annual lead loading is estimated to 
be 5,027 pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No lead removal activities are 
known to have occurred at the 
range. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes:  Although an impact berm is present, it is only 2-3 feet high and many rounds are projected beyond the berm.  
This is evident by the fact that many trees in the stand behind the impact berm have been snapped from bullet 
impact. 
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the WTBN and pH 
was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
A short berm is present at a slope >10% but 
does not typically capture fired rounds.  The 
rest of the range is generally flat. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

1 

Vegetation 

The range is thickly vegetated with grass, and 
has very limited bare areas.  The forest where 
most rounds are directed is heavily vegetated 
with large trees and undergrowth. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

A small retention pond is located on the range 
and there are ditches that guide surface water 
flow either to the side of the range or to the 
small pond; however, these surface water 
controls do not capture runoff in the area 
where most of the lead projectiles are 
deposited. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 13 

Notes:  A very small retention pond is present in front of lanes 3 and 4 and drains to the woods to the left.  Because 
of the distance and flat topography, it is expected that much of the surface water runoff would infiltrate before 
reaching the retention pond. 
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

WTBN Range 305 is 
upgradient of 
Breckenridge 
Reservoir, which is 
the primary drinking 
water source for the 
installation. Surface 
water samples 
collected in 2012 
indicated that 
dissolved lead is 
present in the South 
Branch of 
Chopawamsic Creek 
at concentrations 
above USEPA 
Ecological Screening 
values.  This stream 
drains to the 
Breckenridge 
Reservoir.     

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing 
is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria.  No T/E species were identified in this 
stream, but bald eagles are known to nest further downstream in Chopawamsic Creek. 
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of Range 
305. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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WTBN Range 305 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 13 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  48 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values.  The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the hardness-adjusted USEPA ecological 
screening values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the DOD and 
USEPA human health screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the USEPA 
ecological screening value (35.8 mg/kg) in the South Branch of Chopawamsic Creek.       
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WTBN Rifle Complex (Range 1, Range 2, Range 3, and Range 4) 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

 

The rifle ranges at the Weapons Training Batallion Complex were combined for this 

SARAP because of similar use, proximity, and similar environmental characteristics.  

The impact berms for all ranges connect, effectively creating one long earthen impact 

berm at the rear of the ranges that is approximately 30 feet high. 

 

Range 1 is a small arms familiarization, qualification, and short range (7-100 meters) 

live-fire range.  A ballistic wall separates it from the Test Shed and a tree-lined berm 

separates it from Range 2.  It has multiple firing points that fire into an earthen impact 

berm.  Paper, wood, or plastic targets are placed on line or at varying distances. 

 

Ranges 2 and 3 are small arms live-fire known distance ranges with 50 firing points each 

and firing distances from 15 to 600 yards.  The ranges are used primarily for the Marine 

Corps Combat Marksmanship Program and Entry Level Marksmanship Training for 

students TBS and Annual Rifle Training for personnel assigned to the National Capital 

Region.  Paper, wood, or plastic targets are placed in target carriages for known distance 

firing.  Side berms are present on both sides of each range to separate it from the adjacent 

range. 

 

Range 4 is a small arms, live-fire known distance range with 50 firing points and firing  

distances of 100 to 1000 yards.  The range is used for the Scout Sniper Instruction and 

Competitive Marksmanship Training for Marine Corps rifle teams.  Paper, wood, plastic, 

glass, and steel targets are placed in target carriages for known distance training, or they 

can be placed on the 100-yard firing line.   

 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is High.  Lead loading is very high at the 

ranges with ammunition impacting a long connected berm for all the ranges.  Much of the 

berm is eroded.  Although a ditch is present at the foot of the berm, it is less defined and 

very shallow in some areas and may have little effectiveness at controlling runoff from 

the berm at these stretches.  Human and ecological receptors were identified in the 

Chopawamsic watershed.  The bald eagle is known to forage further downstream in 

Chopawamsic Creek, and Breckenridge Reservoir is a primary drinking water source for 

the installation and is located downgradient of the Competition Pistol Range.  Surface 

water and sediment samples collected downstream of the WTBN Ranges in August 2012 
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indicate that elevated concentrations of lead are present in surface water and sediment 

nearing or exceeding ecological screening values.   

 

The Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively shallow 

and precipitation is the area is relatively high.  Acidic soils could promote leaching of 

metals into groundwater; however, no groundwater receptors near the range were 

identified.   
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WTBN Rifle Complex 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The ranges have been used since 
1952. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

While a backstop berm is present, 
no bullet capture technology has 
ever been in place. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used. 

0 

MC Loading 
Rates 

Annual lead loading for all four 
ranges is estimated to be 17,032 
pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

5 

Range 
Maintenance 

 
Lead mining was completed at 
Range 2 in 2009.  This is 
completed as needed and as 
funding is available, but there is not 
a regular maintenance schedule.  
Lead mining is scheduled for 2013 
at WTBN Ranges 1 and 2, and for 
2014 at WTBN Ranges 3 and 4. 
 
 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

3 

Source Element Score 13 

Notes:   A maintenance schedule for lead removal is not established, but the berm at WTBN Range 2 was mined for 
lead and refilled in July 2010 because of the frequency of splashback due to masses of spent ammunition in the 
berm.  The berm was reseeded after mining activities.   

Lead mining is scheduled for the other ranges at WTBN in 2013 and 2014. 
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WTBN Rifle Range Complex 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

pH was measured in samples collected 
immediately downrange of the WTBN and 
pH was 5.2. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Precipitation Average annual precipitation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
A connected berm extends at the back of all 
4 ranges.  It is sloped at approximately 45 
degrees. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 

The ranges are entirely vegeted; however, 
the berm is heavily eroded with very little 
vegetation.  A paved road runs in front of 
the berm separating it from the ranges.  The 
ditches in front of the berm have very low to 
moderate levels of vegetation.  Thick 
vegetation exists on a slope between the 
berms and a nearby creek.   

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soils at the installation are described as 
clayey silt. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

Ditches and culverts direct flow on the 
ranges; however, this is not the area where 
most of the lead bullets are deposited.  
Ditches in front of the berms direct flow east 
toward a heavily vegetated area and natural 
drainage channel; however, these ditches 
are less defined in some areas and probably 
have little effect in directing flow at those 
locations. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 19 

Notes:   
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WTBN Rifle Range Complex 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

The nearest groundwater wells 
sampled in July 2012 had a 
depth to groundwater of 22 and 
25 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The nearest groundwater wells 
sampled in July 2012 had pH 
measurements of 6.5-8 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil at the installation is primarily 
described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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WTBN Rifle Range Complex 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The WTBN Rifle 
Range Complex is 
upgradient of 
Breckenridge 
Reservoir, which is 
the primary drinking 
water source for the 
installation.   Surface 
water samples 
collected in 2012 
indicated that 
dissolved lead is 
present in the South 
Branch of 
Chopawamsic Creek 
at concentrations 
above USEPA 
Ecological Screening 
values.  This stream 
drains to the 
Breckenridge 
Reservoir.     

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

10 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing 
is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

5 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 20 

Notes: 

Surface water and sediment samples were collected in August 2012 in the South Chopawamsic stream between the 
WTBN (immediately east of the FBI Academy) and Breckenridge Reservoir.  Results indicate that lead 
concentrations in surface water and sediment just downgradient of the WTBN and along the stream toward 
Breckenridge Reservoir are near or exceeding ecological screening criteria at multiple locations.  No T/E species 
were identified in this stream, but bald eagles are known to nest further downstream in Chopawamsic Creek.. 
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WTBN Rifle Range Complex 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

The closest wells that 
may be used for potable 
water are private wells 
located approximately 3 
miles south of the range 
off the installation.  

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Wells potentially used for 
agriculture or beneficial 
use are not within the 
potential expected radius 
of influences of the 
WTBN. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water but it is 
not expected that 
concentrations 
potentially in 
groundwater would pose 
a threat at discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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WTBN Rifle Complex 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Surface Water Pathways  2 19 

Surface Water Receptors 4 20 

Sum of Surface Water Element Scores  52 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  35 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                    50-65 

Moderate                    30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking High 

Groundwater Evaluation Ranking Moderate 

Notes:  Surface water and sediment samples were collected in the South Branch of Chopawamsic Creek 
downstream of WTBN and FBI SARs in August 2012.  No detections of total lead exceeded screening 
values, The dissolved lead concentrations ranging from 0.41 µg/L to 3.4 µg/L collected in the South Branch 
of Chopawamsic Creek and Breckenridge Reservoir exceeded the calculated EPA ecological screening 
values ranging from 0.19 µg/L to 2.41 µg/L. All detected concentrations were below the human health 
screening criteria is 15 ug/L.   

Sediment sample results for lead were elevated at concentrations (31-35 mg/kg) nearing the ecological 
screening value (35.8 mg/kg) at multiple locations.  Lead concentrations detected in other stream sediment 
samples on the installation ranged from 2 – 5 mg/kg.  This indicates that some lead may be migrating from 
the WTBN and/or FBI Academy via sediment and surface water towards Breckenridge Reservoir, which is a 
primary drinking water source for MCB Quantico.   
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Range 5 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 5 is a small arms fire and movement range with 12 firing points.  While this range 

accommodates the use of HE and pyrotechnic munitions, small arms ammunition 

represents the majority of munitions use at the range.  This SARAP evaluates the use of 

small arms ammunition at this range.  Use of high explosives and other non-small arms 

ammunition is being assessed within the larger REVA modeling evaluation.   

 

The range includes 28 individual battery-operated RETS targets with SACON protective 

walls; 3 RETS moving targets with SACON protective walls, and 3 RETS targets inside 

SACON bunkers.  Users can also provide approved targets (wood, paper, plastic, 

approved steel) in authorized locations. Shooters cannot advance more than 200 meters 

down range.  All brass, trash, targetry, and other materials are removed at the end of each 

training session.  Range 5 does not contain a rear impact berm. Projectiles are deposited 

downrange in the forested area.   

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Long term high use of the 

range and no regular maintenance practices contributed to the moderate ranking.  

Moderate erodability of the range floor and fairly high precipitation may contribute to 

MC migration via surface water or sediment in the area downrange where lead is 

deposited.  

 

The initial Groundwater Evaluation Ranking is Moderate.  Shallow groundwater and 

fairly high precipitation increase potential for MC to reach the groundwater table in these 

well-drained soils.  Groundwater sampling was conducted immediately south of Range 5 

in July 2012, and only total lead was detected at an estimated concentration of 0.86 µg/L.  

Dissolved lead, perchlorate, and explosives were not detected.  Private wells are located 

nearby just outside the installation boundary south of Range 5.   
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RANGE 5 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been in use since 
1946. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture 

technology has never been used 

0 

MC Loading 
Rates 

An estimated 2,818 pounds of lead 
are used at Range 5 annually. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

 
No regular range maintenance 
activities involving the removal of 
lead are known. 
 
 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 5 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The surface water sample collected nearest to Range 
5 has contained pH values ranging from 6.7 -7.77 in 
samples collected from 2008 – 2012. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the installation is 40 
inches. 

5 if precipitation > 40 
inches/year 

3 if precipitation = 20-40 
inches/year 

1 if precipitation < 20 
inches/year 

3 

Slope of 
Range 

There is no impact berm, but the range is gently 
rolling. 

 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation 

Erosion has been problematic at Range 5 and gravel 
has been added to aid in reducing erosion.  However, 
projectiles are primarily deposited in the forested area 
down range and not on the range floor in the area 
where erosion is occurring.     

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 
50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to moderately 
drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The installation added gravel to the range floor within 
the last 1-2 years to reduce problems with erosion at 
the range but has continued to struggle with erosion.  
These erosion controls are not used in the area where 
lead is primarily deposited.  

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering 
controls 

0 

Surface Water Pathway Score 13 

Notes:  

There is no rear impact berm present at Range 5.  Projectiles are deposited in the forested area downrange of 
Range 5.  Runoff from this area drains east and north into Cannon Creek that flows into Aquia Creek approximately 
3.5 miles upgradient of the Smith Lake Reservoir.   
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RANGE 5 

MARINE CORPS BASE QUANTICO 

 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depth to groundwater at the well 
near Range 5 was 13 feet when 
measured in July 2012. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
Groundwater sampling 
conducted near Range 5 in July 
2012 measured a pH of 7.36. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 20 

Notes:  
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RANGE 5 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

Runoff from Range 5 
drains into nearby 
Cannon Creek with 
ultimately flows into 
Smith Lake Reservoir.  
Although Smith Lake is a 
drinking water reservoir 
for residents of Stafford 
County, it is located 3.5 
miles downgradient of 
Range 5.   
 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

Smith Lake is used for 
recreation such as 
fishing and boating, but 
is 3.5 miles 
downgradient. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

Sensitive species and 
habitat were not 
identified in vicinity of 
Range 5. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 
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RANGE 5 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Many off-site wells are 
located immediately 
outside the installation 
boundary near Range 5.  
The closest off-site well 
is located approximately 
2,300 ft south of Range 
5. Groundwater sampling 
results do not indicate 
that MC is moving in this 
direction.   

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Agriculture has been 
identified on the western 
and southwestern 
boundary, and wells may 
be used for agricultural 
purposes.  Groundwater 
sampling results do not 
indicate that MC from 
Range 5 is moving in this 
direction. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

No sensitive species or 
habitat were identified at 
groundwater discharge 
locations. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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RANGE 5 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 13 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  32 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 20 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  39 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:   
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Range 11 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update: 6/25/2013  

 

 

Range 11 is a multipurpose SAR range with a stationary firing line and a maneuver box.  

The range is open, rolling terrain surrounded by wooded area.  The back of the range 

where projectiles are presumed to land slopes downward toward the woods.     

There are 78 battery-operated SITS with SACON protective walls, 8 battery-operated 

MITS with SACON protective walls, and 7 BES bunkers with SACON protective walls.  

In 2009, the range underwent range reconstruction to install automated targetry.   

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The Surface Water Evaluation Ranking is Moderate.  Over 1500 pounds of lead are 

deposited on the range annually, and no lead removal events are known. The range is 

vegetated, but the slopes throughout the range would increase surface water runoff and no 

engineered control were identified.  Lead loading is not concentrated in a berm rather 

expected to be spread across the range.  Irrigation turf farms are located off the 

installation to the northwest.  Cedar Run could potentially be used for irrigation.  No 

ecological receptors were identified.  

 

The Groundwater Evaluation Ranking is Moderate.  The groundwater table may be fairly 

shallow near Range 11, precipitation is relatively high, the back of the range slopes which 

could increase surface water runoff.  Range 11 lies on the assumed location of the 

groundwater divide meaning that groundwater could flow south toward Lunga Reservoir 

or north toward Cedar Run.  Although Lunga Reservoir is a secondary drinking water 

source and recreational area (though indefinitely closed as of Summer 2012), it is 3 miles 

south of the range.  Two active water supply wells are in the Cedar Run watershed but are 

3.5 miles from the range and not expected to be in a reasonable area of influence.  

Irrigation turf farms are located off the installation to the northwest and could use 

groundwater to irrigate farms.  No ecological receptors were identified. 
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RANGE 11 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been in use since 
1946. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or range has never had 

bullet capture technology. 

0 

MC Loading 
Rates 

An estimated 1,597 pounds of lead 
are used on the range each year. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No regular range maintenance 
activities involving the removal of 
lead are known. 
 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 11 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The July 2012 surface water sample nearest 
Range 11 had a pH of 6.39. In July 2010, it 
was measured as 6.66.  Because this is so 
near the neutral/acid divide, this was scored 
as 3. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

3 

Precipitation 
Average annual precipitation was estimated 
to be 40 inches per year. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 

The range slopes near the back of the 
range, and much of the range is rolling with 
slopes ranging from slight to >10%.  No 
impact berm is present. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
The range contains thick vegetation 
throughout.  A paved road runs down the 
center of the range. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to 
moderately drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No erosion engineering controls were 
identified. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 15 
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RANGE 11 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depths to groundwater at the 2 
closest monitoring wells were 10 
and 48 feet in July 2012. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
The pH measurements at the 2 
nearest monitoring wells ranged 
from 6.9-7.4 in July 2012. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Soils contain some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 

 

 

 

  

A-94



 
APPENDIX A

Small Arms Range Assessment Protocol

 

 
RANGE 11 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

Range 11 is in the Cedar 
Run watershed.  Cedar 
Run ultimately 
discharges to the 
Occoquan River, which 
flows into Lake Jackson.  
Although Lake Jackson 
is a drinking water 
reservoir, it is far 
removed from Range 11. 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 

or has a reasonable potential to move toward a surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
5 if contamination in the media has moved or is expected 
to move only slightly beyond the source (tens of feet) or 

could move, but is not moving appreciably, toward surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

Irrigation turf farms are 
located northwest off the 
installation. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 
or has moved to a point of exposure or if a designation as 

agricultural or other beneficial usage is unknown 
 

3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is not 

moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

3 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

No nearby sensitive 
species were identified. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 6 

Notes: 
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RANGE 11 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Two water supply wells are 
located in the Cedar Run 
watershed northeast of the 
range; however, these wells 
are close to 3.5 miles from 
the range.  Lunga Reservoir 
is a secondary drinking 
water source, but it is 3 
miles south.       

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as a potable water 

source is unknown 
 

5 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Irrigation turf farms are 
located northwest off the 
installation if groundwater 
flows north toward Cedar 
Run.     

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as agricultural or 

other beneficial usage is unknown 
 

3 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point 

of exposure 

3 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

A bald eagle nest is located 
near the Lunga Reservoir 
where groundwater 
discharges; however, this is 
3 miles to the south of the 
range. 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 6 

Notes:   
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RANGE 11 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 15 

Surface Water Receptors 4 6 

Sum of Surface Water Element Scores  36 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 6 

Sum of Groundwater Element Scores  39 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:   
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Range 12 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 12 is a multipurpose small arms live-fire range with 25 firing points and a 

maximum firing distance of 150m.  An impact berm is present at the rear of the range.  

The users provide their own targets.  Range Control indicated this is one of the most 

frequently used ranges and is used almost daily.  The range floor is covered with short 

grass, but a significant portion of the rea lacks vegetation.  The surface danger zone and 

area surrounding the range is heavily forested.  Surface water from the range and the 

backstop berm flow southeasterly into forested areas and to an intermittent stream 

channel.  The intermittent stream channel then flows to the east of Range 12 and drains to 

Breckinridge Reservoir, located over 4 miles downgradient of Range 12.   

 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Range Control personnel 

indicated Range 12 is used almost daily and is one of the most frequently used ranges.  

The worn vegetation on the range, high slope of the berm, and high precipitation are 

factors which could contribute to increased runoff velocity and potential erosion of the 

berm.  Human and ecological receptors are located in the Chopawamsic watershed, but 

distance lowers the potential for MC reaching receptor locations.  Although the range is 

upgradient of the Breckenridge Reservoir, it is a significiant distance (approximately 4 

miles) from this drinking water reservoir.  The bald eagle is located in the Chopawamsic 

Creek watershed in which Range 12 is located, but it is expected to forage much further 

downstream of Range 12.  Surface water and sediment samples were collected in 2010, 

and results did not indicate an imminent threat to human health or the environment.  Soil 

samples were collected in 2010 and 2011, and elevated levels appear to be limited to the 

vicinity of the impact berm, indicating that the berm is generally effective in containing 

lead deposited on the berm. 

 

The initial Groundwater Evaluation Ranking is Moderate.  Groundwater is relatively 

shallow and precipitation high.  Acidic soils and groundwater would promote leaching of 

metals into water.   The nearest groundwater receptors identified are approximately four 

miles away; however, the fractured bedrock does provide an unpredictable pathway for 

groundwater.  Groundwater samples were collected in 2011 from each end of the impact 

berm.  Elevated total metals were detected, but dissolved metals were below screening 

criteria, indicating that metals are primarily sorbed to sediment and therefore, expected to 

relatively immobile.   
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RANGE 12 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been in use since 
1946. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture 

technology has never been used 

0 

MC Loading 
Rates 

An estimated 6,649 pounds of lead 
are used at Range 12 annually. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No known lead removal activities 
have occurred or are scheduled to 
occur. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 12 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 
pH of surface water measured during a May 
2011 sampling event was 6.67. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the 
installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
An impact berm is present at >10% slope.  
Terrain near the berm is general flat. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
The range is vegetated with short grass but 
much of the vegetation has been worn 
away. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soil descriptions logged during a June 2012 
soil sampling event described soils  
primarily as silt and clayey silt.  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No engineered controls were identified on 
the range, and runoff is not retained. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 15 

Notes: 
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RANGE 12 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depths to groundwater at the 2 
nearest monitoring wells sampled in 
July 2012 were 24 and 35 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation is 40 
inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 

Groundwater sampling was 
conducted in May 2011 at Range 
12, and purged groundwater pH was 
measured as 3.69 and 2.93. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

pH of Soil 
pH of soil and sediment samples 
collected in June 2010 ranged from 
4 – 5.   

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soil descriptions logged during a 
June 2012 soil sampling event 
described soils  primarily as silt and 
clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Soil is described as clayey silt. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 22 

Notes: 
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RANGE 12 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

Range 12 is located 
in the Chopawamsic 
watershed, which 
drains into the 
Breckenridge 
Reservoir, which is 
the primary drinking 
water reservoir for 
the installation. 
However, the range 
is more than 4 miles 
from the reservoir. 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural or 
other beneficial use 
was identified. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed but 
would typically forage 
further downgradient 
from Range 12. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 

Range 12 is in the Chopawamsic watershed, which drains to Breckenridge Reservoir; however, it is at least 4 miles 
upstream.  Lead concentrations in sediment were detected at slightly elevated concentrations downgradient of 
Range 12, but concentrations were below ecological screening value.  
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RANGE 12 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

No drinking water wells 
were identified in the 
vicinity of Range 12; 
however, sampling 
results indicated that 
lead is likely reaching 
groundwater below the 
impact berm. Fractured 
bedrock could potentially 
provide a pathway to 
wells at a distance; 
however, the closest 
drinking water well is 
located over 3 miles to 
the east. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving toward 
a reasonable radius of influence of a well or other point of 
exposure or if a designation as a potable water source is 

unknown 
 

5 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

Agricultural and 
beneficial use wells were 
not identified near Range 
12; however, sampling 
results indicated that 
lead is likely reaching 
groundwater below the 
impact berm. Fractured 
bedrock could potentially 
provide a pathway to 
wells at a distance. 

5 if analytical data or observable evidence or site conditions 
indicate that MC may be within or moving toward a 

reasonable radius of influence of a well or other point of 
exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site conditions 
indicate that MC have moved only slightly beyond the 

source (tens of feet) or could move toward a reasonable 
radius of influence of a well or other point of exposure, but 

are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

No sensitive species 
identified in groundwater 
discharge location. 

5 if identified receptors exposed to potentially MC-impacted 
water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 

Notes:  
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RANGE 12 

MARINE CORPS BASE QUANTICO 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 15 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  34 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 22 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  41 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                    30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 
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Notes:  Field sampling for sediment, soil, surface water, and groundwater was conducted in June 2010 and 
May 2011.  Results indicate MC is not leaving the range via surface water and that the berm contains most 
of the lead as detections in soil there were significantly higher than those detected behind the berm.  
Surface water was sampled in the intermittent stream approximately 1300 feet southeast of the backstop 
berm in the natural direction of surface water flow.  Total and dissolved lead were detected at concentrations 
of 0.82 µg/L and 0.39 µg/L, respectively.  Surface soil on the berm contain a maximum lead concentration of 
7900 mg/k.  Approximately 150 feet behind the berm, the lead concentration in surface soil was 46 mg/kg 
and further decreased to 19 mg/kg approximately 500 feet further beyond the backstop berm indicating that 
soil lead concentrations significantly decreased with distance from the berm. 

Subsurface soil was collected from two locations at the berm from depths of 6 – 24 inches below ground 
surface.  Lead was detected at concentrations of 240 mg/kg and 450 mg/kg, indicated vertical migration of 
lead at the berm.  Approximately 25 feet away from the berm, lead concentrations dropped to concentrations 
ranging from 6.7 mg/kg to 14 mg/kg when sampling the intervals 2-5 feet below ground surface, indicating 
that vertical migration away from the berm is limited. 

Groundwater samples were collected at each end of the berm.  Total and dissolved lead were detected at 
concentrations of 59 µg/L and 4.9 µg/L, respectively in one sample, and 510 µg/L  and 3.0 µg/L, respectively 
in the other sample.  These concentrations indicate vertical migration of lead into the groundwater, but a 
comparison of dissolved lead detections indicates it is primarily sorbed to sediment.  

Detections in sediment samples were slightly higher than those observed in some of the other streams 
across the installation,but concentrations were below screening criteria.  Lead detections in sediment ranged 
from 8.5 mg/kg to 17 mg/kg.  

Sampling results indicate that the berm is effective in containing the majority of lead desposited on the 
range, and vertical migration of lead primarily is contained to the area beneath the berm.  Given the distance 
of human and ecological receptors from Range 12, and immediate threat to human health or the 
environment is not indicated.   
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Range 14 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 14 is a multi-purpose small arms range with multiple firing points and a maximum 

firing distance of 600 meters.  While this range accommodates the use of pyrotechnic 

munitions, small arms ammunition represents the majority of munitions use at the range.   

 

The range has individual battery-operated RETS fixed and moving targets, all with 

SACON®  protective walls or bunkers.  Users can also provide their own targets (wood, 

paper, plastic, approved steel).  Rounds are deposited into the ground, SACON, or 

downrange in the forest, rather than in an impact berm.  All brass, trash, targetry, and 

other materials are removed at the end of each training session.  Range Control indicated 

that vegetation clearance conducted during ORC may lead to expansion of this range. 

 

The baseline assessment evaluated Range 14A and Range 14B.  The loading at Range 14 

documented in this SARAP includes Range 14A and 14B use from 2007-2009, at which 

time the two ranges were combined and renamed Range 14.  Former Range 14B was 

immediately adjacent to Range 14A and contained different firing points, but fired into 

the same area as Range 14A.       

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Range 14 is used regularly, 

but the vegetated range and well-drained soils should reduce surface water flow velocity 

and runoff, despite the high precipitation and moderate slope of the range.  The range is 

upgradient of the Breckenridge Reservoir, a primary drinking water source for the 

installation.   Surface water and sediment samples collected in the North and Middle 

Branches of Chopawamsic Creek in August 2012 indicate that lead is not migrating off 

range via surface water or sediment.   

 

The initial Groundwater Evaluation Ranking is Moderate.  Shallow groundwater, high 

precipitation, and acidic soil increase the potential for lead to reach the groundwater 

table.  Off-installation wells owned by the National Park Service are located 

approximately one mile east; however, these wells have been inactive for six years. 
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RANGE 14 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been used since 
1975. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if the range has never 

had bullet capture 

0 

MC Loading 
Rates 

Approximately 3,696 pounds of 
lead are used annually at the 
range. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No lead mining events at Range -
14 are known. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes:  The loading estimate includes use at Range-14B, at which use was discontinued in 2009 and fired into the 
same area as Range-14A/Range-14.    
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RANGE 14 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The nearest surface water sample was 
collected in August 2012 close to Range 14.  
The measured pH was 7.36. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the 
installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
There is no impact berm, but the range gently 
slopes toward the rear of range/edge of the 
forest.  The range itself is gently rolling. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation 
Range is vegetated, but there are several 
patches of bare ground on the range. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to 
moderately drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No engineered controls were identified. Most 
of the runoff from the range would flow down 
the middle toward the back of the range. 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 11 
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RANGE 14 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depth to groundwater at the 
nearest monitoring well in July 
2012 was 35 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
pH of groundwater in the well 
nearest the range in July 2012 
was 8.4. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
sandy soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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RANGE 14 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The range is upgradient 
of the Breckinridge 
Reservoir, which is the 
primary drinking water 
reservoir for the 
installation. Surface 
water and sediment 
sample results from 
2012 indicate that lead 
has not moved 
downstream of the 
range. 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 

or has a reasonable potential to move toward a surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing is 
permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 
or has moved to a point of exposure or if a designation as 

agricultural or other beneficial usage is unknown 
 

3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is not 

moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides 
in southeastern portion 
of the Chopawamsic 
Creek watershed, which 
is expected to be at 
least 3 miles 
downgradient of Range 
14. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 
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RANGE 14 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Private wells are located 
off the installation to the 
east of the range; 
however, these wells are 
currently not active and 
have not been active for 
the past six years. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as a potable water 

source is unknown 
 

5 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

No agriculture or 
beneficial use was 
identified near the range. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as agricultural or other 

beneficial usage is unknown 
 

3 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point of 

exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges 
to surface water features 
on and off the installation.  
It is not expected that any 
potential MC in 
groundwater would be at 
concentrations at surface 
water discharge points 
that would impact 
sensitive species. 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater sources 

 
3 if potential for receptors exposed to potentially MC-

impacted water from groundwater or groundwater sources 
 

1 if little or no potential for receptors exposed to potentially 
MC-impacted water from groundwater or groundwater 

sources 

1 

Groundwater Receptor Score 4 
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RANGE 14 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 11 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  30 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                         50-65 

Moderate                         30-49 

Minimal                                                                                   0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:   

Surface water and sediment were sampled immediately downstream of the Range 14 series in the North 
and Middle Branches of Chopawamsic Creek, and analytical results indicated that lead is not migrating off-
range via surface water or sediment. 
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Range 14C 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

 

Range 14C is a Battle Sight Zeroing Range with 10 firing points and a maximum firing 

distance of 300 meters.  The range contains individual battery-operated RETS targets 

with SACON protective walls, RETS moving targets with SACON protective walls, and 

RETS targets inside SACON bunkers.  Steel targets deflect some rounds into the ground.  

Other rounds are projected into the forest beyond the range.  The range is fully vegetated 

with very few bare areas.  

 

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  The lead loading rate for 

Range 14C indicates it is regularly used but the least used of the 14 series ranges.  The 

vegetation and well-drained soils on the range should reduce surface water flow velocity 

and runoff, despite the high precipitation and moderate slope of the range.  The Range is 

upgradient of the Breckenridge Reservoir, a primary drinking water source for the 

installation.   Surface water and sediment samples collected in the North and Middle 

Branches of Chopawamsic Creek in August 2012 indicate that lead is not migrating off 

range via surface water or sediment and moving toward the Breckenridge Reservoir.   

 

The initial Groundwater Evaluation Ranking is Moderate.  Shallow groundwater, high 

precipitation, and acidic soil increase the potential for lead to reach the groundwater 

table.  Off-installation wells owned by the National Park Service are located 

approximately one mile east; however, these wells have been inactive for six years. 
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RANGE 14C 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been used since 
1975. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

Bullet capture technology has 
never been used at the range. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or if bullet capture has 

never been used 

0 

MC Loading 
Rates 

Annual lead deposition at the 
range was estimated to be 1,750 
pounds. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

The Range Complex Management 
Plan indicates that ORC is planned 
for 17 acres of Range 14C, but the 
anticipated start date is not known.  
No known lead mining events have 
occurred or are anticipated to 
occur. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 14C 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The nearest surface water sample was 
collected in August 2012 close to Range 
14C.  The measured pH was 7.36. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the 
installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
There is not an impact berm, but the range 
gently slopes toward Range 14. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation Range is fully vegetated. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to 
moderately drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No engineered controls were identified. 
Runoff from the range flows southeast into 
wetlands. 

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 11 

Notes: 
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RANGE 14C 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depth to groundwater at the 
nearest monitoring well in July 
2012 was 35 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
pH of groundwater in the well 
nearest the range in July 2012 
was 8.4. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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RANGE 14C 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The range is 
upgradient of the 
Breckinridge 
Reservoir, which is 
the primary drinking 
water reservoir for 
the installation.  
Surface water and 
sediment sample 
results from 2012 
indicate that lead has 
not moved 
downstream of the 
range. 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing 
is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed, 
which is expected to 
be at least 3 miles 
downgradient of 
Range 14C. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 
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RANGE 14C 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Private wells are located off 
the installation to the east of 
the range; however, these 
wells are currently not active 
and have not been active for 
the past six years. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as a potable water 

source is unknown 
 

5 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

No agriculture or beneficial 
use was identified near the 
range. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as agricultural or 

other beneficial usage is unknown 
 

3 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point 

of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges to 
surface water features on 
and off the installation.  Any 
potential MC in groundwater  
discharged to surface water 
is not expected to reach 
concentrations in surface 
water that could affect 
sensitive species.   

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 

Notes:  
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RANGE 14C 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 11 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  30 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:   

Surface water and sediment were sampled immediately down-gradient of the Range 14 series in the north 
branch of Chopawamsic Creek, and analytical results indicated that lead is not migrating off-range via 
surface water or sediment. 
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Range 14D 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 14D is a battle sight zeroing range with 12 firing points and a maximum firing 

distance of 100 meters.  Targets include individual battery-operated RETS targets with 

SACON protective walls, RETS moving targets with SACON protective walls, and 

RETS targets inside SACON bunkers.  The range is fully vegetated, and most rounds are 

projected into the woods at the rear of the range as there is no impact berm for bullet 

containment.  Steel targets are not used.   

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Minimal.  Range 14D is used regularly 

but less frequently than Range 14 or 14F.  The vegetated range and well-drained soils 

should reduce surface water flow velocity and runoff despite the high precipitation and 

no engineered controls.  The Range is upgradient of the Breckenridge Reservoir, a 

primary drinking water source for the installation.   Surface water and sediment samples 

collected downstream of Range 14D in August 2012 indicate that lead is not migrating 

off range via surface water and sediment towards the Breckenridge Reservoir.   

 

The initial Groundwater Evaluation Ranking is Moderate.  Shallow groundwater, high 

precipitation, and acidic soil increase the potential for lead to reach the groundwater 

table.  Off-installation private wells are located approximately one mile east; however, 

these wells have been inactive for six years. 
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RANGE 14D 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been in use since 
1975. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or range has never had 

bullet capture technology. 

0 

MC Loading 
Rates 

An estimated 2,818 pounds of lead 
are used on the range each year. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

The Range Complex Management 
Plan indicates that ORC is planned 
for 3 acres of Range 14D, but the 
anticipated start date is not known.  
No known lead mining events have 
occurred or are anticipated to 
occur. 

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 14D 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The nearest surface water sample was 
collected in August 2012 close to Range 
14D.  The measured pH was 7.36. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the 
installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 
There is not an impact berm.  The range is 
generally flat but gently slopes toward the 
east 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

1 

Vegetation 
Range is fully vegetated, although there are 
some bare areas around the SACON 
blocks. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to 
moderately drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No engineered controls were identified. 

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 9 

Notes: 
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RANGE 14D 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depth to groundwater at the 
nearest monitoring well in July 
2012 was 35 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
pH of groundwater in the well 
nearest the range in July 2012 
was 8.4. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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RANGE 14D 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The range is upgradient 
of the Breckinridge 
Reservoir, which is the 
primary drinking water 
reservoir for the 
installation.  Surface 
water and sediment 
sample results from 
2012 indicate that lead 
has not moved 
downstream of the 
range.  

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 

or has a reasonable potential to move toward a surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
5 if contamination in the media has moved or is expected 
to move only slightly beyond the source (tens of feet) or 

could move, but is not moving appreciably, toward surface 
water body used as a potable water supply or if a 
designation as a potable water source is unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge Reservoir, 
but fishing is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, 
or has moved to a point of exposure or if a designation as 

agricultural or other beneficial usage is unknown 
 

3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is not 

moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle resides in 
southeastern portion of 
the Chopawamsic Creek 
watershed, which is 
expected to be at least 3 
miles downgradient of 
Range 14D. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 
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RANGE 14D 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Private wells are located off 
the installation to the east of 
the range; however, these 
wells are currently not active 
and have not been active for 
the past six years. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as a potable water 

source is unknown 
 

5 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

No agriculture or beneficial 
use was identified near the 
range. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 

toward a reasonable radius of influence of a well or other 
point of exposure or if a designation as agricultural or 

other beneficial usage is unknown 
 

3 if analytical data or observable evidence or site 
conditions indicate that MC have moved only slightly 

beyond the source (tens of feet) or could move toward a 
reasonable radius of influence of a well or other point of 

exposure, but are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point 

of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges to 
surface water on and off the 
installation.  It is not 
expected that potential MC 
concentrations in 
groundwater would 
discharge to surface water 
at concentrations that would 
impact sensitive species. 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 

Notes:  
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RANGE 14D 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 9 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  28 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                   50-65 

Moderate                   30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Minimal 

Groundwater Evaluation Ranking Moderate 

Notes:   

Surface water and sediment were sampled immediately down-gradient of the Range 14 series in the north 
branch of Chopawamsic Creek, and analytical results indicated that lead is not migrating off-range via 
surface water or sediment. 
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Range 14F 

MARINE CORPS BASE QUANTICO 

QUANTICO, VIRGINIA 

 

Date of SARAP update:  9/20/2013 

 

Range 14F is a multipurpose SAR with a stationary firing line and maneuver box and a 

maximum firing distance of 500 meters.  Users provide their own targets.  Range 

expansion is planned to the east where trees were cleared, but no date for expansion is 

set.  Range control indicated this range is used almost daily, and a frequent user is the 

U.S. Capital Police.  Mounds are present on the range that currently serve no purpose and 

were expected to be leveled by 2013.  The range is fully vegetated with very few bare 

areas.  There is not rear impact berm for projectile containment; rounds are deposited in 

the woods at the back of the range.   

 

FIVE-YEAR REVIEW ASSESSMENT RESULTS: 

 

The initial Surface Water Evaluation Ranking is Moderate.  Range conditions presented 

in the following tables were evaluated using public databases, historical documentation, 

installation personnel interviews, and field observations made during the site visit. Range 

14F is frequently used, but the vegetated range and well-drained soils should reduce 

surface water flow velocity and runoff, despite the high precipitation and moderate slope 

of the range.  The Range is upgradient of the Breckenridge Reservoir, a primary drinking 

water source for the installation.   Surface water and sediment samples collected 

downstream of Range 14F in August 2012 indicate that lead is not migrating off range 

via surface water and sediment towards the Breckenridge Reservoir.   

 

 

The initial Groundwater Evaluation Ranking is Moderate.  Shallow groundwater, fairly 

high precipitation, and acidic soil increase the potential for lead to reach the groundwater 

table.  Off-installation private wells are located approximately one mile east; however, 

these wells have been inactive for six years. 
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RANGE 14F 

MARINE CORPS BASE QUANTICO 

 

Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

Duration of 
Range Use 

The range has been in use since 
1975. 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 

5 

Bullet-
Capturing 
Technology 

The range has never had bullet 
capture technology installed. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years, or range has never had 

bullet capture technology. 

0 

MC Loading 
Rates 

An estimated 5,712 pounds of lead 
are used on the range each year. 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

No lead mining events have 
occurred or are scheduled.  

5 if lead is removed less than every three years 
 

3 if lead is removed more than every three years 
but less than annually 

 
1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
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RANGE 14F 

MARINE CORPS BASE QUANTICO 

Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria 
Site 

Score 

pH of Water 

The nearest surface water sample was 
collected in August 2012 close to Range 14F.  
The measured pH was 7.36. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

Precipitation 
Average annual precipitation at the installation 
is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

Slope of Range 

There is not an impact berm, but mounds are 
present on the range.  These serve no 
purpose today and will be leveled sometime in 
2012 to early 2013.  The range slopes at front 
and rear of the range. 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation 

Range is fully vegetated with very few spots 
where vegetation is worn and bare, particularly 
on the mounds that will be leveled.  The forest 
where most rounds are deposited is thickly 
vegetated. 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1 

Soil 
Type/Runoff 
Conditions 

Soils at the range are described as well- to 
moderately drained soils with some clay. 

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

No engineered controls were identified. 

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 

0 

Surface Water Pathway Score 11 
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RANGE 14F 

MARINE CORPS BASE QUANTICO 
 

Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 

Site 
Score 

Depth to 
Groundwater 

Depth to groundwater at the 
nearest monitoring well in July 
2012 was 35 feet. 

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation 
Average annual precipitation at 
the installation is 40 inches. 

5 if precipitation > 40 inches/year 

3 if precipitation = 20-40 inches/year 

1 if precipitation < 20 inches/year 

3 

pH of Water 
pH of groundwater in the well 
nearest the range in July 2012 
was 8.4. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 
Soils on the installation are 
mostly acidic with a pH of 
approximately 4.5-5. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

5 

Soil 
Type/Infiltration 
Conditions 

Soils at the range are described 
as well- to moderately drained 
soils with some clay. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Some clay is present in the soil. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 18 

Notes: 
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RANGE 14F 

MARINE CORPS BASE QUANTICO 

Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Drinking Water 
Usage 

The range is 
upgradient of the 
Breckinridge 
Reservoir, which is 
the primary drinking 
water reservoir for 
the installation. 
Surface water and 
sediment sample 
results from 2012 
indicate that lead has 
not moved 
downstream of the 
range. 

10 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has a reasonable potential to move toward a surface water 
body used as a potable water supply or if a designation as a 

potable water source is unknown 
 

5 if contamination in the media has moved or is expected to 
move only slightly beyond the source (tens of feet) or could 
move, but is not moving appreciably, toward surface water 

body used as a potable water supply or if a designation as a 
potable water source is unknown 

 
2 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

2 

Agricultural or 
Other 
Beneficial 
Usage 

No agricultural use is 
identified for 
Breckenridge 
Reservoir, but fishing 
is permitted. 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving toward, or 

has moved to a point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if contamination in the media has moved only slightly 

beyond the source (tens of feet) or could move but is not 
moving appreciably. 

 
1 if low possibility for contamination in the media to be present 

at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened or 
Endangered 
Species 

The bald eagle 
resides in 
southeastern portion 
of the Chopawamsic 
Creek watershed, but 
this is expected to be 
at least 3 miles 
downgradient of 
Range 14F. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the range 

boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

1 

Surface Water Receptor Score 4 

Notes: 
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RANGE 14F 

MARINE CORPS BASE QUANTICO 

Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria 
Evaluation 

Characteristics 

Score  

Criteria 

Site 
Score 

Wells 
Identified as 
Potable Water 
Sources 

Private wells are located off 
the installation to the east of 
the range; however, these 
wells are currently not active 
and have not been active for 
the past six years. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a potable 
water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 
a reasonable radius of influence of a well or other point 

of exposure, but are not moving appreciably 
 

2 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural or 
Other 
Beneficial 
Usage 

No agriculture or beneficial 
use was identified near the 
range. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 
a reasonable radius of influence of a well or other point 

of exposure, but are not moving appreciably 
 

1 if low possibility for MC to be present at or migrate to 
within a reasonable radius of influence of a well or point 

of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Groundwater discharges to 
surface water features on 
and off the installation.  It is 
not expected that potential 
MC concentrations in 
groundwater would discharge 
at concentrations in surface 
water that could impact 
sensitive species. 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 

Notes:  
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RANGE 14F 

MARINE CORPS BASE QUANTICO 

 

Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 11 

Surface Water Receptors 4 4 

Sum of Surface Water Element Scores  30 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 18 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  37 

The relative evaluation ranking for each media is determined by selecting the 
appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 

High                    50-65 

Moderate                    30-49 

Minimal                                                                             0-29 

 

*Use the Evaluation Ranking to determine if further actions are warranted based 
on the guidelines for recommended actions, as defined in Table 7. 

 

 

Surface Water Evaluation Ranking Moderate 

Groundwater Evaluation Ranking Moderate 

Notes:   

Surface water and sediment were sampled immediately down-gradient of the Range 14 series in the north 
branch of Chopawamsic Creek, and analytical results indicated that lead is not migrating off-range via 
surface water or sediment. 
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Table B-1: Climate Data used in the Surface Water Screening Assessment

Data Type Value Reference(s)

Annual Average Precipitation (in/yr) 40
NOAA National Climatic Data Center, 1999; MCB 
Quantico, 2006

Recharge Rate for SW transport (% ppt)a 9.4 - 16.3a
Swain et al., 1991; McFarland, 1996; Nelm et al., 
1997; Heath, 1984

Annual Average Wind Speed (mph) 7 NOAA National Climatic Data Center, 1998
Annual Average Ambient Environmental Temperature (0F) 56 NOAA National Climatic Data Center, 1999
Baseflow  (ft3/sec/mile2) 0.54 Malcolm Pirnie, 2010a
Note:

ft3/sec/mile2 = cubic feet per second per square mile
in/yr = inches per year
mph = miles per hour
0F = degrees Fahrenheit
% ppt = percent precipitation

a Estimated for MC loading areas based on literature values, land cover and slope.  Values for MC loading areas are presented on Table C-2 
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Table B-2: Soil Types and Hydrologic Properties at Identified MC Loading Areas

Charlie Demo Sparsely vegetated 28 Safell gravely fine sandy loam (Sc) Gravelly fine sandy loam
0.25 0.19

B 0.73 1350 0.21 9.4

Combat Town Unvegetated, mostly asphalt < 1 Meadowville loam (Ml) Loam

0.3 0.14

B 1.74 1125 0.68 9.4

DZ-Raven Sparsely vegetated 21
Cecil clay loam (Cl), Cecil fine 
sandy loam (Ch), Durham fine 

sandy loam (Da)
Clay loam, fine sandy loam

0.31 0.12
B, C 1.16 1358 0.24 9.4

Goettge Demo Largely unvegetated, some areas of 
forest and grass 15 Disturbed soil material (DSM), 

Bucks silt loam (Bm) Disturbed soil material, Silt loam

0.32 0.12
B 0.61 1400 0.2 12.9

LZ-Falcon 50% grass vegetation, 50% 
unvegetated 16 Beltsville fine sandy loam (Ba) Fine sandy loam

0.25 0.18
C 0.87 1250 0.25 12.9

LZ-Hummingbird Sparsely vegetated 23 Bucks silt loam (Bl), Penn silt 
loam (Pa) Silt loam

0.32 0.12
B, C 0.67 1375 0.24 9.4

LZ-Peacock 40% grass vegetation, 60% 
unvegetated 17 Beltsville loam (Bc) Permeable loam

0.3 0.14
C 1.16 1125 0.25 12.9

LZ-Peregrine Sparsely vegetated 2 Fairfax loam (Fa), Beltsville loam 
(Bc) Loam, permeable loam

0.3 0.14
B, C 1.02 1238 0.13 16.3

LZ-Vulture Sparsely vegetated 19 Penn silt loam (Pa) Silt loam

0.32 0.12

C 0.73 1350 0.26 9.4

TF MOUT 30% forest vegetation, 50% 
unvegetated, 20% asphalt 17 Appling gritty loam (Ah, Ak) Gritty loam

0.28 0.14

B 0.58 1350 0.29 12.9

Murphy Demo Sparsely vegetated 10 Durham fine sandy loam (Da), 
Cecil fine sandy loam (Ch) Fine sandy loam

0.25 0.18

C, B 1.16 1338 0.24 12.9

Range 3A Sparsely vegetated 21

Louisburg fine sandy loam (Lb), 
Modertely coarse to medium 

textured stratified mixed alluvial 
land (MAL), Worsham loam (Wg)

Fine sandy loam, stratified mixed 
alluvial, loam

0.28 0.16
B, D 1.4 1375 0.26 9.4

Range 3B Unvegetated < 1

Disurbed soil material (DSM), 
Moderately coarse to medium 

textured stratified mixed alluvial 
land (MAL)

Disturbed soil material, stratified 
mixed alluvial

0.28 0.15
D 2.03 1475 0.18 16.3

Range 5 Unvegetated 39 Cecil fine sandy loam (Ck, Ch) Fine sandy loam
0.25 0.18

B 1.16 1475 0.21 9.4

MC Loading Area Land Covera Slope (%)b
Soil Water 
Contentd

Soil Air 
Contente

Soil Organic 
Carbon Content 

(%)f
Soil Bulk Density 

(kg/m3)c
Runoff 

Coefficientg
Annul Recharge 

(% ppt)h
Predominant Soil Type Name 

and Map Symbolb,c Soil Descriptionb
Hydrologic Soil 

Groupc

B-2



Table B-2: Soil Types and Hydrologic Properties at Identified MC Loading Areas

MC Loading Area Land Covera Slope (%)b
Soil Water 
Contentd

Soil Air 
Contente

Soil Organic 
Carbon Content 

(%)f
Soil Bulk Density 

(kg/m3)c
Runoff 

Coefficientg
Annul Recharge 

(% ppt)h
Predominant Soil Type Name 

and Map Symbolb,c Soil Descriptionb
Hydrologic Soil 

Groupc

Range 7 Sparsely vegetated 25

Worsham loam (Wd), Appling fine 
sandy loam (Ae), Cecil fine sandy 
loam (Ck), Glenelg silt loam (Gb, 

Gc)

Loam, fine sandy loam, silt loam

0.29 0.15

D, B, C 1.13 1365 0.26 9.4

Range 8 Sparsely vegetated 24 Cecil fine sandy loam (Ck, Ch) Fine sandy loam
0.25 0.18

B 1.16 1475 0.21 9.4

Range 8A 20% forest and grass vegetation, 80% 
unvegetated 26 Appling gritty loam (Ak), Durham 

fine sandy loam (Da) Gritty loam, fine sandy loam
0.27 0.16

B, C 0.87 1275 0.23 12.9

Range 11 Sparsely vegetated 14 Appling gritty loam (Ah, Ak), 
Goldvein gritty loam (Gf) Gritty loam

0.28 0.14
B, C 0.63 1333 0.24 9.4

Range 14 Combined 15% grass vegetation, 85% 
unvegetated 15

Beltsville loam (Bc), Appling fine 
sandy loam (Ad), Colfax fine 

sandy loam (Cn)
Permeable loam, fine sandy loam

0.28 0.16

C, B 1.02 1258 0.23 12.9

Range 15 Sparsely vegetated 7
Worsham loam (Wg), Durham fine 

sandy loam (Da), Appling gritty 
loam (Ak)

Loam, fine sandy loam, gritty 
loam

0.28 0.15
D, C, B 1.06 1283 0.26 12.9

Range 15A 20% forest and grass vegetation, 80% 
unvegetated 10 Appling gritty loam (Ah, Ak), 

Goldvein gritty loam (Gf) Gritty loam

0.28 0.14

B, C 0.63 1333 0.23 16.3

UTC Zones B-C Unvegetated 11 Appling gritty loam (Ah) Gritty loam

0.28 0.14

B 0.58 1350 0.21 12.9

UTC Zone D 20% grass vegetation, 80% 
unvegetated 21 Bucks silt loam (Bl) Silt loam

0.32 0.12
B 0.61 1400 0.21 12.9

WTBN Combined Ranges 30% grass vegetation, 70% 
unvegetated 13

Disturbed soil material (DSM), 
Seneca fine sandy loam (Sk), 

Louisburg fine sandy loam (Lc)

Disturbed soil material, fine 
sandy loam

0.25 0.18
B 1.23 1238 0.2 12.9

Note:

kg/m3 = kilograms per cubic meter

a Bing aerial map f Estimated from soil organic content obtained from the soil survey report (USDA NRCS, 1988) 
b Spatial data (MCB Quantico, 2012a) g McCuen, 1998
c USDA NRCS, 1988 h Estimated from reference value (Swain et al., 1991; McFarland, 1996; Nelm et al., 1997; Heath, 1984) adjusted for MC loading area based on land cover and slope
d Estimated field capacity value for soil type (Fetter, 1994)
e Estimated as porosity (based on soil type[McWhorter and Sundada, 1977]) less water content
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Table B-3: Parameter Values used to Estimate Soil Erosion

Area A
(m2) (kg/m2/d)

Charlie Demo 30,122 0.24 4.6 0.2 2.31E-02
Combat Town 3,801 0.37 0.3 0.04 4.49E-04
DZ-Raven 84,678 0.23 3.8 0.2 1.85E-02
Goettge Demo 22,071 0.37 3.1 0.18 2.25E-02
LZ-Falcon 8,692 0.15 3.3 0.11 5.99E-03
LZ-Hummingbird 14,511 0.37 4 0.2 3.16E-02
LZ-Peacock 13,577 0.32 3.4 0.13 1.55E-02
LZ-Peregrine 7,411 0.38 0.5 0.2 4.24E-03
LZ-Vulture 19,191 0.37 3.7 0.2 2.87E-02
TF MOUT 48,900 0.32 3.4 0.16 1.88E-02
Murphy Demo 37,764 0.24 2.5 0.2 1.29E-02
Range 3A 96,588 0.3 3.9 0.2 2.49E-02
Range 3B 3,164 0.24 0.12 0.2 6.23E-04
Range 5 83.5 0.2 5.4 0.2 2.34E-02
Range 7 610,772 0.32 4.3 0.2 2.91E-02
Range 8 53,818 0.2 4.2 0.2 1.78E-02
Range 8A 34,514 0.3 4.4 0.18 2.56E-02
Range 11 199,214 0.31 3.1 0.19 1.94E-02
Range 14 Combined 226,656 0.29 3.2 0.17 1.77E-02
Range 15 87,307 0.34 1.9 0.2 1.37E-02
Range 15A 120,844 0.31 2.5 0.16 1.33E-02
UTC Zones B-C 36,636 0.32 2.6 0.2 1.80E-02
UTC Zone D 7,766 0.37 3.9 0.17 2.59E-02
WTBN Combined Ranges 281,739 0.31 2.9 0.15 1.41E-02

Smith Lake 140,674,869 0.3 2.7 0.12 1.01E-02
Upper segment Lunga Reservoir 12,781,843 0.32 2.7 0.05 4.61E-03
Chopawamsic Creek 88,577,296 0.38 3.2 0.12 1.49E-02
Upper Segment Breckenridge Reservoir 32,925,360 0.38 2.8 0.12 1.33E-02
Lower Segment Breckenridge Reservoir 11,081,419 0.32 2.8 0.12 1.12E-02
Cedar Run upstream of the Installation Boundary 453,857,442 0.36 2.8 0.05 5.54E-03
South Fork Quantico Creek upstream of the Installation Boundary 17,490,179 0.39 2.7 0.08 9.23E-03
Note:

R factor was estimated to be 176 from an isoerodent map for the eastern United States (USDA ARS, 1997)
P factor was selected to be 1 based on a conservative assumption

A = predicted soil loss P = erosion control practice factor
C = cover and management factor R = rainfall and runoff factor
K = soil erodibility factor a USDA NRCS, 2007
kg/m2/d = kilogram per square meter per day b Slope length and gradient were used to select LS (USDA ARS, 1997).
LS = topographic factor (influence of length and steepness of slope) c Estimated based on vegetation cover (USDA ARS, 1997)

MC Loading Areas

Watershed Area of surface water receptor locations

MC Loading Area/Watershed Area Ka LSb Cc
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Table B-4: Chemical Properties of TNT

MCB Quantico
June, 2013
TNT

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:
Average: 5.72E-01
Maximum:
Minimum:
Average: 1.47E-04
Maximum:
Minimum:
Average: 1.10E-08
Maximum:
Minimum:
Average: 72.4
Maximum:
Minimum:
Average: 525
Maximum:
Minimum:
Average:
Maximum:
Minimum:
Average: 6.40E-02
Maximum:
Minimum:
Average: 6.71E-06
Maximum:
Minimum:
Most likey: 23.1

Maximum:

HQMC, 2009

Installation name:
Date:

Munitions Constituent:

Organic carbon partition coefficient for TNT

2 Solubility Water solubility of TNT

cm2/sec

Values presented in Table C-8 mL/g7 KD Equilibrium distribution coefficient 

mL/g

Diffusion coefficient of TNT in air

Value/Result

1 Molecular weight Molecular weight of TNT

6 Koc

HQMC, 2009

Walsh et al., 1995 g/mol227.1

mol/m3
Walsh et al., 1995

Pa

HQMC, 2009

atm-

m3/mol

Walsh et al., 1995

4
Henry's law 
constant

3 Vapor pressure Vapor pressure of TNT

Henry's law constant of TNT

8
Diffusion coefficient 
in air

Diffusion coefficient of TNT in water

5 Kow Octanol-water partition coefficient for TNT

10 Half-life in soil Reaction half-life of TNT in soil

A representative value selected by subjuect 
matter expert based on a compilation of 
academic, industrial and government 
references

9
Diffusion coefficient 
in water

HQMC, 2009

HQMC, 2009 days

HQMC, 2009

cm2/sec

unitless

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

LiteratureSite DataAssumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption
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Table B-5: Chemical Properties of HMX 

MCB Quantico
June, 2013
HMX

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:
Average: 1.69E-02
Maximum:
Minimum:
Average: 4.40E-12
Maximum:
Minimum:
Average: 2.63E-15
Maximum:
Minimum:
Average: 1.15
Maximum:
Minimum:
Average: 3.47
Maximum:
Minimum:
Average:
Maximum:
Minimum:
Average: 6.30E-02
Maximum:
Minimum:
Average: 6.02E-06
Maximum:
Minimum:
Most likely: 51.3

Maximum:

mL/g6 Koc Organic carbon partition coefficient for HMX
HQMC, 2009

Value/Result

Installation name:
Date:

Munitions Constituent:

1 Molecular weight Molecular weight of HMX

3 Vapor pressure Vapor pressure of HMX

HQMC, 2009

Walsh et al., 1995 296.2

Pa

g/mol

8
Diffusion coefficient 
in air

Diffusion coefficient of HMX in air HQMC, 2009 cm2/sec

10 Half-life in soil Reaction half-life of HMX in soil

9
Diffusion coefficient 
in water

Diffusion coefficient of HMX in water

A representative value selected by subjuect 
matter expert based on a compilation of 
academic, industrial and government 
references

HQMC, 2009 days

HQMC, 2009 cm2/sec

2 Solubility Water solubility of HMX
Walsh et al., 1995 mol/m3

4
Henry's law 
constant

Henry's law constant of HMX atm-

m3/mol

Walsh et al., 1995

HQMC, 2009

unitless5 Kow Octanol-water partition coefficient for HMX

Values presented in Table C-8 mL/g7 KD Equilibrium distribution coefficient 

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption
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Table B-6: Chemical Properties of RDX

MCB Quantico
June, 2013
RDX

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:
Average: 1.90E-01
Maximum:
Minimum:
Average: 5.47E-07
Maximum:
Minimum:
Average: 1.20E-05
Maximum:
Minimum:
Average: 6.45
Maximum:
Minimum:
Average: 7.76E+00
Maximum:
Minimum:
Average:
Maximum:
Minimum:
Average: 7.40E-02
Maximum:
Minimum:
Average: 7.15E-06
Maximum:
Minimum:
Average: 14.2

Maximum:

mL/g6 Koc Organic carbon partition coefficient for RDX
HQMC, 2009

Value/Result

Installation name:
Date:

Munitions Constituent:

1 Molecular weight Molecular weight of RDX

3 Vapor pressure Vapor pressure of RDX

HQMC, 2009

Walsh et al., 1995 222.1

Pa

g/mol

8
Diffusion coefficient 
in air

Diffusion coefficient of RDX in air HQMC, 2009 cm2/sec

10 Half-life in soil Reaction half-life of RDX in soil

9
Diffusion coefficient 
in water

Diffusion coefficient of RDX in water

A representative value selected by subjuect 
matter expert based on a compilation of 
academic, industrial and government references

HQMC, 2009 days

HQMC, 2009 cm2/sec

2 Solubility Water solubility of RDX
Walsh et al., 1995 mol/m3

4
Henry's law 
constant

Henry's law constant of RDX atm-

m3/mol

Walsh et al., 1995

HQMC, 2009

unitless5 Kow Octanol-water partition coefficient for RDX

Values presented in Table C-8 mL/g7 KD Equilibrium distribution coefficient

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

B-7



Table B-7: Chemical Properties of Perchlorate

MCB Quantico
June, 2013
Perchlorate

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:
Average: 2.01E+03
Maximum:
Minimum:
Average: 3.75E-09
Maximum:
Minimum:
Most Likely: 1.85E-17
Maximum:
Minimum:
Average: 1.40E-06
Maximum:
Minimum:
Average: 6.94E-07
Maximum:
Minimum:
Average:
Maximum:
Minimum:
Average: 7.00E-10
Maximum:
Minimum:
Average: 1.90E-12
Maximum:
Minimum:
Average: 1.00E+07
Maximum:

mL/g6 Koc
Organic carbon partition coefficient for 
Perchlorate

Estimated by the CalTOX model based on the Kow  for 
perchlorate

Value/Result

Installation name:
Date:

Munitions Constituent:

No reported values available; Estmated by CalTOX 
from vapor pressure and solubility values

1 Molecular weight Molecular weight of perchlorate

3 Vapor pressure Vapor pressure of perchlorate

Walsh et al., 1995 99.45

Pa

g/mol

8
Diffusion coefficient 
in air

Diffusion coefficient of perchlorate in air cm2/sec
No reported values available, input variables used are 
based on conservative assumptions

10 Half-life in soil Reaction half-life of perchlorate in soil

9
Diffusion coefficient 
in water

Reaction half-life of perchlorate in water

No reported values available, input variables used are 
based on conservative assumptions days

No reported values available, input variables used are 
based on conservative assumptions cm2/sec

2 Solubility Water solubility of perchlorate
Walsh et al., 1995 mol/m3

4
Henry's law 
constant

Henry's law constant of perchlorate atm-

m3/mol

Walsh et al., 1995

Walsh et al., 1995
Meylan and Howard, 1995

unitless5 Kow
Octanol-water partition coefficient for 
Perchlorate

Values presented in Table C-8 L/Kg7 KD Equilibrium distribution coefficient 

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data
Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption
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Table B-8: MC Equilibrium Distribution Coefficient Values at MC Loading Areas 

MC Loading Area
Soil Organic Carbon 

Content MC Koc (ml/g) KD (ml/g)a

HMX 3.47 0.03
RDX 7.76 0.06
TNT 525 3.8
Perhlorate 6.94E-07 5.1E-09
HMX 3.47 0.06
RDX 7.76 0.14
TNT 525 9.1
Perhlorate 6.94E-07 1.2E-08
HMX 3.47 0.04
RDX 7.76 0.09
TNT 525 6.1
Perhlorate 6.94E-07 8.1E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.2
Perhlorate 6.94E-07 4.2E-09
HMX 3.47 0.03
RDX 7.76 0.07
TNT 525 4.6
Perhlorate 6.94E-07 6.0E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.5
Perhlorate 6.94E-07 4.6E-09
HMX 3.47 0.04
RDX 7.76 0.09
TNT 525 6.1
Perhlorate 6.94E-07 8.1E-09
HMX 3.47 0.04
RDX 7.76 0.08
TNT 525 5.4
Perhlorate 6.94E-07 7.1E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.0
Perhlorate 6.94E-07 4.0E-09
HMX 3.47 0.04
RDX 7.76 0.09
TNT 525 6.1
Perhlorate 6.94E-07 8.1E-09
HMX 3.47 0.05
RDX 7.76 0.11
TNT 525 7.4
Perhlorate 6.94E-07 9.7E-09
HMX 3.47 0.07
RDX 7.76 0.16
TNT 525 10.7
Perhlorate 6.94E-07 1.4E-08
HMX 3.47 0.04
RDX 7.76 0.09

0.014

0.0203

0.0116

0.0087

0.0067

0.0116

0.0102

0.0058

0.0116

Range 3A

Range 3B

Range 5

LZ-Falcon

LZ-Hummingbird

LZ-Peacock

LZ-Peregrine

TF-MOUT

Murphy Demo

Charlie Demo 0.0073

Combat Town 0.0174

DZ-Raven

Goettge Demo

0.0116

0.0061
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Table B-8: MC Equilibrium Distribution Coefficient Values at MC Loading Areas 

MC Loading Area
Soil Organic Carbon 

Content MC Koc (ml/g) KD (ml/g)a

TNT 525 6.1
Perhlorate 6.94E-07 8.1E-09
HMX 3.47 0.04
RDX 7.76 0.09
TNT 525 5.9
Perhlorate 6.94E-07 7.8E-09
HMX 3.47 0.04
RDX 7.76 0.09
TNT 525 6.1
Perhlorate 6.94E-07 8.1E-09
HMX 3.47 0.03
RDX 7.76 0.07
TNT 525 4.6
Perhlorate 6.94E-07 6.0E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.3
Perhlorate 6.94E-07 4.4E-09
HMX 3.47 0.04
RDX 7.76 0.08
TNT 525 5.4
Perhlorate 6.94E-07 7.1E-09
HMX 3.47 0.04
RDX 7.76 0.08
TNT 525 5.6
Perhlorate 6.94E-07 7.4E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.3
Perhlorate 6.94E-07 4.4E-09
HMX 3.47 0.02
RDX 7.76 0.05
TNT 525 3.2
Perhlorate 6.94E-07 4.2E-09
HMX 3.47 0.04
RDX 7.76 0.10
TNT 525 6.5
Perhlorate 6.94E-07 8.5E-09

Note:
a Evaluated from the product of organic carbon partition coefficient and soil organic carbon fraction

0.0063

0.0102

0.0106

0.0063

0.0061

0.0123

0.0113

0.0116

0.0087

Range 11

Range 14 Combined

Range 15

Range 15A

UTC Zones D

WTBN Combined Ranges

Range 7

Range 8

Range 8A
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Table B-9: Groundwater Modeling Parameters - Vadose Zone Properties for MC Loading Areas

VLEACH Parameters
1) Polygon Data

Parameter
Charile 
Demo

Combat 
Town

DZ-
Raven

Goettge 
Demo

LZ-
Falcon

LZ-
Hummingbird

LZ-
Peacock

LZ-
Peregrine

LZ-
Vulture

TF-
MOUT

Murphy 
Demo Range 3A

Range 
3B Range 5 Range 7

Range 
8

Range 
8A Range 11

Range 14 
Combined

Range 
15

Range 
15A

UTC Zones 
B-C

UTC Zone 
D

WTBN 
Combined 

Ranges

Area (feet2) 324,060 3,801 910,994 237,450 93,512 156,111 146,070 79,731 206,461 526,084 406,278 1,039,132 34,040 899 4,768,605 413,499 140,045 2,143,225 2,438,460 939,281 1,300,087 394,144 83,552 3,031,065
Delineated area based on data from range 

control

Vertical Cell Dimension (feet) 1.1 1.25 1.2 1 1.1 1.075 1.07 0.95 1.1 1 1.1 1.1 1.1 1.3 1 1 1 0.93 0.95 1 1 0.93 0.93 0.93

Number of Cells (-) 20 20 10 30 20 40 30 30 20 30 20 20 20 10 20 30 10 30 30 5 10 30 30 15

Height of Polygon (feet) 22 25 12 30 22 43 32 29 22 30 22 22 22 13 20 30 10 28 29 5 10 28 28 14

Depth to water table.  Estimated based on 
measured values from monitoring wells 

closest to loading area
Malcolm Pirnie, 2010a; Potomac-

Hudson, 2006 

Parameter
Charile 
Demo

Combat 
Town

DZ-
Raven

Goettge 
Demo

LZ-
Falcon

LZ-
Hummingbird

LZ-
Peacock

LZ-
Peregrine

LZ-
Vulture

TF-
MOUT

Murphy 
Demo Range 3A

Range 
3B Range 5 Range 7

Range 
8

Range 
8A Range 11

Range 14 
Combined

Range 
15

Range 
15A

UTC Zones 
B-C

UTC Zone 
D

WTBN 
Combined 

Ranges
Dry Bulk Density (g/cm2) 1.35 1.13 1.36 1.4 1.25 1.38 1.13 1.24 1.35 1.35 1.34 1.38 1.48 1.48 1.37 1.48 1.28 1.33 1.26 1.28 1.33 1.35 1.4 1.24 USDA NRCS, 1988

Effective Porosity (-) 0.26 0.3 0.31 0.32 0.33 0.32 0.3 0.3 0.32 0.28 0.33 0.28 0.33 0.33 0.29 0.33 0.27 0.28 0.28 0.33 0.28 0.28 0.32 0.33 Estimated based on soil type present McWhorter and Sundada, 1977

Volumetric Water Content (-) 0.25 0.3 0.31 0.32 0.25 0.32 0.3 0.3 0.32 0.28 0.25 0.28 0.28 0.25 0.29 0.25 0.27 0.28 0.28 0.28 0.28 0.28 0.32 0.25
Estimated field capacity value for the soil 

type Fetter, 1994

Soil Organic Carbon Content (-) 0.0073 0.0174 0.016 0.0061 0.0087 0.0067 0.016 0.0102 0.0073 0.0058 0.016 0.014 0.0203 0.0116 0.0113 0.016 0.0087 0.0063 0.0102 0.0106 0.0063 0.0058 0.0061 0.012
Estimated organic carbon content of soil 

type from soil survey report USDA NRCS, 1988

Parameter
Charile 
Demo

Combat 
Town

DZ-
Raven

Goettge 
Demo

LZ-
Falcon

LZ-
Hummingbird

LZ-
Peacock

LZ-
Peregrine

LZ-
Vulture

TF-
MOUT

Murphy 
Demo Range 3A

Range 
3B Range 5 Range 7

Range 
8

Range 
8A Range 11

Range 14 
Combined

Range 
15

Range 
15A

UTC Zones 
B-C

UTC Zone 
D

WTBN 
Combined 

Ranges

Recharge Rate (feet/year) 0.31 0.31 0.31 0.43 0.43 0.31 0.43 0.54 0.31 0.43 0.43 0.31 0.54 0.31 0.31 0.31 0.43 0.31 0.43 0.43 0.54 0.43 0.43 0.43
Estimated based on literature values, land 

cover and slope

Swain et al., 1991; McFarland, 
1996; Nelm et al., 1997; Heath, 

1984
Concentration of HMX in Recharge Water 
(mg/L) 0.00014 N/A N/A 0.00016 N/A N/A N/A N/A N/A N/A NM NM N/A N/A NM NM 0.00051 N/A NM 0.0003 NM N/A N/A NM

Estimated from initial mass balance 
analysis

Concentration of RDX in Recharge Water 
(mg/L) 0.161 N/A N/A 0.034 NM N/A N/A N/A NM NM 0.461 0.0164 0.694 0.00773 0.739 1.078 0.0639 0.000407 0.00013 0.188 0.000565 N/A N/A N/A

Estimated from initial mass balance 
analysis

Concentration of TNT in Recharge Water 
(mg/L) 0.076 NM NM 0.00052 NM NM NM NM NM NM 0.395 NM 0.447 1.664 1.078 0.0162 0.0269 NM NM 0.0961 0.000205 NM NM N/A

Estimated from initial mass balance 
analysis

Concentration of Perchlorate in Recharge 
Water (mg/L) 3.3E-05 0.0106 0.00092 0.00011 0.0121 0.00223 0.00221 0.0104 0.00296 0.00369 0.00096 0.000005 0.00115 0.294 0.000309 0.0005 3.2E-05 0.00254 0.000061 0.0441 0.000377 NM 0.00133 N/A

Estimated from initial mass balance 
analysis

Upper Boundary Vapor Condition (mg/L) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 MC modeled are non-volatile

Lower Boundary Vapor Condition (mg/L) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 MC modeled are non-volatile

Upper Cell Number (-) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Lower Cell Number (-) 20 20 10 30 20 10 30 30 20 30 20 20 20 10 20 30 10 30 30 5 10 30 30 15
Initial Contaminant Concentration in Cells
(µg/Kg) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Estimated to be negligible

Notes:

N/A = MC loading rate was estimated to be negligible

NM = not modeled because based on the initial mass balance analysis the concentration was estimated to be below the REVA trigger value

Rationale Reference(s)

2) Soil Parameter

3a) Boundary Condition

MC Loading Area
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Table B-10: Chemical Properties of MC used in the VLEACH Vadose zone Model

CHEMICAL PARAMETER HMX RDX TNT PERCHLORATE Rationale Reference(s)
Organic Carbon Distribution Coefficient 

(mL/g) 3.47 7.76 525 6.91E‐07 HQMC, 2009 HQMC, 2009

Henry’s Constant (‐) 1.12E‐13 5.10E‐04 4.68E‐07 7.85E‐16

equivalent to the Henry's constant divided by the ideal 

gas constant and the ambient temperature HQMC, 2009

Water Solubility (mg/L)  5 42.2 130 200,000 Walsh et al., 1995 Walsh et al., 1995

Free Air Diffusion Coefficient (m2/day) 0.544 0.639 0.553 7.00E‐10 HQMC, 2009 HQMC, 2009

Molecular Weight (g/mol) 296.2 222.1 227.1 99.45
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Table B-11: Saturated Zone Modeling Parameters (Schist Saprolite - Shallow Groundater Flow)

MCB Quantico
June, 2013
Saturated Zone - Schist Saprolite -Shallow groundwater flow

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:

Average:
Maximum:

Minimum:

Average: 2.5

Maximum:

Minimum: 0.0019

Average:

Maximum: 0.091

Minimum:

Average: 0.32

Maximum:

Minimum:

Average: 3

Maximum:

Minimum:

Average: 0.1

Maximum:

Minimum:

Average: 0.03

Maximum:

Minimum:

Average: 1489

Maximum:

Minimum:

Average: 0.0107

Maximum:

Notes:
Green highlight = option one for defining the advection term
Blue highlight = option two for defining the advection term
Gray highlight  = not applicable

Site Name:
Date:
Zone:

Value/Result
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1 Material Type Schist saprolite

OR

3
Horizontal 
Hydraulic 
Conductivity

Hydraulic Conductivity for Schist saprolite McFarland, 1996; Heath, 1984 ft/d

4 Hydraulic Gradient Slope of the Water Table

Advection

2
Groundwater 
velocity

ft/d

Determined from estimated 
groundwater elevations based on 
measurements closest to loading 
areas - listed on Table C-13 for 
loading areas

Malcolm Pirnie, 2010a; Potomac-
Hudson, 2006 

Dispersion

6
Longitudinal 
Dispersion

Dispersion in the direction of flow (horizontally) ft

5 Effective porosity Effective porosity of Schist saprolite
McFarland, 1996; Swain et al., 
1991; Heath, 1984

7
Ratio of Transverse 
to Longitudinal 
Dispersion

Dispersion ratio perpendicular to the direction of flow (horizontally) ft

ft

Retardation

9 Bulk Density Density of Schist saprolite
Estimated based on material 
description

Fetter, 1994; USDA NRCS, n.d.; 
McWhorter and Sundada, 1977 Kg/m3

8
Ratio of Vertical to 
Longitudinal 
Dispersion

Dispersion ratio perpendicular to the direction of flow (vertically)

10 foc Fraction of organic carbon (Schist saprolite)
The organic carbon content 
estimated for the soil types at MC 
loading area

USDA NRCS, 1988

Model Parameters

11 Width of model Larger than width of plume
Assumed to be equivaluent to 
source area width (Table C-13)

33 - 984 ft

0 - 5,480 ft

13 Source thickness Saturated thickness of aquifer layer
Average known thickess around the 
perimeter of the installation

Malcolm Pirnie, 2010a 61

12 Length of model Larger than final length of plume
Distance to closest perennial stream 
(Table C-13)

ft

ft

14 Source Width Width of plume
Assumed to be width of MC loading 
area perpendicular to flow direction - 
Table C-13

33 - 984

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature

Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature

Site Data

Assumption

B-13



Table B-12: Saturated Zone Modeling Parameters (Schist Bedrock)

MCB Quantico
June, 2013
Saturated Zone - Schist Bedrock

Row Data Type Description Source Type Rationale Reference(s) Units
Necessary Actions / 

Data Gaps

Minimum:

Average:
Maximum:

Minimum:

Average: 1.5

Maximum:

Minimum: 5.6E-05

Average:

Maximum: 0.013

Minimum:

Average: 0.015

Maximum:

Minimum:

Average: 3

Maximum:

Minimum:

Average: 0.1

Maximum:

Minimum:

Average: 0.03

Maximum:

Minimum:

Average: 2200

Maximum:

Minimum:

Average: 0.0107

Maximum:

Notes:
Green highlight = option one for defining the advection term
Blue highlight = option two for defining the advection term
Gray highlight  = not applicable

Site Name:
Date:
Zone:

Value/Result

Fl
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1 Material Type Schist bedrock

OR

3
Horizontal 
Hydraulic 
Conductivity

Hydraulic Conductivity for Schist bedrock  Heath, 1984 ft/d

4 Hydraulic Gradient Slope of the Water Table

Advection

2
Groundwater 
velocity

ft/d

Determined from estimated 
groundwater elevations based on 
measurements closest to loading 
areas - listed on Table C-13 for 
loading areas

Malcolm Pirnie, 2010a; Potomac-
Hudson, 2006 

Dispersion

6
Longitudinal 
Dispersion

Dispersion in the direction of flow (horizontally) ft

5 Effective porosity Effective porosity of Schist bedrock
McFarland, 1996; Swain et al., 
1991; Heath, 1984

7
Ratio of Transverse 
to Longitudinal 
Dispersion

Dispersion ratio perpendicular to the direction of flow (horizontally) ft

ft

Retardation

9 Bulk Density Density of Schist bedrock
Estimated based on material 
description

Fetter, 1994; McWhorter and 
Sundada, 1977 Kg/m3

8
Ratio of Vertical to 
Longitudinal 
Dispersion

Dispersion ratio perpendicular to the direction of flow (vertically)

10 foc Fraction of organic carbon (Schist bedrock)
The organic carbon content 
estimated for the soil types at MC 
loading area

USDA NRCS, 1988

Model Parameters

11 Width of model Larger than width of plume
Assumed to be equivaluent to 
source area width (Table C-13)

33 - 2,378 ft

2,362 - 17,712 ft

13 Source thickness Saturated thickness of aquifer layer
Estimated average thickess based 
on depth to bedrock and maximum 
depth of water-bearing fractures

McFarland, 1996; Malcolm Pirnie, 
2010a

465

12 Length of model Larger than final length of plume
Distance to closest supply well 
(Table C-13)

ft

ft

14 Source Width Width of plume
Assumed to be width of MC loading 
area perpendicular to flow direction - 
Table C-13

33 - 2,378

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature

Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature
Site Data

Assumption

Literature

Site Data

Assumption

Literature

Site Data

Assumption
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Table B-13: Estimated Model Length, Model Width and Hydraulic Gradient Values used in the BIOCHLOR Model

Model 
Width (ft)a

Model 
Length 

(ft)a

Approx. 
Stream 
Elevation 
(ft)a

Hydraulic 
Gradient 
(ft/ft)c

Model 
Width (ft)a

Model 
Length 
(ft)a

Ground. 
Surface 
Elevation 
(ft)a

Approx. 
Depth to 
GW (ft)d

Estimated 
GW 
Elevation 
(ft)

Hydraulic 
Gradient 
(ft/ft)c

Charlie Demo 247 23 224 361 640 170 0.084 295 8,528 160 25 135 0.010

Combat Town 340 23 317 262 1017 310 0.007 230 9,938 355 50 305 0.001

DZ-Raven 274 13 261 892 230 240 0.091 984 8,954 170 25 145 0.013

Goettge Demo 315 20 295 426 1509 240 0.036 262 11,152 340 50 290 4.5E-04

LZ-Falcon 270 23 248 328 2854 120 0.045 394 14,104 205 50 155 0.007

LZ-Hummingbird 313 40 273 722 689 270 0.004 525 12,792 200 20 180 0.007

LZ-Peacock 375 32 343 394 1476 300 0.029 361 2,362 390 50 340 0.001

LZ-Peregrine 400 29 372 295 3805 300 0.019 361 12,530 355 50 305 0.005

LZ-Vulture 273 23 251 525 722 210 0.056 492 8,856 270 20 250 5.6E-05

TF MOUT 376 30 346 689 3116 280 0.021 1115 16,400 400 10 390 0.003

Murphy Demo 300 23 278 656 2296 210 0.029 689 9,348 300 25 275 2.7E-04

Range 3A 287 23 265 NM NM NM NM NM NM NM NM NM NM

Range 3B 255 23 233 164 1312 230 0.002 164 7,544 250 25 225 0.001

Range 5 280 13 267 33 1017 230 0.036 33 2,624 290 15 275 0.003

Range 7 353 15 338 NE 0 NE NE 1673 4,428 370 50 320 0.004

Range 8 382 30 352 558 262 335 0.065 1115 8,036 390 10 380 0.003

Range 8A 396 10 386 590 1315 350 0.027 590 9,840 400 10 390 4.1E-04
Range 11e

390 28 362 787 2952 270 0.031 2378 17,712 400 45 355 4.0E-04
Range 11f

390 28 362 787 2722 340 0.008 NA NA NA NA NA NA

Range 14 Combined 322 29 294 820 853 245 0.057 1902 3,608 320 50 270 0.007

Range 15 416 5 411 918 1476 360 0.035 1312 13,284 410 10 400 0.001
Range 15Ae

421 10 411 984 1345 360 0.038 1345 13,776 420 10 410 7.3E-05
Range 15Af

421 10 411 984 5478 335 0.014 NA NA NA NA NA NA

UTC Zones B-C 333 28 305 NM NM NM NM NM NM NM NM NM NM

UTC Zone D 307 28 279 262 2427 230 0.020 262 15,990 310 50 260 0.001

WTBN Combined Ranges 279 14 265 NM NM NM NM NM NM NM NM NM NM

Notes:

GW = Groundwater

NA = Not applicable

NE = Not estimated; perennial stream flows through loading area; therefore, concentration estimated to reach groundwater from the vadose zone modeling result 

          was assumed to discharge to the stream and the saturated zone modeling was not performed for loading area migrating to a stream

NM = Not modeled because MC at the loading area were estimated to be below REVA trigger values in the initial assessment or the vadose zone modeling
a Spatial data (MCB Quantico, 2012a)
b Estimated based on Measurements closest to the loading area (Malcolm Pirnie, 2010a; Potomac-Hudson, 2006)
c Equivalent to groundwater elevation at the loading area less groundwater elevation at the receptor location divided by model length
d Largely estimated based on known measurements close to well. In places where there were no known measurements, a maximum measured depth of 50 ft

    within the installation was used
e Within Cedar Run watershed
f Within Smith Lake watershed

For Range 11 and Range 15A: the proportion of the masses contributed by base flow within Smith Lake and Cedar Run watersheds can be accounted appropriately in the SW modeling.

Model width = width of loading area that is perpendicular to the groundwater flow

Model Lenth = distance from the loading area to the receptor location

Movement to Closest Supply Well

MC Loading Area

Average 
Ground 
Surface 

Elevation (ft)a

Approx. 
Depth to 
GW (ft)b

Estimated 
GW 

elevation (ft)

Movement to Closest Perennial Stream

B-15
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Operational Range Assessment Screening Values 
 

Operational Range Assessment Screening Value Tables 
 

Table 1 - Human Drinking Water Values 
 

MC 
  
CAS # 

Screening Value 
Value (µg/L) Source 

Antimony 7440-36-0 6 EPA RSL Tablea 
Arsenic 7440-38-2 0.045 EPA RSL Tablea 

Barium 7440-39-3 2000 EPA RSL Tablea 

Cadmium 7440-43-9 5 EPA RSL Tablea 

Chromium1 7440-47-3 100 EPA RSL Tablea 

Copper 7440-50-8 620 EPA RSL Tablea 

Lead 7439-92-1 15 Region 6b 

Manganese 7439-96-5 320 EPA RSL Tablea 
Mercury2 7487-94-7 0.63 EPA RSL Tablea 
Molybdenum 7439-98-7 78 EPA RSL Tablea 
Nickel 7440-02-0 300 EPA RSL Tablea 
Silver 7440-22-4 71 EPA RSL Tablea 
Vanadium  7440-62-2   78 EPA RSL Tablea 
Zinc 7440-66-6 4700 EPA RSL Tablea 
HMX 2691-41-0 780 EPA RSL Tablea 
RDX 121-82-4 0.61 EPA RSL Tablea 
TNT 118-96-7 2.2 EPA RSL Tablea 
1,3,5-TNB 99-35-4 460 EPA RSL Tablea 
1,3-DNB 99-65-0 1.5 EPA RSL Tablea 
tetryl 479-45-8 63 EPA RSL Tablea 
NB 98-95-3 0.12 EPA RSL Tablea 
2A-4,6-DNT 35572-78-2 30 EPA RSL Tablea 
4A-2,6-DNT 1946-51-0 30 EPA RSL Tablea 
DNT-mixture 
2,4/2,6 25321-14-6 0.092 

 
EPA RSL Tablea 

2,6-DNT 606-20-2 15 EPA RSL Tablea 
2,4-DNT 121-14-2 0.20 EPA RSL Tablea 
2-NT (o-) 88-72-2 0.27 EPA RSL Tablea 
3-NT (m-) 99-08-1 1.3 Region 6b 
4-NT (p-) 99-99-0 3.7 EPA RSL Tablea 
Nitroglycerin 55-63-0 1.5 EPA RSL Tablea 
PETN 78-11-5 16  

Perchlorate 14797-73-0 15 DoDc

 
Notes:  
These values are "default" values.  Local standards may be more stringent and take precedence. 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific 
constituents. 
1 - Screening value is for Total Chromium 
2 - Screening value is for Elemental Mercury 
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Sources: 
a - EPA Regional Screening Levels (RSL) table – From “Regional Screening Levels for Chemical Contaminants at 
Superfund Sites” which is an update for Region 3 RBCs, Region 6 MSSLs, and Region 9 PRGs. From:  
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm (30 May 2012) 
b - Region 6 – Region 6 MSSL Values 
c - DoD – The Department of Defense has established a screening value for perchlorate of 15 ppb. 
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Table 2 – Ecological Freshwater Surface Water System Values 
 
 Freshwater Surface Water Freshwater Sediment 
MC CAS # Value 

(µg/L) 
Source Value 

(mg/kg) 
Source 

Antimony 7440-36-0 30 EPA Region 3a 12 EPA Region 4d 
Arsenic 7440-38-2 150 EPA NRWQC2,b 8.2 EPA OSWER*,c 
Barium 7440-39-3 3.9 EPA OSWERc 20 EPA Region 6f 

Cadmium 7440-43-9 0.25 EPA NRWQC2,3,b 1.2 EPA OSWERc 
Chromium 
(VI) 7440-47-3 11 EPA NRWQC2,b 81 EPA OSWERc 
Copper 7440-50-8 9 EPA NRWQC2,3,b 34 EPA OSWERc 
Lead 7439-92-1 2.5 EPA NRWQC2,3,b 47 EPA OSWERc 
Manganese 7439-96-5 80 EPA OSWERc 460 Ontario Guidelinesk

Mercury 22967-92-6 0.77 EPA NRWQC2,b 0.15 EPA OSWERc 

Molybdenum 7439-98-7 240 EPA OSWERc 4 
D.D.MacDonald et al., 
1994g 

Nickel 7440-02-0 52 EPA NRWQC2,3,b 21 EPA OSWERc 
Silver 7440-22-4 3.2 EPA NRWQC2,3,b 2 EPA Region 4d 

Vanadium  7440-62-2   19 EPA OSWERc 50 
NOAA Screening 
Tablesh 

Zinc 7440-66-6 120 EPA NRWQC2,3,b 150 EPA OSWERc 
HMX 2691-41-0 150 EPA Region 3a .0047-.47 EPA Region 41,d   
RDX 121-82-4 190 EPA Region 4d .013-1.3 EPA Region 41,d  
TNT 118-96-7 90 EPA Region 4d .092-9.2 EPA Region 41,d  
1,3,5-TNB 99-35-4 11 EPA Region 4d .0024-.24 EPA Region 41,d  
1,3-DNB 99-65-0 20 EPA Region 4d .0067-.67 EPA Region 41,d  

tetryl 479-45-8 NA  53.4 
Nipper et al., 2002j 
(fine grain sediment) 

NB 98-95-3 270 EPA Region 4d 0.488 EPA Region 4d 
2A-4,6-DNT 35572-78-2 20 EPA Region 4d NA   
4A-2,6-DNT 1946-51-0 NA  NA   
2,6-DNT 606-20-2 42 EPA Region 4d 0.0206 EPA Region 4d 
2,4-DNT 121-14-2 44 EPA Region 3a 0.0751 EPA Region 4d 
2-NT (o-) 88-72-2 NA  NA   
3-NT (m-) 99-08-1 750 EPA Region 3a NA   
4-NT (p-) 99-99-0 1900 EPA Region 3a NA   
Nitroglycerin 55-63-0 138 EPA Region 3a NA   
PETN 78-11-5 85000 EPA Region 34,a NA  
Perchlorate 14797-73-0 9300 Dean et al.e NA   
 
Notes: 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific constituents. 
* - Arsenic values for sediment will be compared to background sampling data, if available.  The range will not be 
considered a source of MC migration when the sampling results are less than or equivalent to background concentrations. 

 
1 - These values are dependent on the sediment TOC.  The lower bound is for 1% TOC.  Upper bound is for 100% TOC.  
To determine the site specific value, multiply the % TOC by the lower bound.  E.g. for TNT in sediment w/ 5% TOC it 
would be: 0.46 (5*0.092=0.46) 
2 - Value applies to dissolved metals 
3 - The value is dependent on the hardness of the water, provided value is for a water hardness of 100 mg/L as CaCO3. 
4 – For PETN, EPA Region III values came from TNRCC 2001 & 2000, which are documented sources k & l below. 
 
Sources: 
a - EPA Region 3, Ecological Risk Assessment Freshwater Screening Benchmarks, March 2007 
b - EPA, Office of Water, Office of Science and Technology (4304T), National Recommended Water Quality Criteria, 



Operational Range Assessment Screening Values                                                                    APPENDIX C 
Version 6.1 
Updated 01 August 2012 
 

                                                                      C-4

2006.   
c - EPA Office of Solid Waste and Emergency Response Ecotox Thresholds, January 1996 
d - EPA Region 4, Ecological Risk Assessment Bulletins – Supplement to RAGS (EPA 2001) 
e - Dean, K.E., R.M. Palachek, J.L. Noel, R. Warbritton, J. Aufderheide, and J. Wireman. 2004. Development of 
Freshwater Water-Quality Criteria for Perchlorate. Environmental Toxicology and Chemistry 23(6):1441-1451. 
f - EPA Region 6, Screening Level Ecological Risk Assessment Protocol, Aug 1999. 
g – A Review of Environmental Quality Criteria and Guidelines for Priority substances in the Fraser River Basin, Prepared 
by D.D. MacDonald, MacDonald Environmental Sciences Limited, March 1994 
h - NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Seattle WA, Coastal Protection and 
Restoration Division, National Oceanic and Atmospheric Administration, 12 pages. Buchman, M.F., 1999. 
i - Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of the 
Environment. Queen's Printer of Ontario. Persaud, D., R. Jaagumagi, and A. Hayton. 1993. 
j - Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, and K. Miller. 2002. Toxicological and Chemical Assessment of 
Ordnance Compounds in Marine Sediments and Porewaters. Marine Pollution Bulletin, 44: 789-806. 
k - TNRCC 2000 Texas Surface water Quality Standards, Texas Administrative Code, Title 30, Chapter 307, Effective 17, 
2000. 
 
 



Operational Range Assessment Screening Values                                                                    APPENDIX C 
Version 6.1 
Updated 01 August 2012 
 

                                                                    C-5

Table 3 – Ecological Marine Surface Water System Values 
 

 Marine Surface Water Marine Sediment 
MC CAS # Value 

(µg/L) 
Source Value 

(mg/kg) 
Source 

Antimony 7440-36-0 30 Suter and Tsao, 1996e 2 NOAA 1990g 

Arsenic 7440-38-2 36 USEPA, 2004b 7.24 
MacDonald et al., 
2000*,h 

Barium 7440-39-3 4 Suter and Tsao, 1996e NA   

Cadmium 7440-43-9 8.8 
 
USEPA, 2004b 0.68 

MacDonald et al., 
2000h 

Chromium 
(VI) 7440-47-3 50 

 
USEPA, 2004b 52.3 

MacDonald et al., 
2000h 

Copper 7440-50-8 3.1 
 
USEPA, 2004b 18.7 

MacDonald et al., 
2000h 

Lead 7439-92-1 8.1 
 
USEPA, 2004b 30.2 

MacDonald et al., 
2000h 

Manganese 7439-96-5 120 Suter and Tsao, 1996e 460 Ontario Guidelinesi 
Mercury 22967-92-6 0.94 USEPA, 2004b 0.14   
Molybdenum 7439-98-7 370 Suter and Tsao, 1996e NA   

Nickel 7440-02-0 8.2 
 
USEPA, 2004b 15.9 

MacDonald et al., 
2000h 

Silver 7440-22-4 1.9 
 
USEPA, 2004b 0.73 

MacDonald et al., 
2000h 

Vanadium  7440-62-2   20 Suter and Tsao, 1996e NA   

Zinc 7440-66-6 81 USEPA, 2004b 124 
MacDonald et al., 
2000h 

HMX 2691-41-0 330 Talmage et al., 1999o .0047-.47 
EPA Region 41,a  
 

RDX 121-82-4 5000 Nipper et al., 2001k .013-1.3 EPA Region 41,a 
TNT 118-96-7 180 Nipper et al., 2001k .092-9.2 EPA Region 41,a 
1,3,5-TNB 99-35-4 25 Nipper et al., 2001k .0024-.24 EPA Region 41,a 
1,3-DNB 99-65-0 180 Nipper et al., 2001k .0067-.67 EPA Region 41,a 

tetryl 479-45-8   
53.4 

Nipper et al., 2002l 
(fine grain 
sediment) 

NB 98-95-3 66.8 USEPA, 2002c 27 
Talmage and 
Opresko, 1995j 

2A-4,6-DNT 35572-78-2 1480 
TNRCC, 2001m and 
TNRCC, 2000n NA   

4A-2,6-DNT 1946-51-0 NA NA NA   
2,6-DNT 606-20-2 1000 Nipper et al., 2001k 0.55 Nipper et al., 2002l 

2,4-DNT 121-14-2 480 Nipper et al., 2001k 0.23 
Talmage and 
Opresko, 1995j 

2-NT (o-) 88-72-2 NA NA NA   
3-NT (m-) 99-08-1 NA NA NA   
4-NT (p-) 99-99-0 NA NA NA   

Nitroglycerin 55-63-0 138 
TNRCC, 2001m and 
TNRCC, 2000n NA   

PETN 78-11-5 
 
85000 

 
EPA Region 32,d 

 
NA 

 

Perchlorate 14797-73-0 9300 Dean et al., 2004f NA   
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Notes: 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific constituents. 
* - Arsenic values for sediment will be compared to background sampling data, if available.  The range will not be considered 
a source of MC migration when the sampling results are less than or equivalent to background concentrations. 

1 - These values are dependent on the sediment TOC.  The lower bound is for 1% TOC.  Upper bound is for 100% TOC.  To 
determine the site specific value, multiply the % TOC by the lower bound.  (e.g. for TNT in sediment w/ 5% TOC it would be: 
0.46)(5*0.092=0.46) 
2 - EPA Region III for PETN marine water refers to US EPA Region 3’s Freshwater Screening Benchmark table for a value.  
These values came from TNRCC 2001 & 2000, which are documented sources m & n below. 
 
Sources: 
a - EPA Region 4, Ecological Risk Assessment Bulletins - Supplement to RAGS (EPA 2001) 
b – EPA – USEPA 2009 National Recommended Water Quality Criteria Office of Water and Office of Science and 
Technology. 
c – EPA – USEPA 2002 Ecological Risk Assessment Bulletin 2/11/2002. Waste Management Division, Freshwater Surface 
Screening Values for Hazardous Waste Sites, February. 
d - EPA Region 3, Ecological Risk Assessment Freshwater Screening Benchmarks, March 2007 
e – Suter and Tsao, 1996 Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Aquatic 
Biota: 196 Revision. ES/ER/Tm-96/R2. 
f –  Dean, K.E., R.M. Palachek, J.L. Noel, R. Warbritton, J. Aufderheide, and J. Wireman. 2004. Development of Freshwater 
Water-Quality Criteria for Perchlorate. Environmental Toxicology and Chemistry 23(6):1441-1451. 
g - The potential for biological effects of sediment-sorbed contaminants tested in the national status and trends program. 
NOAA Technical Memorandum NOS OMA 52. Long, E.R. and L.G. Morgan. 1990. 
h - MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment 
quality guidelines for freshwater ecosystems. Archives of Environmental Contamination and Toxicology, 39: 20-31. 
i - Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of the Environment. 
Queen's Printer of Ontario. Persaud, D., R. Jaagumagi, and A. Hayton. 1993. 
j - Talmage, S.S., and D.M. Opresko.  1995. Draft Ecological Criteria Documents for Explosives, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 
k – Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, K. Miller, and S. Saepoff, 2001. Development of Marine Toxicity 
Data for Ordnance Compounds, Archives of Environmental Contamination and Toxicology, 41:308-31. 
l - Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, and K. Miller. 2002. Toxicological and Chemical Assessment of 
Ordnance Compounds in Marine Sediments and Porewaters. Marine Pollution Bulletin, 44: 789-806. 
m – TNRCC 2001 Guidance for Conducting Ecological Risk Assessment and Remediation Sites in Texas, Toxicology and 
Risk Assessment Section, December. 
n – TNRCC 2000 Texas Surface water Quality Standards, Texas Administrative Code, Title 30, Chapter 307, Effective 17, 
2000. 
o – Talmage, S.S., D.M. Opresko, C.J. Maxwell, J.E. Welsh, M. Cretelia, P.H. Reno, and F.B. Daniel. 1999. Nitroaromatic 
munition compounds: Environmental effects and screening values. Reviews in Environmental Contamination and Toxicology, 
161: 1-156. 
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