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INTRODUCTION 
 
In 2019 and 2020 a collaborative research and outreach program was initiated to address 
challenges and issues related to urban development and water quality in the Fredericksburg 
area (including Stafford and Spotsylvania Counties). Partners include Virginia Tech, Dr. Henry 
(Buck) Cox, the Resource Protection Group and others. One particular area of focus has been 
the determination of threats to the Rappahannock River ecosystem due to the rapid 
development currently occurring in the region. In addition to the program described here, a 
parallel project focused on predicting nutrient and sediment loads in urban runoff is being 
conducted by Dr. David Sample of the Hampton Roads AREC and the BSE Department.     
 
The portion of the program reported here was focused on further identification of risks to local 
soil and water quality from acid sulfate soils.  Acid sulfate soils form when sulfide-bearing 
geologic materials are disturbed and exposed to oxidizing conditions at the ground surface. 
Oxidation of sulfidic materials may result in extremely low soil and water pH values (pH < 3.5) 
leading to phytotoxic conditions, local water degradation, corrosion of metal infrastructure, and 
damage to concrete. Problematic conditions can become apparent within just a few months 
from the time of exposure, but may also be time-lagged for several years.  
 
Naturally occurring sulfidic materials underlie much of the Fredericksburg area at variable 
depths (Figs. 1+2) and thus are commonly encountered by land developers. The development 
of acid sulfate soils and related problems has been documented at multiple construction sites in 
the Fredericksburg area since the 1990s. Previous related research efforts in the 
Fredericksburg area included the identification, delineation, and characterization of sulfide-
bearing geologic formations as part of a state-wide project (1997-2001; Orndorff and Daniels, 
2004) and remediation of the Stafford Regional Airport (2001-2006; Fanning et al., 2004; 
Orndorff et al., 2008).  In addition, over the past 20+ years Virginia Tech has provided 
remediation prescriptions and other consultation for several development projects (Great Oaks, 
Carriage Hills, Cosner’s Corner, etc.) where potential or active acid sulfate soils were 
recognized. The acid sulfate soils component of this research program was included to revisit 
the area, establish contact with interested parties (local government, state agencies, private 
consultants, homeowners, etc.), update tracking of known occurrences, and provide educational 
opportunities on the recognition and remediation of acid sulfate soils in the Fredericksburg area.  
 
CONTACTS 
 
The following list includes people with whom we had contact, or were referred to, regarding acid 
sulfate soils in the Fredericksburg area in 2019.  
 
Stafford County  

Brenda Duckworth: Stafford Co. Env. Div., E&S inspector, bduckworth@staffordcountyva.gov 
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Mimi Faha: Stafford Co. Env. Div., Stormwater Management Technician, 
mfaha@staffordcountyva.gov, 540-658-8833 

Joseph Fiorello: Stafford Co. Env. Div., Environmental Planner, 540-658-8689 
Scott Rae: Stafford Co. Env. Div., Environmental Programs Manager, 

srae@staffordcountyva.gov, 540-658-8667 
 

Spotsylvania County 
Jason Dauch: Spotsylvania Co. Env. Div., Structural Eng., jdauch@spotsylvania.va.us, 540-

507-7233 
Richard Street: Spotsylvania Co Env. Div., Deputy Director of Environmental Codes, 

rstreet@spotsylvania.va.us, 540-507-7426 
 

VDOT 
Michael Coffey P.E.: VDOT 
Leo Snead: VDOT District Env Manager – Fredericksburg, 540-899-4209 

leo.snead@vdot.virginia.gov 
Ed Wallingford: VDOT, 804-371-6824, ewallingford@vdot.virginia.gov 
 

University of Mary Washington 
Ben Kisila: University of Mary Washington, Professor of Geology and Environmental Science, 

bkisila@umw.edu, 540-654-1107 
Melanie Szulczewski: University of Mary Washington, Professor of Environmental Science, 

mszulcze@umw.edu, 540-654-2345 
 
Other professionals 

Kathy Frieberger: ECS, Senior Principal Engineer, kfrieberger@ecslimited.com, 540-785-6100 
Michael Galli: ECS, Southern Region Manager, mgalli@esclimited.com, 757-229-6677 
Bill Griffith: Dominion Engineering Associates, Inc., Senior Project Geologist,  

bgriffith@dea-inc.net, 540-710-9339 
Gregory Johannes: Shirley Contracting, gregory.johannes@shirleycontracting.com, 703-595-

1866 
Scott Klevenhagen: CIS, President and Principal Engineer, scott@ciseng.net, 703-669-9052 
Allen Parker: Froehling and Robertson, Regional Vice President, aparker@fandr.com, 540-

891-2771  
Steven Peterson: Talbert & Bright, Project Manager, speterson@tbiric.com, 804-768-6824 
Marta Perry: Tri-county/city Soil and Water Conservation District, District Manager, 

marta.perry@tccswd.org 
Ed Wallis: Director, Stafford Regional Airport, director@staffordairport.com 
 

Homeowners 
Helene Bates: homeowner (Carriage Hills), helene.bates@fsresidential.com 
Michelle Delfini-Reed: homeowner (Coriander Rd, Embry Mills), mdolfinireed@msn.com, 540-

226-2154 
Patty Hollins: homeowner (Carriage Hills), phchfr@gmail.com 
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MEETINGS AND OUTREACH 

On June 27, 2019, we met with employees from the Stafford County Environmental Division, 
and were provided with a map and list of locations for several sites known or suspected to have 
acid sulfate soil problems. We had previous experience with some of the sites on this list. We 
subsequently visited most of these sites to confirm the presence of acid sulfate soils, and to 
photo-document current conditions (Figs. 3-8).  In particular, Embrey Mill and the Courtyards at 
Colonial Forge were new sites for us and both exhibited significant indicators of active acid 
sulfate soils (Figs. 3 + 4) such as red iron staining on concrete, white sulfate salt crusts or 
dead/dying vegetation. The Environmental Division expressed interest in having guidelines for 
field evaluation, testing, and sampling of suspected potential/active acid sulfate soils.  

On June 28 we had a similar meeting with employees from the Spotsylvania County 
Environmental Division. We discussed the need for potential acid sulfate soils assessment 
during planning/zoning (prior to building permit process), and they expressed interest in 
developing and requiring more acid sulfate soil criteria within their sediment + erosion codes.  

On June 28 we met with Kathy Frieberger (ECS) to discuss the need for “getting ahead” of 
potential acid sulfate soils problems by identifying potentially problematic materials before 
disturbance, and inquired about getting data from geologic borings from recent and/or current 
projects. We were advised that someone would follow up with this data request. No further 
information was received.  

On June 28 we attempted to meet with contractors regarding acid sulfate soil problems 
associated with road construction at I95/Rt 630, but they cancelled the meeting.  

On January 24, 2020, we held a free one-day public seminar at the University of Mary 
Washington addressing recognition and remediation of acid sulfate soils in the Fredericksburg 
area. This community outreach program was intended for all parties who might be interested in 
acid sulfate soils including government agencies, private consultants, and homeowners. 
Approximately 125 people were in attendance. 

 

SUMMARY  

As expected, our efforts on this component of the overall project confirmed expectations that 
exposures of potential acid sulfate materials are becoming much more common in the region as 
development rates increase. The images presented here in Figs. 3-8 clearly demonstrate this. 
One factor in this is that development is increasingly occurring on steeper sloping portions of the 
landscape that extends the necessary depth of excavation for foundations and infrastructure 
grades which then increases the probability of encountering sulfidic materials.  

We continue to encourage all counties and localities in the region to establish enforceable 
policies and building codes that require the identification of these materials prior to disturbance 
and ensure that negative impacts to local soil and water quality will be properly mitigated. 
Extensive guidance on issue can is available at  https://landrehab.org/home/programs/acid-
sulfate-soils-management/.  
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RELEVANT GEOLOGIC MAPPING 
An internet search was completed to update our list of relevant geologic mapping in the 
Fredericksburg area. 

Geologic map of the Washington West 30’ × 60’ quadrangle, Maryland, Virginia, and 
Washington D.C. USGS Open-File Report 2017-1142. 
https://pubs.er.usgs.gov/publication/ofr20171142  

Geology and Mineral Resources of Stafford County, Virginia (2008), 
https://www.dmme.virginia.gov/dgmr/pdf/CompPlanning/Stafford%20County%20Geologic%20
Map.pdf 

Geologic map of the Stafford Quadrangle, Stafford County, Virginia (2005), 
https://pubs.er.usgs.gov/publication/sim2841 

Geologic map of the Fredericksburg 30’ x 60’ quadrangle, Virginia and Maryland (2000), 
https://pubs.er.usgs.gov/publication/i2607 

Piedmont geology of the Stafford, Storck, Salem Church, and Fredericksburg quadrangles, 
Stafford, Fauquier, and Spotsylvania counties, Virginia (1995), 
https://pubs.er.usgs.gov/publication/ofr95577 
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Figure 1. Occurrence of known sulfide-bearing geologic formations in the Fredericksburg area 
(Orndorff and Daniels, 2004). Note: this is based on surficial mapping from the Geologic Map of 
Virginia (1993) and thus does not account for the presence of sulfide-bearing materials in 
underlying geologic formations which may occur within common excavation depths.  
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Figure 2. Known acid sulfate soil locations in the Fredericksburg area, and suspected sites 
provided by the Stafford County Environmental Division. Additional smaller occurrences are 
known throughout the area (i.e. numerous road cuts along I-95 and US 1).  
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Figure 3. Visual indicators of active acid sulfate soils (i.e. iron-staining on cement, dead sod) 
are prominent throughout the Embrey Mill subdivision (site #3 in Fig. 2). Photos taken June, 
2020. 
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Figure 4. Visual indicators of active acid sulfate soils (red drainage water and dead vegetation) 
are prominent in the stormwater basin directly adjacent to the Courtyards at Colonial Forge (site 
#4, Fig 2). Photos taken June, 2020. 
  



9 
 

 
Figure 5. Visual signs of active acid sulfate soils (iron staining, white sulfate salt crusts, cement 
deterioration, and dead vegetation) are evident at Cosner’s Corner (site #12, Fig 2). This site 
was previously visited during active development in the mid-2000s. Photos taken June 2020.  
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Figure 6. Ellison Estates subdivision (site #5 in Fig. 2) was reported as a suspected acid sulfate 
soils site, but at the time of our visit there were no clear indicators of active acid sulfate soils.  
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Figure 7. Southgate by D.R. Horton subdivision (site #8 on Fig. 2) was reported as a suspected 
acid sulfate soils site. At the time of our visit there was possibly some faint iron-staining, white 
salts and dying sod, but overall there were no clear indicators of active acid sulfate soils (that 
could change with time).  
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Figure 8. Spoils from Southgate by D.R. Horton subdivision, suspected to contain sulfidic 
materials, were deposited in this field which is adjacent to the northeast of intersection Rt1-N 
and 676 (site #7 in Fig. 2). Although there were some areas with patchy vegetation, no clear 
indicators of active acid sulfate soils were apparent. Documenting disposal locations of potential 
acid sulfate soils material will be useful for future planning.  


