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8th International Acid Sulfate Soils Conference
Post-Meeting Field Trip Guidebook
Zenah Orndorff, W.L. Daniels, D.S. Fanning, M.C.Rabenhorst,
Kathryn Haering.
Virginia Tech and the University of Maryland
Schedule and Stops
Friday July 22
7:30 am

Depart College Park

9:00 am

1 - Loyola Retreat Center

11:30 am

2 - Luck Stone Caroline Mine

2:00 pm

3 - I-295 x US 360 Mechanicsville (lunch enroute)

4:00 pm

4 - Shirley Plantation (Weanack Land LLLP)

7:30 pm

Night in Fredericksburg (Fairfield Inn)

Saturday July 23
8:00 am

Depart hotel

8:30 am

5 - Great Oaks Subdivision

10:00 am

6 - Stafford Airport

2:00 pm

Depart airport (lunch at terminal during visit)

2:30 pm

7 – Wyche Road (optional if time allows)
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Map of Field Trip Locations - July 22 and 23, 2016
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STOP 1 - CLIFF EXPOSURE OF THE NANJEMOY FORMATION ALONG
THE POTOMAC RIVER AT LOYOLA RETREAT HOUSE
By Del Fanning, Dan Wagner, Derrin Lowery, Marty Rabenhorst with much help from others
This site provides an excellent
demonstration of the boundary between
the brown soil materials of the oxidized
zone at the top of the cliff and the dark
gray color of the unoxidized zone at the
base of the cliff. Lateral oxidation into
the unoxidized zone on the face tends to
obliterate the gray colors of the
unoxidized zone on the face, which in
many places contains bitter-tasting salts
(iron and aluminum sulfate minerals such
as rozenite, copiapite, and halotrychite),
produced by the acid sulfate weathering
of pyrite of the unoxidized zone. In the
soil materials along the boundary at the
top of the unoxidized zone, pale yellow
jarosite is visible in many places, and a
thin sulfuric horizon as defined by Soil Taxonomy may be present, overlain by post-active acid sulfate soil
materials. Most of the iron oxides of the oxidized zone was likely released during oxidation of the pyrite
-- as documented for other sites nearby ,such as the
Burrough’s site data of Wagner (1982) (about 1 mile
north), shown on subsequent pages. Figure 1-2 shows
Del Fanning beside unoxidized zone of the soil- geologic
column that has been weathered after exposure by shore
erosion. A red “splash zone” can be seen where orange
iron oxides occur at the base of the cliff, which may have
formed by splashing of the high pH brackish water onto
the base of the cliff, triggering the oxidation of the iron
Figure 1-1. Photo of cliff face by Darrin Lowery looking to the north.

Figure 1-2. Del Fanning standing beside unoxidized zone

containing salts and the precipitation of Fe oxides –
possibly lepidocrocite and/or goethite. Figure 1-3
shows a close-up of the “splash zone”. The iron
oxides occur only on the face. The round object
that protrudes from the cliff face in the lateral
middle of the photo, but close to the top vertically,
is silica cemented. Sandy soil material of the
beach lies against the bottom of the cliff.
Figure 1-3. A close-up of the “splash zone”

117

Site where samples were collected along exposed face on
the Potomac River about a mile N of Popes Creek. Arrow
shows approximate location of where the nodules were
collected.

Nodule #1

Nodule #2

Figure 1-4. Cemented nodules collected from the unoxidized zone during the November 2011 tour
were proposed by some to be cemented with siderite.
X-ray diffraction patterns of two hard cemented nodules collected from the unoxidized portion of the Nanjemoy formation
at the Loyola Retreat Center near Popes Creek, MD on Friday Nov. 4, 2011 during the VAPSS/MAPSS Acid Sulfate Soils field
trip by M. C. Rabenhorst. The patterns from the two nodules are nearly identical. Primary constituents appear to be calcite,
quartz and glauconite, with some minor amounts of pyrite. There was no evidence of siderite.
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Figure 1-5 X-ray diffraction patterns of two cemented nodules collected from the unoxidized
portion of the Nanjemoy formation at the Loyola Retreat Center near Popes Creek, MD on Friday
Nov. 4, 2011 during the VAPSS/MAPSS Acid Sulfate Soils field trip by M. C. Rabenhorst. The
patterns from the two nodules are nearly identical. Primary constituents appear to be calcite,
quartz and glauconite, with some minor amounts of pyrite. There was no evidence of siderite
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The soil profile pictured below with S and Fe data on subsequent pages was studied by Dan
Wagner as part of his Ph.D. dissertation studies at the Burrough’s (Mt. Air) site, about 1 mile up
the Potomac River from the Loyola Retreat House location. Here the entire cliff, except for
some thin, presumed wind-deposited silts at the top, were in a cut terrace of the glauconitic
Tertiary Nanjemoy formation.
.

Figure 1-6. A 6 meter profile in sulfidic, glauconitic Tertiary sediments
on Potomac River cliff face studied by Wagner (1982). Oxidized zone is
nearly 3 meters deep with a sulfuric horizon with gypsum crystals at
top of un-oxidized zone. White shells occur in black sulfidic materials
in un-oxidized zone. Surficial materials from lateral weathering were
removed to show the profile. The info here and in the next two pages
are from a Power Point presentation by Fanning et al. which fed into a
paper, Fanning et al. (2010), published in Geoderma.
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Figure 1-8. Fe forms with depth in same profile, previous
pages, after Wagner, 1982. Silicate Fe, mainly in
glauconite, accounts for the biggest share of Fe at all
depths. The implication is that the bulk of the Fe of the Fe
oxides and jarosite in the oxidized zone came from Fe
sulfides in the parent material of these horizons. Note
change in depth scale below 3.0 meter depth.

Figure 1-7. Sulfur forms with depth for profile shown on
previous page, after Wagner, Ph.D. dissertation, 1982.
Pyrite is present only in un-oxidized zone. Jarosite is
retained in post-active zone in lower part of 3m soil. J and
soluble sulfate are present in un-oxidized zone because of
post-sampling oxidation. Note change in depth scale
below the 3.0 meter depth
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Excerpted from WCSS Tour Guidebook, Fanning 2006
The cliff face here has many interesting (acid sulfate) and other weathering features. It was
discovered for us by graduate student David Ruppert when he was participating in a retreat at the
Retreat House and he went for a walk down to the river. We have been helped at this site as well
by a former graduate student, Carol Loopstra.
One of the points of interest here is a thick Native American oyster shell kitchen midden. There
are such middens at many places along the tidal Potomac River, but this is one of the thickest
that we have seen. It appears to have a buried soil surface with a thick A horizon (probably a
buried anthropic epipedon) within it – that apparently was followed by another period of shell
deposition. A few miles farther down the river, the small present-day village of Morgantown is
built on an extensive midden on flat land just a little above sea level. The soils of that midden
site have been studied as part of Master’s thesis research by former students Jim Luzader (1983)
and Ian Kaufmann. Pictures of a soil profile and a midden landscape when the soil was tilled
from that site appear on page 67 in the Fanning and Fanning (1989) book.

Figure 1-9. Former student Carol Loopstra holding a tiling spade above a Native American oyster shell kitchen midden
exposed on low cliff above tidal Potomac River 50 meters upriver from where the trail from the Loyola Retreat House
reaches the river.

This site will also afford an opportunity to view other parts of the cliff face to see the oxidized
vs. un-oxidized parts of the soil-geologic column that are in marine sediments of Miocene
(probably Calvert formation) and/or Eocene (probably Nanjemoy formation) age. One of the
interesting features that occurs in the cliff face are what we think are petrified (silicified) tree
logs that have petrified worm burrows within them (Fig. 10).
At the Mt.Air cliff, macroscopic gypsum crystals where former calcium carbonate shells have
been converted to gypsum by sulfuric acid, as well as jarosite and iron (hydr)oxides formed by
acid sulfate weathering are to be seen in the base of the oxidized zone and in the actively
sulfuricizing zone at the top of the un-oxidized zone.
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Figure 1-10. This feature near the base of the cliff on the Potomac River at the Loyola Retreat House may represent a
worm burrowed log. The surrounding sediments, which contain shells and shell casts are also apparently silicified.
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Table 1-1. Soil Description Loyola 1 Profile - Kitchen Midden Soil on Cliff Face
Horizon
Depth (cm)
Description
˄Ap
0-20
black, 10YR 2/1, very dark grayish brown 10YR 3/2 dry; loam, only one
oyster shell in quart-size sample, but some shell fragments were found when
air-dry sample was sieved (for sieved materials, 13% >2mm, 87% < 2mm by
weight); moderate-strong, fine, granular structure, friable; pH 7.2 or higher
with Cornell field kit; clear, smooth boundary; The sample for this
description was taken in field about 50 cm back from pit face.
˄C1
20-45
about 95% by volume oyster shells by field estimate (after sieving air dry
materials, 85.7 % >2mm, 14 % <2mm by wt.) – the shells are hard, not
breakable in finger; when hit and broken, the broken surfaces are white, 10YR
8/1 moist or dry, a few shells have holes in them apparently solution holes;,
material between shells is very dark grayish brown, 10YR 3/2 moist, loam
texture and friable, but overall texture is gravel where the gravel is oyster
shells; calcareous, shell fizz violently with 10% HCl; abrupt, smooth
boundary, but boundary dips from left to right across pit area described from
about 40 cm at left to 75 cm on right across about 1 meter of profile width.
˄Ab
45-60
black, 10YR 2/1; dark grayish brown 10YR 3/2 dry -- the material between
the shells gives the horizon its black overall color ; this horizon has a gravel
texture with the gravel as oyster shells with the shells occupying about 80% of
the solid material by field estimate (67.7% >2mm, 32.3% <2mm by wt. for
air-dry materials); friable; pH; many fine roots; clear, smooth boundary, but
boundary dips parallel with boundary of C1 horizon.
˄C2
60-120
about 95% oyster shells by volume by field estimate, much like C1 horizon,
(92.8% % >2mm, 7.2% % <2mm by wt. for sieved sample), the shells are of
gravel size, but material between shells is dark grayish brown 10YR 3/2 moist
loam, friable; calcareous from shells; few roots; abrupt, smooth boundary.
˄A’b

120-140

black 10YR 2/1, dark gray 10YR 4/1 dry with color coming from loam
material between shells; this horizon has a gravelly and/or very gravelly
texture with the gravel as oyster shells with the shells occupying about 6070% of solid material in top of the horizon and about 40 % at the bottom
(35.6% >2mm, 64.4% < 2mm on sieved overall sample; friable; clear,
smooth horizontal boundary.
2Bb
140+
olive brown 2.5Y 4/4 moist; very gravelly sandy loam, but here the gravel is
rounded quartzite; friable; about 20 cm visible in profile exposed for this soil
description; deeper horizons/layers may be described at another time when
would like to document that the pH remains high throughout this zone that
was likely sulfuricized upon oxidation of sulfides that were in the original
parent material of this zone.
Description started in field on June 17, 2015 by Del Fanning and Dan and Mary Wagner with assistance
from Michael Fanning and Norm Brady. Approx. Location 38.417396 North, -77.000525 West
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Figure 1-11. Del Fanning describing shell midden soil at the Loyola cliff face in Charles County, MD.
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Table 1-2. Percent of shell fractions less than and greater than 2mm.
Horizon
<2mm
>2mm
Total
Ap
650.31g
96.96g
747.27g
87.0%
13.0%
100.0%
C1
190.32g
1141.46g
1331.78g
14.3%
85.7%
100.0%
Ab1
272.59g
571.98g
844.57g
32.3%
67.7%
100.0%
C2
85.48g
1101.64g
11.87.13g
7.2%
92.8%
100.0%
Ab2
350.41g
634.97g
985.38g
35.6%
64.4%
100.0%
2Bb
560.25g
444.85g
1005.10g
55.7%
44.3%
100.0%
Data for the above table (1-2) were determined from samples of the various horizons that were collected,
air-dried and then sieved with a 2mm sieve with the >2mm and <2mm soil materials collected and
weighed. There were difficulties in sampling due to the loose nature of the deposited shells. .
Location: This profile was described at top of cliff several meters north of where the beach by tidal
Potomac River is entered from where one can enter the beach in coming from the Retreat House at the
south end of the Retreat House property. The approximate location is Lat 38.417396, Long -77.000525.
DSF Comments, 6/15/16. My intent has been to gather more information to make this description more
complete and ideally down the profile beneath this midden thru the oxidized zone to the un-oxidized zone
that occurs a few meters beneath the depth so far described. Unfortunately this has not yet been
accomplished. We are convinced that the pH of the oxidized zone beneath the midden has been raised
and the zone recharged with bases, presumably mainly calcium, from those leached from the long term
duration of the shells at the surface, but this has yet to be documented from deep auger samples yet to be
taken beneath the profile.
The classification of the midden soil has not yet been determinined, however the soil has the
characteristics of a Rendoll by Soil Taxonomy (Rendzina soil) and likely has an anthropic epipedon (thus
we have suggested that such soils be classified as Anthropic Rendolls), citric acid phosphorus levels high
enough to qualify for anthropic have been determined on other midden soils nearby, such as at the midden
at Morgantown, a couple of miles down river, however, the levels of P required to qualify for anthropic
have been raised in the latest editions of Soil Tax., so phosphorus levels may no longer be high enough
for anthropic epipedon. The high levels of P in the oyster shell midden soils are attributed to human
excrement deposited on these soils when they were occupied, at least intermittently, by Native Americans
when the shells were deposited.
References:
Fanning, D. S. and M. C. B. Fanning. 1989. Soil: Morphology, Genesis, and Classification. John Wiley and Sons,
New York.
Luzader, J. D. 1983. Characterization of soils developed in oyster shell middens in Maryland. M.S. Thesis.
University of Maryland, College Park, MD.
Wagner, D. P. 1982. Acid sulfate weathering in upland soils of the Maryland Coastal Plain. Ph.D. dissertation,
University of Maryland, College Park, MD.
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An Archaeological Perspective
A Brief Summary of the Popes Creek Midden Deposits along the Potomac River
By Darrin L. Lowery, Ph.D.
The Popes Creek area has a rich archaeological
record. The archaeological record is indicated by
the vast quantities of shell that are deposited across
the landscape (see Figure 1). These shell deposits
represent the refuse from thousands of prehistoric
Native American meals that were discarded across
the landscape over many millennia. The earliest
shell midden debris along this stretch of the
Potomac River dates to around 4,000 to 4,500 years
ago. As expected, carbonized wood from ancient
heaths (see Figure 1A), prehistoric ceramic
fragments (see Figure 1B), stone tool chipping
debris, damaged projectile points, and other
materials have been found within the Popes Creek
middens. The impressions on the ceramics (see
Figure 2) provide evidence of other perishable
materials (i.e., cordage, nets, and other fabrics) that
have long since decayed and disappeared from the
archaeological record. Some decorations observed
on the ceramics show strong humanistic ties. A
uniform
gouged
Figure 1-12. Lowery Figure 1. Eroded Shell Midden
with Prehistoric Refuse
surface
along the
rims of some ceramic shards (see Figure 3) may have
been created by scratching the surface of the wet clay
with a finger nail and finger prints in the clay have
also been noted on a few specimens.
The artifacts shown in Figure 4 illustrate the longterm archaeological record associated with the Popes
Creek area. The prehistoric ceramics include
Mockley ware, which is an oyster shell-tempered type
of vessel that was manufactured between 2,000 and
1,600 years ago. At that time, sea levels in the bay
were 1.5 to 2 meters lower than present. Popes Creek
ware, which was named for the Popes Creek site was
manufactured between 2,200 and 2,500 years ago.
Sea levels at that time were around 2.5 meters lower
than present. Finally, Accokeek ware documents a
Figure 1-13. Lowery Figure 2. Prehistoric
Mockley Type Vessel Fragment with a Net
Impression

human presence at the Popes Creek site between
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2,500 and 2,700 years ago. During this era, sea levels
in the Chesapeake Bay watershed would have been at
least 3 meters lower than present. Between 1,800 and
2,500 years ago, prehistoric fossil sharks teeth
belonging to the species Carcharodon carcharias
were being collected by the prehistoric cultures living
around the bay from the late Miocene deposits and
being traded to the mound-building cultures in the
Ohio Valley. Finally, the shape of the oysters
throughout the stratified the Popes Creek midden
deposits document the ancient salinity changes, the
water clarity transformations, and the bottom
conditions along the Potomac River over the past
three thousand years.
Between 1834 and 1840, Julius T. Ducatel, the State
Geologist of Maryland, recorded many of the
Figure 1-14. Lowery Figure 3. Prehistoric Popes
prehistoric shell middens in the Chesapeake Bay area Creek Vessel Fragment with “Finger Nail” Incised
Rim Decorations
as sources of calcium to be mined for agricultural
purposes. Early reports indicate that some of the
Popes Creek middens were over 6 meters thick
before they were hauled away for farming or
road construction activities. Like many middens
around the Chesapeake, their size has been
greatly reduced over the decades from mining
and other agricultural activities. In the late 19th
century, William Henry Holmes, a representative
of the Smithsonian Institution, conducted the
first systematic archaeological excavations at
Popes Creek. His work along with later
excavations documented the immensity and the
long chronological record associated with these
grand prehistoric archaeological sites. The
Popes Creek middens represent some of the
largest prehistoric refuse piles in North America
and they reflect interaction between humans and
the former ecological bounty of the developing
Chesapeake Bay.

Figure 1-15. Lowery Figure 4. A Variety of Refuse from
the Midden
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Acid Sulfate Soils and Sulfidic Geologic Materials in Virginia
Introduction and Overview
Sulfidic soil and geologic materials occur in all five geologic regions of Virginia. In
southwestern Virginia, they are commonly associated with coal seams and black shale strata in
the Appalachian Plateau. They also occur in Devonian shales in the folded and faulted Ridge &
Valley province. Sulfide mineralization (primarily hydrothermal) is also associated with
numerous heavy/precious metal deposits in the igneous/metamorphic rocks that dominate the
Blue Ridge and Piedmont regions of central Virginia and in the Quantico slate formation in the
northeast. However, the largest exposures of sulfidic materials have occurred in the Coastal
Plain region of Virginia due a wide variety of land-disturbing activities including road corridor
excavations, construction projects, sand & gravel mining, and created wetland development.
Once exposed, these materials frequently progress through sulfuricization processes to produce
very low (< 3.5) soil and water pH conditions with associated high levels of soluble salts and
bioavailable Al, Fe, Mn and other metals.
The vast majority of significant and problematic exposures are associated with the Chesapeake
Group sediments which in Virginia include several Miocene and lower Pliocene formations, the
most notable of which is the Eastover formation. Sulfidic sediments also occur in the younger
Pleistocene aged Shirley and Tabb formations and are occasionally problematic. Tidal marsh
environments are extensive in eastern Virginia and commonly contain sulfidic materials, but
their rate of exposure is rare due to wetland protection regulations.

Stop 2: Luck Stone Caroline Mine
Extensive economic sand and gravel deposits commonly occur in eastern Virginia associated
with Pleistocene fluvio-marine terraces associated with major river systems such as the James,
Mattaponi and Rappahannock. These deposits are mined at dozens of locations in Virginia and
are commonly composed of thick fining-upwards sequences of gravels and sands which often lie
unconformably over truncated Chesapeake Group sediments. The boundary between the two
units is typically marked by either well-developed ironstone layers in well-drained upland
positions or thicker more diffuse “red clays” in lower more poorly-drained landscapes. Locally,
the Miocene/Pliocene units are called “blue marl” by miners and well-drillers due to abundant
brachiopod and other fossil shells.
In 2004, Luck Stone developed a new mine at this location and used the finer-textured Miocene
aged sediments at depth to construct an embankment for their surge pond that holds and supplies
water for the adjacent processing plant. Within several months of the plant initiating operations,
they noted that (a) their metal screens were rapidly degrading, (b) the pH of the pond water was
< 4.0 and (c) the lower 50% of the embankment was barren and actively eroding as pond levels
fluctuated (see Fig. 2-1). Virginia Tech personnel (W.L. Daniels) visited the site in late 2004 and
conducted soil analyses (Table 2-1) that confirmed the presence of very low pH soils with a high
lime demand.
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Figure 2-1: Exposed sulfidic materials at Luck Caroline plant in early December, 2004. Soil pH
was 3.2 and associated pond water pH was < 4.0. Note the prominent Fe-oxide accumulations on
the surface; these were primarily associated with what appeared to be pyrite rich nodules in the
original sediments. The white colored materials are fossil shells.
Table 2-1: Properties of Miocene sediments collected at Caroline plant in December 2004 and
June, 2016. PPA – Potential Peroxide Acidity via H202 oxidation and titration analysis; NP –
Neutralization Potential (Sobek method).
Date

pH

Total- S
%

2004 (weathered)

3.2

1.25

NP
% CCE

PPA
g/kg CCE

NA

12.9

2016 (fresh)
7.8
1.04
3.2
1.0
------------------------------------------------------------------------------------------------------------Based on earlier experiences with similar materials at Stafford Airport (see Stop 5 in this guide)
a reclamation and revegetation protocol was established that specified the application and
incorporation of agricultural lime at 35 Mg/ha along with suitable organic amendments at 75
Mg/ha. Luck elected to work with Virginia Tech and the Virginia Dept. of Health to utilize lime
stabilized biosolids (from Blue Plains in DC) for site remediation which were then applied at
~110 Mg/ha to supply both the necessary lime equivalent and organic matter (See Fig. 2-2) in
early May of 2005. The site was seeded to a mix of acid- and salt-tolerant legumes and was fully
revegetated by the fall of 2005. The revegetation remains successful and will be viewed on this
field trip.
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Figure 2-2: Lime stabilized biosolids immediately following application in early May 2005. The
materials were immediately incorporated with a chisel-plow to ~ 25 cm and seeded.

Figure 2-3: Opposite view of same embankment at Caroline in May of 2006, one year following
seeding with a mixture of acid- and salt-tolerant grasses and legumes. Routine fluctuations of
the pond level for mineral processing prevented remediation of the lower zone. Note Fe-rich
seepage just below water line. Luck Stone periodically adds lime to the pond to maintain pH >
5.5.

130

Stop 3. Mechanicsville, VA, I-295/360 Interchange
Construction in the late 1980s of the I-295/360 interchange (Mechanicsville, VA; Fig. 3.1)
exposed unoxidized sulfidic sediments of the Calvert and Eastover Formations of the
Chesapeake Group. Rapid oxidation of exposed sulfidic materials created surface soils that are
yellowish-brown with pH ~ 3.5, Peroxide Potential Acidity (PPA) values ≤ 15 Mg CaCO3/1000
Mg material, and < 1% S. Below the upper weathering surface, a transition zone exists where the
sediments are grayer with few yellow jarosite mottles and/or red redoximorphic features; pH and
PPA values increase with depth. Below the transition zone (>120 cm), the sediments are
uniformly dark gray with relatively high pH values (> 5.5) and high PPA values (30-50 Mg
CaCO3/1000 Mg material) indicating minimal oxidation. This weathering pattern is fairly
uniform across the roadcut.
Detailed sampling was completed along the shoulder of the northwest cloverleaf to evaluate
heterogeneity of unoxidized sediments with regards to total-S and PPA (Fig. 3.2). Samples were
collected on a grid at horizontal intervals of 4.6 and 9.2 m (total distance of 102 m), and vertical
intervals of 1.9 m (starting 1 m from the base of the roadcut; total distance of 7.3 m). The grid
was divided into three sections, one central densely sampled area, and two neighboring areas
with larger sampling intervals. To ensure sediments were only minimally affected by oxidation,
samples were collected below a depth where pH measured 5.5 (~140 cm augered perpendicular
into the exposure). Samples were tested for PPA, total-S, pH in H2O and KCl, and PSA.
Total-S levels across the roadcut were relatively homogenous laterally, but somewhat variable
vertically. Total- S values increased from 0.5 – 1.0% at the base of the outcrop to 1.0 – 1.5% for
the upper half of the acid portion of the roadcut (non-acid Quaternary sediments overlie parts of
the roadcut). A discontinuous band of higher-S material (1.5-2.0%) ran laterally along the middle
of the sampling area, approximately 5 m up from the base of the roadcut. The PPA values
increased from 10 –20 Mg CaCO3/1000 Mg material at the base of the roadcut to 30-40 Mg
CaCO3/1000 Mg material for the upper half. A few locations, corresponding to the pockets of
high-S material, had PPA values ranging between 40-50 Mg CaCO3/1000 Mg material.
Limited sampling of road drainage throughout this section of the interchange yielded low pH (<
4.0) and elevated levels of Fe, Al, Mn, and S. Samples from the outlet of a culvert inside the
cloverleaf (across the road from the ASS roadcut) indicated that drainage is diluted as it flows
towards a local stream (pH >6.0).
Working cooperatively with VDOT, an area on the opposite of the roadcut (e.g. NW facing
aspect around large pine tree) was successfully revegetated in the mid-1990s via application of
35 Mg/ha of agricultural limestone coupled with 60 Mg/ha of yardwaste compost. The soil
amendments were incorporated with the teeth of a backhoe into the lower portion of the slope
while they were not incorporated on the upper portion. The area was seeded to a mixture of acidand salt-tolerant species with hard fescue (Festuca ovina L) and birdsfoot trefoil (Lotus
corniculatus L) being the primary species that readily established. Initial vegetation
establishment and persistence was much higher in the zone where the soil amendments were
incorporated.
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Figure 3-1. Overview of I-295/360 interchange in Mechanicsville, VA. Exposure of sulfidic
materials during construction resulted in the development of acid sulfate soils. Associated
impacts are apparent throughout the site including barren roadcuts which are prone to erosion,
degradation of construction materials (notably metal guardrails), and increased metal and acidity
inputs to local surface drainage.
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Quaternary sands and gravels overlie
reduced Tertiary marine sediments of the
Chesapeake Group. The upper portion of
the roadcut was undisturbed by road
construction and is vegetated.
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Figure 3-2. Peroxide potential acidity (PPA) values and %S from detailed sampling along the shoulder of the cloverleaf from US
360W to I-295S. Figure from Orndorff PhD dissertation (2001).
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Stop 4. Shirley Plantation (Weanack Land LLLP)

Figure 4-1. Overview of dredge areas sampled at Weanack Land LLLP (Shirley Plantation).

Since 2001, an upland utilization dredge spoil facility (Weanack Land LLLP; see Fig. 4.1)
located adjacent to Shirley Plantation in Charles City County has accepted > 750,000 m3 of
fresh- and salt-water source dredge materials conversion to agricultural use. All materials
accepted for placement at Weanack must pass a rigorous screening protocol that includes an
assessment of their acid-forming potential via several acid-base accounting procedures. To date,
we have screened approximately 20 different potential dredge materials and found that
approximately 1/3 of the saline source materials contain significant amounts of potential acidity
[e.g. > 5 Mg net calcium carbonate equivalent (CCE) lime demand per thousand Mg material]. In
our experience to date, fresh water source materials very rarely contain sufficient sulfides to
warrant acid formation concerns.
One particular material proposed for dredging by the Maryland Port Administration (MPA) has
historically presented a dredge disposal and utilization challenge due to metals and the potential
acidity of their sediments. Post-placement low pH (<4.0) has been problematic for vegetation
establishment and also reduces the pH of water moving through or over the sediment disposal or
utilization facility. To determine best management practices for one material (Cox Creek; H 2O2
potential acidity-PPA= -10 Mg CCE per 1000 Mg material; Total S = 1.31%; CCE = 7.13%)
proposed for upland placement, we conducted lab and field experiments. In the field, two lime
application methods were tested (bulk-blending and layering) against an unlimed control
treatment (see Figs 4.2, 4.3 and 4.4). Three zero-tension lysimeters were installed under each
plot to monitor pH, EC and metal content of leachates. Early results indicated that the pH of both
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the bulk-blended lime and layered treatments remained between 4.4 and 5.5 over the first four
years, but the pH of the leachates under the non-limed control plots dropped to 3.7 after two
years, before slowly rising again to approximately 4.2. The initial EC of the leachate samples (6
to 17 dS m-1) again indicated an issue with soluble salts across all treatments, but all fell to < 4
dS m-1 by the end of the 4.5 year monitoring period. The salts initially originated from entrained
chlorides, but were enhanced by sulfates over time as sulfides reacted and were neutralized.
High levels of Fe (> 10 mg L-1) and Mn (> 100 mg L-1) leached from the non-limed and layered
lime treatments in the field, but were significantly lower in the bulk-blended lime treatment.
The plots were seeded (Fall of 2010) to a diverse assemblage of acid-tolerant species utilized for
direct seeding of acid-forming coal wastes at a combined seeding rate of 112 kg ha-1. Species
included Eragrostis curvula (weeping lovegrass), Festuca arundinacea “bronson‟ (tall fescue),
Festuca brevipila “stonehenge‟ (hard fescue), Lotus corniculatus “norecen‟ with inoculant
(birdsfoot trefoil), Lespedeza cuneata with inoculant (Korean lespedeza), and Secale cereale
(cereal rye). This initial seeding attempt and a subsequent effort in the fall of 2011 both failed to
produce > 20% cover on any of the plots. Another dose of lime (@ 10 Mg ha-1) was added to the
surface of the two lime treatments in the spring of 2012 and those plots finally supported ~70%
mixed vegetative cover by the fall of 2013. The control plots remained barren through late 2014,
but by the summer of 2015 had begun to support a limited cover (~15%) of plants like weeping
lovegrass invading from adjacent plots. Net sulfuricization processes were noted by the white
sulfate salt crust on the soil surface and prominent jarosite mottles with depth in all plots in the
first two seasons. More recent (2016) soil pit investigations as viewed on this field trip confirmed
that jarosite was still present in subsoil horizons, but was no longer as prominent at the surface.
The exact nature of the phytotoxicity was not directly determined, but we assume that is was due
to a combination of (a) very high levels of soluble salts the first two seasons combined with (b)
high soil heat levels due to the black color of the exposed surface materials.
A range of saline source dredge materials from the Earle Naval Weapons Station (NJ) and the
Cheatham Naval Annex (VA) have been placed into an upland placement facility in multiple
episodes. While a small number of inbound sediments have tested to be potentially acid forming,
the vast majority of these materials contain an excess of neutralization potential over potential
acidity. One area of these sediments did develop pH < 5.0 in 2013, however, and was
immediately limed at 10 Mg/ha to offset future issues. A typical soil profile from this location is
shown in Fig. 4.5. The largest area of dredge spoils at Weanack/Shirley contains freshwater high
pH + low S materials associated with the Woodrow Wilson Bridge project in Washington DC.
An optional observation pit (see Fig. 4.6) will be viewed of these materials. This field is
routinely among the most productive row crop fields in the county.
In 2013, excavation of the new Children’s Hospital building in downtown Richmond generated a
large volume of acid-forming materials (presumably Eastover Fm) with total-S values ranging
from 0.2 to 2 % and very high associated potential acidity estimates for certain strata. These
materials were placed into a dewatered pit (see Fig. 4-1 and Table 4-1), limed, and then the local
water table was allowed to quickly rise that to saturate them. While a modest short-term decrease
in groundwater pH and an increase in total Fe was noted at one downgradient well the following
winter, subsequent monitoring has indicated no further negative impacts.
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Shirley MPA-1 – Lime added @ 15 Mg / 1000 Mg in layers every 30 cm.
Z. Orndorff and K. Ferguson. 21 April 2016.
^Ap 0-10 cm; dark brown (10YR 3/3) clay; fine moderate granular and subangular blocky
structure; firm to extremely firm when dry and friable to firm when moist; common fine
and very fine roots throughout; common white shell fragments; slightly acid; abrupt
smooth boundary.
^Bj 10-30 cm; mixture of 80% dark gray (10YR 4/1) and dark reddish brown (5YR 3/3) clayey
masses and 20% dark brown (10YR 3/3) topsoil with a thin (3-10 cm) slightly wavy and
discontinuous layer of yellow (10YR 8/6) silt/fine sand material at base of horizon; few
thin jarosite (2.5Y 6/4) jarosite coatings; fine to coarse moderate subangular blocky
structure; firm when moist; few fine and common very fine roots throughout; few white
shell fragments up to 2 cm; neutral; abrupt smooth boundary.
^Cseu 30-64 cm; black (5YR 2.5/1); yellowish red (5YR 5/6), very dark grey (5Y 3/1), and dark
brown (10YR 3/3) clay loam with a thin discontinuous layer of strong brown (7.5YR 4/6)
and yellow (10YR 8/6) material at base; structureless massive; firm when moist; few very
fine roots throughout; few white shell fragments up to 7 cm; one small (~2 cm) piece of
porous slag-like material; extremely acid; abrupt smooth boundary.
^Cse 64-88 cm; dark greenish gray (5GY 3/1) clay; structureless massive; friable when moist; no
roots; few small white shell fragments; light sulfur odor; very slightly acid; abrupt smooth
boundary.
88+ cm. Underlying (non-transported) subsoil.

Figure 4-2. Soil profile for MPA-1. Lime was added in 2010 to surface and at -30 and 60 cm in layers without mixing or incorporation. An additional 10 Mg/ha was added to
the surface in 2012.
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Shirley MPA-2 – Lime bulk-blended at 15 Mg / 1000 Mg fully with depth.
Z. Orndorff and K. Ferguson. 21 April 2016.
^Ap

0-12 cm; very dark grayish brown (10YR 3/2) clay; medium moderate granular structure;
firm when dry and friable when moist; common fine and very fine roots throughout; few
shell fragments; slightly alkaline; abrupt smooth boundary.

^Cseu 12-91 cm; dark grayish brown (10YR 4/2) clay mixed with dark gray (N 4/) and dark
greenish gray (10Y 4/1) clayey masses with common small dark reddish brown (5YR 3/3
and 2.5YR 3/4) redox surfaces; structureless massive; very firm when moist; few fine and
very fine roots throughout, mainly to 24 cm; common brittle black and white shells up to
4-7 cm; small piece of green glass; extremely acid; abrupt smooth boundary.
^C

91-100 cm; dark greenish gray (10Y 4/1) clay with pockets of dark grayish brown (10YR
4/2) and common small red (2.5YR 4/6) redox surfaces; structureless massive; too wet to
determine consistence; no roots; very strongly acid; abrupt smooth boundary.
100+ cm. Underlying (non-transported) subsoil.

Figure 4-3. Soil profile for MPA-2. Lime was bulk-blended with depth before dredge spoil
was placed in 2010.
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Shirley MPA-3
Z. Orndorff and K. Ferguson. 21 April 2016.
^Ap

0-7 cm; dark brown (10YR 3/3) clay; thick medium platy structure at surface with fine
moderate granular structure below; firm when dry and friable when moist; common
fine and very fine roots throughout; < 5% rock fragments and few shell fragments;
extremely acid; abrupt smooth boundary.

^Bj

7-78 cm; dark brown (10YR 3/3), dark gray (2.5Y 4/1) and dark grayish brown (2.5Y
4/2) clay with reddish brown (5YR 3/3 and 2.5YR 3/4) redox surfaces on dark grayish
brown areas, and dark red (2.5YR 3/6) and dark grayish brown finely patterned redox
area towards bottom of horizon; medium moderate angular blocky structure to 26 cm
with structureless massive area below; firm when moist; few very fine roots
throughout and on ped faces; <2% rock fragments, brittle white shells up to 8 cm; few
faint jarosite mottles mainly in upper portion; extremely acid; abrupt wavy boundary.

^Cseu

78-95 cm; dark gray (2.5Y 4/1) and dark grayish brown (2.5Y 5/2) clay with pockets
of finely pattered redox material as above; structureless massive; too wet to determine
consistence; no roots; <2% small black porous slag-like rock fragments, and few very
small shell fragments; moderately acid; abrupt smooth boundary.
95+ cm. Underlying (non-transported) subsoil.

Figure 4-4. Soil profile for MPA-3. Control; no lime added.
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Shirley Cheatham
Z. Orndorff and K. Ferguson. 21 April 2016
^Ap

0-7 cm; very dark grayish brown (10YR 3/2) silty clay; very fine strong angular
blocky, thick weak platy, and fine medium granular and subangular blocky structure;
very friable when dry or moist; common fine and very fine roots throughout; no shell
fragments; extremely acid; abrupt smooth boundary.

^C

7-30 cm; gray (5Y 4/1) and very dark grayish brown (10YR 3/2) silty clay with dark
reddish brown (5YR 3/3) redox surfaces, and very thin (<1 cm) possibly organic layer
at bottom of horizon; medium, coarse, and very coarse strong angular blocky and very
coarse moderate prismatic structure; extremely firm when moist; few fine and very
fine roots in cracks; no shells; extremely acid; abrupt smooth boundary.

^2C

30-78 cm; very dark grayish brown (2.5Y 3/2) sandy loam; structureless massive;
extremely firm; few fine and very fine roots throughout; 10% quartz and other gravel,
and several small shell fragments; slightly alkaline; abrupt smooth boundary.

^2Cse

78-117 cm; dark olive brown (10Y 4/1) silty clay loam patterned with red (2.5YR 4/6)
redox surfaces, with pockets of black (N 2.5/) apparently sulfidic (sulfur odor)
material; structureless massive breaking to angular/subangular blocky chunks; friable
to firm when moist; few fine and very fine roots in cracks; neutral; abrupt smooth
boundary.
117+ cm. Underlying (non-transported) cut subsoil, Yeopim/Newflat series.

Notes: ^C is Cheatham dredge, ^2C and ^2Cse is Earle dredge

Figure 4-5. Soil profile for Cheatham/Earle saline source dredge materials.
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Shirley Woodrow Wilson Bridge
Z. Orndorff and K. Ferguson. 22 April 2016
^Ap 0-5 cm; thin topsoil
^Bw1 5-60 cm; silt loam; slightly alkaline
^Bw2 60-140 cm; silt loam; slightly
alkaline
^C

140-160 cm; silt loam; moderately
alkaline; sulfur odor

Figure 4-6. Soil profile in non-acid
freshwater dredge materials derived from
Woodrow Wilson Bridge project.
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S
NP2 pH
SC3
C
N
P K
Ca Mg Zn
Mn
Cu
Fe
B Al
%
%
dS/cm
%
------------------- Mehlich 1 mg/kg -------------------------------MPA-1 ^Ap
0.00 0.79 0.99 6.83
2.44 2.54 0.21 47 151 3224 586 23.1 50.0 43.6 27.1 0.8 344
MPA-1 ^Bj
0.00 0.48 0.78 6.52
2.36 1.97 0.18 2 88 3054 584 9.4 21.8 47.2 173.1 0.6 438
MPA-1 ^Cseu
4.16 0.75 0.11 4.22
2.80 1.85 0.17 4 218 3508 366 38.7 157.2 86.5 581.1 1.1 585
MPA-1 ^Cse
9.93 1.19 0.52 4.89
4.67 2.04 0.18 3 372 2987 836 41.5 315.2 87.3 706.8 3.0 434
MPA-2 ^Ap
0.00 0.39 1.81 7.58
2.66 2.64 0.22 11 145 3969 876 25.0 61.7 29.5 10.5 1.4 211
MPA-2 ^Cseu
2.32 0.89 0.01 4.04
2.80 1.81 0.17 4 210 3264 330 30.6 102.4 89.8 513.8 0.8 595
MPA-2 ^C
1.39 0.72 0.47 4.67
2.86 1.98 0.18 3 272 3299 511 46.7 232.4 103.4 396.8 1.4 470
MPA-3 ^Ap
2.43 0.6 0.16 3.82
2.97 1.85 0.18 24 87 2815 263 23.7 102.1 67.5 257.9 0.7 688
4
MPA-3 ^Bj1
4.65 0.71
0 3.52
3.17 1.84 0.18 5 122 3259 243 22.2 97.6 74.0 593.1 0.6 792
4
MPA-3 ^Bj2
6.97 0.76
0 3.66
3.28 1.92 0.18 6 201 3031 289 36.5 141.0 113.1 607.5 0.6 720
MPA-3 ^Cseu
NA 1.21 1.21 7.92
3.47 2.13 0.18 0 316 3537 697 37.9 321.4 60.2 555.0 3.0 243
Cheatham ^Ap
0.74 0.27 0.13 3.99
1.45 2.65 0.30 11 230 983 472 8.1 145.4
1.6 318.3 1.9 383
Cheatham ^C
0.92 0.38 0.06 4.25
3.97 2.54 0.28 6 380 2206 683 21.3 220.7
2.6 444.8 2.8 407
Cheatham ^2C
0.00 0.21 12.36 7.75
3.17 2.44 0.16 0 129 4883 341 2.0
6.5
0.2
5.5 1.9
6
Cheatham ^2Cse 0.51 1.19 1.23 6.91
4.13 3.89 0.43 0 346 3495 784 69.6 78.8
9.3 27.4 7.4 234
WWB-^Bw1
0.00 0.03 0.95 7.49
0.62 2.47 0.23 4 65 3021 332 34.2 76.8
6.8 75.6 0.8 301
WWB-^Bw2
0.00 0.03
1.4 7.69
0.41 2.39 0.18 2 54 3635 302 44.9 85.9
6.4 28.4 0.7 203
WWB-^C
0.00 0.07
1.4 7.87
0.94 2.64 0.18 3 60 3573 309 85.5 227.6
4.2 504.2 0.7 198
5
Shirley CH
8.56 0.41
0.2 3.90
2.64 0.58 0.05 34 88 1248 134 4.5 25.1
2.0 323.5 0.2 143
5
Shirley CH2
6.72 0.62 0.95 7.49
2.77 1.51 0.14 8 133 3090 416 12.8 201.4
3.6 359.3 0.9 238
1
Peroxide Potential Acidity expressed as Mg calcium carbonate equivalence per 1000 Mg material.
2
Sobek Neutralization Potential expressed as % CCE.
3
Saturated paste specific conductivity
4
Bj horizon was sampled from 7 – 26 cm (^Bj1) and from 26 – 78 cm (^Bj2)
5
Material from Children’s Hospital

sample ID

PPA1

Table 4-1. Chemical characterization of soil profiles (sampled April 2016) at Shirley Plantation.

Stop 5. Great Oaks Subdivision in Fredericksburg, VA
Construction along Hickory Ct and Great Oaks Ln in the Great Oaks Subdivision (Fig. 5.1) was
initiated in 2003. We believe that during construction, Tertiary age Coastal Plain sediments
containing sulfidic materials from nearby construction projects were used as fill material in parts
of the neighborhood. The rapid development of acid sulfate soils resulted in poor lawn
establishment and Fe-stained sidewalks shortly after residents began moving in during 2004 (Fig.
5.2). One centrally located home severely affected by these impacts was dubbed “Iron
Mountain” by the neighborhood residents. The developer was unfamiliar with sulfidic materials
and acid sulfate soils and initially was reluctant to accept responsibility for the poor lawn
development.
The local stream draining the area was severely affected by acid drainage for several years
following construction as was evident from heavy accumulations of Fe-oxide precipitates and
barren streambanks. These impacts are not visible today, which may indicate that the combined
surface runoff and local groundwater discharge impacts have largely subsided.
We became aware of the situation in August 2005 after being contacted by a homeowner
regarding “horrendous lawns and brown ugly stains on concrete” throughout the neighborhood.
Soil sampling yielded surface soils with PPA values up to 38 Mg CCE/1000 Mg. Based on
recommendations provided by Va Tech, the homeowner remediated with lime (20 ton/ac; 45
Mg/ha) and P (300 lbs/ac; 0.34 Mg/ha) incorporated to a minimum depth of 4 inches (10 cm)
followed by topsoil additions (minimum 2 inches; 4 cm). The homeowner’s yard responded well
to this prescription and was successfully revegetated by the summer of 2006 (Fig. 5.2). By the
fall of 2006, the developer had accepted responsibility for soil testing and remediation efforts,
and several neighboring homes were subsequently treated in a similar manner. Disputes between
the homeowners and the developer ultimately resulted in establishment of an acid sulfate soil
testing regulation for new construction in the City of Fredericksburg. Similar policies have been
established for neighboring Stafford County and Spotsylvania County.
Similar impacts have been noted in numerous other subdivisions, commercial developments and
public building installations within the City of Fredericksburg and surrounding Spotsylvania and
Stafford Counties. While these impacts tend to be relatively small in size and highly localized,
they obviously have very negative effects on individual property owners. While we (Virginia
Tech) have repeatedly offered at-cost laboratory analyses and remediation prescriptions as a part
of our Land-Grant University mission, we have not directly addressed concerns expressed by
many homeowners regarding degradation of concrete, ductile iron pipes or other infrastructure.
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Figure 5-1. Overview of Great Oaks subdivision where several homes were affected by the
development of acid sulfate soils.
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Figure 5-2. Top: this yard was treated in the fall of 2005 and was revegetated by the following
summer (2006). Bottom: “Iron Mountain” exhibited the most severe acid sulfate soil impacts
observed at Great Oaks Subdivision. Note: all four pictures were taken on the same day.
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Stop 6. Stafford Regional Airport (SRAP)
The most extensive development of acid sulfate soils in Virginia not associated with mining is in
the Coastal Plain at Stafford Regional Airport (SRAP). From 1998 – 2001, construction activities
disturbed >150 ha of sulfide-bearing Tertiary marine sediments. Long spur ridges were
excavated to depths ≥25 m, exposing gray sulfidic materials which were placed into intervening
valley fills to support the runway. Excess sulfidic materials were placed into steeply sloping
above grade spoil fills along a first-order stream draining the southeastern section of the site.
Since the sulfidic nature of these materials was not recognized during construction, the acidforming materials were not isolated from drainage or surface exposure and were scattered
randomly throughout the site. After multiple revegetation efforts failed, the authors were
contacted for assistance and first visited the site in Nov 2001. Acid sulfate related problems were
readily apparent including barren cut/fill slopes, red iron oxy-hydroxide precipitates on concrete
drains and culverts, and significant etching and degradation of cement components. Galvanized
steel standpipes in stormwater basins below the site were degraded by acid drainage in < 1 year,
releasing sulfidic materials into receiving streams and local floodplains.
After extensive soil analyses were completed, the airport authority opted to use lime-stabilized
biosolids (LSB) as a cost-effective alternative treatment to conventional topsoiling or purchase of
commercial lime + compost. In Apr-May 2002, Class B LSB were applied and incorporated to a
depth of 10 – 25 cm across the site at rates of 35 – 270 dry Mg ha-1 to supply 1.25X the lime
required for neutralization of the soil surface. The soil was straw-mulched and hydro-seeded with
acid- and salt-tolerant grasses (primarily Festuca arundinacea Schreb. and Festuca ovina). Due
to late planting (past mid-May) and severe drought conditions through the summer the site
required over-seeding in Sept 2002. The site was fully revegetated (>90% living cover) by late
Oct. 2002 and has remained fully vegetated, although a few highly acidic outcrop and seep areas
on steep cut and fill slopes remained barren (<5% of the total disturbed area). Soil samples were
collected in 2003, 2004, and 2006 to evaluate reclamation effects on pH, EC, and subsoil PPA
(Table 6.1). At 1.5 yr after reclamation, surface soil pH had increased from an average pH of
3.10 to 7.26. Some EC values were high, but within an acceptable range (<4.0 dS m-1) for the
salt-tolerant grass species mix. Surface soil pH and EC values were similar 2.5 yrs and 4 yrs after
reclamation. Based on visual observations, the remediated zone typically ranged to depths of 15
– 30 cm. Subsoil samples (40 – 50 cm) yielded pH typically <4.5 with an average ~3.5. Electrical
conductivity ranged as high as 11.8 dS m-1 with an average ~ 3.0 dS m-1, and PPA ranged as high
as 60 Mg CaCO3 equivalent (CCE) 1000 Mg-1 material, with an average of 10 Mg CCE 1000
Mg-1 . With few exceptions, the shallow depth of problematic materials did not appear to
negatively impact the vegetative cover on the overlying reclaimed surface.
Water quality (pH, EC, NO3–N, NH4–N, PO4–P, Fe, Al, Mn, and SO4–S) was monitored at
several surface sites and shallow groundwater wells from 2002 (prior to LBS application)
through 2006 (Figure 6.1; Table 6.2) to evaluate positive effects of reclamation and potential
negative impacts from the high LBS application rates. Water quality responded quickly to
treatment; runoff waters were buffered into an acceptable pH range and dissolved metal loadings
were drastically reduced. Despite heavy total P loadings, no effect of the land application was
seen on runoff water P. Although ammonia-N losses to surface water were a secondary effect of
the use of heavy loading rates coupled with very poor first season plant establishment, these
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losses declined rapidly within 9 months following application. The net long-term water quality
effects of N losses must be weighed against the environmental cost of taking no action.
Four soil profile pits will be examined at SRAP (see Fig. 6.1). Characterization data are provided
in Table 6.3. The profiles represent 1) an oxidized soil towards the top of a cut slope (Fig. 6.2),
2) a less oxidized soil towards the bottom of a cut slope (Fig 6.3), 3) a soil at the shoulder of a
large above-grade fill pile (Fig 6.4), and 4) soil at a flat cut at the end of the runway (Fig 6.5).
Soils at areas 1, 2 and 4 were all reclaimed as described above with no further remediation. The
soil at location 3 was re-disturbed in 2010 with work associated with adding additional airport
apron areas and filling in the former “beaver pond area” at the base of the slope to meet final
wetland impact requirements. That area was subsequently treated again with lime-stabilized
biosolids and re-seeded in the fall of 2013.

Table 6-1. Summary of soil characterization data over time for Stafford Airport.

Surface soils (0 – 15 cm)
February 2002 (prior to reclamation)
August 2003 (1 to 1.5 yrs after
remediation)
August 2004 (2 – 2.5 years after
remediation)
March 2006 (3.5 – 4 years after
remediation)
Subsoils (40 – 50 cm)
February 2002 (prior to reclamation)
August 2003 (1 to 1.5 yrs after
remediation)
August 2004 (2 – 2.5 years after
remediation)
March 2006 (3.5 – 4 years after
remediation)

n

pH

EC
PPA
dS m-1
Mg CCE 1000 Mg-1
----------------------- mean ± SD ---------------

42
32

3.10 ± 0.86
7.26 ± 0.43

ND
1.7 ± 0.8

9.5 ± 10.3
ND

18

7.30 ± 0.73

1.6 ± 0.8

ND

11

6.65 ± 0.84

1.6 ± 0.7

ND

42
32

ND
3.49 ± 0.50

ND
3.0 ± 2.3

ND
ND

18

3.56 ± 1.11

3.5 ± 3.4

11.4 ± 14.2

11

3.62 ± 0.42

2.7 ± 2.1

10.2 ± 8.0
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Figure 6-1. Overview of the Stafford Regional Airport (SRAP) site with I-95 in lower SE
corner. Locations 1–4 indicate representative soil profiles characterized in April 2016. Profile 1
is a more oxidized soil higher up on the cut slope, profile 2 is a less oxidized profile lower on the
slope, profile 3 is on the shoulder of a fill that was disturbed again in 2010 and reclaimed for a
second time in 2013. Profile 4 is along a flat cut at the end of the runway. Previous water
sampling locations include SW4 (upstream of major disturbance), SW1 (downstream from fill
pile within the airport), SW6 (discharge from airport), and an NRCS Stormwater Pond
(downstream from the airport).
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Table 6-2. Summary of water quality data for representative surface sampling points at Stafford
Regional Airport.
Location
Date
pH
EC
Fe
Al
S
NH3-N NO3-N
uS/cm
-------------------- mg/L -------------------5.12
121
6.1
0.5
2
ND
0.09
SW 4 Apr-02
(Above site)
Jun-02
5.75
93
6.8
0.1
1
0.52
0.29
Nov-02
4.69
636
0.6
0.3
6
0.32
0.41
Sep-03
5.29
201
1.7
0.1
2
0.28
1.38
Sep-05
ND
ND
ND
ND
ND
ND
ND
Mar-06
ND
ND
ND
ND
ND
ND
ND
SW 1
(In Site)

Feb-02
Apr-02
Jun-02
Nov-02
Sep-03
Sep-05
Mar-06

3.18
2.93
2.92
3.49
3.49
6.31
4.28

816
1489
2080
1496
646
230
142

42.0
62.0
67.0
34.0
8.2
14.5
2.8

12.0
25.0
7.0
17.0
2.1
0.1
2.3

107
195
294
252
77
21
35

ND
0.74
46.50
3.95
1.21
0.17
0.00

ND
0.02
ND
8.69
0.88
0.19
0.14

SW 6
(Below Site)

Apr-02
Jun-02
Nov-02
Sep-03
Sep-05
Mar-06

3.30
6.32
4.20
4.39
6.72
4.80

1267
728
143
515
431
315

42.0
44.0
19.0
0.5
8.4
2.9

18.0
0.7
10.0
2.8
1.3
3.7

147
66
136
70
17
36

0.88
16.10
2.36
0.86
0.08
0.12

ND
0.12
4.79
1.55
0.10
0.42

NRCS Dam
(Below Site)

Mar-02
May-02
Jun-02
Nov-02
Sep-03
Sep-05
Mar-06

3.30
5.97
7.37
5.23
7.03
6.30
5.92

590
535
531
962
406
132
122

8.7
7.4
0.8
0.3
0.9
1.1
0.8

7.7
0.2
ND
1.0
0.1
0.1
0.1

61
66
57
138
43
10
12

0.14
17.32
18.34
1.86
0.23
0.00
0.00

0.36
0.90
0.08
12.80
1.66
0.10
0.04
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SRAP-1 (Profile on cut slope across from
parking lot, upper part of slope).
Z. Orndorff and J.C. Burger. 26 April 2016.
Ap 0-12 cm; strong brown (7.5YR 4/6)
sandy loam; fine granular structure; very
friable; <1% rock fragments; moderately
alkaline; abrupt boundary.
EB 12-36 cm; yellowish brown (10YR 5/8)
and white (N 8/; (even mix of both colors)
loamy sand; weak subangular blocky
structure; very friable; <1% rock fragments;
slightly alkaline; abrupt boundary.
BE 36-53 cm; yellowish brown (10YR 5/8)
and white (N 8/) sandy loam; weak
subangular blocky structure; very friable;
<1% rock fragments; very strongly acid;
abrupt boundary.
Btg 53-78 cm; white (10YR 8/2) sandy
loam with approximately 25% strong brown
(7.5YR 5/8) redox features; fine moderate
subangular blocky structure; very friable; no
rock fragments; extremely acid; very abrupt
boundary.
Cseg 78-120+ cm; very dark greenish gray
(10GY 3/1) sandy loam; structureless
massive; <1% rock fragments; ultra acid; no
smell of sulfur.
Notes:
Top few cm of Ap horizon are

browner and looser than rest of
horizon.
 No jarosite noted in profile.

Figure 6-2. SRAP-1 soil profile.
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SRAP- 2 (Below Stafford 1, ~1/3 way up
cut-slope).
Z. Orndorff and J.C. Burger. 26 April 2016.
Ap
0-10 cm; dark yellowish brown
(10YR 4/4) sandy loam; weak fine granular
structure; very friable; <2% very small
gravel; extremely acid; abrupt boundary.
Bt1
10-19 cm; strong brown (7.5YR 4/6)
sandy clay loam matrix coating small gray
and red aggregates: weak fine subangular
blocky structure; slightly rigid; ultra acid;
abrupt boundary.
Bt2
19-32 cm; mixture of red (10R 4/6;
70%) and light greenish gray (5GY 7/1;
30%) clay loam; weak subangular blocky
structure; slightly rigid; no jarosite
observed; ultra acid; abrupt boundary.
Bjg1 32-56 cm; greenish gray (5GY 5/1;
dominant) and yellowish brown (10YR 5/6)
loam; weak subangular blocky structure;
slightly rigid; jarosite coatings on some
surfaces; extremely acid; abrupt boundary.
Bjg2 56-85 cm; greenish gray (5BG 5/1;
90%) and yellow (2.5Y 7/6; 10%) loam;
weak subangular blocky structure; slightly
rigid; pale yellow (5Y 8/4) jarosite coatings
on some surfaces (more than in above
horizon); extremely acid; abrupt boundary.
Cg
85-116+ cm; greenish gray (5BG
6/1; dominant) and light olive brown (2.5Y
5/3) loam; structureless massive; slightly
rigid; extremely acid.
Figure 6-3. SRAP-2 soil profile.
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SRAP-3 (East shoulder of fill pile, west of
former beaver pond).
Z. Orndorff and J.C. Burger. 26 April 2016.
^Ap 0-20 cm; dark yellowish brown
(10YR 3/6) sandy loam; weak fine granular
structure; very friable; <1% fine gravel;
moderately alkaline; abrupt boundary.
^C
20-36 cm; yellowish brown (10YR
5/8; dominant), brown (10YR 5/3), and light
greenish gray (10Y 8/1) sandy loam;
massive structureless; firm; <1% fine gravel;
moderately alkaline; clear boundary.
^Cse1 36-112 cm; greenish black (5GY
2.5/1) sandy loam with few inclusions of red
and gray clayey masses; structureless
massive; friable; no rock fragments; sulfur
odor; ultra acid; abrupt boundary.
^Cse2 112-148+ cm; dark greenish gray
(10Y 3/1) sandy loam with common
brownish yellow (10YR 6/8) redox features
and few bluish gray (5B 6/1) inclusions;
structureless massive; friable; no rock
fragments; ultra alkaline.
Notes:

A second profile was dug to 50 cm in a
nearby grassy area and the profile was
similar.

Figure 6-4. SRAP-3 soil profile.
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SRAP-4 (North end of airport, eastern base
of scrubby hill).
Z. Orndorff and J.C. Burger. 26 April 2016.
Ap
0-17 cm; dark yellowish brown
(10YR 4/4) loam; weak fine granular
structure; very friable; <1% fine gravel;
slightly alkaline; clear boundary.
Bw
17-35 cm; olive yellow (2.5Y 6/6;
overall color) sandy loam with light gray
(10YR 7/1) masses; granular structure with
small clayier masses; friable; <1% fine
gravel; ultra acid; gradual boundary.
Bsejg 35-67 cm; dark greenish gray (10Y
4/1) clay loam with pockets of sandier black
(N 2.5/) material; weak subangular blocky
structure; firm; <1% fine gravel; notable
pale yellow (5Y 8/3) jarosite coatings; sulfur
odor; ultra acid; clear boundary.
Cseg 67-120+ cm; dark greenish gray
(10GY 4/1) silty clay loam; structureless
massive; very firm; no rock fragments; no
jarosite; extremely acid.
Notes:
 Overall color of Bw horizon was
olive yellow (2.5Y 6/6), but it was
comprised of a fine mix of grays,
browns, etc. that were too small to
color separately.

Figure 6-5. SRAP-4 soil profile.
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Table 6-3. Chemical characterization of soil profiles (completed April 2016) at Stafford Regional Airport
ID
1 - Ap
1 - EB
1 - BE
1 - Btg
1 - Cseg
2 - Ap
2 - Bt1
2 - Bt2
2 - Bjg1
2 - Bjg2
2 - Cg
3 - ^Ap
3 - ^C
3 - ^Cse1
3 - ^Cse2
4 - Ap
4 - Bw
4 - Bsejg
4 - Cseg

PPA1

S

0.00
1.29
3.25
3.95
50.60
3.81
4.83
5.43
3.53
5.64
3.62
0.00
0.00
36.71
42.38
0.00
3.55
39.53
49.68

%
0.05
0.01
0.02
0.02
1.68
0.35
0.37
0.14
0.08
0.15
0.06
0.31
0.16
1.06
1.69
0.31
0.83
1.74
1.98

NP2
6.27
0.52
0.23
0.20
0.00
0.06
0.00
0.01
0.04
0.00
0.01
14.64
4.73
0.00
0.00
2.82
0.01
0.00
0.00

pH

SC3

8.07
7.62
4.86
4.17
3.14
3.99
3.28
3.33
3.12
3.52
3.59
7.99
7.85
2.96
3.00
7.48
3.49
2.45
4.13

dS/cm
0.34
0.59
0.33
0.34
3.85
0.33
0.68
0.64
0.66
0.53
0.51
1.16
2.91
6.20
5.83
1.55
3.22
7.06
1.62

C

N
%

2.89
0.15
0.11
0.10
0.25
1.21
1.33
0.21
0.13
0.05
0.09
6.75
2.21
0.23
0.26
3.55
0.57
0.21
0.11

0.22
0.01
0.02
0.01
0.02
0.15
0.17
0.03
0.02
0.02
0.02
0.72
0.22
0.01
0.02
0.38
0.07
0.02
0.02

P
K
Ca
Mg
Zn
Mn
Cu
Fe
B
Al
-------------------------------------Mehlich 1 mg/kg ----------------------------------36
31 5613
83
0.2
1.2
0.1
0.3
0.3
0.5
14
28
683
26
1.0
1.8
0.6
41.3
0.2 128.1
9
44
303
17
0.7
1.0
0.4
25.8
0.1 127.4
3
19
159
18
1.3
0.6
3.0
26.4
0.1 147.1
9
59
82
31
2.2
1.4
0.2 329.4
0.2 321.5
16
37
458
39
1.8
3.7
1.7 288.5
0.1 115.3
18
19
271
27
2.0
3.1
4.9 763.0
0.1 194.5
6
28
305
55
3.8
2.0
8.5 153.2
0.1 123.0
7
40
240
44
1.2
1.9
1.5 190.9
0.1 127.3
4
43
301
76
2.5
3.0
2.5 151.3
0.1 131.5
4
41
308
82
2.4
2.9
2.7 107.9
0.1 121.4
6
41 5729
150
0.2
0.7
0.3
0.6
0.3
0.5
2
20 5588
112
5.0
4.5
0.3
3.1
0.3
15.6
5
38
248
57 11.3
3.7
0.3 543.5
0.1 318.3
5
49
268
99 12.5
5.3
0.4 557.2
0.1 338.0
6
27 4881
124 17.0 14.9
1.4 116.6
0.4
85.5
30
7 2755
105 12.6
4.8
8.7 414.1
0.1 422.4
1
6
452
302 30.0 11.5
4.5 836.3
0.1 375.7
2
53
364
438 16.7 14.2
1.9 736.8
0.1 111.7

1

Peroxide Potential Acidity expressed as Mg Calcium Carbonate Equivalence / 1000 Mg material
Sobek Neutralization Potential (% Calcium Carbonate Equivalence)
3
Saturated paste specific conductivity
2
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Stop 7: Wyche Road (Venture Road cuts; optional)
In approximately 2009 – 2010, a new commercial/industrial site development area was
excavated and graded approximately 10 km N-NE of Stafford Airport just off of Wyche Road in
a new development named Venture Road. The soil and geologic conditions were very similar to
those encountered at Stafford Airport, although the depth of the cuts was much less (5 m
maximum). Due to the economic downturn, infrastructure (water, sewer, power) was not
installed and the site has not been further developed. The site was seeded (late 2010?) with a
conventional VDOT type revegetation prescription with lime (3 Mg/ha) + N-P-K and tall fescue
and sericea lespedeza. While approximately 70% of the site was revegetated successfully, lower
portions of many cut slopes and certain fill areas associated with a large stormwater pond rapidly
acidified and remain barren through the summer of 2012. Many other areas supported less than
10 to 20% vegetation due to low pH (see Fig. 7-1). The site then was subject to litigation
between the developer and excavation contractor over lack of full revegetation compliance for
county sediment and erosion control standards, acid water seepage, etc.
The site was mapped and sampled in late 2012 (see Fig. 7-1) and soil materials from 11 different
locations were analyzed for pH, total-S and potential acidity (See Table 7-1). As expected, pH
and lime requirement varied widely. Following arbitration, the site was reclaimed with a
combination of agricultural lime (@1.25x potential acidity), 75 Mg/ha yardwaste compost, N-PK and an acid- and salt-tolerant vegetation seed mixture in the late fall of 2014. Most of the
treated areas responded well, although certain lower slopes were noted to be approaching
borderline vegetation failure again in late 2015, primarily due to seepage zones.
Table 7-1: Laboratory analysis of 11 samples from road cuts and fills at Wyche x Venture Road
site in Stafford County. Potential acidity is given as tons of CCE required per 1000 tons soil.
SRAP = Lab control sample from Stafford Airport.
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Figure 7-1: Image of Wyche x Venture Road site taken in June 2012. Light colored areas were
not vegetated. Sample locations correspond to values given in Table 7-1 above for locations 111. Samples from locations 12 and 13 were analyzed at a later date and pH was < 3.5 with
potential acidity > 15 Mg CCE / 1000 Mg.
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