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Abstract

Mitigation wetlands constructed in southeastern Virginia during the past decade have experienced problems with
inappropriate water levels, excessive crosion and sedimentation, low levels of soil organic matter, overly compacted
substrates, and sulfidic soils. Most of these problems can be recognized in the future with adequate planning that permits
sufficient study of the geomorphic and hydrologic processes active al the mitigation site, and if greater attention is given to
the history of geomorphic processes that created natural wetlands in that area. New procedures of assessing wetland
functions that use the ‘*hydrogeomorphic”” (HGM) classification of wetlands require examination of both surface and
subsurface processes. If these HGM concepts are expanded to include geomorphic evolution, they will greatly improve
recent practices in the design and construction of mitigation wetlands. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction eral and state laws that now govern use of most

streams and wetlands in the U.S., most notably

Prior to the 1980s, the extent of wetlands in the Section 404 of the 1977 Clear Water Act, reflect a

United States declined to approximately half of the
original total. Draining and filling of wetlands for
agriculture, forestry, and construction of roads and
housing was ignored or encouraged by government
agencies (National Research Council, 1995). In re-
cent decades studies by ecologists, wildlife man-
agers, and many others demonstrated that many wet-
land functions are critical to the maintenance of
healthy environmental conditions in waterways. Fed-
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major switch in societal attitude and public policy
about the perceived value of wetlands. Scientists in
many U.S. federal agencies, including the Army
Corps of Engineers (COE), U.S. Fish and Wildlife,
the Natural Resources Conservation Service, and the
Environmental Protection Agency, study wetland
processes and functions and have contributed to the
formation of policies, manuals and guidance docu-
ments that now direct wetiand activities. The COE
manages lhe permitting process based on Section
404 and may allow for the destruction of wetland
areas (Kruczynski, 1989). For example, road con-
struction, mining and other activities that impact
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large arcas often require wetland disturbance that is
deemed ““unavoidable.”” Commonly, permits will be
granted to disturb a wetland only if a larger area of
self-sustaining wetland with the same type of vegeta-
tion is created elsewhere. These compensatory miti-
gation projects can involve formation of new wet-
lands by grading non-wetland areas down to the
level of neighboring wetlands, in effect creating new
landscape features.

In this paper, we discuss the results of research on
natural and mitigation non-tidal forested wetlands in
southeastern Virginia and recommend improvements
in the planning and construction processes for future
wetlands. Because the geomorphological significance
of these suggestions rests upon the evolution of
certain threads of thought, we also review past use of
some basic geomorphological concepts in wetlands
science.

2. Characteristics of some non-tidal wetlands in
Virginia

Since 1980, the Virginia Department of Trans-
portation (VDOT) has constructed more than 105
gon-tidal mitigation wetlands, the vast majority of
which lie in eastern Virginia on the Atlantic Coastal
Plain (Fig. 1A). Below, we summarize some of the
results of three related research projects done for
VDOT to improve the success of mitigation wetland
construction. We conducted a state-wide survey to
evaluate wetland construction practices, character-
ized paired sets of natural and mitigation wetlands in
rival settings, and evaluated the potential for created
wetlands around a highly acidified lake in an upland,
pocosin setting (Daniels et al., 1994, 1996; Haering
et al., 1994).

Fig. 1. {A) Location map and geologic seuing of Fort Lee, VA,
study site. Shading on index map represents the approximate
extent of the Atlantic Coastal Plain in Virginia. (B) Map of the
Fort Lee, VA, study area. Mitigation wetlands were formed by the
excivalion of hillslope strata to form a nearly level lowland
adjacent to existing wetlands along Cabin Creek Water table
contours (grey; units in feet above local datum) and flowlines are
based upon heads in shallow monitoning wells. Open circles
denote piezometer nests; heads usually increase with depth at
these sites. Open tectangles approximate the outline of surveyed
grids used to assess microtopographic variations (see Fig. 2),

2.1 Survey of mitigation wetland sites

The objective of this survey was to document anc
evaluate VDOT's non-tidal wetland mitigation prac
tices throughout the state in order to develop long
termn research goals that met the department’s need
Haering et al. (1994} obtained information from the
mitigation management list maintained in VDO
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entral headquarters, from evaluation forms com-
leted by environmental specialists in VDOT district
ffices, and by visiting mitigation sites in districis
hat manage all but six of VDOT's projecis.

Analysis of the mitigation management list indi-
ates that almost three-quarters of VDOT's non-tidal
nitigation projects were larger than 500,000 ft * (4650
n®, approx.). Only 3% of the projects were larger
han 500,000 ft* (46,500 m®, approx.) (Table 1).
[hat list also indicates the wetland type replaced
nost commonly was palustrine forested, either alone
'54%) or mixed with palustrine emergent systems or
salustrine scrub-shrub. Two riverine systems and one
salustring open water system were also the replace-
ment goals for mitigation projects. All sites but one
were constructed since 1987.

Compilation of information on the 43 evaluation
forms returned by VDOT practitioners illuminated
how baseline data were collected at pairs of im-
pacted and mitigation sites, particularly the larger
ones. Some type of hydrologic evaluation was made
at 23 of the 43 impacted sites, mostly by visual
evaluation or as part of a stream Crossing report. At
the mitigation sites, hydrologic data were gathered at
21 sites, largely by visual estimation or ad hoc
observations of water levels in adjacent wetlands. No
sites were known to have had readings taken at
monitoring wells over a full year. Most mitigation
sites relied upon two Or mMOIC SOUTCES of water.
“Groundwater’’ was the most commonly cited source

Table 1

Characteristics of mitigation wetland projects of the VvDOT
Profect sizes

= SE0000 1% { = 4645 m’ ) 3%
1 00,000—500,000 fi> (92004645 m*) 12%
S0, 000- 0000 117 (46459290 m”) 13%
10.000=50,000 it (9294645 m™) 3%
SO0 10,000 i (465920 m*) 13%
10005000 ft? (53—-465 m”) 18%
<1000 ft* ( <93 m*) 10%
Wetland type to be replaced

(1) Palustrine forested 34%
(2) Palustrne forested and emergent, mixed 17%
(3) Palustrine emergent 10%
(4) Scrub-shrut: mixed with 1-3 10%
(5) Riverine 3%
{6) ““Palustrine”’ 5%
(7) Palustrine open water 1%

(28 sites) with others being adjacent streams,
swamps, lakes, or beaver ponds. Hydric soils or
upland topsoil was added to 26 mitigation sites.
Surfaces were rough-graded with a bulldozer,
whether or not hydric soil was applied, but only five
sites were disked or plowed to prepare a suitable
seedbed.

After discussions with environmental specialists
during visits to mitigation wetland sites, Haering et
al. (1994) identified several important issues #nd
questions related to current mitigation practices. Two
of these are relevant to this paper.

2.1.1. The degree of wetness desirable for long-term
success is difficult to determine, to develop, and to
maintain

Many mitigation sites constructed by VDOT in
castern Virginia are *‘too wet” (21%) or *‘too dry'’
(219%), usually because of conservative water bal-
ance planning or insufficient information about po-
tential sources of water. In particular, ground-water
conditions are too poorly understood at most sites,
especially the larger ones. Many anthors report that
establishing the proper hydrology is a major recur-
ring problem in created wetlands, particularly those
dominated by ground-water (e.g., Hollands, 1987,
Pierce, 1993; Garbisch, 1994). Successful prediction
of hydrologic conditions and processes at a newly
created wetland landscape is always complex be-
cause of the large number of variables involved,
some of which are time-consuming and expensive to
evaluate. Unforeseeable complications, changing site
conditions, economic and regulatory pressures, de-
creased funding and staffing in some agencies, and
the lack of basic research into the best methods to
use in evaluating wetland functions all combine to
limit the development of a successful mature mitiga-
tion site. For example, mitigation sites may become
drier with time because of the expected increase in
evapotranspiration at a forested wetland due to tree
growth and associated closure of the herbaceous
understory canopy. One solution frequently man-
dated is to make the site wetter than a comparable
natural forested wetland. However, typical forested
wetland vegetation will not survive under perma-
nently flooded conditions. It is therefore possible that
vegetation in the new wetland will be significantly
different than that in the one originally impacted. In
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order to ensure that created wetland achieve the
goals set for them, both the owner and the regulatory
agencies may need to commit to decades of hydro-
logical and ecological monitoring and must have the
flexibility designed into the site to adjust the hydrol-
ogy if necessary.

2.1.2. Steeply sloping cut banks surround many miti-
gation sites

Long cut-banks at 4:1 and 5:1 slopes 5 m or more
high form the margins of many mitigation wetlands.
These wetland sites usually experience excessive
ponding during wet periods, and account for the high
number of sites (43%) that reported problems with
erosion and sedimentation. Ecological transition
zones are not built into these sites because regulatory
agencies give no mitigation credit for transitional
area. Combined with the need to minimize the distur-
bance footprint and land acquisition costs, this policy
results in some wetland mitigation sites that more
resemble bathtubs than natural upland /transitional /
wetland landscapes. A change in policy to permit or
require more gently sloping transitional areas would
help to solve these problems.

4
2.2. Case study: riverine wetlands

From the statewide survey of YDOT mitigation
wetlands, Daniels et al. (1996) selected five pairs of
natural-and-mitigation wetlands for intensive moni-
toring. The initial goal of this on-going research was
to document differences in critical topographic, soil
and hydrologic properties between wetlands; after a
few more years of sampling we hope to develop an
estimate of the initial rates of change of properties in
the created wetlands.

The pairs selected all consisted of reasonably
comparable, adjacent wetlands of at least one acre
(4050 m?, approx.) and represented a variety of ages
and hydrologic settings. At each reference and miti-
gation wetland, relative elevations were measured on
a prid spaced at 10 m centers and contoured. Soils
were collected at three locations chosen at random to
represent high, median and low elevations within the
wetland. Samples were collected at depths of 5-15,
40-50 and 90-100 cm. Three samples were col-
lected from each depth and mixed to form a compos-

ite sample. Soils were analyzed for nutrient status,
pH, organic carbon content, DCB extractable Fe and
Mn, and particle size distribution. At selected sites,
soil profiles were observed from auger cuttings for
detailed description and characterization of soil mor-
phology. Special emphasis was placed on rooting
depth and distribution, redoximorphic features, and
restrictive layers. Numerous shallow groundwater
moniloring wells were constructed across each wet-
land. Most wells were approximately | m long with
continuous screens and sand filter packs. At a few
locations where upwelling occurred, monitoring wells
were placed by pairs of peizometers approximately
0.3 and 1.0 m long with screens less than 10 cm
long.

The five reference wetlands studied were eithe
forested or emergent and were located along streams
and ponds in the Piedmont or Coastal Plain with 2
variety of energy settings. Because the characteristics
of the Fort Lee site illustrate many of the sitnations
and problems common to the five sites studied, we
describe it in detail below.

The reference forested wetland lies on the flood-
plain between the mitigation wetland and Cabir
Creek, a second-order stream that occupies a broac
valley carved into the Coastal Plain near Hopewell,
VA (Fig. 1B). Beneath the valley sides lie Plio-
Pleistocene estuarine-fill deposits including the Qua-
ternary—Tertiary Windsor formation and Cretaceous
fluvial and marine sediments (Mixon et al., 1989)
The mitigation site was formed by excavating ¢
steep-sided basin in the hillside adjacent to the flood-
plain and Interstate 295. Hydric scils were not re-
turned to the site. The site was seeded in (all fescue

Differences in elevations between the highest anc
lowest points in the wetland and in the degree of
micro-relief are greater in the reference wetland thar
in the mitigation wetland (Fig. 2). Relatively fla
surfaces cut by heavy machinery dominated the con-
structed sites. As al each of the five VDOT sites
examined, the mitigation sites have much les:
micro-site variability for plant communities than dc
natural wetlands,

Soil profiles in the reference sites were pootly
developed and often contained buried A horizons
typical for floodplain pedons (Table 2). Low chrom:
A horizons usually had many and common roots tc
over a meter depth. Soils in the mitigation sites were




G.R. Whittecar, W.L. Daniels / Geomarphology 31 [1999) 355-371 359

Fort Lee Mitigation Wetland

G

a 1] [

Fort Lee
Reference
Wetland

N
T

ig: 2, Microtopography of poftions of the mitigtion wetland and
w reference wetlond a1 the Fort Lee, VA, site. Contoars in melers
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Intisols with A-C horizons and very few roots;
Jxidized rhizospheres were the only active redoxi-
morphic features observed.

Ag at each of the five mitigation wetlands studied,
soils at the Fort Lee site were considerably more
compacted with higher bulk densities than soils m
companion reference wetlands. Excavation here ex-
posed abundant quantities of sulfidic soil materials in
the cut-bunk above the wetland und in the fills in the

road median draining into the site. Once oxidized,
the materials become highly acidic and generate
metalliferous and toxic leachate which can kill vege-
tation near seeps. The banks are being treated with
high liming rates but will pose a continuing threat to
water guality.

Average organic carbon confent in the reference
site soils was markedly higher at all levels sampled
than in the mitigation site soils (Table 3). The TEN
valies were notably higher in the near surface sam-
ples of the reference site soils. The pH was on
average higher in the mitigation site, with the upper
materials having the lower values. The samples col-
lected in the mitigation site were away from any
influence of the acid sulfate leaching so the TKN
and pH values differences may be a function of the
organic matter contents.

Ground-water levels across the Fort Lee mitiga-
tion site decline gently towards the north and the
river from a high in the southwest (Fig. 1). Three
pairs of piezometers installed in the southwestem
corner of the mitigation site indicate hends incredse
there with depth; the piezometers replaced momtor-
ing wells that commonly showed very high heads.
Although upwelling has been documented at this site
only in this portion of the wetland, this phenomenon
is 0 cOmmon occurence near steep embankments in
Coastnl Plain valley-bottom wetlands.

Mitigation site soils have profoundly different
physical and chemical properties than the natural
wetland soils, an inevitable result of their youth and
the construction practices employed at Fort Lee and
other VDOT projects. The high bulk density and the
low orgamic matter levels pose the greatest problems
for the success of wetland vegetation plantings and
the establishment of low redox conditions necessary
for wetland microbial activity.

2.3. Case siudy: pocosin wetland

We were asked to perform a site evaluation study
of an acidified gravel pit lake in Hampton, VA (Fig.
3) (Daniels et al., 1994). The site was excavated and
ahandoned in the 1970s when Interstate 64 was
constructed, and now contains two lakes, The smaller
lake is only slightly scidic (pH=3.8) while the
larger lake is murkedly acidic (pH < 3.7), metallifer-




60 G.R. Whittecar, W.L. Daniels / Geomorphology 31 (1999) 355-371

Table 2

Soil morphology in mitigation and reference wetlands at Fort Lee, VA, study area

Horizon Depth (cm) Color Texture roots Notes

Al 0-10 10YR3 /2 loam many fine and medium

A2 10-30 10YR4 /1 loam common fine and medium

AC 130-140 10YR4 /1 loam few fine and medium

AC 240-260 10YRS5 /2 sandy loam few fine and mediurm

CA 60-80 1.5Y5/2 sandy loam none

© BO-110 + 10YRE /1 v. gravelly coarse sand none

Mitigation wetland

Ap 1-13 10YR4 /4 loam many fine, few medium

Cl 13-41 7.5YR5 /6 sandy clay loam few fine structureless, massive
c2 41-64 7.5YR5/6 sandy clay loam few fine structureiess, massive
C3 6480 + 7.5YR5/6 sandy clay loam few fine structureless, massive

ous, and virtnally barren of life. YDOT believed
some uplands and transitional areas surrounding the
larger lake might be converted to mitigation wet-
lands if they were regraded to slope more gently into
the lake. Additional mitigation wetland area might
come from filling the acidified lake. We had four
research objectives at this site: (1) to map and char-
acterize the natural soils and disturbed sediments; (2)
to characterize the acid-forming potential of sulfidic
materials surrounding the larger lake and predict
their response to liming, flooding, and regrading; (3)
to monitor water table fluctuations and begin a long-
term hydrologic evaluation, and (4) to develop
strategies for creating appropriate hydric soil condi-
tions to support several different types of non-tidal
wetland vegetation communities.

Table 3
Soil chemical analyses for Fort Lee study area. OC = combustion
methad; N = Total Kjeldalh method

Depth {cm)} Organic carbon  Nitrogen pH
Range Mean Range Mean Range M;a_n
(%) (%)
Reference wetland (n= 3) B
5-15 1.9-42 29 014-021 0.18 43-52 4.8
40-50 0.1-16 02  003-0.i2 D08 4.5-5.5 49
90-100 <0.1-04 02 0.02-006 005 49-58 5.3
Mitigation wetland (n = 3)
S-15 0.5-1.1 0.8  0.05-008 CO7 350-55 53
40-50 <0.1-03 01 002-006 004 50-57 5.3
90100 <01-02 01 002-006 0.04 50-57 54

The terraced surface of the York—James Penin-
sula consists of a series of Pleistocene marine sur-
faces and intervening scarps formed by several trans-
gressions—regressions (Peebles et al., 1984; Johnson
et al,, 1987; Mixon et al.,, 1989). Significant relief
exists near large streams and near modern and relict
estoaries, especially on relatively old terrace sur-
faces. The study site lies on a relatively young
terrace surface with little dissection. A forested wet-
land once covered much of this surface; native
Americans called these areas ‘‘pocosins’’ (swamps-
on-a-hill) (Daniel, 1981). Many large natural swales
through these swamps now contain steep-sided
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Fig. 3. Location map and geolagic setting of Hampton, VA, study
site. Shading on index map represents the approximate extent of
the Atlantic Coastal Plain in Virginia.




