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FOREWORD 

Maryland power plants produce about 1.S million tons of combustion products per year. 
Currently, about half of these combustion products are beneficially used in highway fill, surface mine 
reclamation, and various other construction applications. The remainder is landfilled. Five years ago, 
the Maryland Power Plant Research Program initiated a series of demonstration projects to develop 
beneficial uses for all of Maryland's projected annual production of two million tons of combustion 
products per year. The focus of Maryland's program is to demonstrate that mixtures of combustion 
products with high lime content waste products can be used in lieu of ordinary cement mixtures as the 
cementitious material in most standard geotechnical applications. Such use of combustion products is 
expected to greatly improve the economics of large restoration projects, thus making more 
environmentally beneficial projects feasible, as well as reducing landfill space requirements. 

A demonstration project of bulk-filling an underground coal mine has been completed and is providing 
valuable data on the environmental performance of a mixture of fluid bed combustion products, fly 
ash, and flue gas de-sulfurization material used in an acid mine environment. Demonstration projects 
for construction of seepage barriers or cutoffs, restoration of streambeds, and coating of high sulfur 
mine pavement are underway. Maryland's 4S0 abandoned coal mines, numerous disposal areas, 
brown-field sites, and karst topographic belt are being investigated to identify opportunities for 
demonstration of combustion products in such uses as: paste applications, tremie seals, diaphragm 
walls, secant drilled shaft walls, slurry trenches, solidification and stabilization of dredge fill, 
compaction grouting, jet grouting, in-situ deep mixing, and construction of impermeable caps and 
other soil-cement structures. 

The Kempton Mine Complex in the Upper Potomac Basin is the largest source of acid mine drainage 
in Maryland, releasing approximately 3.S million gallons of water per day with an average pH of3.2 
to Laurel Run, an important tributary of the Potomac River. The Upper 
Potomac Basin offers numerous opportunities for demonstration of mine restoration using power plant 
combustion products, however any changes to the current flow regime in the area could .have 
significant impacts, both beneficial and adverse, on the sensitive wetlands on the North Branch of the 
Potomac River at Kempton, Maryland, and the wetlands on Laurel Run. The Laurel Run Wetlands 
have been severely impacted by the acid mine drainage that has occurred over the SO years since the 
closing of Kempton Mine 42. Improvements to the water quality of the discharge into Laurel Run will 
clearly be beneficial to the Laurel Run Wetlands. However, uncertainty exists as to the overall 
impacts to the North Branch and Laurel Run Wetlands should any change in water flow occur, as may 
result from even demonstration-scale projects. This report establishes the baseline for measurement of 
changes to both wetlands over a five-year period in which proposed demonstration projects in the area 
are scheduled to occur. 

Petzric 
Energy Resource Administrator 
Maryland Power Plant Research Program 



Abstract 

The Maryland Department of Natural Resources-Power Plant Research Program (PPRP) and the 
Maryland Department of the Environment-Bureau of Mines (BOM) have undertaken the Western 
Maryland Coal Combustion By-Products/Acid Mine Drainage Initiative. The Initiative is a jOint effort with 
private industry to research and develop large-volume beneficial uses of coal combustion by-products 
(CCBs) to reduce acid mine drainage (AMD) formation in Maryland's abandoned, underground coal 
mines. The Initiative emphasizes the prevention of AMD formation rather than treatment of AMD. 

The success of using CCB flowable grout material to coat the aCid-bearing strata of the underground 
mine complex has been demonstrated by the Winding Ridge Demonstration Project (PPRP Report 1 
24, November 2000). Using similar, yet varied, techniques in the Kempton Mine Complex of Garrett 
County, the Initiative has begun a long term effort t 0 use CCBs to reduce the amount of AMD being 
formed, eliminate future formation, and reclaim the hydrologic and biologic capabilities of affected 
streams in the area. Any changes in the Kempton Mine Complex will impact both the sensitive wetlands 
on the North Branch of the Potomac River at Kempton, Maryland and the highly stressed wetlands on 
Laurel Run. The subject of this report is the first year effort to monitor changes to the wetlands as 
changes are made to restore the mine complex. 

The first year activities included establishing baseline conditions of the two wetlands. Baseline data was 
obtained for vegetation, small mammals, birds, soils, and water characteristics, with emphasis on 
vegetation. In addition, small-scale projects were established for phyto-reclamation (reclaiming 
degraded land through plant propagation). 

The establishment of methodology, monitoring points, and schedules are presented in the pages of this 
report. Additionally, the results of the monitoring during the summer and fall season of the first year are 
described and analyzed for improvement and/or correction in up-coming monitoring seasons. Initially, 
the data collected document the degenerative state of the North Branch Wetlands from AMD, and the 
current, improved state of the Laurel Run Wetlands since reclamation of a coal refuse area that 
extended into the wetland complex. 
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1.0 INTRODUCTION 

Acid mine drainage (AMD) is a significant environmental problem associated with coal mines 
abandoned before mine reclamation laws were established in 1977. AMD forms when ground 
water and oxygen contact and oxidize sulfur-bearing minerals (primarily pyrite) exposed by 
coal mining activities (Hutnik & Davis, 1973). As abandoned mines fill with ground water or as 
water is filtered through large deposits of abandoned overburden or spoils, oxidative processes 
produce acidic waters that inevitably escape mine systems and join surface water elements 
like wetlands and ultimately, streams and rivers. Once AMD has entered a watershed, it can 
have far-reaching effects, e.g., severe degradation of terrestrial and aquatic ecosystems. To 
date, it is estimated that AMD impacts more than 450 miles of wetlands, streams and rivers in 
western Maryland, including many within the Chesapeake Bay watershed. 

As one of its mandates, the Power Plant Research Program (PPRP) is charged with 
developing new strategies for dealing with both the problems associated with AMD and the 
disposal of coal combustion by-products (CCBPs) produced by coal-fired power plants. The 
PPRP has developed and initiated several demonstration projects that deal with both AMD and 
disposal of CCBPs. 

The PPRP and the Maryland Department of the Environment Bureau of Mines have 
established the Western Maryland Coal Combustion By-Products/Acid Mine Drainage 
Initiative. The Initiative is a joint effort with private industry to demonstrate the benefits of using 
CCBPs to create flowable grouting material. CCBPs flowable grouting material, when injected 
into underground coal mines, will sequester exposed metallic minerals (by paving them over) 
and will result in a significant reduction of associated AMD. The Initiative is part of a multi-year 
project that began in 1995 and continues today (see Winding Ridge Project, report PPRP-124, 
November 2000 or Kempton Man Shaft Project Preliminary Engineering Report, 
PPRP/15435.1 B.01-5/15/01). 

In addition to finding new and innovative ways to address CCBPs disposal and the problems 
associated with AMD, wetland monitoring and restoration of wetlands damaged by AMD are 
considered important aspects of the overall Initiative. Remediative engineering using CCBPs 
is expected to improve both hydrology and water chemistry on a watershed scale. Therefore, 
monitoring of sensitive wetlands is an essential part of efforts to track and document expected 
patterns of change in terrestrial and aquatic ecosystems. In April of 2000, the Natural 
Resources and Wildlife Technology Program at Garrett Community College entered into a five 
year agreement (2001-05) with the PPRP and the Maryland Environmental Trust Fund to 
monitor two wetland sites that might be improved by efforts to reduce AMD in the Kempton 
Mine Complex and to investigate and recommend possible restoration strategies. The 
Kempton Mine Complex was mined beginning in the 1880's and abandoned in 1950 and has 
become the single largest producer of AMD in western Maryland. Therefore, it must be a 
primary target in our effort to reduce AMD and restore degraded wetlands in the region. This 
report documents the monitoring strategy and methodologies that have been developed, the 
results and conclusions from the first year data, and an update on strategy development for 
resto ratio n. 
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2.0 STUDY AREA LOCATION AND DESCRIPTION 

Two wetlands in southern Garrett County in western Maryland were chosen as monitoring sites 
(Fig . 1). Both wetlands have been or continue to be impacted by AMD. Each of these 
wetlands drain into the North Branch of the Potomac, a major public water supply source for 
metropolitan District of Columbia and adjacent urban and rural communities. Additionally , the 
North Branch of the Potomac provides a major recreational water resource for the states of 
Maryland , West Virg inia , and Virginia. 

2.1 North Branch Wetland Complex 

The North Branch of the Potomac wetland complex (NBW) is near Kempton , Maryland (Fig . 2, 
laUlong 39.20, -79.48) . The NBW was, until recently, covered by coal mine spoil material and 
subject to the effects of spoil leachate. In 1996, the Bureau of Mines, as part of an Abandoned 
Mine Lands reclamation project, removed the spoil to an upslope location, contoured it for 
positive drainage, covered it with soil , revegetated the surface, and replanted degraded areas 
within the wetland (Fig . 3). 

Figure 1 
Geographic location of the North Branch and Laurel Run wetland research stations. 

West Virginia 

Pennsylvania 
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\ 1 
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Figure 2 
USGS topographic quadrangle (Davis) for Maryland and West Virginia 
showing location of North Branch and Laurel Run wetlands (1 :24000) . 

Vegetation health and water quality have markedly improved since the removal of the spoil 
from the upper NBW. However, despite significant improvement, there has not been a 
complete recovery. The spoil provides an occasional seep of acidic drainage and, in addition, 
subsidence may be draining surface water from within the wetland itself. Addressing 
subsidence and loss of surface water into the Kempton Mine Complex is one of the goals of 
the engineering (grouting) phase of the project. 

The NBW study area encompasses approximately 70 acres , begins adjacent to the town of 
Kempton (Fig . 3) , and is a typical Allegheny Plateau emergent wetland . The upper end is a 
mosaic of sedges and rushes, occasional beaver ponds and numerous small stream channels . 
As one moves downstream, there is a fairly rapid transition to a shrub wetland dominated by 
northern arrowwood , northern wild raisin, several species of St. Johnswort, and tussock sedge. 
The shrub wetland area is characterized by a single stream channel , many meanders, and 
forested riparian edges. The wetland is bordered by open fields, upland areas of 
rhododendron , and mixed stands of hemlock, maple, birch , oak, and other species 
characteristic of a northern hardwoods forest (Fig . 4) . 
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Figure 3 
Aerial photo of the North Branch wetland complex (1998). 

~. 

2.2 Laurel Run Wetland Complex 

The Laurel Run wetland complex (LRW) study area is a 35 acre stream and wetland complex 
approximately one mile north of the NBW (Fig . 2, laVlong 39.22, -79.43). The LRW is 
separated from the NBW by a ridge but eventually drains into the main stem of the North 
Branch of the Potomac approximately five miles downstream. The LRW is a critically 
important site because approximately 2,400 gallons per minute (3,456,000 gallons per day, 
1,261,440,000 gallons per year) of AMD flow into the wetland from the Kempton Mine Complex 
airshaft and borehole (Fig . 5) . 

Both the airshaft and borehole drain waters associated with the Kempton Mine Pool. The 
Kempton Mine Pool has an estimated capacity of 1.3 to 1.5 billion gallons and provides a 
constant source of acidic waters, much of which is discharged daily into the LRW. The annual 
mean pH for the combined airshaft and borehole discharges is 3.1 . This discharge has caused 
localized degradation of wetland soils and regional degradation of associated ecosystems (see 
Fig . 4) . In the last five years, there has been a concerted effort to address AMD damage at the 
LRW. In 1996, a lime doser was installed just below the airshaft discharge and the benefits to 
water chemistry have been instrumental in facilitating rapid recolonization and growth by 
vegetation in some areas. However, the lime doser does not reach many places within the 
wetland , so different remediation strategies must be developed for those areas. 
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LRW is a heterogeneous landscape dominated by bare ground degraded by AMD (Fig. 6). In 
addition , there are areas of unreacted lime deposition where the surface is almost white, other 
areas where vegetation is recolonizing (mostly near the main stream channel where the 
effectiveness of the doser is greatest), and small "islands" of vegetation growing near or on 
accumulations of organic matter (rotting wood , detritus). These "islands" of vegetation are in 
otherwise inhospitable terrain , i.e., low pH and high levels of metal oxides. 

Figure 4 
1) upper end of North Branch wetland , 2) lower end of North 
Branch wetland , 3-4) degraded areas in the Laurel Run wetland . 

9 



Figure 5 
Aerial photo of the Laurel Run wetland complex (1998) . 

Figure 6 
Photos of Laurel Run wetland complex - (L) area of recolonization and 
unreacted lime deposition, (R) area where lime doser is not effective. 
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The LRW complex begins several hundred meters upstream of the airshaft as a small 
mountain stream bordered by mature upland forest (Fig . 5 and 7) . The pH of the stream 
component of the LRW is suitable for aquatic biota (pH mean = 6.4) and remains so until it 
joins the acidic airshaft discharge. Just below the airshaft discharge and the lime doser, the 
LRW continues as a narrow stream channel (3 meters across) and remains so for 
approximately 200 meters (Fig . 7) . At this point, there is an abrupt transition from riparian 
habitat to open meadow, the LRW spreads out dramatically, and the single stream forms 
multiple channels. 

The open meadow emergent wetland is a mosaic of mosses, sedges, rushes, small shrubs , 
occasional stunted eastern hemlocks, numerous small stream channels, stands of large dead 
trees , and extensive completely denuded areas heavily impacted by AMD (Figs. 6 and 7) . 
Several hundred meters downstream and beyond the open area , there is a fairly rapid 
transition to a shrub wetland dominated by several species of small shrubs , sedges , and 
rushes. The shrub dominated area is characterized by a single stream channel, many 
meanders , and forested riparian edges. An adjacent beaver pond overflows and drains good 
quality water (pH = 6.5) into the LRW at the lower end of the open area and has moderated the 
effects of AMD from the borehole. This has facilitated the establishment of significant 
vegetative cover downstream of the beaver pond overflow. The LRW, like the NBW, is 
bordered by upland areas of rhododendron , eastern hemlock, maple, birch , oak, and other 
species characteristic of a northern hardwoods forest. 

Figure 7 
(L) The upper end of Laurel Run wetland below the lime doser (notice the milky color 
of the treated water) and nuded a in the middle of the wetland . 

3.0 TASK DESCRIPTIONS 

. .. . 
' . ... • f 

, .. ' -'.' "", . , is ., .. Nt . . ~ 

As part of the agreement with the PPRP, the following four tasks were to be accomplished at 
the North Branch and Laurel Run wetlands: 1) Monitor the Laurel Run wetland complex on an 
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annual basis (2001-05), 2) Monitor the North Branch wetland complex on an annual basis 
(2001-05), 3) Develop strategies for small scale phytoreclamation of Laurel Run wetland, and 
4) Special studies not anticipated may be required as more information is gathered. Table 1 
lists all tasks that were accomplished between April and September of 2001. 

Table 1. The following tasks were initiated and/or completed between May and September, 2001 for both the 
North Branch (NB) and Laurel Run (LR) wetlands. 

Task Description Status Comment 

Locate and map all global positioning system (GPS) technology completed new or other features may 
wetland boundaries and was used to locate and map all boundaries and need to be mapped and 
other featu res and create features added to the GIS periodically 
base maps 

2. Develop a geographic a complete GIS database (ArcView) has been completed GIS is an ongoing process 
information system (GIS) developed and is the primary data 
database management and analysis tool 

3. Locate and map all all vegetation survey points have been mapped completed we will navigate to the same 
vegetation survey points using GPS and coordinates have been entered survey points in subsequent 

into the GIS years using GPS 

4. Survey vegetation vegetation has been surveyed using a % cover completed vegetation will be surveyed 
belt transect method - a total of 732 quadrats each year at the same pOints 
(m2

) in 11 blocks were surveyed on the NB and using the same methodology 
184 quadrats (m2

) in 7 blocks were surveyed at 
LR 

5. Locate and map all all seeps that discharge into the wetland have completed any new or undocumented 
upland and wetland been located using GPS, pH has been seeps will be recorded on an 
seeps - record and measured and recorded and incorporated into annual basis 
monitor pH on an annual the GIS 
basis 

6. Measure muck depth at muck depth at LR has been measured in each completed muck depth will be monitored 
LR (as an indicator of of the 7 vegetation blocks - 5 measurements on an annual basis 
oxide and unreacted lime per block 
deposition from AMD and 
doser) 

7. Initiate phytoreclamation a small scale trial was initiated in a heavily completed larger scale trials will be 
field trials degraded section of LR just below the borehole developed for subsequent 

discharge - two organic matter augmentation years 
treatments are being evaluated 

8. Initiate greenhouse native seeds are in the process of being cold in progress greenhouse trials will be 
phytoreclamation trials stored, i.e., stratification, and will be planted used to evaluate the effect of 

when ready (spring 2002) different organic matter 
treatments, soils, and 
species 

9. Locate and map bird 12 survey points at NB and 9 at LR were completed surveys will be done at the 
survey points and monitor located using GPS - bird communities were same time and same points 
during breeding season surveyed during breeding season and all data in subsequent years 

have been incorporated into the GIS 

10. Develop methodology for two live trap and release transects were completed larger scale trapping will be 
small mammal surveys established at NB at LR and small mammals done in subsequent years 

were trapped and released during six trap 
nights (3 each wetland Site) 

11. Collect soil samples from 5 samples per block were collected (55 NB and completed soil chemistry data not yet 
both wetlands 35 LR) received from lab 

12. Conduct literature review a preliminary literature review has been done - in progress more review needs to be 
and investigate feasibility several candidate species show promise for done, should be complete by 
of using hyper- phytoreclamation and metal oxide Fall,2002 
accumulators for sequestration 
phytoremediation 
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4.0 MATERIALS AND METHODS 

The primary focus of the wetland monitoring strategy is to monitor vegetation and the majority 
of field season (2001) man-hours were expended on vegetation related data collection 
activities. Secondary focal points include bird and small mammal communities, soil and water 
characteristics, and seepages into the wetlands. Restoration strategy development is also of 
primary concern , but is extraneous to monitoring. We will herein describe materials and 
methodology for tasks listed in Table 1. 

4.1 GPS and GIS Applications 

All wetland boundaries, vegetation survey points and blocks , and other physical features were 
mapped using Trimble GeoExplorer III GPS units. Upon collection , all geographic coordinates 
were differentially corrected using PathFinder Office and uploaded into ArcView GIS for 
storage, management, display, and analysis. Using these data, we developed multiple base 
maps upon which we can easily overlay a variety of different themes. Fig . 10 illustrates the 
theme overlay concept. For example , the maps of the NBW and the LRW display several 
themes simultaneously, e.g. , wetland boundary base map, reclaimed spoil , vegetation survey 
blocks, borehole , etc. Thematic maps of this type are a very useful way to display geographic 
information. 

Figure 10 

Vegetation survey blocks layout for the North Branch (L) and Laurel Run (R) wetlands 
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Once we laid out the survey block design and located all survey points, we began sampling 
vegetation (6-15 to 7-16-2001). We established eleven survey blocks (A-K) containing 732 

13 



point quadrats (m2
) on the NBW and seven blocks (A-G) containing 184 point quadrats (m2

) at 
the LRW (Figs. 10 and 16). Within each block, survey points were established at 
approximately 10m intervals. A one m2 grid (quadrat) was placed over the center pOint 
(located by GPS and flagged) and percent cover for each plant species present was estimated 
by eye and recorded (methods from Kent & Coker, 1992). In addition to plant species percent 
cover estimates, percent cover of litter, percent bare ground, and percent open water (surface 
area covered by at least one cm of water) were also recorded. Once these data were 
collected, they were entered into the GIS and linked to each of the survey point coordinates. 

4.3 Organizational Strategy 

GIS technology and the vegetation survey organizational strategy facilitates quick access to 
information about any point in the wetland. In addition, we can interpolate surfaces (create 
predictive models in map format) using ArcView's Spatial Analyst extension. These "predictive 
models" can be generated quickly and illustrate any species distributional patterns within a 
single block, multiple blocks, or for all blocks across the wetland. The primary focus of the 
2001 field season was to design and establish a long-term GIS database and referencing 
system that could quickly track and quantitatively estimate any changes in wetland vegetation. 
Our coverage of both wetlands, made possible by the large number of sample points, is 
extensive, detailed, and is feasible and practical only because of GPS and GIS technology. 
Because monitoring vegetation and GIS construction were our primary focus in 2001, all other 
aspects of the overall plan for assessing and monitoring the NBW and the LRW were 
considered secondary concerns and man-hours were assigned accordingly. This does not in 
any way diminish the importance of other studies in our attempt to accurately describe, assess, 
and monitor these sensitive wetlands. 

4.4 Bird Surveys 

Bird surveys were initiated and completed for both wetlands. We established 12 survey points 
on the NBW and 9 at the LRW (Fig. 11). We performed a series of five bird surveys at each 
site between June 11 and July 2, 2001 (breeding/nesting season). Surveys began at dawn 
and ended before noon. We recorded every species within visual range and/or vocalizing 
within or flying through a 50 m radius during a five minute period around each survey point. In 
addition, cloud cover, temperature, wind speed, and wind direction were recorded. Sex was 
determined for each individual (if possible) and any notable behaviors were also recorded 
(methods from Ralph, et aI., 1993). 

We will expand our focus on bird communities in subsequent years to include nest surveys, 
feeding behaviors, and use of the wetlands. We would like to pick several target species and 
focus our efforts on them (Fig. 12). It is important to understand exactly how birds are affected 
by AMD because, to date, we know bird populations are impacted, but we simply don't 
understand the mechanisms involved or the long-term consequences. 
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Figure 11 
Bird survey points location and layout for the 

North Branch (L) and Laurel Run (R) wetlands I =-,. ..... _ ..... _ .... _----------.--~ 
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Figure 12 

These are examples of some of the species we might select for further study. 
(L) solitary sandpiper (Tringa solitaria) , (Center) black-capped chickadee 
(Parus atricapil/us) and (R) magnolia warbler (Dendroica magnolia) 

4.5 Small Mammal Surveys 

Small mammals were trapped as part of our effort to develop trapping protocols for future 
studies (Fig . 13). Our goal was to fine tune our methodology, not to census local populations. 
We established two 100 m transects at each wetland site. Traplines were placed in two 
distinctly different areas on the NBW, one in the upper area (an emergent wetland) and one in 
the lower area (a shrub wetland) . At the LRW, we placed one trapline in the emergent wetland 
characteristic of the northernmost part of the wetland and one in the degraded center of the 
wetland . We placed small rodent Sherman live-traps at 10m intervals (10 per transect) , baited 
them with bird seed/peanut butter baits, and ran the traplines for six nights during the new 
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moon 8-19 to 8-25, 2001 (methods from Thompson, et aI. , 1998, Wilson , et aI. , 1996). Each 
morning, after a trapnight, we checked all traps and recorded species, weight, sex (if possible) , 
condition , and any other relevant comments (Fig . 13). Each trap point along all transects has 
been located using a GPS and all information has been incorporated into the GIS. This aspect 
of the project will be expanded in subsequent years. In addition , we have had an inquiry from 
a University of Georgia Ph.D. candidate seeking permission to survey small mammal 
communities in both wetlands. We may incorporate her work in the overall monitoring plan. 

Figure 13 
These images were taken at the North Branch wetland during mammal trapping. 
(1) Sherman small mammal live trap, (2) NRWT students Beth Rumer and Aaron 
Holochwost position a trap , (3) Beth checks a trap, (4) a meadow vole (Microtus 
pennsy/vanicus) awaiting measurement. 

4.6 Wetland and Upland Seeps Survey 

During the course of our work this summer, the PPRP expressed interest in our conclusion that 
there were many seeps (small springs) near and in both wetlands and asked us to investigate. 
The presence of multiple seeps became apparent as we mapped other wetland features, and 
because all upland seeps eventually drain into the wetland basins, they are a potential source 
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of AMD. Pursuant to the PPRP's request, we developed a strategy to locate, map, and 
document the pH of as many seeps as possible . We circumnavigated both wetlands twice 
(June and August) , located all seeps that were visible (surface water) , and followed any upland 
seeps to their source. We tested pH using a Model IQ150 handheld field-grade pH meter. All 
seep coordinates were collected using a GPS and uploaded into the GIS and will be tracked 
on an annual basis. 

4.7 Wetland Soils Assessment 

The soils at the LRW are heavily oxidized , rusty red in color, and mostly lacking any vegetative 
cover, all effects of AMD (see Figs. 4, 6, 7, and 15). In addition , the lime doser deposits 
moderate amounts of unreacted material on a continuous basis downstream. The soils are 
highly acidic in most places, alkaline in others (as a consequence of the doser) , extremely 
mucky, and generally anaerobic. 

We measured LRW soil depth in each of the seven vegetation blocks, probing 10 times at 
random points within each block with a 1" x 84" piece of PVC tubing until we hit solid substrate 
(Fig. 14). This allowed us to estimate mean muck depth. We will track the rate of metal oxide 
and unreacted lime deposition over time using the probe method. 

Figure 14 
This image shows a GCC student assessing the depth of mucky soils, 
oxides, and unreacted lime deposition within the Laurel Run wetland 
complex . Points were georeferenced using Trimble's Pro XRS GPS unit. 
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Soil chemistry is an important determinant of what type of ecosystem, especially vegetation, 
one finds in any particular area. We collected five random soil samples in each vegetation 
block from both sites for a total of 55 samples from the NBW and 35 from the LRW. All 
samples were sent to the Maryland Cooperative Extension lab at the University of Maryland. 
We tested the following soil fertility factors: soil texture, pH, magnesium, phosphorus, 
potassium, calcium, and organic matter. Testing was only recently completed and we have not 
had the opportunity to analyze the results. We will report the results of the analysis in the 2002 
Annual Report, or if requested, we will provide them as soon as the analysis is complete. The 
raw data from the soil tests report for both wetlands can be found in the appendix. 

4.8 Phytoreclamation - Greenhouse Trials 

Phytoreclamation (reclaiming degraded land using plants) greenhouse trials have been 
initiated. The goal of this effort is to explore the possibility that the low organiC matter content 
characteristic of the soils at the LRW is the primary soil fertility factor preventing the 
germination and establishment of wind, water, and animal dispersed seeds, and ultimately, the 
recolonization of the wetland (Hutnik & Davis, 1973). This is based on the idea that "islands" 
of vegetation within degraded areas are almost always associated with decomposing organic 
matter, e.g., rotting logs, rotting stumps, or accumulations of drift material. 

We purchased 450 grams of soft rush (Juncus effusus) seed, a common wetland rush at both 
sites, and have begun the process of COld-stratifying seeds. Most native wetland species 
require 4-6 months of burial and cold temperatures before they will germinate. We began cold
stratification in August, 2001 and seeds should be ready for planting in the Spring, 2002. We 
collected soil from the most degraded site at the LRW (below the borehole), heat-sterilized it, 
and placed it in 60 clay pots (4" x 6"). 

Our goal is to test the effect of increasing soil organic matter content on soft rush germination 
and establishment rates. We will use four different treatments. The first treatment is the 
addition of 25% wood chips (by volume) to each pot. The second treatment is the addition of 
50% wood chips. The third treatment is the addition of high grade potting soil (50%). The 
fourth treatment is the addition of alkaline CCBP material (10% by volume). We will use wood 
chips as a possible source of organic material because, if successful, wood chips are readily 
available at low cost. We will use CCBPs as a source of alkaline material because this would 
be a cost-effective way to deal with soil pH. Additionally, we are always looking for new and 
innovative ways to deal with the storage and disposal problems associated with CCBPs. 

4.9 Phytoreclamation - Field Trials 

Phytoreclamation field trials have been initiated. The goal of this phase of the project is much 
the same as those for the greenhouse trials, with several minor differences. Our goal in 
carrying out field trials was to test the effectiveness of transplanting plants from moderately 
degraded areas within the wetland to areas that are severely degraded. Our supposition is 
that local ecotypes are perhaps better suited to the harsh environment at the LRW when 
compared to wetland seed stocks produced at a nursery or greenhouse. Local ecotypes are 
plants that already grow and reproduce within the relatively harsh environment of the wetland 
and have therefore been subjected to selective pressures. Individuals within populations at the 
LRW should have traits that increase the probability of survival. 
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In order to test this hypothesis, we set up nine quadrats (m2
) in a severely degraded area 

below the borehole on August 24 , 2001 . This area is characterized by a complete lack of any 
vascular plants, though there are a few small areas thinly covered by acidophilic algal species. 
We used 1" x 4" wood slats and constructed box impoundments with a dividing slat for support. 
The quadrat frames were then pushed into the mucky surface of the wetland and stabilized 
(Fig . 15). Within each quadrat, we conditioned the soil with woodchips, potting soil , or no 
treatment (control). Each treatment was replicated twice for a total of three quadrats per 
treatment. Woodchip and potting soil treatments consisted of incorporating each into the top 
10 cm of soil within each quadrat at a rate of 50% of the tota l volume contained by each 
quadrat. 

Once this was done, we selected several specimens of soft rush (Juncus effusus) from other 
areas within the wetland and transplanted them to each of the quadrats (Fig . 15). We planted 
four individuals within each quadrat and then recorded plant height and percent cover. Our 
goal is to track the progress of the transplants during the 2002 field season. 

Figure 15 
Phytoreclamation study area just below the borehole. (1) Aaron Holochwost selects a suitable 
specimen for transplantation from a source area, (2) area where transplant quadrats are 
installed just below the borehole, (3) closer view of the transplant quadrats, and (4) close up 
view of quadrats after specimens were transplanted. 
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5.0 RESULTS AND DISCUSSION 

Assessing and monitoring vegetation is our primary focus and therefore comprises the bulk of 
the data. We present the results for the NBW and the LRW in the following order: 1) 
vegetation survey block design, 2) vegetation data, 3) example "predictive model" vegetation 
interpolations, 4) bird survey data, 5) seep location maps and tables, and 6) soil depth data. In 
addition , we provide background information on the potential use of hyperaccumulators for 
phytoremediation and preliminary information on the small mammal survey. 

5.1 Vegetation Surveys 

Vegetation is our key parameter for assessing any changes that might occur in the wetlands as 
a result of grouting projects. Because we are using GIS as our primary database management 
and analysis tool , our presentation of the results will rely heavily on maps as a means of 
displaying patterns and relationships within and between the NBW and the LRW. We have 
organized the data at the level of species (% cover) by survey block by wetland (we have the 
data on a point by point basis and stored in the GIS at the level of survey point, but it is much 
too cumbersome to present the results at that level). We begin the presentation of the results 
by providing a map that illustrates the vegetation survey blocks design for both wetlands, 
including labels for each block (Fig . 16). This map is useful as a spatial reference supplement 
for the vegetation data tables. 

We measured and recorded three abiotic characteristics as we surveyed vegetation . We 
assessed percent cover of open water, bare ground, and litter. Table 2 lists each of these 
variables by vegetation survey block and by wetland . 

Figure 16 
Vegetation survey blocks design and block designations. There are a total of 732 point 
quadrats in blocks A-K for the North Branch wetland (L) and 184 point quadrats in blocks 
A-G for Laurel Run . 
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Table 2. Weighted mean % cover water, bare ground, and litter for the North Branch and Laurel Run 
wetlands. 

Vegetation Survey Block 

A B c o E F G H J K mean 

North Branch 

% open water 
% bare ground 
% litter cover 
# survey poi nts 

Laurel Run 

% open water 
% bare ground 
% litter cover 
# survey points 

38.10 30.97 43.11 35.85 37.08 5.67 4.79 4.26 2.47 2.75 2.20 
2.22 6.83 4.67 1.54 1.25 0.78 1.00 1.82 1.37 1.44 2.35 

30.22 37.64 44.78 41.20 54.43 82.78 79.75 81.65 84.37 81.81 68.70 
67 70 45 54 53 45 80 77 79 81 81 

4.74 24.76 13.57 14.17 9.76 3.00 10.00 
66.28 36.80 33.32 49.17 2.80 6.33 13.75 
11.26 11.40 22.18 21.00 27.32 20.00 19.06 

47 50 28 12 25 6 16 

5.2 Abiotic Variables - North Branch and Laurel Run Wetlands 

16.56 
2.26 

64.25 

13.22 
36.99 
16.74 

There are some striking differences between the two wetlands when one compares percent 
open water, bare ground, and litter. There was somewhat more open water, much less bare 
ground, and much more litter on the NBW compared to the LRW (Table 2). The magnitude of 
difference, in general terms, reflects the relative state of health of the two wetlands. The 
higher percent litter cover on the NBW reflects the greater extent of vegetative cover. There is 
more surface water on the NBW, though it is probably the higher quality of the water that has 
the greatest positive impact, i.e., less AMD. There is approximately 18 times more bare 
ground at the LRW compared to the NBW (LRW = 37% and NBW = 2%). This illustrates the 
negative impact AMD has on wetland plants. It is also apparent from the data in Table 2 that 
the amount of surface water on the NBW decreases steadily as one moves downstream. This 
reflects the gradual shift from an emergent wetland characterized by many small meandering 
streams to a single stream channel riparian shrub wetland. 

5.3 North Branch Wetland Vegetation 

In addition to the abiotic variables listed in Table 2, we also collected data on each species or 
taxonomic group present at each survey point, in each block, and mean percent cover by 
block. A very small number of plants could not be identified to species and were reported at 
the genus or family level (Appendix, Tables 3 and 4). Furthermore, we have created a master 
table that lists all species present at both sites, their common name, taxonomic family, growth 
habit, U.S. nativity, and wetland status indicator (Appendix, Table 6). 

The NBW is dominated by two species, Carex stricta (tussock sedge) and Calamagrostis 
canadensis (bluejoint). Tussock sedge, a native obligate wetland perennial, is by far the most 
abundant species with a mean cover across all blocks of 33% (Appendix Table 3). However, 
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in blocks A-E, it never produces more than 20% cover. Conversely, in block F, there is a large 
increase to a cover of 70% (the highest of any block). In block G, cover drops to 54% and 
continues a general decline through subsequent blocks (though it never falls below 33%). We 
asked ourselves what might account for the distinct distribution pattern of tussock sedge. One 
pattern is very obvious. The upper end of the NBW (blocks A-E) is covered with a significant 
amount of surface water. The range of surface water cover values for these blocks is 31-43% 
(Table 2). The lower end (blocks F-K) have a range of 2-6%. It appears that the amount of 
surface water and the abundance of tussock sedge are inversely related (Fig. 17), though this 
does not imply causation (adjusted R2 = 0.65). 

Figure 17 
Simple regression between % surface water and Oft, cO\oer tussock sedge 

for all sUr\oey blocks (A-K) for the North Branch wetland 
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Additionally, historical influences may also playa role in facillitating our understanding patterns 
of distribution. The NBW was once a repository of a large coal mine spoil. This spoil was in 
the upper part of the wetland basin until 1996 and covered parts of blocks A-E (the wettest 
area). Once the spoil was removed, the wetland was replanted with a standard wetland 
reclamation seed mix. Unravelling the intertwined effects of the spoil and greater surface 
water on plant species distributions will require further inquiry. Regardless, the inverse 
relationship between the amount of surface water and the abundance of tussock sedge is 
striking and may hold clues to larger questions, e.g., is tussock sedge a superior competitor or 
is it dominant because of historical environmental factors? 

Bluejoint, like tussock sedge, is also a native obligate wetland perennial and is the second 
most abundant species. Its pattern of distribution is similar to tussock sedge. Its mean cover 
across all blocks is 17% (Appendix Table 3). However, in blocks A-E, mean cover is 9%. For 
blocks F-K, mean cover is 22%. There is not perfect distributional parity between tussock 
sedge and bluejoint, but the pattern of abundance is similar. This leads us to surmise that 
because the ecological niche of both species is similar, i.e., both prefer less inundation, they 
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respond to environmental factors in a similar fashion. It appears that the amount of surface 
water and the abundance of bluejoint, like tussock sedge, are inverse~ related (Fig. 18), 
though the relationship is not as strong (simple regression adjusted R = 0.39). 

% Cover 
blueJoint 

Figure 18 
Simple regression between surface water and %cover blue 

joint for all survey blocks (A-K) for the North Branch wetland 
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5.4 Laurel Run Wetland Vegetation 

50 

The LRW is strikingly different in both the abundance and dominance of species within the 
community. This reflects, in part, the degradation of the wetland by AMD. The LRW is 
characterized by significantly greater percent bare ground when compared to the NBW (Table 
2). Mean bare ground for the LRW is 37% versus 2% for the NBW. We would expect only 
those species or individuals that can tolerate the harsh conditions of the LRW to be present. 
Factors that limit species richness at the LRW may include the wide range and spatiotemporal 
variablility in pH (acidic to basic) and deposits of oxidized metals. Metal oxides in soils have 
been shown to significantly reduce the number of species found in an area (Hutnik & Davis, 
1973). Therefore, any species established and growing at the LRW should have mechanisms 
to deal with both limiting factors. 

We found, to our surprise, that there were as many species at the LRW as the NBW (114 
species at each site). This apparent anomaly may be explained by the greater environmental 
heterogeneity found at the LRW. The wetland itself is a mosaic of small to large, physically 
and chemically distinct areas. Disturbances increase environmental heterogeneity, and 
subsequently, a disturbance like AMD may produce a greater range of habitats, resulting in a 
proportionally greater number of species (Townsend, 1989). Therefore, even though AMD has 
a negative impact on plant communities, the increased environmental heterogeneity may have 
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created more opportunities for colonization by a greater number of species. We would, 
however, expect that AMD would reduce the overall cover of vegetation, if not the number of 
species. This appears to be the case. The NBW is characterized by 98% litter/ vegetation 
combined cover, whereas the LRW has a combined litter/vegetation cover of 63%. The suite 
of the most abundant species at the LRW is also different when compared to the NBW. Table 
5 lists the 10 most abundant species for both sites. 

Table 5. The 10 most abundant species for the North Branch and Laurel Run wetlands. 

North Branch Wetland 

Carex stricta 
Calamagrostis canadensis 
Solidago spp. 
Viburnum dentatum var. lucidum 
Juncus effusus 
Rubus hispidus 
HypericumlTriadenum spp. 
grass sp. (unable to ID) 
Sphagnum spp. 
Impatiens capensis 

% 

33.23 
17.10 
5.67 
3.60 
2.90 
2.44 
1.94 
1.67 
1.55 
0.97 

Laurel Run Wetland 

Sphagnum spp. 
Hypericum densiflorum 
Carex interior 
Rubus hispidus 
Juncus effusus 
Juncus spp. 
Eleocharis spp. 
clubmoss spp. 
Carex bai/eyillurida 
HypericumITriadenum spp. 

% 

8.74 
6.59 
5.75 
5.05 
5.04 
2.89 
2.38 
1.88 
1.74 
1.67 

The most obvious difference between the dominant species of the two wetlands is the absence 
of tussock sedge (G. stricta) and bluejoint (G. canadensis) at the LRW (Table 5). Both species 
are present at the LRW, but their percent cover is extremely low. Tussock sedge cover is <1 % 
compared to 33% for the NBW. Cover for bluejoint «1 %) is similar to tussock sedge and is 
much less when compared to bluejoint for the NBW (17%). This may indicate the sensitivity of 
both species to AMD and/or other hydrological conditions. 

There are only four species common to both wetlands among the 10 most abundant. They are 
Juncus effusus, Rubus hispidus, Hypericum/ Triadenum spp., and Sphagnum spp. J. effusus 
abundance is similar between wetlands (NB = 3% and LR = 5%) and may indicate a tolerance 
of conditions associated with AMD. Additionally, J. effusus also appears to be an effective 
early successional colonist. R. hispidus abundance is different between wetlands (NB = 3% 
and LR = 5%). This may also indicate that R. hispidus is more tolerant of conditions 
associated with AMD or it may even prefer those conditions. HypericumlTriadenum spp. 
abundance is also different between wetlands (NB = 2% and LR = 7%). Lastly, there is a 
notable difference in the abundance of Sphagnum. There is considerably more Sphagnum at 
the LRW when compared to the NBW (NB = 2% and LR = 9%). Sphagnum is acidophilic and 
is a dominant species in acidic bog wetlands and has been shown to actually improve the 
quality of AMD (Kent, 1994). Sphagnum, H. densiflorum, and C. interior are the three most 
abundant species in the LRW. They are not, however, ubiquitous. All are found mostly in 
survey blocks E, F, and G (Appendix Table 4). This area has not been impacted by AMD as 
severely as the rest of the wetland. AMD from the airshaft and borehole does not reach blocks 
E, F, and G on a continuous basis. Only during periodic flood events, primarily in the spring, 
does AMD or an acid pulse from acid deposition in snowmelt reach this area. 
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5.5 Predictive Models 

The final section of the vegetation results is based on "predictive models" or interpolations of 
individual species abundance and patterns of distribution. We interpolated a series of surfaces 
(interpolation models) on a block by wetland basis as examples of our ability to apply 
interpolation technology. We generated surfaces for tussock sedge and open water for the 
NBW and Sphagnum and percent bare ground for the LRW. These are examples only and we 
reiterate that we can generate surfaces for any of the point quadrat data collected. In other 
words, we can generate surfaces for any species or any abiotic factor by block by wetland. 
Needless to say, if we generated all possible surfaces, there would be hundreds of maps in 
this report. We can and will produce any surface requested, if the need arises. 

Figure 19 illustrates the power of interpolated surfaces. At a glance, one can make 
comparisons between blocks. The rapid transition from relatively low percent cover to high 
percent cover between blocks E and F is readily apparent. Additionally, one can also visually 
and quickly discern broad patterns for the wetland as a whole. This, though, is not the true 
power of interpolated surfaces. Interpolations are based on point information where we know 
with certainty what is found at each survey point because we have physically surveyed 
vegetation and other environmental variables. However, we only know what is at each point, 
we don't know about the areas in between points. 

One of the most significant problems in ecological surveys is small sample size. Often, 
because we are limited by time constraints, we can only sample a very small part of the 
environment and then extrapolate to a much larger area. The smaller our sample size, the 
more likely our extrapolative conclusions will be in error (Sutherland, 1996). Interpolation 
technology allows us to quickly predict (based on interpolation algorithms) the values for any 
variable between points. We have chosen the Inverse Distance Weighted (lOW) algorithm to 
interpolate surfaces. lOW assumes that each point has a local influence that diminishes with 
distance. In other words, it is based on the magnitude of change in values and the distance 
between points. This is the basis of our methodology when we generate vegetation 
distribution predictive models. We are, in essence, predicting the variable values for areas we 
did not physically survey. Models similar to those we have developed have been verified for a 
number of different applications, including geology, soil science, and preCision agriculture. 

Figure 20 is an interpolation of the spatial distribution of percent open water on the NBW. It is 
evident from the models that there is considerable open water present on the surface of blocks 
A-E. The models also illustrate the magnitude of change that occurs between blocks E and F, 
and subsequently, the continued decline in open water as one moves downstream through the 
wetland. Understanding and predicting the spatial distribution of abiotic environmental 
variables will be a key component of our monitoring regime. The ability to correlate variables 
like percent open water, soil fertility factors, soil physical properties (temperature, moisture, 
conductivity, etc.) among others with vegetation distributional patterns is a powerful tool for 
monitoring sensitive wetlands. This technology increases our ability to manage the necessarily 
large ecological database generated as a result of our work and allows us to quickly detect any 
changes that might occur as a result of grouting or other remediative projects associated with 
the Kempton Mine Complex. In addition, predictive model interpolations are suitable for 
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presenting complex ecological data in a distilled and easy to understand way. For perhaps the 
first time , the layperson can use interpolated surfaces as a way of gaining understanding of 
complex environmental problems. 

Figure 19 
North Branch wetland interpolations of tussock sedge for each vegetation survey 
block (interpolations generated using ArcView's Spatial Analyst - lOW) 
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We present interpolations of Sphagnum percent cover and percent bare ground for the LRW 
(Figs. 21 and 22). Sphagnum is the most abundant form of vegetation and bare ground is a 
dominant feature. Areas of ba re ground are those that are heavily impacted by AMO and 
interpolations created on an annual basis will allow us to track any possible recolon ization of 
the wetland by plants. As vegetation recolon izes the wetland (one effect of the doser), the 
percent of bare ground will decline proportionally. This will be a quick and easy method to 
subjectively assess any changes in the wetland . 

26 



Sphagnum is an indicator species of specific environmental conditions (acidic bogs) and is the 
most abundant form of vegetation at the LRW. It is , however, sensitive to changes in 
hydrology and water chemistry. If the degraded sections of the wetland becomes less acidic 
(doser treatment), then Sphagnum should slowly spread . Sphagnum is an obligate wetland 
species and we assume that it will spread throughout the wetland as pH rises and approaches 
an optimal range. As of the summer of 2001 , the degraded areas within the wetland were 
much too acidic for Sphagnum and we do not expect rapid changes to occur in those areas 
any time soon. 

• 

Figure 20 
North Branch wetland interpolations of open water for each vegetation survey 
block (interpolations generated using ArcView's Spatial Analyst - lOW) 
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Figure 21 
Laurel Run wetland interpolations of % cover Sphagnum for each vegetation survey 
block (interpolations generated using ArcView's Spatial Analyst - IDW) 
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Figure 22 

A 

Laurel Run wetland interpolations of % bare ground for each vegetation survey 
block (interpolations generated using ArcView's Spatial Analyst - IDW) 
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5.6 Bird Surveys 

Bird communities often reflect the health of their environment (Mitsch & Gosselink, 2000) . In a 
degraded wetland , the number of bird species (species richness) and the number of individuals 
within each species is often lower when compared to a wetland that is not degraded . There 
are efforts underway to develop methodologies using bird surveys to delineate wetlands more 
quickly than traditional methods (hydrology, soils, and vegetation) . We will use bird surveys as 
one aspect of our wetland monitoring strategy (Fig . 23) . 

Nonh Branch Ri ver 

L 

Figure 23 
Bird survey points location , designations, and layout 
for the North Branch (L) and Laurel Run (R) wetlands 
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Table 7. List of all bird species combined for all surveys for the North Branch and Laurel Run wetlands. Percents 
are the frequency of occurence of any particular species for each wetland during the survey period. 

North Branch 

C::;orn..-non N~""'o 

Aldor Flycatchor 
Arnerican C.-o"" 
Arnencan Goldfinch 
Bnr" 5vv;;l110"" 
Block-copped C hlckadoe 
Belted Kingfisher" 
Blue-hoDdod Vireo 
Bluo .Joy 
Cedar VVaxvving 
Common Grackle 
C:orTl",on R.aven 
Cornmon Yollo'VV1:hroot 
Dovvny VVoodpoc:::ker 
Eastern TO\IVhea 
European Sta rlin g 
Great Blue Heron 
C3ray Cotblrd 
HortTl,l T hrush 
Indl90 Bunting 
l'V1ourning Dove 
Northern Flicker 
Ovonbird 
Purple Finch 
Rose- breasted Grosbeok 
Rod- oyed Vlroo 
Rod- vv'nged B lackbird 
Song Spar-ravv 
Svvornp Sporrovv 
,roo Svvallo'lolV 
VVillo",", Flyc:atcho.-
Vallo"" VVarblor 

Total Specl os - 31 

S 00 
040 
3 . 00 
020 
080 
1 00 
060 
0 . 20 

1020 
o eo 
060 
6 eo 
020 
040 
260 
060 
6 eo 
0 .40 
1 . 20 
o eo 
O . 20 
0 40 
0 20 
O . 20 
0 2 0 

1S 00 
21 . 00 

6 60 
2 20 
1 20 
1 eo 

LDl..lrel Run 

Common N ame 

Aldol" Flycatcher 
American Crevv 
Amoricon Gold1'inch 
Amorican RobIn 
S.orn Svvo ll ovv 
Black- copped Chickadee 
Srovvn- heoded Covvbird 
Blue- hended Viroo 
Bluer Jay 
SlaCK- throated 811,.10 VVorb l or 
BlacK- th roote.d Groen VVarblor 
Codal" VVOlxvving 
Chipping Sparrovv 
Common GrocKle 
Common Yo ll ovvthroot 
Chestnut-SIded vvorblcr 
Eastern Kingbird 
Eastern Phoobo 
Eastern Tovvhco 
Gray Catbird 
HermIt Thrush 
I ndigo BuntIng 
Killdeor 
Magnolio VVarbler 
N orthern Fll c KOr 
Ovenbird 
Roso- breostod G .... o-5bo.ok 
Rod- broDsted Nuthatc h 
Rod - oyed Viroo 
Red-vvinged Blackbird 
Scarlet Tanager 
Song Sparrovv 
Svvamp Sparrovv 
Tree Svva ll ovv 
Tu1'tod Titmouse 
VVood Du c k 

Total Spec Ies - 36 

% 

0 20 
0 40 
O . 40 
2 20 
0 20 
4 20 
0 40 
0 2 0 
0 60 
0 2 0 
1 40 
4 . 80 
0 40 
0 40 
S 00 
0 20 
0 20 
0 20 
0 20 
:3 40 
1 . 00 
1 00 
080 
0 .40 
1 00 
0 80 
O . 20 
0 40 
0 60 
1 60 
0 20 

14 60 
:3 00 
1 00 
0 2 0 
0 40 
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Surprisingly , there is greater species richness at the LRW when compared to the NBW (Table 
7) . We surmise that the increase in environmental heterogeneity (a result of the disturbance 
caused by AMD) may playa role, i.e., a patchy environment provides more potential habitats 
for a greater variety of species (Townsend, 1989). However, the number of individuals within 
each species is consistently less at the LRW when compared to the NBW (Figs. 24 and 25) . 
So, even though the LRW is characterized by greater heterogeneity, it has fewer essential 
resources, e.g., food , and cannot support as many individuals within each species. 
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Figure 24 
Comparison of the 10 most abundant bird species for the North Branch and Laurel Run wetlands. 
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Figure 25 
A comparison of the 5 most abundant bird species for the North Branch wetland 
and corresponding species abundance for Laurel Run wetland (dark bars = NB). 
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5.7 Wetland and Upland Seeps 

Upland and wetland seeps associated with both wetlands were located using GPS and tested 
for pH . The two major point sources of AMD (airshaft and borehole) with in the LRW are 
localized and are relatively easy to monitor and remediate. However, there are many small 
upland and wetland seeps near or within both wetlands about wh ich nothing was known. 
Seeps are small springs that release groundwater into the wetlands and have, to this point, 
been considered non-point sources and difficult to assess. We located all upland and wetland 
seeps for both wetlands , tested pH, and uploaded all data into the GIS (Figs. 26-27, Tables 8-9). 

Figure 26 
Upland and wetland seeps location and pH for the North Branch wetland. Two 
low pH seeps associated with the reclaimed spoil are indicated with ca llout labels. 
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Surprisingly , there are only two seeps that are producing low pH water in or near the NBW. 
Not surprisingly, they are directly associated with the reclaimed spoil. Both seeps are acidic 
(pH = 3.15 and 3.99) and have created an area within the wetland that, at first glance, is not 
degraded. However, each is characterized by standing acidic water (1.5 - 2.0 m deep), very 
mucky soil (almost like quicksand), and dense stands of catta ils (Typha /atifolia ) and 
bulrushes , primarily softstem bulrush (Schoenop/ectus tabernaemontant) . Both species are 
native wetland perennials and require inundation for a significant period during the year. 
Cattails can be desirable or undesirable depending upon wetland management goals . They 
provide nesting habitat for blackbirds and some duck species, as well as brood rearing cover 
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and feeding substrate for ducks and fish (Hammer, 1997). However, fish and amphibians will 
not be able to survive and reproduce in this area because of the low pH of the water. Cattails 
frequently become pests in many wetlands and in shallow impoundments; they can dominate 
plant communities, reduce plant diversity and habitat for other organisms, and can impede 
water flow through irrigation, drainage, or stream channels. Furthermore, extensive stands of 
cattails also accelerate the eutrophication of impoundments, which is a process of wetland 
aging, nutrient enrichment, and sedimentation (Campbell, 1999). The area below the spoil 
where these two seeps are draining is localized and can, therefore, be treated. 

Table 8. Coordinates for each of the 46 upland and wetland seeps located in or near the North Branch wetland. 
Summary descriptive statistics are located at the bottom of the table. Table is ranked based on pH values. 

Longitude Qti Elevation (ftlmsl) 

39.204173518 -79.476676227 3. 15 
39.203871586 -79.474886935 3.99 
39.204873731 -79.470085926 5.71 
39.203797215 -79.474353098 5.92 
39.197862654 -79.475296007 6.05 
39.204591839 -79.469302072 6.07 
39.203791759 -79.473488578 6.16 
39.204756630 -79.483091783 6.23 
39.197771740 -79.474937079 6.25 
39.200789199 -79.471287515 6.26 
39.198817913 -79.471874333 6.30 
39.204086257 -79.472113279 6.30 
39.203344701 -79.478360964 6.49 
39203792944 -79.481564817 6.50 
39.202694059 -79.470494774 6.52 
39.204530949 -79.478038265 6.54 
39.204706846 -79.482814475 6.57 
39.202661820 -79.477465325 6.58 
39.203564859 -79.469945961 6.60 
39.197980818 -79.473321084 6.61 
39.204781652 -79.470724522 6.63 
39.200601347 -79.471517923 6.64 
39.201059123 -79.475641201 6.66 

2692 
2690 
2708 
2700 
2704 
2694 
2689 
2711 
2735 
2675 
2668 
2690 
2722 
2723 
2702 
2695 
2744 
2698 
2710 
2672 
2718 
2699 
2632 

Longitude Qti Elevation (ftlmsl) 

39.197938040 -79.473623748 6.66 
39203164901 -79.470169576 6.66 
39.203705949 -79.479497636 6.67 
39.203778126 -79.481230502 6.68 
39.198132401 -79.473054709 6.69 
39204200972 -79.469446251 6.70 
39.197766213 -79.474104758 6.73 
39.201459157 -79.475758220 6.76 
39.198756263 -79.475842949 6.78 
39.205557083 -79.481944952 6.81 
39203813009 -79.480403076 6.82 
39201889185 -79.470783591 6.87 
39206432042 -79.483960544 6.90 
39.204231709 -79.481983852 6.96 
39.200445548 -79.471475270 6.97 
39.199760531 -79.471678763 6.99 
39202242957 -79.476643713 7.09 
39201153847 -79.471212442 7.11 
39.198072137 -79.475860733 7.18 
39.201947952 -79.476163738 7.28 
39.203291331 -79.477954891 7.29 
39.201095184 -79.475505354 7.29 
39.199067016 -79.475536163 7.55 

2740 
2734 
2681 
2692 
2763 
2648 
2711 
2703 
2610 
2706 
2754 
2694 
2736 
2729 
2694 
2695 
2698 
2682 
2768 
2724 
2715 
2715 
2745 

Summary Statistics pH mean = 6.53 pH range = 4.40 min = 3.15 max = 7.55 # of seeps = 46 

In summary, we have located and tested the pH of all seeps for the NBW. We have pinpOinted 
the location of the most critical areas and will continue to monitor them in the future. If any 
other seeps are located as we carry out unrelated duties, we will GPS their location and test 
pH. In addition, we will develop a strategy to measure and monitor the volume of spoil-related 
discharge in the problem area. FSU's Geospatial Research Group has been monitoring 
discharge rates at several other locations and has expertise in this area. We will discuss 
discharge assessment and monitoring at the next Kempton Mine Complex working group 
meeting. 
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Figure 27 
Upland and wetland seeps location and pH for the Laurel Run 
wetland. Three low pH seeps are indicated with callout labels . 
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Table 9. Coordinates for each of the 38 upland and wetland seeps located in or near Laurel Run wetland . 
Summary descriptive statistics are located at the bottom of the table. Table is ranked based on pH values. 

Latitude Longitude l1!::! Elevation (Wmsl) Latitude Longitude l1!::! Elevation (Wmsl) 

39.221342188 -79.482146581 3.25 2647 39.221389351 -79.476458974 6.11 2652 
39.222588645 -79.460667404 4.58 2658 39.221965083 -79.461016223 6.11 2649 
39.222671625 -79.473855582 4.91 2644 39.223276812 -79.479938883 6.11 2663 
39.222614908 -79.473982666 5.30 2654 39.222959923 -79.473457766 6.21 2700 
39.222047417 -79.473539943 5.32 2635 39.222195525 -79.472432918 6.27 2652 
39.223632485 -79.479805960 533 2676 39.222229995 -79.478498250 6.30 2679 
39.221837676 -79.476797972 5.50 2664 39.222119686 -79.478358322 6.44 2658 
39.222382440 -79.475789725 5.50 2883 39.222533891 -79.479072913 6.51 2663 
39.222238364 -79.480686564 5.54 2650 39.222705090 -79.480262925 6.57 2675 
39.221077892 -79.479700060 5.60 2718 39.219797282 -79477966515 6.63 2750 
39.221871738 -79.481108775 5.62 2647 39.222984234 -79.473298583 6.66 2686 
39.222991325 -79.479261127 5.67 2675 39.222329011 -79.478718911 6.70 2663 
39.223754221 -79.479879133 5.71 2665 39.221888508 -79.474617088 6.71 2639 
39.222288452 -79.475583491 5.84 2678 39.221948721 -79.472891612 6.73 2659 
39.223003760 -79.473615226 5.84 2695 39.221968284 -79.474022211 6.73 2653 
39 222057642 -79.477937423 5.92 2685 39.220640559 -79.478415776 6.79 2683 
39.220668658 -79.482758421 5.92 2658 39.220826982 -79.478882453 6.85 2731 
39.220957905 -79.479174834 6.00 2634 39.224036908 -79.479994753 6.86 2880 
39.222008591 -79.475643094 6.11 2646 39.219611869 -79.478095099 6.91 2621 

Summa!y Statistics: pH mean" 5.99 pH range" 3.66 min" 3.25 max" 6 91 # of seeps" 38 
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AMD from the airshaft and borehole at the LRW is being treated . There is, however, another 
potential and untreated source of AMD -- upland and wetland seeps. Because the number and 
discharge volume of undocumented seeps was unknown, the relative effectiveness of any 
treatment strategy was suspect. Therefore , we located all upland and wetland seeps and 
tested pH. We uploaded coordinates and data into the GIS and were able to quickly and 
accurately assess the spatial arrangement and pH of all seeps (Fig. 27 and Table 9) . 
Surprisingly, the upland and wetland seeps for both wetlands are not as acidic as expected. 
However, it appears that the LRW seeps are slightly more acidic when compared to the NBW 
(summary statistics , Tables 8 and 9) . The mean pH for seeps at the NBW is slightly higher 
(pH = 6.53) when compared to the LRW (pH = 5.99) . The only significant seep trouble spot at 
the LRW is near the lower end of the upper riparian area below the lime doser where a spoil 
drainage impoundment overflows and drains into the wetland proper (Fig . 27) . The 
impoundment overflow has a pH of 3.25 and must be addressed before complete reclamation 
of the wetland can be realized . 

5.8 Wetland Soils Assessment 

We measured mucky soil depth at the LRW because the lime doser deposits unreacted 
materials downstream and because a side effect of AMD is the formation and deposition of 
metal oxides. Metal oxides, especially oxides of iron, turn the soil a rusty yellowish-red color 
and color the water in streams and stain in-stream rock formations (Fig . 28) . 

Figure 28 
Close up views of the reddish color of the highly oxidized soils at Laurel Run wetland (1 and 2) . GCC 
NRWf student using "mudshoes" constructed out of 1/2" plywood - one cannot walk in the mucky soil 
without . i to 2 meters in Un . 

- --
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Both unreacted materials and metal oxide deposition, if not addressed , will continue to pose a 
serious problem because both will continue to accumulate in the wetland proper. We report 
soil depth (assessed by probe - see Materials/Methods) for each vegetation survey block and 
the wetland as a whole in Table 10. 

Table 10. Mean muck depth for Laurel Run wetland for vegetation survey blocks A-G. We probed 10 random 
points within each vegetation survey block and assessed depth to the nearest centimeter. 

Probe Number 
Vegetation Survey Block 2 3 4 5 6 7 8 9 10 Mean Muck Depth (cm) 

A 230 40 88 42 62 83 66 55 31 66 76 
B 51 61 50 22 59 61 32 52 220 50 66 
C 145 133 51 145 191 121 102 89 59 69 111 
D 62 101 80 100 54 58 99 110 66 54 78 
E 59 65 44 78 98 70 40 50 54 67 63 
F 91 74 41 51 66 32 78 44 61 52 59 
G 54 50 65 40 32 81 53 43 52 60 53 

Figure 29 
Mean muck depth in centimeters by vegetation survey block for Laurel Run wetland. 
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Figure 29 shows the spatial arrangement of muck depth for the LRW. Vegetation survey block 
C has the highest muck depth at 111 cm. Block C is positioned where Laurel Run's stream 
channel opens up into a meadow. At this point, water from the channel spreads out and 
quickly loses velocity and a large proportion of suspended unreacted material from the doser is 
deposited. Block 0 has the second deepest muck (78 cm) and is adjacent to block C. As one 
moves downstream to block B (also adjacent to block C) muck depth declines to 66 cm. At 
this point, much of the unreacted material in suspension has been deposited. As water moves 
further downstream, there is a fairly consistent pattern of decreasing muck depth. However, 
just below the borehole (block A), there is an increase in muck depth. These deposits are 
primarily metal oxides from the borehole and the soil in this block is very red in color (Fig. 28, 
image 3). For information about soil fertility factors for both the NBW and the LRW, see Soil 
Test Report raw data in the appendix, table 13. 

Although lime dosers treat the acidity of AMD, they are far from a perfect solution to the 
problem. Lime dosers experience mechanical failures, deposit large amounts of unreacted 
material in streams and wetlands, are very expensive to maintain, and are calibrated to treat a 
constant level of acidity. In contrast, the level of acidity of AMD is highly variable, yet dosers 
are calibrated to deliver a measured dose based on an average pH. As a stop-gap measure, 
dosers are effective, but we must find alternatives that have fewer side effects, are less 
expensive to maintain, and offer real long-term solutions to the problems of AMD. 

5.9 Hyperaccumulators 

Phytoremediation of degraded soils using hyperaccumulators is a new and innovative way to 
treat soils contaminated by metals. Hyperaccumulators are plant species that have the ability 
to absorb up to 1000 times the volume of metals when compared to most plant species. 
Hyperaccumulators can remove or stabilize organic and metallic contaminants in a number of 
ways. They can absorb contaminants through root systems and convert them to less toxic 
compounds. They can and do create an ideal environment for the growth of microbial 
populations essential for successful bioremediation. In addition, they can prevent vertical and 
horizontal movement of contaminants by stabilizing the surface and near-surface substrate. 
And lastly, many hyperaccumulators sequester metallic contaminants in vacuoles within the 
tissue of the plant itself (Becker, 2000). 

The process of vacuolar sequestration of metals has given rise to the concept of biological 
extraction of metals from soils at an industrial scale -- in essence, biological mining. Biological 
mining is a concept based on the idea that hyperaccumulator species uptake metal 
compounds and store them in relatively large quantities in vacuolar tissues and, after 
maximum growth, plants can be harvested and high grade metals can be easily extracted from 
the plant material. Once extraction is complete, organic residue can be returned to the 
wetland. However, this technology is in the early stages of research and development and its 
efficacy has yet to be completely substantiated (Becker, 2000). Once we proposed 
hyperaccumulators as a possible method of soil remediation, the PPRP directed us to research 
the idea further. We have assembled a fairly broad list of hyperaccumulator references from 
the literature, collected numerous articles on the subject, and will develop working 
relationships with several labs that are currently doing hyperaccumulator research. Soils at the 
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LRW are contaminated with oxides of iron and aluminum, among others, and could benefit 
greatly from plants that have the ability to remove, alter, or sequester metal contaminants. 

There are, however, some hyperaccumulator phytoremediation trade-offs. The following 
seven points illustrate that there are benefits and costs associated with using 
hyperaccumulators: 1) it is a natural remediation process and is inexpensive when compared 
to traditional methods of remediation, 2) it is a publicly acceptable method because it is 
aesthetically pleasing when compared to traditional high-impact engineering-based 
remediation, 3) there are relatively few applications, primarily because certain species deal 
with some metals more effectively than others, i.e., there are often several metals 
contaminating a site and any candidate species would have to be able to deal with each 
simultaneously, 4) the use of hyperaccumulators is in the early stages of research and 
development, e.g., some plants are very good at dealing with zinc but not aluminum 
(recombinant DNA technology and the ability to transfer genes looks very promising in efforts 
to develop a "super" hyperaccumulator), 5) hyperaccumulator phytoremediation is a long-term 
process and may require years to remediate a site, 6) many of the hyperaccumulator 
candidate species may be classified as exotic and/or invasive and care must be exercised 
when releasing them into the environment, and 7) little is known about the effects of 
consumption of hyperaccumulators by resident wildlife. Despite the negatives, 
hyperaccumulators show incredible promise for use in efforts to clean up organic and metallic 
contaminants in wetland soils. 

5.10 Phytoreclamation Field Trials 

As part of our efforts to investigate and develop vegetation-based reclamation strategies for 
the LRW, we transplanted ecotypical vegetation from areas of lesser degradation to an area of 
severe degradation just below the borehole (see Materials/Methods, and Fig. 15). Our 
purpose was to condition the soil with organic matter and assess its effectiveness in promoting 
plant growth in degraded areas. Table 11 lists the results of plant height and percent cover 
assessment at the time of transplanting and 30 days later. The trend of decreasing plant 
height and percent cover is evident and consistent across all treatments. However, it appears 
that conditioning the soil with wood chips and potting soil reduces (though they do not negate) 
the negative effects of low pH and metal oxides on plant growth. The control (no treatment) 
mean plant height was reduced by 10 cm over the 30 day trial period, compared to 9 cm for 
woodchips, and 7 cm for potting soil. Percent cover also exhibits the same general trend. The 
control percent cover decreased by 4%, wood chips decreased by 7% and potting soil actually 
increased by 1 %. We will, in subsequent field seasons, expand the scope of the trials, 
transplant early in the growing season, and design them so as to facilitate statistical analysis. 
Although we do not have statistically significant differences between treatments, we do see a 
general trend where, in the short term at least, organic matter does moderate the negative 
effects of AMD and metal oxides in the soil. 

5.11 Small Mammal Surveys 

Small mammals were trapped as part of our effort to develop trapping protocols for future 
studies (Fig. 13). Our goal was to fine tune our methodology, not to census local populations. 
We first created a master list of all small mammals (Orders: Insectivora and Rodentia) that 
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inhabit wetlands of the Allegheny Plateau. We used the list to target common species and as 
an aid for species identification (Table 12). Of the small mammals that are present in western 
Maryland, we captured individuals of the following species during preliminary trapping: 
meadow voles, hairy-tailed moles, deer mice, white-footed mice, and shrews. Meadow voles 
were by far the most common species captured and appear to be the most abundant small 
mammal in both wetlands. Now that we have developed trapping protocols and have trained 
student technicians, we will expand this aspect of monitoring in subsequent years. 

Table 11. Mean plant height and % cover for transplanted ecotypes just below the borehole discharge. We used 
three treatments; control, wood chips, and potting soil. We surveyed plant height (cm) and % cover at time of 
transplantation and one month later (end of the growing season). See Material/Methods section, Fig. 15. 

Plant height two hours after transplantation (8-10-01) Plant height 30 days after transplantation (9-12-01) 

Control Wood Chi{2s Potting Soil Control Wood Chi{2s Potting Soil 

58 53 38 56 50 39 
88 58 68 70 43 53 
56 50 52 46 43 47 

mean height = 67 54 53 57 45 46 

% cover two hours after transplantation (8-10-01) % cover 30 days after transplantation (9-12-01) 

Control Wood Chi{2s Potting Soil Control Wood Chi{2s Potting Soil 

45 30 25 47 25 28 
20 18 30 15 13 30 
30 25 25 23 14 27 

mean % cover = 32 24 27 28 17 28 

Table 12. List of small mammals that occur in or adjacent to wetlands of the Allegheny Plateau of western 
Maryland. Species are listed by order, family, species, and whether it is likely to be found at both wetland sites. 

Order: Insectivora 

Family: Talpidae 

Species 

Candy/ura cristata 
Parasca/ops brewer; 

Family: Soricidae 

Sorex cinereus 
Sorex dispar 
Sorex furneus 
Sorex hoy; 
Sorex palustn-s ssp. punctulatu5 
Blarina brevicaudata 
Cryptotis parva 

Order: Rodentia 

Family: Dipodidae 

Common Narne 

star-nosed rnole 
hairy-tailed mole 

masked shrew 
long-tailed shrew 
srnoky shre\N 
southern pygmy shrew 
southern vvater shrew 
northern short-tailed shrew 
least shre\N 

Occurs in -vvetlands? 

yes 
possible 

yes 
doubtful - maybe near upland feeder streams 
possible - espeCially fringes with shrubs/trees 
possible - especially fringes with shrubs/trees 
yes 
yes 
yes 

Zapus hudsonius 
Napaeozapus insignis 

meadow jumping mouse yes 
woodland jumping mouse possible - especially woodland edges 

Family: Muridae 

Perornyscus leucopus white-footed mouse 
Perornyscus rnaniculatus deer mouse 
Clethrionornys gapperi southern red-backed vole 
Microtus chrotorrhinus ssp. carolinensis rock vole 
Microtus pennsylvanicus meadoW' vole 
Microtus pinetorurn W'oodland vole (pine vole) 
Synaptornys cooperi southern bog lemming 

Threatened or Endangered Species and Heritage Status 

Sorex ps/ustris ssp_ punctulatus - Heritage ranking/classification in MD: S1. E 
Sorex dispar - Heritage ranking/classification in MD: S2. I 
Sorex rurneus - Heritage ranking/classification in MD_ S1S2. T 

Sorex hoyi - Heritage ranking in MD: S2 

possible - especially woodland edges 
yes 
possible - especially woodland edges 
doubtful - maybe in adjacent uplands 
yes 
possible - especially woodland edges 
yes 

S 1 = highly state rare 

52 = state rare 
E = endangered 
T = threatened 

Microtus chrotorrhinus ssp. carolinensis - Heritage ranking/classification in MD: 51. E I = in need of conservation 
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6.0 CONCLUSION 

The field season of 2001 was primarily a monitoring and restoration strategy and system 
development period. We wanted to accomplish our primary goal which was to develop a GIS
based wetland monitoring system. We accomplished this goal. However, we have not done 
the type of stringent statistical analyses that we would like to do. In order to do this, we plan to 
purchase SAS in June, 2002. SAS is a high-end statistical analysis software package and will 
give us the ability to use multivariate inferential statistics to answer questions and to provide a 
relative degree of certainty about our conclusions and recommendations. We will provide in
depth statistical analyses of the data generated in 2001-2002 field seasons and will report 
them in the 2002 Annual Report. 

Wetlands are a major component of many landscapes around the world. They are also among 
the most important of ecosystems. They provide a myriad of ecological services, many that 
have yet to be documented or quantified. Some estimates are that wetlands provide services 
on an annual basis that are worth the equivalent of $150,000 per acre. One such service is 
stabilizing water supplies, which in turn reduces the magnitude and frequency of floods and 
drought. For example, 80-90% of the wetlands in the upper Mississippi watershed have been 
drained and transformed. In the 1990s, the middle and lower Mississippi drainages suffered 
severe and catastrophic flooding, primarily because of the loss of wetlands in critical areas. 
The costs have been tremendous, e.g., the great flood of 1995 is estimated to have cost more 
than 50 billion dollars (Mitsch & Grosselink, 2000). 

Other important benefits delivered by wetlands include polluted water filtration and cleaning, 
shoreline erosion protection, groundwater recharge, providing carbon dioxide sinks which 
moderate climate on a global scale, functioning as repositories of rare plants and other biota 
that may hold cures for a variety of diseases, producing sources of high quality protein via fish 
and other aquatic animals (wetlands are among the most productive ecosystems on Earth), 
and providing unique and essential habitats for a wide variety of flora and fauna. 

Lastly, wetlands are places of magic and mystery and possess incredible aesthetic value. 
Both the North Branch and Laurel Run wetlands were once pristine and fully functional. A 
traveler, in a diary written at the beginning of the 20th century, wrote about Laurel Run and 
described it as a pristine trout stream of spectacular beauty where his party caught over 400 
trout in one day's fishing. Today, sadly, Laurel Run is a severely degraded wetland as a result 
of AMD and is devoid of trout or any other aquatic vertebrates. However, there is a growing 
will, in both the public and private sector, to analyze and address the problems associated with 
AMD and to attempt to undo the damage of many decades. It is, after all, in our best interests 
to have numerous, healthy wetlands, considering the multitude of essential economically and 
aesthetically valuable services they provide. 
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Appendix 

Table 3. Vegetation data by species/taxonomic group in alphabetical order, species % cover, and survey block for 
the North Branch wetland (total species = 114, means are weighted to adjust for unequal sample size by block). 

Vegetation Survey Block 

Species or Taxonomic Group 

Acerrubrum 
Achillea mille folium 
algae spp. 
Amelanchier spp. 
Arisaema triphyllum 
Asclepias spp. 
Aster spp 
Barbarea vulgaris 
Berberis thunbergii 
Betula lenta 
Bidens spp 
Calamagrostis canadensis 
Carex baileyillurida 
Carex crinitalgynandra 
Carex interior 
Carex scoparia 
Carex spp. 
Carex stipata 
Carex stricta 
Cirsium spp 
Clematis virginiana 
clubmoss spp. 
Comus amomum 
Crataegus spp. 
Cyperus spp. 
Dactylis glomerata 
Drosera rotundifolia 
Dryopteris cristata 
Eleocharis spp 
Epilobium spp. 
Equisetum spp. 
Erigeron philadelphicus 
Eriophorum virginicum 
EupatOrium perioliatum 
fern spp 
Fragaria virginiana 
Galium spp 
Geum canadense 
Geum virginianum 
Glyceria striata 
grass spp 
Holcus lanatus 
Hypericum densiflorum 
HypericumfTriadenum spp 
Hypochoeris radicata 
/lex verticillata 
Impatiens capensis 
Juncus effusus 
Juncus spp. 
Leersia oryzoides 

A B c o E F G H J K 

- 0.09 0.02 - 0.07 
- 0.06 0.07 - 0.02 

0.07 0.07 2.56 - 0.04 
- 0.04 - 0.04 

- 0.09 

- 0.03 
0.09 12.13 
3.21 0.81 
0.01 0.64 
0.01 3.69 
1.06 0.34 
2.49 0.59 
1.75 0.54 

13.90 10.49 
0.07 

- 0.07 

0.37 1.09 

- 0.23 
- 1.04 - 0.04 

- 0.09 
- 1.25 

- 0.04 0.01 0.06 0.25 0.03 
6.27 17.06 9.36 14.78 22.13 20.42 25.73 38.39 9.99 
056 0.80 1.43 - 0.19 - 1.58 0.03 0.37 

- 0.26 - 0.04 
0.09 - 0.09 
0.67 0.17 4.27 0.04 - 0.06 0.22 0.06 0.32 
0.07 0.19 - 0.38 
0.13 0.07 0.89 - 0.06 - 0.03 - 0.01 
8.76 17.56 20.60 70.44 53.90 51.23 38.10 33.59 37.89 

- 0.04 0.02 0.04 - 0.19 
- 0.02 - 0.04 0.04 

- 0.05 
- 0.19 - 0.11 - 0.080.15 

- 0.04 0.04 0.08 

- 0.11 - 0.04 - 0.14 
1.97 2.71 0.67 0.46 0.43 0.04 0.50 - 0.37 0.25 0.12 

- 0.03 0.01 
- 0.06 

- 0.02 

0.04 0.01 - 0.09 0.28 0.07 - 0.06 
- 0.03 - 0 17 

- 0.02 
099 1.24 0.56 0.89 208 118 075 0.75 0.97 1.10 0.38 

- 0.07 
- 0.51 0.70 0.28 - 0.08 

0.54 0.21 - 0.63 0.85 
6.12 5.10 2.31 3.35 2.23 1.00 

- 1.89 0.65 0.08 

- 0.06 0.04 0 12 
- 0.93 

- 0.01 - 012 

- 1.39 4.58 2.15 0.12 
2.16 2.23 0.98 0.28 0.30 0.56 1.76 3.38 406 0.76 2.89 

- 0.03 
- 0.39 1.39 0.69 2.04 

2.07 1.04 0.62 3.91 1.26 0.07 0.84 0.32 0.22 0.08 0.93 
11.81 3.13 2.91 0.26 8.40 - 0.79 0.26 2.34 0.63 2.53 
0.27 0.10 0.29 0.20 0.37 - 0.05 0.26 0.16 - 0.09 
3.31 - 0.44 0.09 - 0.16 - 1.73 

Mean 

0.02 
0.01 
0.17 
0.01 
0.03 
0.09 

0.01 
0.14 

0.04 
17.10 
0.80 
0.09 
0.37 
0.57 
0.34 
0.30 

33.23 
0.04 
0.02 
0.01 
0.18 

0.01 

0.03 
0.68 

0.01 

0.04 
0.02 

0.96 
0.01 
0.14 
0.28 
1.67 
0.17 
0.89 
1.94 

0.49 
0.97 
2.90 
0.15 
0.55 
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Leucanthemum vulgare 
Lotus corniculatus 
Ludwigia palustris 
Lycopus american us 
Lycopus virginicus 
Mentha spp. 
Mimulus alatus 
Mimulus ringens 
moss spp. 
Onoclea sensibilis 
Osmunda cinnamomea 
Oxalis spp. 
Oxalis stricta 
Panicum clandestinum 
Panicum spp. 
Parthenocissus quinquefolia 
Phalaris arundinacea 
Phleum pratense 
Photinia floribunda 
Picea rubens 
Picea spp 
Pinus spp 
Pinus strobus 
Plantago lanceolata 
Plantago rugelii 
Polygonum cilinode/scandens 
Polygonum sagittatum 
Polygonum spp 
Potentilla canadensis/simplex 
Prunus serotina 
Prunus spp. 
Pteridium aquilinum 
Rhododendron maximum 
Rosa multiflora 
Rubus hispidus 
Rubus spp. 
Rumex crisp us 
Salix sericea 
Sambucus nigra 
Schoenoplectus purshianus 
Schoenoplectus tabernaemontani 
Scirpus cyperinus 
Scirpus spp. 
Sisynchrium spp. 
Solidago spp. 
Sparganium spp. 
Sphagnum spp. 
Spiraea spp. 
Stellaria spp. 
Taraxacum officinale 
Thalictrum pubescens 
Thelypteris noveboracensis 
Thlaspi spp. 
Trifolium campestre 
Trifolium spp. 
Tussi/ago farfara 
Typha latifolia 
Vaccinium macrocarpon 
Vaccinium spp. 
Verbesina alternifolia 
Veronica americana 

- 0.02 0.04 
- 1.71 0.19 045 
- 0.07 0.04 

0.51 0.51 040 0.54 0.74 
0.13 

0.13 0.16 - 0.67 0.64 

- 0.52 
0.01 
0.10 0.07 0.22 0.26 0.08 

- 0.24 
- 0.02 

0.33 -
- 0.20 0.11 0.06 

- 0.01 044 0.02 
- 0.04 

0.39 0.09 0.02 0.22 0.11 
- 0.09 0.08 

- 0.11 0.19 
- 0.04 

- 0.38 

- 0.04 - 0.61 0.02 

0.01 - 0.06 0.09 
- 0.02 

1.96 1.94 0.11 0.04 1.51 
- 0.09 

- 0.66 

049 0.29 0.27 0.06 0.19 
- 0.06 

0.54 0.29 0.27 6.54 13.94 
1.09 2.09 - 0.85 0.28 
2.00 1.31 0.91 0.24 0.55 

- 0.01 0.07 

- 0.07 

- 0.01 - 0.02 
- 0.03 

0.22 0.21 0.25 0.15 0.36 0.89 
- 0.56 

- 0.03 - 0.02 
- 0.04 0.19 0.10 

1.11 - 0.19 0.03 0.13 0.17 
- 149 0.19 - 0.79 

- 0.19 - 0.03 0.16 0.02 

- 0.01 - 0.04 - 0.01 

0.11 

- 0.80 

- 0.01 - 0.16 0.20 
0.04 0.03 0.04 0.01 0.03 0.51 

- 0.01 - 0.01 - 0.85 
- 0.03 0.06 

- 0.02 

- 0.25 

- 2.68 11.21 044 1.85 646 
- 0.06 

- 1.17 
- 0.03 0.04 0.04 

- 0.02 
- 0.11 - 0.16 

- 0.03 

2.22 0.31 0.22 0.39 11.84 22.93 
- 0.70 0.65 3.08 1.04 

0.04 0.70 301 0.22 - 641 

- 0.05 - 0.04 

0.01 - 0.64 0.04 0.04 0.02 

2.51 0.10 - 345 - 0.19 - 0.96 
- 0.59 
- 0.19 

- 0.20 0.25 0.04 0.05 0.05 
- 0.01 0.02 

0.01 
0.15 
0.01 

043 
0.07 
0.01 
0.04 

0.25 
0.26 
0.08 

0.06 
0.02 

0.04 
0.02 

0.09 

0.03 

0.04 
0.14 
0.11 
0.03 
0.01 
0.03 

0.03 
0.05 
244 
0.02 

0.61 
0.02 

0.05 
0.03 
0.11 
0.01 
5.67 
0.97 
1.55 

0.01 

0.01 

0.01 
0.05 

0.62 
0.07 
0.02 
0.06 
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Viburnum dentatum var. lucidum 0.75 1A9 0.71 1.78 2.60 0.87 8.09 9.55 4.34 4.90 0.68 3.60 
Viburnum nudum var. cassinoides - 0.23 0.63 - 0.10 0.10 
Viola spp. 0.52 0.66 0.18 0.67 0.13 0.04 0.04 0.01 0.13 0.05 0.88 0.31 

Table 4. Vegetation data by species/taxonomic group in alphabetical order, species % cover, and survey block 
for Laurel Run wetland (Total species = 114, means are weighted to adjust for unequal sample size by block). 

Vegetation Survey Block A B C 0 E F G Mean 

Species or Taxonomic Group 

Acerrubrum 0.04 0.54 0.33 0.12 0.13 
Achillea millefolium 

algae spp. 

Amelanchier spp. 0.60 0.16 
Arisaema triphyllum 

Asclepias spp. 

Asterspp. 0.10 0.11 0.04 
Barbarea vulgaris 

Berberis thunbergii 

Betula lenta 0.16 0.11 0.06 
Bidens spp. 0.15 0.84 4A3 0.58 0.31 101 
Calamagrostis canadensis 0.18 054 0.13 
Carex baileyillurida 072 2A8 3.46 4.58 0.63 1.74 
Carex crinitalgynandra 0.60 2.07 3.58 OAO 077 
Carex interior 0.06 0.25 28.00 25.00 12.69 5.75 
Carex scoparia 0.11 0.34 0.64 0.67 0.08 0.13 0.28 
Carex spp. 0.19 0.82 OA3 0.17 1AO 0.69 0.60 
Carex stipata 

Carex stricta 0.11 0.83 0.36 0.12 
Cirsium spp 

Clematis Vlrginiana 

clubmoss spp. 1.83 0.70 1 14 4.17 3.96 2.75 1.88 
Cornusamomum 

Crataegus spp. 0.08 0.01 
Cyperus spp. 

Dactylis glomerata 

Drosera rotundifolia 1.16 0.16 
Dryopteris cristata 0.44 0.04 
Eleocharis spp. 1.45 0.60 1.40 17.50 12A4 2.38 
Epilobium spp. 0.04 0.50 0.32 0.20 0.50 0.27 
Equisetum spp. 

Erigeron philadelphlcus 

Eriophorum virginicum 0.11 0.04 0.04 0.17 0.13 0.07 
Eupatorium perfoliatum 0.22 2.11 0.38 
fern spp. 0.08 0.18 0.06 0.05 
Fragaria virginiana 

Galium spp. 0.15 0.04 0.17 0.52 2.17 1.50 0.33 
Geum canadense 

Geum virgmianum 

Glyceria striata 1.06 0.07 0.33 0.08 0.33 075 0.39 
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grass spp. 0.30 0.12 0.14 0.25 0.36 0.17 0.20 
Holcus lanatus 

Hypericum densiflorum 2.13 0.50 21.80 21.33 25.94 6.59 
HypericumlTriadenum spp. 1.28 0.34 1.25 0.17 3.84 1- 2.31 1.67 

Hypochoeris radicata 

/lex vertici/lata 0.50 0.13 0.15 

Impatiens capensis 0.11 0.60 2.29 040 1.17 0.69 0.69 

Juncus effusus 1.36 12.84 2.36 2.92 0.96 1.00 5.69 5.04 
Juncus spp. 2.70 2.84 1.39 1.25 3.84 7.50 4.19 2.89 

Leersia oryzoides 0.89 0.18 0.25 2.00 700 077 

Leucanthemum vulgare 

Lotus corniculatus 

Ludwigia palustris 

Lycopus americanus 

Lycopus virginicus 0.17 1.04 1.71 1.00 6.17 1.38 1.04 
Mentha spp. 0.13 0.01 

Mimulus alatus 0.02 0.01 

Mimulus ringens 0.18 0.16 0.05 

moss spp. 1.81 246 1.93 0.08 0.38 146 

Onoclea sensibilis 

Osmunda cinnamomea 2.00 1.56 041 

Oxalis spp. 

Oxalis stricta 

Panicum clandestinum 0.11 046 8.50 0.20 0.06 148 
Panicum spp. 0.07 0.01 

Parthenocissus quinquefolia 

Phalaris arundinacea 

Phleum pratense 

Photinia floribunda 0.31 0.03 

Picea rubens 0.02 0.01 

Picea spp. 0.04 0.01 

Pinus spp 0.02 0.01 

Pinus strobus 0.07 0.01 

Plantago lanceolata 

Plantago rugelii 

Polygonum cilinode/scandens 

Polygonum sagittatum 0.22 1.68 3.00 0.38 045 

Polygonum spp 

Potentilla canadensis/simplex 

Prunus serotina 

Prunus spp. 

Pteridium aquilinum 0.96 0.63 0.19 

Rhododendron maximum 0.12 0.02 

Rosa multiflora 

Rubus hispidus 2.87 2.57 10.83 12.64 0.83 16.94 5.05 

Rubus spp. 0.04 072 0.07 0.17 0.50 0.13 0.26 

Rumex crispus 

Salix sericea 

Sambucus nigra 
Schoenoplectus purshianus 1.00 3.64 0.29 1.29 

Schoenoplectus tabernaemontani 0.04 0.17 0.12 0.04 
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Scirpus cyperinus 0.19 0.26 2.29 1.25 0.12 0.57 

Scirpus spp 0.04 1.08 0.18 0.76 0.67 0.46 

Sisynchrium spp. 

Solidago spp. 0.11 0.30 5.50 1.00 1.67 0.38 1 17 

Sparganium spp. 217 1.22 0.83 0.20 0.83 1.50 1.12 

Sphagnum spp. 209 0.40 0.54 1.58 48.00 16.67 9.69 8.74 

Spiraea spp. 0.20 2.00 0.20 

Stella ria spp. 

Taraxacum officina Ie 0.02 0.01 

Thalictrum pubescens 

Thelypteris noveboracensis 0.21 0.68 0.12 

Thlaspi spp. 0.40 0.05 

Trifolium campestre 

Trifolium spp. 

Tussilago farfara 0.18 0.89 0.18 

Typha latifolia 0.24 8.80 0.19 1.28 

Vaccinium macrocarpon 

Vaccinium spp. 156 0.14 

Verbesina a/ternifolia 

Veronica americana 

Viburnum dentatum var. lucidum 0.85 0.17 1.16 0.50 0.06 0.41 

Viburnum nudum var. cassinoides 

Viola spp. 0.06 0.10 0.79 2.16 13.33 2.81 1.14 

Table 6. Combined vegetation data for all blocks on the North Branch and Laurel Run. Each species is listed by 
species or taxonomic group, common name, family, growth habit, U.S. nativity, and regional wetland indicator 
status. Symbology: OBL (obligate wetland), FACW (facultative wetland), FAC (facultative), FACU (facultative 
upland), UPL (upland), NL (not listed), native-introduced (unknown whether species is native). 

Species or Taxonomic Common Name Family Growth Habit U.S. Nativity Wetland 
Group Indicator 

Acerrubrum red maple Aceraceae tree native FAC 
Achillea millefolium common yarrow Asteraceae forb/herb introduced FACU 
algae spp. algae spp. nonvascular ? NA 
Amelanchier spp serviceberry spp. Rosaceae shrub or tree native NA 
Arisaema triphyllum Jack in the pulpit Araceae forb/herb native FACW-
Asclepias spp milkweed spp. Asclepiadaceae forb/herb native NA 
Aster spp. aster spp. Asteraceae forb/herb native NA 
Barbarea vulgaris garden yellowrocket Brassicaceae forb/herb introduced FACU 
Berberis thunbergii Japanese barberry Berberidaceae shrub introduced FACU 
Betula lenta sweeUblack birch Betulaceae tree native FACU 
Bidens spp. beggarticks Asteraceae forb/herb native NA 
Calamagrostis canadensis bluejoint Poaceae graminoid native FACW+ 
Carex bai/eyillurida Bailey's sedge/shallow sedge Cyperaceae graminoid native OBL 
Carex crinitalgynandra fringed sedge/nodding sedge Cyperaceae graminoid native OBUNL 
Carex interior inland sedge Cyperaceae graminoid native OBL 
Carex scoparia broom sedge Cyperaceae graminoid native FACW 
Carex spp sedge spp Cyperaceae graminoid native NA 
Carex stipata owlfruit sedge Cyperaceae graminoid native OBL 
Carex stricta uprighUtussock sedge Cyperaceae graminoid native OBL 
Cirsium spp. thistle spp. Asteraceae forb/herb native-introduced NA 
Clematis virginiana virgin's bower Ranunculaceae vine or subshrub native FAC 
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clubmoss spp. clubmoss spp. Lycopodiales subshrub/shrub native NA 
Comus amomum silky dogwood Cornaceae shrub native FACW 
Crataegus spp hawthorn spp. Rosaceae shrub or tree native NA 
Cyperus spp. flatsedge spp. Cyperaceae graminoid native NA 
Oactylis g/omerata orchardgrass Poaceae graminoid introduced FACU 
Orosera rotundifolia round leaf sundew Droseraceae forb/herb native OBL 
Oryopteris cristata crested woodfern Dryopteridaceae forb/herb native FACW+ 
Eleocharis spp. spikerush spp. Cyperaceae graminoid native FACW- OBl 
Epilobium spp willowherb spp Onagraceae forb/herb native NA 
Equisetum spp. horsetail spp. Equisetaceae forb/herb native NA 
Erigeron phi/adelphicus Philadelphia fleabane Asteraceae forb/herb native FACU 
Eriophorum virginicum tawny cotton grass Cyperaceae graminoid native OBL 
Eupatorium perfoliatum common boneset Asteraceae forb/herb native FACW+ 
fern spp. fern spp Polypodiales forb/herb native NA 
Fragaria virginian a Virginia strawberry Rosaceae forb/herb native FACU 
Ga/ium spp bedstraw spp. Rubiaceae forb/herb native-introduced NA 
Geum canadense white avens Rosaceae forb/herb native FACU 
Geum virginianum cream avens Rosaceae forb/herb native FAC-
G/yceria striata fowl mannagrass Poaceae graminoid native OBL 
grass spp. grass spp. Poaceae graminoid native- introduced NA 
Holcus lanatus common velvetgrass Poaceae graminoid introduced FACU 
Hypericum densiflorum bushy/glade St Johnswort Clusiaceae shrub native FAC+ 
HypencumlTriadenum spp. St Johnswort spp. Clusiaceae forblherb native FACW - OBL 
Hypochoeris radicata cat's-ear Asteraceae forb/herb introduced NL 
/lex verticil/ata common winterberry Aquifoliaceae shrub or tree native FACW+ 
Impatiens capensis jewelweed/spotted touch-m e-not Balsaminaceae forb/herb native FACW 
Juncus effusus common/soft rush Juncaceae graminoid native FACW+ 
Juncus spp rush spp Juncaceae graminoid native OBL 
Leersia oryzoides rice cutgrass Poaceae graminoid native OBL 
Leucanthemum vulgare oxeye daisy Asteraceae forb/herb introduced NL 
Lotus comiculatus birdfoot deervetch/birdfoot trefoil Fabaceae forb/herb introduced FACU-
Ludwigia palustris marsh seedboxlmarsh purslane Onagraceae forb/herb native OBL 
Lycopus american us American water horehound Lamiaceae forb/herb native OBL 
Lycopus virginicus Virginia water horehound Lamiaceae forblherb native OBL 
Mentha spp. mint spp. Lamiaceae forb/herb native-introduced NA 
Mimulus alatus sharpwing monkeyflower Scrophulariaceae forb/herb native OBL 
Mimu/us nngens Allegheny monkeyflower Scrophulariaceae forb/herb native OBL 
moss spp. moss spp. Subdiv-Musci nonvascular native NA 
Onoclea sensibi/is sensitive fern Dryopteridaceae forb/herb native FACW 
Osmunda cinnamomea cinnamon fern Osmundaceae forb/herb native FACW 
Oxalis spp. woodsorrel Oxalidaceae forb/herb native- introduced NA 
Oxalis stricta common yellow oxalis Oxalidaceae forb/herb native UPL 
Panicum clandestinum deertongue Poaceae graminoid native FAC+ 
Panicum spp. panicgrass Poaceae graminoid native- introduced NA 
Parlhenocissus quinque folia Virginia creeper Vitaceae vine native FACU 
Pha/aris arundinacea reed canarygrass Poaceae graminoid native FACW+ 
Ph/eum pratense timothy Poaceae graminoid introduced FACU 
Photinia floribunda purple chokeberry Rosaceae shrub native FACW 
Picea rubens red spruce Pinaceae tree native FACU 
Picea spp. spruce spp. Pinaceae tree native- introduced NA 
Pinus spp. pine spp. Pinaceae tree native- introduced NA 
Pinus strobus eastern white pine Pinaceae tree native FACU 
Plantago lanceolata narrowleaf plantain Plantaginaceae forb/herb introduced UPL 
Plantago rugelii blackseed plantain Plantaginaceae forb/herb native FACU 
Polygonum cilinodelscandens fringed black bindweed/false buckwheat Polygonaceae vine/forb/herb native NLIFAC 
Polygonum sagittatum arrow leaf tearthumb Polygonaceae vine/shrub/forb/herb native OBL 
Polygonum spp. knotweed spp. Polygonaceae forb/herb native- introduced NA 
Potentilla canadensis/simplex dwarf cinquefoil/common cinquefoil Rosaceae forblherb native NLIFACU-
Prunus serotina black cherry Rosaceae tree/shrub native FACU 
Prunus spp. cherry spp. Rosaceae tree/shrub native- introduced NA 
Pteridium aquilinum western brackenfern Den nstaedtiaceae forb/herb native FACU 
Rhododendron maximum great laurel/rhododendron Ericaceae tree/shrub native FAC 
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Rosa mu/tiflora multiflora rose Rosaceae vine/shrub introduced FACU 
Rubus hispidus bristly dewberry Rosaceae shrub native FACW 
Rubus spp. blackberry spp Rosaceae shrub native NA 
Rumex crisp us curly dock Polygonaceae forb/herb introduced FACU 
Salix sericea silky willow Salicaceae tree/shrub native OBL 
Sambucus nigra common elderberry Caprifoliaceae tree/shrub/subshrub native FACW- OBL 
Schoenop/ectus purshianus weakstalk bulrush Cyperaceae graminoid native OBL 
Schoenoplectus tabernaemontani softstem bulrush Cyperaceae graminoid native OBL 
Scirpus cyperinus woolgrass Cyperaceae graminoid native FACW+ 
Scirpus spp. bulrush spp Cyperaceae graminoid native FACW- OBL 
Solidago spp. goldenrod spp. Asteraceae forb/herb native NA 
Sparganium spp. bur-reed spp. Sparganiaceae forb/herb native OBL 
Sphagnum spp. sphagnum Sphagnaceae nonvascular native NL 
Spiraea spp. spirea/meadowsweet Rosaceae shrub native FAC+-FACW 
Ste/laria spp starwortlchickweed spp. Caryophyllaceae forb/herb native-introduced NA 
Taraxacum officina/e common dandelion Asteraceae forb/herb introduced FACU-
Thalictrum pubescens king of the meadow/tall meadowrue Ranunculaceae forb/herb native FACW+ 
The/ypteris noveboracensis New York fern Thelypteridaceae forb/herb native FAC 
Th/aspi spp. pennycress spp. Brassicaceae forb/herb introduced NL 
Trifo/ium campestre field cloverllow hopclover Fabaceae forb/herb introduced NL 
Trifolium spp clover spp. Fabaceae forb/herb introduced NA 
Tussi/ago farfara coltsfoot Asteraceae forb/herb introduced FACU 
Typha /atifo/ia broad leaf cattail Typhaceae forb/herb native OBL 
Vaccinium macrocarpon (large) cranberry Ericaceae subshrub/shrub native OBL 
Vaccinium spp. blueberry spp Ericaceae subshrub/shrub native NA 
Verbesina a/temifo/ia wingstem Asteraceae forb/herb native FAC 
Veronica americana American speedwell Scrophulariaceae forb/herb native OBL 
Viburnum dentatum var. lucidum northern/smooth arrowwood Caprifoliaceae tree/shrub native FACW-
Viburnum nudum var. cassinoides with-rod/northern wildraisin Caprifoliaceae tree/shrub native FACW 
Viola spp. violet spp. Violaceae forb/herb native NA 

Table 13. Soil sample survey data with descriptive statistics for North Branch wetland. Samples were collected August. 2001. 

Exceeds Exceeds 
Sample 10 Texture pH Mg Index Class Index P Index Class K Index Class Ca Index Class Index OM(%) 

NBA-1 SiL 4.3 14 L 97 0 32 M 58 0 17.8 
NBA-2 SiL 5.4 29 M 47 M 27 M 41 M 19.0 
NBA-3 SiL 5.4 27 M 54 0 21 L 28 M 17.1 
NBA-4 SiL 4.8 13 L 57 0 24 L 5 L 11.0 
NBA-5 SiL 5.5 18 L 53 0 44 M 11 L 9.8 
NB B-1 SiL 6.7 69 0 26 M 50 M 175 E + 2.6 
NB B-2 SiL 6.1 42 M 26 M 48 M 175 E + 4.0 
NBB-3 SiL 5.5 24 L 54 0 24 L 28 M 15.5 
NB B-4 SiL 5.5 30 M 47 M 37 M 36 M 12.2 
NBB-5 SiL 5.7 35 M 42 M 32 M 57 0 14.9 
NBC-1 SiL 7.0 94 0 19 L 38 M 175 E + 2.4 
NBC-2 SiL 7.4 61 0 29 M 45 M 175 E + 3.6 
NBC-3 SiL 5.5 14 L 46 M 31 M 16 L 11.7 
NBC-4 SiL 6.2 49 M 28 M 55 0 175 E + 7.6 
NBC-5 SiL 7.1 115 E + 27 M 44 M 175 E + 2.1 
NB 0-1 SiL 7.0 115 E + 30 M 54 0 175 E + 3.3 
NB 0-2 SiL 7.3 99 0 0 L 29 M 175 E + 2.4 
NB 0-3 SiL 6.7 63 0 40 M 47 M 175 E + 3.4 
NB 0-4 SiL 6.5 98 0 52 0 66 0 175 E + 2.0 
NB 0-5 SiL 6.0 100 0 30 M 75 0 153 E + 2.2 
NBE-1 SiL 5.6 58 0 49 M 81 0 173 E + 4.6 
NB E-2 SiL 6.8 115 E + 79 0 93 0 175 E + 3.7 
NB E-3 SiL 6.5 102 E + 32 M 53 0 175 E + 2.0 
NBE-4 SiL 5.8 36 M 68 0 48 M 104 E + 13.9 
NBE-5 SiCL 7.3 115 E + 31 M 46 M 175 E + 2.1 
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NB F-1 
NB F-2 
NB F-3 
NB F-4 
NB F-5 
NB G-1 
NB G-2 
NB G-3 
NB G-4 
NB G-5 
NB H-1 
NB H-2 
NB H-3 
NB H-4 
NB H-5 
NB 1-1 
NB 1-2 
NB 1-3 
NB 1-4 
NB 1-5 
NB J-1 
NB J-2 
NB J-3 
NB J-4 
NB J-5 
NB K-1 
NB K-2 
NB K-3 
NB K-4 
NB K-5 

Descriptive Statistics 

SICL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SiL 
SIL 
SiL 
SIL 
SIL 
SiL 
SiL 
SiL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 
SIL 

Vanable I2li 

Mean 550 
Standard Error 0 12 
Median 5.50 
Mode 550 
Standard Deviation 0 90 
Sample Variance 081 
Range 330 
Minimum 410 
Maximum 7.40 
Count 55 

63 89 
55 63 
58 43 
5.9 64 
55 25 
48 9 
4.1 6 
4.8 13 
5.0 25 
46 16 
52 19 
48 10 
5.5 28 
4.3 8 
43 6 
48 8 
55 28 
52 22 
46 10 
52 10 
43 17 
45 34 
43 9 
49 48 
47 51 
47 
48 
4.9 
50 
51 

40 
31 
45 
55 
71 

44 44 
5 2 

34 45 
115 26 
34 18 

1139 337 
109 97 
6 0 

115 97 
55 55 

o 
o 
M 
o 
L 
L 
L 
L 
L 
L 
L 
L 
M 
L 
L 
L 
M 
L 
L 
L 
L 
M 
L 
M 
o 
M 

M 
M 
o 
o 

49 
2 

47 
32 
17 

281 
75 
20 
95 
55 

27 
31 
31 
29 
45 
58 
70 
57 
64 
80 
50 
51 
45 
70 
70 
50 
42 
48 
41 
55 
43 
57 
52 
22 
26 
26 
32 
20 
20 
23 

79 15.19 
9 1.74 

48 137 
175 2 
70 129 

4906 1665 
171 573 
4 2 

175 593 
55 55 

Soil Texture Key F- Fine. S- Sand or Sandy, L- Loam SI-Sllt or Silty, C- Clay 

M 
M 
M 
M 
M 
o 
o 
o 
o 
o 
M 
o 
M 
o 
o 
M 
M 
M 
M 

o 
M 
o 
o 
L 
M 
M 

M 
L 
L 
L 

62 
45 
41 
55 
56 
41 
60 
40 
95 
64 
56 
42 
54 
79 
46 
20 
36 
64 
41 
32 
47 
61 
43 
23 
50 
56 
69 
57 
47 
57 

o 
M 
M 
o 
o 
M 
o 
M 
o 
o 
o 
M 
o 
o 
M 
L 
M 
o 
M 
M 
M 
o 
M 
L 
M 
o 
o 
o 
M 
o 

Mg P K Ca Index Key (L)- Low 0-25, (M)- Medium. 25-50, (0)- Optimum 51-100, (E)- Excessive 100+ 

&rpeID 

LRA1 
LRA2 
lRA3 
LRM 
LRA5 
LRB-1 
LRB-2 
LRB3 
LRB4 
LRB-5 
LRC1 
LRC2 
LRC3 
LRC4 
LRCO 

TedLre 

SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 

41 
28 
31 
35 
26 
55 
74 
37 
65 
82 
53 
67 
46 
34 
66 

42 
17 
18 
4S 
10 
72. 
115 
42 
115 
115 
115 
115 
114 
2) 

115 

M 
L 
L 
M 
L 
o 
E 
M 
E 
E 
E 
E 
E 
L 
E 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

13 
10 
10 
2) 

12 
32 
1 
8 
32 
1 

L9 
3 
22 
8 
3 

L 
L 
L 
L 
L 
M 
L 
L 
M 
L 
M 
L 
L 
L 
L 

15 
13 
8 
17 
13 
44 
17 
12 
14 
6 
10 
7 
13 
9 
8 

175 
175 
116 
175 
55 
10 
10 
22 
54 
34 
36 
8 

51 
5 
9 
4 

44 
35 
10 
12 
26 
50 
7 

48 
36 
24 
17 
20 
25 
53 

L 
L 
L 
L 
L 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 

E 
E 
E 
E 
o 
L 
L 
L 
o 
M 
M 
L 
o 
L 
L 
L 
M 
M 
L 
L 
M 
M 
L 
M 
M 
L 
L 
L 
L 
o 

18 
2 
1 
2 
4 
4S 
175 
11 
175 
175 
175 
175 
:E 
12 
175 

L 
L 
L 
L 
L 
M 
E 
L 
E 
E 
E 
E 
M 
L 
E 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

20 
21 2 
100 
16.6 
128 
17.9 
241 
15.1 
222 
180 
13.5 
15.2 
157 
393 
59.3 
12.4 
9.9 
137 
28.5 
12.7 
490 
570 
17.4 
8.5 
188 
31 5 
33.2 
20.0 
143 
148 

130 
128 
11.1 
80 
1Q2 
84 
85 
112 
133 
54 
92 
90 
11.1 
11.7 
95 
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LRD-1 SiL 3.9 43 M 8 L 13 L 13 L 12.5 
LRD-2 SiL 3.2 21 L 7 L 8 L 5 L 11.0. 
LRD-3 SiL 3.5 40 M 10. L 14 L 8 L 10..7 
LRD-4 SiL 3.6 39 M 25 L 19 L 11 L 11.5 
LRD-5 SiL 3.2 32 M 7 L 12 L 22 L 12.1 
LRE-1 SiL 5.1 67 0 31 M 51 0 38 M 7.0. 
LRE-2 SiL 5.2 108 E + 24 L 50 M 114 E + 11.8 
LRE-3 SiL 4.3 115 E + 20 L 38 M 165 E + 24.6 
LRE-4 SiL 4.8 74 0 9 L 17 L 35 M 13.9 
LRE-5 SiL 3.7 25 L 5 L 10. L 5 L 12.7 
LRF-1 SiL 5.6 56 0 25 L 58 0 35 M 8.9 
LRF-2 SiL 4.2 28 M 37 M 45 M 15 L 9.8 
LRF-3 SiL 4.6 54 0 31 M 47 M 28 M 9.8 
LRF-4 SiL 4.4 69 0 29 M 52 0 51 0 10.7 
LRF-5 SiL 4.9 49 M 33 M 53 0 33 M 8.1 
LRG-1 SiL 7.4 115 E + 2 L 18 L 175 E + 8.6 
LRG-2 SiL 7.8 115 E + 0. L 9 L 175 E + 5.6 
LRG-3 SiL 7.2 115 E + 13 L 11 L 175 E + 9.9 
LRG-4 SiL 2.8 40 M 15 L 13 L 52 0 10.9 
LRG-5 SiL 2.3 7 L 17 L 7 L 8 L 10.9 

ces:::n~ve 9atistics: 

Vaialie gj !ttl e IS ca ao.f 

~ 4.73 65 16 21 07 10..7 
SIa'l::Ii:rd Erra" 0..27 7 2 3 12 0.5 
rvedal 4.40 54 13 13 35 10..7 
M:xE 2.80 115 10. 13 175 11.1 
Stcrda"d [}Matian 1.62 39 11 17 72 3.2 
SarrPe Vaia-ce 2.63 1533 130 282 5139 10..0. 
Ra-Q= 5.00 108 37 52 174 19.2 
Mrimrn 2.30 7 0. 6 5.4 
Mlximrn 8.20 115 37 58 175 24.6 
Cart 35 35 35 35 35 35 

Soil Textl.l"e I<er F- Fine: S. s.m cr SErdy, L-lcaTt Si-Si~ cr Silty, C Oar 
M:l. P, K Ca Ird:!x I<er (L)- Lo.N ~25, (M}- rvedlJll 25-50, (0)- Q:timm 51-100, (E)- Excessive: 100+ 
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