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Consultation Letters and Responses* 

 

 

 

 

 
*Note:  Comments on the Draft EIS were received from the following agencies and have been added to 

the end of this appendix for the Final EIS: U.S. Fish and Wildlife Service (USFWS), Greenbrier 

County Historical Society, West Virginia State Historic Preservation Office (WV SHPO), and  National 

Park Service (NPS). DOE met with NPS representatives on March 19, 2007 to discuss concerns as 

stated in their comment letter; a letter from DOE, which summarizes the main points of the meeting 

discussions, was submitted to NPS and is included in this appendix.   
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1.0 INTRODUCTION 
 
Potomac-Hudson Engineering, Inc. (PHE) has completed a wetland delineation for a 35-acre site 
located in and near the City of Rainelle, Greenbrier County, West Virginia (Figure 1) currently 
under investigation for the siting of a proposed coal co-production facility.  The purpose of the 
wetland delineation was to identify all jurisdictional waters of the United States, including 
wetlands, located within the site’s boundaries and obtain a jurisdictional determination from the 
U.S. Army Corps of Engineers (USACE) to verify the extent of wetlands in accordance with 
Section 404 of the Clean Water Act.  The studies were conducted on behalf of the U.S. 
Department of Energy, the project sponsor, and Western Greenbrier Co-Gen, LLC (WGC), the 
entity which would construct and operate the facility.  The information obtained during the 
wetland delineation and verification of the wetland boundaries will also be utilized by PHE in 
the Environmental Impact Statement being prepared for the overall project. 
 
Within the overall 35-acre site, the co-production facility, kiln and coal storage area will be 
located within the 28 acres on the south side of Sewell Creek.  This part of the site extends to the 
east and southeast across a partially leveled ridgeline that is part of Sims Mountain.  This 28-acre 
area is positioned just outside the southwestern boundary of the city limits of Rainelle on the 
southern side of Sewell Creek (Figure 2).  The remaining 7 acres are located on the north side of 
Sewell Creek, within the city limits of Rainelle, and within the boundaries of a planned industrial 
park known as the EcoPark.  (Development proposed in any other parts of the EcoPark are not 
part of the proposed project evaluated in this report.)  Within the 7 acres on the north side of 
Sewell Creek, a wood brick facility is proposed.  A road crossing over Sewell Creek is proposed 
to provide access between the facilities on both sides of Sewell Creek. 
 
The part of the site on the north side of Sewell Creek was the former location of the Meadow 
River Lumber Company that operated from 1906 through 1970 (John Milner Associates, 2005).  
The entire mill and lumber yards, including two former log ponds, were razed by 1975 and 
vegetation currently covers the site.  Most of the site located on the north side of Sewell Creek is 
an open field with small areas of trees.  The part of the site on the south side of Sewell Creek 
consists of a disturbed area associated with previous earth moving activities and approximately 
15-acres of wooded area, part of which is wetlands and part of which is located on a hillside.  An 
aerial photograph of the site and immediate vicinity is provided in Figure 3.  Photographs of the 
site and the wetland areas are provided in Appendix A of this report.   
 
The limits of the proposed site have expanded from the time of the initial site planning efforts, 
therefore, the wetland delineation was conducted in stages on April 19-23, September 13-16 and 
October 18-20, 2004.  Other properties, not located in Rainelle, are also part of this overall 
project, such as the waste coal piles at Anjean, but these properties are not included in the scope 
of this report since no wetland delineation efforts have occurred at the other locations.   
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Figure 1.
Project Vicinity

Source: WVDOT, 2004

U.S. Department of Energy

National Energy Technology Lab Date:
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Figure 2.
Wetlands Delineation Study Area Map
Map Source:  NE/4 Meadow Creek 15’ Quadrangle, USGS, 1976 

U.S. Department of Energy
National Energy Technology Lab

Date:
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Figure 3.
Aerial Photo of Wetlands Delineation Study Area
Map Source: USGS, 1996

U.S. Department of Energy
National Energy Technology Lab

Date:

APPROXIMATE SCALE

Wetlands Delineation
Study Area

1” = 1,000’

June 6, 2005
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2.0 METHODOLOGY 
 

2.1 Regulatory Background 
 
The following is a definition of the term "wetlands" as provided in the Corps of Engineers 
Wetlands Delineation Manual (1987).  Wetlands are: 

 
"Those areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances 
do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions.  Wetlands generally include swamps, marshes, bogs and similar 
areas."  (EPA, 40 CFR 230.03 and CE, 33 CFR 328.3). 

 
Wetland determinations, using the Corps of Engineers Wetlands Delineation Manual (1987), are 
based on a three parameter approach.  Under this methodology, an area must exhibit these three 
characteristics to be classified as a wetland: 
 
  (1) hydrophytic vegetation; 
  (2) hydric soils; and, 

(3) wetland hydrology. 
 
As defined in the Manual, hydrophytic vegetation is defined as macrophytic plant life growing in 
water, soil or on a substrate that is at least periodically deficient in oxygen as a result of 
excessive water content.  A list of wetland plants has been prepared to describe a species' affinity 
for wetland conditions.  The appropriate list for West Virginia is the National List of Plant 
Species that Occur in Wetlands:  Northeast Region (1988).  Hydric soils are soils that are 
saturated, flooded or ponded long enough during the growing season to develop anaerobic 
conditions within the major portion of the root zone.  The National Technical Committee for 
Hydric Soils has developed criteria for hydric soil determination in addition to a list of hydric 
soil types.  Wetlands hydrology is the permanent or periodic inundation or soil saturation for a 
significant period (7 days or more) during the growing season.  Many factors influence the 
hydrology of an area including precipitation, topography, soil permeability and plant cover.  The 
frequency and duration of inundation or soil saturation are the important factors in the 
determination of the existence of wetland hydrology. 
 

2.2 Field Methodology 
 
The wetland delineation occurred on April 19-23, September 13-16 and October 18-20, 2004.  
The purpose of the field delineation was to identify and delineate the limits of jurisdictional 
freshwater wetlands and waters of the U.S. within the limits of the site.  The delineation was 
based upon the accepted methodology as outlined in the Corps of Engineers Wetlands 
Delineation Manual (1987), which uses the three parameter approach, i.e., vegetation, soils and 
hydrology, as discussed in the previous paragraphs. 
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The limits of on-site wetlands were determined and physically defined in the field by a series of 
consecutively numbered flag points.  The flags established during the April 2004 investigation 
are blue, the flags established during the September and October 2004 investigation are 
pink/black striped flags.  All flags marking the limits of the wetlands are single flags, while the 
flags marking the location of a recorded soil sample are double flags of the same color as those 
nearby wetland flags.  A typical wetland flag was labeled with two letters and consecutive 
numbers, i.e., WA23 indicates “W” indicating wetland flag; “A” indicating the overall wetland 
line designation; and “23” to indicate the actual flag number.  Soil points were labeled as SP1 
through SP14 and their proximity to an individual wetland flag was noted on the Wetland 
Determination Data Sheets in Appendix B.  A survey of those flag points, providing an accurate 
representation of the wetland limits with respect to the property boundaries, is provided on three 
maps in the back of this report along with a list of all of the wetland flags and soil points that 
were established. 
 

2.2.1 Vegetation 
 
Since vegetation serves as an indicator of existing environmental conditions, the methodology of 
the Manual directs the researcher to analyze the existing vegetation.  This involves estimation of 
existing plant species composition by direct observation.  Wetlands are usually characterized by 
the predominance of hydrophytic plant species.  Conversely, upland areas would be dominated 
by more xerophytic species, or plants better adapted to drier soil conditions.  A mesic zone, or 
the transition zone between wetland and upland habitat, is often comprised of a mixture of 
facultative wetland species, facultative, and facultative upland species. 

 
With respect to vegetation, the Manual places great emphasis on the presence of hydrophytic 
species as indicators of wetland areas should these species be dominant within a plant 
community; the determination of whether or not a species is dominant is based upon its 
percentage of cover.  Dominance, as defined herein, refers to the spatial extent of a species; 
commonly the most abundant species in each vegetation stratum that, when ranked in descending 
order of abundance and cumulatively totaled, exceeds 50 percent of the total dominance measure 
(i.e., aerial cover or basal area). 
 
The USFWS has assigned a wetland indicator classification to plant species as follows: 
      Plant Affinity for Wetland Conditions 
       Percent Occurrence In Wetlands 
Classification        
Obligate Wetland (OBL)      > 99 
Facultative Wet (FACW)      67 - 99 
Facultative (FAC)       33 - 66 
Facultative Upland (FACU)      1 - 33 
Obligate Upland (UPL)      <  1 
 
A positive (+) or negative (-) symbol used in conjunction with one of the facultative indicator 
classes relates to a species preference to either the drier or the wetter end of its indicator class.  
The positive sign indicates preference to the wetter end of the category and a negative sign is a 
preference to the drier end.  These wetlands indicator classifications were determined for species 
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found at the site and used in conjunction with their percentage of cover to determine whether a 
prevalence of wetland species were dominant in any of the vegetation communities occurring on-
site. 
 

2.2.2 Soils 
 
During the field survey of the property, a hand auger was used by PHE personnel to bore soil 
samples to accurately document the extent of hydric soil conditions.  The number of samples 
examined took into consideration the size and variability of the site, including the changes in the 
overall topography of the site.  Soil samples were taken to a depth of approximately 24 inches 
and were examined for color, texture, and moisture content.  Soils were then field checked to 
determine the Munsell Soil Color Chart designations.  Hydric soils were identified by color in 
relation to the Munsell Chart and/or other field indicators.  The Munsell designation indicates the 
soil color as removed from an auger or shovel hole.  In general, soils are considered hydric if the 
chroma of the soil sample, at the top of the "B" horizon, is less than or equal to one, or less than 
or equal to two when mottling is present. 
 
Although numerous soil samples were examined by PHE personnel during the delineation 
efforts, only some of these samples were recorded.  The information regarding the soils, 
vegetation and hydrology at that particular sampling point is presented on the Wetland 
Determination Data Sheets provided in Appendix B of this report.  
 

2.2.3 Hydrology 
 
Wetland hydrology is often the least exact and most difficult parameter to establish in the field, 
due largely to the normal fluctuations in the relative abundance of water.  Numerous factors 
influence the wetness of an area including:  precipitation, topography, plant cover, and soil 
characteristics.  Documenting the existence of wetlands hydrology on a site involves the 
detection of field indicators which provide direct or indirect evidence of inundation or soil 
saturation for seven days or longer during the growing season.  Although these indicators are 
quickly assessed in the field, professional judgment must be used to decide whether these 
indicators demonstrate that the wetland hydrology criterion has been satisfied.  Drift lines, water 
marks, sediment deposits, root staining, scour areas, buttressed trees and drainage patterns are 
some of the indicators which commonly identify wetland hydrology. 
 

3.0 EXISTING CONDITIONS 
 

3.1 Vegetation 
 
The site consists of the following vegetative communities: 
 

• Open field areas, with areas of trees and shrubs, located on the north side of Sewell 
Creek; 
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• Forested areas, both upland and wetland, present as small patches of woods along the 
north side of Sewell Creek and as larger, contiguous wooded areas on the south side of 
Sewell Creek; and 

• Disturbed areas with only small amounts of vegetation located on the south side of 
Sewell Creek. 

 
The open fields on the north side of Sewell Creek were the site of the former lumber mill and 
yard as identified during the archeological investigation (John Milner Associates, 2005) 
conducted for this project.  Subsequent to the demolition of the lumber company’s facilities in 
1975, the field became vegetated.  Also, as shown on the topographic map provided in Figure 2, 
two ponds were present in this area when the map was photorevised in 1976.  These ponds are no 
longer present, but an isolated wetland identified by Flags WD1 through WD17 (Photo 11) was 
delineated within part of the former southern pond.  This wetland is located in a topographically 
low area and is dominated by cattails.  Another wetland dominated by cattails on the northern 
side of Sewell Creek is present near the western edge of the site (see Flags WA322 – WA333) on 
the enclosed maps. 
 
Currently, the upland areas within the open fields on the north side of Sewell Creek consist of 
areas dominated by herbaceous species, including various grasses, wingstem, goldenrod, Indian 
hemp and milkweed.  Some parts of these fields are mowed occasionally, while other areas are 
not and shrubs and young trees have become established.  The species observed in the upland 
shrubby areas include sumac, black cherry, multiflora rose, and blackberry in addition to the 
herbaceous species listed above.  In other parts of the field, such as near the eastern edge of the 
area delineated along Sewell Creek (Flags WA16-WA56, Photo 1) and in the western part of the 
site near the CSX Railroad yard (Flags WA253-WA295), there are small, wooded areas.  Part of 
each of these wooded areas is upland and the remainder is wetland.  The dominant species 
observed in the upland section of the eastern wooded area included American beech, ironwood, 
hawthorne, black cherry, jack-in-the-pulpit, mayapple and blackberry.  The wetland area in this 
location was vegetated with swamp dogwood, willows, sedges, sensitive fern and some skunk 
cabbage.  The wooded area near the CSX Railroad yard is vegetated with black cherry, flowering 
dogwood, black willow, mayapple, sensitive fern and skunk cabbage.  Along the banks of 
Wolfpen Creek (WA227-WA240, Photo 7) near this wooded area, young specimens of these 
trees as well as poison ivy, goldenrod, blackberry and evening primrose were observed.   
 
In addition to the above described features, three ditches are also present in the fields on the 
north side of Sewell Creek (Flags WA72-WA89, Photo 3, WA112-WA128 and Flags WB1-
WB41).  Another ditch is present on the north side of Sewell Creek, but it is located adjacent to 
the railroad tracks and flows to Wolfpen Creek (Flags WA197-WA225, Photos 8 & 9).  These 
ditches are primarily vegetated with cattails, sedges, and soft rush.  Some dogwood, arrowwood 
and multiflora rose shrubs are present along the banks in some areas of these ditches. 
 
On the south side of Sewell Creek, wooded areas are present on most of the hillside shown as 
Sims Mountain on Figure 2 and in parts of the adjacent lower elevation areas.  Most of the 
wooded area adjacent to the north side of the hillside is a wetland with several old channels 
leading to Sewell Creek (Photos 22, 23 & 24).  The dominant species observed in the wooded 
wetland were red maple, pin oak, spice bush, swamp dogwood, cinnamon fern, jewelweed, 
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sensitive fern, and skunk cabbage.  The wooded upland areas were dominated by red maple, 
American beech, red oak, hawthorne, ironwood, Christmas fern, witch hazel and Virginia 
creeper.  Heading east along the base of the hillside, the site changes to a disturbed area 
associated with previous earth moving activities.  Additionally, part of the hillside has been 
removed.  The disturbed areas are dominated by barren areas as well as areas vegetated with 
wingstem, grasses, sedges, soft rush, goldenrod and areas dominated by shrubs and young trees 
including sumac, black cherry and black locust.  On the eastern side of the hill, there is an 
unnamed tributary (Photos 14, 15, 18-20) that flows to Sewell Creek.  This tributary runs through 
part of the disturbed area, but also through wooded areas of similar vegetation types as 
mentioned above.  Within the disturbed area, the tributary’s banks are vegetated with sedges and 
soft rush and some shrubs including elderberry and arrowwood.  These two shrubs are also 
common in parts of the wetland boundary along the edge of Sewell Creek within the site. 
 
A detailed list of vegetation observed on the site is provided in Table 1.  The data sheets for the 
soil points recorded on the site also provide information on the vegetation present at those 
particular locations (Appendix B).  Photographs of the site are provided in Appendix A.  
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Table 1:  Vegetation Observed During the Field Investigations of the Wetland Delineation Site 
 

TREES  
Red maple Acer rubrum 
Striped maple Acer pennsylvanicum 
Norway maple Acer platanoides 
Sweet birch Betula lenta 
Paper Birch Betula papyrifera 
Ironwood Carpinus caroliniana 
Shagbark hickory Carya ovata 
Mockernut hickory Carya tomentosa 
Flowering dogwood Cornus florida 
Hawthorn Crataegus sp. 
American beech Fagus grandifolia 
Green ash Fraxinus pennsylvanica 
Red cedar Juniperus virginiana 
Tulip tree Liriodendron tulipifera 
Apple Malus sp. 
Hop-hornbeam Ostrya virginiana 
Quaking aspen Populus tremuloides 
Black cherry Prunus serotina 
Pin cherry Prunus pensylvanicum 
Pear Pyrus sp. 
White oak Quercus alba 
Red oak Quercus rubra 
Pin oak Quercus palustris 
Swamp white oak Quercus bicolor 
Scarlet oak Quercus coccinea 
Black locust Robinia pseudoacacia 
Black willow Salix nigra 
Sassafras Sassafras albidum 
American linden Tilia americana 
SHRUBS  
Smooth Alder Alnus cf. serrulata 
Common barberry Berberis cf. vulgaris 
Swamp Dogwood Cornus amomum 
Autumn Elaeagnus Elaeagnus umbellata 
Witch hazel Hamamelis virginiana 
Spicebush Lindera benzoin 
Bush Honeysuckle Lonicera sp. 
Staghorn sumac Rhus typhina 
Raspberry Rubus spp. 
Multiflora rose Rosa multiflora 
Pussy Willow Salix discolor 
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Table 1:  Vegetation Observed During the Field Investigations (continued) 
 

Elderberry Sambucus canadensis 
Maple-leaf viburnum Viburnum acerifolium 
Withe-rod Viburnum cassinoides 
Arrowwood Viburnum dentatum 
Grape Vitis sp. 
HERBACEOUS SPECIES  
Yarrow Achillea millefolium 
Wingstem Actinomeris alterniflora 
Ragweed Ambrosia artemisiifolia 
Wood anemone Anemone quinquefolia 
Jack in the pulpit Arisaema atrorubens 
Common mugwort Artemisia vulgaris 
Asters Aster spp. 
Beggar ticks Bidens cf. frondosa 
False nettle Boehmeria cylindrica 
Sedge Carex crinita 
Sedge Carex intumescens 
Blue-cohosh Caulophyllum thalictroides 
Oxeye Daisy Chrysanthemum leucanthemum 
Spring beauty Claytonia cf. caroliniana 
Virgin’s bower Clematis virginiana 
Umbrella sedge Cyperus strigosus 
Orchard grass Dactylis glomerata 
Jimson Weed Datura stramonium 
Queen Anne’s Lace Daucus carota 
Deertongue Grass Dichanthelium clandestinum 
Field Horsetail Equisetum arvense 
Trout Lily Erythronium umbilicatum 
Gill-over-the-Ground Glechoma hederacea 
Bluets Hedyotis caerulea 
Jewelweed Impatiens capensis 
False Rue Anemone Isopyrum biternatum 
Soft Rush Juncus effusus 
Everlasting pea Lathyrus latifolius 
Lily Lilium sp. 
Japanese honeysuckle Lonicera japonica 
Evening primrose Oenothera biennis 
Sensitive Fern Onoclea sensibilis 
Cinnamon Fern Osmunda cinnamomea 
Fall panicum Panicum dichotomiflorum 
Virginia creeper Partenocissus quinquefolia 
Pokeweed Phytolacca americana 
English plantain Plantago lanceolata 
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Table 1:  Vegetation Observed During the Field Investigations (continued) 

 
May Apple Podophyllum peltatum 
Japanese knotweed Polygonum cuspidatum 
Pennsylvania smartweed Polygonum pensylvanicum 
Christmas Fern Polystichum acrostichoides 
Curly dock Rumex crispus 
Woolgrass sedge Scirpus cyperinus 
Golden Ragwort Senecio aureus 
Star Flowered Solomon’s Seal Smilacena stellata 
Bristly Greenbrier Smilax hispida 
Roundleaf Greenbrier Smilax rotundifolia 
Goldenrod Solidago spp. 
Skunk Cabbage Symplocarpus foetidus 
Dandelion Taraxacum officinale 
Poison ivy Toxicodendron radicans 
Red clover Trifolium pratense 
Nodding Trillium Trillium cernum 
Purple trillium Trillium erectum 
Common Cattail Typha latifolia 
Common mullein Verbascum thapsus 
Violet Viola sp. 
Common Blue Violet Viola papilonacea 
Wooly Blue Violet Viola sororia 
Cocklebur Xanthium chinense 

 
Source:  Potomac-Hudson Engineering, Inc., January 2005. 
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3.2 Soils 

 
Soils within Greenbrier County, as is typical in most areas, in part reflect the lithology of the 
underlying rock formations and the respective physiographic provinces.  Western Greenbrier 
County, which includes the project site, is part of the Appalachian Plateau and contains generally 
deep, easily eroded soils that formed in material weathered from shale.  As described in the 
Phase I Archeological Report (John Milner Associates, 2005) produced for this project, there are 
three major soil associations are found within the vicinity of the site.  These are: 
 

• Atkins-Teas-Monogahela association along Sewell Creek and other lowlands in the area; 
• Teas-Calvin-Gilpin-Litz association in the upland ridges east of Sewell Creek and south 

of U.S. Route 60; and 
• Dekalb-Gilpin-Laidig-Cookport association in the upland areas west of State Route 20 

and south of U.S. Route 60. 
 
These general soil associations are further broken-down into more specific individual soil map 
units, as depicted in the Soil Survey of Greenbrier County, West Virginia (1972).  According to 
the Soil Survey, there are four soil map units present on the site as indicated in Figure 4.  The soil 
map units in order of abundance on the site are: 
 

• Atkins silt loam (At);  
• Calvin and Gilpin very stony soils, 25 to 40 percent slopes (CgE); 
• Monongahela silt loam, 2 to 8 percent slopes (MgB); and 
• Pope fine sandy loam (Po). 

 
The Atkins silt loam soil type is classified as a hydric soil (i.e., that soil typically found in 
wetlands) based on information obtained from the U.S. Department of Agriculture, Natural 
Resources Conservation Service (12/27/04).  The following paragraphs are descriptions of the 
soil types found on site as excerpted from the Soil Survey of Greenbrier County (1972). 
 
Atkins silt loam (At) – The Atkins series consists of deep, poorly drained, nearly level soils.  
These soils are on bottom lands, generally near the base of the hills, but in certain places they 
occupy the entire bottom.  They are commonly along streams that drain the upland areas.  These 
soils formed in alluvium derived from upland soils that are underlain by acid sandstone and 
shale.  They are subject to flooding, as slopes typically range from 0 to 3 percent.  Included in 
mapping with this soil type were small areas of very poorly drained soils and small areas of soils 
that have a surface layer of fine sandy loam.  Also included were small, slightly more sloping 
areas on hillsides. 
 
In a typical profile, the surface layer is dark grayish brown silt loam about 8 inches thick.  The 
subsoil extends to a depth of about 36 inches.  The upper part is gray heavy silt loam, and the 
lower part is gray light silty clay loam.  Strong-brown mottling begins at a depth of about 8 
inches.  Below the subsoil is gray silty clay loam that contains thin lenses of sandy and silty 
material.  This layer extends to a depth of 50 inches or more.   
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Permeability is moderately slow to slow, the available moisture capacity is moderate, and 
fertility is low to moderate.  The water table is high. 
 
The use of these soils for most purposes is severely to very severely limited by the high water 
table and the hazard of flooding.  Surface drainage is generally poor.  The subsoil drains 
moderately well into tile and into open ditches if the permanent water table is not too high.  If 
adequately drained, this soil is suitable for crops, such as hay or pasture crops mixed with water-
tolerant grasses or legumes. 
 
Calvin and Gilpin very stony soils, 25 to 40 percent slopes – Any given area of this 
undifferentiated group may consist of one or the other of these soils, or, more commonly, of 
both.  Also included in the mapping areas of this soil type are small areas of Dekalb and Litz 
soils and small, severely eroded areas. 
 
The Calvin series consists of moderately deep, well-drained, reddish-brown stony soils.  These 
soils are on dissected uplands common in the west-central part of the county.  They formed in 
material weathered from reddish, acidic siltstone and shale.   
 
The Gilpin series, which is commonly found with the Calvin series, consists of moderately deep, 
well-drained, strongly sloping to very steep soils.  These soils are also on dissected uplands in 
the western portion of the county and formed in residuum weathered from gray acid siltstone and 
shale and some interbedded sandstone. 
 
In a typical profile of the Calvin series in a wooded area, a thin mat of dark-colored organic 
matter covers the surface.  The surface layer, below this mat, is dark-reddish brown silt loam in 
the uppermost 2 inches and reddish-brown silt loam in the next 5 inches.  The subsoil extends to 
a depth of about 23 inches.  The upper part is dark reddish-brown heavy silt loam, and the lower 
part is dark reddish-brown very channery silt loam.  Siltstone fragments make up 60 to 70 
percent of the lower part.  Red siltstone bedrock begins at a depth of 23 inches. 
 
In a typical profile of the Gilpin series in a wooded area, a thin mat of organic matter covers the 
surface.  The surface layer, below this mat, is very dark grayish-brown silt loam in the uppermost 
2 inches and brown silt loam in the next 6 inches.  The subsoil extends to a depth of 22 inches.  
The upper part is yellowish-brown, friable, shaly silty clay loam, and the lower part is yellowish-
brown, shaly heavy silt loam.  Shale fragments are common in the subsoil and increase in 
volume with increasing depth.  Below the subsoil is yellowish-brown very shaly silt loam that is 
about 75 percent shale fragments.  Gray shale bedrock begins at a depth of 28 inches.  
 
Both the Calvin and Gilpin series have moderate permeability.  The available moisture capacity 
and fertility of both series are low to moderate.  Generally, these soils are better suited to trees 
than to other uses.  They are difficult to manage because of the large stones. 
 
Monongahela silt loam, 2 to 8 percent slopes (MgB) – The Monongahela series consists of 
deep, moderately well drained, gently sloping to strongly sloping, silty soils.  These soils formed 
in old alluvium washed from uplands that are underlain principally by acid sandstone and shale.   
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In a typical profile, the surface layer is dark grayish-brown and pale-brown silt loam about 10 
inches thick.  The subsoil extends to a depth of 57 inches.  The upper part is light olive-brown, 
firm silty clay loam.  The middle part is yellowish-brown, firm heavy silt loam.  The lower part 
if yellowish brown, very firm and compact silt loam that is mottled with light gray and yellowish 
red.  The very firm layer begins at a depth of about 27 inches.  Below the subsoil is light 
yellowish-brown, yellowish-red, and gray, firm light silty clay loam that contains some 
sandstone fragments.  This layer extends to a depth of 65 inches or more. 
 
Permeability is moderate above the fragipan, but slow within it.  The available moisture capacity 
is moderate.  The water table is high in winter and spring and seepy spots are common.  The use 
of these soils is limited mainly be the seasonal high water table and the slowly permeable 
fragipan.  The usefulness of these soils for building sites is also limited by the high water table.  
 
Pope fine sandy loam (Po) – The Pope series consist of deep, well-drained, moderately coarse 
textured soils.  These soils are on bottom lands, generally near streambanks.  They formed in 
recent alluvium washed from upland areas underlain by gray, acid sandstone and shale.  These 
soils are flooded at intervals ranging from once a year to once in 3 or 4 years; the length varies 
by location.   
 
In a typical profile of the series, the surface layer is dark grayish-brown fine sandy loam about 10 
inches thick.  The subsoil extends to a depth of 40 inches.  The upper part is dark yellowish-
brown, friable fine sandy loam, and the lower part is dark yellowish-brown, very friable sandy 
loam.  Below the subsoil is loose, stratified silty, sandy, and gravelly material to a depth of 60 
inches or more. 
 
Permeability is moderately rapid and the available moisture capacity is moderate to moderately 
low.  The use of these soils is limited by flooding and by their tendency to be droughty.  It has 
been identified that the streambanks may need stabilization in some areas of the Po map unit. 
 
 
During the wetland delineation, soil information was recorded at 14 different locations within the 
35-acre site.  These soil points are marked on site by double flags of the same color of the 
wetland flagging used in that area.  The information recorded at each of these locations is 
provided on the Wetland Determination Data Sheets in Appendix B.  Observations of the soils 
encountered at these data points include that the soils recorded within wetlands consisted 
primarily of gray to black soils, some with mottling.  All of the wetland soils recorded were 
primarily clay, although the amount of clay varied with location, i.e., some of the samples were 
entirely clay, others were clay loam or silty clay loam soils.  Although many of the upland data 
points that were recorded consisted of clay soils, many of the upland soils observed throughout 
the site were primarily sandy loam soils of varying colors.  Gravel and pebbles were also 
observed in some of the upland areas.   
 

3.3 Hydrology 
 
Sewell Creek is the primary waterway within the site.  Sewell Creek runs roughly in a southwest 
to northeast direction through the limits of the site and continues a meandering course until its 
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confluence with the Meadow River, located approximately one mile to the northeast of the site.  
The Meadow River flows to the Gauley River which then flows to the New River.  At the 
confluence of the Gauley River and New River, the Gauley River watershed drains into the head 
of the Great Kanawha River, and consequently, is captured by the Kanawha-New River Basin.  
The Kanawha-New River Basin comprises most of the southern half of West Virginia and parts 
of Virginia and North Carolina.  Within the vicinity of the site, Wolfpen Creek and Little Sewell 
Creek are the primary tributaries to Sewell Creek.  Wolfpen Creek has its confluence with Sewell 
Creek in the northwestern part of the site and the confluence of Little Sewell Creek with Sewell 
Creek is located about one half mile northeast of the site.   
 
The jurisdictional waters and wetlands delineated for this project were Sewell Creek, Wolfpen 
Creek, unnamed tributaries to Sewell Creek, and low lying areas located adjacent to both the 
north and south side of Sewell Creek.  Indicators of wetland hydrology in the areas delineated 
included:  defined channels, standing water, saturated soils, and/or mottling as observed in the 
soil profiles (see Data Sheets in Appendix B).   

4.0 RESULTS  
 
Most of the wetland flags established by PHE within the site are associated with delineating the 
boundaries of Sewell Creek (Photos 4, 5, 6, 10, 12 & 21).  Other areas delineated on the north 
side of Sewell Creek include, beginning on the western edge of the site and heading east: 
 
(1) a small, emergent wetland area vegetated primarily with cattails located adjacent to Sewell 

Creek (Flags WA322-WA333; 0.052 acres); 
(2) a short ditch adjacent to the dirt roadway within the CSX Railroad property (Flags WA308-

WA318, Photo 13; 0.016 acres); 
(3) a section of wooded wetland near the CSX Railroad property and west of Wolfpen Creek 

(Flags WA253-WA295; 0.479 acres); 
(4) Wolfpen Creek from the railroad crossing south to its confluence with Sewell Creek (Flags 

WA184-WA197 & WA 225-WA240, Photo 7; 0.440 acres); 
(5) a ditch that runs parallel to the railroad tracks and enters Wolfpen Creek near the railroad 

crossing (Flags WA197-WA225, Photos 8 & 9; 0.109 acres); 
(6) a two part ditch, connected via a culvert, within the open field part of the site (Flags WB1-

WB41; 0.204 acres); 
(7) an isolated, emergent wetland vegetated with cattails and sedges located within the open 

field part of the site (Flags WD1-WD17, Photo 11; 0.232 acres); 
(8) topographically low areas adjacent to a ditch within the open field and adjacent to Sewell 

Creek (Flags WA112-WA143; 2.362 acres); 
(9) a ditch beginning within the open field that widens into a back channel area as it 

approaches Sewell Creek (Flags WA69-WA100, Photos 2 & 3; 0.389 acres); and 
(10) a narrow wetland that exists within a portion of the wooded area and the adjacent open 

field (Flags WA16-WA56, Photo 1; 0.709 acres).   
 
The areas delineated on the south side of Sewell Creek, include many back channels that are 
separated from Sewell Creek by small upland areas (Photos 22, 23, & 24).  Some of these back 
channels are also separated from a larger wetland system that is located adjacent to the bottom of 
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the hillside on the southern edge of the site.  This larger, wetland system is a wooded area where 
standing water was observed in some locations and a small, unnamed tributary (Flags WE33-
WE49 & WF1-WF24) provides runoff from the adjacent hillside.  Most of these features occur in 
the western half of the site on the south side of Sewell Creek.   
 
Most of the eastern half of the site on the south side of Sewell Creek has been disturbed from 
previous earth moving activities.  In the eastern half of this part of the site, Sewell Creek was the 
primary feature delineated.  However, an unnamed tributary is located near the eastern edge of 
the site that has several smaller tributaries of its own.  Photos 14 through 20 provide different 
views of this tributary and its smaller tributaries.  As shown in the photos, some of the areas 
along this feature are primarily open water, while other areas are wooded wetlands or narrow 
drainage features without defined channels through wooded wetlands.  
 
The wetland boundaries presented on the maps provided in the back of this report (Figures 5 
through 8) represent only those wetlands observed within the limits of the site.  Many of the 
features delineated by PHE continue beyond the limits of the site, such as Sewell Creek, 
Wolfpen Creek, the unnamed tributary on the southern side of Sewell Creek and several of the 
wetland boundaries delineated on the south side of Sewell Creek.  The following table provides a 
list of all wetland boundaries established within the site during the April, September and October 
2004 site visits.   
 
The information provided in Table 2 corresponds to the accompanying Wetlands Delineation 
Maps, Figures 5 through 8, prepared by Potomac-Hudson Engineering, Inc.  The wetland 
flags/stakes established by PHE were located by Marathon Technical Services Inc. using a GPS 
(Global Positioning System) unit to obtain sub-meter accuracy.  The GPS data was then 
incorporated into an AutoCAD drawing provided by Potesta Associates, Inc. depicting the 
topographic features, roadways, buildings, etc. to produce Figures 5 through 8.   
 See Appendix A of this report for the Wetlands Delineation Maps.  Due to the 
size of the site and the need to see the individual wetlands points clearly, the maps have been 
divided into three figures (Figures 6 through 8), while an overall view of the wetlands 
delineation is provided in Figure 5, located in the back of this report: 
 

• Figure 5. Wetlands Delineation – Overview: depicts an overall view of the project site  
and the wetlands delineation at a scale of 1” = 120’ (Sheet 1 of 4).   

• Figure 6. Wetlands Delineation – West Area: depicts the western section of the wetlands 
survey area at a scale of 1” = 60’. 

• Figure 7: Wetlands Delineation – Middle Area: depicts the middle section of the wetlands 
survey area at a scale of 1” = 60’. 

• Figure 8: Wetlands Delineation – East Area: depicts the eastern section of the wetlands 
survey area at a scale of 1” = 60’. 
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Table 2:  Wetland Flag Information 
 
Flag/Stake Numbers Water/Wetland Type & Location Notes 
   
WA1 - WA337 Delineates northern edge of Sewell Creek, a 

tributary in a wooded area, three ditches & 
eastern edge of Wolfpen Creek 

WA1-WA308 (blue) 
WA309-WA337 
(pink/black) 
Photos 1-9 & 12, 13, 21 

WB1 – WB41- WB1 Delineates a ditch in field on northern side 
of Sewell Creek.  Connected to WA line via 
a culvert. 

all blue flags 
 

WC1 – WC69,  
WC69a – WC69e, 
WC70-WC118 

Begins at edge of disturbed area on south 
side of Sewell Creek, delineates tributary, 
southern edge of Sewell Creek & western 
edge of a tributary on the eastern edge of 
the site. 

all blue flags 
Photos 10 & 18 

WD1 – WD17 - WD1 Isolated, emergent wetland located within 
field on north side of Sewell Creek 

Isolated wetland; 
all blue flags 
Photo 11 

WE1 - WE49 Southern edge of wooded wetland at base of 
hill on south side of Sewell Creek & a 
tributary 

all pink/black flags 

WF1 – WF69 
WF69a-WF87 
WF87a, WF87b 
WF88 – WF130 

Begins at top of tributary within site 
boundaries across from WE49, continues 
through wooded area, delineates a tributary, 
then part of southern edge of Sewell Creek, 
then back into the woods.  Ends at tree line 
on western edge of site. 

all pink/black flags 
Photo 24 

WG1 - WG48 –WG1 Delineates a tributary and part of the 
southern edge of Sewell Creek, delineating 
an upland pocket 

all pink/black flags 

WH1 – WH46 - WH1 Delineates two tributaries in wooded area & 
part of southern edge of Sewell Creek to 
create an upland pocket 

all pink/black flags 

WJ1 – WJ31 Begins on edge of tree line on western edge 
of site on south side of Sewell Creek.   

all pink/black flags 
Photo 23 

WK1 – WK8 Begins & ends on edge of tree line on 
western edge of site on south side of Sewell 
Creek 

all pink/black flags 
Photos 22 & 23 

WL1 – WL14 Begins & ends along western edge of site on 
south side of Sewell Creek 

all pink/black flags 
Photo 22 

WO1 – WO35 – WO1 Delineates tributaries and part of southern 
side of Sewell Creek near western edge of 
site.  Isolates an upland pocket 

all pink/black flags 
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Table 2:  Wetland Flag Information (continued) 

 
WP1 – WP12, WP12a, 
WP13 – WP45 – WP1 

Delineates south side of Sewell Creek and 
tributaries in wooded area; delineates 
isolated upland pocket 

all pink/black flags 

WR1 – WR42 – WR1 Delineates oxbow of Sewell Creek in center 
of site 

all pink/black flags 

WV1 – WV38 – WV1 Delineates an isolated, upland pocket within 
wooded area at base of hill on south side of 
Sewell Creek 

all pink/black flags 

WX1 – WX32 Delineates tributary on eastern edge of site 
on south side of Sewell Creek 

all pink/black flags 
Photos 18 & 19 

WY1 – WY92 Delineates western side of tributary located 
on eastern edge of site on south side of 
Sewell Creek 

all pink/black flags 
Photos 14-17 & 20 

WZ1 – WZ55 Delineates eastern side of tributary located 
on eastern edge of site on south side of 
Sewell Creek 

all pink/black flags 
Photos 14, 15 & 20 

 
NOTES: 
 

• The following flags are missing from the map and may or may not have been marked in 
the field:  WA270, WA274, WY26.  Their absence from the map does not have a 
significant impact on the wetland boundaries represented. 

• The flags established to mark the wetland boundaries were typically tied to vegetation.  
However, in instances where no sturdy vegetation was present, the wetland flags were 
tied to wooden stakes instead. 

 
Source:  Potomac-Hudson Engineering, Inc., January 2005. 
 
 
During the field investigation in April 2004, PHE requested that a representative from the 
USACE visit the site to conduct a preliminary review of the wetlands delineated by PHE that 
week.  Ms. Sarah Workman from the USACE viewed some of the wetland boundaries and 
agreed with the delineation of the areas observed.  Ms. Workman also identified one wetland 
delineated by PHE (Flags WD1- WD17) as an isolated wetland feature.  Isolated features are 
those not connected to a surface water tributary system and based on a Supreme Court decision 
in 2001, are no longer subject to Section 404 (see Solid Waste Agency of Northern Cook County 
v. U.S. Army Corps of Engineers [SWANCC]).  The boundaries of this feature remain on the 
maps accompanying this report so that the USACE office may review the site in its entirety and 
make a determination as to whether the wetland delineated by Flags WD1-WD17 will be 
considered a jurisdictional feature or not due to its proximity to other wetlands.  Also, the 
location of this isolated wetland may be pertinent if the guidelines for regulating wetlands 
change in the future prior to the completion of the proposed project.   
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WETLAND DETERMINATION DATA SHEETS 
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Appendix D 

Groundwater Pump Tests 
 

Appendix D1 - Evaluation of Groundwater Pumping in                                          
Rainelle, West Virginia (dated: December 23, 2005) 

 

Appendix D2 – Model Development to Evaluate Groundwater Pumping                                        
in Rainelle, West Virginia (dated: March 2007)* 

 
Appendix D3 – Well Logs** 

 

 
*Since publication of the Draft EIS, an additional pump test report (dated March 2007) has become 

available and has been added as Appendix D2 for the Final EIS. 

**New appendix added for Final EIS. 
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Log of PW-1 based on geophysical log and video by Ed Custer, Jr

Top Elevation: 2,400.29 ft amsl

Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 45.00 45.00 Casing or surface matter

45.00 66.00 21.00 Shale, sandy, red, with sandstone 

streaks

66.00 71.00 5.00 Shale, red, with interbedded sandstone

71.00 89.00 18.00 Shale, sandy, red, with sandstone 

streaks

89.00 90.00 1.00 Sandstone, gray

90.00 91.00 1.00 Shale, sandy, red, with sandstone 

streaks

91.00 126.00 35.00 Sandstone, gray

126.00 150.00 24.00 Shale, sandy, red, with sandstone 

streaks

Log of PW-3 based on geophysical log and video by Ed Custer, Jr

Top Elevation: 2,388.95 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 52.00 52.00 Casing

52.00 54.30 2.30 Sandstone, gray crossbedded Horizontal fracture at base no H20 or iron staining

54.30 77.00 22.70 Shale, sandy, red and green Annealed 45-75 degree fractures

77.00 87.45 10.45 Sandstone, gray crossbedded

87.45 92.35 4.90 Sandstone, gray crossbedded Horizontal Broken Zones and fractures H20, iron 

staining on fractures

92.35 110.00 17.65 Sandstone, gray crossbedded

110.00 111.00 1.00 Conglomerate, gray Pebbles and Cobbles

111.00 114.00 3.00 Sandstone, gray crossbedded Fracture At 113.55 some iron staining

114.00 146.00 32.00 Shale, sandy, red and green

146.00 148.50 2.50 Sandstone, gray with shale streaks Near horizontal Fracture at 147 iron staining

148.50 168.44 19.94 Sandstone, gray crossbedded

Log of PW-4 based on geophysical log and video by Ed Custer, Jr

Top Elevation: 2,446.88 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 39.00 39.00 Casing H20 9.5 Rock reported at 22.5 ft by driller

39.00 43.00 4.00 Sandstone, gray, crossbedded

43.00 46.50 3.50 Sandy Shale

46.50 66.00 19.50 Sandstone, gray, crossbedded

66.00 67.00 1.00 Sandy Shale

67.00 81.75 14.75 Sandstone, gray, crossbedded H20 horizontal bedding fracture 80.5'
81.75 92.00 10.25 Sandy Shale, light grey green, ripple 

bedded

Horizontal bedding fractures @86, 88.5

92.00 126.00 34.00 Sandy Shale,red & green

126.00 136.00 10.00 Shale,red & green, interbedded 

sandstone beds

136.00 139.00 3.00 Sandstone, gray, crossbedded

139.00 212.50 73.50 Sandy Shale,red & green

212.50 215.00 2.50 Sandstone, gray, crossbedded

215.00 226.50 11.50 Sandy Shale,red & green

226.50 234.00 7.50 Shale,red & green, interbedded 

sandstone beds

234.00 247.32 13.32 Sandy Shale,red & green
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Log of OW-1A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,397.51 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 4.50 4.50 CL, Clay, Red Brown, sandstone gravel Moist

4.50 5.00 0.50 CH, Dark gray, medium plastic Moist

5.00 6.50 1.50 CH, Gray, sandy, plastic Moist

6.50 10.00 3.50 CH, Gray, slightly silty,medium plastic Water 9 feet

10.00 11.50 1.50 CH, Gray, trace silt and organics, plastic Wet

11.50 15.00 3.50 CH, Gray, trace silt and organics, plastic Wet

15.00 16.50 1.50 10" SP, Sand, Gray                                  

6" CL, Clay, Gray, sandy                          

2" SP, Sandy, Gray

Wet

16.50 17.50 1.00 SP, Sand, Gray Wet

17.50 Did not go to auger refusal

Log of OW-1B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,397.29 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 2.00 2.00 Fill

2.00 5.00 3.00 Clay/silt

5.00 19.00 14.00 Sand

19.00 30.00 11.00 Shale, Red

30.00 35.00 5.00 Sandstone

35.00 81.00 46.00 Shale, Sandy, Red Water at 81 feet

81.00 96.00 15.00 Sandstone

96.00 98.00 2.00 Shale, Sandy, Red

98.00 100.00 2.00 Sandstone

100.00 104.00 4.00 Shale

104.00 121.00 17.00 Sandstone

121.00 138.00 17.00 Shale, Sandy, Red Water at 138 feet

138.00 148.00 10.00 Sandstone Fractured at 148 feet

148.00 160.00 12.00 Shale, Sandy, Blue

Log of OW-2A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,391.50 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 0.25 0.25 Top Soil

0.25 2.50 2.25 CL, Clay, Red Brown, weathered shale 

chips

Moist

2.50 3.50 1.00 CH, Clay, Gray, medium plastic Moist

3.50 5.00 1.50 CH, Clay, Tan, medium plastic Moist

5.00 6.50 1.50 CH, Clay, Gray, plastic Moist

6.50 9.00 2.50 CH, Clay, Gray, plastic Moist

9.00 10.00 1.00 SP, Sand, Gray, clayey Water 9 feet

10.00 11.50 1.50 5" SP, Sand, Gray, medium grained        

1.5" SP, Sand, Gray, clayey, orgaincs     

11.5" SP, Sand, Gray, clayey

Wet

11.50 15.00 3.50 SP, Sand, Gray, clayey Wet

15.00 16.50 1.50 SP, Sand, Gray, medium to fine 

grained, This material probably was 

from material that flowed into the 

auger

Wet

15.50 Auger Refusal
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Log of OW-2B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,393.19 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 3.00 3.00 Fill

3.00 18.00 15.00 Sand

18.00 32.00 14.00 Shale, Red

32.00 40.00 8.00 Sandstone

40.00 50.00 10.00 Shale, Sandy, Red Water at 50 feet

50.00 71.00 21.00 Sandstone Hard

71.00 87.00 16.00 Shale, Sandy, Red Water at 87 feet

87.00 96.00 9.00 Sandstone

96.00 128.00 32.00 Shale, Sandy, Red Water at 128 feet

128.00 135.00 7.00 Sandstone

135.00 140.00 5.00 Shale, Sandy, Red

140.00 160.00 20.00 Shale, Sandy, Blue

Log of OW-3A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,394.39 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 0.50 0.50 Top Soil, Clay, Dark Brown, with 

organics

0.50 5.00 4.50 CL, Clay, Tan, silty Moist

5.00 6.50 1.50 3" SP, Sand, Tan, Moist                                   

2" Clay, Black, Moist                                        

13" SP, Sand, Tan, fine grained, clayey, 

Wet
6.50 10.00 3.50 SP, Sand, Tan, clayey Wet

10.00 11.50 1.50 5 SP, Sand, Tan, clayey,                                                                        

13" SP, Sand, Gray, medium-fine 

grained

Wet

11.50 12.25 0.75 SP, Sand, Gray Wet

12.25 Auger Refusal

Log of OW-3B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,393.66 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 2.00 2.00 Fill

2.00 18.00 16.00 Sand

18.00 20.00 2.00 Clay and Wood

20.00 50.00 30.00 Shale, Sandy, Red Water at 38 feet

50.00 65.00 15.00 Shale, Sandy, Blue

65.00 95.00 30.00 Sandstone, white

95.00 113.00 18.00 Shale, Sandy, Blue

113.00 128.00 15.00 Shale, Sandy, Red

128.00 134.00 6.00 Shale, Sandy, Blue

134.00 138.00 4.00 Shale, Sandy, Red

138.00 160.00 22.00 Shale, Sandy, Blue
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Log of OW-4A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,402.57 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 0.25 0.25 Top Soil

0.25 1.50 1.25 Fill, CL, Clay, Green Gray, silty Moist

1.50 2.50 1.00 Fill, CL, Clay, Tan, coal chips Hard Augering

2.50 3.50 1.00 Fill, Clay, coal and rock chips

3.50 5.00 1.50 CL, Clay, Black, Fill?

5.00 6.50 1.50 Fill, Clay, silt, wood chips Moist

6.50 7.50 1.00 Fill, Clay, silt, wood chips Moist

7.50 10.00 2.50 CL, Clay, Black, slightly plastic Moist

10.00 11.50 1.50 CH, Clay, Gray, plastic Moist

11.50 13.00 1.50 CH, Clay, Gray, plastic Moist

13.00 15.00 2.00 SP/CH, Sand, Gray, Clayey Wet

15.00 16.50 1.50 SP/CH, Sand, Gray, Clayey Wet

15.00 Did not go to auger refusal

Log of OW-4B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,403.17 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 2.00 2.00 Fill

2.00 18.00 16.00 Clay, sandy

18.00 48.00 30.00 Shale, Red

48.00 61.00 13.00 Sandstone Water at 50 feet

61.00 88.00 27.00 Shale, Sandy, Red

88.00 91.00 3.00 Shale, Sandy, Blue

91.00 121.00 30.00 Sandstone Water at 91 and 121 feet

121.00 138.00 17.00 Shale, Sandy, Blue

138.00 148.00 10.00 Shale, Sandy, Red

148.00 160.00 12.00 Shale, Sandy, Blue

Log of OW-5A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,415.29 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 0.50 0.50 Top Soil

0.50 2.00 1.50 Fill, CL, Clay, Black, slightly plastic Moist

2.00 3.50 1.50 CL, Clay, Dark Gray to Tan Moist

3.50 5.00 1.50 CH, Clay, Tan, plastic Moist

5.00 6.50 1.50 5" CH, Clay, Dark Gray, organics, 

plastic       10" CH, Clay, Tan, plastic

Moist

6.50 8.00 1.50 CH, Clay, Tan, plastic Moist Water at 8 feet

8.00 10.00 2.00 SP, Sand, Gray, clayey, fine-medium 

grained

Wet

10.00 11.50 1.50 2" CH, Clay, Gray, plastic, Wet                           

6" SP, Sand, Tan, Wet                               

10" MH, Silt, Gray, very fine sandy, 

moist to wet

Wet

11.50 13.00 1.50 MH, Silt, Gray, sandy,

13.00 Did not go to auger refusal
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Log of OW-5B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,413.62 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 2.00 2.00 Fill

2.00 15.00 13.00 Clay, sandy

15.00 28.00 13.00 Shale, Soft

28.00 51.00 23.00 Shale, Red

51.00 54.00 3.00 Shale, Red, Hard

54.00 58.00 4.00 Sandstone, Hard

58.00 71.00 13.00 Shale, Red

71.00 76.00 5.00 Shale, Red, Hard

76.00 85.00 9.00 Shale, Sandy, Red

85.00 91.00 6.00 Sandstone Water 85-91 Feet

91.00 108.00 17.00 Sandstone

108.00 109.00 1.00 Sandstone Water 108-109 feet

109.00 121.00 12.00 Sandstone

121.00 137.00 16.00 Sandstone Water at 137 feet

137.00 144.00 7.00 Shale, Sandy, Blue

144.00 160.00 16.00 Shale, Sandy, Red

Log of OW-6A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,400.83 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 0.25 0.25 Top Soil

0.25 3.50 3.25 Fill, Clay, gravel, pieces of concrete

3.50 5.00 1.50 CL, Clay, Black, sandy, fill? Moist

5.00 6.50 1.50 12" CL, Gray, sandy, fine grained, Wet    

6" CH, Clay, Gray, Organics

Wet/Moist

6.50 10.00 3.50 CH, Clay, Gray, plastic Water at 7 feet

10.00 11.50 1.50 8" MH, Silt, tan/brown, clayey, sticky        

10" CH, Clay, Tan and Gray, Plastic

Moist/Wet

11.50 15.00 3.50 CH, Clay, Tan and Gray, Plastic Wet, Slow Augering

15.00 16.50 1.50 CH/MH, Clay and Silt, Tan and Gray, 

Plastic, Trace of coal and sand

16.50 20.00 3.50 CH, Clay, silty, dark gray, sticky Wet, Slow Augering

20.00 25.00 5.00 CH/MH, Clay, silty, sandy, dark gray, 

sticky

Water at 21 feet

25.00 No Auger Refusal

Log of OW-6B (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,401.34 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 3.00 3.00 Fill

3.00 24.00 21.00 Clay, silty

24.00 70.00 46.00 Shale, Red

70.00 92.00 22.00 Sandstone, Hard, Red Water 92 Feet

92.00 125.00 33.00 Sandstone, Hard, salt and pepper

125.00 135.00 10.00 Shale, Sandy

135.00 160.00 25.00 Shale, Red
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Log of OW-7A (Danny McCoy, Rob Ridgeway, Engineering & Testing 2000, Inc.)

Top Elevation: 2,403.76 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 9.00 9.00 Clay, Tan/Dark Brown Moist

9.00 12.00 3.00 SP - Sand, gray, medium grained, Wet Water at 9 feet

12.00 Auger Refusal Water at 2.5 feet after drilling

Log of OW-8 (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,410.75 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 40.00 40.00 Overburden

40.00 60.00 20.00 Blue sand shale (little water 

encountered at 51 feet)

60.00 98.00 38.00 White sand rock (water encountered at 

89 feet)

98.00 100.00 2.00 Blue and black rock with sulphur odor

100.00 120.00 20.00 White sandstone

120.00 147.00 27.00 Blue and white sand stone

147.00 200.00 53.00 Red shale

Log of OW-9 (Earl Tuckwiller, Tuckwiller Well Drilling)

Top Elevation: 2,413.38 ft amsl
Top_Depth Bot_Depth Thickness (ft) Lithologic_Description Comments

0.00 14.00 14.00 Overburden

14.00 34.00 20.00 Red shale

34.00 60.00 26.00 Reddish-blue shale

60.00 80.00 20.00 Blue Shale Little water at 60 ft.

80.00 99.00 19.00 Blue sandy shale

99.00 100.00 1.00 Red shale

100.00 120.00 20.00 Blue shale with little red shale 15 gpm of water at 110 ft.

120.00 125.00 5.00 Blue shale

125.00 140.00 15.00 Red shale More water encountered at 135 ft.

140.00 160.00 20.00 Red Shale
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Summary

A general aquatic survey was completed on Wolfpen and Sewell Creeks near Rainelle,
WV. The surveys included water chemistry, physical characteristics, habitat assessment,
benthic invertebrate sampling with WV SCI calculations, a fish community assessment
and a superficial assessment of mussel habitat. Sewell Creek is larger than Wolfpen but
both streams have similar physical and chemical water quality. An un-named tributary to
Sewell Creek did show evidence of acid mine drainage impact. Both RAPID habitat
quality scores (117 and 122) and WV SCI scores (73.68 and 73.64, ranked “good”) were
better in Wolfpen Creek than in Sewell Creek. Sewell Creek WV SCI scores were
ranked “fair” to “grey zone”. Fish communities in both streams were dominated by
tolerant, pioneering species. No dead shells or living unionid mussels were observed at
any of the sites. Small stream size for Wolfpen Creek and poor habitat/flow
characteristics in Sewell Creek would make the presence of any federally listed mussel
species extremely unlikely. Overall Wolfpen and Sewell Creeks have reasonable water
quality but are both habitat and flow limited to support diverse aquatic communities. No
rare or endangered aquatic species were located at the five sampling locations.

Introduction

A coal waste fired power plant is proposed for development in Rainelle, West Virginia
(Figure 1). A component of the environmental assessment of the location includes
detailed sampling of Sewell Creek and its tributary, Wolfpen Creek. This report includes
data on habitat, water quality, presence of unionid mussels, assessment of fish
populations, and benthic invertebrate populations. Water quality data were collected and
analyzed by Acculab Inc., an EPA certified water quality laboratory. The data were
collected at four locations (Figure 2, Tables 1- 4). Stream habitat and benthic samples
were collected at five locations (Figure 3, Tables 5 – 7, Appendix 1). Fish population
assessments were made along 100m transects at three locations (Figure 4, Table 8, and
Appendix 2). General habitat assessment for unionid mussels and visual searches for live
and or dead shells were made at both invertebrate and fish assessment locations.

Methodology:
Fishes

State agencies were notified of survey protocols, dates, and times. Area law enforcement
agencies were notified to reduce concerns of the public. Three locations were sampled
for fishes, two on Sewell Creek and one on Wolfpen Creek (Figure 4). Fish surveys were
completed using a Smith Root backpack electro-fishing unit. Special care was taken not
to disturb residences. Fishing began upstream and proceeded downstream as a series of
zigzag bank encroachments. Blocking nets were not utilized since the stream segments
had a series of well defined pools separated by very shallow water riffles. Stunned fishes
were netted and placed into five gallon buckets. Shocking time and mean output were
recorded at the end of each transect. Large fishes were identified, weighted, and
measured for standard length. Small fishes were batch weighed. Images were collected
for all species. Most fishes were released and no game fishes were retained. A series of
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small specimens were retained as vouchers and for identification verification. All
vouchers were placed in the Marshall University fish collection.

Benthic Macroinvertebrate Sampling
Five samples were collected, three on Sewell Creek and two on Wolfpen Creek (Figure 3,
Table 5). Although the fish and benthic samples were collected in similar locations,
specific habitat requirements did cause these sampling sites to differ slightly. Our
protocols are directly quoted from the WV DEP’s West Virginia Stream Index Protocol.
The following are standard protocols (slightly modified) developed by the U.S.
Environmental Protection Agency for conducting biological assessments of streams and
rivers. A detailed description of the protocol is given in EPA 841-B-99-002 Rapid
Bioassessment Protocols for Use in Wadeable Streams and Rivers (RBP).

Benthic macroinvertebrates were collected using a 0.5 meter wide rectangular frame kick
net with 600 µm mesh openings. The bottom substrate was examined to ensure that
habitat was similar at each collection station. The net was positioned on the stream
bottom in a riffle/run area so as to eliminate gaps under the frame. The surfaces of all

large substrate particles (large gravel and larger)
were cleaned using a dish scrub brush. The
substrate particles were held in front of the net
while brushing all surfaces so that dislodged
organisms flowed into the net. Cleaned substrate
particles were then set aside and the substrate was
kicked vigorously for 20 seconds in an area
approximating 0.25 square meters (one net width
wide by one net width upstream of the net). This
action dislodges bottom dwelling organisms and
washes them into the net. Eight kick samples were
collected at each site and composited into one
sample that represented approximately 2 square
meters of stream bottom substrate. The samples

were preserved in 95% ethanol and returned for sorting. Sorting involved placing the
entire benthic sample into a rectangular sieve and removing a 200 organism subsample.
The organisms were identified to genus or the lowest level possible. A series of
biological metrics (core metrics) were then calculated on each sample in order to
determine the condition of the site:

Total taxa - measures the total number of macroinvertebrate taxa (diversity or different
kinds) collected in the sample. Total taxa generally decreases with increasing stream
degradation. In a 200 organism subsample, it is not uncommon for healthy streams to
have 17 or more taxa at the family level of identification.

EPT Index - measures the total number of distinct taxa within the generally pollution
sensitive groups Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera
(caddisflies). In general, this index increases with improving water quality. This index is
widely used because it is very sensitive to changes in water quality. In a 200 organism
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subsample, healthy streams commonly have 9 to 12 EPT taxa at the family level of
identification.

Percent Contribution of 2 Dominant Taxa - measures the relative abundance of the 2
numerically dominant taxa to the total number of organisms in the sample. In healthy
streams, there are generally several taxa, with the individuals being relatively evenly
distributed among the different taxa. As stream water quality decreases, more individuals
are concentrated in fewer, more tolerant taxa, and this metric increases. It is not
uncommon for healthy streams to have as few as 40-60% of the total individuals in a
sample in the 2 dominant taxa.

Percent EPT – measures the relative abundance of mayfly, stonefly, and caddisfly
individuals to the total number of organisms in the sample. In general, this metric
increases with improving water quality. It is common in healthy streams that at least 70
to 90% of the total organisms are in these sensitive orders.

Percent Chironomidae – measures the relative abundance of chironomid (midges)
individuals to the total number of individuals in the sample. Chironomids are considered
to be tolerant to many pollutant sources. This metric generally increases in value with
decreasing water quality. In healthy streams, it is not uncommon that less than 10% of
the organisms in a sample belong to the family Chironomidae.

HBI (Hilsenhoff’s Biotic Index - modified) - summarizes tolerances of the benthic
community to organic pollution. Tolerance values are
assigned to each taxon on a scale of 0 to 10, with 0 identifying
the organisms that are least tolerant (most sensitive), and 10
identifying the most tolerant (least sensitive) organisms. The
HBI metric score can be thought of as an average organic
pollution tolerance value for a sample, weighted by the
abundance of organisms. As water quality of a stream
decreases, the HBI increases. This is especially true where
organic enrichment is present. Since many of the organic
pollution tolerant organisms are also tolerant to other stressors,
the HBI is often used as a general indicator of stress. It is not
uncommon for healthy streams with good water quality to
have HBI scores in the 3 to 4 range.

WVSCI (WV Stream Condition Index) - The six benthic
community metrics were combined into a single multimetric
index, the West Virginia Stream Condition Index (WVSCI).
The WVSCI was developed by Tetra Tech Inc. (2000) using
WVDEP data collected from riffle habitats in wadeable
streams. In general terms, all metric values were converted to
a standard 0 (worst) to 100 (best) point scale. The six
standardized metric scores were then averaged for each benthic

WVSCI SCORING

CRITERIA

VERY GOOD
> 78.0 to 100.0

GOOD
>68.0 to 78.0

“GRAY ZONE”
>60.6 to 68.0

FAIR
>45.0 to 60.6

POOR
>22.0 to 45.0

VERY POOR
0.0 to 22.0
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sample site to come up with a final index score that ranges from 0.0 to 100.0. If a stream
site received a WVSCI score greater than 78.0, it was considered in very good condition.
A WVSCI score greater than 68.0, but equal to or less than 78.0 indicated good
conditions. Initially, a site that received a WVSCI score equal to or less than 68.0 was
considered impaired. However, because the final WVSCI score can be affected by a
number of factors (collector, micro-habitat variables, subsampling, etc.), agency
personnel sampled 26 sites in duplicate to determine the precision of the scoring.
Following an analysis of the duplicate data, agency personnel determined the precision
estimate to be 7.4 WVSCI points for a single sample. This value (7.4) was then
subtracted from the impaired threshold score of 68.0 and generated what is termed the
“gray zone” that ranges from 60.6 to 68.0. If a site had a WVSCI score within the gray
zone, a single kick sample was considered insufficient for classifying it as impaired. If a
site received a WVSCI score equal to or less than 60.6, the agency was highly confident
that the site was truly biologically impaired based on a single benthic macroinvertebrate
sample. In accordance, scores greater than 45.0 and equal to 60.6 indicated fair
conditions. Scores between 22.0 to 45.0 indicated poor conditions, and between 0.0 to
22.0 indicated very poor conditions.

Habitat Evaluation

A habitat evaluation was conducted utilizing a modified version of the Rapid
Bioassessment technique. The approach focuses on integrating information from specific
parameters on the structure of the physical habitat that are important to the survival and
maintenance of benthic macroinvertebrate populations. Ten parameters were evaluated
and given a score on a scale of 0 to 20. The scoring is broken down into four categories:
1) 0 to 5 = Poor, 2) 6 to 10 = Marginal, 3) 11 to 15 = Suboptimal, and 4) 16 to 20 =
Optimal. The ten scores were summed to provide a total habitat score for each station
(maximum score = 200).

Water Quality Sampling

A field technician from Acculab, Inc. completed field testing and laboratory testing of
water chemistry. This is an EPA certified laboratory. All standard QA/QC procedures
were followed. Water samples were collected from four locations (Figure 2).

Qualitative Mussel Habitat Surveys

While completing the above work qualified graduate students assessed the available
suitable habitat for mussels. Specifically habitat for federal listed species was assessed.
Students also searched the sampling areas for dead shells or other signs of a viable
mussel population. No dead shells or live specimens, if present, were handled.
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Results:

Water Quality

Water quality data was independently collected and analyzed by Acculab, LLC. This
facility is EPA approved and regularly samples water in southern West Virginia. Table 1
lists the UTM coordinates for zone 16 for each sampling site. Figure 2 shows the
approximate locations of the sampling sites on a topographical map layer. Sites one and
three were in Sewell Creek, site two was from Wolfpen Creek, and Site 4 was from an
unnamed tributary to Sewell Creek. The number of fecal coliform colonies per 100ml
sample was calculated for all four sites with a single duplicate at Site 3 (Table 2). Results
of the fecal coliform count indicated the numbers of colonies per 100 ml ranged from 56
colonies for site 4 to 243 colonies for Site 3. Fecal coliform numbers were generally low
with a small spike at Site 3. This site was a shallow pool with very little flow. Therefore
it is not unexpected that it would show elevated fecal coliform levels. The Wolfpen
Creek runs through a golf course; surveyors noted footprints, feathers, etc., suggesting 
ducks, geese, and several mammals living along the creeks. Applied fertilizers and mega
fauna are sources of fecal colonies.

Selected water quality criteria was collected from from the four stations is summarized in
Table 3. Sites one, three, and duplicate sample three had stream flows that ranged from
13 to 15 cubic feet persecond (cfs), and exhibit strong correlations of flow, conductivity,
pH, and temperature measurements. Data collected from the sites show conductivity
values ranged from 33.3 to 109.5 umhos, pH values were generally neutral and ranged
from 6.9 to 7.3 su, and temperature for the four sites ranhed from 16.4 °C for sites 1 and 3
to 17.9 °C. These sites are all within expected values for a stream of this size and
location in West Virginia. The Wolfpen Creek site (Site 2) is much smaller; a flow of 2
cfs compared to a mean of 14 cfs for Sewell Creek, and has a slightly elevated
conductivity (109.5 umhos). Site four is on an unnamed tributary of Sewell Creek and
has a tenth of the flow of Wolfpen Creek (0.219 cfs).

Additional chemical tests from sites one, two, three, and duplicate three exhibit very
similar conditions with little evidence of acid mine drainage impact. The water quality
data indicates the concentration of dissolved organic and inorganic minerals range from
0.081miligrams per liter (mg/l) for aluminum, to 19 mg/l for sulfate.The concentration
for suspended solids varies from less than 1mg/l to 3 mg/l. The concentration for acidity
is typically less than 1 mg/l and alkalinity ranges from 26 mg/l (sites 1 and 3) 44 mg/l
(site 2)(see Table 4). However site four does exhibit reduced alkalinity (8 mg/l),
increased acidity (6 mg/l), and slightly elevated manganese and total aluminum levels
(0.1 mg/l and 0.115 mg/l respectively). All these are chemical signatures of acid mine
drainage. Based on size and similarity of physical and chemical measurements the water
quality of upstream Sewell Creek would dictate the conditions near the proposed power
plant.
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Benthic Macroinvertebrates

Five benthic invertebrate samples were collected from Wolfpen and Sewell Creeks near
Rainelle, WV (Figure 3, Table 5, and Appendix 2). Stream habitat data were collected
from all five sites. Five sites were chosen to assess some measure of in stream
variability. The EPA’s RAPID protocol habitat score sheets, which were modified by the
WVDEP, was used to measure the gradient score. The high gradient score sheet was used
since Wolfpen Creek best fits this scoring procedure and therefore direct comparisons
could be made between sites. Sewell Creek was judged borderline between high and low
gradient. If low gradient scores were utilized, then the mean habitat scores would
increase slightly. The high gradient scoring procedure is the most commonly utilized
scoring procedure in WV. The RAPID protocol includes ten metrics calculated for each
site with a possible maximum of 20 pts per metric (Table 6). Three of the ten metrics,
bank stability, vegetative protection, and riparian vegetative zone width are measured
along both banks and their cumulative, right and left bank scores can total a maximum 20
pts. Wolfpen Creek sites 1a and 1b scored 117 and 122, respectively. The total possible
score is 200. These represent below average stream habitats. The site images found in
Appendix 1 shows high gradient rocky bottom locations. These images represent the
best benthic habitat in along the stream segment. Benthic samples are collected from a
series of riffles within a 100 meter reach. Habitat scores are based on the cumulative
habitat across the entire reach. The three sites on Sewell Creek were scored even lower
at 94, 88, and 85. All three scores suggest degraded stream habitats.

Table 7 lists the West Virginia Stream Condition Index (WVSCI) scores and metrics for
the five locations. The raw sample data is located in appendix 2. The Wolfpen Creek
sites scored the highest WVSCI values of 73.68 and 73.64. These sites habitat also
scored 20 or more points above the Sewell Creek sites. Habitat scores and WVSCI
almost always show a positive correlation. Lack of agreement would suggest
anthropomorphic impacts. These site scores would rank in the “Good” criteria zone.
Sites 3 and 2b scored 66.3 and 60.92. These values are in the “Grey Zone” criteria zone.
This area was defined as an area of overlap between “Good” sites and “Fair” sites. The
WV DEP reserves judgment as to the exact classification of this zone. The final benthic
site 2a had a score of 56.32 a “Fair” zone classification. All sites show an intermediate
level of impairment. The Hilsenhoff Biotic Index (HBI) ranges from 4.32 for site 1A to
5.11 for site 2B, which would characterize water quality as average. No benthic
invertebrates of special interest were found within the samples collected.

Fishes

Three electrofishing transects were sampled, site 1a from Wolfpen Creek, sites 2a and 3
from Sewell Creek. (Figure 4, Table 8, Appendix 3). Fish communities at all sites were
numerically dominated by creek chubs, stone rollers, blunt nose minnows, and rock bass
(Appendix 3). These species are found in small streams that are regularly impacted by
low water conditions. They are considered pioneer species. The greatest number of fish
species occurred at site 1A (11 species) and site 3 contained the least number of species
(1). No fishes of special interest were located during this study. Table 8 lists the
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commonly used fish metrics for assessment. West Virginia does not have a regionally
modified assessment protocol for fishes. Many more individuals were collected from
Wolfpen Creek (site 1a) than the other two sites. Wolfpen was much smaller, had more
graveled substrates, and had more fish barriers (riffles) than the Sewell Creek. Sewell
Creek was larger and consisted of a series of poorly defined pools with sections of water
deeper than wadeable. These sites also had significant deposits of fine sediments and
very low current velocities. Capture efficiency was near 90% in Wolfpen Creek but was
estimated at 35% (site 2a) and 50% (site 3). Both streams have a limited number of fish
species (Table 8). In small habitat restricted streams this is not uncommon. No trout
were collected at any site. Green sunfish, an invasive species, was collected from all sites
in low numbers. No diseased or hybrid individuals were collected from any site. Rock
bass and green sunfish were used as the top carnivore since they were collected from all
sites. Numerically creek chub dominated the system but they were not collected from
site 2a. The northern hog sucker was the only catostomid collected. These values
suggest a tolerant community that may be exposed to regularly very low water levels.

Mussel Habitat

Qualified graduate students made observational notes on current mussel populations and
potential habitat. General observations were made during an initial walk through of the
sites. Wolfpen Creek is small, sand and gravel dominated stream (Appendix 1). During
extreme dry years it would mostly consist of a series of isolated pools with little to no
current. Invertebrate sampling sites, those imaged, would represent the best benthic
habitat available and they should not be considered typical of this stream. Both banks of
the stream show extreme evidence of instability and regular sloughing. Sewell Creek is
larger but is more base flow in nature (Appendix 1). It is a series of sand dominated
shallow pools. Bank height is up to three meters with both sides highly unstable. Figure
3 shows the characteristic meandering of a low gradient stream. The water would be
more consistent in this stream. Both streams exhibited signs of enrichment, sheens and
bubbles on the water surface and filamentous algae. All sites had very low habitat scores
from 85 to 122 out of a possible 200 points (Table 6). Overall, neither site had potential
habitat suitable for any federally listed species except the rabbit’s foot, Quadrula
cylinderia. This species is known from sandy, depositional habitats. However, there is
no historical record for this species within a 50 mile radius.
While sampling fish, habitat, and benthos additional observations were made noting
existing mussel populations and the potential habitat. No evidence of an extant mussel
population was found except for the invasive Asiatic clam Corbicula flumieria. No live
unionids or dead shell material were observed.

Conclusions
A general survey of water quality found the Wolfpen and Sewell Creek sites similar in
both physical and chemical characteristics. Sewell Creek is the larger stream. Due to
large flow differences upstream Sewell Creek will determine water quality in the area.
An unnamed tributary of Sewell Creek exhibits characteristics of limited acid mine
drainage input. It is not so heavily contaminated or it’s flow large enough to affect
Sewell Creek. Wolfpen Creek was found to have higher quality stream habitat and
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benthic invertebrate communities. Both sites ranked “good” with the WV SCI. The three
Sewell Creek sites had a mean habitat score of 89 out of 200. Their benthic index scores
ranked from “fair” to “grey zone”. This suggests an intermediate level of impact. Fish
communities in both streams were dominated by tolerant, pioneering species. Metric
values all suggested either a fish community highly impacted in the recent past and
recovering or a system with repeated impacts such as periodic very low flows. No dead
shells or living unionid mussels were observed at any of the sites. Small stream size for
Wolfpen Creek and poor habitat/flow characteristics in Sewell Creek would make the
presence of any federally listed mussel species extremely unlikely. Overall Wolfpen and
Sewell Creeks have reasonable water quality but are both habitat and flow limited to
support diverse aquatic communities. No rare or endangered aquatic species were
located at the five sampling locations.

Figure 1. The approximate location of the proposed power plant in Rainelle, WV.
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Figure 2. Locations of water quality sampling sites.
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Figure 3. Benthic invertebrate sampling sites on Wolfpen (site 1a & 1b) and Sewell
Creeks (sites 2a, 2b, and 3) near Rainelle, WV.
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Figure 4. Fish sampling transects on Wolfpen and Sewell Creeks near Rainelle, WV.

Table 1. UTM data on four water quality locations in
Rainelle, WV.

Site Northing Easting
1 4201919 519763
2 4201894 519190
3 4201798 519473
4 4201902 519926

Table 2. Data on Fecal coliform
counts at four locations in
Rainelle, WV. (Numbers of
colonies per 100ml)

SITE FECAL COLIFORM
1 124

2 65

3 243

3 DUP 241

4 56
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Table 3. Selected water quality data collected from four locations in Rainelle, WV.

PARAMETER SITE 1 SITE 2 SITE 3
SITE 3
DUP SITE 4 UNITS

FLOW 13.0 2.0 15.0 15.0 0.219 cfs
CONDUCTIVITY 90.7 109.5 90.7 90.7 33.3 umhos
pH 6.9 7.4 7.3 7.3 7.0 su
TEMPERATURE 16.4 16.8 16.4 16.4 17.9 °C

Table 4. Water quality data collected from four locations in Rainelle, WV.

PARAMETER SITE 1 SITE 2 SITE 3
SITE3
DUP SITE 4 UNITS

Total Suspended Solids <1 2 3 1 4 mg/l
Alkalinity 26 44 26 34 8 mg/l
Acidity <1 <1 <1 <1 6 mg/l
Hot Acidity <1 <1 <1 <1 <1 mg/l
Sulfate 17 3 18 19 4 mg/l
Turbidity 4 4 5 4 7 mg/l
Iron 0.43 0.17 0.39 0.48 0.4 mg/l
Manganese 0.08 0.05 0.07 0.08 0.1 mg/l
Aluminum 0.087 0.036 0.156 0.081 0.115 mg/l
Selenium <2 <2 <2 <2 <2 ug/l
Zinc <10 <10 <10 <10 <10 ug/l
Dissolved Iron 0.23 0.1 0.17 0.24 0.2 mg/l
Dissolved Aluminum <0.02 <0.02 <0.02 <0.02 <0.02 mg/l
Dissolved Copper 2 2 2 1 1 ug/l
Dissolved Zinc <10 <10 <10 <10 <10 ug/l
Nitrite/Nitrate 2.64 1.76 2.2 1.76 1.76 mg/l
Phosphate <0.05 <0.05 <0.05 <0.05 <0.05 mg/l
Total KJELDAHL
Nitrogen <0.14 <0.14 <0.14 <0.14 <0.14 mg/l

Table 5. Locations of fish and benthic collection sites in Rainelle, WV

Site Name UTME UTMN
Lower Sewell Creek Site 3 519772 4201916
Upper Sewell Creek 2A 519532 4201806
Middle Sewell Creek 2B 519643 4201849
Wolfpen Creek Site 1A Upstream Sample 519178 4201877
Wolfpen Creek Site 1B Downstream Sample 519258 4201794

F1-14



Table 6. Rapid bioassessment habitat data collected from five locations in Rainelle, WV.

Habitat Metrics

Lower
Sewell
Creek
Site 3

Upper
Sewell
Creek

2A

Middle
Sewell
Creek

2B

Wolfpen Creek
Site 1A

Upstream
Sample

Wolfpen Creek
Site 1B

Downstream
Sample

Epifaunal
Substrate 5 11 12 12 14

Embeddedness 5 2 3 14 14
Velocity/Depth
Regime 4 5 5 13 15
Sediment
Deposition 5 2 1 12 14
Channel Flow
Status 12 9 8 10 9
Channel
Alteration 18 18 17 13 14
Frequency of
Riffles 2 2 1 15 16
Bank Stability
(LB+RB) 8 5 6 4 3
Vegetative
Protection
(LB+RB) 15 16 15 8 9
Riparian
Vegetative
Zone Width
(LB+RB) 20 18 17 16 14

Total 94 88 85 117 122

Table 7. West Virginia stream condition index data from five locations in Rainelle, WV.

Site Name
TOTAL
TAXA

EPT
TAXA EPT%

CHIRO
%

DOM2
%

HBI
SCORE WVSCI

Site 3 Lower Sewell Creek 13 6 44.82759 39.41 64.04 5.03 66.33

Site 1A Wolfpen Creek
Upstream 16 8 56.29921 32.68 63.78 4.32 73.68

Site 1B Wolfpen Creek
Downstream 15 9 54.31034 26.29 62.93 4.39 73.64

Site 2A Upstream Sewell
Creek 15 7 25.70093 66.82 73.64 5.08 56.32

Site 2B Middle Sewell Creek 16 9 33.63636 57.73 77.1 5.11 60.92
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Table 8. Fish metrics data collected in Rainelle, WV.

Fish IBI Metrics Site 1A Site 2A Site 3

Total Number of Species 11 8 9

Number of Darter Species 0 1 0

Number of Sunfish Species 2 2 2

Number of Sucker Species (Catostomids) 0 0 1

Number of Intolerant Species (Trout) 0 0 0

% Green Sunfish 0.016 0.034 0.1

% Omnivores (Golden Shiner) 0.008 0 0

% Insectivorous (Cyprinids) 0.94 0.72 0.74

% Top Carnivores (rupestrus & cyanellus) 0.044 0.206 0.24

Number of Individuals (or catch per effort) 247 29 50

% Hybrids 0 0 0

% Diseased Individuals (deformities, lesions, and tumors) 0 0 0
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Western Greenbrier Co-Generation (WGC) Power Plant
Meander Study Report

Boyd F. Edwards
Department of Physics

West Virginia University
June 20, 2005

1. Conclusion

The meandering study indicates that the construction of the WGC plant might not affect
the migration of Sewell Creek for the next 50 years as long as the piers for the permanent
bridge over Sewell Creek are located judiciously.

2. Predictions

Figure 1 shows future locations of Sewell Creek (colored traces, by calendar year)
predicted by the river meandering model (see Section 4, below). Figure 2 shows the
same predictions as Figure 1; however, it is set against the background of a 2004 aerial
photograph. In Figure 1, Sewell Creek flows from lower left (southwest) to upper right
(northeast). The proposed bridge is planned to be located in quadrant F10. According to
the the predictions, Sewell Creek will migrate southeast where it passes under the bridge.
This migration is consistent with general features of meander bends, which typically
migrate downstream and bulge laterally away from the center of the river valley, until
cutoff occurs and an oxbow lake is created.

The locations of the bridge piers is not known at this time. According to correspondence
with Potesta & Associates, the bridge will likely consist of three 100’ spans, with two
intermediate concrete piers, which are 4’ wide perpendicular to stream flow and
separated by 100’. The bridge design allows for some flexibility in where the bridge
piers would be placed; however, placing them at equal distances from the creek center
would most likely be the default design.

Two black rectangles superposed on the proposed bridge in quadrant F10 of the image in
Figure 1 give one possible location of the bridge piers, separated by 100’. This location
would not interfere with the predicted river migration. If instead the bridge were divided
into three equal-length spans, then the southeast pier would be standing in the present
location of Sewell Creek. Hence, some adjustment in the pier locations must be made
from this simple arrangement.

Another place where the migration of Sewell Creek might potentially be affected by the
construction is in quadrant F7, where the river is predicted to contact the fill area from
the WGC plant, but not until the year 2060.

The large meander loop in quadrant F8 will likely cut off by the year 2060, since the neck
is predicted to become smaller and smaller in each successive year. The exact date of the
cutoff depends on the extent of flooding each spring, during which most migration
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occurs. This meander loop will likely cutoff eventually whether or not the plant is
constructed.

Barriers to migration turned out to be irrelevant, since the WGC construction is not
predicted to present any barriers to migration unless the bridge piers are located
injudiciously. It is difficult to include the effects of barriers presented by bridge piers in
the analysis because the locations of these piers is not yet known.

3. Past

In order to calibrate the model, the past behavior of Sewell Creek was examined by using
the following photography:

Exposure Date Project Code Roll Frame(s) Type
Nov. 19, 1940 USDA DZC-3R-71 CMS 15 19, 20 aerial b/w photograph
April 8, 1970 GS-VCEJ 3 289, 290 aerial b/w photograph
April 3, 1996 NAPP 9444 23, 24 aerial infrared photograph
April 6, 2004 ortho-corrected color image

The first task in examining the past behavior of Sewell Creek was to reorient and rescale
the 1940, 1970, 1996 and 2004 aerials and to superimpose these images in order to
examine the migration of Sewell Creek.

The file 2004 image includes reference points A, B, C, and D that was used to scale and
orient the aerial photos. Only the 2004 photo is ortho-corrected. Accordingly, small
orthographic misalignments occur in the 1940, 1970, and 1996 photos. However, since
the reference points were chosen to be along Sewell Creek, misalignments in the scaled,
reoriented photos should be small (of order 15 feet or less) along the creek.

4. Model

The future positions of Sewell Creek were estimated using a 2400-line FORTRAN code
called MEANDER. This code employs the level set numerical method of Sethian (Ref.
1) to implement the mathematical model (Refs. 2 and 3). The 2004 shape of the Sewell
Creek centerline is used as the initial condition, and the simulation predicts subsequent
river shapes.

One input for the simulation is the scale factor for the images, the pixel width p in meters.
This scale factor is easily determined from the digitized form of the WGC topographic
map, which has 140 pixels between adjacent longitude lines. According to the scale on
the bottom right side of this topographic map, adjacent longitude lines are separated by
250 feet = 76 meters. Thus, p = 76 m / 140 pixels = 0.54 m / pixel.

Three other parameters, though needed for the simulations, are not known directly, and
must be tuned using the past behavior of Sewell Creek as a guide, thereby calibrating the
model to the specific characteristics of Sewell Creek. The decay length D gives the
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distance required for cross-stream shear to recover downstream of meander bends. The
time scale T gives the basic time scale for lateral migration. A dimensionless parameter
P, the Parker number, governs the rate of migration of sharp bends relative to the
migration at slower bends. For further details about the mathematical model, see Refs. 2
and 3.

To calibrate the model, the values of D, T, and P were tuned until the 8-year migration of
Sewell Creek between 2004 and 2012 approximately matched its 8-year migration
between 1996 and 2004. This process involves predicting the migration of several
meander bends with different values of D, T, and P, all independent parameters, until an
optimal match is obtained. The final values were D = 4.5 m, T = 3.5 years, and P = 1.0.

After imaging Sewell’s path based on these values, the MEANDER program rotates the
river so that the starting and ending points both lie on the x axis. A 400 x 100 lattice was
employed to investigate the meandering. The level set method (Ref. 1) describes the
river shape in the x, y plane, defines a function f(x,y,t) whose value is zero on the river, is
positive to the right of the river, and is negative to the left. The level set method then
relegates the propagation of the river to the time evolution of the function f(x,y,t). Once
the values of this function are found in each time step, it is a simple matter to locate the
river, by looking for zeros of this function along gridlines. The program uses an adaptive
time step which does not allow the river to propagate more than a tenth of a grid spacing
per time step.

5. References

1. J. A. Sethian, Level Set Methods and Fast Marching Methods, Cambridge University
Press, New York, (1999).

2. B. F. Edwards and D. H. Smith, Critical wavelength for river meandering, Physical
Review E 63, 045304 (2001).

3. B. F. Edwards and D. H. Smith, River meandering dynamics, Physical Review E 65,
046303 (2002).

6. Disclaimer

This meandering study provides useful information about the past migration of Sewell
Creek, and attempts to predict the future migration of this Creek. However, predicting
the behavior of rivers far into the future is a notoriously difficult business, involving
variability of soil, ground cover, topography, floods, and spring runoff. For rivers, small
changes in the initial conditions can grow exponentially and lead to large changes in the
future. Accordingly, the predictions described above are not to be used for design
purposes.
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Figure 1. Future Locations of Sewell Creek (topographic survey)
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Figure 2. Future Locations of Sewell Creek (2004 aerial)
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y

 f
er

ti
le

 t
o

 f
er

ti
le

 s
o

il
s 

d
er

iv
ed

 f
ro

m
 l

im
es

to
n

e
(G

o
rm

an
 e

t 
al

. 
1

9
7

2
:1

).
 F

in
al

ly
, 

th
e 

w
es

te
rn

 t
h

ir
d

 o
f 

th
e 

co
u

n
ty

, 
w

h
ic

h
 i

s 
p

ar
t 

o
f 

th
e 

A
p

p
al

ac
h

ia
n

 
P

la
te

au
, 

co
n

ta
in

s 
d

ee
p

, 
ea

si
ly

 e
ro

d
ed

 s
o

il
s 

th
at

 f
o
rm

ed
 i

n
 m

at
er

ia
l 

w
ea

th
er

ed
 f

ro
m

 s
h

al
e 

(G
o

rm
an

et
al

. 
1

0
7

2
:1

).
 W

it
h

in
 t

h
e 

p
ro

je
ct

 a
re

a,
 t

h
re

e 
m

aj
o

r 
so

il
 a

ss
o

ci
at

io
n

s 
ar

e 
re

p
re

se
n

te
d

. 
T

h
ey

 a
re

 a
s 

fo
ll

o
w

s:
 (

1
) 

A
tk

in
s-

T
ea

s-
M

o
n

o
n

g
ah

el
a 

as
so

ci
at

io
n

 a
lo

n
g

 S
ew

el
l 

C
re

ek
 a

n
d

 o
th

er
 l

o
w

la
n

d
s 

in
th

e
ar

ea
; 

(2
) 

T
ea

s-
C

al
v

in
-G

il
p

in
-L

it
z 

as
so

ci
at

io
n

 i
n

 t
h

e 
u

p
la

n
d

 r
id

g
es

 e
as

t 
o

f 
S

ew
el

l 
C

re
ek

an
d

so
u

th
o

f 
U

S
 6

0
; 

an
d

 (
3

) 
D

ek
al

b
-G

il
p

in
-L

ai
d

ig
-C

o
o

k
p

o
rt

 a
ss

o
ci

at
io

n
 i

n
 t

h
e 

u
p

la
n

d
 a

re
as

w
es

t
o

f
R

o
u

te
2

0
 a

n
d

 s
o

u
th

 o
f 

U
S

 6
0

. 
T

h
e 

w
as

te
 c

o
al

 p
il

es
 n

ea
r 

A
n

je
an

 r
ep

re
se

n
t 

a 
fo

u
rt

h
 s

o
il

 t
y

p
e

(S
tr

ip
M

in
e

S
p

o
il

),
 w

h
ic

h
 w

il
l 

al
so

 b
e 

d
is

cu
ss

ed
 a

t 
th

e 
en

d
 o

f 
th

is
 s

u
b

se
ct

io
n

. 

(1
)

At
ki

ns
-T

ea
s-

M
on

on
ga

he
la

 a
ss

oc
ia

tio
n.

S
o

il
s

al
o

n
g

 W
o

lf
p

en
 C

re
ek

 a
n

d
 S

ew
el

l 
C

re
ek

 b
el

o
n

g
 

to
 t

h
re

e 
so

il
 s

er
ie

s:
 t

h
e 

A
tk

in
s 

si
lt

lo
am

se
ri

es
,

th
e 

M
o

n
o

n
g

ah
el

a 
si

lt
 l

o
am

 s
er

ie
s 

(2
 t

o
 8

 %
 s

lo
p

e)
, 

an
d

 A
ll

u
v

ia
l 

la
n

d
. 

T
h

e 
la

tt
er

 i
s 

li
m

it
ed

 t
o

 t
h

e 
m

o
u

th
 o

f 
S

ew
el

l 
C

re
ek

 a
n

d
 a

d
ja

ce
n

t 
lo

w
-l

y
in

g
ar

ea
s

al
o

n
g

M
ea

d
o

w
R

iv
er

.
T

h
e

so
il

d
es

cr
ip

ti
o

n
s

ar
e 

d
er

iv
ed

 f
ro

m
 G

o
rm

an
 e

t 
al

. 
(1

9
7

2
:9

-1
0

).
 A

tk
in

s 
si

lt
 l

o
am

 s
o

il
s 

co
n

si
st

 o
f 

d
ee

p
, 

p
o

o
rl

y
d

ra
in

ed
,

n
ea

rl
y

 l
ev

el
 s

o
il

s 
th

at
 f

o
rm

ed
 i

n
 a

ll
u

v
iu

m
 d

er
iv

ed
 

fr
o

m
 u

p
la

n
d

 s
o

il
s 

(G
o

rm
an

 e
t 

al
. 

1
9

7
2

:1
0

).
 T

h
es

e 
so

il
s 

ar
e 

ex
te

n
si

v
e 

al
o

n
g

 M
ea

d
o

w
 R

iv
er

an
d

it
s

tr
ib

u
ta

ri
es

, 
su

ch
 a

s 
S

ew
el

l 
C

re
ek

 a
n

d
 L

it
tl

e 
S

ew
el

l 
C

re
ek

(P
la

te
3

).
 A

 t
y

p
ic

al
 p

ro
fi

le
 o

f 
A

tk
in

s 
si

lt
 

lo
am

so
il

is
 a

n
 A

p
 h

o
ri

zo
n

, 
co

n
si

st
in

g
 o

f 
a 

d
ar

k
 g

ra
y

is
h

 b
ro

w
n

 (
1

0
Y

R
4

/2
) 

si
lt

 l
o

am
 f

ro
m

 0
 t

o
 8

 
in

ch
es

 w
it

h
 a

n
 a

b
ru

p
t 

w
av

y
 b

o
u

n
d

ar
y

. 
T

h
e 

su
b

so
il

,
w

h
ic

h
is

n
ea

rl
y

3
0

 i
n

ch
es

 i
n

 t
h

ic
k

n
es

s,
 i

s 
a 

g
ra

y
 (

1
0

Y
R

5
/1

) 
h

ea
v

y
 s

il
t 

lo
am

 t
o

 s
il

ty
 c

la
y

 l
o

am
 (

w
it

h
 d

ep
th

) 
m

o
tt

le
d

 w
it

h
 a

 s
tr

o
n

g
 b

ro
w

n
(7

.5
Y

R
5

.8
).

 T
h

e 
so

il
 s

tr
u

ct
u

re
 c

o
n

si
st

s 
o

f 
a 

w
ea

k
, 

m
ed

iu
m

 s
u

b
an

g
u

la
r 

b
lo

ck
y

 s
tr

u
ct

u
re

 w
it

h
 a

 
g

ra
d

u
al

w
av

y
 b

o
u

n
d

ar
y

. 
T

h
e 

C
 h

o
ri

zo
n

 o
r 

p
ar

en
t 

m
at

er
ia

l 
is

 a
 g

ra
y

 (
1

0
Y

R
5

/1
) 

si
lt

y
 c

la
y

 l
o

am
w

it
h

 s
tr

at
if

ie
d

 l
en

s 
o

f 
sa

n
d

 a
n

d
 s

il
t.

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

1
0

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2
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A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2

2
.0

 E
N

V
IR

O
N

M
E

N
T

A
L

S
E

T
T

IN
G

S
o

il
s 

d
es

cr
ib

ed
 a

s 
A

ll
u

v
ia

l 
la

n
d

 a
re

 s
u

b
je

ct
 t

o
 f

re
q

u
en

t 
fl

o
o

d
in

g
 a

n
d

 r
an

g
e 

in
 t

ex
tu

re
 f

ro
m

sa
n

d
an

d
 

si
lt

 
to

 
g

ra
v

el
. 

T
h

e 
al

lu
v

ia
l 

so
il

s 
at

 
th

e 
m

o
u

th
 

o
f 

S
ew

el
l 

C
re

ek
 

co
n

si
st

 
o

f
fi

n
e-

g
ra

in
ed

se
d

im
en

ts
 

th
at

 
ar

e 
fr

eq
u

en
tl

y
 

fl
o

o
d

ed
. 

V
eg

et
at

io
n

is
 

re
st

ri
ct

ed
 

to
 

m
o

is
tu

re
-t

o
le

ra
n

t 
sp

ec
ie

s.
 

B
ec

au
se

 o
f 

th
e 

h
ig

h
 w

at
er

 t
ab

le
 a

n
d

 t
h

e 
fr

eq
u

en
cy

 o
f 

fl
o

o
d

in
g

, 
b

o
th

 t
h

e 
A

tk
in

s 
so

il
s 

an
d

 t
h

e
al

lu
v

ia
l 

la
n

d
 h

av
e 

li
m

it
ed

 u
se

 f
o

r 
ag

ri
cu

lt
u

ra
l 

cr
o

p
s,

 b
u

t 
ca

n
 b

e 
u

se
d

 f
o

r 
p

as
tu

re
. 

M
o

n
o

n
g

ah
el

a 
si

lt
lo

am
so

il
s 

ar
e 

al
so

 f
o

u
n

d
 i

n
 a

ll
u

v
ia

l 
se

tt
in

g
s,

 i
n

 t
h

is
 c

as
e 

al
o

n
g

 t
h

e 
lo

w
er

 r
ea

ch
es

 o
f 

S
ew

el
l 

C
re

ek
. 

T
h

is
 s

er
ie

s 
co

n
si

st
s 

o
f 

d
ee

p
, 

m
o

d
er

at
el

y
 w

el
l 

d
ra

in
ed

, 
si

lt
y

 s
o

il
s 

o
n

 g
en

tl
y

 s
lo

p
in

g
 t

er
ra

ce
s.

 T
h

e 
so

il
s 

ar
e 

fo
rm

ed
 i

n
 o

ld
 a

ll
u

v
iu

m
,

w
as

h
ed

fr
o

m
u

p
la

n
d

 s
et

ti
n

g
s 

th
at

 a
re

 u
n

d
er

la
in

 b
y

 s
an

d
st

o
n

e 
an

d
 

sh
al

e 
(G

o
rm

an
 e

t 
al

. 
1

9
7

2
:2

5
-2

6
).

 W
at

er
-w

o
rn

 s
to

n
es

 a
n

d
 p

eb
b

le
s 

m
ay

 o
cc

u
r 

at
 a

 d
ep

th
 o

f 
th

re
e

fe
et

o
r

m
o

re
,

an
d

a
fr

ag
ip

an
is

co
m

m
o

n
in

th
e 

B
 
h

o
ri

zo
n

 
at

 
a 

d
ep

th
 
o

f 
2

.5
 
to

 
3

 
fe

et
. 

S
o

il
 

p
er

m
ea

b
il

it
y

an
d

d
ra

in
ag

e
ar

e 
m

o
d

er
at

e 
ab

o
v

e 
th

e 
fr

ag
ip

an
, 

b
u

t 
th

ey
 a

re
 s

lo
w

 w
it

h
in

 t
h

e 
fr

ag
ip

an
 

(G
o

rm
an

 e
t 

al
. 

1
9

7
2

:2
5

-2
6

).

(2
)

Te
as

-C
al

vi
n-

G
ilp

in
-L

itz
 a

ss
oc

ia
tio

n.
 S

o
il

s 
o

f 
th

e 
T

ea
s-

C
al

v
in

-G
il

p
in

-L
it

z 
as

so
ci

at
io

n
 o

cc
u

r
o

n
th

e 
tr

u
n

ca
te

d
 u

p
la

n
d

 r
id

g
e 

(a
n

d
 i

ts
b

en
ch

es
)

th
at

 l
ie

s 
b

et
w

ee
n

 S
ew

el
l 

C
re

ek
 (

o
n

 t
h

e 
ea

st
) 

an
d

 
L

it
tl

e 
S

ew
el

l 
C

re
ek

 
(o

n
 
th

e 
ea

st
) 

an
d

 
so

u
th

 
o

f 
U

S
 
6

0
 
(P

la
te

 
4

).
 
M

r.
 
S

h
au

n
 
A

ll
en

 
o

f 
W

G
C

in
d

ic
at

ed
th

at
 a

s 
m

u
ch

 a
s 

2
0

 t
o

 4
0

 f
ee

t 
o

f 
th

e 
ri

d
g

e 
w

as
 r

em
o

v
ed

 b
y

 t
h

e 
la

n
d

 o
w

n
er

 m
an

y
 y

ea
rs

ag
o

 (
P

la
te

 5
).

 T
h

es
e 

so
il

s 
w

er
e 

d
ep

o
si

te
d

 o
n

 t
h

e 
to

es
lo

p
e

o
n

 b
o

th
 s

id
es

 o
f 

th
e 

ri
d

g
e.

 T
h

e 
so

il
s 

in
 

th
is

 p
o

rt
io

n
 o

f 
th

e 
p

ro
je

ct
 a

re
a 

ar
e 

m
ap

p
ed

 a
s 

th
e 

C
al

v
in

-G
il

p
in

 v
er

y
st

o
n

y
so

il
s

(2
5

to
4

0
p

er
ce

n
t

sl
o

p
es

).
 T

h
e 

d
ep

th
 a

n
d

 e
x

te
n

t 
o

f 
th

e 
fi

ll
 t

h
at

 w
as

 d
ep

o
si

te
d

 o
n

 t
h

e 
to

es
lo

p
es

 o
f 

th
e 

tr
u

n
ca

te
d

 r
id

g
e 

is
 n

o
t 

k
n

o
w

 w
it

h
 c

er
ta

in
ty

, 
b

u
t 

es
ti

m
at

es
 a

re
 a

t 
le

as
t 

4
 o

r 
m

o
re

 f
ee

t 
o

f 
fi

ll
 w

as
 d

ep
o

si
te

d
 o

n
to

p
o

f
th

e 
C

al
v

in
-G

il
p

in
 v

er
y

 s
to

n
y

 s
o

il
s.

(3
)

D
ek

al
b-

G
ilp

in
-L

ai
di

g-
C

oo
kp

or
t.

T
h

es
e 

so
il

s 
ar

e 
co

n
fi

n
ed

 t
o

 t
w

o
 p

ar
ts

 o
f 

th
e 

p
ro

je
ct

 a
re

a.
 

T
h

ey
o

cc
u

r 
al

o
n

g
 t

h
e 

tr
an

sm
is

si
o

n
 l

in
e 

co
rr

id
o

r 
(w

h
ic

h
 e

x
te

n
d

s 
w

es
t 

fr
o

m
 t

h
e 

p
ro

p
o

se
d

 p
la

n
t 

si
te

 
fo

r 
ap

p
ro

x
im

at
el

y
 .

5
 m

il
e)

 a
s 

w
el

l 
as

 w
it

h
in

 t
h

e 
1

7
-a

cr
e 

la
n

d
 e

x
ch

an
g

e 
(w

h
ic

h
 i

s 
w

es
t 

o
f 

R
ai

n
el

le
, 

b
et

w
ee

n
W

o
lf

p
en

 C
re

ek
 o

n
 t

h
e 

so
u

th
 a

n
d

 U
S

 6
0

 o
n

 t
h

e 
n

o
rt

h
).

 G
o

rm
an

 e
t 

al
. 

(1
9

7
2

: 
M

ap
 S

h
ee

t 
#

2
9

 a
n

d
 #

3
7

) 
h

av
e 

m
ap

p
ed

 t
h

es
e 

so
il

s 
as

 p
ar

t 
o

f 
th

e
D

eK
al

b
-G

il
p

in
v

er
y

 s
to

n
y

 c
o

m
p

le
x

 4
0

-6
5

 
p

er
ce

n
t 

sl
o

p
e.

 
H

o
w

ev
er

, 
b

as
ed

 
o

n
 

fi
el

d
 

o
b

se
rv

at
io

n
s 

o
f 

th
e 

au
th

o
rs

 
an

d
 

co
m

p
ar

is
o

n
 

o
f 

th
e

o
b

se
rv

ed
 s

o
il

s 
w

it
h

 t
h

e 
so

il
 d

es
cr

ip
ti

o
n

s 
fo

r 
2

0
 t

o
 4

0
 p

er
ce

n
t 

so
il

s 
an

d
 4

0
 t

o
 6

5
 p

er
ce

n
t 

so
il

s,
 t

h
e 

so
il

s 
in

 t
h

e 
tw

o
 p

ro
je

ct
 a

re
as

 a
re

 m
o

re
ac

cu
ra

te
ly

 d
es

cr
ib

ed
 a

s 
th

e 
D

eK
al

b
-G

il
p

in
 v

er
y

 s
to

n
y

co
m

p
le

x
 2

0
-4

0
 p

er
ce

n
t 

sl
o

p
e.

 T
h

es
e 

so
il

s 
o

cc
u

r 
o

n
 t

h
e 

u
p

p
er

 p
o

rt
io

n
 o

f 
sl

o
p

es
 a

n
d

 b
en

ch
es

 i
n

 t
h

e
m

o
u

n
ta

in
o

u
s 

p
ar

ts
 o

f 
w

es
te

rn
 G

re
en

b
ri

er
 C

o
u

n
ty

. 
B

ec
au

se
 o

f 
th

e 
sl

o
p

e 
an

d
 e

x
ce

ss
iv

e 
am

o
u

n
t 

an
d

 
si

ze
 o

f 
th

e 
st

o
n

es
 t

h
ro

u
g

h
o

u
t 

th
e 

p
ro

fi
le

, 
th

es
e 

so
il

s 
ar

e 
li

m
it

ed
in

u
se

to
w

o
o

d
la

n
d

s,
w

il
d

li
fe

,
an

d
re

cr
ea

ti
o

n
 (

G
o

rm
an

 e
t 

al
. 

1
9

7
2

:1
7

).
 L

ar
g

e 
b

o
u

ld
er

s 
an

d
 c

o
b

b
le

s 
co

v
er

 a
 l

ar
g

e 
p

o
rt

io
n

 o
f

th
e

1
7

-
ac

re
 e

x
ch

an
g

e 
p

ro
p

er
ty

, 
an

d
 t

h
at

 p
ar

t 
o

f 
th

e 
la

n
d

 e
x

ch
an

g
e 

n
o

t 
co

v
er

ed
 b

y
la

rg
e

b
o

u
ld

er
s 
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 v

er
y
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ee

p
 a

n
d

 c
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cr

o
ss

ed
 b

y
 n

u
m
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o

u
s 

o
ld
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u

m
b

er
 r

o
ad

s.
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)

St
ri

p 
M

in
e 
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oi

l. 
T

h
e 

w
as

te
 c

o
al

 p
il

es
 i

n
 t

h
e 

A
n

je
an

 p
ro

je
ct

 a
re

a 
ar

e 
m

ap
p

ed
 a

s 
S

tr
ip

 M
in

e
S

p
o

il
 (

S
T

) 
b

y
 G

o
rm

an
 e

t 
al

. 
(1

9
7

2
:3

0
 a

n
d

 M
ap

S
h

ee
t 

2
9

).
 T

h
es

e 
so

il
s,

 w
h

ic
h

 c
o

n
si

st
 o

f 
a 

m
ix

tu
re

o
f 

so
il

, 
sh

al
e,

 s
an

d
st

o
n

e,
 a

n
d

 c
o

al
, 

fr
eq

u
en

tl
y

o
cc

u
r 

o
n

 l
ev

el
 o

r 
n
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y
 l

ev
el
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 t

h
at
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av

e 
b

ee
n

 
m

o
d
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ie

d
 a

s 
a 
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su

lt
 o

f 
st

ri
p

 m
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g

. 
T

h
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 t
y

p
e 

o
f 

m
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g

 f
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q
u
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y
 f

o
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o
w
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n
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u
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u
n

d
 t

h
e

m
o

u
n
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o

p
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,
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y
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d
u

ci
n

g
a

p
o

rt
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n
o

f 
th

e 
st

ri
p

p
ed

 a
re

a 
b

y
 a

s 
m

u
ch
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s 

2
0

 t
o

 5
0

 f
ee

t 
(P

la
te

6
).

T
h

e
re
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se

 p
il

es
 a

re
 g

en
er

al
ly

 p
u

sh
ed

 t
o

 t
h

e 
m

id
d

le
 o

f 
th

e 
le

v
el

ed
 a

re
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 w
h

il
e 

th
e 

co
n

to
u

re
d

 m
ar

g
in

s 
u

su
al

ly
 h

av
e 

v
er

y
st

ee
p

sl
o

p
es

. 
R

ev
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et
at

io
n

 o
f 

th
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e 
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ea
s 
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 d

if
fi

cu
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 d
u

e 
to

 
th

e 
st

o
n

y
 n
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u
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 o

f 
th

e 
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il
 r
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u
al

,
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e
ex

tr
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el
y

 l
o

w
 P

h
 v

al
u
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, 

ex
ce

ss
iv

e 
er

o
si

o
n

, 
an

d
 l

o
w

 
av

ai
la

b
le

 s
o

il
 m

o
is

tu
re

 c
ap

ac
it

y
 (

G
o

rm
an

 e
t 

al
. 

1
9

7
2

).
 A

s 
d

ep
ic

te
d

 i
n

 P
la

te
s 

1
 a

n
d

 2
, 

th
e 

w
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te
co

al
 p

il
es

 i
n

 t
h

e 
A

n
je

an
 a

re
a 

ar
e 

ty
p

ic
al

 o
f 

th
e

S
tr

ip
M

in
e

S
p

o
il

 d
es

cr
ib

ed
 b

y
 G

o
rm

an
 e

t 
al

. 
(1

9
7

2
).

 N
o

te
 t

h
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 t
h

er
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 v
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 n
o
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eg

et
at

io
n
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n

 t
h
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v
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y
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th
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w

as
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 p
il
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N
T

A
L

S
E

T
T
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2
.5

C
L
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A

T
E

G
re

en
b

ri
er

 C
o

u
n

ty
 h
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 a

 h
u

m
id

 c
o

n
ti

n
en

ta
l 

cl
im

at
e,

 c
h

ar
ac

te
ri

ze
d

 b
y

 s
tr

o
n

g
 s

ea
so

n
al

ch
an

g
es

(G
o

rm
an

 
et

 
al

. 
1

9
7

2
:8

4
).

 
C

li
m

at
e 

w
it

h
in

 
G

re
en

b
ri

er
 

C
o

u
n

ty
 

is
 

v
ar

ia
b

le
d

ep
en

d
in

g
 

o
n

 
b

o
th

 
lo

ca
ti

o
n

 a
n

d
 e

le
v

at
io

n
. 

T
h

e 
A

ll
eg

h
en

y
 M

o
u

n
ta

in
s 

in
 t

h
e 

n
o

rt
h

w
es

te
rn

 p
ar

t 
o

f 
th

e
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u
n

ty
ar

e
so

m
e

o
f 

th
e 

h
ig

h
es

t 
p

ea
k

s 
in

 t
h

e 
st

at
e.

 P
re

ci
p

it
at

io
n

 o
n

 t
h

e 
w

in
d

w
ar

d
 (

w
es

t)
 s

id
e 

o
f

th
e

m
o

u
n

ta
in

s
is

m
u

ch
 h

ig
h

er
 t

h
an

 p
re

ci
p

it
at

io
n

 a
m

o
u

n
ts

 o
n

 t
h

e 
le

ew
ar

d
 s

id
e

(e
as

t)
si

d
e

o
f

th
e

m
o

u
n

ta
in

s
(G

o
rm

an
et

al
.

1
9

7
2

:9
1

).
A

d
d

it
io

n
al

ly
th

er
e

ar
e

sh
ar

p
 d

if
fe

re
n

ce
s 

in
 r

ai
n

fa
ll

 a
m

o
u

n
ts

 b
et

w
ee

n
 t

h
e 

v
al

le
y

b
o

tt
o

m
s 

an
d

 t
h

e 
m

o
u

n
ta

in
o

r
ri

d
g

et
o

p
s.

A
v

er
ag

e
p

re
ci

p
it

at
io

n
 i

n
 R

ai
n

el
le

 o
v

er
 a

 3
0

 y
ea

r 
p

er
io

d
 

w
as

 5
1

 i
n

ch
es

, 
co

m
p

ar
ed

 t
o

 W
h

it
e 

S
u

lp
h

u
r 

S
p

ri
n

g
s

in
 t

h
e 

so
u

th
ea

st
 p

o
rt

io
n

 o
f 

th
e 

co
u

n
ty

 w
it

h
 a

n
 

av
er

ag
e

o
f

3
8

in
ch

es
(G

o
rm

an
 e

t 
al

. 
1

9
7

2
:9

1
).

 T
h

e 
n

o
rt

h
w

es
t 

p
ar

t 
o

f 
th

e 
co

u
n

ty
 i

n
cl

u
d

es
 a

b
o

u
t 

8
0

 
in

ch
es

 o
f 

sn
o

w
, 

w
h

er
ea

s 
th

e 
ce

n
tr

al
 a

n
d

 e
as

te
rn

 p
o

rt
io

n
s 

o
f 

th
e 

co
u

n
ty

 a
v

er
ag

e 
ab

o
u

t
2

0
in

ch
es

o
f

sn
o

w
. 

B
o

th
 

sn
o

w
fa

ll
 

an
d

 
th

u
n

d
er

st
o

rm
s 

ar
e 

m
o

re
n

u
m

er
o

u
s 

at
 
el

ev
at

io
n

s 
ab

o
v

e 
3

,0
0

0
 
fe

et
. 

A
v

er
ag

e
d

ai
ly

m
ax

im
u

m
an

d
m

in
im

u
m

 t
em

p
er

at
u

re
s 

fo
r 

th
e 

3
0

-y
ea

r 
p

er
io

d
 i

n
 R

ai
n

el
le

 (
1

9
3

1
-

1
9

6
0

) 
ra

n
g

ed
 f

ro
m

 6
2

 t
o

 3
8

 d
eg

re
es

, 
w

it
h

 J
an

u
ar

y
(4

0
 a

n
d

 1
8

 d
eg

re
es

) 
th

e 
co

ld
es

t 
m

o
n

th
 a

n
d

 J
u

ly
an

d
A

u
g

u
st

(8
0

 
an

d
 

5
6

 
d

eg
re

es
) 

th
e 

w
ar

m
es

t 
m

o
n

th
s.

 
R

ai
n

fa
ll

 
in

 
th

e 
R

ai
n

el
le

 
ar

ea
 

an
d

 
n

o
rt

h
w

es
te

rn
G

re
en

b
ri

er
 C

o
u

n
ty

 a
v

er
ag

es
 a

b
o

u
t 

2
5

 i
n

ch
es

 d
u

ri
n

g
 t

h
e 

g
ro

w
in

g
 s

ea
so

n
 (

th
e 

la
st

 
w

ee
k

 i
n

 M
ay

 t
h

ro
u

g
h

 S
ep

te
m

b
er

) 
co

m
p

ar
ed

 t
o

 1
8

 i
n

ch
es

 o
f 

ra
in

 i
n

 t
h

e 
so

u
th

ea
st

er
n

p
ar

t
o

f
th

e
co

u
n

ty
 w

h
er

e 
th

e 
g

ro
w

in
g

 s
ea

so
n

 i
s 

th
re

e 
w

ee
k

s 
lo

n
g

er
 (

G
o

rm
an

 e
t 

al
. 

1
9

7
2

:8
4

).
 

2
.6

V
E

G
E

T
A

T
IO

N

B
ra

u
n

 
(1

9
5

0
:4

0
) 

ch
ar

ac
te

ri
ze

s 
th

e 
m

o
d

er
n

 
fl

o
ra

 
o

f 
th

e 
A

p
p

al
ac

h
ia

n
 

P
la

te
au

as
a

m
ix

ed
m

es
o

p
h

y
ti

c 
fo

re
st

. 
T

h
is

 t
y

p
e 

o
f 

fo
re

st
 i

s 
ch

ar
ac

te
ri

ze
d

 b
y

 a
 d

iv
er

si
ty

o
f

fl
o

ra
l

sp
ec

ie
s,

b
u

t
th

er
e

is
n

o
 d

o
m

in
an

t 
sp

ec
ie

s.
 E

d
ap

h
ic

 c
o

n
d

it
io

n
s,

 i
n

cl
u

d
in

g
 s

lo
p

e,
 s

o
il

, 
el

ev
at

io
n

, 
av

ai
la

b
le

 m
o

is
tu

re
,

an
d

as
p

ec
t 

en
co

u
ra

g
e 

th
e 

p
ro

li
fe

ra
ti

o
n

 o
f 

d
if

fe
re

n
t 

fl
o

ra
l 

co
m

m
u

n
it

ie
s.

 A
t 

th
e 

ti
m

e 
o

f 
in

it
ia

l 
E

u
ro

p
ea

n
 

co
n

ta
ct

 (
an

d
 c

o
n

ti
n

u
in

g
 i

n
to

 t
h

e 
ea

rl
y

 t
w

en
ti

et
h

 c
en

tu
ry

 w
h

en
 t

h
e 

R
ai

n
 b

ro
th

er
s 

se
tt

le
d

 i
n

 t
h

e 
ar

ea
),

co
m

m
o

n
tr

ee
sp

ec
ie

s
o

f
th

e 
m

ix
ed

 
m

es
o

p
h

y
ti

c 
fo

re
st

 
in

cl
u

d
ed

: 
v

ar
io

u
s 

o
ak

, 
ch

es
tn

u
t,

 
h

ic
k

o
ry

, 
tu

li
p

 p
o

p
la

r,
 b

ee
ch

, 
b

as
sw

o
o

d
, 

m
ap

le
, 

an
d

h
em

lo
ck

.
B

ra
u

n
 (

1
9

5
0

) 
an

d
 S

h
el

fo
rd

 (
1

9
6

3
) 

n
o

te
 t

h
at

 d
if

fe
re

n
t 

p
la

n
t 

co
m

m
u

n
it

ie
s 

d
o

m
in

at
e

at
 d

if
fe

re
n

t 
el

ev
at

io
n

s.
 T

ru
e 

m
ix

ed
 m

es
o

p
h

y
ti

c
fo

re
st

s
ar

e
fo

u
n

d
 b

et
w

ee
n

 1
,5

0
0

 t
o

 2
,0

0
0

 f
ee

t;
 o

ak
-c

h
es

tn
u

t 
co

m
m

u
n

it
ie

s 
o

cc
u

r 
b

et
w

ee
n

 2
,0

0
0

 
an

d
 2

,7
0

0
 f

ee
t 

al
th

o
u

g
h

 m
ap

le
-b

ee
ch

-b
as

sw
o

o
d

 c
o

m
m

u
n

it
ie

s 
m

ay
 o

cc
u

r 
b

et
w

ee
n

 2
,5

0
0

 a
n

d
 3

,5
0

0
 

fe
et

. 
B

ir
ch

-h
em

lo
ck

-s
p

ru
ce

 c
o

m
m

u
n

it
ie

s 
ar

e 
m

o
re

 d
o

m
in

an
t 

b
et

w
ee

n
 3

,5
0

0
an

d
4

,2
0

0
fe

et
,

an
d

sp
ru

ce
co

m
m

u
n

it
ie

s
ar

e 
d

o
m

in
an

t 
ab

o
v

e 
4

,2
0

0
 f

ee
t.

 T
o

d
ay

, 
v

ar
io

u
s 

o
ak

 s
p

ec
ie

s 
h

av
e 

re
p

la
ce

d
 t

h
e 

ch
es

tn
u

t.
 T

h
e 

se
co

n
d

ar
y

 f
o

re
st

s 
th

at
 t

y
p

if
y

 t
h

e 
re

g
io

n
 t

o
d

ay
 a

re
 m

ar
k

ed
ly

 d
if

fe
re

n
t 

th
an

th
e

tr
u

e
v

ir
g

in
 
fo

re
st

s 
en

co
u

n
te

re
d

 
b

y
 
th

e 
R

ai
n

 
b

ro
th

er
s.

T
h

e 
im

p
ac

t 
o

f 
d

ef
o

re
st

at
io

n
, 

p
ri

n
ci

p
al

ly
 f

o
r 

ti
m

b
er

 h
ar

v
es

ti
n

g
 a

n
d

 a
g

ri
cu

lt
u

ra
l 

la
n

d
 c

le
ar

in
g

, 
d

ec
im

at
ed

 t
h

e 
m

ix
ed

 m
es

o
p

h
y

ti
c

fo
re

st
,

th
e

as
so

ci
at

ed
 o

p
en

-f
o

re
st

 u
n

d
er

st
o

ry
, 

an
d

 t
h

e 
u

p
la

n
d

 h
ar

d
w

o
o

d
s.

 T
o

d
ay

 t
h

e 
fo

re
st

s 
in

 t
h

e 
re

g
io

n
ar

e
ch

ar
ac

te
ri

ze
d

 
b

y
 
x

er
o

p
h

y
ti

c 
sp
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ie

s 
(o

ak
-h

ic
k

o
ry

-b
ee

ch
) 

an
d

 
a 

d
en

se
 
u

n
d

er
st

o
ry

 
o

f 
th

ic
k

et
s,

 
v

in
es

, 
an

d
 g

re
en

b
ri

er
 (

H
u

b
b

ar
d

 1
9

7
1

).

W
it

h
in

 t
h

e 
p

ro
je

ct
 a

re
a,

 v
eg

et
at

io
n
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s 

ex
tr

em
el

y
 d

iv
er

se
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n
d

 r
an

g
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 f
ro

m
 a

 v
ar

ie
ty
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f 
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n

d
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es

o
n

m
an
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e
so

il
s 

to
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ak
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ic
k

o
ry
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n

d
 o

ak
-b

ee
ch

 f
o

re
st
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o

n
 r

el
at

iv
el

y
 u

n
d
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ed
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id

g
e 

sl
o

p
es

 
an

d
al
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v

ia
l
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rr
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es

.
A

s
n

o
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v
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e 
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w
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p
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t 

co
n

d
u
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v
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a 
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y
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 p
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n
ts
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w
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e
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s.

 W
it

h
in

 t
h

e 
p
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a 
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r 

th
e 

p
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n
t 

si
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e 

ty
p
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m

an
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e 
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n

d
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x
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h

 w
it

h
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 d
if
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n
t 
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p
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o
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v
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at
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n
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n

d
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d
e
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g
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m
o

d
if

ie
d

 r
id

g
e 

sl
o

p
es

 a
n

d
 c

o
ll

u
v

ia
l 

fa
n

s,
an

d
(3

)
th

e 
fo

rm
er

 l
o

ca
ti

o
n

 o
f 

th
e 

M
ea

d
o

w
 R

iv
er

 L
u

m
b

er
 C

o
m

p
an

y
 a

n
d

 t
h

e 
lo

g
 (

m
il

l)
 p

o
n

d
. 

(1
) 

A
 c

o
m

p
ar

is
o

n
 o

f 
h

is
to

ri
c 

m
ap

s 
to

 t
h

e 
cu

rr
en

t 
p

ro
je

ct
 m

ap
 s

u
g

g
es

ts
 t

h
at

 a
t 

le
as

t 
2

0
 t

o
 3

0
 f

ee
t 

o
f

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

1
4

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2



2
.0

 E
N

V
IR

O
N

M
E

N
T

A
L

S
E

T
T

IN
G

so
il

an
d

b
ed

ro
ck

h
av

e
b

ee
n

 r
em

o
v

ed
 f

ro
m

 a
n

 a
re

a 
m

ea
su

ri
n

g
 s

o
m

e 
4

0
0

 f
t 

x
 6

0
 f

t.
 T

h
u

s,
 a

t 
le

as
t 

6
0

,0
0

0
 c

u
b

ic
 f

ee
t 

o
f 

so
il

 a
n

d
 b

ed
ro

ck
 h

av
e 

b
ee

n
 s

tr
ip

p
ed

 f
ro

m
 t

h
e 

ri
d

g
e 

(P
la

te
 7

).

A
s

a 
re

su
lt

 t
h

e 
cr

es
t 

o
f 

th
e 

tr
u

n
ca

te
d

 r
id

g
e 

is
 r

el
at

iv
el

y
 l

ev
el

 a
n

d
 v

ir
tu

al
ly

 v
o

id
 o

f 
v

eg
et

at
io

n
 

(P
la

te
s 

5
 a

n
d

 7
),

 s
av

e 
fo

r 
a 

fe
w

 t
re

e 
sa

p
li

n
g

s 
an

d
 o

cc
as

io
n

al
 t

u
ff

s 
o

f 
g

ra
ss

. 
(2

)
T

h
e

sp
o

il
re

m
o

v
ed

fr
o

m
 
th

e 
ri

d
g

e 
w

as
 
p

la
ce

d
 
al

o
n

g
 t

h
e

to
es

lo
p

e
o

f
th

e 
ri

d
g

e 
an

d
 t

h
e 

ad
ja

ce
n

t 
co

ll
u

v
ia

l 
ap

ro
n

. 
A

lt
h

o
u

g
h

 v
eg

et
at

io
n

 i
s 

v
er

y
 s

p
ar

se
 i

n
 t

h
is

ar
ea

,
so

m
e 

o
ak

, 
b

ee
ch

, 
an

d
 h

o
ll

y
 s

ap
li

n
g

s 
al

o
n

g
 w

it
h

 a
n

 
u

n
d

er
st

o
ry

 o
f 

m
ix

ed
 g

ra
ss

es
 a

n
d

 t
h

o
rn

y
 s

h
ru

b
s 

ar
e 

b
eg

in
n

in
g

 t
o

sp
re

ad
ac

ro
ss

th
e

to
es

lo
p

es
th

at
ar

e 
ca

p
p

ed
 b

y
 t

h
e 

m
at

er
ia

ls
 r

em
o

v
ed

fr
o

m
th

e
ad

ja
ce

n
t 

ri
d

g
e 

(P
la

te
 8

).
 B

ec
au

se
 o

f 
th

e 
lo

w
 P

h
 

v
al

u
e 

o
f 

th
e 

fi
ll

, 
th

e 
ex

ce
ss

iv
e 

am
o

u
n

t 
o

f 
cl

ay
an

d
 b

o
u

ld
er

s 
in

 t
h

e 
fi

ll
, 

an
d

 t
h

e 
lo

w
 a

v
ai

la
b

le
 

m
o

is
tu

re
 c

ap
ac

it
y

 o
f 

th
e 

fi
ll

, 
v

eg
et

at
io

n
 o

n
 t

h
e 

m
o

d
if

ie
d

 t
o

es
lo

p
es

 w
il

l 
n

ec
es

sa
ri

ly
b

e
li

m
it

ed
to

p
la

n
t 

sp
ec

ie
s 

th
at

 p
ro

sp
er

 i
n

 d
is

tu
rb

ed
 s

o
il

s 
w

it
h

lo
w

n
u

tr
ie

n
t

v
al

u
es

. 
(3

) 
T

h
e 

fo
rm

er
 l

o
g

 o
r 

m
il

l
p

o
n

d
 a

re
a 

an
d

 a
d

ja
ce

n
t 

p
o

rt
io

n
s 

o
f 

th
e 

M
ea

d
o

w
 R

iv
er

 L
u

m
b

er
 C

o
m

p
an

y
 w

er
e 

d
ra

in
ed

 a
n

d
 f

il
le

d
 

m
o

re
 t

h
an

 t
w

en
ty

 y
ea

rs
 a

g
o

. 
T

o
d

ay
 t

h
is

 a
re

a 
su

p
p

o
rt

s 
a 

n
ea

rl
y

 l
ev

el
 g

ra
ss

y
fi

el
d

ad
ja

ce
n

t
to

th
e

fo
rm

er
 F

ir
e 

P
u

m
p

 H
o

u
se

 a
n

d
 t

h
e 

A
rm

y
 R

es
er

v
e 

b
u

il
d

in
g

s 
(P

la
te

 9
).

 

U
p

la
n

d
 v

eg
et

at
io

n
 i

n
 t

h
e 
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la

ti
v
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y

u
n

d
is

tu
rb

ed
p

o
rt

io
n

s 
o

f 
th

e 
p

ro
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ct
 a

re
a 

(e
.g

.,
 t

h
e 

b
en

ch
es

 
b

el
o

w
 t

h
e 

tr
u

n
ca

te
d

 r
id

g
e,

 t
h

e 
tr

an
sm

is
si

o
n

 l
in

e 
co

rr
id

o
r 

th
at

 t
ra

v
er

se
s 

th
e 

n
o

rt
h

ea
st

 t
re

n
d

in
g

 r
id

g
e 

w
es

t 
o

f 
R

o
u

te
 2

0
 (

o
p

p
o

si
te

 t
h

e 
p

la
n

t 
si

te
),

 a
n

d
 t

h
e 

1
7

-a
cr

e 
la

n
d

 e
x

ch
an

g
e 

p
ro

p
er

ty
w

es
t

o
f

th
e

g
o

lf
co

u
rs

e 
o

n
 
th

e 
n

o
rt

h
 
si

d
e 

o
f 

W
o

lf
p

en
 
C

re
ek

) 
co

n
si

st
s 

o
f 

o
ak

-h
ic

k
o

ry
 
an

d
 
o

ak
-b

ee
ch

 
fo

re
st

s.
 

B
ec

au
se

 t
h

e 
tr

ee
s 

in
 t

h
es

e 
ar

ea
s 

h
av

e 
b

ee
n

 h
ar

v
es

te
d

 o
n

 m
o

re
 t

h
an

 o
n

e 
o

cc
as

io
n

 o
v

er
 t

h
e 

la
st

 1
0

0
 

y
ea

rs
,

a
m

aj
o

ri
ty

o
f

th
e

o
ak

, 
h

ic
k

o
ry

, 
an

d
 b

ee
ch

 t
re

es
 a

re
 s

ti
ll

 r
el

at
iv

el
y

 s
m

al
l.

 M
an

y
 o

ak
 s

ap
li

n
g

s 
o

cc
u

r
in

th
es

e
fo

re
st

ed
 a

re
as

, 
an

d
 t

h
e 

u
n

d
er

st
o

ry
su

p
p

o
rt

s 
fe

rn
s,

 s
as

sa
fr

as
, 

h
o

ll
y

, 
g

re
en

b
ri

er
, 

an
d

 
sh

o
rt

g
ra

ss
es

.
M

o
u

n
ta

in
la

u
re

l
an

d
 

p
in

e 
tr

ee
s 

ar
e 

al
so

 
co

m
m

o
n

 
al

o
n

g
 

th
e 

tr
an

sm
is

si
o

n
 

li
n

e 
co

rr
id

o
r

o
n

th
e 

n
o

rt
h

ea
st

 f
ac

in
g

 s
id

e 
o

f 
th

e 
ri

d
g

e 
an

d
 a

t 
h

ig
h

er
 e

le
v

at
io

n
s.

 O
ak

-b
ee

ch
 a

n
d

 p
in

e 
ar

e 
th

e 
d

o
m

in
an

t 
sp

ec
ie

s 
in

 t
h

e 
la

n
d

ex
ch

an
g

e
p

ro
p

er
ty

(P
la

te
 1

0
),

 a
n

d
 m

o
u

n
ta

in
 l

au
re

l 
an

d
 h

o
ll

y
 a

re
 

th
e 

d
o

m
in

an
t 

sp
ec

ie
s 

in
 t

h
e 

u
n

d
er

st
o

ry
, 

w
it

h
 m

o
u

n
ta

in
 l

au
re

l 
es

p
ec

ia
ll

y
p

le
n

ti
fu

l
al

o
n

g
W

o
lf

p
en

C
re

ek
, 

el
se

w
h

er
e 

th
e 

so
il

 i
s 

to
o

 s
to

n
y

to
su

p
p

o
rt

a 
si

g
n

if
ic

an
t 

u
n

d
er

st
o

ry
 (

P
la

te
 1

0
).

 V
eg

et
at

io
n

 i
n

 
th

e 
ea

st
er

n
 h

al
f 

o
f 

th
e 

la
n

d
 e

x
ch

an
g

e 
p

ro
p

er
ty

is
 l

es
s 

d
en

se
 b

ec
au

se
 t

h
e 

m
aj

o
ri

ty
 o

f 
th

is
 a

re
a 

co
n

si
st

s 
o

f 
a 

st
ee

p
 t

al
u

s 
sl

o
p

e 
co

v
er

ed
 w

it
h

 l
ar

g
e

b
o

u
ld

er
s

an
d

 c
o

b
b

le
s.

 T
h

e 
w

es
te

rn
 h

al
f 

o
f 

th
e 

la
n

d
ex

ch
an

g
e 

p
ro

p
er

ty
 i

s 
v

er
y

 s
te

ep
 a

n
d

 s
u

p
p

o
rt

s 
a 

se
co

n
d

ar
y

 g
ro

w
th

 f
o

re
st

 (
p

re
d

o
m

in
at

el
y

 o
ak

, 
b

ee
ch

, 
an

d
 p

in
e)

. 
O

ld
 l

o
g

g
in

g
 r

o
ad

s 
ar

e 
co

m
m

o
n

 i
n

 t
h

is
 p

ar
t 

o
f 

th
e 

tr
ac

t 
(P

la
te

 1
1

).

V
eg

et
at

io
n

 i
n

 t
h

e 
lo

w
la

n
d

 a
re

as
 a

d
ja

ce
n

t 
to

 S
ew

el
l

C
re

ek
 i

s 
so

m
ew

h
at

 v
ar

ia
b

le
 d

ep
en

d
in

g
 o

n
 s

o
il

 
d

ra
in

ag
e,

 t
h

e 
d

eg
re

e 
o

f 
re

ce
n

t 
d

is
tu

rb
an

ce
, 

an
d

 t
h

e 
d

u
ra

ti
o

n
 s

in
ce

 t
h

e 
m

o
st

 r
ec

en
t 

d
is

tu
rb

an
ce

. 
F

o
r

ex
am

p
le

,
th

e
h

ig
h

er
 
te

rr
ac

es
 
w

it
h

 
m

o
d

er
at

el
y

 
w

el
l 

d
ra

in
ed

 
so

il
s 

an
d

 
m

in
o

r 
d

is
tu

rb
an

ce
s 

ar
e 

d
o

m
in

at
ed

 b
y

 o
ak

-b
ee

ch
 f

o
re

st
s 

w
it

h
 a

n
 u

n
d

er
st

o
ry

o
f 

sa
p

li
n

g
s 

an
d

 s
o

m
e 

sh
ru

b
s 

(P
la

te
 1

2
).

 A
s

th
e

d
eg

re
e 

o
f 

la
n

d
 d

is
tu

rb
an

ce
 i

n
cr

ea
se

s,
 o

r 
so

il
 d

ra
in

ag
e

d
et

er
io

ra
te

s,
 v

eg
et

at
io

n
 i

s 
ch

ar
ac

te
ri

ze
d

 b
y

 a
 

m
ar

k
ed

 i
n

cr
ea

se
 s

w
ee

t 
g

u
m

 a
n

d
 h

o
ll

y
 a

s 
w

el
l 

as
 a

 c
o

n
co

m
it

an
t

in
cr

ea
se

in
th

e
h

ei
g

h
t

an
d

d
en

si
ty

o
f

g
re

en
b

ri
er

, 
h

aw
th

o
rn

, 
an

d
 o

th
er

 t
h

o
rn

y
 v

in
es

. 
S

o
m

e 
lo

w
-l

y
in

g
 a

re
as

 t
h

at
 h

av
e 

b
ee

n
 s

p
ar

ed
 

ex
te

n
si

v
e

d
is

tu
rb

an
ce

 e
x

h
ib

it
 v

ar
io

u
s 

ty
p

es
 o

f 
w

et
la

n
d

 v
eg

et
at

io
n

. 
P

o
is

o
n

 i
v

y
 a

n
d

 p
o

is
o

n
 o

ak
 a

re
 

p
er

v
as

iv
e 

in
 a

ll
 l

o
w

-l
y

in
g

 s
et

ti
n

g
s.
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3
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B
A

C
K

G
R

O
U

N
D

R
E

S
E

A
R

C
H

T
h

e 
p

u
rp

o
se

 
o

f 
th

e 
b

ac
k

g
ro

u
n

d
 
re

se
ar

ch
 
co

n
d

u
ct

ed
 
b

y
 
JM

A
 
w

as
 
to

 
d

et
er

m
in

e 
if

 
p

re
v

io
u

sl
y

re
co

rd
ed

 a
rc

h
eo

lo
g

ic
al

 a
n

d
 h

is
to

ri
c 

ar
ch

it
ec

tu
ra

l
re

so
u

rc
es

 o
cc

u
r 

w
it

h
in

 t
h

e 
A

P
E

 a
n

d
 t

o
 c

o
ll

ec
t 

in
fo

rm
at

io
n

 o
n

 t
h

e 
h

is
to

ry
 o

f 
se

tt
le

m
en

t 
an

d
 d

ev
el

o
p

m
en

t 
o

f 
R

ai
n

el
le

 a
n

d
 t

h
e 

M
ea

d
o

w
 R

iv
er

 
L

u
m

b
er

C
o

m
p

an
y

. 
B

ac
k

g
ro

u
n

d
 

re
se

ar
ch

 
w

as
 

co
n

d
u

ct
ed

 
in

 
M

ar
ch

, 
A

p
ri

l 
an

d
 

M
ay

. 
In

it
ia

l 
b

ac
k

g
ro

u
n

d
 r

es
ea

rc
h

 i
n

cl
u

d
ed

 r
ev

ie
w

 o
f 

th
e 

st
at

e 
ar

ch
eo

lo
g

ic
al

 s
it

es
 f

il
es

 a
n

d
 r

ec
o

rd
s 

at
 t

h
e 

W
V

 
S

H
P

O
, 

re
v

ie
w

 o
f 

p
u

b
li

sh
ed

 a
n

d
 u

n
p

u
b

li
sh

ed
 a

rc
h

eo
lo

g
ic

al
 r

ep
o

rt
s 

at
 t

h
e 

W
V

S
H

P
O

,
an

d
re

v
ie

w
o

f 
th

e 
st

at
e 

h
is

to
ri

c 
ar

ch
it

ec
tu

ra
l 

fi
le

s 
an

d
 r

ec
o

rd
s 

at
 t

h
e 

W
V

 S
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le
r 

fo
o

tp
ri

n
t 

an
d

 n
o

 d
is

tu
rb

an
ce

 t
o

 S
ew

el
l 

C
re

ek
 (

sa
v

e 
fo

r
th

e
b

ri
d

g
e)

o
r 

th
e 

o
x

b
o

w
 m

ea
n

d
er

. 
A

s 
o

f 
N

o
v

em
b

er
,

th
e

fo
ll

o
w

in
g

 c
h

an
g

es
 h

ad
 o

cc
u

rr
ed

 i
n

 t
h

e 
d

es
ig

n
 p

la
n

s:
 

(1
) 

th
e 

p
la

n
t 

si
te

 l
o

ca
ti

o
n

 w
as

 m
o

v
ed

 f
ro

m
 t

h
e 

w
es

t 
si

d
e 

o
f 

S
ew

el
l 

C
re

ek
 t

o
 t

h
e 

ea
st

 s
id

e 
o

f 
th

e 
cr

ee
k

ad
ja

ce
n

t
to

 t
h

e 
tr

u
n

ca
te

d
 r

id
g

e,
 t

h
u

s 
n

ec
es

si
ta

ti
n

g
 t

h
e 

n
ee

d
 f

o
r 

a 
p

er
m

an
en

t 
b

ri
d

g
e 

cr
o

ss
in

g
; 

(2
) 

co
n

tr
ar

y
 t

o
 p

re
v

io
u

s 
d

es
ig

n
 p

la
n

s,
 n

o
 p

ro
je

ct
 i

m
p

ac
ts

 w
er

e 
to

 o
cc

u
r 

w
it

h
in

 t
h

e 
P

lu
m

 C
re

ek
 

tr
ac

t 
so

u
th

 o
f 

th
e 

p
ro

p
er

ty
 f

en
ce

li
n

e;
 (

3
) 

th
e 

st
ea

m
 a

n
d

 w
at

er
 p

ip
el

in
e 

co
rr

id
o

r 
w

as
 r

ed
es

ig
n

ed
 t

o
 

p
ar

al
le

l 
th

e 
ri

g
h

t-
h

an
d

 b
an

k
 o

f 
S

ew
el

l 
C

re
ek

 r
at

h
er

 t
h

an
 f

o
ll

o
w

 t
h

e 
ex

is
ti

n
g

 r
ai

lr
o

ad
 b

ed
;

(4
)

a
1

7
-

ac
re

la
n

d
ex

ch
an

g
e

p
ro

p
er

ty
 w

as
 a

d
d

ed
 t

o
 t

h
e 

p
ro

je
ct

 a
re

a.
 T

h
e 

ar
ea

s 
in

v
es

ti
g

at
ed

 d
u

ri
n

g
 t

h
e 

P
h

as
e 

I 
su

rv
ey

 a
re

 i
ll

u
st

ra
te

d
 i

n
 F

ig
u

re
 1

0
. 

T
h

e
af

o
re

m
en

ti
o

n
ed

 c
h

an
g

es
 i

n
 t

h
e 

d
es

ig
n

 p
la

n
s 

n
ec

es
si

ta
te

d
 m

u
lt

ip
le

 r
ev

is
io

n
s 

in
 t

h
e 

S
co

p
e 

o
f 

W
o

rk
fo

r
th

e
P

h
as

e
I 

su
rv

ey
. 

A
 d

is
cu

ss
io

n
 o

f 
th

e 
su

rv
ey

 a
re

as
 i

s 
p

re
se

n
te

d
 b

el
o

w
. 

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

4
5

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2

5
.0

 S
U

R
V

E
Y

M
E

T
H

O
D

S

P
h

a
se

 I
 i

n
te

n
si

v
e 

su
rv

ey
 a

n
d

d
ee

p
te

st
in

g
o

f 
h

ig
h

 p
ro

b
a

b
il

it
y

 a
re

a
s 

b
et

w
ee

n
 S

ew
el

l 

C
re

ek
 a

n
d

 t
h

e 
to

es
lo

p
e 

o
f 

th
e 

tr
u

n
ca

te
d

 r
id

g
e 

(i
.e

.,
 t

h
e 

te
rr

a
ce

s 
a

n
d

 b
en

ch
 e

a
st

 o
f 

S
ew

el
l 

C
re

ek
 a

n
d

 w
es

t 
o

f
th

e
ri

d
g

e)
: 

T
h

is
 a

re
a 

co
n

ta
in

s 
b

o
th

 a
ll

u
v

ia
l 

an
d

 c
o

ll
u

v
ia

l 
d

ep
o

si
ts

 a
n

d
 i

s 
lo

ca
te

d
 o

n
 t

h
e 

ea
st

 s
id

e 
o

f 
S

ew
el

l
C

re
ek

 a
n

d
 w

es
t 

o
f 

th
e 

ri
d

g
e.

 P
o

rt
io

n
s 

o
f 

th
is

 a
re

a 
ap

p
ea

r 
to

 c
o

n
ta

in
 r

el
at

iv
el

y
u

n
d

is
tu

rb
ed

 s
o

il
s,

 e
sp

. 
th

e 
al

lu
v

ia
l 

te
rr

ac
es

 c
lo

se
r 

to
 

th
e

st
re

am
 a

n
d

 n
o

rt
h

 o
f 

th
e 

fe
n

ce
 l

in
e.

 S
o

il
s 

in
 t

h
is

 a
re

a 
h

av
e 

th
e 

p
o

te
n

ti
al

 t
o

 c
o

n
ta

in
 

d
ee

p
ly

 b
u

ri
ed

 a
rc

h
eo

lo
g

ic
al

 d
ep

o
si

ts
.

H
o

w
ev

er
, 

it
 s

h
o

u
ld

 b
e 

n
o

te
d

 t
h

at
 e

x
ce

p
t 

fo
r 

th
e 

p
ro

p
o

se
d

 b
ri

d
g

e 
(F

ig
u

re
 9

),
 t

h
e 

d
es

ig
n

 p
la

n
s

w
er

e 
m

o
d

if
ie

d
 t

o
 r

ed
u

ce
 t

h
e 

p
o

te
n

ti
al

 f
o

r 
im

p
ac

ts
 t

o
 w

et
la

n
d

s 
o

r 
w

it
h

in
 5

0
 f

ee
t 

o
f 

S
ew

el
l 

C
re

ek
. 

G
iv

en
 t

h
e 

fr
eq

u
en

cy
 o

f 
fl

o
o

d
ev

en
ts

an
d

 t
h

e 
m

ag
n

it
u

d
e 

o
f 

th
es

e 
ev

en
ts

, 
it

 i
s 

p
o

ss
ib

le
 t

h
at

 d
ee

p
ly

 b
u

ri
ed

 d
ep

o
si

ts
, 

if
 

p
re

se
n

t,
w

o
u

ld
b

e 
at

 a
 d

ep
th

 o
f 

m
o

re
 t

h
an

 3
 f

ee
t 

b
el

o
w

 g
ro

u
n

d
 s

u
rf

ac
e.

 B
ec

au
se

 t
h

re
e 

fe
et

 
is

 t
h

e 
m

ax
im

u
m

 d
ep

th
 f

o
r 

h
an

d
ex

ca
v

at
ed

sh
o

v
el

 t
es

t 
p

it
s 

(S
T

P
s)

, 
b

ac
k

h
o

e 
tr

en
ch

es
 w

il
l 

b
e 

ex
ca

v
at

ed
 i

n
 t

h
es

e 
ar

ea
s 

to
 d

et
er

m
in

e
th

e 
p

re
se

n
ce

 o
f 

b
u

ri
ed

 c
u

lt
u

ra
l 

d
ep

o
si

ts
.

A
s 

o
b

se
rv

ed
 d

u
ri

n
g

 t
h

e 
S

ta
g

e 
1

 w
al

k
o

v
er

 s
u

rv
ey

, 
fi

ll
 d

ep
o

si
ts

 r
em

o
v

ed
 f

ro
m

 t
h

e 
tr

u
n

ca
te

d
 

ri
d

g
e 

w
er

e 
b

ee
n

 p
la

ce
d

 o
n

 t
o

p
 o

f 
th

e 
co

ll
u

v
ia

l 
d

ep
o

si
ts

 a
t 

th
e

b
as

e
o

f
th

e
ri

d
g

e.
C

o
n

to
u

r
m

ap
p

in
g

 a
t 

1
-f

o
o

t 
in

te
rv

al
s 

co
n

fi
rm

ed
 t

h
at

 s
ev

er
al

 f
ee

t 
o

f 
fi

ll
 h

ad
 b

ee
n

 p
la

ce
d

 o
n

 t
h

e 
co

ll
u

v
ia

l 
d

ep
o

si
ts

 a
t 

th
e 

to
es

lo
p

e 
o

f 
th

e 
ri

d
g

e.
 I

n
 o

rd
er

 t
o

d
et

er
m

in
e

th
e

d
ep

th
o

f
th

e
fi

ll
d

ep
o

si
ts

 a
s 

w
el

l 
as

 t
h

e 
p

re
se

n
ce

 o
r 

ab
se

n
ce

 o
f 

b
u

ri
ed

 d
ep

o
si

ts
 o

n
 t

h
e 

al
lu

v
ia

l 
so

il
s,

 J
M

A
 

ex
ca

v
at

ed
 s

ix
 b

ac
k

h
o

e 
tr

en
ch

es
 i

n
 t

h
e

al
lu

v
ia

l 
d

ep
o

si
ts

 a
d

ja
ce

n
t 

to
 S

ew
el

l 
C

re
ek

, 
an

d
 t

w
o

 
b

ac
k

h
o

e 
tr

en
ch

es
 w

er
e 

ex
ca

v
at

ed
 i

n
 t

h
e 

co
ll

u
v

ia
l/

fi
ll

 d
ep

o
si

ts
 l

o
ca

te
d

 a
t 

th
e 

b
as

e 
o

f
th

e
ri

d
g

e 
(F

ig
u

re
 1

1
).

 T
h

e 
su

rv
ey

 p
ro

ce
d

u
re

s 
to

 b
e 

fo
ll

o
w

ed
 a

ft
er

 c
o

m
p

le
ti

o
n

o
f

th
e

b
ac

k
h

o
e

tr
en

ch
es

 w
er

e 
o

u
tl

in
ed

 i
n

 t
h

e 
M

ay
 1

2
th

m
ee

ti
n

g
w

it
h

th
e 

W
V

 S
H

P
O

. 
T

w
o

 s
ce

n
ar

io
s 

w
er

e 
p

re
se

n
te

d
. 

If
 t

h
e 

al
lu

v
ia

l 
(o

r 
th

e 
fi

ll
) 

d
ep

o
si

ts
 w

er
e

fo
u

n
d

to
b

e
d

ee
p

er
 t

h
an

 3
 f

t 
(o

r 
if

 t
h

e 
so

il
s

w
er

e
u

n
d

is
tu

rb
ed

 b
el

o
w

 3
 f

t)
 t

h
en

 t
h

e 
h

ig
h

 p
ro

b
ab

il
it

y
 a

re
as

 w
er

e 
to

 b
e 

ex
am

in
ed

th
ro

u
g

h
 t

h
e 

ex
ca

v
at

io
n

 o
f 

ad
d

it
io

n
al

 b
ac

k
h

o
e 

tr
en

ch
es

. 
If

, 
h

o
w

ev
er

, 
th

e 
b

ac
k

h
o

e 
tr

en
ch

es
 

in
d

ic
at

ed
th

at
 t

h
e 

al
lu

v
ia

l 
d

ep
o

si
ts

 (
o

r 
th

e 
fi

ll
 a

b
o

v
e 

th
e 

co
ll

u
v

ia
l 

d
ep

o
si

ts
) 

w
er

e 
re

la
ti

v
el

y
sh

al
lo

w
 (

3
 f

t 
o

r 
le

ss
),

 t
h

en
 a

sy
st

em
at

ic
P

h
as

e 
I 

sh
o

v
el

 t
es

t 
su

rv
ey

 w
o

u
ld

 b
e 

re
q

u
ir

ed
 i

n
 

th
e 

h
ig

h
 p

ro
b

ab
il

it
y

 a
re

as
.

A
s

d
is

cu
ss

ed
b

el
o

w
, 

th
e 

b
ac

k
h

o
e 

tr
en

ch
es

 
in

d
ic

at
ed

 
th

at
 

(1
) 

th
e 

al
lu

v
ia

l 
so

il
s 

w
er

e 
sh

al
lo

w
 
an

d
 
d

id
 
n

o
t 

co
n

ta
in

 
b

u
ri

ed
 
so

il
s 

o
r 

cu
lt

u
ra

l
m

at
er

ia
ls

,
an

d
(2

)
th

e
co

ll
u

v
ia

l
d

ep
o

si
ts

 w
er

e 
b

u
ri

ed
 b

en
ea

th
 f

o
u

r 
o

r 
m

o
re

 f
ee

t 
o

f
fi

ll
. 

A
ll

 t
re

n
ch

es
 h

ad
 t

o
 b

e 
te

rm
in

at
ed

 a
t 

d
ep

th
s 

b
et

w
ee

n
 5

 t
o

 7
 f

ee
t 

b
el

o
w

 s
u

rf
ac

e 
b

ec
au

se
 g

ro
u

n
d

 w
at

er
 s

ee
p

ed
 i

n
to

 t
h

e
tr

en
ch

es
an

d
 c

o
ll

ap
se

d
 t

h
e 

si
d

ew
al

ls
. 

B
as

ed
 o

n
 t

h
e 

re
su

lt
s 

o
f 

th
e 

b
ac

k
h

o
e 

tr
en

ch
es

, 
S

T
P

s
w

er
e

ex
ca

v
at

ed
 i

n
 h

ig
h

 p
ro

b
ab

il
it

y
 a

re
as

 a
t 

1
5

-m
in

te
rv

al
s 

al
o

n
g

 p
ar

al
le

l 
tr

an
se

ct
s 

sp
ac

ed
 a

t 
1

5
-m

 i
n

te
rv

al
s.

 A
s 

p
er

 W
V

 S
H

P
O

 g
u

id
el

in
es

, 
S

T
P

s 
w

er
e 

.5
 m

 i
n

 d
ia

m
et

er
an

d
w

er
e

ex
ca

v
at

ed
 t

o
 s

te
ri

le
 s

u
b

so
il

. 
S

o
il

s 
w

er
e 

sc
re

en
ed

 t
h

ro
u

g
h

 ¼
 i

n
ch

 h
ar

d
w

ar
e 

cl
o

th
 t

o
 e

n
su

re
 

u
n

if
o

rm
re

co
v

er
y

o
f

ar
ti

fa
ct

s.
A

rt
if

ac
ts

5
0

y
ea

rs
 o

f 
ag

e 
o

r 
m

o
re

 w
er

e 
co

ll
ec

te
d

. 
R

ec
en

t 
ar

ti
fa

ct
s

w
er

e
n

o
te

d
b

u
t

n
o

t
co

ll
ec

te
d

.
D

u
e 

to
 t

h
e 

ex
te

n
si

v
e 

m
o

d
if

ic
at

io
n

s 
o

f 
th

e 
la

n
d

 
su

rf
ac

e 
(e

.g
.,

 r
o

ad
 c

u
ts

, 
se

w
er

 l
in

es
, 

fi
ll

 d
ep

o
si

ts
,

et
c.

) 
an

d
 t

h
e 

n
u

m
er

o
u

s 
b

ac
k

ch
an

n
el

s 
an

d
m

ea
n

d
er

sc
ar

s 
th

at
 t

ra
v

er
se

 t
h

e 
p

ro
je

ct
 a

re
a,

 t
h

e 
si

ze
 o

f 
th

e 
h

ig
h

 p
ro

b
ab

il
it

y
 a

re
a 

w
as

 
fu

rt
h

er
 r

ed
u

ce
d

 d
u

ri
n

g
 t

h
e 

P
h

as
e 

I 
in

v
es

ti
g

at
io

n
s.

 A
s 

a 
re

su
lt

, 
3

2
 S

T
P

s 
w

er
e 

ex
ca

v
at

ed
in

h
ig

h
 p

ro
b

ab
il

it
y

 a
re

as
 (

o
n

e 
o

th
er

 S
T

P
 w

as
 s

k
ip

p
ed

d
u

e
to

in
ac

ce
ss

ib
il

it
y

).
F

ig
u

re
1

1
il

lu
st

ra
te

s 
th

e 
lo

ca
ti

o
n

 o
f 

th
e 

S
T

P
s 

in
 t

h
e 

h
ig

h
 p

ro
b

ab
il

it
y

 a
re

as
 a

lo
n

g
 S

ew
el

l
C

re
ek

.
O

n
e

g
o

u
g

e
au

g
er

co
re

w
as

 a
ls

o
 p

la
ce

d
 i

n
 t

h
e 

p
ro

p
o

se
d

 p
la

n
t 

si
te

. 
T

h
e 

lo
ca

ti
o

n
 o

f 
th

e 
g

o
u

g
e 

au
g

er
co

re
is

il
lu

st
ra

te
d

 i
n

 F
ig

u
re

 1
1

. 
P

la
te

s 
1

9
 a

n
d

 2
0

 d
ep

ic
t 

ty
p

ic
al

 l
an

d
sc

ap
es

 i
n

 t
h

e 
h

ig
h

 p
ro

b
ab

il
it

y
 a

re
as

 w
it

h
in

 t
h

e 
p

ro
p

o
se

d
 p

la
n

t 
si

te
. 

P
la

te
 1

9
 d

ep
ic

ts
w

et
la

n
d

v
eg

et
at

io
n

in
 t

h
e 

v
ic

in
it

y
 o

f 
T

re
n

ch
 5

, 
an

d
 P

la
te

 2
0

, 
ta

k
en

 n
ex

t 
to

 T
re

n
ch

 7
, 

il
lu

st
ra

te
s 

th
e 

lo
ca

ti
o

n
 o

f 
th

e 
p

ro
p

o
se

d
 b

ri
d

g
e 

cr
o

ss
in

g
 o

f 
S

ew
el

l 
C

re
ek

.

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

4
8

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2



��
�

	�
��
�

��
�

�
�

�
	�
�
��
�
�

�

��
��
��
�	
	

���
��
�
���
��!
��
!�
��
��
!�
�
���
���
=�
��
��
��
��
��
�
���
��
��
�'
�
*�
��
���
��
��
��
�
��
��
��
��
���
��
��!
���



���
��=
2
��
�>
�(
��
��
��
��
��
��
��
��
!�
��
���
��
���
*�
��
���
��&
!
��
��
-'
��
��
���
��
�
&
"��
-�
�!
���
��
�'
��
��
��
��
��
��
��



�
��

�

��

��

	

�
�

�

���


�
�

�
��

��

�

��
�

�

���


�
�

�

�

�
�	

�
��

��	

�

�
���

��

�

�
��

��
���

���
�


�
�

�	
�

��
��	


�
�

���
��

���
��

��
��


�
��

���
�

��
��

�	
���

�

	�

��
��

��
���

 

��
�

	�
��
�

��
�

�
�

�
��

��
�

�
��
��

�! 
"

�

#
$%

�
$&

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2

��
�
��
	0

��
 
��
�
��
���
���
��
�
�?
��
�
��
��
3�
��
��
��
��
��
��
��
��
�
��
��
��
�'
�
*�
��
��
�5
��
�
��?
��
��
��
,@

���
���
���
���
���
��
��
�
��
��
��
��
�
��
��
��
�&
��
��
��
��
�!
��
��
��
"��
�
��
��
��
��
��
��
�


��
�
��
�$

��
 
��
�
��
��
!�
�!
��
��
�'
��
��
��
��
��
��
��
��
�
��?
��
��
��
/"
��
�
��
��
��
��
��
�
�


A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2



5
.0

 S
U

R
V

E
Y

M
E

T
H

O
D

S

P
h

a
se

 I
 a

rc
h
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n
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b
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e
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m
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g
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e 

S
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g
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d
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v
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g
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n
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A

w
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in
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rm
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th

at
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e 

b
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es
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u
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o

f 
th

e 
fe

n
ce
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n

e
w

it
h

in
th

e
P
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m

 C
re

ek
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ra
ct

 w
o
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ld
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o

t 
b

e 
p

ar
t 

o
f 

th
e 

p
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o
w
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d

u
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n
g

th
e

S
ta

g
e

2
 f
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ld
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n

v
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ti
g

at
io

n
s 

(i
.e

.,
 P

h
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e 
I 
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o
v

em
b
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2
0

0
4
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JM

A
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b
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q

u
en
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y

in
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h

at
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h
e 
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m
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o
u
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f 
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n
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n
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w
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o
 b
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u
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 p
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o
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e 
p
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s 

a 
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P

H
E
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A
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h
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h
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h
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h

 p
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b
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y
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(t

h
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e 
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l 

b
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)
p
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v

io
u
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y
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d

en
ti
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ed

 d
u

ri
n

g
 t

h
e 

w
al

k
o

v
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u
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ey
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n

 A
p

ri
l,
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0

0
4

 
sh

o
u

ld
 b

e 
in

v
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g

at
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T

h
e 

b
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o
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d
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n
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h
e 
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o
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h
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o
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u
n
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d
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o
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S

ew
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l
C
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d
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h
e 
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o
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n
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g
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 b
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b
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u
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w
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t 
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d

 t
o
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h
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 m
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re
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o

 m
o
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h
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e 
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V
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b
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h
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e 

b
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d
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g
g
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h
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p
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e 

d
im

in
u

ti
v

e 
si

ze
 o

f 
th
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b
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n
d

 t
h
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n
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f 
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g

g
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d
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t 
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 d
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h
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n
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, 
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d

g
m
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S

T
P
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w

o
u
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 b
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b
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t 
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h
o

d
o
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g
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al
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p
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 t
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 t
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e 
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b
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o
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o
f
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e
S

T
P

s
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 p
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n

te
d
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n
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ig

u
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2
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A

 p
h

o
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f 
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e 

b
en
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s 

p
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n

te
d
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P
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d
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 p
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p
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h
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B

et
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n

 t
h

e 
w
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k

o
v
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u
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n
 

A
p

ri
l
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d

th
e

P
h
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e 
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o
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b
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 c
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n
e 
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 p
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d
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h

e 
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ra
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n

e 
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 f

o
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o
w

ed
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h
e 
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g

h
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h
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d
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k

 o
f 
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el
l 
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re

ek
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h
o

u
g

h
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h
e 
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t
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ti

o
n

 o
f 

th
e 

p
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el
in
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o
r 

w
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n

o
t 
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n
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ed
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t 
th
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m
e 
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f 
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e 

N
o

v
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b
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u
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w

n
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h
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m

e
d
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o

f
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h

at
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h
e 
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o
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w
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u
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 b

e 
ad
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 p
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h
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h
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 b
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n

 o
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v
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g
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e 

ea
se

m
en
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 b
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y
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p
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d
 p
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e 
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o

r 
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u
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ra
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 p
ip

el
in

e 
co

rr
id

o
r 

co
n

si
st

ed
 o

f 
a 

p
ed

es
tr

ia
n

 s
u

rv
ey

 o
f 

th
e 

en
ti

re
 c
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 p
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b
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p
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d
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d
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 p
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 b
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 l
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 c

h
an

n
el

iz
ed

m
an

y
y

ea
rs

 a
g

o
);

 (
2

) 
an

 a
re

a 
o

f 
p

av
em

en
t

an
d

 t
h

e 
as

so
ci

at
ed

 j
u

n
k

y
ar

d
 n

ea
r 

th
e 

co
n

fl
u

en
ce

 o
f 

L
it

tl
e 

S
ew

el
l 

C
re

ek
 a

n
d

 
S

ew
el

l 
C

re
ek

 (
ag

ai
n

 S
ew

el
l 

C
re

ek
 h

as
 b

ee
n

 c
h

an
n

el
iz

ed
);

(3
)

th
e 

en
ti

re
 c
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r 
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 o
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n
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b
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 p
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p
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h
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 c
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 c
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 l
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b
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ra
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E
Y

M
E

T
H

O
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C
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w
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t

o
f

th
e 

g
o

lf
 c

o
u

rs
e 

(F
ig

u
re

 1
0

).
 A

s 
p

ar
t 

o
f 

th
e 

ag
re

em
en

t
re

ac
h

ed
 b

et
w

ee
n

 t
h

e 
W

V
 S

H
P

O
 a

n
d

 P
H

E
 a

n
d

 t
h

e 
D

O
E

 f
o

r 
N

E
P

A
 c

o
m

p
li

an
ce
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A
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n

d
u

ct
ed

a
w

al
k

o
v

er
 s

u
rv

ey
 o

f 
th

e 
ar
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T
h

e 
p

u
rp

o
se

 o
f 

th
e 

w
al

k
o

v
er

 s
u

rv
ey

 w
as

 t
o

 
id

en
ti

fy
 t

h
e 

p
re

se
n

ce
 o

r 
ab

se
n

ce
 o

f
an

y
ar

ch
eo

lo
g

ic
al

 s
it

es
 v

is
ib

le
 o

n
 t

h
e 

su
rf

ac
e,

 a
ss

es
s 

th
e

d
eg

re
e

an
d

ex
te

n
t

o
f 

p
re

v
io

u
s 

d
is

tu
rb

an
ce

, 
an

d
 a

ss
es

s 
th

e 
p

o
te

n
ti

al
 f

o
r 

th
e 

p
ro

p
er

ty
 t

o
 

co
n

ta
in

 
h

is
to

ri
c 

o
r 

p
re

h
is

to
ri

c 
ar

ch
eo

lo
g

ic
al

 
si

te
s.

 
T

h
e 

re
su

lt
s 

o
f 

th
e 

su
rv

ey
 
an

d
 
th

e 
ar

ch
eo

lo
g

ic
al

 
se

n
si

ti
v

it
y

 
o

f 
th

e 
la

n
d

ex
ch

an
g

e 
p

ro
p

er
ty

 
w

il
l 

b
e 

d
is

cu
ss

ed
 

in
 

th
e 

su
b

se
q

u
en

t 
ch

ap
te

r 
o

f 
th

is
 r

ep
o

rt
.

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

5
4

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2



6
.0

 P
H

A
S

E
I 

S
U

R
V

E
Y

R
E

S
U

L
T

S

6
.0

 
P

H
A

S
E

I 
S

U
R

V
E

Y
R

E
S

U
L

T
S

S
ta

g
e 

1
 i

n
v

es
ti

g
at

io
n

s,
 c

o
n

d
u

ct
ed

 f
ro

m
 A

p
ri

l 
5

-8
, 

2
0

0
4

, 
co

n
si

st
ed

 o
f 

a 
w

al
k

o
v

er
 s

u
rv

ey
 o

f 
(1

) 
th

e 
p

ro
p

o
se

d
2

6
-a

cr
e

p
la

n
t 

si
te

 
so

u
th

 
o

f 
R

ai
n

el
le

, 
(2

) 
th

e 
p

ro
p

o
se

d
 
lo

ca
ti

o
n

 
o

f 
th

e 
tr

an
sm

is
si

o
n

co
rr

id
o

r
b

et
w

ee
n

th
e

p
la

n
t 

si
te

 a
n

d
 t

h
e 

ex
is

ti
n

g
 p

o
w

er
 l

in
e 

to
 t

h
e 

w
es

t,
 (

3
) 

th
e 

p
ro

p
o

se
d

 s
te

am
 a

n
d

 
w

at
er

 l
in

e 
co

rr
id

o
r 

th
at

 p
ar

al
le

ls
 t

h
e

ex
is

ti
n

g
ra

il
ro

ad
 b

ed
 n

o
rt

h
 o

f 
th

e 
p

la
n

t 
si

te
, 

(4
),

 t
h

e 
p

ro
p

o
se

d
 

lo
ca

ti
o

n
 o

f 
th

e 
lo

ad
in

g
 f

ac
il

it
ie

s 
in

 A
n

je
an

, 
an

d
(5

) 
se

le
ct

ed
 r

ef
u

se
 p

il
es

 o
n

 L
it

tl
e 

C
le

ar
 C

re
ek

 
M

o
u

n
ta

in
 e

as
t 

o
f 

A
n

je
an

 (
se

e 
F

ig
u

re
s 

1
 a

n
d

 2
).

 T
h

e 
p

u
rp

o
se

 o
f 

th
e 

S
ta

g
e 

1
 i

n
v

es
ti

g
at

io
n

s
w

as
to

id
en

ti
fy

 a
n

y
 a

rc
h

eo
lo

g
ic

al
 s

it
es

 t
h

at
 a

p
p

ea
re

d
 a

s 
su

rf
ac

e 
m

an
if

es
ta

ti
o

n
s 

as
 w

el
l 

as
ar

ea
s

th
at

h
av

e
th

e 
p

o
te

n
ti

al
 t

o
 c

o
n

ta
in

 p
re

h
is

to
ri

c 
o

r
h

is
to

ri
c

ar
ch

eo
lo

g
ic

al
 d

ep
o

si
ts

. 
JM

A
 i

d
en

ti
fi

ed
 s

ev
er

al
 a

re
as

 
w

it
h

in
 
th

e 
p

ro
je

ct
 
ar

ea
 
th

at
 
w

er
e 

h
ea

v
il

y
 
d

is
tu

rb
ed

 
an

d
 
h

ad
 
li

tt
le

 
o

r 
n

o
 
p

o
te

n
ti

al
 
to

 
co

n
ta

in
 

ar
ch

eo
lo

g
ic

al
d

ep
o

si
ts

(F
ig

u
re

3
).

H
ea

v
il

y
 d

is
tu

rb
ed

 a
re

as
 a

t 
th

e 
p

la
n

t 
si

te
 l

o
ca

ti
o

n
 i

n
cl

u
d

ed
 t

h
e 

tr
u

n
ca

te
d

ri
d

g
et

o
p

n
ea

r
th

e
p

la
n

t
si

te
,

th
e 

ar
ea

s 
o

n
 
ei

th
er

 
si

d
e 

o
f 

th
e 

ri
d

g
e 

th
at

 
co

n
ta

in
ed

 
a 

m
in

im
u

m
o

f
3

-6
fe

et
o

f 
fi

ll
, 

an
d

 t
h

e 
fo

rm
er

 m
il

l 
p

o
n

d
, 

lu
m

b
er

 m
il

l,
 a

n
d

 l
u

m
b

er
 y

ar
d

. 
F

ig
u

re
 3

 a
ls

o
 

id
en

ti
fi

es
 
d

is
tu

rb
ed

 
ar

ea
s 

al
o

n
g

 
th

e 
p

ro
p

o
se

d
 
st

ea
m

 
p

ip
el

in
e 

co
rr

id
o

r.
R

ev
ie

w
o

f
th

is
fi

g
u

re
il

lu
st

ra
te

s 
d

is
tu

rb
ed

 a
re

as
 a

lo
n

g
 t

h
e 

ra
il

ro
ad

 t
ra

ck
s 

w
it

h
in

 t
o

w
n

 a
s 

w
el

l 
as

 t
h

e 
ar

ea
 f

ro
m

th
e

w
as

te
w

at
er

 t
re

at
m

en
t 

p
la

n
t 

to
 t

h
e 

m
o

u
th

 o
f 

S
ew

el
l 

C
re

ek
. 

T
h

e 
S

ta
g

e 
1

 s
u

rv
ey

o
f

th
e

o
ri

g
in

al
ly

p
ro

p
o

se
d

 l
o

ad
in

g
 f

ac
il

it
ie

s 
at

 A
n

je
an

 a
s 

w
el

l 
as

 t
h

e 
se

le
ct

ed
 c

o
al

 r
ef

u
se

 p
il

es
 d

em
o

n
st

ra
te

d
th

at
th

es
e 

ar
ea

s 
ar

e 
h

ea
v

il
y

 d
is

tu
rb

ed
 a

n
d

 h
av

e 
n

o
 p

o
te

n
ti

al
 t

o
 c

o
n

ta
in

 a
rc

h
eo

lo
g

ic
al

 s
it

es
.

A
t

th
e

co
n

cl
u

si
o

n
 o

f 
th

e 
S

ta
g

e 
1

 i
n

v
es

ti
g

at
io

n
s,

 J
M

A
 p

re
p

ar
ed

 a
 m

ap
 o

f 
h

ig
h

 p
ro

b
ab

il
it

y
 a

re
as

 t
h

at
 m

ay
b

e
im

p
ac

te
d

b
y

th
e

p
ro

je
ct

(F
ig

u
re

 3
).

 A
s 

n
o

te
d

 p
re

v
io

u
sl

y
, 

d
es

ig
n

 p
la

n
s 

w
er

e 
ch

an
g

ed
 p

ri
o

r 
to

 
in

it
ia

ti
o

n
 o

f 
th

e 
S

ta
g

e 
2

 i
n

v
es

ti
g

at
io

n
s 

in
 N

o
v

em
b

er
.

A
t 

th
e 

ti
m

e 
o

f 
th

e 
S

ta
g

e 
2

, 
P

h
as

e 
I 

ar
ch

eo
lo

g
ic

al
 i

n
v

es
ti

g
at

io
n

s 
(N

o
v

em
b

er
 2

0
0

4
),

 t
h

e 
fo

ll
o

w
in

g
 

ch
an

g
es

 h
ad

 o
cc

u
rr

ed
 i

n
 t

h
e 

co
n

ce
p

tu
al

 d
es

ig
n

 p
la

n
s:

(1
)

th
e

p
la

n
t

si
te

 l
o

ca
ti

o
n

 w
as

 m
o

v
ed

 t
o

 t
h

e 
te

rr
ac

es
 o

n
 t

h
e 

ea
st

 s
id

e 
o

f 
S

ew
el

l 
C

re
ek

 a
n

d
 t

h
e 

b
as

e
o

f 
th

e 
tr

u
n

ca
te

d
 r

id
g

e,
 t

h
is

 c
h

an
g

e 
in

 d
es

ig
n

 
n

ec
es

si
ta

te
d

 t
h

e 
n

ee
d

 f
o

r 
a 

p
er

m
an

en
t 

b
ri

d
g

e 
cr

o
ss

in
g

; 
(2

) 
co

n
tr

ar
y

 t
o

 p
re

v
io

u
s 

d
es

ig
n

p
la

n
s,

n
o

p
ro

je
ct

im
p

ac
ts

w
er

e
to

 o
cc

u
r 

w
it

h
in

 t
h

e 
P

lu
m

 C
re

ek
 t

ra
ct

 s
o

u
th

 o
f 

th
e 

p
ro

p
er

ty
 f

en
ce

li
n

e;
 (

3
) 

th
e 

st
ea

m
 a

n
d

 w
at

er
 p

ip
el

in
e 

co
rr

id
o

r 
w

as
re

d
es

ig
n

ed
to

 p
ar

al
le

l 
th

e 
ri

g
h

t-
h

an
d

 b
an

k
 o

f 
S

ew
el

l 
C

re
ek

 
ra

th
er

th
an

fo
ll

o
w

 t
h

e 
ex

is
ti

n
g

 r
ai

lr
o

ad
 b

ed
; 

(4
) 

a 
1

7
-a

cr
e 

la
n

d
 e

x
ch

an
g

e 
p

ro
p

er
ty

 w
as

 a
d

d
ed

 t
o

 
th

e 
p

ro
je

ct
 a

re
a.

 T
h

e 
ar

ea
s 

in
v

es
ti

g
at

ed
 d

u
ri

n
g

 t
h

e 
P

h
as

e 
I 

su
rv

ey
 a

re
 i

ll
u

st
ra

te
d

 i
n

F
ig

u
re

1
0

.
T

h
e

re
su

lt
s 

o
f 

th
e 

S
ta

g
e 

2
 

su
rv

ey
 

ar
ea

s 
ar

e 
d

is
cu

ss
ed

 
b

el
o

w
, 

in
cl

u
d

in
g

 
th

e 
re

su
lt

s
o

f
th

e
g

eo
m

o
rp

h
o

lo
g

ic
al

 i
n

v
es

ti
g

at
io

n
s 

at
 t

h
e 

p
la

n
t 

si
te

 a
n

d
 a

lo
n

g
 t

h
e 

st
ea

m
 a

n
d

 w
at

er
 p

ip
el

in
e 

co
rr

id
o

r.
 

6
.1

 
G

E
O

M
O

R
P

H
O

L
O

G
IC

E
V

A
L

U
A

T
IO

N

E
ig

h
t 

b
ac

k
h

o
e 

tr
en

ch
es

 a
n

d
 o

n
e 

g
o

u
g

e 
au

g
er

 s
am

p
le

 w
er

e 
ex

ca
v

at
ed

 w
it

h
in

 t
h

e 
p

ro
p

o
se

d
 p

la
n

t 
si

te
 t

o
 c

o
n

d
u

ct
 a

 g
eo

m
o

rp
h

o
lo

g
ic

al
 e

v
al

u
at

io
n

 o
f 

la
n

d
fo

rm
s 

w
it

h
in

 t
h

is
 p

ar
t 

o
f 

th
e

p
ro

je
ct

ar
ea

.
T

h
es

e
ei

g
h

t
tr

en
ch

es
w

er
e

lo
ca

te
d

o
n

th
e

fl
o

o
d

p
la

in
s 

o
n

 b
o

th
 s

id
es

 o
f 

S
ew

el
l 

C
re

ek
 a

n
d

 o
n

 t
h

e 
to

e 
sl

o
p

e 
o

f 
th

e 
tr

u
n

ca
te

d
 r

id
g

e 
ea

st
 o

f 
S

ew
el

l 
C

re
ek

. 
T

h
e 

fl
o

o
d

p
la

in
 o

n
 t

h
e

ea
st

si
d

e
o

f
S

ew
el

l
C

re
ek

is
 

h
ig

h
ly

 
d

is
se

ct
ed

 
b

y
n

u
m

er
o

u
s

p
al

eo
ch

an
n

el
s,

 
p

o
in

t 
b

ar
s,

 
an

d
 

cu
t 

b
an

k
s.

 
T

re
n

ch
es

 
w

er
e 

ex
ca

v
at

ed
 t

o
 l

en
g

th
s 

ra
n

g
in

g
 f

ro
m

 3
.4

 t
o

 8
.0

 m
 (

1
1

.2
ft

 t
o

 2
6

.3
 f

t)
 a

n
d

 t
o

 d
ep

th
s 

ex
te

n
d

in
g

 f
ro

m
1

.2
 t

o
 2

.6
 m

 (
4

 f
t 

to
 8

.5
ft

)
b

el
o

w
g

ro
u

n
d

su
rf

ac
e.

T
h

e 
fl

o
o

d
p

la
in

s 
ar

e 
ap

p
ro

x
im

at
el

y
 2

 t
o

 3
 m

ab
o

v
e 

th
e 

n
o

rm
al

 w
at

er
 l

ev
el

 o
f 

S
ew

el
l 

C
re

ek
.

A
n

E
ij

k
el

k
am

p
g

o
u

g
e 

au
g

er
 w

as
 u

se
d

 t
o

 e
x

tr
ac

t 
a 

6
 c

m
 (

2
.4

 i
n

) 
d

ia
m

et
er

 s
am

p
le

 f
ro

m
 a

 w
et

la
n

d
 n

ea
r 

S
ew

el
l 

C
re

ek
. 

T
h

is
 t

y
p

e 
o

f 
au

g
er

 e
x

tr
ac

ts
 a

sa
m

p
le

 o
f 

d
ep

o
si

ts
 w

it
h

o
u

t 
co

m
p

ac
ti

n
g

 o
r 

m
ix

in
g

 t
h

e 
st

ra
ti

g
ra

p
h

ic
 l

ay
er

s 
o

r 
so

il
 h

o
ri

zo
n

s.

B
ac

k
h

o
e 

T
re

n
ch

 1
 w

as
 l

o
ca

te
d

 j
u

st
 n

o
rt

h
ea

st
 o

f 
th

e 
ac

ce
ss

 r
o

ad
 a

n
d

 a
p

p
ro

x
im

at
el

y
 1

7
 m

 e
as

t 
o

f
S

ew
el

l
C

re
ek

(F
ig

u
re

1
1

).
T

re
n

ch
1

w
as

 
lo

ca
te

d
 

o
n

 
th

e 
fl

o
o

d
p

la
in

 
an

d
 

w
as

 
ex

ca
v

at
ed

 

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

5
5

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2

6
.0

 P
H

A
S

E
I 

S
U

R
V

E
Y

R
E

S
U

L
T

S

p
er

p
en

d
ic

u
la

r 
to

 t
h

e 
tr

en
d

 o
f 

S
ew

el
l

C
re

ek
.

B
ac

k
h

o
e 

T
re

n
ch

 2
 w

as
 l

o
ca

te
d

 4
4

 m
 s

o
u

th
-s

o
u

th
w

es
t 

o
f

T
re

n
ch

1
 a

n
d

 a
p

p
ro

x
im

at
el

y
 7

 m
 w

es
t 

o
f 

S
T

P
 N

-R
D

-9
. 

T
re

n
ch

 2
, 

al
so

 l
o

ca
te

d
 o

n
 t

h
e 

d
is

se
ct

ed
 

fl
o

o
d

p
la

in
,

w
as

 e
x

ca
v

at
ed

 p
er

p
en

d
ic

u
la

r 
to

 t
h

e 
tr

en
d

 o
f 

S
ew

el
l 

C
re

ek
.

B
ac

k
h

o
e 

T
re

n
ch

 3
a 

an
d

 3
b

 
w

er
e 

ex
ca

v
at

ed
 t

o
w

ar
d

s 
th

e 
te

rm
in

u
s 

o
f 

th
e 

to
e 

sl
o

p
e 

o
f 

th
e 

co
ll

u
v

ia
l 

fa
n

. 
T

re
n

ch
 3

a
w

as
lo

ca
te

d
ap

p
ro

x
im

at
el

y
4

6
m

so
u

th
ea

st
o

f
S

T
P

N
-R

D
-1

1
,

an
d

 T
re

n
ch

 3
b

 w
as

 e
x

ca
v

at
ed

 1
5

 m
 n

o
rt

h
w

es
t 

o
f 

T
re

n
ch

 3
a 

an
d

 3
7

 m
 e

as
t 

o
f 

S
T

P
 N

-R
D

-1
1

.
T

re
n

ch
 4

 w
as

 l
o

ca
te

d
 o

n
 t

h
e 

fl
o

o
d

p
la
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y
 o

f 
A

n
je

an
. 

T
h

e 
p

ro
je

ct
 a

re
a 

fo
r 

th
e 

W
G

C
 p

la
n

t 
si

te
 i

s 
lo

ca
te

d
o

n
an

d
ad

ja
ce

n
t 

to
 t

h
e 

fo
rm

er
 l

o
ca

ti
o

n
 o

f 
th

e 
M

R
L

 
in

 
R

ai
n

el
le

. 
T

h
e 

M
R

L
 
b

eg
an

 
o

p
er

at
io

n
s 

to
 
h

ar
v

es
t 

h
ar

d
w

o
o

d
s 

fr
o

m
 
th

e 
ar

ea
 
in

 1
9

0
6

,
in

it
ia

ll
y

 b
u

il
d

in
g

 t
h

e 
S

V
R

R
 s

p
u

r 
to

 p
ro

v
id

e 
ac

ce
ss

 t
o

 t
h

e 
C

&
O

R
R

. 
R

ai
n

el
le

 w
as

 e
st

ab
li

sh
ed

 a
s 

th
e 

M
R

L
co

m
p

an
y

to
w

n
 i

n
 1

9
1

0
, 

w
h

en
 t

h
e 

m
il

l 
o

p
en

ed
, 
an

d
 R

ai
n

el
le

 w
as

 i
n

co
rp

o
ra

te
d

 i
n

 1
9

1
3

. 
O

v
er

 
th

e 
6

0
+

-y
ea

r 
h

is
to

ry
 

o
f 

o
p

er
at

io
n

s,
 

th
e 

M
R

L
 

h
ar

v
es

te
d

 
ti

m
b

er
 

fr
o

m
 

1
2

5
,0

0
0

 
ac

re
s 

ar
o

u
n

d
 

R
ai

n
el

le
(W

h
it

m
an

1
9

7
7

).
 F

ro
m

 i
ts

 i
n

ce
p

ti
o

n
, 

th
is

 c
o

m
p

an
y

 w
as

 o
n

e 
o

f 
th

e 
la

rg
es

t 
h

ar
d

w
o

o
d

 
lu

m
b

er
 o

p
er

at
io

n
s 

in
 t

h
e 

U
n

it
ed

 S
ta

te
s,

 a
n

d
 b

y
 t

h
e 

1
9

3
0

s 
w

as
th

e
la

rg
es

t
h

ar
d

w
o

o
d

m
il

l
in

th
e

w
o

rl
d

.
It

 m
ai

n
ta

in
ed

 t
h

is
 p

o
si

ti
o

n
 t

h
ro

u
g

h
 t

h
e 

1
9

6
0

s 
(H

A
E

R
 1

9
8

4
).

 T
h

e 
M

R
L

 c
ea

se
d

 o
p

er
at

io
n

s 
in

 1
9

7
0

, 
an

d
 t

h
e 

en
ti

re
 m

il
l 

an
d

 l
u

m
b

er
 y

ar
d

s 
w

er
e 

ra
ze

d
 b

y
 1

9
7

5
.

F
ie

ld
 i

n
v

es
ti

g
at

io
n

s 
w

er
e 

co
n

d
u

ct
ed

 i
n

 t
w

o
 s

ta
g

es
:

S
ta

g
e

1
w

as
in

A
p

ri
l,

 2
0

0
4

 a
n

d
 S

ta
g

e 
2

 w
as

 i
n

 
N

o
v

em
b

er
, 

2
0

0
4

. 
S

ta
g

e 
1

 i
n

v
es

ti
g

at
io

n
s,

 c
o

n
d

u
ct

ed
 f

ro
m

 A
p

ri
l 

5
-8

, 
2

0
0

4
, 

co
n

si
st

ed
 o

f 
a 

w
al

k
o

v
er

 
su

rv
ey

 o
f 

th
e 

p
la

n
t 

si
te

, 
a 

p
ed

es
tr

ia
n

 s
u

rv
ey

o
f 

p
ip

el
in

e 
an

d
 p

o
w

er
 l

in
e 

co
rr

id
o

rs
,

an
d

li
m

it
ed

so
il

p
ro

b
es

at
th

e 
p

la
n

t 
si

te
. 

T
h

e 
p

u
rp

o
se

 o
f 

th
e 

S
ta

g
e 

1
 i

n
v

es
ti

g
at

io
n

s 
w

as
 t

o
 i

d
en

ti
fy

 o
b

v
io

u
s 

cu
lt

u
ra

l 
re

so
u

rc
es

 a
n

d
 a

ss
es

s 
th

e 
p

o
te

n
ti

al
 f

o
r 

su
b

su
rf

ac
e 

ar
ch

eo
lo

g
ic

al
si

te
s.

A
t

th
e 

ti
m

e 
o

f 
th

e 
S

ta
g

e 
1

 
su

rv
ey

,
d

es
ig

n
p

la
n

s 
fo

r 
th

e 
p

la
n

t 
si

te
 a

n
d

 r
el

at
ed

 i
n

fr
as

tr
u

ct
u

re
 (

e.
g

.,
 s

te
am

 p
ip

el
in

e 
co

rr
id

o
r,

 
tr

an
sm

is
si

o
n

li
n

e
co

rr
id

o
r,

 e
tc

.)
 w

er
e 

n
o

t 
fi

n
al

iz
ed

. 
A

re
as

 i
n

v
es

ti
g

at
ed

 d
u

ri
n

g
 t

h
e 

w
al

k
o

v
er

 s
u

rv
ey

in
cl

u
d

ed
 (

1
) 

th
e 

p
ro

p
o

se
d

 2
6

-a
cr

e 
p

la
n

t 
si

te
 s

o
u

th
 o

f
R

ai
n

el
le

,
(2

)
th

e 
p

ro
p

o
se

d
 l

o
ca

ti
o

n
 o

f 
th

e 
tr

an
sm

is
si

o
n

 c
o

rr
id

o
r 

b
et

w
ee

n
 t

h
e 

p
la

n
t 

si
te

 a
n

d
th

e
ex

is
ti

n
g

p
o

w
er

li
n

e 
to

 t
h

e 
w

es
t,

 (
3

) 
th

e 
p

ro
p

o
se

d
 s

te
am

 a
n

d
 w

at
er

 l
in

e 
co

rr
id

o
r 

th
at

 p
ar

al
le

ls
 t

h
e 

ex
is

ti
n

g
 r

ai
lr

o
ad

 b
ed

 n
o

rt
h

 o
f 

th
e

p
la

n
t

si
te

, 
(4

),
 t

h
e 

p
ro

p
o

se
d

 l
o

ca
ti

o
n

 o
f 

th
e 

lo
ad

in
g

 f
ac

il
it

ie
s 

in
 A

n
je

an
, 

an
d

 (
5

) 
se

le
ct

ed
 r

ef
u

se
 p

il
es

 o
n

L
it

tl
e 

C
le

ar
 C

re
ek

 M
o

u
n

ta
in

 e
as

t 
o

f 
A

n
je

an
. 

D
u

ri
n

g
 

th
e 

S
ta

g
e 

1
 

in
v

es
ti

g
at

io
n

s,
 

JM
A

id
en

ti
fi

ed
 

ar
ea

s 
th

at
 

h
av

e 
th

e 
p

o
te

n
ti

al
 

to
 

co
n

ta
in

 
p

re
h

is
to

ri
c 

o
r 

h
is

to
ri

c 
ar

ch
eo

lo
g

ic
al

 d
ep

o
si

ts
. 

JM
A

al
so

id
en

ti
fi

ed
se

v
er

al
 a

re
as

 w
it

h
in

 t
h

e 
p

ro
je

ct
 

ar
ea

 t
h

at
 w

er
e 

h
ea

v
il

y
 d

is
tu

rb
ed

 a
n

d
 h

ad
 l

it
tl

e 
o

r 
n

o
 p

o
te

n
ti

al
 t

o
 c

o
n

ta
in

 a
rc

h
eo

lo
g

ic
al

d
ep

o
si

ts
.

T
h

e 
la

tt
er

 a
re

as
 i

n
cl

u
d

ed
 t

h
e 

tr
u

n
ca

te
d

 r
id

g
et

o
p

 a
t 

th
e 

p
la

n
t 

si
te

, 
ar

ea
s 

o
n

 e
it

h
er

 s
id

e 
o

f
th

e
ri

d
g

e
th

at
 c

o
n

ta
in

ed
 a

 m
in

im
u

m
 o

f 
3

-6
 f

ee
t 

o
f 

fi
ll

, 
an

d
 t

h
e 

fo
rm

er
 m

il
l 

p
o

n
d

, 
lu

m
b

er
 m

il
l,

 a
n

d
 l

u
m

b
er

y
ar

d
. 

A
 m

ee
ti

n
g

 w
as

 h
el

d
 w

it
h

 t
h

e 
W

V
 S

H
P

O
, 

P
H

E
, 

an
d

 t
h

e 
D

O
E

 o
n

 M
ay

 1
2

th
, 

2
0

0
4

, 
to

 d
is

cu
ss

 
th

e 
re

su
lt

s 
an

d
 r

ec
o

m
m

en
d

at
io

n
s 

o
f 

th
e 

S
ta

g
e 

1
 w

al
k

o
v

er
su

rv
ey

.
D

u
ri

n
g

th
e

M
ay

1
2

th
 m

ee
ti

n
g

,

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

7
3

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G

2

7
.0

 S
U

M
M

A
R

Y
 A

N
D

 R
E

C
O

M
M

E
N

D
A

T
IO

N
S

th
e 

D
O

E
 a

n
d

 P
H

E
 e

m
p

h
as

iz
ed

 t
h

at
 d

es
ig

n
 p

la
n

s 
w

er
e

in
th

e
co

n
ce

p
tu

al
 s

ta
g

es
 a

n
d

 t
h

at
 t

h
e 

p
la

n
t 

si
te

lo
ca

ti
o

n
 a

s 
w

el
l 

as
 t

h
e 

tr
an

sm
is

si
o

n
 l

in
e 

co
rr

id
o

r 
an

d
 t

h
e 

st
ea

m
 p

ip
el

in
e 

co
rr

id
o

r 
w

er
e 

su
b

je
ct

 
to

 c
h

an
g

e 
as

 t
h

e 
p

ro
je

ct
 m

o
v

ed
 t

h
ro

u
g

h
 t

h
e 

d
es

ig
n

p
h

as
e.

B
et

w
ee

n
 M

ay
 a

n
d

 N
o

v
em

b
er

, 
d

es
ig

n
 

p
la

n
s 

an
d

 l
o

ca
ti

o
n

s 
ch

an
g

ed
 f

re
q

u
en

tl
y

.

S
ta

g
e 

2
 o

f 
th

e 
P

h
as

e 
I 

in
v

es
ti

g
at

io
n

s
in

cl
u

d
ed

th
e 

ex
ca

v
at

io
n

 o
f 

S
T

P
s,

 s
o

il
 p

ro
b

es
, 

an
d

 b
ac

k
h

o
e 

tr
en

ch
es

.
M

o
re

sp
ec

if
ic

al
ly

, 
th

e 
fo

ll
o

w
in

g
 a

re
as

 w
er

e 
su

rv
ey

ed
: 

(1
) 

an
 i

n
te

n
si

v
e 

P
h

as
e 

I 
su

rv
ey

an
d

 d
ee

p
 t

es
ti

n
g

 o
f 

al
lu

v
ia

l 
te

rr
ac

es
 b

et
w

ee
n

 S
ew

el
l 

C
re

ek
 a

n
d

 t
h

e 
to

es
lo

p
e 

o
f 

th
e 

tr
u

n
ca

te
d

ri
d

g
e

th
at

h
av

e
a

h
ig

h
 
p

ro
b

ab
il

it
y

 
fo

r 
co

n
ta

in
in

g
 
ar

ch
eo

lo
g

ic
al

 
d

ep
o

si
ts

; 
(2

) 
P

h
as

e 
I 

ar
ch

eo
lo

g
ic

al
 

su
rv

ey
an

d
ex

ca
v

at
io

n
o

f
ju

d
g

m
en

ta
l

S
T

P
s

o
n

th
e 

b
en

ch
es

 i
n

 t
h

e 
P

lu
m

 C
re

ek
 t

ra
ct

 s
o

u
th

 o
f 

th
e 

p
ro

p
er

ty
 f

en
ce

li
n

e;
 (

3
) 

w
al

k
o

v
er

 s
u

rv
ey

 a
n

d
 j

u
d

g
m

en
ta

l
so

il
p

ro
b

es
 o

f 
th

e 
st

ea
m

/w
at

er
 p

ip
el

in
e 

co
rr

id
o

r 
an

d
 p

re
p

ar
at

io
n

 o
f 

ar
ch

eo
lo

g
ic

al
se

n
si

ti
v

it
y

m
ap

; 
(4

) 
w

al
k

o
v

er
 s

u
rv

ey
 o

f 
th

e 
1

7
-a

cr
e 

ex
ch

an
g

e 
p

ro
p

er
ty

 a
n

d
 p

re
p

ar
at

io
n

 o
f 

ar
ch

eo
lo

g
ic

al
 s

en
si

ti
v

it
y

 m
ap

.

JM
A

 e
x

ca
v

at
ed

 e
ig

h
t 

b
ac

k
h

o
e 

tr
en

ch
es

 a
n

d
 3

2
 S

T
P

s 
in

 h
ig

h
 p

ro
b

ab
il

it
y

ar
ea

s
in

th
e

co
n

st
ru

ct
io

n
fo

o
tp

ri
n

t
fo

r
th

e 
p

la
n

t 
si

te
. 

T
h

e 
b

ac
k

h
o

e 
tr

en
ch

es
 w

er
e 

p
la

ce
d

 a
cr

o
ss

 t
h

e 
p

la
n

t 
si

te
 i

n
 o

rd
er

 t
o

 
as

se
ss

 t
h

e 
p

o
te

n
ti

al
 o

f 
th

e 
ar

ea
 t

o
 c

o
n

ta
in

 b
u

ri
ed

 s
o

il
s 

th
at

 m
ay

 c
o

n
ta

in
 a

rc
h

eo
lo

g
ic

al
 m

at
er

ia
ls

an
d

to
 d

et
er

m
in

e 
th

e 
h

o
ri

zo
n

ta
l 

an
d

 v
er

ti
ca

l 
ex

te
n

t 
o

f 
th

e 
fi

ll
 t

h
at

 w
as

 p
la

ce
d

 o
n

 t
h

e 
co

ll
u

v
ia

l 
sl

o
p

es
 b

el
o

w
 t

h
e 

ri
d

g
e.

 B
ac

k
h

o
e 

tr
en

ch
es

 i
n

th
e

al
lu

v
ia

l 
te

rr
ac

es
 e

x
h

ib
it

ed
 s

im
il

ar
 s

o
il

 p
ro

fi
le

s,
 

an
d

 a
ll

 t
h

e 
p

ro
fi

le
s 

in
d

ic
at

ed
 t

h
er

e 
ar

e 
(1

) 
n

o
b

u
ri

ed
 s

o
il

s 
an

d
 (

2
) 

n
o

 p
o

te
n

ti
al

 f
o

r 
b

u
ri

ed
 s

o
il

s 
w

it
h

in
 t

h
e 

p
ro

je
ct

 a
re

a 
fo

r 
th

e 
p

la
n

t 
si

te
. 

T
h

u
s,

 i
f 

ar
ch

eo
lo

g
ic

al
si

te
s

ar
e 

p
re

se
n

t 
w

it
h

in
 t

h
is

 p
ar

t 
o

f 
th

e
p

ro
je

ct
ar

ea
,

th
en

 e
v

id
en

ce
 o

f 
th

e 
si

te
s 

w
o

u
ld

 n
ec

es
sa

ri
ly

 b
e 

li
m

it
ed

 t
o

 t
h

e 
u

p
p

er
 3

0
-3

5
 c

m
s.

T
h

e 
b

ac
k

h
o

e 
tr

en
ch

es
 o

n
 t

h
e 

co
ll

u
v

ia
l 

sl
o

p
es

 d
em

o
n

st
ra

te
d

th
at

th
e 

fi
ll

 i
n

 t
h

es
e 

ar
ea

s 
is

 6
 f

t 
o

r 
m

o
re

, 
b

u
t 

b
ec

au
se

 w
at

er
 s

ee
p

ag
e 

ca
u

se
d

 t
h

e 
si

d
e 

w
al

ls
 o

f 
th

e 
tr

en
ch

es
 t

o
 c

o
ll

ap
se

, 
th

e 
ex

ac
t 

d
ep

th
o

f 
th

e 
fi

ll
 

co
u

ld
 

n
o

t 
b

e 
d

et
er

m
in

ed
. 

B
as

ed
 

o
n

 
th

e
re

su
lt

s 
o

f 
th

e 
p

ed
es

tr
ia

n
 

su
rv

ey
 

an
d

 
th

e 
in

fo
rm

at
io

n
 

g
le

an
ed

 
fr

o
m

 
th

e 
b

ac
k

h
o

e 
tr

en
ch

es
, 

th
e 

S
T

P
s 

w
er

e 
lo

ca
te

d
 

o
n

 
v

ar
io

u
s

al
lu

v
ia

l
te

rr
ac

es
 w

it
h

in
 t

h
e 

p
la

n
t 

si
te

 l
o

ca
ti

o
n

. 
S

T
P

s 
th

at
 f

el
l

in
d

is
tu

rb
ed

 a
re

as
 o

r 
st

re
am

 b
ac

k
ch

an
n

el
s 

w
er

e
re

lo
ca

te
d

 t
o

 n
ea

rb
y

 a
re

as
 t

h
at

 w
er

e 
le

ss
 d

is
tu

rb
ed

 o
r 

w
er

e 
te

rr
ac

e 
su

rf
ac

es
. 

N
o

 c
u

lt
u

ra
l 

m
at

er
ia

l 
w

as
 r

ec
o

rd
ed

 a
s 

a 
re

su
lt

 o
f 

th
e 

S
T

P
 e

x
ca

v
at

io
n

s.

T
h

e 
fi

el
d

 o
b

se
rv

at
io

n
s 

w
it

h
in

 t
h

e 
p

la
n

t 
si

te
 i

n
d

ic
at

ed
 t

h
e 

p
re

se
n

ce
 o

f 
fo

u
r 

d
if

fe
re

n
t

in
te

rf
lu

v
e

su
rf

ac
es

, 
g

en
er

al
ly

 s
ep

ar
at

ed
 b

y
 p

al
eo

ch
an

n
el

s.
 T

h
e

d
is

se
ct

ed
 n

at
u

re
 o

f 
th

e 
fl

o
o

d
p

la
in

 d
ep

o
si

ts
 

in
d

ic
at

es
 t

h
at

 t
h

is
 l

an
d

sc
ap

e 
h

as
 n

o
t 

b
ee

n
 s

ta
ti

c 
o

v
er

 t
h

e 
la

st
 f

ew
 t

h
o

u
sa

n
d

 y
ea

rs
. 

B
as

ed
 o

n
 t

h
e 

re
su

lt
s 

o
f 

th
e 

b
ac

k
h

o
e 

tr
en

ch
es

 a
n

d
 t

h
e 

S
T

P
s,

 i
t 

w
as

 d
et

er
m

in
ed

 t
h

at
 t

h
e 

p
la

n
t 

si
te

h
as

li
tt

le
,

if
an

y
, 

p
o

te
n

ti
al

 t
o

 c
o

n
ta

in
 p

re
se

rv
ed

ar
ch

eo
lo

g
ic

al
d

ep
o

si
ts

 o
r 

b
u

ri
ed

 s
o

il
s.

 I
t 

is
 a

ls
o

 i
n

te
rp

re
te

d
 t

h
at

 
th

e 
re

la
ti

v
e 

ag
e 

o
f 

th
e 

p
re

se
rv

ed
 i

n
te

rf
lu

v
e 

fl
o

o
d

p
la

in
su

rf
ac

es
 a

re
 M

id
d

le
 H

o
lo

ce
n

e 
(c

a.
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,0
0

0
 

B
P

) 
o

r 
y

o
u

n
g

er
. 

T
h

e 
re

la
ti

v
e 

ag
e 

o
f 

th
es

e 
su

rf
ac

es
 i

s 
b

as
ed

 o
n

 t
h

e 
d

eg
re

e 
o

f 
so

il
 d

ev
el

o
p

m
en

t 
an

d
 

th
e 

k
n

o
w

le
d

g
e 

th
at

 t
h

e 
fl

o
o

d
p

la
in

 h
as

 b
ee

n
 h

ig
h

ly
 d

is
se

ct
ed

 o
v

er
 t

im
e.

 I
t 

sh
o

u
ld

 b
e 

p
o

in
te

d
o

u
t

th
at

 t
h

e 
ag

e 
es

ti
m

at
e 

is
 p

re
se

n
te

d
 w

it
h

o
u

t 
th

e 
b

en
ef

it
o

f
ra

d
io

m
et

ri
c 

d
at

in
g

 o
r 

d
ia

g
n

o
st

ic
 a

rt
if

ac
ts

. 
A

 
m

o
re

 
ac

cu
ra

te
 

d
at

e 
o

f 
th

e 
fl

o
o

d
p

la
in

 
ch

ro
n

o
lo

g
y

 
w

o
u

ld
 

b
e 

p
o

ss
ib

le
 

w
it

h
 

th
e 

b
en

ef
it

 
o

f 
d

ia
g

n
o

st
ic

 a
rt

if
ac

ts
 a

n
d

 r
ad

io
m

et
ri

c 
d

at
es

. 

JM
A

 a
ls

o
 e

x
ca

v
at

ed
 1

1
 S

T
P

s 
o

n
 t

h
e 

th
re

e 
sm

al
l

b
en

ch
es

 s
o

u
th

 o
f 

th
e 

fe
n

ce
li

n
e 

in
 t

h
e 

P
lu

m
 C

re
ek

 
tr

ac
t.

 T
h

e 
S

T
P

s 
re

su
lt

ed
 i

n
 t

h
e 

re
co

v
er

y
 o

f 
a 

si
n

g
le

 f
la

k
e 

fr
ag

m
en

t 
o

f 
g

ra
y

 c
h

er
t 

o
n

 t
h

e 
th

ir
d

 o
r 

sm
al

le
st

 b
en

ch
. 

T
w

o
 a

d
d

it
io

n
al

 S
T

P
s 

w
er

e
ex

ca
v

at
ed

 o
n

 t
h

e 
b

en
ch

, 
b

u
t 

n
o

 o
th

er
 a

rt
if

ac
ts

 w
er

e 
re

co
v

er
ed

.
T

h
e

b
en

ch
,

w
h

ic
h

m
ea

su
re

s
le

ss
th

an
 
8

 
x

 
1

0
 
m

, 
h

as
 
b

ee
n

 
d

is
tu

rb
ed

 
b

y
 
lo

g
g

in
g

 
ac

ti
v

it
ie

s
as

w
el

l
as

 t
w

o
 f

o
rm

er
 l

o
g

g
in

g
 r

o
ad

s.
 T

h
e 

fl
ak

e 
fr

ag
m

en
t 

re
p

re
se

n
ts

 a
n

 i
so

la
te

d
 a

rt
if

ac
t 

fi
n

d
an

d
 t

h
er

ef
o

re
 n

o
 s

it
e 

n
u

m
b

er
 w

as
 a

ss
ig

n
ed

 a
n

d
 n

o
 s

it
e 

fo
rm

 c
o

m
p

le
te

d
. 

T
h

e 
ei

g
h

t 
S

T
P

s 
o

n
 

th
e 

tw
o

 l
ar

g
er

 b
en

ch
es

 p
ro

d
u

ce
d

 n
eg

at
iv

e 
re

su
lt

s.
 T

h
es

e 
b

en
ch

es
 h

av
e 

al
so

 b
ee

n
 d

is
tu

rb
ed

 b
y

er
o

si
o

n
 a

n
d

 l
o

g
g

in
g

 a
ct

iv
it

ie
s 

an
d

 l
o

g
g

in
g

 r
o

ad
s 

in
 t

h
e

p
as

t.
 N

o
 f

u
rt

h
er

 a
rc

h
eo

lo
g

ic
al

 w
o

rk
 i

s 
re

co
m

m
en

d
ed

.

W
E

S
T

E
R

N
G

R
E

E
N

B
R

IE
R

C
O

-P
R

O
D

U
C

T
IO

N
P

L
A

N
T

R
A

IN
E

L
L

E
, 

G
R

E
E

N
B

R
IE

R
C

O
U

N
T

Y
, 

W
E

S
T

V
IR

G
IN

IA

7
4

A
pp

en
di

x 
G

2

A
pp

en
di

x 
G
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7
.0

 S
U

M
M

A
R

Y
 A

N
D

 R
E

C
O

M
M

E
N

D
A

T
IO

N
S

T
h

e 
p

ed
es

tr
ia

n
 s

u
rv

ey
 a

n
d

 s
u

b
se

q
u

en
t 

p
la

ce
m

en
t 

o
f 

1
1

 s
o

il
 p

ro
b

es
 w

it
h

in
 t

h
e 

p
ip

el
in

e 
co

rr
id

o
r 

w
as

 
su

cc
es

sf
u

l 
in

 
th

at
 

it
 

w
as

 
p

o
ss

ib
le

 
to

d
if

fe
re

n
ti

at
e 

d
is

tu
rb

ed
 

ar
ea

s 
fr

o
m

 
th

o
se

 
re

la
ti

v
el

y
u

n
d

is
tu

rb
ed

. 
T

h
e 

d
is

tu
rb

ed
 a

re
as

 i
n

cl
u

d
e 

th
e 

fo
ll

o
w

in
g

: 
(1

) 
an

 a
re

a 
b

eg
in

n
in

g
 a

t 
th

e 
p

la
n

t
si

te
an

d
ex

te
n

d
in

g
 n

o
rt

h
 a

lo
n

g
 t

h
e 

p
ip

el
in

e 
co

rr
id

o
r 

fo
r 

ca
. 

3
0

0
-4

0
0

 m
; 

(2
) 

a 
3

0
0

 m
 s

eg
m

en
t

o
n

ei
th

er
si

d
e

o
f 

U
S

 6
0

 w
h

er
e 

th
e 

co
rr

id
o

r 
w

o
u

ld
 b

e 
lo

ca
te

d
 w

it
h

in
 t

h
e 

ex
is

ti
n

g
 s

ew
er

 l
in

e 
co

rr
id

o
r

(t
h

is
is

al
so

an
ar

ea
w

h
er

e
S

ew
el

l 
C

re
ek

 w
as

 e
n

tr
en

ch
ed

 a
n

d
 c

h
an

n
el

iz
ed

 m
an

y
 y

ea
rs

 a
g

o
);

 (
3

) 
an

 a
re

a 
o

f 
p

av
em

en
t

an
d

th
e 

as
so

ci
at

ed
 j

u
n

k
y

ar
d

 n
ea

r 
th

e 
co

n
fl

u
en

ce
 o

f 
L

it
tl

e 
S

ew
el

l 
C

re
ek

 a
n

d
 S

ew
el

l 
C

re
ek

 (
th

is
 i

s 
an

o
th

er
 a

re
a 

w
h

er
e 

S
ew

el
l 

C
re

ek
 h

as
 b

ee
n

ch
an

n
el

iz
ed

);
(4

) 
th

e 
en

ti
re

 l
en

g
th

 o
f 

th
e 

p
ip

el
in

e 
co

rr
id

o
r 

o
n

 t
h

e 
n

o
rt

h
 s

id
e 

(l
ef

t-
h

an
d

 b
an

k
) 

o
f 

S
ew

el
l 

C
re

ek
 b

et
w

ee
n

 t
h

e 
b

ri
d

g
e 

cr
o

ss
in

g
 

an
d

 t
h

e 
ra

il
ro

ad
 b

ri
d

g
e 

n
ea

r 
th

e 
co

n
fl

u
en

ce
 o

f 
S

ew
el

l
C

re
ek

an
d

 M
ea

d
o

w
 R

iv
er

. 
S

o
il

 p
ro

b
es

 #
4

-6
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e 
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in

 
th

e 
o

n
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p

o
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o

f
th

e
p
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in
e 
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o
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th

at
 

h
as

 
th

e 
p

o
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n
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al
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n

ta
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ch
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g

ic
al
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s 
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an

 
u

n
d
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tu

rb
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n
te

x
t.

 
S

o
il

 
p

ro
b
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th

is
 
p

o
rt

io
n

 
o

f 
th

e 
co

rr
id

o
r 

ar
e 

re
la

ti
v

el
y

 u
n

d
is

tu
rb

ed
 a

n
d

 e
x

h
ib

it
 a

 m
o

d
er

at
el

y
 t

h
ic

k
 A

p
 h

o
ri

zo
n

 u
n

d
er

la
in

 b
y

 A
/B

, 
an

d
 e

it
h

er
 B

w
o

r 
B

t 
so

il
 h

o
ri

zo
n

s.
O

n
ce

 t
h

e 
p

ip
el

in
e 

co
rr

id
o

r 
if

 f
in

al
iz

ed
, 

it
is

 r
ec

o
m

m
en

d
ed

 t
h

at
 a

n
 i

n
te

n
si

v
e 

su
b

su
rf

ac
e 

in
v

es
ti

g
at

io
n

 o
f 

th
e 

ar
ea

 b
et

w
ee

n
 s

o
il

 p
ro

b
es

 #
4

-6
 b

e 
u

n
d

er
ta

k
en

.

F
in

al
ly

, 
JM

A
 c

o
n

d
u

ct
ed

 a
 w

al
k

o
v

er
 s

u
rv

ey
 o

f 
th

e
1

7
-a

cr
e 

la
n

d
 e

x
ch

an
g

e 
p

ro
p

er
ty

. 
T

h
is

 p
ro

p
er

ty
v

ar
ie

s
fr

o
m

re
la

ti
v

el
y

st
ee

p
 t

o
 v

er
y

 s
te

ep
 a

s 
o

n
e 

m
o

v
es
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w

ay
 f

ro
m

 W
o

lf
p

en
 C

re
ek

. 
T

h
e 

ar
ea

 
b

et
w

ee
n

 W
o

lf
p

en
 C

re
ek

 a
n

d
 U

S
 6

0
 i

s 
m
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k

ed
b

y
 a

 r
o

ck
y

 t
al

u
s 
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o

p
e 

th
at

 c
o

n
ta

in
s 

n
u

m
er

o
u

s
b

o
u

ld
er

s,
an

d
th

e 
n

o
rt

h
er

n
 h

al
f 

o
f 

th
e 

1
7

-a
cr

e 
p

ro
p

er
ty
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s 

ex
tr

em
el

y
 s

te
ep

. 
N

u
m

er
o

u
s 
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lo

g
g

in
g
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o
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s 
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ss
 t

h
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 a
re

a.
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su
m

,
th

e
la

n
d

 e
x

ch
an

g
e 

ar
ea
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s 

st
ee

p
, 

ex
tr

em
el

y
 r

o
ck

y
 i

n
 

p
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,

an
d

h
ea

v
il

y
d

is
tu

rb
ed

 b
y

 f
o
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er

 l
o

g
g
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g

 r
o

ad
s.
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o

n
 o

f 
ex

p
o

se
d

 s
o

il
s 

o
n

 t
h
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e 
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p
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o

p
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 r
ed

u
ce

d
 t

h
e 

su
rf
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e 

h
o
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n
 t

o
 o

n
ly
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 f

ew
 c

m
s.

 N
o

 a
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h
eo

lo
g

ic
al

 s
it

es
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n
d

 n
o

 h
ig

h
 

p
ro

b
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il
it

y
ar

ea
s

w
er

e 
id

en
ti

fi
ed

 i
n

 t
h

e 
la

n
d

 e
x

ch
an

g
e 

p
ro

p
er

ty
 a

s 
a 

re
su

lt
 o

f 
th

e 
p

ed
es

tr
ia

n
 

su
rv

ey
.

N
o

 
fu

rt
h

er
 

co
n

si
d

er
at

io
n

 
o

f 
ar

ch
eo

lo
g

ic
al

 
re

so
u

rc
es

 
is

 
re

co
m

m
en

d
ed
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r 
th

e 
la

n
d

 
ex

ch
an

g
e 

tr
ac

t.
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.2

M
A

N
A

G
E

M
E

N
T

R
E

C
O

M
M

E
N

D
A

T
IO

N
S

S
ta

g
e 

2
 

o
f 

th
e 

P
h

as
e 

I
in

v
es

ti
g

at
io

n
s

fo
r

th
e 

p
ro

p
o

se
d

 
W

G
C

 
P

la
n

t 
S

it
e 

an
d

 
as

so
ci

at
ed

 
in

fr
as

tr
u

ct
u

re
 
in

cl
u

d
ed

 
b

o
th

 
p

ed
es

tr
ia

n
 
su

rv
ey

 
an

d
 
th

e 
ex

ca
v

at
io

n
 
o

f 
S

T
P

s,
 
so

il
p

ro
b

es
,

an
d

b
ac

k
h

o
e 

tr
en

ch
es

. 
S

ta
g

e 
2

 f
ie

ld
 i

n
v

es
ti

g
at

io
n

s 
w

er
e 

co
n

d
u

ct
ed

 i
n

 t
h

e 
fo

ll
o

w
in

g
 a

re
as

: 
(1

) 
h

ig
h

p
ro

b
ab

il
it

y
 a

re
as

 a
t 

th
e 

p
la

n
t,

 (
2

) 
th

e 
b

en
ch

es
 i

n
 t

h
e 

P
lu

m
 C

re
ek

 t
ra

ct
 s

o
u

th
o

f
th

e
p

ro
p

er
ty

fe
n

ce
li

n
e;

 (
3

) 
th

e 
st

ea
m

/w
at

er
 p

ip
el

in
e 

co
rr

id
o

r,
 a

n
d

 (
4

) 
th

e 
1

7
-a

cr
e 

la
n

d
 e

x
ch

an
g

e 
p

ro
p

er
ty

.
D

es
p

it
e 

th
e 

ex
ca

v
at

io
n

 o
f 

3
2

 S
T

P
s 

an
d

 e
ig

h
t 

b
ac

k
h

o
e 

tr
en

ch
es

, 
n

o
 a

rc
h

eo
lo

g
ic

al
 m

at
er

ia
ls

w
er

e
re

co
v

er
ed

in
 t

h
e 

p
ro

p
o

se
d

 p
la

n
t 

si
te

 d
u

ri
n

g
 t

h
e 

P
h

as
e 

I 
su

rv
ey

, 
an

d
 o

n
ly

 a
 s

in
g

le
 i

so
la

te
d

 c
h

er
t 

fl
ak

e 
fr

ag
m

en
t 

w
as

 
re

co
v

er
ed

 
fr

o
m

 
th

e 
S

T
P

s 
o

n
 

th
e 

b
en

ch
es

. 
B

as
ed

 
o

n
 

th
e 

re
su

lt
s 

o
f 

th
e 

b
ac

k
g

ro
u

n
d

 r
es

ea
rc

h
, 

S
ta

g
e 

1
 a

n
d

 2
 (

P
h

as
e 

I)
 a

rc
h

eo
lo

g
ic

al
in

v
es

ti
g

at
io

n
s,

 a
n

d
 t

h
e 

ex
ca

v
at

io
n

 o
f 

ei
g

h
t 

b
ac

k
h

o
e 

tr
en

ch
es

, 
it

 i
s 

JM
A

’s
 r

ec
o

m
m

en
d

at
io

n
th

at
 t

h
e 

p
ro

p
o

se
d

 p
la

n
t 

si
te

 a
n

d
 t

h
e 

b
en

ch
es

 
in

th
e

P
lu

m
C

re
ek

 t
ra

ct
 h

av
e 

n
o

 p
o

te
n

ti
al

 t
o

 c
o

n
ta

in
 s

ig
n

if
ic

an
t 

ar
ch

eo
lo

g
ic

al
 d

ep
o

si
ts

. 
JM

A
 

re
co

m
m

en
d

s 
th

at
 

th
es

e 
ar

ea
s 

sh
o

u
ld

 
b

e 
co

n
si

d
er

ed
 

cl
ea

re
d

 
fo

r
p

u
rp

o
se

s
o

f
S

ec
ti

o
n

1
0

6
co

m
p

li
an

ce
 a

n
d

 n
o

 a
d

d
it

io
n

al
 a

rc
h

eo
lo

g
ic

al
 c

o
n

si
d

er
at

io
n

is
 w

ar
ra

n
te

d
 i

n
 t

h
es

e 
ar

ea
s.

 I
t 

sh
o

u
ld

 b
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 c
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 b
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 l
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p
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 t
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w
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h
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 m
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c
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 p
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 b
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 m
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h
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d
e
d

 f
o

u
r 

m
a
jo

r 
ta

sk
s:

 (
1

) 
b

a
c
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p
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v
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v
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p
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p
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c
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 t
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h
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 b
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c
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c
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h

ro
u

g
h

 A
u

g
u

st
 1

8
, 

2
0

0
6

 b
y

 a
 t

h
re

e
-p

e
rs

o
n

 c
re

w
. 

T
h

e
 p

e
d

e
st

ri
a
n

 s
u

rv
e
y

 o
f 

th
e
 2

.7
5

 m
il

e
 S

e
g

m
e
n

t 
B

 c
o

rr
id

o
r 

to
ta

le
d

 a
b

o
u

t 
5

0
 a

c
re

s.
 T

h
e
 s

u
rv

e
y

 c
re

w
 w

a
s 

sp
a
c
e
d

 a
t 

1
5

-m
 (

5
0

 

ft
.)

 i
n

te
rv

a
l 

tr
a
n

se
c
ts

 a
lo

n
g

 t
h

e
 4

5
 m

 (
1

5
0

 f
t.

) 
w

id
e 

p
ro

je
c
t 

a
re

a
. 

A
d

d
it

io
n

a
l 

p
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c
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 p
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 p
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p
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c
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c
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h
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c
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 c
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 p
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c
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 b
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 f
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c
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c
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c
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 c
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b
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p
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c
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 m
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w
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 c
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o
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 l
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p
e
ra

ti
o

n
, 

in
c
lu

d
in

g
 t

h
e
 

ra
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c
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p
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 b
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 c
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R
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N
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h
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h
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n
e
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c
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ra
l 

fe
a
tu

re
s,

 

se
v

e
ra

l 
su

rf
a
c
e
 
a
rt

if
a
c
t 

sc
a
tt

e
rs

, 
a
 
su

rf
a
c
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c
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c
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 d
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 c
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p
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 p
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b
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c
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c
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c
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 f
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c
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H
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P
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w
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c
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 c
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c
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c
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p
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n
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c
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 f
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 m
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c
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 c
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 c
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 p

la
n

t,
 W

G
C

 h
a
s 

p
ro

p
o

se
d

 
a
n

 
a
lt

e
rn

a
ti

v
e
 
e
le

c
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e
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b
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R
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p
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b
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e
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w
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p
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 l
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 m
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 m
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 l
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R
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R
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c
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c
k

g
ro

u
n

d
 

re
se

a
rc

h
 
a
n

d
 
a
 
si

te
 
fi

le
 
se

a
rc

h
 
a
t 

th
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p
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e
g

m
e
n

t 
B

; 
(3

) 
a
 
sy

st
e
m

a
ti

c
 
sh

o
v

e
l 

te
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n

in
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p
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h
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p
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h
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w
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 d
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c
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p
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n
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c
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h
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e
 b

a
c
k

g
ro

u
n

d
 r
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h
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 d
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c
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c
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v
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n
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h
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 p
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 p
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a
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ra
d

it
io

n
 o

f 
th
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d
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c
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 d
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W
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1
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e
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a
n
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n
d
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a
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g
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a
te
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th

e
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n
d
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a
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c
o

n
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n
u

e
 t

o
 b

e
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m
p

lo
y

e
d
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h
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u

g
h
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h
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e
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o
d
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b

u
t 

e
v

id
e
n

c
e
 s

u
g

g
e
st
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a
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h
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t 
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w
a
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o
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n
te

n
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v
e
 

e
x

p
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a
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o
n
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f 

c
e
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a
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d
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e
c
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h
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m

p
h

a
si

s 
o

n
 p
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n

t 
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o
d

s 
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u

g
g

e
st

e
d

 b
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1
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e
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c
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a
se

d
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n
c
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e
n

c
e
 o

f 
m

o
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a
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p

e
st

le
s,
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n

d
 p
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n

t 
p
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c
e
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g
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o
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n

 L
a
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h
a
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e
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2
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e
 

in
c
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a
se

d
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u
m

b
e
r 

o
f 
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te
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e
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n
e
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e
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g
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n
d
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e
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n
c
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a
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d
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u
m

b
e
r 

o
f 

h
e
a
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h
 a

n
d

 p
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a
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s 

a
t 
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o
m

 t
h
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 p

e
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o
d
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o

u
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e
a
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e
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e
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g
in
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, 

W
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k
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9
7
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h
a
s 

d
o

c
u

m
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n
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d

 

a
 n

u
m

b
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r 

o
f 

L
a
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h
a
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e
s 
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o
c
k
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e
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s 

w
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s 

b
o
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o
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h

e
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f 
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p

e
s,

 i
n

 c
o

n
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n
c
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h
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h
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g
g
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 p
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u
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d
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n
c
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z
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f 
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o
 d
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n
g
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 p
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b
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h
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 c
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o
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 d

e
v
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c
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c
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 b
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 b
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c
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c
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d
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e
d

 a
n

d
 s

te
m

m
e
d

 p
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 t
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c
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h
e
d

, 
H

a
n

sf
o

rd
 

C
o

rn
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e
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 p
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c
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h
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l.

 

1
9

8
0

).
 

S
a
v

a
n

n
a
h

 
R

iv
e
r 

p
o

in
ts

 
a
re

 
re

la
ti

v
e
ly

 
c
o

m
m

o
n

 
in

 
so

u
th

e
a
st

e
rn

 
W

e
st

 
V

ir
g

in
ia

, 
a
n

d
 

F
it

z
g

ib
b

o
n

s 
e
t 

a
l.

 
(1

9
8

0
) 

su
g

g
e
st

 
th

a
t 

th
e
ir

 
p

re
se

n
c
e
 

in
d

ic
a
te

s 
a
 

p
o

ss
ib

le
 

a
ff

in
it

y
 

w
it

h
 

th
e
 

S
a
v

a
n

n
a
h

 R
iv

e
r 

P
h

a
se

 o
f 

th
e
 C

a
ro

li
n

a
 P

ie
d

m
o

n
t.

 

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3

4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

2
5

T
h

e
 T

ra
n

si
ti

o
n

a
l 

A
rc

h
a
ic

 p
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h
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 t
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ra
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p
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 b
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o

n
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a
n
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e
n
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a
ic

 s
y

st
e
m

. 
A
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n
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p
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 d
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p
e
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P
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 p
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a
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 p
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 p
o

in
ts

, 
a
n
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c
i 

in
d

ic
a
te

d
 a

 g
re

a
te

r 
d

e
g

re
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y
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 p
e
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c
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k
in

s 
1

9
7

7
).

 M
o

re
 r

e
c
e
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K
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a
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g
e
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d
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a
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 d
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a
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a
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d
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h
a
t 
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e
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e
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o

c
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a
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e
g
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a
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u
n
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 p
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a
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o
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a
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7
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h

a
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d
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h

a
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a
c
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e
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e
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 p
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 d
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c
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c
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c
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d
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h
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h
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a
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y
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a
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 p
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s 
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) 
a
ss

e
rt

s 

th
a
t 

th
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x
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g
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e
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n
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n
v
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n
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e
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h
e
 

v
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o
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is
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s 
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o
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h
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 p
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e
m
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c
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 b
e
n

e
a
th

 o
n

e
 o

r 
m

o
re

 f
e
e
t 

o
f 

a
ll

u
v

ia
l 

se
d

im
e
n

t.
  

4.
1.

3 
TH

E
W

O
O

D
LA

N
D

P
E

R
IO

D
(1

,0
00

 B
.C

. T
O

A
.D

. 1
00

0)
 

T
h

e
 

W
o

o
d

la
n

d
 

p
e
ri

o
d

 
in

 
W

e
st

 
V

ir
g

in
ia

 
is

 
p

la
c
e
d

 
b

e
tw

e
e
n

 
1

,0
0

0
 

B
.C

. 
a
n

d
 

A
.D

. 
1

0
0

0
. 

D
is

ti
n

g
u

is
h

e
d

 
fr

o
m

 
th

e
 

A
rc

h
a
ic

 
p

e
ri

o
d

 
b

y
 

th
e
 

a
p

p
e
a
ra

n
c
e
 

o
f 

c
e
ra

m
ic

s 
a
n

d
 

b
y

 
a
n

 
e
c
o

n
o

m
y

 

in
c
re

a
si

n
g

ly
 d

e
p

e
n

d
e
n

t 
o

n
 t

h
e
 e

x
p

lo
it

a
ti

o
n

 o
f 

c
u

lt
iv

a
te

d
 p

la
n

ts
, 

th
e
 W

o
o

d
la

n
d

 p
e
ri

o
d

 r
e
p

re
se

n
ts

 a
 

d
ra

m
a
ti

c
 c

h
a
n

g
e
 f

ro
m

 t
h

e
 b

ro
a
d

 s
p

e
c
tr

u
m

 h
u

n
te

r/
g

a
th

e
re

r 
p

o
p

u
la

ti
o

n
s 

o
f 

th
e
 p

re
c
e
d

in
g

 p
e
ri

o
d

. 

T
h

e
 i

n
c
re

a
si

n
g

 r
o

le
 o

f 
c
u

lt
ig

e
n

s 
in

 t
h

e
 s

u
b

si
st

e
n

c
e
 b

a
se

 f
o

st
e
re

d
 a

 g
re

a
te

r 
e
c
o

n
o

m
ic

 s
ta

b
il

it
y

. 
T

h
e
 

d
e
c
li

n
in

g
 
d

e
p

e
n

d
e
n

c
y

 
o

n
 
se

a
so

n
a
l 

re
si

d
e
n

ti
a
l 

m
o

v
e
m

e
n

ts
 
in

 
c
o

m
b

in
a
ti

o
n

 
w

it
h

 
a
 
m

o
re

 
st

a
b

le
 

su
b

si
st

e
n

c
e
 

b
a
se

 
e
n

c
o

u
ra

g
e
d

 
p

o
p

u
la

ti
o

n
 

g
ro

w
th

, 
w

h
ic

h
 

in
 

tu
rn

 
p

ro
d

u
c
e
d

 
la

rg
e
r 

a
n

d
 

m
o

re
 

p
e
rm

a
n

e
n

t 
se

tt
le

m
e
n

ts
. 

T
h

e
 

e
m

e
rg

e
n

c
e
 

o
f 

th
e
se

 
n

e
w

 
e
c
o

n
o

m
ie

s 
w

a
s 

a
c
c
o

m
p

a
n

ie
d

 
b

y
 

th
e
 

a
p

p
e
a
ra

n
c
e
 o

f 
d

is
ti

n
c
t 

so
c
ia

l 
h

ie
ra

rc
h

ie
s 

a
n

d
 c

la
ss

 s
tr

a
ti

fi
c
a
ti

o
n

, 
e
la

b
o

ra
te

 m
o

rt
u

a
ry

 r
it

u
a
ls

, 
p

u
b

ic
 

w
o

rk
s,

 a
n

d
 t

h
e
 d

e
v

e
lo

p
m

e
n

t 
o

f 
e
x

te
n

si
v

e
 t

ra
d

e
 n

e
tw

o
rk

s.
 

T
h

e
 

E
a
rl

y
 

W
o

o
d

la
n

d
 

p
e
ri

o
d

 
in

 
W

e
st

 
V

ir
g

in
ia

, 
d

a
te

d
 

b
e
tw

e
e
n

 
1

,0
0

0
 

B
.C

. 
a
n

d
 

A
.D

. 
1

0
0

, 
is

 

d
is

ti
n

g
u

is
h

e
d

 b
y

 t
h

e
 e

m
e
rg

e
n

c
e
 o

f 
th

e
 A

d
e
n

a
 c

o
m

p
le

x
, 

w
h

ic
h

 w
a
s 

c
e
n

te
re

d
 i

n
 t

h
e
 M

id
d

le
 O

h
io

 

V
a
ll

e
y

 a
n

d
 e

x
te

n
d

e
d

 i
n

to
 t

h
e
 K

a
n

a
w

h
a
 R

iv
e
r 

V
a
ll

ey
 o

f 
W

e
st

 V
ir

g
in

ia
. 

T
h

e
 A

d
e
n

a
 c

o
m

p
le

x
 i

s 

c
h

a
ra

c
te

ri
z
e
d

 b
y

 t
h

e
 a

p
p

e
a
ra

n
c
e
 o

f 
F

a
y

e
tt

e
 T

h
ic

k
 a

n
d

 M
a
ri

o
n

 T
h

ic
k

 p
o

tt
e
ry

, 
st

e
m

m
e
d

 p
o

in
t 

ty
p

e
s,

 

la
rg

e
 e

a
rt

h
e
n

 b
u

ri
a
l 

m
o

u
n

d
s,

 b
lo

c
k

e
d

-e
n

d
 t

u
b

u
la

r 
p

ip
e
s,

 a
n

d
 v

a
ri

o
u

sl
y

 s
h

a
p

e
d

 s
to

n
e
 a

n
d

 c
o

p
p

e
r 

g
o

rg
e
ts

. 
T

h
e
se

 p
e
o

p
le

 l
iv

e
d

 i
n

 s
m

a
ll

 v
il

la
g

e
s 

a
n

d
 h

a
m

le
ts

 t
h

a
t 

w
e
re

 d
is

p
e
rs

e
d

 o
n

 f
lo

o
d

p
la

in
s,

 r
iv

e
r 

te
rr

a
c
e
s,

 a
n

d
 u

p
la

n
d

s 
in

 p
ro

x
im

it
y

 t
o

 m
a
jo

r 
d

ra
in

a
g

e
s.

 A
lt

h
o

u
g

h
 d

o
m

e
st

ic
a
te

d
 s

q
u

a
sh

 i
s 

p
re

se
n

t 

b
y

 c
a
. 

8
0

0
 B

.C
. 

a
n

d
 d

o
m

e
st

ic
a
te

d
 c

o
rn

 b
y

 c
a
. 

4
0

0
 B

.C
. 

(C
a
rl

is
le

 a
n

d
 A

d
o

v
a
si

o
 1

9
8

2
),

 t
h

e
 r

e
la

ti
v

e
 

im
p

o
rt

a
n

c
e
 o

f 
th

e
se

 c
u

lt
ig

e
n

s 
in

 t
h

e
 e

c
o

n
o

m
ic

 s
y

st
e
m

 o
f 

th
e
se

 p
e
o

p
le

 r
e
m

a
in

s 
a
 q

u
e
st

io
n

. 

N
o

 E
a
rl

y
 W

o
o

d
la

n
d

 m
o

u
n

d
s 

o
r 

si
te

s 
a
re

 r
e
p

o
rt

e
d

 f
ro

m
 t

h
e
 i

m
m

e
d

ia
te

 v
ic

in
it

y
, 

b
u

t 
S

o
le

c
k

i 
(1

9
4

9
) 

re
p

o
rt

s 
o

n
 s

e
v

e
ra

l 
m

o
u

n
d

 s
it

e
s 

a
n

d
 r

o
c
k

sh
e
lt

e
rs

 i
n

 t
h

e
 N

e
w

 a
n

d
 G

re
e
n

b
ri

e
r 

v
a
ll

e
y

s.
 S

it
e
s 

re
p

o
rt

e
d

 

b
y

 S
o

le
c
k

i 
(1

9
4

9
) 

in
 S

u
m

m
e
rs

 C
o

u
n

ty
 a

lo
n

g
 t

h
e
 N

e
w

 R
iv

e
 i

n
c
lu

d
e
 H

in
to

n
 M

o
u

n
d

, 
H

in
to

n
 B

ri
d

g
e
 

M
o

u
n

d
, 

R
ic

h
m

o
n

d
 M

o
u

n
d

, 
a
n

d
 t

h
e
 B

u
ff

a
lo

 R
o

c
k

sh
e
lt

e
r.

 A
ls

o
 i

n
 s

o
u

th
e
a
st

e
rn

 W
e
st

 V
ir

g
in

ia
, 

F
a
y

e
tt

e
 T

h
ic

k
 p

o
tt

e
ry

 h
a
s 

b
e
e
n

 r
e
p

o
rt

e
d

 f
ro

m
 t

h
e
 P

e
n

c
e
 S

p
ri

n
g

s 
si

te
 (

O
’M

a
ll

e
y

 1
9

8
5

).
 B

ra
sh

le
r 

e
t 

a
l.

 (
1

9
8

7
) 

su
g

g
e
st

 t
h

a
t 

th
e
 a

b
se

n
c
e
 o

f 
E

a
rl

y
 W

o
o

d
la

n
d

 i
n

h
a
b

it
a
n

ts
 i

n
 t

h
is

 a
re

a
 m

a
y

 a
 r

e
su

lt
 o

f 
th

e
ir

 

m
o

re
 c

o
n

se
rv

a
ti

v
e
 n

a
tu

re
. 

T
h

a
t 

is
, 

p
e
o

p
le

 i
n

 t
h

is
 p

a
rt

 o
f 

th
e
 s

ta
te

 r
e
m

a
in

e
d

 h
u

n
te

r/
g

a
th

e
re

rs
 a

n
d

 

w
e
re

 
o

n
ly

 
m

a
rg

in
a
ll

y
 
a
ff

e
c
te

d
 
b

y
 
th

e
 
so

c
io

-e
c
o

n
o

m
ic

 
a
n

d
 
te

c
h

n
o

lo
g

ic
a
l 

d
e
v

e
lo

p
m

e
n

ts
 
to

 
th

e
 A

pp
en

di
x 

G
3

A
pp

en
di

x 
G

3



4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

2
6

w
e
st

. 
C

o
n

c
o

m
it

a
n

tl
y

, 
th

e
 a

b
se

n
c
e
 o

f 
th

e
se

 d
ia

g
n

o
st

ic
 a

rt
if

a
c
ts

 p
o

te
n

ti
a
ll

y
 r

e
n

d
e
rs

 L
a
te

 A
rc

h
a
ic

 

a
n

d
 E

a
rl

y
 W

o
o

d
la

n
d

 o
c
c
u

p
a
ti

o
n

s 
v

ir
tu

a
ll

y
 i

n
d

is
ti

n
g

u
is

h
a
b

le
 f

ro
m

 o
n

e
 a

n
o

th
e
r.

 

T
h

e
 M

id
d

le
 W

o
o

d
la

n
d

 p
e
ri

o
d

 l
a
st

s 
fr

o
m

 a
p

p
ro

x
im

a
te

ly
 1

0
0

 B
.C

. 
to

 A
.D

. 
6

0
0

, 
w

h
il

e
 t

h
e
 L

a
te

 

W
o

o
d

la
n

d
 p

e
ri

o
d

 p
e
rs

is
ts

 b
e
tw

e
e
n

 A
.D

. 
6

0
0

 t
o

 A
.D

. 
1

2
0

0
. 

T
h

e
 M

id
d

le
 W

o
o

d
la

n
d

 p
e
ri

o
d

 i
s 

b
e
st

 

k
n

o
w

n
 

fo
r 

th
e
 

H
o

p
e
w

e
ll

 
C

u
lt

u
re

 
w

h
ic

h
 

e
v

o
lv

e
d

 
fr

o
m

 
a
n

d
 

su
p

e
rs

e
d

e
d

 
th

e
 

A
d

e
n

a
 

C
u

lt
u

re
. 

H
o

p
e
w

e
ll

 i
n

fl
u

e
n

c
e
s 

c
a
n

 b
e
 t

ra
c
e
d

 a
c
ro

ss
 a

 l
a
rg

e
 p

o
rt

io
n

 o
f 

th
e
 e

a
st

e
rn

 U
n

it
e
d

 S
ta

te
s 

a
n

d
 a

re
 

id
e
n

ti
fi

e
d

 
w

it
h

 
th

e
 
c
o

n
st

ru
c
ti

o
n

 
o

f 
e
x

te
n

si
v

e
 
e
a
rt

h
w

o
rk

s,
 
la

rg
e
 
b

u
ri

a
l 

m
o

u
n

d
s,

 
a
n

d
 
e
la

b
o

ra
te

 

m
o

rt
u

a
ry

 p
ra

c
ti

c
e
s.

 H
o

p
e
w

e
ll

 g
ro

u
p

s 
a
ls

o
 p

o
ss

e
ss

e
d

 a
 s

o
p

h
is

ti
c
a
te

d
 l

e
v

e
l 

o
f 

te
c
h

n
o

lo
g

y
 a

n
d

 a
rt

 a
s 

e
x

p
re

ss
e
d

 i
n

 t
h

e
 q

u
a
li

ty
 o

f 
th

e
ir

 t
o

o
ls

 a
n

d
 g

ra
v

e
 g

o
o

d
s.

 T
h

e
 d

is
tr

ib
u

ti
o

n
 o

f 
th

e
se

 g
o

o
d

s 
in

d
ic

a
te

s 

th
e
 

p
re

se
n

c
e
 

o
f 

a
 

so
p

h
is

ti
c
a
te

d
 

tr
a
d

e
 

n
e
tw

o
rk

 
a
n

d
 

w
id

e
sp

re
a
d

 
st

y
li

st
ic

 
in

fl
u

e
n

c
e
s.

 
T

h
e
se

 

c
h

a
ra

c
te

ri
st

ic
s 

a
re

 g
e
n

e
ra

ll
y

 c
o

n
si

d
e
re

d
 t

o
 r

e
p

re
se

n
t 

e
v

id
e
n

c
e
 o

f 
a
 r

a
n

k
e
d

 s
o

c
ia

l 
o

rg
a
n

iz
a
ti

o
n

, 
b

u
t 

F
o

rd
 

(1
9

7
9

) 
a
ss

e
rt

s 
th

a
t 

th
e
 

n
o

ti
o

n
 

o
f 

ra
n

k
e
d

 
so

c
ie

ti
e
s 

d
u

ri
n

g
 

th
e
 

H
o

p
e
w

e
ll

 
p

e
ri

o
d

 
is

 
n

o
t 

u
n

iv
e
rs

a
ll

y
 a

c
c
e
p

te
d

. 

In
 W

e
st

 V
ir

g
in

ia
, 

th
e
 U

p
p

e
r 

O
h

io
 V

a
ll

e
y

 h
a
s 

th
e
 b

e
st

 d
o

c
u

m
e
n

te
d

 c
u

lt
u

ra
l 

se
q

u
e
n

c
e
 d

u
ri

n
g

 t
h

e
se

 

ti
m

e
 

p
e
ri

o
d

s.
 

T
w

o
 

re
la

te
d

 
c
o

m
p

le
x

e
s,

 
F

a
ir

c
h

a
n

c
e
 

a
n

d
 

W
a
ts

o
n

, 
h

a
v

e
 

b
e
e
n

 
in

c
o

rp
o

ra
te

d
 

b
y

 

H
e
m

m
in

g
s 

(1
9

8
4

) 
in

to
 t

h
e
 “

W
a
ts

o
n

 T
ra

d
it

io
n

,”
 a

 c
e
ra

m
ic

 c
o

m
p

le
x

 w
h

ic
h

 s
p

a
n

s 
th

e
 M

id
d

le
 a

n
d

 

L
a
te

 W
o

o
d

la
n

d
 p

e
ri

o
d

s.
 T

h
e
 e

a
rl

ie
r 

F
a
ir

c
h

a
n

c
e
 P

h
a
se

 i
s 

ra
d

io
c
a
rb

o
n

-d
a
te

d
 b

e
tw

e
e
n

 A
.D

. 
1

2
0

 a
n

d
 

A
.D

. 
4

2
0

 a
n

d
 m

a
y

 p
e
rs

is
t 

a
s 

la
te

 a
s 

A
.D

. 
6

6
0

, 
b

a
se

d
 o

n
 t

h
e
 d

a
te

d
 W

a
ts

o
n

 c
o

m
p

o
n

e
n

t 
a
t 

th
e
 

H
u

g
h

e
s 

F
a
rm

 s
it

e
 (

M
a
sl

o
w

sk
i 

1
9

8
5

).
 H

o
p

e
w

e
ll

ia
n

 i
n

fl
u

e
n

c
e
s 

a
re

 e
v

id
e
n

c
e
d

 i
n

 t
h

e
 f

o
rm

 o
f 

sm
a
ll

 

b
u

t 
si

g
n

if
ic

a
n

t 
q

u
a
n

ti
ti

e
s 

o
f 

e
x

o
ti

c
 f

li
n

t,
 c

o
p

p
e
r,

 a
n

d
 m

a
ri

n
e
 s

h
e
ll

 o
rn

a
m

e
n

ts
, 

a
n

d
 m

o
u

n
d

 b
u

ri
a
l.

 

T
h

e
 p

h
y

si
c
a
l 

ty
p

e
 a

t 
th

e
 F

a
ir

c
h

a
n

c
e
 M

o
u

n
d

 a
n

d
 V

il
la

g
e
 S

it
e
 i

s 
sa

id
 t

o
 b

e
 H

o
p

e
w

e
ll

ia
n

 a
s 

w
e
ll

 

(H
e
m

m
in

g
s 

1
9

8
4

).
 

S
u

b
si

st
e
n

c
e
 

n
e
e
d

s 
w

e
re

 
m

e
t 

c
h

ie
fl

y
 

b
y

 
h

u
n

ti
n

g
 

a
n

d
 

g
a
th

e
ri

n
g

, 
w

it
h

 

se
tt

le
m

e
n

ts
 c

o
n

si
st

in
g

 o
f 

la
rg

e
 h

a
m

le
ts

 l
o

c
a
te

d
 a

lo
n

g
 s

m
a
ll

 s
tr

e
a
m

s 
a
n

d
 s

m
a
ll

 c
a
m

p
s,

 h
a
m

le
ts

, 

a
n

d
 r

o
c
k

 s
h

e
lt

e
r 

o
c
c
u

p
a
ti

o
n

s 
o

n
 t

e
rr

a
c
e
s 

a
n

d
 i

n
 t

h
e
 u

p
la

n
d

s 
(M

a
sl

o
w

sk
i 

1
9

8
5

).
 T

h
e
 W

a
ts

o
n

 P
h

a
se

 

a
p

p
e
a
rs

 
to

 
d

a
te

 
b

e
tw

e
e
n

 
a
b

o
u

t 
A

.D
. 

5
0

0
 

a
n

d
 

A
.D

. 
1

0
0

0
. 

M
o

u
n

d
 

b
u

il
d

in
g

 
a
n

d
 

b
u

ri
a
l 

c
e
re

m
o

n
ia

li
sm

 a
p

p
e
a
rs

 t
o

 d
e
c
re

a
se

. 
T

h
e
re

 a
p

p
e
a
rs

 t
o

 b
e
 a

 g
ra

d
u

a
l 

sh
if

t 
to

 l
a
rg

e
r,

 m
o

re
 d

e
n

se
ly

 

o
c
c
u

p
ie

d
 s

it
e
s 

lo
c
a
te

d
 o

n
 h

ig
h

 t
e
rr

a
c
e
s 

a
d

ja
c
e
n

t 
to

 m
a
jo

r 
w

a
te

rw
a
y

s 
su

c
h

 a
s 

th
e
 O

h
io

 R
iv

e
r.

 

W
a
ts

o
n

 P
h

a
se

 s
it

e
s 

a
ls

o
 i

n
c
lu

d
e
 h

a
m

le
ts

 w
h

ic
h

 a
re

 l
o

c
a
te

d
 o

n
 b

o
th

 b
o

tt
o

m
la

n
d

s 
a
n

d
 u

p
la

n
d

s 

(M
a
sl

o
w

sk
i 

1
9

8
5

).
 

A
n

 
in

c
re

a
si

n
g

 
re

li
a
n

c
e
 

o
n

 
c
u

lt
iv

a
te

d
 

p
la

n
t 

fo
o

d
s 

m
a
y

 
c
h

a
ra

c
te

ri
z
e
 

th
e
 

su
b

si
st

e
n

c
e
 r

e
g

im
e
 a

t 
th

is
 t

im
e
. 

In
 s

o
u

th
e
a
st

e
rn

 W
e
st

 V
ir

g
in

ia
, 

a
 c

o
m

p
a
ra

b
le

 s
e
q

u
e
n

c
e
 o

c
c
u

rs
 i

n
 t

h
e
 K

a
n

a
w

h
a
 V

a
ll

e
y

 a
n

d
 e

x
te

n
d

s 

in
to

 s
o

u
th

e
rn

 a
n

d
 c

e
n

tr
a
l 

W
e
st

 V
ir

g
in

ia
 (

se
e
 F

it
z
g

ib
b

o
n

s 
e
t 

a
l.

 1
9

8
0

).
 T

h
e
 M

id
d

le
 W

o
o

d
la

n
d

 

m
a
n

if
e
st

a
ti

o
n

 h
a
s 

b
e
e
n

 t
e
rm

e
d

 t
h

e
 A

rm
st

ro
n

g
 P

h
a
se

 (
M

c
M

ic
h

a
e
l 

1
9

6
8

) 
a
n

d
 d

e
m

o
n

st
ra

te
s 

a
 m

ix
 

o
f 

A
d

e
n

a
 a

n
d

 H
o

p
e
w

e
ll

 c
h

a
ra

c
te

ri
st

ic
s.

 S
h

a
le

-t
e
m

p
e
re

d
 A

rm
st

ro
n

g
 p

o
tt

e
ry

 a
p

p
e
a
rs

 q
u

it
e
 e

a
rl

y
 

a
n

d
 

is
 

c
o

n
te

m
p

o
ra

ry
 

w
it

h
 
A

d
e
n

a
, 

le
n

d
in

g
 
a
m

b
ig

u
it

y
 
to

 
th

e
 
n

a
tu

re
 
a
n

d
 
e
x

te
n

t 
o

f 
th

is
 
p

h
a
se

 

(H
e
m

m
in

g
s 

1
9

8
5

).
 U

n
fo

rt
u

n
a
te

ly
, 

n
o

 v
il

la
g

e
 s

it
e
s 

h
a
v

e
 b

e
e
n

 f
o

u
n

d
, 

a
lt

h
o

u
g

h
 n

u
m

e
ro

u
s 

sm
a
ll

 

o
p

e
n

 s
it

e
s 

a
n

d
 r

o
c
k

 s
h

e
lt

e
rs

 h
a
v

e
 m

in
o

r 
A

rm
st

ro
n

g
 c

o
m

p
o

n
e
n

ts
. 

T
h

e
 H

o
k

e
s 

M
il

l 
si

te
 o

n
 S

e
c
o

n
d

 

C
re

e
k

 
in

 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 

h
a
s 

b
e
e
n

 
id

e
n

ti
fi

e
d

 
a
s 

M
id

d
le

 
W

o
o

d
la

n
d

 
(W

a
ll

 
1

9
8

9
),

 
a
n

d
 

e
x

c
a
v

a
ti

o
n

s 
b

y
 I

so
n

 e
t 

a
l.

 (
1

9
8

5
) 

a
t 

th
e
 S

p
ri

n
g

 s
it

e
 i

n
 S

u
m

m
e
rs

 C
o

u
n

ty
 p

ro
d

u
c
e
d

 a
 r

a
d

io
c
a
rb

o
n

 

d
a
te

 o
f 

A
.D

. 
3

1
0

 i
n

 a
ss

o
c
ia

ti
o

n
 w

it
h

 A
rm

st
ro

n
g

 c
e
ra

m
ic

s 
a
n

d
 S

n
y

d
e
rs

 a
n

d
 J

a
c
k

’s
 R

e
e
f 

p
o

in
ts

. 
 

T
h

e
 s

u
c
c
e
e
d

in
g

 B
u

c
k

 G
a
rd

e
n

 P
h

a
se

, 
w

h
ic

h
 s

p
a
n

s 
th

e
 l

a
te

 M
id

d
le

 W
o

o
d

la
n

d
 a

n
d

 t
h

e
 e

a
rl

y
 L

a
te

 

W
o

o
d

la
n

d
, 

h
a
s 

b
e
e
n

 d
a
te

d
 b

e
tw

e
e
n

 c
a
. 

A
.D

. 
7

0
0

 a
n

d
 A

.D
. 

1
2

0
0

 (
M

a
sl

o
w

sk
i 

1
9

8
5

:2
7

; 
W

il
k

in
s 

1
9

7
9

; 
R

a
il

e
y

 
a
n

d
 

H
e
n

d
e
rs

o
n

 
1

9
8

6
).

 
M

c
M

ic
h

a
e
l 

(1
9

6
8

:2
6

-2
7

) 
su

g
g

e
st

s 
th

a
t 

th
e
 

p
re

c
e
d

in
g

 

A
rm

st
ro

n
g

 P
h

a
se

 g
ra

d
u

a
ll

y
 c

h
a
n

g
e
d

 i
n

to
 t

h
e
 B

u
c
k

 G
a
rd

e
n

 P
h

a
se

. 
M

o
re

 r
e
c
e
n

tl
y

, 
F

u
e
rs

t 
(1

9
8

8
) 

h
a
s 

d
iv

id
e
d

 t
h

e
 L

a
te

 W
o

o
d

la
n

d
 i

n
 s

o
u

th
e
a
st

e
rn

 W
e
st

 V
ir

g
in

ia
 i

n
to

 a
n

 e
a
rl

y
 S

c
h

o
o

ly
a
rd

 P
h

a
se

 

(A
.D

. 
5

0
0

-8
0

0
) 

a
n

d
 a

 l
a
te

 B
u

c
k

 G
a
rd

e
n

 P
h

a
se

 (
A

.D
. 

8
0

0
-1

2
0

0
).

 M
c
M

ic
h

a
e
l 

(1
9

6
8

:2
7

) 
re

p
o

rt
s 

th
a
t 

B
u

c
k

 G
a
rd

e
n

 p
o

tt
e
ry

 i
s 

te
m

p
e
re

d
 w

it
h

 c
ru

sh
ed

 r
o

c
k

 (
g

e
n

e
ra

ll
y

 c
h

e
rt

 o
r 

sa
n

d
st

o
n

e
).

 H
o

w
e
v

e
r,

 A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3

4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

2
7

B
u

c
k

 G
a
rd

e
n

 p
o

tt
e
ry

 f
ro

m
 t

h
e
 G

re
e
n

 S
u

lp
h

u
r 

S
p

ri
n

g
 s

it
e
 i

s 
p

re
d

o
m

in
a
n

tl
y

 l
im

e
st

o
n

e
 t

e
m

p
e
re

d
 

(H
e
n

d
e
rs

o
n

 
1

9
8

6
).

 
D

ia
g

n
o

st
ic

 
li

th
ic

 
a
rt

if
a
c
ts

 
in

c
lu

d
e
 

C
h

e
ss

e
r 

N
o

tc
h

e
d

, 
L

o
w

e
 

F
la

re
d

, 
a
n

d
 

L
e
v

a
n

n
a
, 

M
a
d

is
o

n
, 

a
n

d
 

H
a
m

il
to

n
 

tr
ia

n
g

u
la

r 
p

o
in

ts
. 

H
a
m

le
ts

 
a
n

d
 

c
a
m

p
s 

a
p

p
e
a
r 

a
lo

n
g

 
th

e
 

K
a
n

a
w

h
a
 a

n
d

 o
th

e
r 

m
a
jo

r 
ri

v
e
rs

, 
b

u
t 

n
o

 l
a
rg

e
, 

n
u

c
le

a
te

d
 s

e
tt

le
m

e
n

ts
 w

it
h

 w
h

ic
h

 t
h

e
se

 s
it

e
s 

c
a
n

 b
e
 

a
ss

o
c
ia

te
d

 
h

a
v

e
 
b

e
e
n

 
d

is
c
o

v
e
re

d
. 

M
c
M

ic
h

a
e
l 

(1
9

6
8

) 
b

e
li

e
v

e
s 

th
a
t 

p
e
o

p
le

 
a
ss

o
c
ia

te
d

 
w

it
h

 
th

e
 

B
u

c
k

 G
a
rd

e
n

 p
h

a
se

 w
e
re

 d
ri

v
e
n

 o
u

t 
o

f 
th

e
 K

a
n

a
w

h
a
 V

a
ll

e
y

, 
p

ro
b

a
b

ly
 b

y
 F

o
rt

 A
n

c
ie

n
t 

p
e
o

p
le

, 
b

y
 

A
.D

. 
1

2
0

0
. 

4.
1.

4 
TH

E
LA

TE
P

R
E

H
IS

TO
R

IC
 A

N
D

 C
O

N
TA

C
T

P
E

R
IO

D
(A

.D
. 1

00
0 

TO
A

.D
. 1

78
0)

 

T
h

e
 L

a
te

 P
re

h
is

to
ri

c
 p

e
ri

o
d

 i
s 

c
h

a
ra

c
te

ri
z
e
d

 b
y

 t
h

e
 e

m
e
rg

e
n

c
e
 o

f 
a
 f

u
ll

y
 h

o
rt

ic
u

lt
u

ra
l 

su
b

si
st

e
n

c
e
 

sy
st

e
m

, 
a
u

g
m

e
n

te
d

 b
y

 s
e
a
so

n
a
l 

h
u

n
ti

n
g

 a
n

d
 g

a
th

e
ri

n
g

, 
th

e
 m

a
n

u
fa

c
tu

re
 o

f 
sh

e
ll

-t
e
m

p
e
re

d
 p

o
tt

e
ry

 

a
n

d
 
th

e
 
u

ti
li

z
a
ti

o
n

 
o

f 
sm

a
ll

 
tr

ia
n

g
u

la
r 

a
rr

o
w

 
p

o
in

ts
. 

T
h

e
 
d

e
v

e
lo

p
m

e
n

ta
l 

tr
e
n

d
 
to

 
a
 
n

u
c
le

a
te

d
 

se
tt

le
m

e
n

t 
p

a
tt

e
rn

 i
s 

m
a
n

if
e
st

e
d

 i
n

 p
e
rm

a
n

e
n

tl
y

 o
c
c
u

p
ie

d
 v

il
la

g
e
s,

 w
h

ic
h

 d
e
m

o
n

st
ra

te
 a

 t
e
n

d
e
n

c
y

 

to
 b

e
 f

o
rt

if
ie

d
 t

h
ro

u
g

h
 t

im
e
. 

H
o

w
e
v

e
r,

 t
h

e
 d

o
m

in
a
n

t 
L

a
te

 P
re

h
is

to
ri

c
 g

ro
u

p
s 

o
f 

th
is

 r
e
g

io
n

, 
th

e
 

M
o

n
o

n
g

a
h

e
la

 
a
n

d
 

F
o

rt
 

A
n

c
ie

n
t 

c
u

lt
u

re
s,

 
la

c
k

 
th

e
 

c
o

m
p

le
x

 
se

tt
le

m
e
n

t 
h

ie
ra

rc
h

y
 

th
a
t 

is
 

c
h

a
ra

c
te

ri
st

ic
 o

f 
m

o
re

 c
u

lt
u

ra
ll

y
 c

o
m

p
le

x
 M

is
si

ss
ip

p
ia

n
 p

o
p

u
la

ti
o

n
s 

to
 t

h
e
 s

o
u

th
 a

n
d

 w
e
st

. 
In

 f
a
c
t 

M
c
M

ic
h

a
e
l 

(1
9

6
8

) 
p

o
in

ts
 o

u
t 

th
a
t 

in
 m

o
re

 r
e
m

o
te

 p
a
rt

s 
o

f 
c
e
n

tr
a
l 

a
n

d
 e

a
st

e
rn

 W
e
st

 V
ir

g
in

ia
 a

 

W
o

o
d

la
n

d
 l

if
e
st

y
le

 p
e
rs

is
te

d
 f

o
r 

se
v

e
ra

l 
c
e
n

tu
ri

e
s.

 F
o

rt
 A

n
c
ie

n
t 

c
u

lt
u

re
s 

a
re

 g
e
n

e
ra

ll
y

 d
e
fi

n
e
d

 b
y

 

th
re

e
 i

m
p

o
rt

a
n

t 
tr

a
it

s:
 (

1
) 

in
c
re

a
se

d
 r

e
li

a
n

c
e
 o

n
 a

g
ri

c
u

lt
u

re
, 

(2
) 

in
c
re

a
se

d
 s

e
d

e
n

ti
sm

, 
a
n

d
 (

3
) 

a
 r

is
e
 

in
 
so

c
io

-p
o

li
ti

c
a
l 

c
o

m
p

le
x

it
y

 
(O

rr
 
2

0
0

2
).

 
H

o
w

e
v

e
r,

 
w

it
h

in
 
W

e
st

 
V

ir
g

in
ia

, 
F

o
rt

 
A

n
c
ie

n
t 

(a
n

d
 

M
o

n
o

n
g

a
h

e
la

) 
c
u

lt
u

re
s 

la
c
k

e
d

 
th

e
 

a
tt

e
n

d
a
n

t 
so

c
io

-r
e
li

g
io

u
s 

h
ie

ra
rc

h
y

 
a
ss

o
c
ia

te
d

 
w

it
h

 

M
is

si
ss

ip
p

ia
n

 
te

m
p

le
-m

o
u

n
d

 
c
o

m
m

u
n

it
ie

s 
to

 
th

e
 

so
u

th
 

a
n

d
 

w
e
st

. 
In

st
e
a
d

, 
F

o
rt

 
A

n
c
ie

n
t 

a
n

d
 

M
o

n
o

n
g

a
h

e
la

 
v

il
la

g
e
s 

a
p

p
e
a
r 

to
 

b
e
 

m
o

re
 

se
lf

-s
u

ff
ic

ie
n

t,
 

w
it

h
 

so
c
ia

l 
in

te
ra

c
ti

o
n

 
m

o
re

 

c
h

a
ra

c
te

ri
st

ic
 o

f 
tr

ib
a
l 

le
v

e
l 

so
c
ie

ti
e
s.

 

A
s 

n
o

te
d

 a
b

o
v

e
, 

tw
o

 d
is

ti
n

c
t 

L
a
te

 P
re

h
is

to
ri

c
 c

u
lt

u
ra

l 
e
x

p
re

ss
io

n
s 

o
c
c
u

r 
in

 W
e
st

 V
ir

g
in

ia
, 

n
a
m

e
ly

 

M
o

n
o

n
g

a
h

e
la

 a
n

d
 F

o
rt

 A
n

c
ie

n
t.

 I
n

 t
h

e
 U

p
p

e
r 

O
h

io
 V

a
ll

e
y

 (
i.

e
.,

 t
h

e
 p

a
n

h
a
n

d
le

 o
f 

n
o

rt
h

e
rn

 W
e
st

 

V
ir

g
in

ia
, 

so
u

th
e
a
st

e
rn

 P
e
n

n
sy

lv
a
n

ia
, 

a
n

d
 t

h
e
 U

p
p

e
r 

M
o

n
o

n
g

a
h

e
la

 d
ra

in
a
g

e
 i

n
 W

e
st

 V
ir

g
in

ia
),

 t
h

e
 

lo
c
a
l 

W
a
ts

o
n

 P
h

a
se

 g
ro

u
p

s 
g

ra
d

u
a
ll

y
 d

e
v

e
lo

p
 i

n
to

 M
o

n
o

n
g

a
h

e
la

. 
T

h
e
ir

 l
a
rg

e
, 

c
ir

c
u

la
r,

 n
u

c
le

a
te

d
 

v
il

la
g

e
s 

a
re

 l
o

c
a
te

d
 o

n
 h

ig
h

 b
o

tt
o

m
la

n
d

s 
n

e
a
r 

m
a
jo

r 
ri

v
e
rs

 o
r 

o
n

 s
a
d

d
le

s 
a
n

d
 h

il
lt

o
p

s,
 o

ft
e
n

 a
t 

a
 

g
re

a
t 

d
is

ta
n

c
e
 

fr
o

m
 

w
a
te

r.
 

S
m

a
ll

e
r 

h
a
m

le
t-

li
k

e
 

a
n

d
 

sp
e
c
ia

l 
p

u
rp

o
se

 
si

te
s 

h
a
v

e
 

ra
re

ly
 

b
e
e
n

 

d
o

c
u

m
e
n

te
d

, 
m

u
c
h

 l
e
ss

 e
x

c
a
v

a
te

d
, 

le
a
v

in
g

 a
 g

ap
 i

n
 o

u
r 

p
re

se
n

t 
k

n
o

w
le

d
g

e
. 

S
e
v

e
ra

l 
p

h
a
se

s 
h

a
v

e
 

b
e
e
n

 
p

ro
p

o
se

d
 

fo
r 

so
u

th
w

e
st

e
rn

 
P

e
n

n
sy

lv
a
n

ia
, 

w
it

h
 

th
e
 

e
a
rl

ie
st

 
c
o

m
p

o
n

e
n

ts
 

re
c
o

g
n

iz
a
b

le
 

a
s 

M
o

n
o

n
g

a
h

e
la

 b
e
g

in
n

in
g

 a
s 

e
a
rl

y
 a

s 
A

.D
. 

9
0

0
 (

G
e
o

rg
e
 1

9
8

3
).

 

F
o

rt
 A

n
c
ie

n
t 

si
te

s 
te

n
d

 t
o

 b
e
 l

o
c
a
te

d
 s

o
u

th
 a

n
d

 w
e
st

 o
f 

th
e
 M

o
n

o
n

g
a
h

e
la

 “
C

o
re

”
 o

n
 p

o
rt

io
n

s 
o

f 

th
e
 O

h
io

 a
n

d
 K

a
n

a
w

h
a
 r

iv
e
rs

 i
n

 W
e
st

 V
ir

g
in

ia
. 

S
e
v

e
ra

l 
a
lt

e
rn

a
ti

v
e
 m

o
d

e
ls

 t
o

 a
c
c
o

u
n

t 
fo

r 
th

e
 F

o
rt

 

A
n

c
ie

n
t 

p
re

se
n

c
e
 i

n
 W

e
st

 V
ir

g
in

ia
 h

a
v

e
 b

e
e
n

 a
d

v
a
n

c
e
d

. 
O

n
e
 m

o
d

e
l 

su
g

g
e
st

s 
th

a
t 

F
o

rt
 A

n
c
ie

n
t 

w
a
s 

d
e
ri

v
e
d

 f
ro

m
 l

o
c
a
l 

L
a
te

 W
o

o
d

la
n

d
 a

n
te

c
e
d

e
n

ts
 a

t 
a
 r

e
la

ti
v

e
ly

 e
a
rl

y
 d

a
te

 (
G

ra
y

b
il

l 
1

9
8

0
).

 

B
a
se

d
 o

n
 a

 l
a
c
k

 o
f 

e
v

id
e
n

c
e
 f

o
r 

e
a
rl

y
 i

n
tr

u
si

o
n

s 
a
n

d
 t

h
e
 r

e
se

m
b

la
n

c
e
 o

f 
e
a
rl

y
 M

o
n

o
n

g
a
h

e
la

 a
n

d
 

F
o

rt
 A

n
c
ie

n
t 

p
o

tt
e
ry

, 
it

 h
a
s 

b
e
e
n

 a
rg

u
e
d

 t
h

a
t 

te
rm

in
a
l 

M
id

d
le

 W
o

o
d

la
n

d
/e

a
rl

y
 L

a
te

 W
o

o
d

la
n

d
 

g
ro

u
p

s 
in

 b
o

th
 t

h
e
 M

id
d

le
 a

n
d

 U
p

p
e
r 

O
h

io
 V

a
ll

e
y

s 
p

a
rt

ic
ip

a
te

d
 i

n
 a

 c
o

m
m

o
n

 c
e
ra

m
ic

 t
ra

d
it

io
n

 

w
it

h
 i

ts
 c

e
n

te
r 

in
 t

h
e
 M

id
d

le
 O

h
io

 V
a
ll

e
y

 a
ro

u
n

d
 t

h
e
 m

o
u

th
 o

f 
th

e
 K

a
n

a
w

h
a
. 

E
a
c
h

 a
re

a
 o

r 
p

h
a
se

 

d
e
v

e
lo

p
e
d

 e
le

m
e
n

ts
 o

f 
th

is
 s

ty
li

st
ic

 t
ra

d
it

io
n

 i
n

 a
 u

n
iq

u
e
ly

 l
o

c
a
l 

fa
sh

io
n

 (
Jo

h
n

so
n

 1
9

9
0

).
 M

o
re

 

re
c
e
n

tl
y

, 
it

 h
a
s 

b
e
e
n

 s
u

g
g

e
st

e
d

 t
h

a
t 

th
e
 F

e
u

rt
-C

lo
v

e
r 

c
o

n
ti

n
u

u
m

 c
a
n

 b
e
 d

e
ri

v
e
d

 f
ro

m
 t

h
e
 B

u
c
k

 

G
a
rd

e
n

 P
h

a
se

 c
e
n

te
re

d
 i

n
 t

h
e
 U

p
p

e
r 

K
a
n

a
w

h
a
 d

ra
in

a
g

e
 (

G
ra

y
b

il
l 

1
9

8
4

).
 H

o
w

e
v

e
r,

 t
h

e
 p

re
v

a
il

in
g

 

v
ie

w
 
is

 
th

a
t 

F
o

rt
 
A

n
c
ie

n
t 

re
p

re
se

n
ts

 
a
 
la

te
 
in

tr
u

si
o

n
 
in

to
 
W

e
st

 
V

ir
g

in
ia

 
(M

a
y

e
r-

O
a
k

e
s 

1
9

5
5

) 

w
h

ic
h

 b
e
g

a
n

 i
n

 t
h

e
 L

o
w

e
r 

O
h

io
 a

n
d

 g
ra

d
u

a
ll

y
 m

o
v

e
d

 u
p

st
re

a
m

 t
o

 t
h

e
 K

a
n

a
w

h
a
 R

iv
e
r 

(M
a
sl

o
w

sk
i 

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3



4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

2
8

1
9

8
5

).
 

M
is

si
ss

ip
p

ia
n

 
in

fl
u

e
n

c
e
s 

a
re

 
c
o

n
si

st
e
n

tl
y

 
st

ro
n

g
e
r 

a
m

o
n

g
 

F
o

rt
 

A
n

c
ie

n
t 

g
ro

u
p

s 
th

a
n

 

M
o

n
o

n
g

a
h

e
la

 g
ro

u
p

s.
 

G
ra

y
b

il
l 

(1
9

8
8

) 
h

a
s 

id
e
n

ti
fi

e
d

 t
h

re
e
 i

n
te

rr
e
la

te
d

 F
o

rt
 A

n
c
ie

n
t 

c
o

m
p

le
x

e
s 

in
 t

h
e
 P

la
te

a
u

 A
re

a
 o

f 

W
e
st

 V
ir

g
in

ia
. 

T
h

e
se

 c
o

m
p

le
x

e
s 

a
re

 M
o

u
n

t 
C

a
rb

o
n

 (
A

.D
. 

1
0

5
0

-1
7

0
0

?
),

 B
lu

e
st

o
n

e
 (

A
.D

. 
1

2
0

0
-

1
5

0
0

),
 a

n
d

 W
o

o
d

si
d

e
 (

A
.D

. 
1

5
0

0
-1

6
3

0
).

 G
ra

y
b

il
l 

(1
9

8
8

) 
a
rg

u
e
s 

th
a
t 

th
e
 B

lu
e
st

o
n

e
 c

o
m

p
le

x
 a

n
d

 

o
th

e
r 

e
a
rl

y
 F

o
rt

 A
n

c
ie

n
t 

si
te

s 
in

 t
h

e
 a

re
a
 d

e
v

e
lo

p
e
d

 f
ro

m
 l

o
c
a
l 

L
a
te

 W
o

o
d

la
n

d
 p

o
p

u
la

ti
o

n
s 

su
c
h

 

a
s 

B
u

c
k

 G
a
rd

e
n

. 
C

o
n

v
e
rs

e
ly

, 
o

th
e
rs

 s
u

g
g

e
st

 t
h

a
t 

th
e
 B

lu
e
st

o
n

e
 c

o
m

p
le

x
 r

e
p

re
se

n
ts

 a
 m

ix
in

g
 o

f 

tr
a
it

s 
fr

o
m

 t
h

e
 R

o
se

b
e
rr

y
 P

h
a
se

 (
A

.D
. 

1
0

5
0

-1
2

5
0

) 
o

f 
th

e
 l

o
w

e
r 

K
a
n

a
w

h
a
 V

a
ll

e
y

 a
n

d
 V

ir
g

in
ia

n
-

S
io

u
a
n

 
tr

a
it

s.
 

W
it

h
in

 
th

e
 

P
la

te
a
u

 
a
re

a
, 

F
o

rt
 

A
n

c
ie

n
t 

c
e
ra

m
ic

s 
a
re

 
b

o
th

 
sh

e
ll

 
te

m
p

e
re

d
 

a
n

d
 

li
m

e
st

o
n

e
 t

e
m

p
e
re

d
, 

a
n

d
 p

ro
je

c
ti

le
 p

o
in

ts
 a

re
 t

ri
a
n

g
u

la
r 

fo
r 

th
e
 m

o
st

 p
a
rt

. 
A

v
a
il

a
b

le
 e

v
id

e
n

c
e
 

su
g

g
e
st

s 
th

a
t 

h
a
b

it
a
ti

o
n

 
lo

c
i 

w
e
re

 
c
o

n
c
e
n

tr
a
te

d
 
in

 
th

e
 
ri

v
e
r 

v
a
ll

e
y

s,
 
w

h
il

e
 
th

e
 
u

p
la

n
d

s 
w

e
re

 

e
x

p
lo

it
e
d

 p
ri

m
a
ri

ly
 f

o
r 

h
u

n
ti

n
g

 a
n

d
 t

h
e
 p

ro
c
u

re
m

e
n

t 
o

f 
o

th
e
r 

sp
e
c
ia

l 
re

so
u

rc
e
s.

 R
o

c
k

 s
h

e
lt

e
rs

 a
n

d
 

h
u

n
ti

n
g

 c
a
m

p
s 

th
a
t 

w
e
re

 h
e
a
v

il
y

 u
se

d
 a

s 
h

u
n

ti
n

g
 a

n
d

 g
a
th

e
ri

n
g

 s
ta

ti
o

n
s 

d
u

ri
n

g
 t

h
e
 M

id
d

le
 a

n
d

 

L
a
te

 W
o

o
d

la
n

d
 a

p
p

e
a
r 

to
 b

e
 u

se
d

 l
e
ss

 f
re

q
u

e
n

tl
y

 o
r 

fo
r 

a
 m

o
re

 l
im

it
e
d

 s
u

it
e
 o

f 
a
c
ti

v
it

ie
s,

 p
e
rh

a
p

s 

p
ri

m
a
ri

ly
 a

s 
h

u
n

ti
n

g
 c

a
m

p
s.

 G
iv

e
n

 a
 c

o
n

si
st

e
n

t 
la

c
k

 o
f 

c
e
ra

m
ic

s 
fr

o
m

 u
p

la
n

d
 s

it
e
s,

 d
e
fi

n
it

iv
e
 

c
u

lt
u

ra
l 

a
ss

o
c
ia

ti
o

n
s 

m
a
y

 b
e
 d

if
fi

c
u

lt
, 

it
 n

o
t 

im
p

o
ss

ib
le

, 
to

 m
a
k

e
. 

T
h

e
 C

o
n

ta
c
t 

P
e
ri

o
d

 i
s 

m
a
rk

e
d

 b
y

 t
h

e
 p

re
se

n
c
e
 o

f 
tr

a
d

e
 g

o
o

d
s 

a
t 

L
a
te

 P
re

h
is

to
ri

c
 a

rc
h

a
e
o

lo
g

ic
a
l 

si
te

s.
 
T

h
e
 
p

re
se

n
c
e
 
o

f 
tr

a
d

e
 
g

o
o

d
s 

o
ft

e
n

 
o

n
ly

 
in

d
ic

a
te

s 
li

m
it

e
d

, 
if

 
n

o
t 

in
d

ir
e
c
t,

 
c
o

n
ta

c
t 

w
it

h
 

E
u

ro
p

e
a
n

 
p

o
p

u
la

ti
o

n
s.

 
S

it
e
s 

fr
o

m
 

th
is

 
p

e
ri

o
d

 
re

fl
e
c
t 

a
 

c
o

n
ti

n
u

a
ti

o
n

 
o

f 
F

o
rt

 
A

n
c
ie

n
t 

v
il

la
g

e
 

p
a
tt

e
rn

s 
(i

.e
.,

 f
o

rt
if

ie
d

 v
il

la
g

e
s 

a
lo

n
g

 m
a
jo

r 
ri

v
er

s)
 a

n
d

 a
 s

u
b

si
st

e
n

c
e
 b

a
se

d
 o

n
 p

la
n

t 
d

o
m

e
st

ic
a
te

s 

su
c
h

 
a
s 

m
a
iz

e
, 

sq
u

a
sh

, 
b

e
a
n

s,
 

a
n

d
 

o
th

e
r 

c
u

lt
ig

e
n

s,
 

su
p

p
le

m
e
n

te
d

 
b

y
 

h
u

n
ti

n
g

, 
fi

sh
in

g
, 

a
n

d
 

g
a
th

e
ri

n
g

. 
P

ri
n

c
ip

a
l 

tr
a
d

e
 i

te
m

s 
in

c
lu

d
e
d

 g
la

ss
 b

e
a
d

s,
 i

ro
n

 a
x

e
s 

a
n

d
 p

lo
u

g
h

s,
 k

n
iv

e
s,

 a
n

d
 c

o
p

p
e
r 

a
n

d
 

m
e
ta

l 
o

rn
a
m

e
n

ts
. 

T
h

e
 

fi
rs

t 
a
tt

e
m

p
ts

 
to

 
e
x

p
lo

re
 

a
n

d
 

se
tt

le
 

th
e
 

w
il

d
e
rn

e
ss

 
o

f 
th

e
 

tr
a
n

s-

A
ll

e
g

h
e
n

y
 r

e
g

io
n

 o
f 

V
ir

g
in

ia
 o

c
c
u

rr
e
d

 i
n

 t
h

e
 l

a
te

 s
e
v

e
n

te
e
n

th
 c

e
n

tu
ry

. 
T

h
e
se

 e
ff

o
rt

s 
w

e
re

, 
fo

r 
a
 

ti
m

e
, 

su
c
c
e
ss

fu
ll

y
 r

e
si

st
e
d

 b
y

 N
a
ti

v
e
 A

m
e
ri

c
a
n

 g
ro

u
p

s 
li

k
e
 t

h
e
 S

u
sq

u
e
h

a
n

n
o

c
k

. 
B

e
tw

e
e
n

 1
7

6
3

 

a
n

d
 1

7
8

0
, 

re
p

re
se

n
ta

ti
v

e
s 

o
f 

th
e
 B

ri
ti

sh
 a

n
d

 A
m

e
ri

c
a
n

 g
o

v
e
rn

m
e
n

ts
 n

e
g

o
ti

a
te

d
 a

 s
e
ri

e
s 

o
f 

tr
e
a
ti

e
s 

w
it

h
 

th
e
 

C
h

e
ro

k
e
e
 

a
n

d
 

Ir
o

q
u

o
is

 
C

o
n

fe
d

e
ra

c
y

 
th

a
t 

g
a
v

e
 

E
u

ro
-A

m
e
ri

c
a
n

s 
ri

g
h

t 
o

f 
a
c
c
e
ss

 
to

 

in
c
re

a
si

n
g

ly
 l

a
rg

e
r 

p
o

rt
io

n
s 

o
f 

th
e
 t

ra
n

s-
A

ll
e
g

h
e
n

y
 f

ro
n

ti
e
r.

 B
y

 1
7

8
0

, 
N

a
ti

v
e
 A

m
e
ri

c
a
n

 g
ro

u
p

s 

h
a
d

 f
o

rf
e
it

e
d

 a
ll

 l
e
g

a
l 

c
la

im
s 

to
 t

h
e
 r

e
g

io
n

 w
h
ic

h
 w

o
u

ld
 b

e
c
o

m
e
 W

e
st

 V
ir

g
in

ia
 (

R
ic

e
 1

9
8

6
).

 

4.
2 

H
IS

T
O

R
IC

C
O

N
T

E
X

T

4.
2.

1 
E

A
R

L
Y

SE
TT

LE
M

E
N

T 
A

N
D

 F
R

O
N

TI
E

R
 F

O
R

TS
(1

70
0–

17
83

) 

T
h

e
 e

a
rl

ie
st

 E
u

ro
p

e
a
n

 e
x

p
lo

re
rs

 t
o

 r
e
a
c
h

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 i

n
c
lu

d
e
d

 a
n

 e
x

p
e
d

it
io

n
 o

rg
a
n

iz
e
d

 b
y

 

C
o

lo
n

e
l 

A
b

ra
h

a
m

 W
o

o
d

, 
a
 f

u
r 

tr
a
d

e
r,

 a
n

d
 l

e
d

 b
y

 C
a
p

ta
in

 T
h

o
m

a
s 

B
a
tt

s 
a
n

d
 R

o
b

e
rt

 F
a
ll

u
m

 i
n

 

1
6

7
1

 
(R

ic
e
 
1

9
8

6
).

 
T

h
e
 
B

a
tt

s-
F

a
ll

u
m

 
e
x

p
e
d

it
io

n
 
re

a
c
h

e
d

 
p

re
se

n
t-

d
a
y

 
A

ld
e
rs

o
n

 
v

ia
 
a
 
se

ri
e
s 

o
f 

In
d

ia
n

 t
ra

il
s 

a
n

d
 p

ro
c
e
e
d

e
d

 t
o

 c
ro

ss
 t

h
e
 N

e
w

 R
iv

e
r.

 R
ic

e
 (

1
9

8
6

) 
re

p
o

rt
s 

th
a
t 

tw
o

 m
a
jo

r 
In

d
ia

n
 

tr
a
il

s 
tr

a
v

e
rs

e
d

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 i

n
 t

h
e
 l

a
te

 s
e
v

e
n

te
e
n

th
 a

n
d

 e
a
rl

y
 e

ig
h

te
e
n

th
 c

e
n

tu
ri

e
s.

 T
h

e
 

S
e
n

e
c
a
 T

ra
il

, 
w

h
ic

h
 l

in
k

e
d

 t
h

e
 C

h
e
ro

k
e
e
 a

n
d

 t
h

e
 I

ro
q

u
o

is
 L

e
a
g

u
e
 o

f 
N

a
ti

o
n

s,
 t

ra
v

e
rs

e
d

 t
h

e
 s

ta
te

 

in
 a

 n
o

rt
h

/s
o

u
th

 r
o

u
te

 a
n

d
 m

o
re

 o
r 

le
ss

 f
o

ll
o

w
e
d

 U
S

 2
1

9
 t

h
ro

u
g

h
 t

h
e
 c

o
u

n
ty

. 
T

h
e
 K

a
n

a
w

h
a
 T

ra
il

 

o
r 

B
u

ff
a
lo

 T
ra

il
 t

ra
v

e
rs

e
d

 t
h

e
 s

ta
te

 i
n

 a
n

 e
a
st

/w
e
st

 d
ir

e
c
ti

o
n

 a
n

d
 c

o
n

n
e
c
te

d
 t

h
e
 O

h
io

 V
a
ll

e
y

 a
n

d
 

th
e
 

G
re

a
t 

V
a
ll

e
y

 
o

f 
V

ir
g

in
ia

. 
T

h
e
se

 
tw

o
 

h
is

to
ri

c
 

tr
a
il

s 
c
ro

ss
e
d

 
in

 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 

n
e
a
r 

L
e
w

is
b

u
rg

. 
A

t 
th

is
 t

im
e
, 

m
o

st
 o

f 
W

e
st

 V
ir

g
in

ia
 s

e
rv

e
d

 a
s 

a
 b

u
ff

e
r 

z
o

n
e
 b

e
tw

e
e
n

 t
h

e
 I

ro
q

u
o

is
 

C
o

n
fe

d
e
ra

c
y

 a
n

d
 t

h
e
 C

h
e
ro

k
e
e
, 

M
in

g
o

, 
a
n

d
 S

h
a
w

n
e
e
 t

ri
b

e
s,

 a
n

d
 t

h
e
 l

a
n

d
 w

a
s 

u
se

d
 a

s 
c
o

m
m

o
n

 

g
ro

u
n

d
 f

o
r 

h
u

n
ti

n
g

, 
tr

a
d

in
g

, 
a
n

d
 t

h
e
 l

ik
e
. 

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3

4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

2
9

E
u

ro
p

e
a
n

 
se

tt
le

m
e
n

t 
o

f 
w

h
a
t 

is
 

n
o

w
 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 

b
e
g

a
n

 
in

 
th

e
 

1
7

2
0

s 
a
n

d
 

1
7

3
0

s 
a
s 

im
m

ig
ra

n
ts

 f
ro

m
 P

e
n

n
sy

lv
a
n

ia
 a

n
d

 V
ir

g
in

ia
 w

e
re

 e
n

c
o

u
ra

g
e
d

 b
y

 t
h

e
 B

ri
ti

sh
 g

o
v

e
rn

m
e
n

t 
a
n

d
 t

h
e
 

V
ir

g
in

ia
 A

ss
e
m

b
ly

 t
o

 s
e
tt

le
 i

n
 t

h
e
 f

e
rt

il
e
 v

a
ll

e
y

s 
w

e
st

 o
f 

th
e
 A

ll
e
g

h
e
n

y
 M

o
u

n
ta

in
s.

 T
h

e
 B

ri
ti

sh
 

g
o

v
e
rn

m
e
n

t 
w

is
h

e
d

 t
o

 s
tr

e
n

g
th

e
n

 t
h

e
 c

o
lo

n
ie

s’
 w

e
st

e
rn

 d
e
fe

n
se

s 
a
n

d
 o

ff
e
re

d
 u

p
 t

o
 1

0
0

,0
0

0
 a

c
re

s 

in
 l

a
n

d
 g

ra
n

ts
 a

s 
lo

n
g

 a
s 

o
n

e
 n

o
n

-V
ir

g
in

ia
 f

a
m

il
y

 s
e
tt

le
d

 e
v

e
ry

 1
,0

0
0

 a
c
re

s 
(M

c
B

ri
d

e
 e

t 
a
l.

 2
0

0
3

).
 

Ir
o

n
ic

a
ll

y
 
th

e
 
fi

rs
t 

a
p

p
li

c
a
ti

o
n

 
fo

r 
a
 
la

n
d

 
g

ra
n

t 
in

 
th

e
 
a
re

a
 
w

a
s 

d
e
n

ie
d

 
b

e
c
a
u

se
 
th

e
 
V

ir
g

in
ia

 

A
ss

e
m

b
ly

 b
e
li

e
v

e
d

 t
h

e
 l

a
n

d
 w

a
s 

to
o

 i
so

la
te

d
 a

n
d

 t
h

e
 r

is
k

 o
f 

In
d

ia
n

 a
tt

a
c
k

 t
o

o
 g

re
a
t.

 H
o

w
e
v

e
r,

 i
n

 

1
7

4
5

 
p

o
rt

io
n

s 
o

f 
p

re
se

n
t-

d
a
y

 
G

re
e
n

b
ri

e
r,

 
M

o
n

ro
e
, 

a
n

d
 
P

o
c
a
h

o
n

ta
s 

c
o

u
n

ti
e
s 

w
e
re

 
o

p
e
n

e
d

 
fo

r 

se
tt

le
m

e
n

t 
b

y
 t

h
e
 G

re
e
n

b
ri

e
r 

L
a
n

d
 C

o
m

p
a
n

y
, 

w
h

ic
h

 r
e
c
e
iv

e
d

 a
 l

a
n

d
 g

ra
n

t 
fo

r 
1

0
0

,0
0

0
 a

c
re

s.
 

S
e
tt

le
rs

 q
u

ic
k

ly
 m

o
v

e
d

 w
e
st

w
a
rd

, 
in

c
lu

d
in

g
 H

en
ry

 B
a
u

g
h

m
a
n

, 
n

a
m

e
sa

k
e
 o

f 
B

a
u

g
h

m
a
n

’s
 F

o
rt

, 

w
h

o
 r

e
c
e
iv

e
d

 a
 g

ra
n

t 
fo

r 
7

8
0

 a
c
re

s 
so

u
th

 a
n

d
 w

e
st

 o
f 

A
ld

e
rs

o
n

, 
n

e
a
r 

th
e
 m

o
u

th
 o

f 
M

u
d

d
y

 C
re

e
k

 

(D
ix

o
n

 
1

9
6

7
).

 
S

te
p

h
e
n

 
S

e
w

e
ll

 
(n

a
m

e
sa

k
e
 
o

f 
S

e
w

e
ll

 
C

re
e
k

 
a
n

d
 
S

e
w

e
ll

 
M

o
u

n
ta

in
) 

a
n

d
 
Ja

c
o

b
 

M
a
rl

in
 f

o
u

n
d

e
d

 M
a
rl

in
to

n
 a

lo
n

g
 t

h
e
 G

re
e
n

b
ri

e
r 

R
iv

e
r 

in
 w

h
a
t 

is
 n

o
w

 P
o

c
a
h

o
n

ta
s 

C
o

u
n

ty
 i

n
 1

7
4

9
, 

a
n

d
 s

e
tt

le
rs

 m
o

v
e
d

 i
n

to
 t

h
e
 M

e
a
d

o
w

 R
iv

e
r 

v
a
ll

e
y

 a
s 

e
a
rl

y
 a

s 
1

7
5

8
 (

A
n

o
n

y
m

o
u

s 
1

9
7

2
).

 S
e
w

e
ll

 

a
n

d
 M

a
rl

in
’s

 p
a
rt

n
e
rs

h
ip

 d
is

so
lv

e
d

 a
n

d
 M

a
rl

in
 r

e
tu

rn
e
d

 t
o

 V
ir

g
in

ia
, 

w
h

il
e
 S

e
w

e
ll

 r
e
lo

c
a
te

d
 i

n
 t

h
e
 

v
ic

in
it

y
 

o
f 

S
e
w

e
ll

 
C

re
e
k

 
a
n

d
 

th
e
 

M
e
a
d

o
w

 
R

iv
e
r 

(n
e
a
r 

p
re

se
n

t 
d

a
y

 
R

a
in

e
ll

e
).

 
S

e
w

e
ll

 
la

te
r 

e
n

c
o

u
n

te
re

d
 h

o
st

il
e
 I

n
d

ia
n

s 
a
lo

n
g

 t
h

e
 N

e
w

 R
iv

e
r 

a
n

d
 w

a
s 

k
il

le
d

 i
n

 a
 s

k
ir

m
is

h
. 

 

B
e
tw

e
e
n

 1
7

5
0

 a
n

d
 t

h
e
 e

n
d

 o
f 

th
e
 R

e
v

o
lu

ti
o

n
a
ry

 W
a
r,

 w
e
st

e
rn

 V
ir

g
in

ia
 w

a
s 

m
a
rk

e
d

 b
y

 u
n

c
e
a
si

n
g

 

h
o

st
il

it
ie

s 
b

e
tw

e
e
n

 t
h

e
 E

u
ro

-A
m

e
ri

c
a
n

 s
e
tt

le
rs

 a
n

d
 v

a
ri

o
u

s 
In

d
ia

n
 t

ri
b

e
s,

 t
h

a
t 

m
o

re
 o

ft
e
n

 t
h

a
n

 n
o

t 

w
e
re

 e
it

h
e
r 

su
p

p
o

rt
e
d

 o
r 

e
n

c
o

u
ra

g
e
d

 b
y

 t
h

e
 F

re
n

c
h

. 
In

 o
rd

e
r 

to
 s

e
c
u

re
 t

h
e
ir

 w
e
st

e
rn

 d
e
fe

n
se

s 
a
n

d
 

c
o

n
ti

n
u

e
 t

o
 e

n
c
o

u
ra

g
e
 s

e
tt

le
m

e
n

t 
in

 t
h

e
 a

re
a
, 

th
e
 C

o
lo

n
ia

l 
g

o
v

e
rn

m
e
n

t 
c
o

n
st

ru
c
te

d
 a

 s
e
ri

e
s 

o
f 

fo
rt

s 
a
lo

n
g

 m
a
jo

r 
d

ra
in

a
g

e
s 

(M
c
B

ri
d

e
 a

n
d

 M
c
B

ri
d

e
 1

9
9

1
, 

1
9

9
3

; 
M

c
B

ri
d

e
 e

t 
a
l.

 2
0

0
3

).
 T

h
re

e
 

sh
o

rt
 p

e
ri

o
d

s 
o

f 
fo

rt
 c

o
n

st
ru

c
ti

o
n

 a
re

 i
d

e
n

ti
fi

e
d

 b
y

 M
c
B

ri
d

e
 e

t 
a
l.

 (
2

0
0

3
).

 T
h

e
y

 a
re

 a
s 

fo
ll

o
w

s:
 (

1
) 

1
7

5
5

-1
7

5
6

, 
th

e
 F

re
n

c
h

 a
n

d
 I

n
d

ia
n

 W
a
r;

 (
2

) 
1

7
7

4
-1

7
8

2
, 

L
o

rd
 D

u
n

m
o

re
’s

 W
a
r 

a
n

d
 t

h
e
 A

m
e
ri

c
a
n

 

R
e
v

o
lu

ti
o

n
; 

(3
) 

1
7

8
6

-1
7

9
1

, 
U

S
 
e
ff

o
rt

s 
to

 
c
la

im
 
a
n

d
 
d

o
m

in
a
te

 
la

n
d

s 
n

o
rt

h
 
o

f 
th

e
 
O

h
io

 
R

iv
e
r 

(M
c
B

ri
d

e
 e

t 
a
l.

 2
0

0
3

).
 T

h
e
 f

o
rt

s 
w

e
re

 p
a
rt

 o
f 

a
 d

e
fe

n
si

v
e
 s

y
st

e
m

 t
h

a
t 

in
c
lu

d
e
d

 a
 m

il
it

a
ry

 p
re

se
n

c
e
, 

o
ff

e
n

si
v

e
 
c
a
m

p
a
ig

n
s,

 
a
n

d
 
g

o
v

e
rn

m
e
n

t-
sp

o
n

so
re

d
 
p

e
a
c
e
 
n

e
g

o
ti

a
ti

o
n

s.
 
T

h
is

 
sy

st
e
m

, 
e
st

a
b

li
sh

e
d

 

d
u

ri
n

g
 t

h
e
 F

re
n

c
h

 a
n

d
 I

n
d

ia
n

 W
a
r,

 w
a
s 

fi
n

e
-t

u
n

e
d

 o
v

e
r 

ti
m

e
 a

n
d

 a
ll

o
w

e
d

 f
o

r 
th

e
 c

o
lo

n
iz

a
ti

o
n

 a
n

d
 

c
o

n
q

u
e
st

 o
f 

a
 r

u
g

g
e
d

 a
n

d
 d

is
p

u
te

d
 t

e
rr

it
o

ry
 t

h
a
t 

e
v

e
n

tu
a
ll

y
 b

e
c
a
m

e
 t

h
e
 S

ta
te

 o
f 

W
e
st

 V
ir

g
in

ia
. 

O
n

ly
 
tw

o
 
fo

rt
s 

w
e
re

 
c
o

n
st

ru
c
te

d
 
in

 
th

e
 v

ic
in

it
y

 o
f 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 d

u
ri

n
g

 t
h

e
 F

re
n

c
h

 a
n

d
 

In
d

ia
n

 W
a
r.

 B
a
u

g
h

m
a
n

’s
 F

o
rt

 (
o

r 
st

o
c
k

a
d

e
),

 c
o

n
st

ru
c
te

d
 n

e
a
r 

A
ld

e
rs

o
n

 i
n

 S
u

m
m

e
rs

 C
o

u
n

ty
 a

t 
th

e
 

m
o

u
th

 o
f 

M
u

d
d

y
 C

re
e
k

, 
w

a
s 

a
tt

a
c
k

e
d

 b
y

 I
n

d
ia

n
s 

d
u

ri
n

g
 t

h
e
 s

u
m

m
e
r 

o
f 

1
7

5
5

. 
T

h
e
 o

th
e
r 

fo
rt

 

c
o

n
st

ru
c
te

d
 a

t 
th

is
 t

im
e
 w

a
s 

M
a
rl

in
’s

 F
o

rt
, 

in
 p

re
se

n
t-

d
a
y

 M
a
rl

in
to

n
 (

P
o

c
a
h

o
n

ta
s 

C
o

u
n

ty
),

 n
e
a
r 

th
e
 c

o
n

fl
u

e
n

c
e
 o

f 
K

n
a
p

p
 C

re
e
k

 a
n

d
 G

re
e
n

b
ri

e
r 

R
iv

e
r.

 B
e
tw

e
e
n

 1
7

7
0

 a
n

d
 1

7
8

2
, 

m
a
n

y
 f

o
rt

s 
w

e
re

 

c
o

n
st

ru
c
te

d
 i

n
 w

h
a
t 

is
 n

o
w

 W
e
st

 V
ir

g
in

ia
 (

M
c
B

ri
d

e
 a

n
d

 M
c
B

ri
d

e
 1

9
9

1
).

 T
h

e
 l

is
t 

in
c
lu

d
e
s 

fo
rt

s 
o

n
 

th
e
 P

o
to

m
a
c
, 

M
o

n
o

n
g

a
h

e
la

, 
G

re
e
n

b
ri

e
r,

 N
e
w

, 
T

y
g

a
rt

, 
K

a
n

a
w

h
a
, 

a
n

d
 U

p
p

e
r 

O
h

io
 r

iv
e
rs

. 
S

e
v

e
ra

l 

fo
rt

s 
w

e
re

 b
u

il
t 

w
it

h
in

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
, 

in
c
lu

d
in

g
 A

rb
u

c
k

le
’s

 F
o

rt
 (

K
e
e
n

y
 F

o
rt

) 
b

u
il

t 
in

 1
7

7
4

 

a
t 

th
e
 

c
o

n
fl

u
e
n

c
e
 

o
f 

M
u

d
d

y
 

C
re

e
k

 
a
n

d
 

M
il

l 
C

re
e
k

, 
D

o
n

n
a
ll

y
’s

 
F

o
rt

, 
M

c
C

la
n

a
h

a
n

’s
 

F
o

rt
, 

M
c
C

o
y

’s
 
F

o
rt

, 
F

o
rt

 
S

a
v

a
n

n
a
h

 
(F

o
rt

 
C

h
a
rl

e
s)

 
b

u
il

t 
p

e
rh

a
p

s 
a
s 

e
a
rl

y
 
a
s 

1
7

5
5

 
n

e
a
r 

L
e
w

is
b

u
rg

, 

R
e
n

ic
k

’s
 F

o
rt

, 
a
n

d
 S

tu
a
rt

’s
 F

o
rt

, 
b

u
il

t 
in

 1
7

7
4

 n
e
a
r 

F
o

rt
 S

p
ri

n
g

 (
G

A
I 

2
0

0
0

; 
M

c
B

ri
d

e
 e

t 
a
l.

 2
0

0
3

).
 

N
o

 f
o

rt
s 

w
e
re

 c
o

n
st

ru
c
te

d
 b

e
fo

re
 o

r 
a
ft

e
r 

th
e
 R

ev
o

lu
ti

o
n

a
ry

 W
a
r 

in
 w

h
a
t 

is
 n

o
w

 N
ic

h
o

la
s 

C
o

u
n

ty
. 

 

A
rc

h
e
o

lo
g

ic
a
l 

in
v

e
st

ig
a
ti

o
n

s 
b

y
 M

c
B

ri
d

e
 e

t 
a
l.

 (
2

0
0

3
) 

h
a
v

e
 d

e
m

o
n

st
ra

te
d

 t
h

a
t 

re
si

d
e
n

ti
a
l 

fo
rt

s,
 

su
c
h

 a
s 

D
o

n
n

a
ll

y
’s

 F
o

rt
, 

p
ro

d
u

c
e
d

 m
o

re
 a

rt
if

a
c
ts

 a
n

d
 a

 h
ig

h
e
r 

p
e
rc

e
n

ta
g

e
 o

f 
c
e
ra

m
ic

s,
 e

sp
e
c
ia

ll
y

 

c
o

m
p

a
re

d
 t

o
 a

rc
h

it
e
c
tu

ra
l 

a
rt

if
a
c
ts

, 
th

a
n

 t
h

e
 n

o
n

-r
e
si

d
e
n

ti
a
l 

fo
rt

s 
su

c
h

 a
s 

A
rb

u
c
k

le
’s

 F
o

rt
, 

F
o

rt
 

S
a
v

a
n

n
a
h

, 
a
n

d
 S

tu
a
rt

’s
 F

o
rt

, 
w

h
ic

h
 h

is
to

ri
c
a
l 

a
n

d
 a

rc
h

e
o

lo
g

ic
a
l 

d
a
ta

 i
n

d
ic

a
te

 w
e
re

 o
c
c
u

p
ie

d
 o

n
 a

 

m
o

re
 i

n
te

rm
it

te
n

t 
b

a
si

s 
(M

c
B

ri
d

e
 e

t 
a
l.

 2
0

0
3

).
 A

rb
u

c
k

le
’s

 F
o

rt
 w

a
s 

b
u

il
t 

b
y

 C
a
p

ta
in

 M
a
tt

h
e
w

 

A
rb

u
c
k

le
 
in

 
th

e
 
sp

ri
n

g
 
o

f 
1

7
7

4
, 

a
n

d
 
la

te
r 

th
a
t 

y
e
a
r 

C
a
p

ta
in

 
A

rb
u

c
k

le
 
a
n

d
 
h

is
 
m

e
n

 
d

ir
e
c
te

d
 A

pp
en

di
x 

G
3

A
pp

en
di

x 
G

3



4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

3
0

C
o

lo
n

e
l 

A
n

d
re

w
 L

e
w

is
 a

n
d

 h
is

 t
ro

o
p

s 
to

 P
o

in
t 

P
le

a
sa

n
t 

a
t 

th
e
 m

o
u

th
 o

f 
th

e
 K

a
n

a
w

h
a
 R

iv
e
r,

 

w
h

e
re

 t
h

e
y

 d
e
fe

a
te

d
 t

h
e
 I

n
d

ia
n

 C
o

n
fe

d
e
ra

c
y

 i
n

 t
h

e
 c

li
m

a
ti

c
 b

a
tt

le
 o

f 
L

o
rd

 D
u

n
m

o
re

’s
 W

a
r.

  

T
h

e
 e

a
rl

ie
st

 p
e
rs

o
n

 t
o

 s
e
t 

fo
o

t 
in

 N
ic

h
o

la
s 

C
o

u
n

ty
 w

a
s 

M
a
jo

r 
W

il
li

a
m

 M
o

rr
is

 i
n

 1
7

7
6

. 
M

a
jo

r 

M
o

rr
is

 c
la

im
e
d

 l
a
n

d
 w

it
h

in
 t

h
e
 c

o
u

n
ty

 a
n

d
 o

ff
e
re

d
 i

t 
to

 h
is

 s
o

n
 W

il
li

a
m

 J
r.

 H
e
 r

e
fu

se
d

 t
h

e
 l

a
n

d
 

a
n

d
 i

t 
w

a
s 

o
ff

e
re

d
 t

o
 h

is
 b

ro
th

e
r 

H
e
n

ry
. 

H
e
n

ry
 s

e
tt

le
d

 i
n

 a
n

 a
re

a
 a

lo
n

g
 P

e
te

r 
C

re
e
k

, 
n

e
a
r 

p
re

se
n

t 

d
a
y

 
L

o
c
k

w
o

o
d

 
in

 
1

7
9

1
 
(C

a
rp

e
n

te
r 

1
9

9
2

).
 
M

o
rr

is
 
w

a
s 

so
o

n
 
jo

in
e
d

 
b

y
 
o

th
e
r 

fa
m

il
ie

s 
su

c
h

 
a
s 

C
o

n
ra

d
 
Y

o
u

n
g

 
a
n

d
 
E

d
w

a
rd

 
M

c
C

lu
g

. 
T

h
e
 
M

o
rr

is
 
h

o
m

e
si

te
 
w

a
s 

la
te

r 
th

e
 
si

te
 
o

f 
th

e
 
M

o
rr

is
 

M
a
ss

a
c
re

 o
f 

1
7

9
2

 (
C

a
rp

e
n

te
r 

1
9

9
2

:2
).

 S
im

o
n

 G
ir

ty
, 

w
h

o
 h

a
d

 s
p

e
n

t 
th

e
 w

in
te

r 
a
t 

th
e
 M

o
rr

is
 c

a
b

in
, 

w
a
s 

w
a
n

te
d

 f
o

r 
se

v
e
ra

l 
c
ri

m
e
s.

 A
ft

e
r 

h
e
 w

a
s 

e
sc

o
rt

e
d

 o
ff

 t
h

e
 p

ro
p

e
rt

y
 a

t 
ri

fl
e
 p

o
in

t,
 h

e
 r

e
tu

rn
e
d

 

w
it

h
 t

w
o

 I
n

d
ia

n
s 

a
n

d
 k

il
le

d
 t

w
o

 o
f 

M
o

rr
is

’ 
d

a
u

g
h

te
rs

, 
B

e
ts

y
 a

n
d

 M
a
rg

a
re

t.
 F

o
r 

th
e
 m

o
st

 p
a
rt

, 

se
tt

le
m

e
n

t 
in

 N
ic

h
o

la
s 

C
o

u
n

ty
 d

id
 n

o
t 

o
c
c
u

r 
u

n
ti

l 
th

e
 f

ir
st

 q
u

a
rt

e
r 

o
f 

th
e
 n

in
e
te

e
n

th
 c

e
n

tu
ry

. 
 

4.
2.

2 
G

R
E

E
N

B
R

IE
R

 A
N

D
 N

IC
H

O
LA

S 
C

O
U

N
TI

E
S:

 F
O

R
M

A
TI

O
N

 A
N

D
 P

R
O

SP
E

R
IT

Y
(1

77
8–

18
60

) 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 
w

a
s 

fo
rm

e
d

 
fr

o
m

 
B

o
te

to
u

rt
 
C

o
u

n
ty

 
in

 
1

7
7

8
. 

In
it

ia
ll

y
, 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 

e
x

te
n

d
e
d

 f
ro

m
 t

h
e
 c

u
rr

e
n

t 
V

ir
g

in
ia

-W
e
st

 V
ir

g
in

ia
 s

ta
te

 l
in

e
 o

n
 t

h
e
 e

a
st

 t
o

 t
h

e
 O

h
io

 R
iv

e
r 

o
n

 t
h

e
 

w
e
st

, 
a
n

d
 i

n
c
lu

d
e
d

 a
ll

 o
r 

p
a
rt

s 
o

f 
G

re
e
n

b
ri

e
r,

 M
o

n
ro

e
, 

S
u

m
m

e
rs

, 
P

o
c
a
h

o
n

ta
s,

 F
a
y

e
tt

e
, 

N
ic

h
o

la
s,

 

W
e
b

st
e
r,

 C
la

y
, 

K
a
n

a
w

h
a
, 

P
u

tn
a
m

, 
R

o
a
n

e
, 

Ja
c
k

so
n

, 
a
n

d
 M

a
so

n
 c

o
u

n
ti

e
s.

 A
s 

se
tt

le
m

e
n

t 
c
o

n
ti

n
u

e
d

 

a
n

d
 p

o
p

u
la

ti
o

n
 i

n
c
re

a
se

d
, 

o
th

e
r 

c
o

u
n

ti
e
s 

w
e
re

 f
o

rm
e
d

 f
ro

m
 t

h
e
 o

ri
g

in
a
l 

c
o

u
n

ty
. 

F
o

rt
 D

o
n

n
a
ll

y
 

w
a
s 

a
tt

a
c
k

e
d

 b
y

 a
 g

ro
u

p
 o

f 
W

y
a
n

d
o

t 
a
n

d
 M

in
g

o
 w

a
rr

io
rs

 i
n

 1
7

7
8

, 
b

u
t 

a
s 

th
e
 w

a
r 

c
o

n
ti

n
u

e
d

, 
th

e
 

B
ri

ti
sh

 w
e
re

 f
o

rc
e
d

 t
o

 w
it

h
d

ra
w

 t
h

e
ir

 t
ro

o
p

s 
fr

o
m

 t
h

e
 a

re
a
 a

n
d

 t
h

e
ir

 s
u

p
p

o
rt

 o
f 

In
d

ia
n

 r
a
id

s 
o

n
 t

h
e
 

w
e
st

e
rn

 f
ro

n
ti

e
r.

 A
ft

e
r 

1
7

8
2

 n
o

 B
ri

ti
sh

 a
tt

a
c
k

s 
o

c
c
u

rr
e
d

 w
it

h
in

 t
h

e
 G

re
e
n

b
ri

e
r 

V
a
ll

e
y

 (
C

R
I 

2
0

0
2

).
 

T
h

e
 f

ir
st

 c
o

u
rt

h
o

u
se

 w
a
s 

e
re

c
te

d
 i

n
 L

e
w

is
b

u
rg

 i
n

 1
7

8
2

, 
a
n

d
 i

t 
re

m
a
in

s 
th

e
 c

o
u

n
ty

 s
e
a
t 

to
d

a
y

. 
 

B
y

 1
7

9
0

, 
a
t 

le
a
st

 a
 d

o
z
e
n

 g
ri

st
m

il
ls

 w
e
re

 o
p

e
ra

ti
n

g
 w

it
h

in
 t

h
e
 c

o
u

n
ty

 (
C

R
I 

2
0

0
2

).
 D

u
ri

n
g

 t
h

e
 l

a
te

 

e
ig

h
te

e
n

th
 a

n
d

 e
a
rl

y
 n

in
e
te

e
n

th
 c

e
n

tu
ry

, 
V

ir
g

in
ia

, 
in

c
lu

d
in

g
 w

h
a
t 

w
a
s 

to
 b

e
c
o

m
e
 W

e
st

 V
ir

g
in

ia
, 

e
x

p
e
ri

e
n

c
e
d

 
a
n

 
a
g

ra
ri

a
n

 
tr

a
n

sf
o

rm
a
ti

o
n

 
fr

o
m

 
a
 
to

b
a
c
c
o

-b
a
se

d
 
p

la
n

ta
ti

o
n

 
e
c
o

n
o

m
y

 
to

 
a
 
m

o
re

 

d
iv

e
rs

if
ie

d
 g

ra
in

-b
a
se

d
 e

c
o

n
o

m
y

. 
T

h
e
 g

ra
in

-b
a
se

d
 e

c
o

n
o

m
y

 (
a
n

d
 l

a
te

r 
a
 s

e
c
o

n
d

a
ry

 d
a
ir

y
 i

n
d

u
st

ry
) 

c
h

a
ra

c
te

ri
z
e
d

 
th

e
 
a
re

a
 
fo

r 
th

e
 
n

e
x

t 
1

0
0

 
o

r 
m

o
re

 
y

e
a
rs

. 
B

e
tw

e
e
n

 
1

7
9

0
 
a
n

d
 
1

8
2

0
 
a
s 

m
a
n

y
 
a
s 

2
5

0
,0

0
0

 V
ir

g
in

ia
n

s 
(a

n
d

 p
e
rh

a
p

s 
a
s 

m
a
n

y
 a

s 
1

5
0

,0
0

0
 s

la
v

e
s)

 m
o

v
e
d

 f
ro

m
 t

h
e
 o

ld
e
r 

se
tt

le
d

 p
a
rt

s 

o
f 

th
e
 s

ta
te

 t
o

 t
h

e
 n

e
w

ly
 o

p
e
n

e
d

 w
e
st

e
rn

 a
n

d
 s

o
u

th
w

e
st

e
rn

 f
ro

n
ti

e
r.

 D
u

ri
n

g
 t

h
is

 t
im

e
, 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 b

e
c
a
m

e
 t

h
e
 h

o
m

e
 o

f 
b

o
th

 h
ig

h
-s

ta
tu

s 
p

la
n

te
rs

 a
n

d
 s

m
a
ll

 s
u

b
si

st
e
n

c
e
 f

a
rm

e
rs

. 
D

e
sp

it
e
 t

h
e
 

in
c
re

a
se

d
 n

u
m

b
e
r 

o
f 

se
tt

le
rs

, 
th

e
 c

o
u

n
ty

 r
e
ta

in
e
d

 i
ts

 a
g

ra
ri

a
n

 c
h

a
ra

c
te

r.
  

N
ic

h
o

la
s 

C
o

u
n

ty
 w

a
s 

c
re

a
te

d
 b

y
 a

n
 a

c
t 

o
f 

th
e
 V

ir
g

in
ia

 G
e
n

e
ra

l 
A

ss
e
m

b
ly

 o
n

 J
a
n

u
a
ry

 3
0

, 
1

8
1

8
. 

T
h

e
 

c
o

u
n

ty
 

w
a
s 

fo
rm

e
d

 
fr

o
m

 
p

a
rt

s 
o

f 
G

re
e
n

b
ri

e
r,

 
K

a
n

a
w

h
a
, 

a
n

d
 

R
a
n

d
o

lp
h

 
c
o

u
n

ti
e
s.

 
T

h
e
 

b
o

u
n

d
a
ry

 l
in

e
s 

w
e
re

 d
is

p
u

te
d

 a
n

d
 t

h
e
 c

o
u

n
ty

 w
a
s 

re
fo

rm
e
d

 t
o

 i
ts

 p
re

se
n

t 
c
o

n
fi

g
u

ra
ti

o
n

 i
n

 1
8

2
0

. 

T
h

e
 

c
o

u
n

ty
 

w
a
s 

n
a
m

e
d

 
in

 
h

o
n

o
r 

o
f 

W
il

so
n

 
C

a
ry

 
N

ic
h

o
la

s 
(1

7
6

1
-1

8
2

0
),

 
w

h
o

 
se

rv
e
d

 
a
s 

a
 

c
o

m
m

a
n

d
e
r 

u
n

d
e
r 

G
e
n

e
ra

l 
W

a
sh

in
g

to
n

 a
n

d
 l

a
te

r 
se

rv
e
d

 a
s 

a
 U

.S
. 

S
e
n

a
to

r 
fr

o
m

 V
ir

g
in

ia
 (

1
7

9
9

-

1
8

0
4

),
 t

h
e
 U

.S
. 

H
o

u
se

 o
f 

R
e
p

re
se

n
ta

ti
v

e
s 

(1
8

0
7

-1
8

0
9

),
 a

n
d

 t
h

e
 G

o
v

e
rn

o
r 

o
f 

V
ir

g
in

ia
 f

ro
m

 1
8

1
4

-

1
8

1
6

. 
H

e
 
o

w
n

e
d

 
la

n
d

 
in

 
N

ic
h

o
la

s 
C

o
u

n
ty

, 
a
n

d
 
u

p
o

n
 
h

is
 
re

ti
re

m
e
n

t 
fr

o
m

 
p

u
b

li
c
 
se

rv
ic

e
, 

h
e
 

a
ss

is
te

d
 i

n
 t

h
e
 f

o
rm

a
ti

o
n

 o
f 

th
e
 c

o
u

n
ty

. 
T

h
e
 f

ir
st

 m
e
e
ti

n
g

 o
f 

N
ic

h
o

la
s 

C
o

u
n

ty
 t

o
o

k
 p

la
c
e
 o

n
 l

a
n

d
 

d
o

n
a
te

d
 

b
y

 
Ju

d
g

e
 

L
e
w

is
 

S
u

m
m

e
rs

. 
A

lt
h

o
u

g
h

 
Ju

d
g

e
 

S
u

m
m

e
rs

 
d

o
n

a
te

d
 

3
0

 
a
c
re

s 
fo

r 
th

e
 

e
st

a
b

li
sh

m
e
n

t 
o

f 
th

e
 c

o
u

n
ty

 s
e
a
t 

in
 p

re
se

n
t 

d
a
y

 S
u

m
m

e
rs

v
il

le
 o

n
 J

a
n

u
a
ry

 1
9

, 
1

8
2

0
, 

th
e
 t

o
w

n
 d

id
 

n
o

t 
b

e
c
o

m
e
 i

n
c
o

rp
o

ra
te

d
 u

n
ti

l 
1

8
6

0
. 

In
 1

8
2

0
 t

h
e
 c

o
u

n
ty

 h
a
d

 a
 p

o
p

u
la

ti
o

n
 o

f 
3

,3
3

8
 p

e
o

p
le

, 
w

it
h

 

3
7

3
 t

it
h

a
b

le
 h

o
u

se
h

o
ld

s.
 

Im
p

ro
v

e
d

 t
ra

n
sp

o
rt

a
ti

o
n

 r
o

u
te

s 
w

e
re

 c
ri

ti
c
a
l 

in
 o

rd
er

 t
o

 m
o

v
e
 t

h
e
 c

o
u

n
ty

’s
 a

g
ri

c
u

lt
u

ra
l 

p
ro

d
u

c
ts

 t
o

 

m
a
rk

e
ts

 i
n

 t
h

e
 e

a
st

. 
In

 1
8

2
1

 c
o

n
st

ru
c
ti

o
n

 b
e
g

a
n

 o
n

 t
h

e
 J

a
m

e
s 

R
iv

e
r 

a
n

d
 K

a
n

a
w

h
a
 T

u
rn

p
ik

e
 a

n
d

 A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3

4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

3
1

th
e
 r

o
u

te
 b

e
tw

e
e
n

 L
e
w

is
b

u
rg

 a
n

d
 C

h
a
rl

e
st

o
n

 w
a
s 

c
o

m
p

le
te

d
 b

y
 1

8
2

4
 (

F
ig

u
re

 3
).

 T
o

d
a
y

, 
U

S
 6

0
 

c
lo

se
ly

 f
o

ll
o

w
s 

th
e
 r

o
u

te
 o

f 
th

e
 o

ld
 t

u
rn

p
ik

e
. 

T
h

e
 J

a
m

e
s 

R
iv

e
r 

a
n

d
 K

a
n

a
w

h
a
 T

u
rn

p
ik

e
 h

e
lp

e
d

 t
o

 

p
ro

m
o

te
 c

o
m

m
e
rc

e
 a

n
d

 T
h

o
m

p
so

n
’s

 T
a
v

e
rn

 (
In

n
) 

w
a
s 

b
u

il
t 

in
 t

h
e
 1

8
3

0
s 

ju
st

 w
e
st

 o
f 

R
a
in

e
ll

e
 

(A
n

o
n

y
m

o
u

s 
1

9
7

2
).

 
T

h
e
 
d

e
v

e
lo

p
m

e
n

t 
o

f 
st

e
a
m

 
lo

c
o

m
o

ti
o

n
 
a
n

d
 t

h
e
 c

o
n

st
ru

c
ti

o
n

 o
f 

ra
il

ro
a
d

s,
 

b
e
g

in
n

in
g

 i
n

 t
h

e
 1

8
4

0
s,

 p
ro

v
e
d

 t
o

 b
e
 t

h
e
 d

e
m

is
e
 o

f 
o

v
e
rl

a
n

d
 t

u
rn

p
ik

e
s 

a
n

d
 c

a
n

a
ls

. 
T

h
e
 f

e
rt

il
e
 

v
a
ll

e
y

s 
o

f 
th

e
 a

re
a
 w

e
re

 c
o

n
d

u
c
iv

e
 t

o
 t

h
e
 g

ro
w

th
 o

f 
c
o

rn
 a

n
d

 o
th

e
r 

g
ra

in
 c

ro
p

s,
 a

n
d

 a
lo

n
g

 w
it

h
 

d
a
ir

y
 c

a
tt

le
, 

sh
e
e
p

, 
a
n

d
 h

o
rs

e
s,

 t
h

e
 r

e
g

io
n

 q
u

ic
k

ly
 b

e
c
a
m

e
 a

n
 i

m
p

o
rt

a
n

t 
so

u
rc

e
 o

f 
fo

o
d

 t
o

 s
u

p
p

o
rt

 

th
e
 e

v
e
r-

in
c
re

a
si

n
g

 i
n

d
u

st
ri

a
l 

p
o

p
u

la
ti

o
n

 a
lo

n
g

 t
h

e
 e

a
st

 c
o

a
st

. 
In

 1
8

5
5

 V
ir

g
in

ia
 a

u
th

o
ri

z
e
d

 t
h

e
 

c
o

n
st

ru
c
ti

o
n

 o
f 

th
e
 C

o
v

in
g

to
n

 a
n

d
 O

h
io

 R
a
il

ro
a
d

 a
c
ro

ss
 t

h
e
 A

ll
e
g

h
e
n

y
 M

o
u

n
ta

in
s.

 I
t 

w
a
s 

d
e
c
id

e
d

 

th
a
t 

th
e
 r

a
il

ro
a
d

 w
o

u
ld

 b
e
 r

o
u

te
d

 t
h

ro
u

g
h

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 i

n
 o

rd
e
r 

to
 s

e
rv

e
 W

h
it

e
 S

u
lp

h
u

r 

S
p

ri
n

g
s.

 R
a
il

ro
a
d

 c
o

n
st

ru
c
ti

o
n

 w
a
s 

h
a
lt

e
d

 d
u

ri
n

g
 t

h
e
 C

iv
il

 W
a
r.

4.
2.

3 
C

IV
IL

W
A

R
YE

A
R

S
(1

86
1–

18
65

) 

F
e
w

, 
if

 a
n

y
, 

si
g

n
if

ic
a
n

t 
e
v

e
n

ts
 o

c
c
u

rr
e
d

 o
r 

w
e
re

 r
e
c
o

rd
e
d

 i
n

 N
ic

h
o

la
s 

C
o

u
n

ty
 d

u
ri

n
g

 t
h

e
 C

iv
il

 

W
a
r.

 
C

o
n

se
q

u
e
n

tl
y

, 
th

is
 
se

c
ti

o
n

 
o

f 
th

e
 
h

is
to

ri
c
 
c
o

n
te

x
t 

w
il

l 
fo

c
u

s 
o

n
 
e
v

e
n

ts
 
th

a
t 

o
c
c
u

rr
e
d

 
in

 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
. 

A
t 

th
e
 
o

u
tb

re
a
k

 
o

f 
th

e
 
C

iv
il

 
W

a
r,

 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 
im

m
e
d

ia
te

ly
 
ra

is
e
d

 

tr
o

o
p

s 
fo

r 
th

e
 d

e
fe

n
se

 o
f 

V
ir

g
in

ia
 a

n
d

 t
h

e
 C

o
n

fe
d

e
ra

c
y

. 
A

lt
h

o
u

g
h

 s
m

a
ll

 s
k

ir
m

is
h

e
s 

o
c
c
u

rr
e
d

 i
n

 

th
e
 e

a
st

e
rn

 v
a
ll

e
y

s,
 t

h
e
 w

h
o

le
 o

f 
th

e
 c

o
u

n
ty

 w
a
s 

la
rg

e
ly

 u
n

to
u

c
h

e
d

. 
H

o
w

e
v

e
r,

 b
y

 t
h

e
 w

in
te

r 
o

f 

1
8

6
1

 
a
n

d
 
1

8
6

2
, 

m
o

re
 
th

a
n

 
1

,5
0

0
 
w

o
u

n
d

e
d

 
C

o
n

fe
d

e
ra

te
 
so

ld
ie

rs
 
w

e
re

 
h

o
sp

it
a
li

z
e
d

 
a
t 

W
h

it
e
 

S
u

lp
h

u
r 

S
p

ri
n

g
s.

 B
e
tw

e
e
n

 t
h

e
 s

p
ri

n
g

 o
f 

1
8

6
2

 a
n

d
 l

a
te

 s
u

m
m

e
r 

o
f 

1
8

6
3

, 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 w

a
s 

th
e
 s

it
e
 o

f 
th

re
e
 b

a
tt

le
s.

 T
h

e
 f

ir
st

 b
a
tt

le
, 

th
e
 B

a
tt

le
 o

f 
L

e
w

is
b

u
rg

, 
o

c
c
u

rr
e
d

 i
n

 M
a
y

, 
1

8
6

2
. 

T
h

e
 

F
e
d

e
ra

l 
M

o
u

n
ta

in
 D

e
p

a
rt

m
e
n

t,
 u

n
d

e
r 

th
e
 c

o
m

m
a
n

d
 o

f 
G

e
n

e
ra

l 
Jo

h
n

 C
. 

F
re

m
o

n
t,

 w
a
s 

ta
sk

e
d

 w
it

h
 

p
ro

te
c
ti

n
g

 
F

e
d

e
ra

l 
ra

il
 
li

n
e
s 

a
n

d
 
d

e
st

ro
y

in
g

 
th

e
 
C

o
n

fe
d

e
ra

te
 
ra

il
 
li

n
e
s.

 
T

o
 
th

a
t 

e
n

d
, 

C
o

lo
n

e
l 

G
e
o

rg
e
 

C
ro

o
k

 
a
n

d
 

1
,4

0
0

 
O

h
io

 
tr

o
o

p
s 

p
a
ss

e
d

 
th

ro
u

g
h

 
L

e
w

is
b

u
rg

 
o

n
 

th
e
ir

 
w

a
y

 
to

 
c
u

t 
th

e
 

C
o

n
fe

d
e
ra

te
 V

ir
g

in
ia

 C
e
n

tr
a
l 

R
a
il

ro
a
d

 n
e
a
r 

C
o

v
in

g
to

n
. 

U
p

o
n

 h
e
a
ri

n
g

 t
h

a
t 

C
o

n
fe

d
e
ra

te
 t

ro
o

p
s 

w
e
re

 m
a
ss

in
g

 o
n

 h
is

 r
e
a
r 

to
 a

tt
a
c
k

, 
C

ro
o

k
 q

u
ic

k
ly

 r
e
tr

e
a
te

d
 t

o
 L

e
w

is
b

u
rg

. 
C

o
n

fe
d

e
ra

te
 f

o
rc

e
s 

a
tt

a
c
k

e
d

 h
is

 p
o

si
ti

o
n

, 
b

u
t 

u
n

d
e
r 

th
e
 F

e
d

e
ra

l 
c
o

u
n

te
r-

a
tt

a
c
k

, 
th

e
 u

n
te

st
e
d

 C
o

n
fe

d
e
ra

te
s 

b
ro

k
e
 r

a
n

k
 

a
n

d
 f

le
d

. 
T

h
ro

u
g

h
o

u
t 

1
8

6
2

 F
e
d

e
ra

l 
tr

o
o

p
s 

m
a
in

ta
in

e
d

 c
o

n
tr

o
l 

o
v

e
r 

m
o

st
 o

f 
th

e
 w

e
st

e
rn

 c
o

u
n

ti
e
s 

o
f 

V
ir

g
in

ia
. 

A
lt

h
o

u
g

h
 
fo

rc
e
s 

lo
y

a
l 

to
 
th

e
 
C

o
n

fe
d

e
ra

te
 
c
a
u

se
 
c
o

n
ti

n
u

e
d

 
to

 
c
o

n
tr

o
l 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
, 

m
o

st
 o

f 
th

e
 w

e
st

e
rn

 c
o

u
n

ti
e
s 

m
a
in

ta
in

e
d

 a
ll

e
g

ia
n

c
e
 t

o
 t

h
e
 U

n
io

n
. 

A
lt

h
o

u
g

h
 F

e
d

e
ra

l 
fo

rc
e
s 

a
ss

u
m

e
d

 c
o

n
tr

o
l 

o
f 

th
e
 w

e
st

e
rn

 c
o

u
n

ti
e
s,

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 c

o
n

ti
n

u
e
d

 t
o

 

c
o

n
tr

ib
u

te
 m

e
n

, 
m

a
te

ri
a
ls

, 
a
n

d
 a

n
im

a
ls

 t
o

 t
h

e
 C

o
n

fe
d

e
ra

te
s.

 T
h

e
 c

o
u

n
ty

 a
ls

o
 p

ro
v

id
e
d

 G
e
n

e
ra

l 

R
o

b
e
rt

 E
. 

L
e
e
 w

it
h

 h
is

 f
a
m

o
u

s 
m

o
u

n
t,

 “
T

ra
v

e
le

r”
; 

th
e
 h

o
rs

e
 w

a
s 

p
re

se
n

te
d

 t
o

 G
e
n

e
ra

l 
L

e
e
 a

s 
a
 

g
if

t 
w

h
il

e
 h

e
 v

is
it

e
d

 t
h

e
 W

h
it

e
 S

u
lp

h
u

r 
S

p
ri

n
g

s 
a
re

a
. 

T
h

e
 s

e
c
o

n
d

 m
a
jo

r 
e
n

g
a
g

e
m

e
n

t 
in

 G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 o

c
c
u

rr
e
d

 i
n

 t
h

e
 s

p
ri

n
g

 o
f 

1
8

6
3

 a
t 

T
u

c
k

w
il

le
rs

 H
il

l,
 t

w
o

 m
il

e
s 

n
o

rt
h

 o
f 

L
e
w

is
b

u
rg

 (
O

rr
 

2
0

0
2

).
 D

u
ri

n
g

 t
h

is
 b

a
tt

le
, 

F
e
d

e
ra

l 
tr

o
o

p
s 

w
e
re

 f
o

rc
e
d

 t
o

 w
it

h
d

ra
w

. 
H

o
w

e
v

e
r,

 b
y

 J
u

n
e
 o

f 
1

8
6

3
, 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 a

n
d

 t
h

e
 w

e
st

e
rn

 c
o

u
n

ti
e
s 

o
f 

V
ir

g
in

ia
 s

u
c
c
e
e
d

e
d

 f
ro

m
 t

h
e
 C

o
m

m
o

n
w

e
a
lt

h
 o

f 

V
ir

g
in

ia
 a

n
d

 f
o

rm
e
d

 t
h

e
 S

ta
te

 o
f 

W
e
st

 V
ir

g
in

ia
, 

w
h

ic
h

 m
a
in

ta
in

e
d

 a
ll

e
g

ia
n

c
e
 t

o
 t

h
e
 U

n
it

e
d

 S
ta

te
s.

 

T
h

e
 f

in
a
l 

b
a
tt

le
 w

it
h

in
 G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 i

s 
k

n
o

w
n

 a
s 

th
e
 B

a
tt

le
 o

f 
W

h
it

e
 S

u
lp

h
u

r 
S

p
ri

n
g

s,
 o

r 
th

e
 

B
a
tt

le
 o

f 
D

ry
 C

re
e
k

, 
a
n

d
 o

c
c
u

rr
e
d

 i
n

 A
u

g
u

st
, 

1
8

6
3

. 
F

e
d

e
ra

l 
fo

rc
e
s,

 u
n

d
e
r 

th
e
 d

ir
e
c
ti

o
n

 o
f 

G
e
n

e
ra

l 

A
v

e
re

ll
, 

a
tt

a
c
k

e
d

 
th

e
 

C
o

n
fe

d
e
ra

te
 

tr
o

o
p

s 
th

a
t 

c
o

n
si

st
e
d

 
o

f 
in

fa
n

tr
y

, 
li

g
h

t 
c
a
v

a
lr

y
, 

a
n

d
 

so
m

e
 

a
rt

il
le

ry
. 

A
v

e
re

ll
’s

 f
o

rc
e
s 

a
tt

a
c
k

e
d

 t
h

e
 C

o
n

fe
d

e
ra

te
 l

in
e
s 

fo
u

r 
ti

m
e
s 

o
v

e
r 

a
 t

w
o

 d
a
y

 p
e
ri

o
d

 b
u

t 

w
e
re

 u
n

su
c
c
e
ss

fu
l 

in
 m

o
v

in
g

 t
h

e
 C

o
n

fe
d

e
ra

te
 t

ro
o

p
s.

 W
it

h
 n

o
 r

e
in

fo
rc

e
m

e
n

ts
 c

o
m

in
g

 t
o

 h
is

 a
id

, 

A
v

e
re

ll
 o

rd
e
re

d
 h

is
 m

e
n

 t
o

 r
e
tr

e
a
t 

a
n

d
 t

h
e
 C

o
n

fe
d

e
ra

te
s 

re
fu

se
d

 t
o

 p
u

rs
u

e
. 

W
o

u
n

d
e
d

 s
o

ld
ie

rs
 o

f 

b
o

th
 t

h
e
 U

n
io

n
 a

n
d

 C
o

n
fe

d
e
ra

te
 t

ro
o

p
s 

w
e
re

 h
o

sp
it

a
li

z
e
d

 a
t 

W
h

it
e
 S

u
lp

h
u

r 
S

p
ri

n
g

s 
d

u
ri

n
g

 a
n

d
 

a
ft

e
r 

th
e
 b

a
tt

le
. 

A
lt

h
o

u
g

h
 t

h
is

 w
a
s 

th
e
 l

a
st

 m
a
jo

r 
b

a
tt

le
 i

n
 t

h
e
 c

o
u

n
ty

, 
th

e
 e

n
ti

re
 c

o
u

n
tr

y
si

d
e
 f

e
lt

 

th
e
 a

ff
e
c
ts

 o
f 

th
e
 w

a
r 

fo
r 

y
e
a
rs

 t
o

 c
o

m
e
. 

T
h

e
 c

o
n

st
a
n

t 
tr

o
o

p
 m

o
v

e
m

e
n

t 
a
n

d
 o

c
c
u

p
a
ti

o
n

 t
h

ro
u

g
h

o
u

t 

th
e
 r

e
g

io
n

 a
n

d
 t

h
e
 r

a
v

a
g

e
s 

o
f 

w
a
r 

to
o

k
 a

 h
e
a
v

y
 t

o
ll

 o
n

 a
g

ri
c
u

lt
u

ra
l 

c
ro

p
s 

a
n

d
 f

ie
ld

s,
 l

iv
e
st

o
c
k

, 

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3



4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

3
2

h
o

rs
e
s,

 d
ra

ft
 a

n
im

a
ls

, 
a
n

d
 f

o
re

st
s.

 I
n

 a
d

d
it

io
n

, 
th

e
 l

o
ss

 o
f 

m
a
n

p
o

w
e
r 

a
n

d
 t

h
e
 d

e
st

ru
c
ti

o
n

 o
f 

th
e
 

in
fr

a
st

ru
c
tu

re
 (

ra
il

ro
a
d

s 
a
n

d
 r

o
a
d

s)
 c

o
u

p
le

d
 w

it
h

 h
ig

h
 p

ro
p

e
rt

y
 t

a
x

e
s 

th
a
t 

m
o

st
 f

a
m

il
ie

s 
c
o

u
ld

 n
o

t 

p
a
y

 s
e
rv

e
d

 t
o

 p
a
v

e
 t

h
e
 w

a
y

 f
o

r 
th

e
 r

e
c
o

n
st

ru
c
ti

o
n

 e
ra

. 

4.
2.

4 
R

E
C

O
N

ST
R

U
C

TI
O

N
 Y

E
A

R
S

(1
86

5–
18

80
S)

T
h

e
 y

e
a
rs

 f
o

ll
o

w
in

g
 t

h
e
 C

iv
il

 W
a
r 

w
e
re

 d
if

fi
c
u

lt
 t

im
e
s 

th
ro

u
g

h
o

u
t 

th
e
 S

o
u

th
, 

a
n

d
 W

e
st

 V
ir

g
in

ia
, 

d
e
sp

it
e
 s

id
in

g
 w

it
h

 t
h

e
 U

n
io

n
, 

w
a
s 

n
o

 e
x

c
e
p

ti
o

n
. 

T
h

e
 l

o
ss

 o
f 

m
a
n

p
o

w
e
r,

 n
e
g

le
c
t 

o
f 

a
g

ri
c
u

lt
u

ra
l 

fi
e
ld

s,
 

lo
ss

 
o

f 
li

v
e
st

o
c
k

 
a
n

d
 

d
ra

ft
 

a
n

im
a
ls

, 
d

is
ru

p
ti

o
n

 
(o

r 
in

 
so

m
e
 

c
a
se

s 
d

e
st

ru
c
ti

o
n

) 
o

f 

tr
a
n

sp
o

rt
a
ti

o
n

 n
e
tw

o
rk

s,
 p

lu
m

m
e
ti

n
g

 p
ro

p
e
rt

y
 v

a
lu

e
s,

 a
n

d
 t

h
e
 e

m
a
n

c
ip

a
ti

o
n

 o
f 

sl
a
v

e
s 

c
o

m
b

in
e
d

 

to
 h

a
v

e
 a

 d
e
le

te
ri

o
u

s 
e
ff

e
c
t 

o
n

 t
h

e
 e

c
o

n
o

m
ic

 a
n

d
 s

o
c
ia

l 
la

n
d

sc
a
p

e
 i

n
 p

o
st

-W
a
r 

W
e
st

 V
ir

g
in

ia
. 

G
ra

d
u

a
ll

y
, 

th
e
 e

c
o

n
o

m
y

 i
m

p
ro

v
e
d

 a
s 

fi
e
ld

s 
w

e
re

 c
le

a
re

d
 a

n
d

 p
la

n
te

d
, 

li
v

e
st

o
c
k

 w
e
re

 r
e
p

la
c
e
d

, 

a
n

d
 i

n
fr

a
st

ru
c
tu

re
 w

a
s 

re
b

u
il

t.
 B

y
 1

8
7

3
 t

h
e
 C

h
e
sa

p
e
a
k

e
 a

n
d

 O
h

io
 R

a
il

ro
a
d

 h
a
d

 b
e
e
n

 c
o

n
st

ru
c
te

d
 

th
ro

u
g

h
 

G
re

e
n

b
ri

e
r 

C
o

u
n

ty
 

a
n

d
 

o
th

e
r 

ro
a
d

s 
w

e
re

 
re

b
u

il
t.

 
D

u
ri

n
g

 
th

e
 

fi
rs

t 
h

a
lf

 
o

f 
th

e
 

re
c
o

n
st

ru
c
ti

o
n

 e
ra

, 
th

e
 c

o
u

n
ty

 r
e
m

a
in

e
d

 l
a
rg

e
ly

 a
g

ra
ri

a
n

, 
a
n

d
 v

a
ri

o
u

s 
o

rg
an

iz
a
ti

o
n

s 
(e

.g
.,

 G
ra

n
g

e
 

o
r 

P
a
tr

o
n

s 
o

f 
H

u
sb

a
n

d
ry

) 
w

e
re

 f
o

rm
e
d

 t
o

 a
ss

is
t 

fa
rm

e
rs

 t
o

 r
e
st

o
re

 t
h

e
ir

 l
a
n

d
 a

n
d

 c
u

rb
 e

ro
si

o
n

. 

F
a
rm

e
rs

 c
o

n
ti

n
u

e
d

 t
o

 c
h

a
n

g
e
 c

ro
p

s 
a
n

d
 c

ro
p

 r
o

ta
ti

o
n

 c
y

c
le

s 
a
s 

n
e
w

 m
e
th

o
d

s 
o

f 
a
g

ri
c
u

lt
u

re
 w

e
re

 

in
tr

o
d

u
c
e
d

 t
o

 t
h

e
 a

re
a
. 

M
a
n

y
 f

a
rm

e
rs

 b
e
g

a
n

 t
h

e
 t

ra
n

si
ti

o
n

 f
ro

m
 g

ra
in

 c
ro

p
s 

to
 d

a
ir

y
 f

a
rm

in
g

 a
n

d
 

m
a
rk

e
t 

g
a
rd

e
n

in
g

, 
in

 p
a
rt

 a
s 

a
 r

e
sp

o
n

se
 t

o
 i

n
fr

a
st

ru
c
tu

ra
l 

im
p

ro
v

e
m

e
n

ts
. 

B
y

 1
8

8
0

 t
h

e
 p

o
p

u
la

ti
o

n
 

in
 t

h
e
 c

o
u

n
ty

 h
a
d

 g
ro

w
n

 t
o

 1
5

,0
0

0
 (

C
R

I 
2

0
0

2
).

 D
e
sp

it
e
 e

ff
o

rt
s 

to
 r

e
b

u
il

d
 t

h
e
 i

n
fr

a
st

ru
c
tu

re
 o

f 
th

e
 

re
g

io
n

, 
th

e
 
e
c
o

n
o

m
ic

 
re

c
o

v
e
ry

 
w

a
s 

sl
o

w
 
to

 
d

e
v

e
lo

p
. 

T
h

e
 
fa

rm
e
rs

 
in

 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 
a
n

d
 

e
ls

e
w

h
e
re

 i
n

 t
h

e
 r

e
g

io
n

 s
o

u
g

h
t 

a
lt

e
rn

a
ti

v
e
 m

e
th

o
d

s 
o

f 
in

c
o

m
e
. 

T
h

e
 s

o
lu

ti
o

n
 f

o
r 

m
a
n

y
 w

a
s 

to
 s

e
ll

 

o
ff

 t
h

e
ir

 t
im

b
e
r 

o
r 

th
e
ir

 l
a
n

d
 t

o
 t

im
b

e
r 

m
o

g
u

ls
. 

T
h

e
 t

im
b

e
r 

in
d

u
st

ry
 b

e
g

a
n

 o
n

 a
 l

a
rg

e
 s

c
a
le

 a
s 

e
a
rl

y
 

a
s 

1
8

8
2

 i
n

 s
o

m
e
 p

a
rt

s 
o

f 
th

e
 c

o
u

n
ty

, 
b

u
t 

w
it

h
in

 t
h

e
 p

ro
je

c
t 

a
re

a
 t

h
e
 t

im
b

e
r 

in
d

u
st

ry
 d

id
 n

o
t 

b
e
g

in
 

u
n

ti
l 

th
e
 f

ir
st

 d
e
c
a
d

e
 o

f 
th

e
 t

w
e
n

ti
e
th

 c
e
n

tu
ry

. 
D

e
sp

it
e
 t

h
e
se

 n
e
w

 e
n

d
e
a
v

o
rs

, 
G

re
e
n

b
ri

e
r 

C
o

u
n

ty
 

w
a
s 

st
il

l 
m

o
re

 t
h

a
n

 8
0

%
 a

g
ra

ri
a
n

 i
n

to
 t

h
e
 1

8
9

0
s.

 

E
v

e
n

ts
 i

n
 N

ic
h

o
la

s 
C

o
u

n
ty

 w
e
re

 s
im

il
a
r 

to
 t

h
o

se
 t

h
a
t 

o
c
c
u

rr
e
d

 i
n

 G
re

e
n

b
ri

e
r.

 H
o

w
e
v

e
r,

 N
ic

h
o

la
s 

C
o

u
n

ty
 d

id
 n

o
t 

ta
k

e
 a

s 
lo

n
g

 t
o

 r
e
c
o

v
e
r 

e
c
o

n
o

m
ic

a
ll

y
 n

o
r 

su
ff

e
r 

a
s 

d
e
e
p

ly
 a

s 
se

v
e
ra

l 
W

e
st

 V
ir

g
in

ia
 

c
o

u
n

ti
e
s 

d
id

 t
o

 t
h

e
 n

o
rt

h
 a

n
d

 e
a
st

. 
T

h
a
t 

is
, 

o
w

in
g

 i
n

 p
a
rt

 t
o

 i
ts

 r
e
m

o
te

 l
o

c
a
ti

o
n

 a
n

d
 a

c
c
e
ss

, 
a
n

d
 

th
u

s 
it

s 
lo

w
e
r 

p
o

p
u

la
ti

o
n

, 
th

e
 p

e
ri

o
d

 o
f 

re
c
o

v
e
ry

 f
o

r 
N

ic
h

o
la

s 
C

o
u

n
ty

 f
o

ll
o

w
in

g
 t

h
e
 C

iv
il

 W
a
r 

w
a
s 

le
ss

 d
if

fi
c
u

lt
 a

n
d

 a
rd

u
o

u
s 

c
o

m
p

a
re

d
 t

o
 n

e
a
rb

y
 c

o
u

n
ti

e
s.

 N
o

n
e
th

e
le

ss
, 

N
ic

h
o

la
s 

C
o

u
n

ty
 w

a
s 

su
ff

e
re

d
 t

h
ro

u
g

h
 t

h
e
 r

e
c
o

n
st

ru
c
ti

o
n

 p
e
ri

o
d

.

4.
2.

5 
TH

E
E

C
O

N
O

M
IC

B
O

O
M

YE
A

R
S

(1
88

0S
–1

93
0S

)

T
h

e
 i

n
d

u
st

ri
a
l 

p
e
ri

o
d

 f
ro

m
 t

h
e
 l

a
te

 1
8

8
0

s 
to

 t
h

e
 e

a
rl

y
 1

9
1

0
s 

sa
w

 a
 m

a
jo

r 
tr

a
n

sf
o

rm
a
ti

o
n

 n
o

t 
o

n
ly

 

a
c
ro

ss
 t

h
e
 e

a
st

e
rn

 U
n

it
e
d

 S
ta

te
s 

a
n

d
 G

re
a
t 

L
a
k

e
s 

re
g

io
n

, 
b

u
t 

a
ls

o
 w

it
h

in
 W

e
st

 V
ir

g
in

ia
. 

T
h

e
 i

n
it

ia
l 

tr
a
n

sf
o

rm
a
ti

o
n

 
in

 
W

e
st

 
V

ir
g

in
ia

 
w

a
s 

tr
ig

g
e
re

d
 

b
y

 
th

e
 

in
c
re

a
se

 
o

f 
ra

il
ro

a
d

s 
in

to
 

th
e
 

re
m

o
te

 

m
o

u
n

ta
in

o
u

s 
a
re

a
s 

o
f 

th
e
 
st

a
te

 
a
n

d
 
a
n

 
in

c
re

a
se

d
 
d

e
m

a
n

d
 
fo

r 
ti

m
b

e
r 

re
so

u
rc

e
s.

 
T

h
e
 
in

c
re

a
se

d
 

d
e
m

a
n

d
 f

o
r 

W
e
st

 V
ir

g
in

ia
 t

im
b

e
r 

re
so

u
rc

e
s 

le
d

 t
o

 a
 c

h
a
n

g
e
 i

n
 t

h
e
 l

u
m

b
e
r 

in
d

u
st

ry
 f

ro
m

 s
m

a
ll

-

sc
a
le

 l
o

c
a
l 

o
r 

p
o

rt
a
b

le
 s

a
w

 m
il

ls
 t

h
a
t 

se
le

c
te

d
 o

n
ly

 t
h

e
 f

in
e
st

 t
im

b
e
r 

fo
r 

c
u

tt
in

g
 t

o
 a

 h
u

g
e
 f

a
c
to

ry
-

b
a
se

d
 i

n
d

u
st

ry
 t

h
a
t 

c
o

n
su

m
e
d

 e
n

ti
re

 f
o

re
st

s 
w

it
h

in
 a

 f
e
w

 y
e
a
rs

 a
n

d
 e

m
p

lo
y

e
d

 a
s 

m
u

c
h

 a
s 

1
0

0
 

p
e
o

p
le

 o
r 

m
o

re
. 

A
c
c
o

rd
in

g
 t

o
 o

n
e
 s

o
u

rc
e
, 

in
 1

8
3

5
 t

h
e
re

 w
e
re

 1
5

 s
te

a
m

 o
p

e
ra

te
d

 c
ir

c
u

la
r 

sa
w

m
il

ls
 

in
 t

h
e
 s

ta
te

, 
b

u
t 

b
y

 1
8

8
0

 t
h

e
re

 w
e
re

 4
7

2
 l

u
m

b
e
ri

n
g

 e
st

a
b

li
sh

m
e
n

ts
 w

it
h

in
 t

h
e
 s

ta
te

, 
th

e
 m

a
jo

ri
ty

 o
f 

w
h

ic
h

 w
e
re

 s
te

a
m

 p
o

w
e
re

d
 (

H
il

tz
 n

.d
.)

. 
T

h
e
 d

ev
e
lo

p
m

e
n

t 
o

f 
st

e
a
m

 o
p

e
ra

te
d

 s
in

g
le

-b
a
n

d
 s

a
w

m
il

ls
 

c
o

u
p

le
d

 w
it

h
 t

h
e
 e

x
p

a
n

si
o

n
 o

f 
th

e
 r

a
il

ro
a
d

 i
n

d
u

st
ry

 p
ro

v
id

e
d

 t
h

e
 p

re
c
ip

it
a
n

c
e
. 

T
h

e
 f

ir
st

 b
a
n

d
 

sa
w

m
il

l 
in

 W
e
st

 V
ir

g
in

ia
 w

a
s 

e
re

c
te

d
 i

n
 1

8
8

1
. 

In
 o

rd
e
r 

to
 p

ro
d

u
c
e
 a

 s
te

a
d

y
 f

lo
w

 o
f 

lo
g

s,
 a

 s
in

g
le

-

b
a
n

d
 s

a
w

m
il

l 
re

q
u

ir
e
d

 1
7

 a
c
re

s 
o

f 
v

ir
g

in
 t

im
b

e
r 

p
e
r 

d
a
y

 (
H

il
tz

 n
.d

.)
. 

In
 1

9
0

9
, 

th
e
re

 w
e
re

 8
3

 b
a
n

d
 A

pp
en

di
x 

G
3

A
pp

en
di

x 
G

3

4
.0

 C
U

L
T

U
R

A
L

 A
N

D
 H

IS
T

O
R

IC
C

O
N

T
E

X
T

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

3
3

m
il

ls
 

a
n

d
 

1
,4

4
1

 
o

th
e
r 

lu
m

b
e
ri

n
g

 
e
st

a
b

li
sh

m
e
n

ts
 

o
p

e
ra

ti
n

g
 

in
 

th
e
 

st
a
te

. 
C

o
ll

e
c
ti

v
e
ly

, 
th

e
se

 

o
p

e
ra

ti
o

n
s 

p
ro

d
u

c
e
d

 n
e
a
rl

y
 1

.5
 b

il
li

o
n

 b
o

a
rd

 f
e
e
t 

(b
f)

 o
f 

lu
m

b
e
r 

in
 1

9
0

9
 (

H
il

tz
 n

.d
.)

. 
 

O
f 

p
a
rt

ic
u

la
r 

im
p

o
rt

a
n

c
e
 
in

 
th

e
 
d

e
v

e
lo

p
m

e
n

t 
a
n

d
 
e
x

p
a
n

si
o

n
 
o

f 
th

e
 
lu

m
b

e
r 

in
d

u
st

ry
 
w

a
s 

th
e
 

in
v

e
n

ti
o

n
 o

f 
th

e
 S

h
a
y

-g
e
a
re

d
 l

o
c
o

m
o

ti
v

e
 e

n
g

in
e
. 

In
 t

h
e
 1

8
7

0
s,

 l
o

g
g

in
g

 r
a
il

ro
a
d

s 
w

e
re

 l
im

it
e
d

 t
o

 

o
n

e
 r

o
d

 l
o

c
o

m
o

ti
v

e
 e

n
g

in
e
s.

 B
e
c
a
u

se
 o

f 
th

e
ir

 r
ig

id
it

y
, 

th
e
 t

ra
c
k

 h
a
d

 t
o

 b
e
 w

e
ll

 g
ra

d
e
d

 a
n

d
 c

u
rv

e
s 

c
o

u
ld

 n
o

t 
b

e
 t

o
o

 s
te

e
p

 o
r 

to
o

 s
h

a
rp

. 
T

h
e
 S

h
a
y

 e
n

g
in

e
 u

se
d

 r
e
d

u
c
in

g
 g

e
a
rs

 i
n

st
e
a
d

 o
f 

si
d

e
 r

o
d

s,
 

w
h

ic
h

 e
n

a
b

le
d

 t
h

e
 e

n
g

in
e
 m

o
re

 f
re

e
d

o
m

 o
f 

m
o

v
e
m

e
n

t 
o

n
 r

o
u

g
h

, 
m

o
u

n
ta

in
o

u
s 

te
rr

a
in

 w
it

h
 s

h
a
rp

 

c
u

rv
e
s 

a
n

d
 s

te
e
p

 i
n

c
li

n
e
s.

 T
h

e
 L

im
a
 L

o
c
o

m
o

ti
v

e
 W

o
rk

s 
in

 L
im

a
, 

O
h

io
 p

ro
d

u
c
e
d

 2
,7

6
1

 S
h

a
y

 

e
n

g
in

e
s 

b
e
tw

e
e
n

 1
8

8
0

 a
n

d
 1

9
4

5
, 

a
n

d
 o

v
e
r 

2
0

0
 w

e
re

 u
se

d
 i

n
 W

e
st

 V
ir

g
in

ia
 f

o
r 

th
e
 l

o
g

g
in

g
 a

n
d

 

c
o

a
l 

in
d

u
st

ry
 (

H
il

tz
 n

.d
.)

. 
It

 h
a
s 

b
e
e
n

 e
st

im
a
te

d
 t

h
a
t 

in
 t

h
e
 1

8
7

0
s 

a
n

d
 1

8
8

0
s,

 W
e
st

 V
ir

g
in

ia
 w

a
s 

b
le

ss
e
d

 w
it

h
 b

e
tw

e
e
n

 1
0

 t
o

 1
2

 m
il

li
o
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h
e
 a

re
a
 o

r 
w

it
h

in
 t

h
e
 s

h
o

v
e
l 

te
st

. 
T

h
e
se

 a
rt

if
a
c
ts

 w
o

u
ld

 h
a
v

e
 i

n
c
lu

d
e
d

 

d
o

m
e
st

ic
 i

te
m

s 
su

c
h

 a
s 

k
it

c
h

e
n

 c
e
ra

m
ic

s 
o

r 
b

o
tt

le
 g

la
ss

 o
r 

a
rc

h
it

e
c
tu

ra
l 

m
a
te

ri
a
ls

 i
n

c
lu

d
in

g
 n

a
il

s 

o
r 

w
in

d
o

w
 g

la
ss

. 
N

o
 f

u
rt

h
e
r 

a
rc

h
e
o

lo
g

ic
a
l 

in
v

e
st

ig
a
ti

o
n

 i
s 

w
a
rr

a
n

te
d

 a
n

d
 n

o
 f

u
rt

h
e
r 

w
o

rk
s 

is
 

re
c
o

m
m

e
n

d
e
d

 i
n

 t
h

is
 a

re
a
. 

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3

��
��

��
� 

��
4
�(
��
��
��
�
�)
��
��
�)
��
���
��
�(
���
���

��
��
�
�+

�
�'
��+

�
�0
��
��

�+
�
�	
'


�
�


6
�6

�

�
�
�

�6
�6

�

�
�
�

�
6�

6�

��
��

��
��
�	

�
��
�
��

��
���
���
�


�
���

��
��
�	

��
�
����

��
��
��

��
�

��
���



��
��
�
��

�	

�
�

��
��

��
��
�	

�
��
��
���
��
� 
�
��
��

��
����

�!
�

��
��

�

��
�� 
��
��

��
��

��
"�
��
��
���
��
� 
�
��
��

���
��
�!
�

��
��

�

��	
���
��
�

	�
��
�

��
�

��
��

�"
��
��
��
��
��
� 
�
��
��

��

�

	�
���

�

��
�� 
��
��

��
��

��
��
��
�


��
�
��
��

��

�

	�
���

�


�
	�
��

�
��
��

��
"�
#�
��

�
�� 

�
��
��

��

�

	�
���

�

��	
���
��
�

	�
��
�

��
�
��


�
��

��
��

�	

�
�

��
��

�"
��
��
��
��
��
� 
�
��
��

��

�

	�
���

�

���
�

��
��

��
��

��
�#
��
��
��
	


��
��
�

���

 �
�
��

��
�

�	

��
��

�

���
��

��
�	

��
�
���

�!
�


��
��
��

�
��
��$

% 
��
�&�

��
!��


�
�
��

�	

�
�

��
��

�"
��
��
��
��
��
� 
�
��
��

��

�

	�
�!
�

��
��

�

���
�

��
��

��
�

��
�

��
�

��
&	

�� �� ��

A
pp

en
di

x 
G

3

A
pp

en
di

x 
G

3



6
.0

 P
H

A
S

E
I 

S
U

R
V

E
Y

R
E

S
U

L
T

S

T
R

A
N

S
M

IS
S

IO
N

L
IN

E
C

O
R

R
ID

O
R

S
U

R
V

E
Y

G
R

E
E

N
B

R
IE

R
&

 N
IC

H
O

L
A

S
C

O
U

N
T

IE
S
, 

W
E

S
T

V
IR

G
IN

IA

4
8

T
h

e
 r

e
m

a
in

in
g

 p
o

rt
io

n
 o

f 
S

e
g

m
e
n

t 
B

 (
i.

e
.,

 b
e
tw

e
e
n

 t
h

e
 r

a
il

ro
a
d

 t
ra

c
k

 a
n

d
 t

h
e
 r

iv
e
r)

 i
s 

a
 s

te
e
p

 

sl
o

p
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p
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 c
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h
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 f
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c
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d
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b
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c
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g

 i
n

 a
re

a
 W

G
 5

 i
s 

il
lu

st
ra

te
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 b
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R
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R
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R
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R
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R
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W
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S
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c
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 c
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u
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P
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su

lt
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f 
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 c

le
a
r-

c
u

tt
in

g
, 

th
e
 g

ro
u
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a
c
e
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a
s 

b
e
e
n

 
d
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tu

rb
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d
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c
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n
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s 
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il
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n
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s 
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n
ta
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g
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x
p
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d
 b
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d
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c
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c
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c
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c
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is
to

ri
c
 i

so
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te
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 f
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 f
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 f
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 d
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e
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h
e
re

 t
h

e
 n

e
w

 a
li

g
n

m
e
n

t 
sh

if
ts

 t
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rt
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 c
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e
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o
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h
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c
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c
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u
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c
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v
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w
e
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a
v
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c
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h
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h
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 c
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 d

is
p

la
y

e
d

 a
n

 a
b

ru
p

t 
b

o
u

n
d

a
ry

 o
n

to
 t

h
e
 u

n
d

e
rl

y
in

g
 

sa
n

d
y

 c
la

y
 l

o
a
m

 s
u

b
so

il
. 

N
o

 a
rt

if
a
c
ts

 w
e
re

 r
e
c
o

v
e
re

d
 f

ro
m

 t
h

e
se

 s
h

o
v

e
l 

te
st

s.
 

T
h

e
 

id
e
n

ti
fi

c
a
ti

o
n

 
o

f 
a
 

p
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p
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p
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. 
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 c
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 d
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t 
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 d
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 c
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 t
h

e
 M

e
a
d

o
w

 R
iv

e
r 

v
a
ll

e
y

 a
n

d
 w

a
s 

p
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 p
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c
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c
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a
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a
c
ti

v
it
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w

e
re

 
id

e
n

ti
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e
d

 
w

it
h

in
 

th
e
 

c
o

rr
id

o
r.

 
A

ls
o

, 
n

u
m

e
ro

u
s 

fe
a
tu

re
s 

(s
tr

u
c
tu

ra
l 

fe
a
tu

re
s 

su
c
h

 a
s 

m
o

u
n

d
s 

a
s 

w
e
ll

 a
s 

d
e
p

re
ss

io
n

s 
a
n

d
 s

u
rf

a
c
e
 a

rt
if

a
c
t 

c
lu

st
e
rs

) 
w

e
re

 o
b

se
rv

e
d

 o
n

 

e
it

h
e
r 

si
d

e
 o

f 
th

e
 r

a
il

ro
a
d

 b
e
d

 f
o

r 
se

v
e
ra

l 
h

u
n

d
re

d
 m

e
te

rs
 e

a
st

 a
n

d
 w

e
st

 o
f 

th
e
 p

ro
je

c
t 

c
o

rr
id

o
r.

 

F
iv

e
 
su

rf
a
c
e
 
fe

a
tu

re
s 

w
e
re

 
id

e
n

ti
fi

e
d

 
w

it
h

in
 
th

e
 
d

e
fi

n
e
d

 
si

te
 
a
re

a
. 

F
e
a
tu

re
 
1

 
is

 
a
 
st

o
n

e
-l

in
e
d

, 

c
ir

c
u

la
r 

d
e
p

re
ss

io
n

, 
1

.5
 m

 (
5

 f
t.

) 
in

 d
ia

m
e
te

r 
a
n

d
 a

t 
le

a
st

 1
 m

 (
3

.3
 f

t.
) 

in
 d

e
p

th
. 

T
h

e
 d

e
p

re
ss

io
n

 

a
p

p
e
a
rs

 t
o

 b
e
 a

 s
to

n
e
-l

in
e
d

 w
e
ll

 s
h

a
ft

 (
F

ig
u

re
 2

4
).

 F
e
a
tu

re
 1

 i
s 

lo
c
a
te

d
 n

e
a
r 

th
e
 c

e
n

te
r 

o
f 

th
e
 s

it
e
, 

a
p

p
ro

x
im

a
te

ly
 2

 m
 (

6
.5

 f
t.

) 
n

o
rt

h
 o

f 
th

e
 r

a
il

ro
ad

 b
e
d

. 
Ju

d
g

m
e
n

ta
l 

sh
o

v
e
l 

te
st

 1
1

.3
.1

 w
a
s 

e
x

c
a
v

a
te

d
 

in
 t

h
e
 b

o
tt

o
m

 o
f 

th
is

 f
e
a
tu

re
 b

e
tw

e
e
n

 t
w

o
 t

re
e
s 

th
a
t 

h
a
v

e
 g

ro
w

n
 i

n
si

d
e
 t

h
e
 w

e
ll

 s
in

c
e
 i

t 
w

a
s 

a
b

a
n

d
o

n
e
d

 (
P

la
te

 1
8

).
 T

h
e
 s

o
il

s 
w

it
h

in
 t

h
e
 s

h
o

v
e
l 

te
st

 i
n

c
lu

d
e
d

 t
w

o
 s

tr
a
ta

 (
F

ig
u

re
 2

5
a
).

 T
h

e
 f

ir
st

 

st
ra

tu
m

 i
s 

a
 3

0
 c

m
 (

1
 f

t.
) 

d
e
e
p

 s
il

t 
lo

a
m

. 
A

rt
if

a
c
ts

 f
ro

m
 t

h
e
se

 s
tr

a
ta

 i
n

c
lu

d
e
d

 o
n

e
 a

m
e
th

y
st

 b
o

tt
le

 

g
la

ss
 f

ra
g

m
e
n

t,
 2

 c
le

a
r 

b
o

tt
le

 g
la

ss
 f

ra
g

m
e
n

ts
, 

a
 d

o
u

b
le

-b
la

d
e
d

-h
a
n

d
-f

o
rg

e
d

 a
x

e
 h

e
a
d

, 
a
n

d
 o

n
e
 

z
in

c
-c

o
a
te

d
 o

il
 c

a
n

. 
B

e
lo

w
 t

h
is

 s
tr

a
tu

m
 w

a
s 

a
 2

0
 c

m
 (

0
.6

5
 f

t.
) 

th
ic

k
 s

il
ty

 c
la

y
 l

o
a
m

 t
h

a
t 

te
rm

in
a
te

d
 

o
n

 a
 l

a
rg

e
 r

o
c
k

 (
p

e
rh

a
p

s 
fr

o
m

 s
to

n
e
 l

in
in

g
).

 N
o

 a
rt

if
a
c
ts

 w
e
re

 r
e
c
o

v
e
re

d
 f

ro
m

 t
h

e
 l

o
w

e
r 

st
ra

tu
m

. 

F
e
a
tu

re
 2

, 
a
 p

o
ss

ib
le

 r
o

o
t-

c
e
ll

a
r 

o
r 

sm
a
ll

 f
o

u
n

d
a
ti

o
n

, 
is

 l
o

c
a
te

d
 1

1
 m

 (
3

6
 f

t.
) 

n
o

rt
h

 o
f 

th
e
 r

a
il

ro
a
d

 

b
e
d

 a
n

d
 1

5
 m

 (
5

0
 f

t.
) 

n
o

rt
h

e
a
st

 o
f 

F
e
a
tu

re
 1

 (
F

ig
u

re
 2

3
).

 T
h

e
 f

e
a
tu

re
, 

w
h

ic
h

 i
s 

2
.5

 m
 x

 3
 m

 (
8

-b
y

-

1
0

 f
t.

) 
in

 s
iz

e
, 

is
 c

o
m

p
o

se
d

 o
f 

se
v

e
ra

l 
c
o

u
rs

e
s 

o
f 

ro
u

g
h

-c
u

t 
st

o
n

e
 (

F
ig

u
re

 2
6

).
 T

h
e
 b

o
tt

o
m

 o
f 

th
e
 

fe
a
tu

re
 i

s 
a
p

p
ro

x
im

a
te

ly
 1

 m
 (

3
.3

 f
t.

) 
b

e
lo

w
 t

h
e
 g

ro
u

n
d

 s
u

rf
a
c
e
, 

a
n

d
 t

h
e
re

 i
s 

a
n

 e
a
rt

h
e
n

 r
a
m

p
 

d
e
sc

e
n

d
in

g
 t

o
 t

h
e
 b

o
tt

o
m

 o
f 

th
e
 f

e
a
tu

re
 o

n
 t

h
e
 n

o
rt

h
 w

a
ll

 o
f 

th
e
 s

tr
u

c
tu

re
. 

T
h

e
 c

o
ll

a
p

se
d

 s
to

n
e
 

w
a
ll

s 
o

f 
th

e
 f

o
u

n
d

a
ti

o
n

 f
il

le
d

 t
h

e
 b

o
tt

o
m

 o
f 

th
e
 f

e
a
tu

re
d

 a
n

d
 d

id
 n

o
t 

a
ll

o
w

 f
o

r 
th

e
 e

x
c
a
v

a
ti

o
n

 o
f 

a
 

sh
o

v
e
l 

te
st

 i
n

 t
h

e
 b

o
tt

o
m

 o
f 

th
e
 f

e
a
tu

re
. 

T
h

u
s,

 i
t 

is
 l

ik
e
ly

 t
h

a
t 

th
e
 f

e
a
tu

re
 i

s 
m

o
re

 t
h

a
n

 1
 m

 d
e
e
p

. 

F
e
a
tu

re
 3

 c
o

n
si

st
s 

o
f 

fo
u

r 
ro

u
g

h
-c

u
t 

st
o

n
e
 p

ie
rs

 l
o

c
a
te

d
 1

5
 m

 (
5

0
 f

t.
) 

n
o

rt
h

 o
f 

th
e
 r

a
il

ro
a
d

 g
ra

d
e
 

a
n

d
 1

0
 m

 (
3

3
 f

t.
) 

n
o

rt
h

 o
f 

F
e
a
tu

re
 1

 (
F

ig
u

re
 2

3
).

 F
e
a
tu

re
 2

 l
ie

s 
a
b

o
u

t 
5

 m
 (

1
6

 f
t.

) 
to

 t
h

e
 s

o
u

th
e
a
st

 

o
f 

F
e
a
tu

re
 3

. 
C

o
ll

e
c
ti

v
e
ly

, 
th

e
 a

re
a
 e

n
c
o

m
p

a
ss

e
d

 b
y

 t
h

e
 p

ie
rs

 m
e
a
su

re
s 

4
 m

 (
1

3
 f

t.
) 

(E
-W

) 
x

 6
 m

 

(2
0

 f
t.

) 
(N

-S
).

 T
h

e
 s

to
n

e
 p

ie
rs

 m
e
a
su

re
d

 a
b

o
u

t 
2

5
 c

m
 (

1
 f

t.
) 

in
 h

e
ig

h
t.

 N
o

 s
h

o
v

e
l 

te
st

s 
w

e
re

 

e
x

c
a
v

a
te

d
 w

it
h

in
 t

h
e
 c

lu
st

e
r 

o
f 

st
o

n
e
 p

ie
rs

 a
n

d
 n

o
 c

o
n

c
e
n

tr
a
ti

o
n

 o
f 

su
rf

a
c
e
 a

rt
if

a
c
ts

 w
a
s 

o
b

se
rv

e
d

 

w
it

h
in

 
o

r 
a
d

ja
c
e
n

t 
to

 
th

e
 
st

o
n

e
 
p

ie
rs

. 
It

 
is

 
p

o
ss

ib
le

 
th

a
t 

th
e
 
st

o
n

e
 
p

ie
rs

 
fu

n
c
ti

o
n

e
d

 
a
s 

c
o

rn
e
r 

fo
u

n
d

a
ti

o
n

s 
fo

r 
a
 w

o
o

d
e
n

 s
u

p
e
rs

tr
u

c
tu

re
, 

p
o

ss
ib

ly
 a

 s
h

a
n

ty
 h

o
u

se
 o

r 
o

u
tb

u
il

d
in

g
. 
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n
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e
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e
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a
d

jo
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in
g

 r
id

g
e
 (

F
ig

u
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 2
3

).
 F

e
a
tu
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s 

4
 a

n
d

 5
 a

re
 a

p
p

ro
x

im
a
te

ly
 1

0
 m

 (
3

3
 f

t.
) 

e
a
st

 o
f 

th
e
 e

a
st

e
rn

 

e
d

g
e
 o

f 
th

e
 p

ro
je

c
t 

c
o
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o
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 F
e
a
tu

re
 4

 i
s 

a
 m

o
u

n
d

 o
f 

st
o

n
e
 r

u
b

b
le

 a
n

d
 e

a
rt

h
 a

n
d

 m
e
a
su

re
s 

3
 m

 x
 5

 

m
 (

1
0

 x
 1

6
 f

t.
).

 T
h

e
 f

e
a
tu

re
 i

s 
lo

c
a
te

d
 2

5
 m

 (
8

2
 f

t.
) 

so
u

th
 o

f 
th

e
 r

a
il

ro
a
d

 b
e
d

 a
n

d
 3

0
 m

 (
1

0
0

 f
t.

) 

so
u

th
e
a
st

 o
f 

F
e
a
tu

re
 1

. 
F

e
a
tu

re
 5

 i
s 

a
 3

.5
 m

 x
 4

 m
 (

1
1

-b
y

-1
3

 f
t.

) 
m

o
u

n
d

 l
o

c
a
te

d
 7

 m
 (

2
3

 f
t.

) 
e
a
st

 o
f 

F
e
a
tu

re
 4

. 
A

 d
e
n

se
 s

c
a
tt

e
r 

o
f 

h
a
n

d
m

a
d

e
 b

ri
c
k

 d
e
b

ri
s,

 m
e
a
su

ri
n

g
 2

 m
 x

 4
 m

 (
6

.5
-b

y
-1

3
 f

t.
),

 i
s 

lo
c
a
te

d
 4

 m
 (

1
3

 f
t.

) 
fr

o
m

 t
h

e
 n

o
rt

h
e
a
st

 c
o

rn
e
r 

o
f 

F
e
a
tu

re
 4

. 
B

a
se

d
 o

n
 t

h
e
 f

o
ll

o
w

in
g

 e
v

id
e
n

c
e
, 

F
e
a
tu

re
s 

4
 a

n
d

 5
 m

a
y

 r
e
p

re
se

n
t 

d
o

m
e
st

ic
 s

tr
u

c
tu

re
s:

 (
1

) 
th

e
se

 f
e
a
tu

re
s 

a
re

 r
o

u
g

h
ly

 s
im

il
a
r 

to
 

F
e
a
tu

re
 2

 i
n

 s
iz

e
; 

(2
) 

th
e
 c

o
n

c
e
n

tr
a
ti

o
n

 o
f 

b
ri

c
k

 a
n

d
 b

ri
c
k

 f
ra

g
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 b
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b
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c
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p
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v
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 d
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 c
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p
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 p
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b
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 r
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c
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 c
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 p
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c
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c
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c
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c
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 b
e
d

 b
is

e
c
ts

 t
h

e
 s

it
e
 i

n
 a

n
 e

a
st

-

w
e
st

 
d

ir
e
c
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c
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ra
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 c
o

n
ti

n
u

e
 a

lo
n

g
 b

o
th

 s
id

e
s 

o
f 

th
e
 r

a
il

ro
a
d

 b
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 d
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 t
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 o
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 t
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p
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 c
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c
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a
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ra
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e
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 b
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a
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c
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ra
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ra
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h
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c
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e
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b
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 p
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b
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c
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 l
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ra
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c
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d
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p
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Appendix I 

Human Health Risk Assessment* 

 
* Since publication of the Draft EIS, the health risk analysis has been revised based on updated project 

data (revised tables are included; original tables have been left in this appendix for the Final EIS, so 

that the reader may easily compare values between the original and updated results). 
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 b
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 d
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 c
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c
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 c
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 c

o
n

su
m

e
d

 p
e
r 

d
a
y

, 
c
o

n
c
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 b
e
 e

x
p

o
se

d
 t

o
 C

O
P

C
 i

n
 s

o
il

 a
s 

a
 r

e
su

lt
 o

f 
in

c
id

e
n

ta
l 

in
g

e
st

io
n

 o
f 

so
il

 t
h
a
t 

h
a
s 

a
d
h
e
re

d
 t

o
 t

h
e
ir

 h
a
n
d
s.

  
C

O
P

C
 e

x
p
o
su

re
 v

ia
 t

h
is

 r
o
u
te

 i
s 

in
fl

u
e
n
c
e
d
 b

y
 s

o
il

 

c
o

n
c
e
n

tr
a
ti

o
n

, 
ra

te
 o

f 
so

il
 i

n
g

e
st

io
n

 d
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p
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 c
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c
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 p
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c
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 c
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c
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c
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 c
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 c
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c
e
 w

a
te

r 

b
o

d
ie

s 
in

 t
h

e
 v

ic
in

it
y

 o
f 

a
 c

o
m

b
u

st
io

n
 u

n
it

. 

A
pp

en
di

x 
I

A
pp

en
di

x 
I

4
 o

f 
9
 

E
xp

os
ur

e 
Sc

en
ar

io
s 

In
 t

h
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 o
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c
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 c
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 c
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c
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 b
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c
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c
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 c

h
il

d
) 

C
o

n
su

m
p

ti
o

n
 o

f 
fa

rm
-p

ro
d

u
c
e
d

 b
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c
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c
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c
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c
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 b
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c
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w
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c
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p
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c
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h
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c
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d

iv
id

u
a
ls

 l
iv

in
g

 i
n

 t
h
e
 a

re
a
 o

f 
th

e
 p

ro
p

o
se

d
 p

o
w

e
r 

p
la

n
t;

 s
o

 t
h
a
t 

if
 

fo
u

n
d

 t
o

 b
e
 w

it
h

in
 a

c
c
ep

ta
b

le
 U

.S
. 

E
P

A
 g

u
id

e
li

n
e
 v

a
lu

e
s,

 t
h

e
n

 t
h

e
 p

o
te

n
ti

al
 f

o
r 

e
x

p
o

su
re

 

to
 t

h
e
 r

e
m

a
in

in
g

 p
o

p
u

la
ti

o
n

 w
o

u
ld

 b
e
 m

u
c
h

 l
o

w
er

. 
 T

h
e
 e

x
p

o
su

re
 a

ss
u

m
p

ti
o

n
s 

fo
r 

e
a
c
h

 o
f 

th
e
 r

e
c
e
p

to
r 

ty
p

e
s 

a
re

 d
e
sc

ri
b

e
d

 b
e
lo

w
. 

R
es

id
en

t/
H

om
e 

G
ar

de
ne

r 
(a

du
lt

 a
nd

 c
hi

ld
) 

– 

T
h

e
 r

e
si

d
e
n
t/

h
o

m
e
 g

a
rd

e
n

e
r 

is
 e

x
p
o

se
d

 v
ia

 c
o

n
su

m
p

ti
o

n
 o

f 
lo

c
a
ll

y
 g

ro
w

n
 v

e
g

e
ta

b
le

s;
 

lo
c
a
ll

y
 r

a
is

e
d

 b
e
e
f,

 p
o

rk
, 

c
h

ic
k

e
n

, 
a
n

d
 e

g
g

s 
(a

v
e
ra

g
e
 c

o
n

ta
m

in
a
ti

o
n

 f
ro

m
 a

 2
0

-k
m

2
 a

re
a
);

 

in
c
id

e
n

ta
l 

so
il

 
in

g
e
st

io
n

; 
a
n

d
 
d

ir
e
c
t 

in
h

a
la

ti
o

n
 
o

f 
v

a
p

o
rs

 
a
n

d
 
p

a
rt

ic
le

s.
 
 
T

h
e
 
p

ri
m

a
ry

 

d
if

fe
re

n
c
e
 

b
e
tw

e
e
n

 
th

e
 

ty
p

ic
al

 
re

si
d

e
n

t/
h

o
m

e
 

g
a
rd

e
n

e
r 

a
n

d
 

a
 

ty
p

ic
a
l 

fa
rm

e
r 

is
 

th
e
 

d
if

fe
re

n
c
e
 i

n
 s

o
il

 c
o
n
c
e
n
tr

a
ti

o
n
 b

a
se

d
 o

n
 t

h
e
 d

if
fe

re
n
t 

e
x
p
o
su

re
 d

u
ra

ti
o
n
. 

 S
o
il

 i
n
g
e
st

io
n
 

a
n

d
 d

ir
e
c
t 

a
ir

 i
n

h
a
la

ti
o

n
 i

s 
b

a
se

d
 o

n
 a

v
e
ra

g
e
 c

o
n

c
e
n

tr
a
ti

o
n

s 
c
lo

se
 t

o
 t

h
e
 r

e
c
e
p

to
r 

lo
c
a
ti

o
n

. 

Su
bs

is
te

nc
e 

F
ar

m
er

 (
ad

ul
t 

an
d 

ch
ild

) 
– 

A
 s

u
b

si
st

e
n
c
e
 f

a
rm

e
r 

is
 a

 f
a
rm

e
r 

w
h

o
 i

s 
a
ss

u
m

e
d

 t
o

 r
a
is

e
 c

a
tt

le
 f

o
r 

b
o
th

 b
e
e
f 

a
n

d
 m

il
k

 

c
o

n
su

m
p

ti
o

n
 a

n
d

 g
ro

w
s 

p
ro

d
u

c
e
 f

o
r 

h
o

m
e
 c

o
n

su
m

p
ti

o
n

. 
 I

n
 a

d
d

it
io

n
, 

th
e
 s

u
b

si
st

e
n

c
e
 

fa
rm

e
r 

is
 e

x
p

o
se

d
 v

ia
 c

o
n

su
m

p
ti

o
n

 o
f 

fa
rm

-r
a
is

e
d

 p
o

rk
, 

c
h

ic
k

e
n

, 
a
n

d
 e

g
g

s.
  

T
h

e
 f

ra
c
ti

o
n

 

o
f 

c
o

n
ta

m
in

a
te

d
 

b
e
e
f,

 
m

il
k

, 
p

o
rk

, 
c
h

ic
k

e
n

, 
e
g

g
s,

 
a
n

d
 

p
ro

d
u

c
e
 

c
o

n
su

m
e
d

 
b

y
 

th
e
 

su
b

si
st

e
n

c
e
 f

a
rm

e
r 

is
 a

ss
u

m
e
d

 t
o

 b
e
 o

n
e
. 

 T
h

a
t 

is
, 

a
 s

u
b

si
st

e
n

c
e
 f

a
rm

e
r 

w
o

u
ld

 b
e
 a

 f
a
rm

e
r 

w
h
o
 d

e
ri

v
e
s 

1
0
0
-p

e
rc

e
n
t 

o
f 

th
e
 f

o
o
d
 c

o
n
su

m
e
d
 f

ro
m

 t
h
e
ir

 o
w

n
 f

a
rm

. 
 S

o
il

 i
n
g
e
st

io
n
 a

n
d
 

d
ir

e
c
t 

a
ir

 i
n

h
a
la

ti
o

n
 a

re
 b

a
se

d
 o

n
 c

o
n
d

it
io

n
s 

c
lo

se
 t

o
 t

h
e
 r

e
c
e
p
to

r 
lo

c
a
ti

o
n

. 

N
ur

si
ng

 I
nf

an
t 

(a
ll 

sc
en

ar
io

s)
 –

 

T
h

e
 p

re
se

n
c
e
 o

f 
c
o

m
p

o
u

n
d

s 
in

 m
o
th

e
rs

’ 
m

il
k

 p
ro

v
id

e
s 

a
n

 e
x

p
o

su
re

 p
a
th

w
a
y

 t
o

 i
n

fa
n

ts
, 

A
pp

en
di

x 
I

A
pp

en
di

x 
I

6
 o

f 
9
 

w
h
o
 c

o
n
st

it
u
te

 a
 s

e
n
si

ti
v
e
 s

u
b
p
o
p
u
la

ti
o
n
. 

 C
o
n
c
e
n
tr

a
ti

o
n
s 

o
f 

d
io

x
in

s 
in

 t
h
e
 b

re
a
st

 m
il

k
 

w
a
s 

e
st

im
a
te

d
 b

a
se

d
 o

n
 t

h
e
 m

a
te

rn
a
l 

d
ie

ta
ry

 i
n

ta
k

e
 o

f 
so

il
, 

v
e
g

e
ta

ti
o

n
, 

b
e
e
f,

 d
a
ir

y
, 

p
o

rk
, 

p
o

u
lt

ry
, 

a
n

d
 
e
g

g
s,

 
a
s 

w
e
ll

 
a
s 

in
h

a
la

ti
o

n
 
o

f 
a
m

b
ie

n
t 

a
ir

. 
 
T

h
is

 
a
p

p
ro

a
c
h

 
w

a
s 

u
se

d
 
to

 

c
h

a
ra

c
te

ri
z
e
 e

x
p

o
su

re
 o

f 
in

fa
n

ts
 t

o
 d

io
x

in
s 

in
 b

re
a
st

 m
il

k
. 

Su
bs

is
te

nc
e 

F
is

he
r 

(a
du

lt
 a

nd
 c

hi
ld

) 
– 

T
h

e
 s

u
b

si
st

e
n

c
e
 f

is
h

e
r 

is
 e

x
p

o
se

d
 v

ia
 c

o
n

su
m

p
ti

o
n

 o
f 

c
o

n
ta

m
in

a
te

d
 f

is
h

 a
n

d
 h

o
m

e
g

ro
w

n
 

p
ro

d
u

c
e
, 

in
c
id

e
n

ta
l 

so
il

 
in

g
e
st

io
n

, 
a
n

d
 
d

ir
e
c
t 

in
h

a
la

ti
o

n
 
o

f 
v

a
p

o
rs

 
a
n

d
 
p

a
rt

ic
le

s.
 
T

h
e
 

fr
a
c
ti

o
n

 o
f 

c
o

n
ta

m
in

a
te

d
 f

is
h

 a
n

d
 p

ro
d

u
c
e
 c

o
n

su
m

e
d

 b
y

 t
h

e
 s

u
b

si
st

e
n

c
e
 f

is
h

e
r 

is
 a

ss
u

m
e
d
 

to
 b

e
 1

0
0

%
. 

 A
s 

a
 c

o
n

se
rv

a
ti

v
e
 m

e
a
su

re
, 

th
e
 s

u
b

si
st

e
n

c
e
 f

is
h

e
r 

is
 a

ls
o

 a
ss

u
m

e
d

 t
o

 e
a
t 

lo
c
a
ll

y
 r

a
is

e
d

 b
e
e
f,

 p
o

rk
, 

c
h

ic
k

e
n

, 
a
n

d
 e

g
g

s 
(a

v
e
ra

g
e
 c

o
n

ta
m

in
a
ti

o
n

 f
ro

m
 a

 2
0

-k
m

2
 a

re
a
).

  

S
o
il

 i
n
g
e
st

io
n
 a

n
d
 d

ir
e
c
t 

a
ir

 i
n
h
a
la

ti
o
n
 i

s 
b
a
se

d
 o

n
 c

o
n
c
e
n
tr

a
ti

o
n
s 

c
lo

se
 t

o
 t

h
e
 r

e
c
e
p
to

r 

lo
c
a
ti

o
n

.

E
xp

os
ur

e 
R

ou
te

s 

T
h

e
 t

h
re

e
 p

ri
m

a
ry

 e
x

p
o

su
re

 r
o

u
te

s 
g

e
n

e
ra

ll
y

 c
o
n

si
d

e
re

d
 i

n
 h

u
m

a
n

 h
e
a
lt

h
 r

is
k

 a
ss

e
ss

m
e
n

ts
 

in
c
lu

d
e
 

in
h

a
la

ti
o

n
, 

in
g

e
st

io
n

, 
a
n

d
 

d
e
rm

a
l 

a
b

so
rp

ti
o

n
. 

 
P

ri
m

a
ry

 
e
x

p
o

su
re

 
ro

u
te

s,
 

re
p

re
se

n
ti

n
g

 b
o

th
 d

ir
e
c
t 

a
n

d
 i

n
d

ir
e
c
t 

p
a
th

w
a
y

s 
o

f 
e
x

p
o

su
re

 w
e
re

 c
o

n
si

d
e
re

d
 i

n
 t

h
e
 r

is
k

 

a
ss

e
ss

m
e
n

t 
fo

r 
th

e
 p

ro
p

o
se

d
 p

o
w

e
r 

p
la

n
t.

  
T

h
e
se

 r
o

u
te

s 
a
n

d
 a

ss
o

c
ia

te
d

 p
a
th

w
a
y

s 
in

c
lu

d
e
: 

In
h

a
la

ti
o

n
 o

f 
a
ir

; 

In
g

e
st

io
n

 o
f 

so
il

; 

In
g

e
st

io
n

 o
f 

lo
c
a
ll

y
-g

ro
w

n
 a

n
d

 h
o

m
e
-g

ro
w

n
 p

ro
d

u
c
e
; 

In
g

e
st

io
n

 o
f 

fa
rm

-p
ro

d
u

c
e
d

 b
e
e
f 

a
n

d
 m

il
k

, 
p

o
rk

, 
c
h

ic
k

e
n

, 
a
n

d
 e

g
g

s;
 

In
g

e
st

io
n

 o
f 

lo
c
a
ll

y
-r

a
is

e
d

 b
e
e
f 

a
n

d
 m

il
k

, 
p

o
rk

, 
c
h

ic
k

e
n

, 
a
n

d
 e

g
g

s;
 

In
g

e
st

io
n

 o
f 

su
rf

a
c
e
 w

a
te

r;
 

In
g

e
st

io
n

 o
f 

lo
c
a
ll

y
-c

a
u

g
h

t 
fi

sh
; 

a
n

d
 

In
g

e
st

io
n

 o
f 

m
o

th
e
rs

’ 
b

re
a
st

 m
il

k
 b

y
 i

n
fa

n
ts

. 

U
.S

. 
E

P
A

 h
a
s 

c
o

n
c
lu

d
e
d

 t
h

a
t 

th
e
 p

o
te

n
ti

a
l 

fo
r 

g
ro

u
n

d
w

a
te

r 
to

 b
e
c
o

m
e
 c

o
n

ta
m

in
a
te

d
 f

ro
m

 

c
o

m
b

u
st

o
r 

st
a
c
k

 e
m

is
si

o
n

s 
b

y
 t

h
is

 p
a
th

w
a
y

 i
s 

li
m

it
e
d

, 
a
n

d
 t

h
a
t 

fu
rt

h
e
r 

e
v

a
lu

a
ti

o
n

 o
f 

th
is

 

p
a
th

w
a
y

 i
s 

u
n

n
e
c
e
ss

a
ry

 i
n

 r
is

k
 a

ss
e
ss

m
e
n

ts
 f

o
r 

c
o

m
b

u
st

o
r 

fa
c
il

it
ie

s 
(U

.S
. 
E

P
A

, 
1

9
9

8
b

).
 

T
h

e
 d

e
rm

a
l 

a
b

so
rp

ti
o

n
 r

o
u

te
 o

f 
e
x

p
o

su
re

 (
fr

o
m

 s
o

il
 o

r 
w

a
te

r)
 w

a
s 

n
o

t 
c
o

n
si

d
e
re

d
 f

o
r 

th
e
 

p
u

rp
o

se
 o

f 
th

is
 r

is
k

 a
ss

e
ss

m
e
n

t 
b

e
c
a
u

se
 a

v
a
il

ab
le

 d
a
ta

 i
n

d
ic

a
te

 t
h

a
t 

th
e
 c

o
n

tr
ib

u
ti

o
n
 o

f 

d
e
rm

a
l 

e
x

p
o

su
re

 t
o

 s
o

il
s 

to
 o

v
e
ra

ll
 r

is
k

 i
s 

ty
p

ic
a
ll

y
 s

m
a
ll

 (
U

.S
. 
E

P
A

, 
1

9
9

8
b

).
 

A
pp

en
di

x 
I

A
pp

en
di

x 
I



7
 o

f 
9
 

H
um

an
 H

ea
lt

h 
R

is
k 

an
d 

H
az

ar
d 

C
ha

ra
ct

er
iz

at
io

n 

T
h

e
 o

b
je

c
ti

v
e
 o

f 
th

e
 r

is
k
 c

h
a
ra

c
te

ri
z
a
ti

o
n

 p
o
rt

io
n

 o
f 

th
e
 r

is
k
 a

ss
e
ss

m
e
n

t 
is

 t
o

 e
v

a
lu

a
te

 t
h

e
 

p
o

te
n

ti
a
l 

h
e
a
lt

h
 i

m
p

a
c
ts

 o
f 

ex
p

o
su

re
 t

o
 t

h
e
 c

o
n
st

it
u
e
n

ts
 o

f 
e
m

is
si

o
n

s 
re

le
a
se

d
 i

n
to

 t
h

e
 

e
n

v
ir

o
n

m
e
n

t 
b

y
 t

h
e
 p

ro
p

o
se

d
 p

o
w

e
r 

p
la

n
t.

  
 R

is
k
 c

h
a
ra

c
te

ri
z
a
ti

o
n

 i
s 

th
e
 f

in
a
l 

st
e
p

 o
f 

th
e
 

ri
sk

 a
ss

e
ss

m
e
n

t 
p

ro
c
e
ss

. 
 I

n
 t

h
is

 s
te

p
, 

c
a
n

c
e
r 

a
n

d
 n

o
n

-c
a
n

c
e
r 

to
x

ic
it

y
 v

a
lu

e
s 

fo
r 

th
e
 C

O
P

C
 

fo
u

n
d

 
in

 
st

a
c
k

 
a
n

d
 

fu
g

it
iv

e
 

e
m

is
si

o
n

s 
a
re

 
e
x
a
m

in
e
d

 
in

 
c
o

n
ju

n
c
ti

o
n
 

w
it

h
 

e
st

im
a
te

d
 

e
x

p
o

su
re

 d
o
se

s 
c
o

rr
e
sp

o
n

d
in

g
 t

o
 t

h
e
 r

e
c
e
p
to

r 
sc

e
n

a
ri

o
s:

 r
e
si

d
e
n

t/
h

o
m

e
 g

a
rd

e
n

e
r 

(a
d

u
lt

 

a
n

d
 c

h
il

d
),

 s
u

b
si

st
e
n

c
e
 f

a
rm

e
r 

(a
d

u
lt

 a
n

d
 c

h
il

d
),

 n
u

rs
in

g
 i

n
fa

n
t 

(a
ll

 s
c
e
n

a
ri

o
s)

, 
su

b
si

st
e
n

c
e
 

fi
sh

e
r,

 s
c
h

o
o

l/
d

a
y

 c
a
re

 c
h

il
d

, 
a
n

d
 h

o
sp

it
a
l 

p
a
ti

e
n

t/
e
x
te

n
d

e
d

 c
a
re

 r
e
si

d
e
n
t.

 T
o

ta
l 

li
fe

ti
m

e
 

c
a
n

c
e
r 

ri
sk

s 
a
n

d
 
n

o
n

-c
a
n

c
e
r 

h
a
z
a
rd

s 
a
ss

o
c
ia

te
d
 
w

it
h

 
d

ir
e
c
t 

a
n

d
 
in

d
ir

e
c
t 

e
x

p
o

su
re

s 
to

 

c
o

n
st

it
u

e
n

ts
 o

f 
th

e
 f

a
c
il

it
y

 e
m

is
si

o
n

s 
w

il
l 

b
e
 c

o
m

p
a
re

d
 w

it
h

 v
a
lu

e
s 

c
o

n
si

d
e
re

d
 a

c
c
e
p
ta

b
le

 

b
y
 U

.S
. 
E

P
A

. 

O
f 

sp
e
c
ia

l 
n

o
te

 i
s 

th
e
 m

e
th

o
d

 b
y

 w
h

ic
h

 i
n

fa
n

t 
e
x

p
o

su
re

 t
o

 d
io

x
in

 i
n

 m
o
th

e
rs

’ 
b

re
a
st

 m
il

k
 

w
il

l 
b

e
 a

ss
e
ss

e
d

. 
T

h
e
 p

re
se

n
c
e
 o

f 
c
o

m
p

o
u

n
d

s 
in

 m
o
th

e
rs

’ 
m
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Appendix J 

Intersection Photos and                   
Traffic Modeling Output 

 
Appendix J1 – Intersection Photos 

 

Appendix J2 – HCM Traffic Modeling Output 
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Figure 1. Intersection A - on WV20 facing east toward Tom Raine

Figure 2. Intersection A - on WV20 facing south

J1-1



Figure 3. Intersection B - on US60 facing west

Figure 4. Intersection B - on WV20 facing north

J1-2



Figure 5. Intersection C - on US60 facing south toward Park Center Shopping area

Figure 6. Intersection C - on US60 facing east

J1-3



Figure 7. Intersection D - on US60 facing east

Figure 8. Intersection D - on US60 facing west
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Figure 9. Intersection E - on US60 facing northwest

Figure 10. Intersection E - on US60 facing northeast
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c
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 d

o
o

rs
 a

n
d

 o
p

e
n

in
g

s 
w

it
h

 d
if

fe
re

n
t 

T
L

s,
 a

 

c
o

m
p

o
si

te
 T

L
 f

o
r 

o
n

e
 s

id
e
 o

f 
th

e
 b

u
il

d
in

g
 c
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t c
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S
1
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…
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 c
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 d
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c
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c
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 d
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n

t 
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o
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n
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f 
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h
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c
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c
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e
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c
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 b
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c
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c
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 c
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 d
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c
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 d
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p
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 c
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 d
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c
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 m
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a
v

a
n

a
u

g
h

 a
n

d
 T

o
cc

i,
 1

9
9

8
).

 E
n

g
in

e
 n

o
is

e
 t

y
p

ic
a
ll

y
 d
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c
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 m
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c
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c
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 d
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c
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c
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c
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c
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 d
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c
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c
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c
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c
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 d
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 c
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 d
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c
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 m
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n
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 m
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p
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 c
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 d
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 m
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c
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 b
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c
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p
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d
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c
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c
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c
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c
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c
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p
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 m
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 b
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y
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m
o
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n
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n
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c
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 c
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 b
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 c
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 m
u
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 c
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c
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e
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c
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u

c
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p
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g
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 p
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c
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e
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c
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 t
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Appendix L 

Transmission Line Corridor Study 
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Appendix M 

Floodplain and Wetland Assessment* 

 
 

 

 

 

 

 

 

 

 

*To date (July 2007),WGC has submitted a revised permit application to the WVDEP and the USACE. 

Initially, WGC had submitted wetland encroachment permit applications for commercial and 

institutional development (Nationwide General Permit 39) and a utilities line (Nationwide 

General Permit 12) permit for the project. However, the cumulative wetland impact exceeded 

0.5 acres, which necessitated WGC’s submission of an Individual Permit (IP) application. 

Both the state (401) and federal (404) wetland permit applications discuss temporary and 

permanent wetland impacts, BMPs and include a compensatory conceptual wetland mitigation 

plan for impacted wetlands. The conceptual wetland replacement design would be finalized 

once WVDEP approves the plan. 
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Floodplain and Wetland Assessment  Demonstration Project 

July 2007  M-1 

1. INTRODUCTION 

Pursuant to Executive Order 11988, Floodplain Management, each federal agency is required, 

when conducting activities in a floodplain, to take actions to reduce the risk of flood damage; 

minimize the impact of floods on human safety, health, and welfare; and restore and preserve the 

natural and beneficial values served by floodplains.  Pursuant to Executive Order 11990, 

Protection of Wetlands, each federal agency is to avoid, to the extent practicable, the destruction 

or modification of wetlands, and to avoid direct or indirect support of new construction in 

wetlands if a practicable alternative exists.  The U.S. Department of Energy (DOE) issued 

regulations that implement these Executive Orders (10 CFR Part 1022, Compliance with 

Floodplain/Wetlands Environmental Review Requirements).  In accordance with the terms of this 

regulation, specifically 10 CFR Part 1022.11(d), DOE must prepare a floodplain assessment for 

proposed actions that would take place in floodplains and a wetland assessment for any proposed 

actions that would take place in wetlands.   

This appendix is intended to comply with 10 CFR Part 1022 and is both the floodplain 

assessment and the wetlands assessment.  A floodplain and wetlands assessment consists of a 

description of the Proposed Action, a discussion of its effects on floodplains and wetlands, and a 

discussion of the proposed alternatives.  The discussion of the Proposed Action also describes the 

functions and values of floodplains/wetlands and steps taken to minimize impacts on these 

sensitive natural resources.   

Because project development activities tend to be an ongoing process and often involve the 

reconfiguration of proposed project components, changes to original wetland impact estimates 

are common.  To date, the final location for the water intake structure and an associated road 

has not been finalized, although, final location decisions would be based on minimum 

disturbance to wetlands. Likewise, refinement of the transmission corridor (Segment C) is 

currently ongoing and final alignment decision criteria include minimum impacts to wetlands. 

Consequently, Western Greenbrier Co-Generation, LLC (WGC) is in the process of consulting 

with the U.S. Army Corps of Engineers (USACE) for the wetland permitting process to identify 

wetland impacts and methods for avoiding and minimizing impacts and developing suitable 

forms of wetland mitigation.  See Section 4.3 of this assessment for an updated discussion on 

the current status of the permit applications and wetlands mitigation plans for the project. 

1.1 Project Description 

Under the Proposed Action, DOE is considering providing federal financial assistance for the 

construction and demonstration of a 98 megawatt (MWe) power plant and cement-making facility 

(hereafter referred to as “Co-Production Facility”).  Under the proposed federal action, DOE has 

entered into a 5-year cooperative agreement with Western Greenbrier Co-Gen LLC (WGC) to 

provide financial assistance through the Clean Coal Power Initiative (CCPI) Program for the 

development of a Co-Production Facility to be located at Rainelle, Greenbrier County, West 

Virginia (Figure 1.1).   

The DOE goal for this project is to demonstrate a commercially innovative design for an 

atmospheric pressure, circulating fluidized bed (ACFB) power plant that would generate 

electricity and steam using coal refuse as fuel and manufacturing a cement product utilizing the 

resulting ash. A coal-fired rotary kiln coupled with the power plant would combine coal ash, 

limestone, and other waste materials into a cement material for use in manufacturing structural 

building products.  The ash byproducts would be manufactured at or adjacent to the site of the 

power plant. 
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The proposed project includes an environmentally balanced industrial park (EcoPark) situated on 

and adjacent to the site of the former MRL property on the southern outskirts of the town’s city 

limits.  This ‘‘EcoPark’’ would use hot water produced from the plant’s turbine exhaust to 

provide heat for buildings.  Steam would also be used for various heating and industrial 

processes, which could include hardwood drying.  A 4-million ton coal refuse site in Anjean, 

WV, and other coal refuse sites in the vicinity of Rainelle, would supply coal refuse fuel for the 

plant.   

Rainelle is a small rural community consisting of residential, commercial, and industrial land and 

situated along US 60 in western Greenbrier County, West Virginia.  The county is rural in 

character with farms and forest comprising up to 95% of the county’s 1,026 square miles (EK, 

2003a).  Historically, Rainelle supported an active lumber industry that was centered on the 

Meadow River Lumber Company (MRL) (JMA, 2005).  Since the closure of the MRL and the 

opening of Interstate 64, the town has experienced an economic downturn. 

Because the project area is situated adjacent to Sewell Creek, wetlands, floodplains, and surface 

waters could potentially be affected by the Proposed Action.  The severity of potential impacts to 

wetlands and floodplains would be dependant on the degree and magnitude of the varying design 

alternatives and associated infrastructures presented by proposed actions.  The land is generally 

flat in the Sewell Creek floodplain from the proposed location of the Co-Production Facility site, 

northeast to Rainelle’s downtown, and north and northwest toward the Rainelle City Hall, 

Rainelle Medical Center, Rainelle School, and golf course.   

Additional information about the Proposed Action can be found in the body of the Environmental 

Impact Statement (EIS) – Volume 1, which has been prepared in accordance with the National 

Environmental Policy Act of 1969 (NEPA) and as amended (42 USC 4321 et seq.).  Chapter 2 of 

the EIS contains a detailed description of the Proposed Action.  Sections 3.5 and 3.7 provide 

detailed information on the flooplains and wetlands in the area of the Proposed Action.  Section 

4.5 and 4.7 provide the DOE analysis of potential impacts to floodplains and wetlands that could 

result from the construction and operation of the proposed power plant. 

1.2 Regulatory Requirements 

For actions that would be located in a floodplain, DOE is required to describe the nature and 

extent of the flood hazard.  Using the most authoritative information available about site 

conditions, DOE must determine if a proposed action would be located within either a base action 

floodplain or a critical action floodplain.  The base floodplain is, at a minimum, the area 

inundated by a flood having a 1.0 percent chance of occurring in any given year (referred to as 

the 100-year floodplain).  The critical-action floodplain is the area inundated by a flood having a 

0.2-percent chance of occurring in any given year (referred to as the 500-year floodplain). 

Critical action is defined as any activity for which even a slight chance of flooding would be too 

great.  Such actions could include the storage of highly volatile, toxic, or water-reactive materials.  

DOE does not consider the activities associated with the construction and operation of the 

proposed power plant as critical actions; therefore, only the 100-year floodplain will be evaluated 

in this assessment. 

Title 10 CFR Part 1022.11 lists four sources of information that must be reviewed to determine 

whether a proposed action would be located within a floodplain.  These sources include the 

following: 

• Flood Insurance Rate Maps (FIRM) or Flood Hazard Boundary Maps prepared by the Federal 

Emergency Management Agency (FEMA) 

• Information from a land-administering agency or from other government agencies with 

floodplain determination expertise 
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• Information in safety basis documents as defined in 10 CFR Part 830 (Nuclear Safety 

Management) 

• DOE environmental documents. 

Title 10 CFR Part 1022.11 requires DOE to examine the following information to determine 

whether a proposed action would be located in a wetland, consistent with the most authoritative 

information available about site conditions: 

• U.S. Army Corps of Engineers (USACE), Wetlands Delineation Manual 

• U.S. Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) 

• U.S. Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS) 

Local Identification Maps 

• U.S. Geological Survey (USGS) Topographic Maps 

• DOE environmental documents 

2. FLOODPLAIN AND WETLAND DESCRIPTIONS 

2.1 Floodplains 

A floodplain is an area next to a river, stream, or creek that may be covered with water following 

heavy rainstorms.  The floodplain can retain excess water, allowing it to be slowly released into 

the river system and seep into groundwater aquifers.  Vegetation and woody debris in floodplains 

disrupts surface flow and causes sediment to settle out of floodwaters, thereby keeping it out of 

water bodies.  Floodplains often support important wildlife habitat and are frequently used by 

humans as recreation areas.  

FEMA completed a Flood Insurance Study for Rainelle in 1987.  The Flood Insurance Study 

covered a detailed study of Sewell Creek from the confluence of the Meadow River to the 

confluence with Little Sewell Creek.  A detailed study determines the water-surface elevations on 

streams and Base Flood Elevations (BFEs) for 10-year, 50-year, 100-year and 500-year flood 

events.  The remaining portion of Sewell Creek and Wolfpen Creek were studied by approximate 

methods (FEMA, 1987).  The approximate method study did not establish BFEs and did not 

designate floodways. 

Floodplains were delineated for Sewell Creek and Little Sewell Creek within the corporate limits 

of the city of Rainelle as part of the Flood Insurance Study.  Topography for the Sewell Creek 

floodplain is mostly flat north and south of the watercourse.  Some variations in topographic 

elevations occur immediately south of Sewell Creek and the majority of the proposed power plant 

site facility (E&R site) lies outside the 100-year floodplain.  The FIRM of Rainelle shows that 

only a small portion of the project area (approximately 3 acres [1.2 hectares]), is within the 100-

year floodplain.  This area is shown as Zone A (Figure 2.1). 

Zone A is the flood insurance rate zone that corresponds to the 100-year floodplain that is 

determined in the Flood Insurance Study by approximate methods.  Because detailed hydraulic 

analyses were not performed for such areas, no BFEs or depths are shown around the proposed 

power plant site.  Thus, for this area no floodway has been designated.  Generally for projects 

located in the 100-year floodplain, the local community will require that project owners submit 

engineering analyses before permits are approved for development in the floodplain.  The 100-

year flood elevation from the FIRM was overlaid on a 1-foot contour topographic map that was 

developed as part of project efforts to estimate the elevation of the floodplain around the project 

area.  Based on the overlay, the FEMA 100-year flood elevation is approximately 2,398 feet 

(731meters) at the proposed project site and covers approximately 300 feet (91 meters) above 

mean sea level (amsl) on either side of Sewell Creek.  However, because this estimate only 
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approximates the extent of the 100-year flood elevation, modeling was employed to estimate 

flood risk at the project site. 

Detailed hydraulic modeling of the proposed project site was conducted as part of baseline 

characterization to determine floodplain boundaries.  Stream segments studied include the section  

of Sewell Creek from the confluence of Wolfpen Creek to US Route 60, Wolfpen Creek from the 

US Route WV 20 (South Street) bridge to the confluence with Sewell Creek, and an unnamed 

tributary approximately 2,300 feet (7,010 meters) downstream on Sewell Creek from the 

confluence with Wolfpen Creek. 

Expected flood flows for 100-year, 100-year + 1 Standard Error Estimate (SEE), and 100-year + 

2 SEE storm events were calculated based on techniques presented in USGS Open-File report 80-

1218, “Runoff Study on Small Drainage Areas in West Virginia.”  This technique provides a 

method of estimating the magnitude of peak discharges of 100-year, 100-year + 1SE, 100 year 

+2SE frequency for unregulated, virtually natural streams in West Virginia.  Hydraulic modeling 

was accomplished using HEC-RAS to estimate base flood elevations for the calculated discharge 

rates.  The 100-year flood elevation was determined to be at an elevation of approximately 2,400 

feet and covered a small portion of the Sewell Creek floodplain (Figure 2.2). 

 



Figure 2.1
Flood Insurance Rate Map (FIRM) of Rainelle

Sources:Federal Emergency Management Agency Community 
Panel Number 540228 0001 A Effective Date: 19 Nov 1987 

SCALE
Approximately

1inch :2,000 feet

Floodplain and Wetland
Assessment
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Demonstration Project



  Western Greenbrier Co-Production 

Floodplain and Wetland Assessment  Demonstration Project 

July 2007  M-7 

2.2 Wetlands 

The USACE defines wetlands as “those areas that are inundated or saturated with ground or 

surface water at a frequency and duration sufficient to support, and that under normal 

circumstances do support, a prevalence of vegetation typically adapted to life in saturated soil 

conditions.  Wetlands generally include swamps, marshes, bogs, and similar areas,” as defined in 

33 CFR Part 328.  Wetlands are important natural resource systems because of the diverse 

biologic and hydrologic functions they perform.  Wetlands provide wildlife habitat, store and 

release surface waters, and thereby reduce flood damage, retain and bind sediments, and provide 

ground water discharge or recharge functions.  Wetland functions also include water quality 

improvement, pollution abatement, and nutrient cycling.   

Wetlands are protected as a subset of the “waters of the United States” under Section 404 of the 

Clean Water Act (CWA). The term “waters of the United States” has a broad meaning and 

incorporates deepwater aquatic habitats and special aquatic habitats, including wetlands.  

Jurisdictional “waters” of the United States are areas regulated under the CWA and include 

coastal and inland waters, lakes, rivers, ponds, streams, intermittent streams, and “other” waters 

that, if degraded or destroyed, could affect interstate commerce. 

Wetlands were delineated using the routine methodology outlined in the 1987 USACE Wetlands 

Delineation Manual.  Wetlands typically exhibit three characteristics, which include wetland 

hydrology, hydrophytic (wetland) vegetation and hydric (wetland) soils.  There generally must be 

a positive indicator of each of these characteristics for a site to be classified as a wetland.  

Determination of the wetland criteria mentioned above consisted of performing a plant 

community inventory in which greater than 50 percent of the cumulative cover types (trees, 

shrubs, vines and herbs) were facultative or wetter, determining the presence of hydric soils, and 

evaluating the site for evidence of wetland hydrology. 

The USFWS Cowardin wetland classification characterizes water resources based upon their 

position within the landscape.  Wetlands satisfying the Cowardin classification are identified as 

Palustrine and Riverine systems. 

The majority of water resources wetlands in EcoPark (north of Sewell Creek) and in the Power 

plant site facility (E&R site) are characterized as palustrine emergent, scrub-shrub and forested 

wetlands.  Wetlands at the EcoPark are vegetated by persistent and nonpersistent herbaceous 

plants and woody shrubs.  Typical members of the aquatic plant community generally consist of: 

• cattail (Typha latifolia),  

• willow (Salix sp.),  

• swamp dogwood (Cornus amomum),  

• sedge (Carex sp) and  

• sensitive fern (Onoclea sensibilis).  
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Wetlands in the western half of the power plant site are emergent and forested.  Wetland 

hydrology in the forested wetlands was characterized by braided drainage channels.  The 

dominant species observed in the wooded wetland are: 

• red maple (Acer rubrum),  

• pin oak (Quercus palustris),  

• spicebush (Lindera benzoin),  

• swamp dogwood (Cornus amomum),  

• cinnamon fern (Osmunda cinnamomea),  

• jewelweed (Impatiens sp.),  

• sensitive fern, and  

• skunk cabbage (Symplocarpus foetidus). 

The wooded upland areas are dominated by: 

• red maple,  

• American beech (Fagus grandifolia), 

• red oak (Quercus rubra),  

• hawthorne (Cretagus sp.),  

• ironwood (Carpinus caroliniana),  

• Christmas fern (Polystichum acrostichoides),  

• witch hazel (Hamamelis virginiana) and  

• Virginia creeper (Parthenocissus quinquefolia). 

 

The riverine system includes water resources within a stream channel that  is characterized as “an 

open conduit either naturally or artificially created which periodically or continuously conveys 

water, or which forms a connecting link between two bodies of standing water" (Cowardin et al. 

1979).  Upland islands or palustrine wetlands may occur in the channel.  Based upon the result of 

the field investigations, Sewell Creek, Wolfpen and intermittent tributaries meet the definitions of 

Riverine Systems.  Figure 2.3 shows the extent of wetlands in the project area. 

3. FLOODPLAIN AND WETLAND IMPACTS 

In accordance with 10 CFR Part 1022.12(a)(2), a floodplain and wetland assessment must discuss 

the positive and negative; direct and indirect; long- and short-term effects of the proposed action 

on the floodplain and/or wetlands.  In addition, the effects on lives and property, and on natural 

and beneficial values of floodplains, must be evaluated.  For actions taken in wetlands, the 

assessment should evaluate the effects of the proposed action on the survival, quality, and natural 

and beneficial values of the wetlands.  If DOE could find no practicable alternative to 

constructing in floodplains or wetlands, DOE would design or modify its actions to minimize 

potential harm to floodplains and wetlands.  This section provides a discussion of the potential 

impacts of the proposed action and alternatives, including impacts that would be associated with 

each alternative.   
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 In accordance with 10 CFR Part 1022.13(a)(3), DOE must also consider alternatives to the 

proposed action that would avoid adverse impacts and incompatible development in the 

floodplain or wetland, including alternative sites, alternative actions, and no action.  Further, 

DOE must evaluate measures that mitigate the adverse impacts of actions in a floodplain or 

wetland including, but not limited to, minimum grading requirements, runoff controls, design and 

construction constraints, and protection of ecologically sensitive areas.  Alternative are discussed 

in this section along with impacts associated with each alternative. 

Portions of the proposed site for the Co-Production Facility fall within the 100-year floodplain 

(Zone A).  Flood hazard boundaries have been mapped, but FEMA has not defined floodway 

boundaries for the project area.  Part 65 of the National Flood Insurance Program (NFIP) (44 

CFR Part 65, Identification and Mapping of Special Flood Hazard Areas) requires that until a 

floodway is developed for a mapped stream, substantial development or new construction is not 

allowed in the floodplain unless it is demonstrated that the cumulative effect of the development 

will not result in increases in the water surface elevation above the designated height along any 

segment of the water course.  Local communities generally require that project owners submit 

engineering analyses before permits are approved for development in the floodplain. 

Since each of the proposed alternatives includes development within floodplains and wetlands, 

they would be subject to the NFIP requirements.  Both the power island and the ash byproduct 

facility would be graded so that the base elevations of these sites are above the 100-year 

floodplain elevation.  Therefore, permanent losses of floodplain areas would occur as a result of 

the Proposed Action and would include a potential loss of flood storage volume.  The amount of 

floodplain lost in terms of square feet is listed in the sections below.   

3.1 3.1 No Action Alternative 

Under the No Action alternative, DOE would not provide financial assistance for the Co-

Production facility.  Although WGC could proceed to implement the proposed project in spite of 

the lack of funding, it is unlikely that this project would be completed successfully without DOE 

funding support.  As a result, no development would occur in floodplains or wetlands and there 

would be no impact or change in baseline conditions relating to the potential for future flooding. 

3.2 Facility Footprint - Alternative A 

The Co-Production facility property on the south side of Sewell Creek was selected by the project 

developer as the preferred alternative, based upon a number of considerations, including the 

availability of adequate site acreage; limited disturbance of wetlands and floodplains; and 

concerns about economic, community, and surrounding land uses.  Alternative A (see Figure 3.1) 

would disturb an estimated 16 acres (6.5 hectares) of floodplains.  Vegetated water resources 

(wetlands) potentially disturbed by the Proposed Action total 0.258 acres (1,044 square meters).   

Emergent wetlands, other waters of the U.S. (Sewell Creek and an unnamed tributary), forested 

wetlands and a vegetated ditch would be impacted by the proposed development activities.  

Cumulatively, the water resources provide sediment stabilization and water quality functions.  

However, when viewed from a watershed context, the wetlands to be impacted provide relatively 

low magnitude functions when compared to undisturbed wetlands occurring within the watershed 

because they have been altered by past human activities.  These activities consist of ground 

disturbance, and stream channel realignments, and therefore possess a lower functional capacity.  

Potential impacts to wetlands and other waters related to Option A are listed below and 

summarized by Co-Production Facility component in Table 1.  

Leveling of the previously cleared northeastern end of the ridge connected with Sims Mountain 

could accommodate the facility.  The site grade would be raised from the existing base elevation 
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of approximately 2,400 feet to approximately 2,420 feet above mean sea level, and thereby 

provide buildable land without extensive encroachment into the 100-year floodplain (Figure 3.1).   

To date, WGC has prepared and submitted state and federal wetland encroachment permit 

applications (401 and 404) associated with unavoidable wetland impacts.  The permit 

applications contain more refined site-specific information related to the proposed facility and 

transmission corridor, and hence, there are slight acreage differences between what was stated 

in the Draft EIS and the permit applications.  The updated acreages of wetland impacts at the 

power plant site that are listed in the applications are presented in Table 1 below. 

Table 1: Wetland Areas/Waters of the U.S. Affected by Facility Footprint - Option A 

 

Facility Component or Feature Approximate Area in Acres  
Approximate Area in 

Hectares 

Ditch crossing 0.028 0.01 

Power Plant 0.13 0.05 

Stream Crossing  0.03 0.01 

West of permanent bridge 0.01 0.004 

Tributary Impact 0.02 0.01 

Temporary Road 0.01 0.004 

Water Supply Line 0.03 0.01 

Total Area  0.258 0.10 

 

Generally, to comply with NFIP requirements, communities prohibit development in the 

floodway, which is defined by FEMA as “…the channel of a river or other water course and the 

adjacent areas that must be reserved in order to discharge the base flood without cumulatively 

increasing the water surface elevation by more than the designated height.”  The designated 

height set by FEMA is a surcharge value of 1.0 foot (0.30 meters) for the 1 percent annual chance 

flood (i.e., the 100-year recurrence interval flood).  In areas where floodway boundaries have not 

been established by FEMA, it is incumbent upon the community to ensure that development 

within the floodplain complies with the NFIP requirements. Although a minimal amount of 

floodplain area would be affected by the proposed project, none of the siting options identified 

would result in changes in surface water elevations that would exceed the FEMA designated 

height of one foot for the 100-year flood event.  Wetlands not disturbed by the activities would 

continue to perform water quality functions such as sediment retention and stabilization, nutrient 

transformation, and flood flow attenuation.  An unnamed intermittent stream is located east and 

north of the proposed power plant site.  A portion of this intermittent stream would be affected by 

construction of an emergency access road entering the site facility in the southeast quadrant of the 

project area.  Consequently, approximately 100 linear feet of the intermittent stream would be 

affected by the proposed placement of a culvert.  It is expected that the culvert design would 

allow sufficient water to pass though the culvert without creating significant back water flooding 

or other adverse environmental impacts.   
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Figure 3.1 Site Layout – Alternative A 
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The land bordering the intermittent stream is currently characterized as a mowed grassy upland 

field.  Therefore, the area affected by the Proposed Action provides low magnitude wildlife 

habitat, flood attenuation and water quality functions.  Disturbed areas would be restored to their 

original grade, where feasible, and planted with native vegetation.  Areas not altered by the 

construction of the access road would continue to serve wildlife habitat and sediment stabilization 

functions.  Best management practices would be implemented to minimize adverse environmental 

impacts during construction of the road crossing.  The intermittent stream (Wolfpen Creek) 

situated upstream from the power plant would not be affected by the Proposed Action. 

Out of a total of 0.258 acres of wetlands, 0.068 acres would be temporary emergent wetland 

impacts, which would be restored to its pre-disturbance condition once land disturbing 

activities cease.  Two areas mentioned in Table 1 (perennial and intermittent streams) 

encroach on other “waters of the U.S.”  One stream impact would span Sewell Creek 

(perennial), and the second stream impact crosses an un-named tributary (intermittent) to 

Sewell Creek.  The length of streams affected by the project total 40 and 100 linear feet for the 

perennial and intermittent streams, respectively. The wetlands impacts associated with the 

proposed water intake structure and transmission corridor (Segment C) are discussed in 

Sections 3.6 and 3.7 of this assessment, respectively. 

3.3 Facility Footprint - Alternative B 

This alternative would potentially encroach into significant wetland and floodplain areas.  In 

addition, Alternative B would also involve the encroachment and fill of a meander bend of Sewell 

Creek (Figure 3.2).  In addition to encroachment into waters of the US, a small portion of Sewell 

Creek would be straightened, which would affect the physical characteristics of Sewell Creek 

downstream from the project area, and may result in increased stream velocities locally.  The 

project would result in the loss of riparian wetlands and their ability to filter sediments, resulting 

in a decrease in water quality and wildlife habitat.  An estimated 20 acres of floodplains would be 

affected under this alternative.  Alternative B also includes the relocation of the unnamed 

tributary, which would result in a more substantial change in local hydrology. 

The relocation of the intermittent stream east of the power plant site would result in minor 

temporary impacts to water quality during construction.  Small amounts of sediment could be 

discharged and transported down stream into Sewell Creek, resulting in a short-term increase in 

turbidity.  The riparian zone of the intermittent stream would temporary loose its ability to retain 

and stabilize sediments, and its ability to export detritus would be temporarily compromised.  

Impacts to the intermittent stream and Sewell Creek could be further minimized by constructing 

the stream realignment during the dry season.  Best management practices would be implemented 

during the construction, and the disturbed areas would be restored to its original grade, were 

feasible, and planted with native vegetation common to the region of influence.  Wolfpen Creek 

would not be adversely affected by the Proposed Action. 
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Figure 3.2 Site Layout – Alternative B 
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Figure 3.3 Site Layout – Alternative C 
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3.4 Facility Footprint - Alternative C 

This alternative includes providing rail access to the site and to the coal refuse sites, but would 

not be economically feasible.  The cost associated with infrastructure upgrades, including rail 

spurs at the site and coal refuse piles, and upgrade requirements for unused sections of the rail 

line, was a key consideration when evaluating the rail option.  The ability of the site layout to 

accommodate a rail line was also a key factor, as were the material handling requirements at both 

the plant and coal refuse sites.  In addition to increased costs, 18 acres of floodplain and wetlands 

would be affected under this alternative (Figure 3.3). 

Like Alternative A, the unnamed intermittent stream east of the proposed power plant site would 

be affected by construction of an emergency access road entering the site facility in the southeast 

quadrant of the project area.  Approximately 100 linear feet of intermittent streambed would be 

affected by the placement of the culvert.  It is expected that the culvert design would allow 

sufficient water to pass though the culvert without creating significant back water flooding or 

other adverse environmental impacts.  The land bordering the intermittent stream is currently 

characterized as a mowed grassy upland field and provides low magnitude wildlife habitat, flood 

attenuation and water quality functions.  Potentially disturbed areas would be restored to their 

original grade, where feasible, and planted with native vegetation.  Best management practices 

would be implemented to minimize adverse environmental during construction of the road 

crossing.  The intermittent stream (Wolfpen Creek) situated upstream from the power plant would 

not be adversely affected by the Proposed Action.   

3.5 Temporary Bridge 

A temporary bridge would be constructed for access to the E&R Property during construction and 

would remain in place until the permanent DOH bridge is operational.  The temporary bridge 

would be located upstream of the confluence of Sewell Creek and the unnamed tributary.  

Temporary changes in local hydrology around the temporary bridge site could occur while the 

bridge is in place.  However, these changes would be limited to backwater effects caused by the 

bridge during storm events that could cause Sewell Creek over flow its banks.   In such instances, 

backwater to the height of the temporary bridge top could occur, at which point surcharges would 

flow over the bridge.  Areas that could potentially be affected by this backwater are limited to 

lower, undeveloped areas in the EcoPark and on the E&R Property that are immediately upstream 

of the temporary bridge.  These impacts would be considered minor because the temporary bridge 

would be close to the existing site grade and would be overtopped during flood events.  Wolfpen 

Creek would not be adversely affected by the Proposed Action. 

3.6 Cooling Water Intake Structure 

For the power plant processes, WGC is proposing to use up to 100 percent of the RSTP effluent 

and to supplement remaining water requirements with the Meadow River and/or local wells, as 

explained in Section 4.4.3.3 of the EIS (Volume 1).  Under Option B a permanent structure, 

including a cooling water intake structure (CWIS), pump house, and pipeline, would be used to 

withdraw water from the river.  Based on conceptual designs, the CWIS would be located in 

areas bordering the Meadow River and a well head bordering Sewell Creek.  From the CWIS, 

the water pipeline would generally traverse in a southwestern direction and cross Sewell Creek 

beneath an existing railroad track. From the railroad track, the pipeline would continue along 

Sewell Creek and connect to a well near the RSTP. The locations of the ancillary components 

associated with the intake structure (i.e., pipeline and maintenance road) have not yet been 

finalized; however, WGC is currently looking at the best locations for these facilities to 

minimize disturbance of wetlands and floodplains.   
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Prior to construction of a permanent intake structure WGC would be required to obtain 

Section 404 and 401 permits under the CWA, both issued by the USACE and West Virginia 

Department of Environmental Protection (WVDEP), respectively. The Water Quality 401 

Certification would be required to ensure that the project would not violate the state’s water 

quality standards or stream designated uses.  The Section 404 Authorization permit would be 

required as a result of water resources impacts, including wetlands impacts.   

Depending upon the final design, additional wetlands and “waters of the U.S.” could be 

impacted (approximately up to 1 acre [0.4 hectare] and 120 linear feet [40 meters], 

respectively).  The current conceptual design for the intake structure would be approximately 

16 feet wide and 56 feet long.  Based on the conceptual plan and field studies of the proposed 

location, the intake structure could impact approximately 60 linear feet of the Meadow River.  

The floodplain channel bank would taper landward for an approximate distance of 22 feet.  

Design modifications of the intake structure are ongoing and would likely change toward a 

smaller footprint than the current conceptual plan. 

Field studies indicate that the upgrade and extension of an existing road (that would provide 

maintenance access to the intake structure) would not impact any wetlands. The proposed 

access road, approximately 15 feet wide, would cross over railroad tracks and enter a vacant 

field.  From this point, the proposed access road would travel northwest and pass through a 

young forest using an abandoned road leading to the intake structure.  The last 200 to 300 feet 

of the proposed access road would require the removal of mid-sucessional trees, and thus, may 

result in habitat fragmentation.   

The location of the intake structure and access road would be verified during the wetland 

permitting phase.  WGC is in the process of consulting with the USACE for the wetland 

permitting process to identify wetland impacts and methods for avoiding and minimizing 

impacts and developing suitable forms of wetland mitigation.  See Section 4.3 of this 

asssessment for an updated discussion on the current status of the permit applications and 

wetlands mitigation plans for the overall project. 

3.7 Transmission Corridor 

The options for power transmission from the proposed WGC power plant to the Grassy Falls 

substation, as described in Chapter 2 of Volume 1, share common corridors identified as 

Segments A and B.  Segment C would involve approximately 18 miles of new transmission 

corridor right-of-way (ROW). As planning decisions by WGC evolved relating to the power line 

transmission corridor, several surveys and studies were conducted.   

The option of constructing a new power transmission line would require a 100-foot wide linear 

corridor to be created from the project area in Rainelle to an existing substation at Grassy 

Falls. This action would require the clearing of a 100-foot-wide swath, as needed, along the 

entire approximately 18-mile route, which would result in a loss of vegetation and wildlife 

habitat.  Several former strip mines and areas of former commercial logging are located along 

the proposed route.  In addition, approximately 60 percent of the land within Segment C is 

currently managed by or belongs to timber companies. It is assumed that areas owned by the 

timber companies contain marketable timber, which would be harvested and sold prior to 

construction of the proposed transmission line corridor.   

The construction activities would be regulated under a CWA Section 404 permit and, at a 

minimum, the BMPs specified in the permits would be implemented. 

Several wetland areas were identified within Segments B and C of the proposed corridor.  

Along segment B, there are eight potential wetland areas comprising approximately 2.3 acres 

(0.9 hectares). To date, estimates for the acreages for wetlands impacted within the 
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transmission line corridor for Segment C total 3.074 acres, of which 0.786 acres are open 

water, 1.479 acres are emergent, 0.4 acres are scrub-shrub, and 0.379 acres are forested 

wetlands.  Most of the wetlands impacts would be temporary and the areas would be restored to 

their pre-existing conditions when construction activities have ceased.  Impacts to forested 

wetlands would result in a permanent habitat conversion and a change in wetland functions 

would occur.  Over time the restored wetlands would develop a similar or greater functional 

capacity compared to the pre-disturbance condition.  Operational wetland impacts in the 

transmission corridor would consist of maintaining vegetated areas as a scrub-shrub cover 

type, which would prevent wooded areas from transitioning into a forested cover type. 

3.8 Coal Refuse Sites 

WGC has entered into a Memorandum of Understanding (MOU) with WVDEP which states 

that in return for using coal refuse at Anjean, WGC would use the proposed facility’s waste 

ash in reclamation processes and be responsible for remediation and reclamation plans as 

approved by WVDEP.  The use and reclamation of the Joe Knob, Green Valley and Donegan 

coal refuse would be subject to the same conditions as stated in the Anjean MOU with 

WVDEP.  Anjean Mountain has not yet been reclaimed and acid mine drainage (AMD) 

problems continue to exist at Anjean and the coal refuse piles at Joe Knob, Green Valley, and 

Donegan. The use of alkaline ash, as described in Chapter 2 of the EIS and as stated in the 

MOU, is anticipated to reduce the acidity in soils and improve the water quality of the runoff.   

Generally, because of AMD, the existing vegetation at the coal refuse sites can be described 

as a pioneer community tolerant of a low pH and as having low water quality functions.  One 

small isolated emergent wetland was identified at the Anjean site; however, because the site 

was created to deposit coal fines, it is unlikely that the wetland would be considered a 

jurisdictional water resource subject to regulation by the USACE.   

Extraction of coal refuse from Joe Knob, Green Valley, and Donegan is not expected to 

occur within the next five years.  Because USACE-verified wetland boundary determinations 

are valid for a five-year period and wetland boundary conditions can change over time, 

extensive investigations for wetlands at the remaining coal refuse sites were not conducted for 

this EIS.  However, prior to any disturbance activities at these sites, WGC would conduct a 

wetland investigation and identify potential wetlands that could be affected by the anticipated 

disturbance.   
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4. MITIGATION MEASURES 
In accordance with 10 CFR Part 1022.12(a)(3), DOE must address measures to mitigate the 

adverse impacts of actions in a floodplain or wetlands, including but not limited to, minimum 

grading requirements, runoff controls, design and construction constraints, and protection of 

ecologically sensitive areas.  Whenever possible, DOE would avoid disturbing floodplains and 

wetlands and would minimize impacts to the extent practicable, if avoidance was not possible.  

This section discusses the floodplain and wetland mitigation measures considered in the vicinity 

of the proposed power plant site and, where necessary and feasible, implemented during 

construction, operation, and maintenance of the facility.  In general, impacts to floodplains and 

wetlands would be minimized through the implementation of engineering design standards and 

best management practices. 

The majority of wetland impacts at the site would occur during construction and development.  

Once the facilities begin operation, few additional impacts would occur.  The bridge over Sewell 

Creek and all culverts would be inspected routinely and maintained to avoid potential future 

impacts on water resources. 

All storm water at the plant site would be collected and transported to an onsite retention basin 

for reuse by the facility as process water.  Storm water would be discharged to Sewell Creek only 

when the capacity of the detention basin would be exceeded (see Section 4.4, Surface Water 

Resources).  The loss of natural runoff from the project area to the wetlands along Sewell Creek 

is not anticipated to have a significant impact. 

4.1 Engineering Design Standards 

Adverse impacts to the affected floodplains would be minor.  Even during 100-year or greater 

flood event, it is unlikely that differences in the rate and distribution of erosion and sedimentation 

caused by construction of a power plant would be measurably different compared to existing 

conditions.  However, DOE would still minimize disturbance of surface areas and vegetation and 

would maintain natural contours to the maximum extent feasible.  DOE would stabilize slopes to 

minimize erosion and would avoid unnecessary off-road vehicle travel.   

Although floodplain areas would be filled, based on the predictive modeling that was conducted 

using HEC-RAS, none of the siting options would result in changes in surface water elevations 

that would exceed the FEMA designated height of 1 foot (0.3 meters) for the 100-year event.   

4.2 Best Management Practices 

A National Pollutant Discharge Elimination System General Construction Permit would be 

required for construction activities.  In accordance with this permit, construction contractors 

would be required to prepare and submit a Storm Water Pollution Prevention Plan.  The Storm 

Water Pollution Prevention Plan would be consistent with State of West Virginia and federal 

construction activity standards, and would detail the best management practices to minimize soil 

loss and degradation to nearby water resources.  Table G-6 lists many of the categories of best 

management practices that would be considered for the construction and operation of the 

proposed power plant. 
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Table 4.1.  Best Management Practices (BMPs) (page 1 of 2). 

Management Practice Description 

Road and Construction Site Practices 

Development Site Plan 

A site plan identifies the physical features of the site, the location of 

proposed development, and the location of temporary and/or permanent 

BMPs.  By utilizing a development site plan the proposed development can 

be situated to minimize impact to natural resources and the land, and to 

enable water quality protection measures and runoff conveyance measures 

to be properly located. 

Grading Seasons and Practices 

The grading season is determined by the local climate conditions. All 

grading, clearing, and excavation work should be conducted during this 

period to avoid climatic conditions that could increase the chances for 

erosion.  Grading and construction activities should be coordinated such 

that bare and disturbed soil exposure is minimized during the winter snow 

and rainy seasons. 

Erosion and Sediment Controls 

Erosion & Sediment Control 

Structures 

Properly designed, installed, and maintained, erosion and sediment control 

structures will effectively reduce the transport of sediments, minimize 

erosion and the degradation of water resources and reduce negative impacts 

to natural resources (i.e., vegetation, wildlife). 

Runoff Interceptor Trench or 

Swale 

Properly designed, installed, and maintained, a runoff interceptor trench or 

swale will effectively convey surface runoff, minimize soil erosion resulting 

from surface runoff and reduce the degradation of receiving water 

resources. 

Siltation or Filter Berms 

Siltation or filter berms capture and retain runoff from construction sites 

and allow sediments to settle out, and direct runoff water through filter 

berms at outlets to stabilized drainage ways.  

Filter or Silt Fence 
Filter or silt fences are constructed to intercept and capture sediment by 

decreasing the velocity of surface runoff. 

Sediment Basins 

Sediment basins are effective in reducing water pollution by to trapping 

sediment originating from construction sites by providing basins for 

deposition and storage of silt, sand, gravel, stone, and other debris. 
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Table 4.1.  Best Management Practices (BMPs) (page 2 of 2). 

Management Practice Description 

Slope Stabilization Practices 

Slope Shaping 

Slope shaping is comprised of designing and modifying cut or fill slopes to 

reduce the soil erosion and runoff potential.  Activities include pre-

disturbance planning and design, terraces, benches, serrations, and steps. 

Retaining Structures 

Retaining structures are walls comprised of wood, rock, concrete or other 

material, constructed at the toe of a slope in order to protect the slope face 

or toe from scour and erosion from storm runoff. 

Rock Riprap 

Rock riprap is a layer of loose rock placed over an erodible soil or surface 

disturbance in order to protect the soil surface, to provide for slope 

stabilization on steep slopes, and to reduce soil erosion within a project 

area. 

Watershed Management 

Stream Protection & 

Stabilization 

Stabilization of stream channels and stream banks is an effective treatment 

to reduce sediment loading, and control erosion and land damage. 

Floodwater Retarding Structure 

Floodwater retarding structures are installed to reduce flood damages 

downstream by controlling the release rate from flood flows of 

predetermined frequencies. 

Floodwater Diversion 
Floodwater diversions will protect the land, surface Improvements, and the 

watershed by reducing erosion and sediment delivery to receiving waters. 

Urban Resource Management 

Street Runoff Collection 
Street runoff collection prevents erosion of roadside shoulders and adjacent 

roadway slopes from surface runoff.  

Storm Drainage Structures 

Storm drainage structures include pipes, channels, drop inlets, slotted 

drains, grease and oil traps, or other facilities used to collect and/or convey 

surface runoff.  Their effectiveness depends on keeping them free from 

debris or filled with sediment.  

Landscaping 
Proper landscaping can stabilize disturbed sites in a manner that controls 

surface drainage and soil erosion. 

 

Best management practices are structural and nonstructural controls used to manage nonpoint 

source pollution such as sedimentation and storm-water runoff.  Structural controls are best 

management practices that need to be constructed (e.g., detention or retention basins).  Non-

structural controls refer to best management practices that typically do not require construction, 

such as planning, education, revegetation, or other similar measures.  Sedimentation and storm-

water runoff are typically addressed through the use of temporary and permanent best 

management practices.  These include techniques such as grading that would induce positive 

drainage, and installation of silt fences and revegetation to minimize or prevent soil exposed 

during construction from becoming sediment to be carried offsite.  Best management practices 

would be implemented, inspected, and maintained  to minimize potential for adverse affects to 

downstream water quality.  Therefore, impacts from erosion and sediment runoff associated with 

construction efforts to be minor.  
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During large flood events, when water is held on the upstream side of the structure, it is possible 

that sediment could accumulate on the upstream side of the crossings.  Areas upstream of water 

crossings would be maintained free of alluvial material so that the flood storage volume of the 

stream would have the capacity to accommodate floods, and avoid overflow  during flood events.  

Sediment removed from these areas would be removed by truck and disposed of appropriately or, 

depending on the location of the drainage channel, simply moved out of the drainage channel and 

left on-site.  Under normal conditions alluvial sediments would be conveyed downstream and 

been deposited where floodwaters disperse.  Compared to the total amount of sediment that is 

moved by floodwaters along a stream reach, the amount deposited behind a crossing would be 

minor.  In addition, sediments deposited during the cycle of seasonal flooding provides nutrient to 

vegetation and habitat for vertebrate and invertebrate wildlife.   

Storage of hazardous materials during the construction and operations periods would be in 

accordance with normal environmental regulatory requirements (e.g., within secondary 

containment) and best management practices.  As practicable, hazardous materials would be 

stored outside of floodplains.  Hazardous materials that would be most susceptible to accidental 

spills and releases would be the fuels and other petroleum products that would be required to 

support power and equipment needs for the construction and operation of the proposed rail line.   

4.3 Regulatory Mitigation 

Wetlands adjacent to jurisdictional waters are also considered jurisdictional waters and would 

require mitigation for their loss.  The required mitigation would be determined by the appropriate 

state and federal agencies.  This might involve construction of replacement wetlands, or the 

acquisition and placement of existing wetlands in a perpetual conservation easement.  The ratios 

of impacted wetlands to wetlands placed in a conservation easement would also be determined by 

the state and federal regulatory agencies.  

To date, WGC has submitted a revised permit application to the WVDEP and the USACE.  

Initially, WGC had submitted wetland encroachment permit applications for commercial and 

institutional development (Nationwide General Permit 39) and a utilities line (Nationwide 

General Permit 12) permit for the project.  However, the cumulative wetland impact exceeded 

0.5 acres, which necessitated WGC’s submission of an Individual Permit (IP) application.  

Both the state (401) and federal (404) wetland permit applications discuss temporary and 

permanent wetland impacts, BMPs and include a compensatory conceptual wetland mitigation 

plan for impacted wetlands.  The conceptual wetland replacement design would be finalized 

once WVDEP approves the plan. 

The WVDEP’s wetland replacement criteria indicate that: forest wetlands impacts must be 

mitigated at a 3:1 replacement ratio; scrub-shrub-wetlands must be mitigated at a 1.5:1 

replacement ratio and emergent wetlands must be mitigated at a 1:1 replacement ratio.  

Therefore, the wetland mitigation for the power plant site would require a total 0.448 acres of 

replacement wetlands. WGC proposed a 1:1 replacement ratio for wetlands disturbed by the 

transmission line corridor because there would be no net loss of wetlands; however, WVDEP is 

requesting a 3:1 replacement ratio because forested wetlands would be impacted and functions 

would be altered. 

The USACE has decided to evaluate the WVDEP’s response regarding the compensatory 

wetland replacement design before it would issue a jurisdictional determination on wetlands 

delineated by WGC.  Therefore, at this time it is unclear how either government agency would 

respond to the revised wetland mitigation.  Identifying wetland impacts and determining an 
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appropriate form of wetland mitigation is an ongoing process with frequently changing results.  

Therefore, WGC would be required to continue consultation with the USACE and identify 

methods for minimizing wetland impacts and establishing a suitable form of wetland mitigation 

during the permitting phase. 

4.4 Storm Water Discharge 

Sediment is the primary pollutant generated at construction sites.  Runoff from construction and 

industrial activities has the potential to generate large quantities of sediment and other 

contaminants if not properly addressed.  In response to this common cause of water-quality 

impairment, the Environmental Protection Agency promulgated regulations requiring the 

permitting of storm-water-generated pollution under the National Pollutant Discharge Elimination 

System (Section 402 of the Clean Water Act [CWA]).  The West Virginia Department of 

Environmental Protection has been delegated the authority to administer these federal regulations 

and has adopted state regulations to administer a National Pollutant Discharge Elimination 

System Stormwater program.  A National Pollutant Discharge Elimination System General 

Construction Permit would be required for construction activities associated with the Proposed 

Action or Shared-Use Alternative.  In accordance with the National Pollutant Discharge 

Elimination System, DOE must do the following: 

• Prepare a Storm Water Pollution Prevent Plan or plans to address construction of the 

proposed power plant, including (but not limited to) gob pile sites, transmission corridors, 

and pipelines. 

• Obtain storm water National Pollutant Discharge Elimination System permit(s). 

• As part of the National Pollutant Discharge Elimination System permit application, identify 

proposed measures, including best management practices, to control pollutants in storm-water 

discharges during and after construction, such as diversion, detention, erosion control, 

sediment traps, gravel construction entrances, covered storage, spill response, and good 

housekeeping.   

WGC intends to reuse virtually all of the storm water runoff collected onsite.  Storm water would 

be discharged to Sewell Creek only when the capacity of the retention basin would be exceeded.  

Because the majority of the runoff volume from the proposed plant site would be collected, 

treated, and reused, the amount and quality of the runoff as a result of the project would not 

significantly impact the aquatic ecosystem of Wolfpen and Sewell Creek (see Section 4.4.3).   
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APPENDIX N 

Waste Coal Access Agreement             
and Memorandum of Understanding      

for the Anjean Coal Refuse Pile* 
 

 

 

 

 

 

 

 

 

* The content of Appendix N has been changed for the Final EIS.  The Conflict of Interest Disclosure 

Statement that was Appendix N in the Draft EIS has been moved to the end of Chapter 7 (List of 

Preparers) in Volume 1 of the Final EIS. 

 



DOE/EIS-0361 WGC DEMONSTRATION PROJECT EIS 

November 2007 APPENDIX 

 

INTENTIONALLY LEFT BLANK 



Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



 

Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



Appendix N

Appendix N



DOE/EIS-0361 WGC DEMONSTRATION PROJECT EIS 

November 2007 APPENDIX 

 

 

 

 

 

 

 

APPENDIX O 

Air Permit 
Appendix O1 – Emission Rates and Calculations* 

Appendix O2 – Testimony from Air Modeler on Air Permit R14-0028**  

Appendix O3 – Air Quality Board’s Ruling on Air Permit R14-0028**  

 

 

*This appendix contains tables extracted from Appendix B of Western Greenbrier Co-Generation, LLC 

Addendum to PSD Permit Application, dated October 21, 2005. The addendum was submitted to West 

Virginia Department of Environmental Protection in November 2005 as part of WGC’s PSD permit 

application. On April 2006, WVDEP DAQ issued a PSD Permit (R14-0028) to WGC for the proposed 

construction of the waste coal-fired steam electric co-generation facility. The PSD Permit, which is a 

publicly accessible document, provides detailed information on the emission sources associated with the 

facility and the conditions under which the facility must be operated. 

 

 

 

**New appendix added for Final EIS. 
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Table 1.  Summary of Case Studies of Ash Application for Mine Land Reclamation  

and AMD Mitigation. 

Case Name Description Results 

1 Wyodak 
Mine, WY 

Placement of coal ash in an active 
surface mine. 

No significant change in groundwater quality 
following placement. 

2 Keenesburg 
Mine, CO 

Placement of coal ash in a closed 
surface mine. 

No significant change in groundwater quality.  

3 Trapper 
Mine, CO 

Placement of coal ash in an active 
surface mine. 

Elevated sulfate levels in groundwater. No 
significant change in other analytes. 

4 Savage Mine, 
MT 

Placement of coal ash in an active 
surface mine. 

Slight increase in arsenic at two wells, as well 
as TDS and sulfate. 

5 Storm Strip 
Mine, WV 

Placement of coal ash in an active 
surface mine. 

No significant change in groundwater quality. 

6 Universal 
Mine, IN 

Placement of coal ash in a closed 
surface mine. 

Groundwater: Arsenic and boron increased 
slightly; iron, sulfate and manganese 
decreased. Mine seep: Boron, pH and alkalinity 
increased; acidity, iron, manganese and sulfate 
decreased. 

7 Midwestern 
Abandoned 
Mine, IN 

Capping of an abandoned and 
reclaimed mine using an ash mix. 

Recharge of water into AMD site reduced, 
resulting in reduced AMD generation. 

8 Arnold Willis 
Mine, IN 

Injection of scrubber sludge into a 
closed underground mine. 

Heavy metals in groundwater unaffected but 
TDS increased. 

9 Clinton 
County, PA 

Injection of CFB ash to encapsulate 
AMD-producing materials in a 
reclaimed surface mine. 

Groundwater pH increased temporarily, and As, 
Cd and Al decreased. pH later decreased and 
Al increased, but As and Cd remained low. 

10 Red Oak 
Mine, OK 

Injection of FBC ash into a closed 
underground mine. 

pH of mine seep increased, Al, Mn, Fe 
decreased. 

11 Frazee Mine, 
MD 

Injection of ash grout into a closed 
underground mine. 

pH of mine seep increased by 1 unit. Fe, Al, 
sulfate and trace metals decreased; Na, K, Ca 
and Cl increased.  

12* Ebensburg, 
PA 

Use of bituminous coal refuse (gob) 
from an abandoned deep mine, 
followed by FBC ash application to 
reclaim the disturbed land.  

Acidity, aluminum and sulfate declined steadily, 
as well as volume of flow. As and Se increased 
early on, but have declined steadily since. 

13* McDermott, 
PA 

Remining and use of alkaline ash to 
reclaim a closed surface mine. 

Acidity, sulfate and iron increased in 
groundwater as well as mine seep. 

14* Abel-
Dreshman 
Site, PA 

Use of alkaline ash to reclaim a closed 
surface mine. 

Alkalinity and pH in mine seep increased and 
aluminum decreased. 

15 Wheelabrator 
Frackville, PA 

Use of anthracite coal refuse (culm) as 
fuel, followed by FBC ash application 
to reclaim the refuse site. 

No significant change in water quality. 

16 Mount 
Carmel, PA 

Use of anthracite coal refuse (culm) as 
fuel, followed by CFB ash application 
to reclaim the refuse site. 

Acidity and sulfate in groundwater decreased, 
while alkalinity increased. 

*Discussed in greater length in this appendix – in paper “Coal Ash Beneficial Use on Bituminous Mine Sites” (Kania and 
Tarantino) 
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