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EXECUTIVE SUMMARY
 

The objectives ofthis studywereto evaluate water quality problemsassociatedwith the BatieWest 
and Batie East Springs and Batie Creek(Lee County,Virginia), andto make recommendations for the 
restoration ofthe creek. This goal was achievedby evaluating existingdata availablefrom various 
sources, a literaturereview, expert interviews, and limited water/sediment samplingand analysesfor 
Batie Creek. 

Batie Creek drains a portion ofThe Cedars,which is one ofthe Commonwealth'sseven most 
significantkarst regions identified by the Virginia CaveBoard. Priorto the early 1980s,the 
Thompson Cedar Cavewhich provides water to Batie Springswas noted for its diverseand profuse 
aquatic life, includingthe isopodLiroeus usdagalun, an endangered crustacean species. Duringthe 
late 1980sand early 1990s, researchers documented the progressivedeclineand disappearance ofmost 
ofthe originalaquatic fauna in the Batie ecosystem. The numberof'tubificidworms.chironomid flies, 
and frogs increasedsignificantly duringthis time. The decreasein biologicaldiversityand increasein 
numbers ofa few species indicatethat the ecosystem was adverselyimpactedby nonpoint source 
pollution. Today, boththe BatieWest and East Springs and the creekformed at their confluence are 
characterized with a strongrottingodor, sludgedepositson their banks, and filamentous growth. 

The major land use change responsible for the spring degradation occurredin 1985,when a sawmill 
operation movedto a sitethat surrounds the entranceofthe Thompson Cedar Cave. By 1987,sawdust 
and otherwood debrishad been disposedofover the cave, blocking its entranceand contributing to 
the environmental degradation ofthe cave and the BatieWest Spring. After an agreementwith the 
VirginiaCaveBoard in 1988,the operatorsremoved the sawdustfromthe cave entranceand 
constructed a clay bermto prevent direct entranceofsawdustto the cave. The conditionofthe springs 
has not improvednoticeablysincethat time, however,dueto the large concentration ofsawdust 
stockpiled at the site. 

The following parameters (fromavailabledata and limited additional analyses) were consideredto 
characterize the existingconditionof the springsandthe creek. and to make recommendations for 
restoration: flow rate, turbidity, alkalinity, pH, conductivity, temperature, dissolved oxygen, TSS, 
IDS, COD,BOD,TOC, nitrogen,phosphorus, metals, pesticides, hydrocarbons, andtannins. For 
comparison purposes, analyses for several leachateseeps and sludgesamplesobtainedin the vicinity 
ofthe springs are reported as well. The major findings ofthis report are summarized below. 

The BatieWest Springis characterized as having a relatively low flow, bacterialslime, a heavy 
growth of sewagefungus on its substrate,and near zero levels ofdissolved oxygen. The Batie East 
Springhas a more rapid flow rate, an average dissolvedoxygenconcentration ofabout 7.2 mg/L, and 
somefilamentous growth on its bottom. 

Averageturbidity, alkalinity, and pH for both springsare withinthe normal rangesfor limestoneareas. 
The BatieWest Springwas foundto have a high concentration oforganicmatter derivedfrom woody 
materials and not from animalwaste or domesticsewage. The concentrations ofnitrogenand 
phosphorus in the BatieWest Springwere relativelylow but in the rangelikelyto cause eutrophication 
of Batie Creek. 

Grab samples ofthe water and sedimentofthe BatieWest and East Springswere tested for metals, 
pesticides, andhydrocarbons. Leachate fromthe old and new sawmill sites were also tested for these 
parameters. 



It was foundthat the Batie West and East Springsare generallynot contaminatedwith pesticides and 
hydrocarbonsalthoughstorm samplingwas not attempted. With the exception ofiron and manganese, 
metal concentrations were comparablewith those at backgroundlevels in nearby surfacewater streams 
sampledas controlpoints. These springsare not currentlyused as a public or private source of 
drinkingwater. The metal concentrations in the Batie West and East Springsare well belowthe 
VirginiaWater ControlBoard's criteria levelsto protect aquatic life and human health. 

Sedimentsamples fromthe Batie West and East Springswere foundto be equal to, or below, 
backgroundconcentrations for cadmium, copper, and chromium. The springs' sedimentswere 
analyzedfor cadmium, copper, chromium, nickel, zinc and lead in this study. Pre-existingbackground 
data for the sawmill leachate indicatethat antimony,arsenic, beryllium, iron, magnesium, manganese, 
selenium, silver, thallium, and mercuryconcentrations were comparableto those in control samples. 
Lead, nickel, and zinc were not tested in the backgroundsamples. 

The same data from above were usedto determinewhetherthe sediment or the leachate from the 
sawdustpiles was contaminatedfor disposalpurposes. It was determined that the sediment in the 
Batie West and East Springswas not contaminated at hazardous levels. Leachatefromthe old sawmill 
site (Mason Sinkhole)contained elevated levels ofbarium and manganese. Leachatefromthe new 
sawmill site contained elevated levels ofbarium only. Samplesfrom both sites tested negative for 
pesticides. Both leachates containeddissolvedpetroleum levels below regulatoryaction levels. 

Evaluationofthe available data suggeststhat the loss oforganismdiversity,the rotting odors, and the 
overall degradation ofBatie creek and adjacent caves is most likely a result ofa high organic carbon 
content from woody materials and a low dissolved oxygen level. The decrease in species diversity 
observedin the cave and Batie Creek directly corresponds to the change in land use and subsequent 
decrease in groundwater and surfacewater quality. 

Variousphysical and chemicaltechniques for remediating Batie Creek were reviewed. Based on 
availablewater and sediment analyses, and required conditionsfor organicmatter decomposition, 
especiallysawdust, dredgingappearsto be the most suitableand applicable restorationtechnique. An 
estimated300 to 450 kg ofbottommaterialwould need to be dredged. However, in order to dredge 
the creek, a permit fromthe Virginia DEQ and the Virginia Army Corps ofEngineers is required. 
SinceBatie Creek dischargesto the Powell River, which has been designatedas an endangeredspecies 
habitat, a permit fromthe U.S. Fish and Wildlife Serviceand the Virginia Marine Resources 
Commissionwould also be required. Ifdredging is selectedas a remedial option, it is recommended 
that a joint permit applicationbe filed with the agenciesthat havejurisdiction. 

In addition,the massive sawdustpiles, which are the source ofthe pollution problem, would need to 
be removed. Severalwood products manufacturers locatedwithin 100 miles ofthe site may utilize the 
relativelynew sawdust. The piles have been estimatedto containabout 200,00Oyd3 ofdecomposing 
sawdust. The sawdustthat is deemednot usable by the wood waste users should be disposed ofat a 
permitted landfill or compost facility. The determination ofwhether it would be classifiedas 
hazardouswaste or solidwaste would depend on the TCLP (ToxicCharacteristicLeachingPotential) 
test. This analysishas not been conducted on the piles to date. However, sincetheir leachatehad 
contaminantconcentrations that were closeto backgroundlevels (withthe exceptionofbarium for 
which no backgroundlevels were available) it is likely that the piles would be classified as solid 
waste. In addition,generator knowledgemight be helpful in determiningthe types and sources of 
materialsthat may be present in the sawdust. 
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1. Site Description 

Batie Creek's watershed lies between 36°38'00"-36°45'00"N and 8)°02'30" - 83°12'00"W. 
The watershed is located on the Hubbard Springsand Ben Hur 7.5 minutes Seriestopographic 
quadrangle maps (Figure 1). It is approximately 20 mi2 (5140 hal in areal extent. The town of 
Jonesville, Lee County's seat, is in the watershed. The largest roads crossingthe watershed are 
US 58, alt. US 58, and Route 70. 

Batie East and West springs surfacenear the center ofthe biologicallyand geologically 
important karst region known as The Cedars. The Cedars is a rocky, forested, karst lowland 
that is also the habitat for unique plant and animal species. About half ofThe Cedars lies 
within Batie Creek's watershed. The Batie East and West Springsare about one and half 
miles southwest ofJonesville, Virginia. The flow from these two springsmerges at Batie 
Creek about 50 feet after surfacing. Batie Creek flows southfor about 0.75 miles and joins the 
Powell River at River Mile 137.95(Smith, 1991). 

As illustratedin Figure 1, water is primarily suppliedto Batie Creek from several surface 
water sources, which sink into the karst aquifer and discharge at the Batie Springs. These 
include: McClure,Flanary and FleenortownCreeks;Warner Spring, Sinking Creek, a spring 
which rises within the Jonesvilletown limits, Browning Spring, and springs on the Rajbansee 
and Baptist Churchproperties (Culver et aI., 1992;Ewers et aI., 1995;Brown, 1997). Tracer 
studieshave shownthat FleenortownCreek most directlysuppliesBatie East Springwith 
some overflow into the Batie West Spring. Water from McClure and Flanary Creeks sinks 
into the aquifer and splits,with some portion flowing through the ThompsonCedar Cave to 
the Batie West Spring, with minor overflowinto the Batie East SPring (Culver et aI., 1992). 

The Cedars is an extremelyimportant conservationpriority in the southernAppalachian 
regionbecause of its remarkable natural diversity. It has also been rated as one ofthe seven 
most significantkarst regions in Virginia. The Department ofConservation and Recreation 
(DCR) and the Virginia Cave Board are workingwith landownersto protect the habitats of 
rare and endangeredspecies (terrestrial and aquatic) and unusualplant communities in this 
region. Thirteenofthe 16 rare animal species ofThe Cedars inhabit one or more ofthe 10 
caves ofThe Cedars. All ofthese 13 species are globally rare species (Smith, 1991). 

1.1.Background 
Lee County (281,600 acres) was surveyed in 1939 for the first time (USDA, 1953). The 
1:24,000maps that cover Batie Creek's watershed show that there was a quarry by Sinking 
Creek. The survey shows moderateto severe sheet erosionaround Town Branch, and 
moderate sheet and gully erosionclose to Sinking Creek (west ofJonesville)and 
Fleenortown. There were few residential areas in the county. 

The main industry in the county prior to 1950was agriculture(78.5 percent or 218,000 acres 
in 1945),which was dominatedby grain, hay, tobacco, and livestockproduction. About 40 
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percent ofthe county's employees worked on farms. About 76,831 acres were available for 
crops, 23,790 acres for pasture, and 58,050 acres ofwoodland. Some portable and 
semiportable sawmills operated in the county sporadically. Coal mining occurred in the 
vicinity of S1. Charles. The mining industry employed about 37 percent ofthe county's 
residents (total population 36,106). About 90 percent ofthe houses were built after 1900 as a 
result ofbooming coal and agricultural industries. However, by 1948, the economic 
development ofthe county was still substandard compared to the rest ofthe country. After 
World War IT, the coal industry declined and agriculture became the mainstay ofthe 
community. Since the mid 1970s, the county has experienced a migration ofthe younger 
population due to lack ofjobs. Small farms were taken over by larger farms and most ofthe 
agricultural lands have been converted to pasture (U.S. Department ofJustice and Louis ' 
Berger & Associates, 1996). 

Today, land use in Lee County consists of forests (68.7 percent, 191,600 acres), cultivated 
lands (28.7 percent, 80,100 acres), surface mines, quarries and other disturbed lands (1.1 
percent, 3,200 acres), residential, commercial, and industrially developed lands (1.1 percent, 
3,000 acres), and water bodies (0.4 percent, 1,100). In 1990 the county had a rural population 
of24,496. Jonesville's resident population in 1990 was 927 (U.S. Department ofJustice and 
Louis Berger & Associates, 1996). 

1.2. Land use close to Batie Springs 

In the early 1970s an oil refinery was located immediately to the west ofBatie West Spring. It 
operated for one or two years. However, it did not require a Virginia Water Control Board ~ 

(VWCB) (now Department ofEnvironmental Quality) permit, since the operation did not 
discharge substances to a waterway (Kaurish, 1997). Later, when the oil refinery closed, a 
small sawmill began operating on the site. In 1983, Mr. Russell bought the property and in 
1985, the family's large sawmill moved from its previous location on highway US 58 to the 
current site (Keith, 1997). In addition to the Thompson Cedar Cave several small sinkholes, 
"skylights", and a spring were reportedly located on the site. In spring or early summer 1987, 
the Thompson Cedar Cave entrance was blocked by sawdust, cedar bark, and other waste 
wood debris produced by the sawmill. As a consequence, the wood waste decomposing in the 
cave and the leachate from ridges of sawdust surrounding the cave polluted the cave stream 
and exterminated the pre-existing ecological community (Culver et al., 1992). -At one point, 
the waste pile combusted spontaneously and smoldered for about a year until the fire was 
extinguished with a water spray. In 1988, the mill operator voluntarily removed sawdust from 
the cave's entrance and constructed a clay berm to prevent direct runoff into the cave. In 
1994, the sawmill operation was upgraded to produce less sawdust; however, the sawdust was 
still being added to the pile at a rate of30 tons/day (Russell, personal communication, 1995). 
Both the old sawmill on R1. 58 and the newer sawmill near Thompson Cedar Cave appear to 
have impacted 'Yater quality off-site (Keith, 1997). 

Other relevant land-use activities in the Batie Creek watershed include commercial 
development and urbanization on the west end oftown (eastern tip ofThe Cedars); the 
pending construction of additional lanes along Route 58 and the Jonesville by-pass; a VDOT 
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residency office, service stations, and a small bulk plant where petroleum products are stored 
and dispensed; livestock grazing and crop production; a commercial greenhouse; a water 
treatment plant; and a number ofrural residential sites. VDCR and the Nature Conservancy 
are acquiring property in The Cedars in order to establish a natural area preserve. Some of 
these tracts may be managed through prescribed burning and other techniques, but will 
otherwise be maintained as is. 

1.3 Geology and Topography 

The Cedars is a mature karst terrane developed on very soluble limestone and dolomite of 
Middle Ordovician age (490 - 500 million years ago). The geologic, hydrologic, and climatic 
characteristics of The Cedars are the basis for the unusual diversity of rare plant and animal 
species found in this 17 square-kilometer area. 

Thespecific region known as The Cedars extends southwestward from the town of Jonesville 
along a gently rolling valley approximately one mile wide and six miles long. The subdued 
topography is characterized by extensive exposures of limestone, sinking streams, caves, 
springs, "windows", and numerous sinkholes, ranging in depth from shallow depressions to 
dolines up to 20 m (75 ft) deep. The specific carbonate units responsible for this topography 
are the Hurricane Bridge and Martins Creek limestones, the underlying Poteet and Dot 
limestones, and the Mascot, Kingsport, and Longview dolomites, which are among the most 
cavernous formations in Virginia (Holsinger, 1975). 

Surficial bedrock units in the study area are part of the Cumberland overthrust block, a 
regional "thrust sheet", which was deformed and transported for approximately five to five 
and one-half miles along the Pine Mountain Overthrust Fault (Millerand Brosge, 1954). As a 
result of these tectonic forces, the structural profile of The Cedars is that of a slightly down
warped basin known as The Cedars syncline. The Cedars syncline tilts slightly to the west, 
and separates the Chestnut Ridge anticline to the north, and the Sandy Ridge anticline to the 
south. Chestnut Ridge appears to be the source area for much of the groundwater that flows 
through The Cedars. Both of these structural folds have been speculatively explored for 
commercial oil and gas deposits, with limited success. 

Bedrock is nearly horizontal along the trough of The Cedars syncline, and strikes 600 to 700 

NE (Miller and Brosge, 1954). The mountain-building process superimposed distinct fracture 
and joint porosity upon the rock, primarily oriented N 18-20° West and due North. Therefore, 
groundwater flow and cave development occur preferentially along both strike and bedding' 
planes, as well as along the joint orientations illustrated in Appendix A (Figure A), 
(Gathright, 1981). This has resulted in the development of a highly integrated subterranean 
drainage network in The Cedars. 

The general structure and stratigraphy ofThe Cedars are illustrated in Appendix A (Figure B). 
The Hurricane Bridge formation contains limestone and calcareous units so pure that only a 
thin remnant of the unit remains along the axis of the syncline. The development and 
accumulation of residual soils have been negligible, and this unit tends to be forested with 
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dense growths of cedar, oak, and pine trees anchored in humus and clay-filled bedrock 
fissures. Small calcareous shale barrens that provide habitat for the rare limestone clover 
(Trifolium calcarium) and other prairie-type plant species are scattered throughout The 
Cedars. The Hurricane Bridge formation is underlain by the cavernous Martins Creek 
limestone, which forms relatively deep, well-drained soils on terraces ofthe Powell River. 

No surface streams completely cross The Cedars without being partially or completely pirated 
to the subsurface. Groundwater discharge occurs primarily at springs along the contact of the 
Hurricane Bridge and Martins Creek formations, and at base level along the Powell River 
(Culver et al., 1992). Between RM 123 and RM 138, The Cedars' average base flow 
contribution to the Powell River is estimated at approximately 36 MGD. 

A soil survey ofLee County was conducted from 1938 to 1939 by the Soil Conservation 
Service, and was updated in the 1980s (USDA, 1953 and 1996). The most comprehensive 
geologic and hydrologic mapping ofthe area was conducted by Miller and Brosge, 
1954;Gathwright, 1981; and Ewers et al., 1995. 

1.4 GroundwaterHydrology 

The Recovery Plan for the Lee County cave isopod (U.S. Fish and Wildlife Service, 1997) 
discusses the need for delineation of the groundwater drainage basins in order to protect the 
habitat of the troglobitic species. In recent years, much work has'been completed by karst 
hydrology researchers such as Jones, 1990; Ewers, 1995; Idstein, 1995; and Rea, 1996. 
Accessible caves in The Cedars provide a glimpse ofthe solution-enlarged, underdrain system 
that captures and conveys water from sink points near Route 58 to the Powell River. These 
caves have formed very close to the surface, and some are directly affected by surface 
activities producing sediment, runoff: and chemicallbacterial pollutants. ' 

Ewers estimates that four discrete groundwater sub-basins and several smaller discontinuous 
basins have developed in the study area (Ewers et al., 1995). Both Ewers and Rea found 
evidence that these basins overlap horizontally to some extent (personal communication, 
1996). To date, the tests indicate that groundwater generally moves southwest and south 
(along geologic strike and joints, respectively) to the five major springs; Batie East and West 
Springs, Flanary Springs, Sims Spring, and Gollahon-Surgenor Spring. At least seven smaller 
springs draining portions of The Cedars emerge along the north bank of the Powell River, 
including Rock Wall Spring and Blue Hole Spring. 

In most places in The Cedars, groundwater occurs in discrete conduits rather than as a 
continuous 'water table. Many residents 'of The Cedars report poor well yields and/or water 
quality related to low groundwater storage, and high turbidity and hydrogen sulfide 
concentrations. A significant percentage of these people either use treatment systems, 
purchase bottled water, or carry drinking water from local roadside springs. Other nearby 
residents, however, use wells (300 feet deep and less) that continuously yield sufficient 
quantities of fresh, potable groundwater. High concentrations of methane have been reported 
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in some wells, and improperly-abandoned oil and gas exploration wells have created local 
contamination problems when salt brines intrude into shallow domestic wells. 

During normal low-flow conditions, groundwater gradients between Route 58 and the Powell 
River range from approximately 7 m/km (36 ft/mi) to 16 m/km (83 ft/mi), with the vadose 
water table generally being less than 20 m (66 ft) below ground level. In 1990, William Jones 
(Environmental Data Systems, Inc.) conducted initial tracer tests from the Fleenortown Creek 
swallet and Thompson Cedar Cave to the Batie Springs. These tests indicated average 
groundwater flow rates of 40 m/hr during normal low-flow conditions. Groundwater 
velocities in the Sims Spring basin were estimated at 40 m/hr to 60 m/hr, based on tracer 
studies conducted by Ewers (1995) and Neely (FAA, 1997). Seasonal variations in 
groundwater velocity and the relationship between adjacent groundwater basins have been 
observed in The Cedars, and will be quantified in future studies based on quantitative tracer 
testing and discharge monitoring. Current dye studies are being conducted on the suspected 
source waters area located north ofUS Route 58. 

2. Bioassays and water quality studies in Batie Creek's watershed 

The first formal botanical workin The Cedars was conducted by Lloyd G. Carr (Carr, 1944 
and 1965, cited by Smith, 1991). The biology ofThompson Cedar Cave has been the subject 
ofextensive research over the last two decades (Holsinger and Bowman, 1973; and Holsinger 
and Culver, 1988). The aquatic fauna and benthic species ofBatie and Town Branch 
Creeks were studied by the Tennessee Valley Authority (TVA) (Smollen, 1997). Lists of 
species that are rare or endangered at the state and federal levels are documented in Appendix 
B. The first and second tables list the natural heritage resources ofThe Cedars (Smith, 1991) 
and ofthe Powell River from Big Stone Gap to the Tennessee Line (VDCR, 1997). The third 
and fourth tables list the aquatic organisms in Batie Creek and Town Branch (Smollen, 1997). 

In 1982, the flow rates for the Thompson-Cedar Cave stream, Batie East and West Springs, 
and McClure, Flanary, and Fleenortown Creeks were measured (Estes and Holsinger, 1982; 
cited by Culver et al., 1992). Water dye tracing experiments have been conducted in the area 
for several years, and a preliminary groundwater basin map has been developed (Culver et al., 
1992; Ewers et al., 1995; Brown, 1997). 

In 1988 and 1994, the Department ofEnvironmental Quality (DEQ) and the Virginia 
Departmertt of Conservation and Recreation (DCR) measured the pfl, temperature (T), 
dissolved oxygen (DO), tannins, alkalinity, total dissolved solids (IDS), total suspended 
solids (TSS), total organic carbon (TOe), conductivity (EC), turbidity, and biochemical 
oxygen demand (BOD) in Batie West Spring. In 1994, the DCR measured the pfI, T, DO, and 
conductivity in Batie East Spring. 

In 1996, the DEQ set up an eight week sampling routine for surface and subsurface streams 
feeding into Batie Creek, including several possible tributary streams that sink into the aquifer 
north ofhighway US 58. Recorded information includes measurements for DO, pH, EC, 
BODs, fecal coliform, tannins, phosphorus (P), ammonia (NH3), total kjeldahl nitrogen 
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(TKN), and TSS (DEQ, 1997a). The same year, the DEQ staff measured the DO and 
temperature (T) at several intervals downstream in Batie East and West and Batie Creek 
(DEQ, 1997b). 

In 1994, The Nature Conservancy contracted Environmental Monitoring Incorporated (EM!) 
to perform water analyses in The Cedars. Samples were collected at McClure and Flanary 
Creeks, the old sawmill (Masons sinkhole), Fleenortown Creek, Batie West Spring, and 
Chance window. The alkalinity, EC, DO, "methylene blue active substance (MBAS). soap, 
anionic sutfactants, and flocculent type compounds, nitrite and nitrate nitrogen (N02-N + 
N03-N), pfl, IDS, TSS, and fecal coliform were analyzed for all the sites. Polyaromatic 
hydrocarbons (semivolatile organics) were measured in the Batie springs and at the old 
sawmill site. 

During efforts to acquire the Mason tract, in 1996, The Nature Conservancy contracted EM! 
to analyze leachate from the old Russell sawmill (known as the "ancient pile") close to US-58 
and the Mason sinkhole. Polyaromatic, volatile, diesel range, and gasoline range 
hydrocarbons were measured. The Russell and Mason leachates were also tested for pesticides 
and metals. Only the regulatory parameters required by law for landfill disposal of a 
contaminated substance were tested (Ketron, 1997). 

In 1997, under contract with the DCR, the Virginia Water Resources Research Center 
(VWRRC) measured cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb), zinc 
(Zn), and chemical oxygen demand (COD) in the sediment, and filtered waters ofthe Batie 
East and West Springs (VWRRC, 1997a). The pu. DO, T, conductivity, and salinity were 
also measured at Batie East and West in the field. Also, the VWRRC measured phosphate 
phosphorus (P04-P), N03-N, ammonium nitrogen (NlLJ-N), TSS, total phosphorus (TP), 
filtered total phosphorus (FTP), TKN, filtered TKN (FTKN), total coliform, and E. Coli in the 
waters ofBatie East and West Springs and the leachate ofthe new Russell sawdust pile 
(Warner Spring). 

3. Biological and qualitative information on the Thompson Cedar Cave, 
Batie East and West Springs, Batie and Town Branch Creeks 

Before being impacted by the sawdust piles, the Thompson Cedar Cave hosted a significantly 
diverse ecological community. Three major species of cave crustacean were present in the 
cave: the amphipod Crangonyx amennatus, and the isopods Caecidotea recurvata and Lirceus 
usdagalun. In addition, small numbers of the crayfish Cambarus bartonii and larvae of the 
northern spring salamander Gyrinophilus porphyriticus were present. The cave was 'one of the 
few known local habitats for the troglobitic isopod, Lirceoususdagalun, the Lee County cave 
isopod. At that time, this isopod presence was known only in one other location, 
approximately 6 miles to the southwest and was listed as an endangered species in December 
1992 (Smith, 1991; Culver et al., 1992). The 5-7 mm-long isopod is of biological interest 
because of its morphological modifications to the cave environment that appear to be much 
mote recent than other more common cave crustaceans (Culver, 1976). Drs. John R. 
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Holsinger and David C. Culver, karst biologists from Old Dominion University and American 
University, respectively, visited the Thompson Cedar Cave on an annual to semi-annual basis 
from 1967 through approximately 1992. In studying the distribution of the isopods and 
species interaction in the cave, they were able to document the condition of the cave and 
species present, prior to the sawdust contamination that became apparent in 1988 (Culver and 
Holsinger, 1990). ' 

Less than three years after the sawmilloperationsbegan, the water in the cave was described 
as having a nearly black color and an extremelystrong odor ofrotting wood debris. The cave 
stream substrate was coveredwith athick (>lcm) layer ofbacterial slime. The original 
aquatic fauna had disappeared with the exception ofGyrinophilus porphyriticus and 
Crangonyx antennatus. The number oftubificid worms, chironomid flies, and frogs had 
increasedwith respect to past years. The apparentflow characteristics ofthe cave stream 
varied markedly: fresh mud on the walls indicated a higher water level than was observed in 
the previousten years. Observations recorded in September 1991 found that the water in the 
streamwas clear, the bacterial scum on gravel was less than 1 em, sporadicchironomidsand 
tubificids were found, and one adult Caecidotea recurvatawas found in the stream (Culver et 
al., 1992). In 1986, Holsinger reported that the aquatic snails,Fontigensnickliniana and 
Goniobasis simplex inhabitedBatie creek. By 1990, Holsinger observed that the F. 
mckliniana had disappeared and G. simplexhad almost disappeared; crustaceanscould not be 
found at the springoutlets; and most rooted aquaticvegetation had vanished from the springs 
(Holsinger, 1994). 

In 1994, pockets ofdecomposing sawdust were observedinside the ThompsonCedar Cave 
(Brown, 1994). On August 25, 1994, the Batie East Springhad a strong "organic" odor and a 
heavy growth of sewagefungus on its substrate. The benthic community was relatively 
healthy and the springwas rated as "moderately impaired."Batie West Springhad a similarly 
strong organic odor and sewage fungus growth on the substrate. No vertebrateswere observed 
and the benthic macroinvertebrates were limited primarilyto colonies oftubificid worms. The 
springwas rated as severelyimpaired (Brown, 1994). 

On July 10 and 11, 1996, the TVA's Aquatic and Biology Laboratory inventoried the fish and 
benthic species ofBatie and Town Branch Creeks. TVA found that the habitat was poor in 
Batie Creek (ffiI = 32) and poor/fair (ffiI= 38) in Town Branch Creek (Smollen, 1997). 

4. Physico-che'mica,1 Parameters Measured in Batie Creek and its Vicinity 

4.1. Flow rate 
Prior to the cave's blockade, Estes and Holsinger (1982) (as cited by Culver et al., 1992) 
reported an averagemaximumstream velocity of 14.96 ft/min (7.6 cm/s). The relative 
consistency offlow rate in the ThompsonCedar Cave stream is supportedby Holsinger and 
others' annual qualitative observations for a period ofmore that 30 years. The estimatedflow 
rates reportedby Culver et at. (1992) and EM! (1994) are presentedin Table 1. 
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Table 1. Estimated (Low) Flow Rates in the Eastern Half of The Cedars 

Water Sources Flow rate 
(gal/min)' 

Date Flow rate 
(gal/minj' 

Date 

Batie East Spring 4914 
___J 

-- ---
Batie West Spring 444 -- 200 12/0211994 

Thompson Cedar Cave 135 -- -- --
McClure Creek 
(Sink 13) 

135 -- 75 1113011994 

Flanary Creek 
(Sink 14) 

1506 -- 65 11/3011994 

Fleenortown Creek 3646 -- 399 1113011994 
Chance Window -- -- 4993 12/0211994 

4.2. Dissolved Oxygen (DO), Chemical Oxygen Demand (COD), Biochemical Oxygen 
Demand (BOD), Total Organic Carbon (TOC), Tannins and Conductivity (EC) 

In 1996, the DEQ developed dissolved oxygen profiles of Town Branch and Batie Creeks by 
testing water quality at frequent intervals from the confluence of the Batie Springs to the 
Powell River, 2500 feet downstream. The following values ofDO, BODs, COD and 
conductivity have been recorded in the Batie West and East Springs: 

Table 2. Summary of Historic Indicators Measured at the Batie West Spring 

Date 5/3/884 6/20/94' 8/25/94° 9/23/96' 4117/97° 7/5/97' 
DO(field) (mg/L) 4 2 5.72 0.97 0.65 0.06 
BODs(lab) (mg/L) 5 >47 -- 328 -- --
COD (mgIL) -- -- -- -- 241 .7 --
TOC (mg/L) -- 135 -- -- -- --
Tannins (mg/L) 0.031 -- -- 11.0 -- --
Tannins + Lignins 
(mgIL) 

-- 10.18 -- -- -- --

EC (llS/cm) -- 540 440 500 360"' 415 

1 Culver et al. (1992). 
2 EM! (1994). 
3 No data . 
4 Brown (1994) 
5 DEQ (1997a). 
6 VWRRC (1997a). 
7 urnhos/cm 

•
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Table 3. Summary of Historic Indicators Measured at the Batie East Spring 

Date 5/3/884 6/20/94) 8/25/946 9/23/96 5 4/17/976 7/5/97 5 

DO(field) (mg/L) -- -- 8.4 7.85 5.25 7.33 
BOD 5(lab) (mg/L) -- -- -- 4 -- --
COD (mg/L) -- -- -- -- 5.8 --
Tannins (mg/L) -- -- -- 0.3 -- --
EC (IJ.S/cm) -- -- 350 3250 2807 303 

Dissolved oxygen (DO) and conductivity (EC) data for 13 other sampling points in the 
vicinity ofBatie Creek are documented in Table 4. DO ranged from 4.33mg/L (Thompson 
Cedar Cave) to 9.65 mg/L where Town Branch joins Batie Creek. Figure 2 shows dissolved 
oxygen levels in Batie Creek along the traverse. The average DO concentration in was 0.28 
mg/L in Batie West, compared with 7.64 mg/L in Batie East. The data from EM! (1996) are 
documented in table 5. Figure 3 compares the values of dissolved oxygen measured in Batie 
West and East to other water bodies in the area. 

Table 4. Temperature, Dissolved Oxygen, pH and Conductivity at Various Sampling 
Sites in the Vicinity of Batie Creek 

Sampling Site Time Temperature 
(0C) 

Dissolved 
Oxygen 
(mg/L) 

pH Conductivity 
(umhos) 

Fleenortown Creek (Control) 0705 14.6 8.44 7.33 291 
Fleenortown Creek (Swallet) 0720 15.3 8.30 7.52 276 
Miner Window Main Pump 
Station 

0735 15.9 6.61 7.24 360 

Town Branch (Control #1) 0800 16.2 7.86 7.53 298 
Town Branch upstream of STP 0815 17.3 7.91 7.67 310 
Jonesville STP effluent 0820 21.7 5.01 6.86 598 
Town Branch New Pump Station 0850 18.2 6.72 7.16 325 
Town Branch Route 654 Bridge 0915 19.2 6.81 7.56 333 
Browning Window 0930 15.7 7.71 6.89 300 
Chance Window 0950 15.5 7.18 6.88 300 
Batie Spring (East) 1030 16.0 7.33 6.83 303 
Batie Spring (West) 1045 13.8 0.06 6.21 415 
Warner Window 1110 15.2 7.58 6.79 340 
Thompson Cedar Cave 1120 13.6 4.33 6.89 408 
McClurelFlanary Creeks 1225 21.5 6.00 7.63 286 
Field Measurements conducted 
by the DEQ on July 5, 1997. 
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Table 5. Dissolved Oxygen Profile of Batie Creek at Various Distances from the 
Confluence of Batie East and West Springs 

Distance Dissolved Temp. Description 
(ft) Oxygen eC) 

(mg/L)
 
10
 7.69 East Spring
 
50
 

14.4 
7.76 14.5 East Spring 

0 7.47 14.4 Confluence ofEast and West Springs Easterly
 
15
 0.28 14.1 West Spring
 
65
 14.1 West Spring 
0 

0.29 
0.36 14.1 Confluence ofEast and West Springs
 

50
 6.92 14.4 Batie Creek
 
100
 6.85 14.4
 
150
 6.3 14.5 

__ 8
 
I
200
 14.5 

250
 6.48 14.6
 
300
 6.22 14.6
 
350
 6.05 14.6
 
400
 5.91 14.7
 
450
 5.79 14.8
 
500
 5.53 14.8
 
600
 5.35 14.9
 
700
 4.84 15.1
 
800
 4.9 15.1
 
900
 4.93 15.4
 
1000
 5
 15.5
 
1100
 4.63 15.6
 
1200
 4.57 15.6
 
1300
 4.53 15.7
 
1400
 4.53 15.8
 
1500
 4.64 15.8
 
1600
 16
 
1700
 

4.48 
16.1
 

1800
 
5.05 

16.7
 
1900
 

6.36 
5.28 16.6
 

2000
 5.4 16.1
 
2100
 5.31 16.7
 
2200
 5.09 16.9
 
2300
 5.04 16.9
 
2400
 5.06 16.8
 
2465
 5.16 17
 
Sampled by the DEQ on September 26, 1996 I
 
8 __ No data. 
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According to Chapman (1996), DO in natural waters vary with the temperature, salinity, 
turbulence, the photosynthetic activity ofalgae and plants, and atmospheric pressure. 
Dissolved oxygen decreases as temperature, salinity, turbidity, and BOD/COD increase. 
Concentrations in unpolluted fresh waters are usually close to10 mgIL. Concentrations below 
5 mgIL may adversely affect the functioning and survival ofbiological communities, and 
below 2 mgIL, will lead to the death ofmost fish. According to this information, the low 
dissolved oxygen content resulting from the excessive loading oforganics to Batie West 
Spring alone could have caused the death ofall aquatic orgahisms. 
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Dissolved Oxygen and Temperature in Batie
 
Creek
 

September 26, 1996
 
Site Measurements by the DEQ
 

Distance from the confluence of Batie East and West (tt) 

I. DO (mg/L) - Temp (C) I 

18 
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Figure 2. Dissolved Oxygen Levels in Batie Creek 

13 



Dissolved Oxygen (DO) mg/L 

9 

8 

7 

6 

5 

4 

3 

2 

.>L o 
§~ 
0t:: r:: o 0 
r::0 
3l 

u::: 

..r:: 
or:: _ 

~~ 
§8
o 
I-

c 
" ~ 

IE w 
~ 
.~ 

r:: o..., 

~ 
z '"..r:: _ 

oCl) 
r:: 0
~ E 

lD ~ 

§Q. 
o 
I

~ 
" r:: 

~ 
Cl 
r:: 

. ~ 

lQ 

z 
~ 
" r:: 

~ 
~ 
r:: 

'" ..r:: 
o 

CI) 

~ 
" r:: 
~ 
s 
r:: 

'" ..r:: o 

~ 
" r:: 

~~ 
o 
r:: 

'" ..r:: 
o 

w 
~ 
" r:: 
~ 
" o 
r:: 

'" ..r:: 
o 

1ii 
'" w 

" ~ 

Oi 
" "o 
r:: " g iU 
0-0 
E 
o 

..r:: 
I

"".s e-
CI) r:: 
t: .~ 
o 0 
l/l r::",<C 
::;§;~ 

Figure 3. Dissolved Oxygen Levels in Batie West and East Springs Compared to Other 
Water Bodies in the Watershed9 

9 DEQ, field measurementsconducted in July and August, 1997. 
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Other parameters that reflect the amount ofavailable oxygen in the water are BODs, COD, 
TOC and EC. Normal BODs values for domestic sewage are 250 mgIL. For industrial wastes, 
it may be as high as 30,000 mgIL. The BODs in the Batie West Spring is two orders of 
magnitude higher than would be expected even from raw sewage discharge from a town ofthe 
size ofJonesville. The high concentration oftannins in the Batie West Spring suggests that 
the organic matter in the water is probably derived from woody material rather than from 
animal or human waste. 

4.3. Turbidity, Total Dissolved Solids (TDS), and Total Suspended Solids (TSS) 

Turbidity is a measure ofhow clear the water is, i.e., how much light can be transmitted 
through the water. Turbidity is a factor contributing to the degradation ofBatie Creek. An 
increase in turbidity due to high solids content may interfere with the amount of light able to 
reach the vegetation in the stream resulting in the death ofaquatic plants. In turn, this process 
would increase BOD and deplete oxygen levels as a result ofmicrobial decomposition. In 
addition, deposition of sediment or particulates, such as sawdust, may cause these materials to 
accumulate on aquatic plants minimizing their photosynthesis, efficiency, and ability to 
transfer oxygen (Terrene Institute, 1996). 

Normal turbidity values range from 1 to 1000 NTU (Chapman, 1996). Excessive turbidity 
levels caused by siltation and subsequent shifting ofthe stream bottom are cited as major 
factors in the decline of freshwater mussel biota (Williams et al., 1993, cited in TRS 
publication, 1997). Some rare and threatened fish species are vulnerable to turbidity above 25 
NTU (Kundell and Rasmussen, 1995, cited by TRS, 1997). Under Virginia's discharge 
permit system, municipal dischargers with secondary treatment cannot exceed 30mgIL TSS 
for a 30-day average, nor 45 mgIL averaged over 7 days (DEQ, 1997c). The TSS levels in the 
Batie West Spring in 1994 were well above the expected values as shown in Table 6. 
However, measurements in subsequent years indicate that the TSS levels have dropped 
significantly. This may indicate that, for the most part, the solids have been deposited on the 
bottom ofthe creek and the low flow ofthe creek has not contributed to resuspension, or the 
elevated sample may have been related to a storm event. Dedicated stormwater sampling has 
not been conducted in the study area. For the events sampled, suspended solids were not a 
problem in the Batie East Spring as shown in Table 7. 
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Table 6. Turbidity, TDS and TSS Concentrations in the Batie West Spring 

Date 6/20/9410 12/2/9411 9/23/9612 5/21/9713 Criteria14 

TDS (mg/L) 244 264 
___ D --

TSS(mgIL) 266 18 20 9 <30mgIL (30 day average). 
<45 mg/L (7 day average). 

Turbidity 
(NTU) 

4.2 -- -- --

Table 7. Turbidity, TSS Concentrations in the Batie East Spring 

Date 9/23/9616 5/21/9717 Criteria" 
TSS(mgIL) 3 6 <30mgIL (30 day average). 

<45 mg/L (7 day average). 

4.4. Fecal and Total Coliform 

Coliforms are used as indicators ofthe bacterial quality ofwater. The presence of coliforms 
in the water indicates that disease-causing organisms may be present in the sample. Tests for 
the presence ofthe E. coli organism is usually performed because it is found in the intestines 
ofwarm-blooded organisms. The use of total coliforms as in indicator may not be as useful in 
indicating the presence ofpathogens because sometypes of coliform bacteria are naturally 
present in a wide range of environments. 

Tests for fecal coliform bacteria in the Batie East and West Springs were performed by the 
DEQ in 1996. Tests indicated 210 and 30-colonies/100 mI in each spring, respectively. Both 
springs sampled again for fecal coliforms in 1997. There were less than 100 colonies/100ml 
and 300 colonies/100mI in the Batie West and East Springs, respectively (DEQ, 1997a). Both 
springs meet the goal ofthe Clean Water Act for swimmable waters (less than 1000 fecal 
coliform colonies/100 mL at any time, DEQ, 1994). The highest counts were found in 
McClure and Flanary Creeks (6500 colonies/100mI). The high count is probably associated 
with livestock wastes and/or on-site septic systems. 

The VWRRC sampled the Batie East and West Springs and the Russell leachate for total 
coliforms and E. coli analysis in 1997. The Batie West Spring had 4000 and 1081 
colonies/100 mL oftotal coliform and E. coli, respectively. Batie East Spring had 2400 and 
1171 colonies/100 mL oftotal coliform and E. coli, respectively. The Russell leachate had 
60,000 and 1802 colonies/1 00 mL of total coliform and E. coli, respectively. Both springs 

10 Brown(1994).
 
11 EMI(1994).
 
12 DEQ(1997a).
 
13 VWlm.C(1997b).
 
14 Barron, A (1997) Level permitted to municipal discharges with secondary treatment.
 
15 ---Not measured.
 
16 DEQ(1997a).
 
17 VWlm.C(l996).
 
18 Barron, A (1997) Level permitted to municipal discharges with secondary treatment.
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had high counts of coliforms, possibly as a result of cattle dung, on-site wastewater systems, 
and runoff 

4.5. Alkalinity andpH 

Summary of measurements for alkalinity and pH are documented in Tables 8 and 9. 

Table 8. Alkalinity and pH Measured in the Batie West Spring 

Date 5/3/88 19 6/20/9419 8/25/9419 12/20/942u 23/9/962 1 4/17/976 7/5/972 1 

Alkalinity 
(mlIL) 

-- 244 -- 241 -- -- --

pH (field) 7.95 6.0 8.8 6.69 5.96 7.0 6.21 
pH (lab) -.. 7.74 -- -- -- -- --

Table 9. pH Measured in the Batie East Spring 

Date 5/3/88 19 6/20/9419 8/25/9419 23/9/962 1 4/17/976 7/5/972 1 

pH (field) -- -- 6.78 7.12 8.0 6.83 

Alkalinity data for other sampling points in the Batie Creek watershed ranged from 161 to 241 
mgIL which are within the normal range for limestone groundwater. All surface water 
sources in the area had pH values between 6.0 and 8.5, which is the normal range for natural 
waters" The exception was the pH value recorded in the Batie West Spring in the summer of 
1994 (pH = 8.8). This is attributed to sampling error or to some other unknown factor in the 
groundwater basin. 

4.6. Water Temperature 

Water temperature is influenced by latitude, altitude, season, time ofday, air circulation, 
cloud cover, rate ofgroundwater recharge, and the flow and depth ofthe water body. 
Identifying trends in water temperature requires very frequent monitoring in conjunction with 
measurements ofthe previously mentioned variables. Water temperatures for the Batie West 
and East Springs were measured periodically and are shown in Tables 10 and It, respectively. 
Water temperature in the Batie West Spring is generally a few degrees lower than in the Batie 
East Spring. 

19 Brown (1994) 
20 EMI(1994) 
21 DEQ(1997a) 
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Table 10. Water Temperature in Batie West Spring 

Date 5/3/8822 5/3/8822 5/3/8822 12/20/9423 4/17/9724 4/17/9724 7/5/972 
' 

TeC) 17 18.6 14 12.0 13 13 13.8 

Table 11. Water Temperature in Batie East Spring 

Date 8/25/9422 4/17/9724 7/5/972 
' 

TeC) 18.9 14 16.0 

4.7. Nitrogen and Phosphorusforms 

Ammonia occurs naturally in water bodies. Unpolluted water contains small amounts of 
ammonia and ammonia compounds, usually less than 0.1 mgIL (Chapman, 1996). Ammonia 
concentrations detected in the Batie East and West Springs were less than the norm (DEQ, 
1997a; VWRRC, 1997b). 

The nitrate ion is the common form ofnitrogen found in natural waters. Nitrate is an essential 
nutrient for aquatic plants, and plant growth and decay affect its seasonal fluctuations in 
water. Natural concentrations ofN03-N seldom exceed 0.1 mgIL. When influenced by human 
activities, surface waters may contain nitrate concentrations up to 5 mgIL, but often less than 
1.0 mgIL (Chapman, 1996). The Batie East Spring had a slightly elevated concentration of 
N03-N (1.48 mgIL). 

Phosphorus is an essential nutrient for living organisms and exists in water bodies as both 
dissolved and particulate forms. In most natural surface waters, phosphorus ranges from 0.005 
to 0.02 mgIL (Chapman, 1996). Phosphorus concentrations were relatively high in the Batie 
West and East Springs (0.11 and 0.05 mgIL, respectively) in 1996 (DEQ, 1997a) but were 
below detection level in both springs in 1997 (VWRRC, 1997b). The total phosphorus 
concentration detected in the Batie West Spring is above the recommended value for flowing 
waters, as established by the Committee on Nutrient Enrichment Problems in Virginia's 
Chesapeake Bay (Institute for Environmental Negotiation, 1987). 

Table 12. Total Phosphorus (TP), Total Kjeldahl Nitrogen (TKN) and Phosphate Values 

Location TP(mgIL as TKN(mglLas Phosphate (mgIL as 
Phosphorus) Nitrogen) Phosphorus) 

Batie West (09/23/96) 0.11 1.2 ___2b 

(05/21/97) BDL 0.08 BDL 
Batie East (09/23/96) 0.05 0.1 --

(05/21/97) BDL 0.175 BDL 

22 Brown (1994) 
23 EMI(1994) 
24~C(1997a) 
25 DEQ(1997a) 
26 Not measured 
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Virginia does not have a criteria for nitrogen and phosphorus concentrations in natural waters 
(DEQ, 1997c). However, it is known that phosphorus, while not the only cause, is a 
significant contributing factor to eutrophication usually the limiting one. Excess phosphorus 
as phosphate stimulates plant growth. It is believed that to prevent excess growth, total 
phosphorus should not exceed 0.1mgIL in streams not discharging directly to lakes or 
impoundments (USEPA, 1976). The Committee on Nutrient Enrichment recommended that 
the total phosphorus (TP) concentration is the most useful parameter in determining 
eutrophication and that the water quality standards for TP should range from O.lmgIL to 
0.2mgIL depending on the background conditions of the area. 

Table 13 indicates the ratios ofTP:TN and their significance to eutrophication (DEQ, 1997c) . 
In September of 1996, TKN and TP values in the Batie West Spring were 1.2 mgIL and 0.11, 
respectively. The TP:TKN ratio (0.092) is well within the threshold value that may trigger 
eutrophication. This conditions most likely re-occurs each year during the late summer - early 
fall months. 

Table 13. Eutrophication Potential as a Function of Nutrient Concentration 

TP (rng - PIL) TN (mg -NIL) Significance 
0.013 0.092 Problem threshold 
0.13 0.92 Problem likelv to exist 
1.3 9.2 Severe problems possible 

Symptoms of high nutrient loading include weedy proliferation and algal slimes. In general, 
slow flowing streams such as Batie Creek are most prone to eutrophication. Much of the 
plant proliferation and algal infestations die at the end of the summer for reasons not yet well 
understood (Terrene Institute, 1996). In the Batie Creek area, the die-off appears to be related 
to colder surface temperature and greater groundwater recharge rates . Under these conditions, 
an increase in BOD followed by a decrease in oxygen levels occurs. 

4.8. Metals 

4.8.1. Total Metal concentrations in Russell and Mason leachates 
Metals and selected other constituents were analyzed in samples of leachate from both the 
new (Russell) and old (Mason tract) sawmill sites: Aluminum (AI), antimony (Sb) , arsenic 
(As), barium (Ba), beryllium (Be), boron (Bo), cadmium (Cd), chromium (Cr), copper (Cu), 
cyanide, iron (Fe), lead (Pb), magnesium (Mg), manganese (Mn), mercury (Hg), molybdenum 
(Mo), nickel (Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (Tl), and zinc (Zn) 
(EM!, 1996). Table 14 summarizes the results and compares them to criteria values for solid 
waste disposal purposes. Russell leachate tested positive for AI, As, Ba, Bo, Cr, Cu, Fe, Mg, 
Mn, Ni, and Zn. According to the EPA guidelines for classification of Great Lakes Harbor 
sediment (USEPA, 1993), the Russell sludge would be classified as "not polluted" with As, 
Cr, Cu, Fe, Mg, Ni, and Zn, and "heavily polluted" with Ba (110 mglKg) from a disposal 
point of view . Leachate from the ancient pile, which collects on the Mason tract before 
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sinking, tested positive for the same metals, as well, for Be and Pb. According to the same 
EPA solid waste disposal guidelines, leachate from the Mason tract would be classified as 
being "heavily polluted" with manganese and barium. 

Virginia does not have solid waste disposal guidelines specifically pertaining to sediment. 
The determination of whether the leachate is hazardous would depend on the TCLP (Toxic 
Characteristic Leaching Potential) test. In addition, generator knowledge may be incorporated 
to determine whether the leachate would be classified as solid or hazardous waste. The 
present data seem to indicate that barium may be at higher than regulatory levels (100 mglKg 
in the TCLP test). Disposal issues are discussed in more detail in section 6. 

20
 

-




Table 14. Metals in Mason Sinkhole and Russell leachate. 

Metal Mason 
Sinkhole 
Leachate 
(mg/Kg) 

Russell 
Leachate 
(mg/Kg) 

Guidelines 'J:! 

(mg/Kg) 
Guidelines" 
(mg/Kg) 

Guidelines" 
(mg/Kg) 

<3 
<40, >60-' 1 

-
<25 
<25 
<0.10 
<17000 

Aluminum 4800 5100 
Antimony BDL-'u BDL 
Arsenic 2.73 2.1 10.00 57.00 
Barium 110 110 
Beryllium 0.52 BDL 
Boron 42.7 18.0 
Cadmium BDL BDL 1.0 5.10 
Chromium 6.7 8.7 100.00 260.00 
Copper 5.40 8.30 100.00 390.00 
Cyanide BDL BDL 
Iron 14100 5200 
Lead 8.1 BDL 50.00 450.00 <40 

<300, >5003 1 
Magnesium 920 530 
Manganese 540 82.0 
Mercury BDL BDL 0.1 0.41 

<20 

<90 

Molybdenum BDL BDL 
Nickel 10 5.0 100 
Phosphorus BDL BDL 
Selenium BDL BDL 
Silver BDL BDL 6.10 
Thallium BDL BDL 
Zinc 67.3 55.0 410.00 
Date sampled: 3111/96 

27 Wisconsin Department of Natural Resources Interim Criteria for in-water disposal of dredged sediments. 
28 Washington State Department of Ecology marine sediment quality standards chemical criteria. 
29 EPA Guidelines for the Classification of Great Lakes Harbor Sediments (to beclassified as not polluted unless 
otherwise indicated). 
30 BDL is Below Detection Level. 
31 Classified as heavily polluted sediments. 
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4.8.2. Sediment and Metal Concentrations in the Batie West and East Springs 

Water and sediment samples were analyzed for Cd, Cr, Cu, Pb, Ni, and Zn in the Batie East 
and West Springs (VWRRC, 1997a). Results are summarized in Tables 15 and 16. 

4.8.2.1. Total metal concentration in sediment 

According to federal guidelines for the classification of sediment for disposal purposes 
(USEPA, 1993), the sediment in the Batie West and East Springs is not polluted . In this case, 
background data were provided by the DEQ from a Powell River monitoring station 
(Hurricane Bridge at river mile 138.91 on Route 654). This station is about 0.2 river miles 
upstream of the Batie Creek. Unfortunately, not all metals analysis for sediment in the Batie 
West and East Springs were the same as those analyzed for in the background samples. 
Figure 4 compares background levels to those found in both the Batie West and East Springs, 
and leachate from the old and new sawmills . The background values were derived from the 
average concentrations for two sets of data from July 1995 and 1996. Metal analysis for Batie 
East and West Springs that were available for comparison (i.e., cadmium, chromium, and 
copper) were not higher than the background levels. Even for Mason and Russellleachates, 
the metal concentrations were at or below background levels. This suggests that the sediment 
in Batie Creek is not contaminated with copper, cadmium, or chromium. In addition, since 
the sludge is not contaminated with aluminum, antimony, arsenic, beryllium, iron, and 
thallium, one may conclude that the sediment is less likely to be contaminated with these 
metals either. Lead, nickel and zinc were not tested in samples from the background site. 
These metals are further discussed in the following sections . 

4.8.2.2. Dissolved metal concentration in water 

Soluble metals concentrations in the Batie West and East Springs are compared to the EPA 
criteria in Tables 17 to 20. Where there are several values, the most stringent criteria apply. 
Some of these values are hardness dependent and were computed based on the average 
hardness values listed in each table. The values show that the concentrations in the Batie 
West and East Springs are well below the criteria levels. 

According to Canadian guidelines (Chapman, 1996), the Cr, Pb, and Zn concentrations in the 
Batie West Spring may be toxic to some fish and aquatic life. The water in Batie Creek is not 
contaminated when compared to background levels of metals in nearby upstream water 
streams. Figure 5 illustrates the metal distribution in several areas, including the Batie East 
and West Springs and two background sites. Values in Figure 5 represent average values 
based on two to three samples per site. With the exception of iron and manganese, there is no 
apparent metal contamination present in the Batie West and East Springs as compared to 
control values. 
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Figure 5. Average concentration of total metals in the Batie East and West Springs 
compared to background levels and other water bodies in the watershed.32 

32 DEQ measured in July andAugust, 1997. 
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Conventionally, Fe and Mn are only of concern in determining the aesthetic quality, odor and 
taste of potable drinking water supplies. Batie creek water has not been used as a drinking 
water source, but it does flow into the Powell River where important aquatic species could be 
impacted. According to Figure 5, metal concentrations at those sites close to the sawdust 
piles (Mason Sinkhole, the Thompson Cedar Cave, and Warner Window) appear to be higher 
than background levels. The town of Jonesville's sewage effluent is not contributing to metal 
concentrations in higher values than those observed in background sites, with the exception of 
magnesium which does not seem to present a problem in the Batie West or East Springs. 

Table 15. Total Metal Concentration in the Sediment (mgIKg) 

Batie West Spring Batie East Spring Guidelinest' 
Metal Sample A SampleB Sample C Sample A SampleB Sample C 

Cadmium 0.065 0.07 0.06 0.015 0.02 0.11 -
Chromium 3.6 3.95 3.8 0.8 0.85 6.7 <25 
Copper 0.9 1.05 0.95 0.2 0.2 1.65 <25 
Nickel 1.2 1.4 1.35 0.5 0.55 5.55 <20 
Lead 3.3 3.85 4.65 1.5 1.6 4.5 <40 
Zinc 10 11 9 3.5 7.5 10 <90 
Date sampled: 4/17/97 

Table 16. Dissolved Metal Concentration in Water (ug/L) 

Batie West Spring Batie East Spring 
Metal Sample A SampleB Sample C Sample 

A 
SampleB Sample C 

Cadmium 0.1 0.1 0.1 0.1 0.1 0.1 
Chromium 1.8 2.0 1.5 0.2 1.6 0.2 
Copper BDL34 BDL BDL BDL BDL BDL 
Nickel 3 5 2 BDL BDL BDL 
Lead 1 2 2 1 2 2 
Zinc 170 60 60 40 40 40 
Date sampled: 4/17/97 

33 EPA Guidelinesfor Classification of Great Lakes HarborSediments. 
34 BDL is below detection level of 0.1 J.1.g/L. 
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Table 17. Batie East Spring Average Dissolved Metal Concentrations vs. Criteria Values 
based on an average hardness of 208 mg/L as CaC03 

Average 
Value 

Freshwater Aquatic Life Human Health 

Metal Acute Chronic Public Water 
S r 35upp res 

All Other 
Surface 

Waters36 

Cadmium (J.!g/L) 
Chromium (uz/L) 

0.1 
0.67 

8.96 
3163.537 

16.038 

2.02 
377.1 
11.0 

16 
33000 

170 

170 
670000 

3400 
Copper (J.!g/L) BDL 35.3 22.1 1300 --
Nickel (llg/L) BDL 2635 .3 293.0 607 4583 

Lead (1lg!L) 
Zinc (llgIL) 

1.7 
40 

207.4 
217 .7 

8.1 
197.1 

15 
500639 

--
--

Table 18. Batie West Spring Average Dissolved Metal Concentrations vs. Criteria 
Values based on an average hardness of 347 mg/L as CaC03 

Freshwater Aquatic Life Human Health 
Value 

Metal 

Average 

All Other 
Supplies'" 

Public Water Acute Chronic 
Surface 

Waters36 

Cadmium (J.!g!L) 170 

Chromium (ug/L) 

163.0115.960.1 
67000033000573.44810 .737 1.8 

1638 3400 

Copper (ug/L) 
17011 

1300
 

Nickel (J.!g/L)
 

33.6 BDL 57.2 
607 4583 

Lead (Ilg/L) 

451.74063 .2 3.3 
15
 

Zinc (1lg!L)
 

15.5397.91.7 
500QJ9304.2335 .8 96.7 

35 These standards are aimed at protecting human health through drinking water and fish consumption.
 
36 These standards are aimed at protecting human health through fish consumption.
 
37 Values are for Chromium m.
 
38 Values are for Chromium VI.
 
39 To maintain acceptable taste, odor or aesthetic quality of drinking water.
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'table 19. Dissolved Metal Concentration in the Batie East Spring40 

Freshwater Human Health 
Aquatic Life 

METAL 8/12/97 7/29//97 7/15/97 Acute Chronic Public All Other 
(ug/L) (llgIL) (llgIL) Water 

Supplies 
Surface 

Waters42 

41 

Antimony BDL (10)43 BDL(10) BDL (10) 44 -- -- --
Arsenic BDL(5) BDL(5) BDL (5) -- -- 50 --

Beryllium BDL(5) BDL (5) BDL(5) -- -- -- --
Cadmium BDL(5) BDL (5) BDL (5) 8.96 2.02 16 170 
Chromium BDL (10) BDL(10) 24 3163.54 j 377.01 33000 670000 

1646 11 170 3400 
Copper BDL (10) BDL (10) BDL (10) 35.34 22.11 1300 --

Iron 133 97 110 -- -- 30047 --
Lead BDL(5) BDL(5) BDL(5) 207.41 8.08 15 --. 

Magnesium 19700 17700 18130 -- -- -- _._
Manganese 27 25 26 -- -- 5047 --

Nickel BDL (10) BDL (10) BDL (10) 2635.31 292.97 607 4583 
Selenium BDL (10) BDL (10) BDL (10) 20 5.0 172 11200 

Silver BDL (10) BDL (10) BDL (10) 14.30 -- -- --
Thallium BDL (10) BDL (10) BDL (10) -- -- -- --

Zinc BDL(50) BDL(50) BDL (50) 217.7 197.14 500047 --
Mercury BDL (.3) BDL (.3) BDL(.3) 2.4 .012 .144 --
Hardness 206 ppm'" 207 ppm 211 ppm 

40 Collection and analyses conductedby the DEQ.
 
41 These standards are aimedat protectinghumanhealththroughdrinkingwaterand fish consumption
 
42 Thesestandards are aimedat protectinghumanhealththroughfish consumption.
 
43 Numberin parenthesis indicates MinimumDetectionLevel. BDLis Belowdetectionlevel.
 
44 indicates thatno data is available.
 
45 Valuesare for Chromium ill.
 
46 Values are for Chromium VI.
 
47 To maintainacceptable taste, odoror aestheticquality of drinkingwater.
 
48 Units of hardnessin ppm are mgILas CalciumCarbonate
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Table 20. Dissolved Metal Concentration in Batie West Spring40 

Freshwater Human Health 
Aquatic Life 

METAL 8/12/97 7/29/97 7/15/97 Acute Chronic Public All 
(~gIL) (~gIL) (~gIL) Water Other 

Supplies'" Surface 
Waters50 

Antimony BDL (10)'1 BDL(10) BDL (10) 
___'2 -- -- --

Arsenic BDL(5) BDL(5) BDL(5) -- -- 50 --
Beryllium BDL (5) BDL(5) BDL (5) -- -- -- --
Cadmium BDL (5) BDL (5) BDL(5) 15.96 3.01 16 170 
Chromium BDL (10) BDL (10) 24 4810.753 573.4 33000 670000 

16'4 11 170 3400 
Copper BDL (10) BDL (10) BDL (10) 57.2 34.2 1300 ""'-

Iron 2473 3891 1982 -- -- 30055 --
Lead BDL(5) BDL(5) BDL (5) 397.9 15.5 15 ""-

Magnesium 8930 9620 8780 -= -- -- --
Manganese 527 787 417 -- -- 50

5 
' --

Nickel BDL (10) BDL (10) BDL (10) 4063.2 451.7 607 4583 
Selenium BDL (10) BDL (10) BDL (10) 20 5.0 172 11200 

Silver BDL (10) BDL (10) BDL (10) 34.5 -- -- -_.
Thallium BDL (10) BDL (10) BDL (10) -- -- -- --

Zinc BDL (50) BDL (50) BDL (50) 335.8 304.2 500055 --
Mercury BDL(.3) BDL(.3) BDL (.3) 2.4 .012 .144 --
Hardness 357 ppm'" 364 ppm 321 ppm 

49 These standardsare aimedat protectinghumanhealth throughdrinkingwater and fish consumption. 
50 These standardsare aimedat protectinghuman health throughfish consumption. 
51 Numberin parenthesis indicatesMinimumDetectionLevel. BDLis Belowdetectionlevel. 
52 indicatesthat no data is available. 
53 Valuesare for ChromiumID. 
54 Valuesare for Chromium VI. 
55 To maintainacceptable taste, odor or aestheticquality of drinkingwater. 
56 Units of hardnessin ppm are mg/L as CalciumCarbonate 
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4.9. Pesticides 

EM! (1996) analyzed the concentration ofpesticides present in the Russell leachateand 
Mason seep. In both cases, pesticides tested negative for those sampling events. Pesticides 
wouldbe detectedin water samples only ifa rainfall-runoffevent occurs soonafter pesticide 
application, or if a pesticidespill takes place somewhere in the basin. 

4.10.	 Hydrocarbons: volatile, semivolatile, diesel and gasoline range 
organic compounds 

EM! (1994) tested both Batie Springsand the Mason sinkholefor the presence of 
polyaromatic (semi-volatile) hydrocarbons. Resultswere negativefor both sites. In 1996,EM! 
analyzed the Russell leachateand Mason seep for volatile, semivolatile, diesel, and gasoline 
range organiccompounds. Both samples tested negative for volatile, semivolatile, and diesel 
range compounds, but tested positivefor gasoline range hydrocarbons. However, in Virginia, 
sediment that contains less than 50 ppm ofgasolinerange hydrocarbons is considered not 
pollutedand can be returnedback to the ground (Ketron, 1997). According to this standard, 
both sites couldbe considered not contaminated for petroleum hydrocarbon compounds, 
although petroleum releaseshave occurred upgradient ofthe Batie Springs in the past. 

4.11. Other pollutantsand pollutant sources 

Phenolswere detectedin the Russell leachateand Mason seep samples(8.21 and 40.3 mg/Kg, 
respectively). The USEPA (1980a) statesthat acute and chronictoxicityto freshwater aquatic 
life occur at concentrations as low as 10.2 and 2.56 mgIL, and could occur at lower 
concentrations amongspeciesthat are more sensitive than those tested. Phenolswere at, or 
below, detection levels in water samples from the Batie West andEast Springs, indicating that 
most ofthe phenolic compounds are not in dissolved form. Sulfates were detectedin the 
Russell leachateandMason seep samples(2600 and3200 mgIKg, respectively), which is 
considered relatively high according to Ketron(1997). 

4.12. Toxicity 
Data was not found on tolerance and sensitivity ofthe Batie Creekwatershed (and the Powell 
Riverwatershed) faunato metals, phenols, sulfate, andgasolinerange hydrocarbons 
(Anderson, 1997). However, the biotic diversity has been negatively impactedas attested by 
the decrease and disappearance ofsomerare and endangered plant and animal species, the 
rotting odors, low dissolved oxygenlevels, andthe overall degradation ofthe site. 
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5. Remediation Alternatives 

As a result ofthis study, the Batie Creek degradation can be attributed to the wood residues 
from the sawdust mill. Strategies for abating the pollution ofBatie Creek were evaluated 
under the assumption that the source ofthe organic load would be removed over an 
appropriate period oftime. Without source removal, long-term treatment ofthe springs would 
be cost-prohibitive. The following remediation techniques address the concentration of 
decomposing organic matter in the cave, on the stream substrate, and in the spring 
resurgences. 

I. No action: Source removal with no direct remediation ofthe groundwater and spring 
streams would result in very slow restoration ofBatie Creek, but it is difficult to 
predict the rate ofrecovery. This technique is not suitable since organic matter 
decomposition, especially sawdust in anaerobic conditions takes longer than 20 years 
to decompose (Benfield, 1997). According to Melillo et al. (1983) decomposition of 
wood chips depends on their initial lignin and nitrogen content. The higher the lignin 
and the lower the nitrogen, the longer it will take for the wood chip to decompose. 
Coniferous material decomposes more slowly than deciduous. Melillo et al. (1983) 
predicted that it would take 75 years for a spruce wood chip to decompose in a ninth 
order stream. 

Il. Capping: Construction ofan impervious cap over the stream bed is only done when 
the depth precludes removal. In addition, sufficient depth to put a cap over the 
sediment is required. 

ill. Chemical neutralization ofheavy metals: The data indicate that the primary pollution 
problem is the organic matter and leachate impacting the cave and springs. The 
addition ofchemicals such as lime might neutralize barium, chromium, lead and zinc, 
but further treatment ofthe springs would be necessary to remove the organic load. 

IV. Aeration: The addition ofoxygen would enhance the decomposition oforganic matter. 
This procedure would cause resuspension of sediment that would flow downstream. It 
could increase the rate ofrecovery ofthe springs, but would also result in a temporary 
increase in the level ofpollution in the Powell River. 

v. Flushing ofthe cave and stream: This procedure would clean the springs but would 
move the pollutants downstream. The use ofvacuum technology could be explored, 
however, these services are not known to exist in the area. 

VI. Dredging: This operation would remove the contaminated layers of sediment from the 
creek's bottom and could be conducted by local contractors. The sediment would then 
either be land-applied or disposed in a permitted landfill or compost facility. 

Based on the above review, dredging was selected as the most feasible active treatment option 
for Batie Creek. This does not imply that other techniques or treatments might not prove 
more cost-effective or efficient. These recommendations are intended as a starting point in 
the assessment ofthe most appropriate means to enhance the remediation ofBatie Creek. 
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5.1.Sediment Dredging Operations 

Sedimentsdredged under the purview ofthe US Army Corps ofEngineers are subject to 
Virginia Solid Waste standards. The EPA has the enforcementauthorityfor clean up of 
sedimentunder the following two conditions: (1) if the sediment is dredged and exhibits a 
hazardouswaste characteristic or if it is mixed with a RCRA..listed hazardouswaste; and (2) 
ifthe sediment contamination can be shownto have resulted by release from a specified solid 
waste managementunit at a RCRA permitted or interim status hazardouswaste facility (US 
Army Corps ofEngineers, 1986). 

In order to conduct a dredgingproject in Batie Creek, permits would be required from the 
AbingdonDistrict Office ofthe Army Corps ofEngineers, the U.S. Fisheries and Wildlife 
Service (USFWS);the VirginiaMarine Resources Commission, and the VirginiaDEQ. The 
USFWS and the VirginiaMarine Resources Commissionwould have oversight authority 
because Batie Creek discharges to the Powell River which is classifiedas an endangered 
specieshabitat (poor, 1997). It is recommendedthat a joint applicationto the interested 
agenciesbe submitted for approval. 

5.1.1.	 Determinationof sediment contamination for protection ofaquatic life and 
human health 

The determination ofwhether the sedimentis contaminateddependson a number of factors. 
Historical information such as records or reports of a release ofcontaminants in the area may 
be useful in making this determination. Biological indicators such as diversity, number of 
benthic organisms, and fish kills may provide evidence ofenvironmental stress. Odor or the 
release of gases from the sediments or water body may also indicate contamination. Finally, 
data from sediment samplesmay be used to compareto backgroundconcentrationsor to 
criteriavalues. Guidelines for determining sedimentcontamination for the preservationof 
aquatic life and the designated use ofthe water body have not been finalized; therefore, a 
decision should be made on a case by case basis (USEP~ 1987). 

Site-specific sediment qualitycriteria may be based on the toxicity ofpollutants in the water 
where equilibrium sorptionconditions can be assumed, laboratory measurements ofthe 
biological effects ofcontaminated sediments, or field bioassaysthat relate the impact of 
pollutants on the abundance ofbenthic organisms, 

5.1.2. Determinationof sediment contamination for disposalpurposes 

Standardprocedureshave been developedfor the classificationand regulation ofdredged 
materials for disposal. These·procedurestypically involve a series of sediment tests to 
determine ifopen water disposal is feasible. Open water disposal involves depositingdredged 
material in an aquatic environment, which is not a local option. 
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Upland disposal allows placement ofthe dredged sediment in a diked containment area on dry 
land. Usually the solids are retained while the supernatant is allowed to drain into some type 
ofcollection system. Control options used to minimize impacts from the upland disposal of 
contaminated sediment include: 

1. Eftluent quality control techniques 
2. Runoff control structures 
3. Leachate control to minimize groundwater contamination 
4. Monitoring and control ofcontaminant uptake by plants and animals 
5. Stabilization ofemissions and wind erosion 

Upland disposal can be long-term or temporary prior to permanent disposal or beneficial use. 
Sediments may be allowed to dewater in a temporary upland facility prior to landfill disposal. 
The sediment would be classified as either hazardous or solid waste based on laboratory 
analyses and/or generator knowledge. Ifit is determined that the sediment is not 
contaminated, it may be used as fill material with certain restrictions. An estimated 300 to 
450 kg of sediment would have to be removed from the bed ofBatie Creek in order to remove 
most ofthe contamination. This value is a rough estimate based on: a sludge depth ofabout 2 
inches, a sediment density of2g1100ml (as per an analysis conducted on April 17, 1997 by the 
VWRRC), a total stream length of200 ft, an average stream width of 13.3 ft, and factors of 
safety of 1.2 and 1.8, respectively. The proposed work zone includes both the Batie West and 
East Springs and Batie Creek up to Natural Bridge. 

5.1.3. Sediment Dredging as a source ofcontamination 

Dredging operations typically create temporary water pollution due to the release of 
interstitial water, suspension of solids, or desorption ofre-suspended solids. In fact, re
suspension of solids may be the single most significant factor in the contamination ofthe 
water column since fine sediment has a tendency to stay suspended for long times. They also 
have a great capacity to grab contaminants such as organics and heavy metals (US Army 
Corps ofEngineers, 1986). In most cases, silt screens are used to contain the re-suspended 
solids and avoid downstream contamination. In Batie Creek, however, the use ofa silt screen 
would probably not be feasible because ofthe shallow depth ofthe creek. Temporary 
diversion ofthe creek may prove more practical. 

6. Sawdust Disposal 

The DEQ estimated that the sawdust piles at the active Russell sawmill contain about 200,000 
yd3 ofmaterial, distributed approximately evenly between the new pile and the old (Kaurish, 
DEQ, 1997b, personal communication.) The current DEQ policy requires that stockpiles of 
sawdust be dammed, with the leachate directed onto vegetated filtration strips. The filtration 
strips could be adjacent forested areas. Stockpiling is a temporary option, since eventually all 
sawdust should be removed from the site (White, 1997). Leachate disposal from new 
sawmills may be regulated under the storm water management regulations for industrial sites. 
The Standard Industrial Classification (SIC Code) Manual (Office ofManagement and 
Budget, 1997) lists all the industrial businesses and to which regulation each industry is 
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subject to (Wise, 1997). For sawmills, the SIC Code is 2421 (Sawmills and Planning Mills, 
General). 

Ideally, the sawdust should be utilized by an appropriatewood-wasteuser. A list ofwood
waste users accordingto their distance from Lee County is given in Table 21. These users 
will probablybe able to utilize only the relatively fresh and clean sawdust due to its higher 
BTU content. the old degraded sawdust shouldbe landfilledor compostedoff-site in a 
permittedfacility. The beneficialuse ofthese materials in revegetating strip-mined areas 
shouldbe exploredwith state agency and industry partners. 

Virginia solid waste regulations require that the sawdustbe analyticallyclassified as either a 
solidwaste or hazardouswaste (Wentz, 1989). A hazardouswaste is defined by its degree of 
ignitability,corrosivity, reactivity, or toxicity. The waste exceedsthe regulatory limits if it 
fails the TCLP (ToxicityCharacteristic LeachingPotential) test (Wentz, 1989). In this test, 
the leachate is subjectedto acidic conditionsand analyzed for specificparameters, and costs 
about $1500 per sample. This information, together with generator knowledge, may be used 
in determiningwhether the waste is hazardous. 

The Russell sawdust piles were not analyzedfor TCLP duringthis study. However, since the 
concentrations ofregulated constituents in the leachatewere close to background levels, it is 
likely that the sawdust would be categorized as a solid waste. In addition, informationon the 
type ofwood used by the mill might be helpful in determiningthe contaminationofthe 
sawdust. In addition to the hauling costs, disposal in a solid waste landfill is relatively 
inexpensive(less than $30.00/Ton), relative to manifestingand disposal in a permitted 
hazardouswaste facility, which could run into thousands ofdollarsiTon ($150.00 to $200.00 
per 55-gal drum). 

D 
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Table 21. Wood-Waste users located within 100 miles of Lee County. 

Within 50 miles Within 100 miles 
• 123 SonnyLand Mulch Company • Harold Patterson 

P.O. Box 352 100 Patterson Chip Company, Inc. 
Abingdon, VA 24210 P.O. Box 647 
(540)628-2353 Barbourville, KY 40905 
Washington County (606) 523-9480 
Takes hard wood bark and Laurel County 
converts it to bagged mulch Hardwood and Softwood slabs 

• Bernie Smith • Joe Stanford 
151 Williamette 128 Stanford Timber Products, 
Kingsport, TN Inc. 
(423)392-2792 Rt 1 Box 423 
Hawkins County East Bernstadt, KY 40729 
produces wood chips (606) 843-6122 

Laurel County 
Round wood 

• Mack English • Eric Hess 
38 English Lumber 145 Webb Furniture Co. 

P.O. Box 60 Galax, VA 
Mooresburg, TN (540)236-6141 
(423)272-4472 Grayson County 
Hawkins County SawDust 
Produces bark 

• Eric Hess 
145 Webb Particle board 
Jackson St. 
Galax, VA 
(54)236-6141 
Grayson County 
Mixed 
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7. Sawdust Recycling and Reuse 

Several wood users located within 100 miles ofJonesville may use the relatively new 
sawdust. A list ofpossible wood-waste users in the area is given in Table 21. Principal uses 
for sawdust include: 

• Auxiliary industrial fuel. 
• Horticultural and agricultural mulch. 
• Manufacture of particulate board and paper 

Site location and composition ofthe sawdust are local variables that affect the economic 
feasibility ofa given sawdust recycling project (Lamb, 1997). 

A. Use in commercial boilers to dry wood 

This is the most common commercial use for sawdust. When sawdust is wet, it has to be 
combined with dry material. The wetter and older the sawdust, the lower its BTU and value. 
Transportation to the combustion site may be the most expensive aspect ofthis recycling 
option (White, 1997). 

B. Application on forest and pasture land 

Nitrogen must be added to the sawdust in order for soil microorganisms to decompose the 
woody material. As a soil amendment, sawdust improves soil moisture retention and adds 
bulk to the soil (Lofersky, 1997). 

C. Combination with sewage sludge for composting and land application (Evanylo, 1997). 

In a composting operation, water is added to the compost and the pile is aerated through a 
system ofperforated pipes or by physically turning the piles. The aeration schedule depends 
on the pile temperature that is closely monitored and measured at several locations within the 
pile. In general, when the temperature rises to 140o.F, in 24 to 48 hours, air is pumped into the 
pile. When organic matter decomposition is completed, the pile temperature drops to the 
ambient temperature. 

o 
Factors to consider when composting: 

1) Microorganisms need a balanced diet to degrade the sawdust. To this end, N needs to be 
added to the sawdust, to balance the elN ratio. P addition may also be necessary. The 
optimum CIP ratio is 150-200:1. N can be applied as digested poultry manure or sewage 
sludge, in accordance with Virginia Department ofHealth (VDH) and DEQ regulations. 

2) The sawdust moisture content should be between 50...60 percent. If the sawdust pile 
moisture drops below 50 percent the microorganisms will die. 

3): The sawdust pile temperature should be lower than 130-140 OF. Ifhigher, the 
microorganisms will die. 
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4)	 All leachate and runoff must be controlled, collected, and treated to acceptable levels. For 
more detailed information on composting, see Rynk (1992). 

D. Poultry bedding 

Since this type ofbusiness is more common in eastern and central Virginia, the trucking costs 
would be relatively high. There may be poultry producers in Kentucky and Tennessee within 
a reasonable distance (Lofersky, 1997). 

E.	 Sawdust pellets 

Fuel pellets are used in special wood stoves, which cost about $1000 - $2000 in retail stores. 
The pellets are fabricated by machine and are composed ofcompressed sawdust and glue. 
Pellet manufactures are located in West Virginia (Glenn, 1996) and Oregon (Christianson, 
1997). Christianson (1997) describes the production and characteristics ofthe sawdust pellets. 

F.	 TRIX 

It is a wood and plastic composite used to build furniture (Lofersky, 1997). It is fabricated in 
Winchester, Virginia. However, it would be expensive to haul the sawdust to Winchester. 

G. Particleboard 

It is mentioned as an alternative use of sawdust and wood chips (Glenn, 1997) 

H. Paper Pulp 

An alternative use for fine sawdust (less than % in). The price per ton ranges from $25 to $30 
delivered. A cost-benefit analysis would be required to determine the feasibility ofhauling 
the sawdust to the paper mill. 

I.	 Landfill Disposal 
o 

When the sawdust is produced faraway from a processing site, and is considered a 
nonprofitable waste, it may be dumped in a landfill. This is the least desirable option because 
the capacity and number of local landfills are limited. Currently, some commercial landfills 
have material recovery operations that separate, process, and sell the woody fraction ofthe 
waste stream (Steuteville, 1997). 

J.	 Industrial recruitment 

The economic benefits ofhaving a sawdust-recycling industry locate in the area are (1) 
reduced disposal costs for the local wood products industry, (2) reduced water quality impacts 
on the community, (3) landfill space savings, and (4) reduced environmental liability. This 
solution would involve county and state economic development authorities which may offer 
incentives for wood-recyclers to locate in the area. 
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8. Prospects for Recovery 
The complete recovery ofthe cave stream communityin the ThompsonCedar Cave would be 
signaledby the physical recovery ofthe stream and the recolonization by aquatic troglobitic 
species. Accordingto Culver et al. (1992), the appearance (color and odor) ofthe water and 
the appearance ofthe stream gravel improvedfrom 1987to 1991 but has reportedlydecreased 
in recent years. Recolonization ofthe cave by L. usdagalun is problematicsince the closest 
cave that is still populatedby L. usdagalun appears to be physicallyand hydrologically 
remote. A recoveryplan for the L. usdagalun has been completedby the USFWS and DCR 
(Roble et al., 1997). 

Recolonization ofthe cave habitat is possible since microinvertebrates move from upstreamto 
downstream. Cave isopod may still exist in certainupgradient uncontaminated segmentsof 
the karst system. The Lee County fish and other surfacewater specieswould move upstream 
from the Powell River to recolonizeBatie Creek once it begins to recover sufficiently to 
support aquatic life. 

9. Recommendations 

The ultimate recoveryofthe Batie Springsand Batie Creek depends on the rate and efficiency 
of sawdust stockpileremoval. This can only be accomplished with the full cooperationofthe 
RussellLumber Company, which may be limited by their available finances and production 
schedule. A partnership with the U.S. Fish and Wildlife Service or other federal agencies 
with funding to supporthabitat recovery activitiesmay help ease the financial and logistical 
burden ofsawdust removal. However, the true costs associatedwith this project depend on the 
method of sawdust disposal or re-use. Sawdust removal from the underlying cave may only 
be accomplished through natural flushing (once the source is removed),or may be enhanced 
using vacuum recovery from the surface. Dredging ofthe impactedsurface stream segment 
between the Batie Springsand the Natural Bridge is recommended as an off-site restoration 
technique. In order to dredgethe creek, a permit from the Army Corps ofEngineers is 
required. SinceBatie Creek discharges to the Powell River, which has been designatedas an 
endangeredspecieshabitat, a permit from the U.S. Fish and Wildlife Serviceand the Virginia 
Marine.Resources Commissionwould also be required. Once the sediment is removed from 
the stream, the streamwater quality should be monitoredfor a period ofyears. 
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LIST OF ENDANGERED AND THREATENED SPECIES
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2S NOV 1997 

DEPARTMENT OF CONSERVATION &: RECREATION 

DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES IN THE CEDARS MACROSITE 

SCIENTIFIC NAME COMMON NAME	 GLOBAL STATE FEDERAL STATE EO LAST SURVEY SITE
 

RANK RANK STATUS STATUS RANK OBSERVATION
 

GRAPTEMYS GEOGRAPHICA MAP TURTLE GS S2S3 E 1992-10-06 FLETCHER BLUFFS
 

LANIUS LUDOVICIANUS LOGGERHEAD SHRIKE G4GS S2 SOC LT B 1989-07-09 THE CEDARS
 

LANIUS LUDOVICIANUS LOGGERHEAD SHRIKE G4G5 82 SOC LT B 1990-06-19
 

BRACHORIA CEDRA CEDAR MILLIPEDE G1G2 51 A 1990-05-10 NATURAL BRIDGE
 

BRACHORIA CEDRA CEDAR MILLIPEDE G1G2 Sl C 1990-05-30 JIM FULKS FARM
 

LIRCEUS USDAGALUN LEE COUNTY CAVE ISOPOD G1 Sl LE LE C 1996-12-01 SIMMS CREEK SPRING
 

LIRCEUS USDAGALUN LEE COUNTY CAVE ISOPOD G1 Sl LE LE B 1994-11-24 FLANNERY BRIDGE SP
 

LITOCAMPA COOKEI A CAVE DIPLURAN G? Sl U MOLLY WAGLE CAVE
 

MESODON ELEVATUS PROUD GLOBE G5 S2 E 1992-10-06 FLETCHER BLUFFS
 

PSEUDANOPHTHALMUS DELlCATUS DELICATE_CAVE BEETLE G2 S2 E 1980- MOLLY WAGLE CAVE
 

SPELOBIA TENEBRARUM A CAVE FLY G4? Sl U THE CEDARS
 

CAMASSIA SCILLQIDES WILD HYACINTH G4GS S2 C 1990-0S-10 THE CEDARS
 

CAMASSIA SCILLOIDES WILD HYACINTH G4GS S2 U 1979-0S-20 THE CEDARS
 

CAMASSIA SCILLOIDES WILD HYACINTH G4G5 S2 BC 1995-06-08 THE CEDARS - SIMS
 

LEE COUNTY AIRPORT 

HOUSTONIA CANADENSIS LONGLEAF BLUETS G4G5 S2 A 1995-06-08	 THE CEDARS - BEECH
 

ROADSIDES; LEE COU
 

AIRPORT
 

LITHOSPERMUM LATIFOLIUM AMERICAN GROMNELL G5 S2 E? 1986-10-07 THE CEDARS
 

LITHOSPERMUM LATIFOLIUM AMERICAN GROMWELL G5 S2 CD 1990-07-24 THE CEDARS
 

MANFREDA VIRGINlCA FALSE ALOE G5 Sl A 1995-06-08 BEECH GROVE ROADSI
 

THE CEDARS; BEECH 

CLIFF; THE CEDARS 

HAMBLIN 

SCHOOL; CEDAR GLAD 

NATURAL BRIDGE; LE 

COUNTY AIRPORT 

MANFREDA VIRGINlCA FALSE ALOE GS Sl C 1990 THE CEDARS
 

MANFREDA VIRGINlCA FALSE ALOE GS Sl BC 1990 THE CEDARS
 

SCUTELLARIA PARVULA VAR SMALL SKULLCAP G4T? Sl A 1994-05-16 THE CEDARS - BEECH
 

PARVULA ROADSIDES
 

SENECIO MILLEFOLIUM YARROW-LEAVED RAGWORT G2? Sl SOC A 1995-06-08 BEECH GROVE ROADSI
 

LEE COUNTY AIRPORT 

SI5YRINCHIUM ALBIDUM WHITE BLUE-EYED-GRASS G5? S2 A 1995-06-08	 BEECH GROVE ROADSI 

THE CEDARS; BEECH 

CLIFF; THE SCHOOLj 

GLADE AT NATURAL B'') 

LEE COUNTY AIRPORT 

SPOROBOLUS COMPOSITUS VAR LONGLEAF DROPSEED G5T5 SlS2 E? 1985-09-23 THE CEDARS
 

COMPOSlTUS
 

SPOROBOLUS NEGLECTUS SMALL DROPSEED G5 S2 C 1990-09-09 THE CEDARS - HAMEL
 

SCHOOL
 

TRIFOLIUM CALCARlCUM RUNNING GLADE CLOVER G1 Sl SOC A 1994-05-16 BEECH GROVE ROADSI
 

THE CEDARS
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:ds 

SCIENTIFIC :NAME 

ALKALINE COLD SPRING & 

SPRING RUN 

APPALACHIAN CAVE STREAM 

COMMUNITY 

OLIGOTROPHIC SCRUB 

OLIGOTROPHIC WOODLAND 

OLIGOTROPHIC WOODLAND 

OLIGOTROPHIC WOODLAND 

OLIGOTROPHIC WOODLAND 

OLIGOTROPHIC WOODLAND 

PERMESOTROPHIC FOREST 

SUBMESOTROPHIC FOREST 

SIGNIFICANT CAVE 

Processed 

DEPARTMENT OF CONSERVATION & RECREATION 

DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES IN THE CEDARS MACROSITE 

COMMON NAME	 GLOBAL STATE FEDERAL 

RANK RANK STATUS 

G2 S2 

STATE
 

STATUS
 

EO LAST SURVEY SITE 

RANK OBSERVATION 

A 1990-05-15 THE CEDARS - SIMS 

A 1990-05-17 THE CEDARS 

AB 1990-05-16 THE CEDARS 

B 1990-0S';'16 THE CEDARS 

C 1990-05-16 THE CEDARS 

B 1990-05-17 THE CEDARS 

B 1990-05-15 THE CEDARS 

BC 1995-09-20 CEDARS PROPOSED AI 

C 1990-05-17 THE CEDARS - SIMS 

BC 1995-09-20 CEDARS PROPOSED AI 

U 1985- MOLLY WAGLE CAVE 

) 



Table
 
Natural Heritage Resources of the
 

Powell River from Big Stone Gap to the Tennessee Line
 

SPECIESNAME COMMON NA!\1E GLOBAL 
RANK 

STATE 
RANK 

FEDERAL 
STATUS 

STATE 
STATUS 

APALONESPINIFERA SPINYSOFTSHELL G5 S2 

DROMUS DROMAS DROMEDARY PEARLYMUSSEL Gl SI LE LE 

EPIOBLASMA BREVIDENS CUMBERLAND COMBSHELL G2 SI LE LE 

EPIOBLASMA CAPSAEFORMIS OYSTERMUSSEL G2 SI LE LE 

EPIOBLASMA TRIQUETRA SNUFFBOX G3 SI SOC LE 

ERIMYSTAX CARNI SLENDER CHUB G1G2 SI LT LT 

ETIiEOSTOMACAMURUM BLUEBREAST DARTER G4 S2 SC 

ETHEOSTOMA CLARUM WESTERN SANDDARTER G3 S1 LT 

ETHEOSTOMA MEADlAE SPECKLED DARTER 05 S2 

FUSCONAJA BARNESIANA TENNESSEE PIGTOE G2G3 S2S3 5C 

FUSCONAIA COR SHINYPIGTOE Gl 51 LE LE 

FUSCONAlACUNEOLUS FINE-RAYEn PIGTOE G1 51 LE LE 

O~TEMYS GEOGRAPHICA MAPTURTLE GS S2S3 

HEMISTENA LATA CRACKING PEARLYMUSSEL G1 SI 
~ 

LE LE 

10 FLUVIALIS SPINYRIVERSNAIL G2 S2 SOC LT 

LABrDESTHES SICCULUS BROOKSILVERSIDE G5 S2 5C 

LEMIOXRIMOSUS BIRDWING PEARLYMUSSEL at SI LE LE 

LEXINGTONIA DOLABELLOIDES SLABSIDE PEARLYMUSSEL G2G3 S2 SOC LT 

LIGUMIA RECTA BLACKSANDSHELL 05 52 LT 

MESODONELEVATU5 PROUD GLOBE GS 52 

MO~:OSTOMA CARINATIJM RIVERREDHORSE G4 S2S3 SC 

NECTURUS MACULOSUS 

NOTROPIS ARIOMMUS 

MUDPUPPY 
J 

POPEYESHINER 

G5 

G3 

52 

S253 SC 

PEGIAS FABULA LITTLE-WINGED 
PEARLYMUSSEL 

Gl 51 LE LE 

PERCINA AURANTlACA 

PERCINACOPELANDI 

PLETHOBASUSCYPHYUS 

PLEUROBEMA OVIFORIv1E 

QUADRULACYLINDRlCA STRlGlLLATA 

TANGERINE DARTER 
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SPECIES NAME COMMON NAME GLOBAL 
RANK 

STATE 
RANK 

FEDERAL 
STATUS 

STATE 
STATUS 

QUADRULA lNTERMEDIA CUMBERLAND MONKEYFACE 01 S1 LE LE 

QUADRULA SPARSA APPALACHIAN MONKEYFACE 01 SI LE LE 

STERNOTHERUS MINOR LOGGERHEAD MUSKTURTLE G5 52 

TRUNCILLA TRUNCATA DEERTOE G4 Sl LE 

VILLOSA PERPURPUREA PURPLE BEAN 01 51 LE LE 
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Table 2. Abbreviated definitions of ranks used by the Virginia Natural Heritage Program 
to set protection priorities for rare species and natural communities. These ranks are not 
legal designations. 

Global State 
Rank Rank Definition 

G1 51 Extremely rare; usually 5 or fewer populations or occurrences in the 
state (51) or overall range (Gl); or only a few remaining individuals are 
known; often especially vulnerable to extirpation. 

G2 S2 Very rare; usually between 5 and 20 populations or occurrences; or' 
with many individuals in fewer occurrences; often susceptible to extir
pation. 

G3 53 Rare fo uncommon; usually between 20and 100 populations oroccur
rences; may have fewer occurrences, but with a large number of 
individuals in some populations; may be susceptible to large-scale dis
turbances. 

G4 54 Common; usually more than 100 occurrences, but may be fewer with 
many populations; may be restricted to only a portion of the state (54) 
or overall range (G4); usually not susceptible to immediate threats. 

GS 55 Very common; demonstrably secure under present conditions. 

5A Occurs accidentally in the state. 

GH SH Historically known from the state (5H) or the overall range(GH)~but 

not verified for an extended period, usually more than 15 years;tlUs 
rank is used primarily when inventory has been attempted recently. 

SN Regularly occurring migrants; transients; seasonal, nonbreeding resi
dents. Usually no specific site can be identified within its range in the 
state. (Note that congregation and staging areas are moniwlioo sepa
rately.) 

GU 5U Status uncertain, often because of low search effort or cryptic mame 
of the element. 

GX 5X Apparently extirpated from the state (5X) or overall range (GX). 

Q Denotes that the taxonomic status of the species is questionable. 

T Denotes that rank applies to a subspecies. 



1 Batie Creek(mile 0.5) Below natural bridge 07110/96 http://insidenet.tva.gov:8000/Cwilcpo~iifish~418-1=7~i O-1996.htr 
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IBI Benthic HabitatIndex Index info. Site Site species list 

Common name 
Central stoneroller 
Striped shiner 

. Bigeye chub 

Telescope shiner 
Bluntnose minnow 
Blacknose dace 
Creek chub 
Black redhorse 
Banded sculpin 
Rock bass(>= 5 in.) 
Redbreast sunfish 

IBI score: 32 poor 

Scientific Name 
Campostoma anomalum 
Luxiluschrysocephalus 
Notropis amblops 
Notropis telescopus 
Pimephales notatus 
Rhinichthys atratulus 
Semotilus atromaculatus 
Moxostoma duquesnei 
Cottuscarolinae 
Ambloplites rupestris 
Lepomisauritus 

Count
 
18
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2
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8
 
1
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12 
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16 - 1 Town Branch(mlle0.2) Above Batie Creek 07/11196 http://msidenet.tva.gov:8000/cwilcpowVfish_11496-1_7-11-1996.htrr 
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mJ:l.11496 - 1 ~own Branch(miIe'Q~'2)" 
WlJ Above Batie Creek 07/11/96· 
Return to Watershed Return to . ._~ Next

Locatlon inro, -S·tIndex Index . -ll 
. IBI score: 38 poor/fair 

. 

Common name 
Central stoneroller 
Whitetail shiner 
Spotfin shiner 
Striped shiner 
Warpaint shiner 
Mountain shiner 
Sawfin shiner 
Bigeye chub 
Tennessee shiner 
Rosyface shiner 
Telescope shiner 
Mimic shiner 
Bluntnose minnow 
Blacknose dace 
Banded sculpin 
Rock basst 5 in.) 
Rock bass(>= 5 in.) 
Snubnose darter 

Prev overall species
list IBI Benthic Site 

Scientific Name 
Campostoma anomalum 
Cyprinella galactura 
Cyprinella spiloptera 
Luxilus chrysocephalus 
Luxilus coccogenis 
Lythrurus lirus 
Notropis (undescribed) 
Notropis amblops 
Notropis leuciodus 
Notropis rubellus 
Notropis telescopus 
Notropis volucellus 
Pimephales nota/us 
Rhinichthys atratulus 
Coitus carolinae 
Ambloplites rupestris 
Ambloplites rupestris 
Etheostoma simoterum 

Count Anomalies 
132 
10 
Q 

136 
47 
2 
1 

59 
16 
1 

123 
2 
24 
112 
38 
3 
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2 

)709 1 
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