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found in wells sunk near the fly ash pile and between the solid waste drainage
area and Twine Hollow Road to the south.

It should be noted, however, that the maximum detected concentration of arsenic
was only 5 ug/L which is 10 times lower than the MCI for arsenic (50 ug/L). In
addition, recent evidence suggest that the slope factor for arsenic is based on
a non-lethal cancerous effect (i.e., skin rash). Also, exposure to arsenic may
have a threshold (similar to a noncarcinogenic effect), for which the maximum
concentration does not exceed.

The potential noncarcinogenic hazards to hypothetical residents due to use of
groundwater are presented in Table 6-40. Since none of the identified chemicals
of potential concern were volatile organics, only ingestion was evaluated. The
hazard index associated with ingestion of groundwater at the DCL site exceeded
unity by a factor of 5y mainly due. to antimony and manganese, the only
contaminants with hazard quotients that exceeded one. Therefore, noncarcinogenic
effects from ingestion of groundwater from the DCL site may occur. Antimony was
detected in four monitoring wells: RIW-1, RIW-7, RIW-10, and RIW-12. Manganese
was detected in all monitoring wells, with the highest levels found at RIW-2 and
RIW-10. It should be noted, however, that the RfD for antimony was derived using
an uncertainty factor of 1,000,
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TdOlt 5-40

f ^ . i* .w P°tanti*1 Noncarcinogtnic Risks Associated with list of
Groundwater at th« Dix,« Cav.rns Landfill Sit. by Hypothetical Residents for cht HUE Case {«)

Chemical

Qrgamcs:
Naphtha Itn*

Inorganics:
Antimony
Arsenic
Barium
Chromium
Mangantst
Silvtr

Total RHE Chronic
Daily [ntak«
(mgAg/day)

1.96-0*

1.3E-03
3.5E-04
3.9E-02
6.7E-04

. ' I. IE-01
1.3E-Q4

Total

RfO
(mg/kg/dayj

. ... _ . _ _ . . . -
4.QE-03

- - - - - -
4.0E-04
l.OE-03
7.0E-02
S.QE-03
l.OE-01
3.0E-03

Hazard Ind*x:

RfO
Uncirtainty

Factor

1 0000

1000
I
3
500
1
Z

Hazard
Quotient

4.6E-Q2

3.2E»00
3.SE-QI
5.6E-QI
1.3E-01
1 . 1E+OG
4.3E-02

5E*00

Exposure rbutis Includ* lrtg«tlon and dtrmil absorption whHc bathing. Naphthaltnt and
inorganics an not volatilt; thtrtfort, txposuri via inhalation whil* showtring would
not occur.
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6.1.6 Uncertainties Associated with the Human Health Risk Assessment

This section outlines the uncertainties associated with the results of the Dixie
Caverns Landfill site baseline risk assessment. The primary areas of uncertainty
include: 1) environmental sampling and analysis; 2) estimation of exposure; and
3) toxicity assessment. An overview of the primary areas of uncertainty in the
quantitative risk assessment is presented in Table 6-41 and is discussed below.

6.1.6.1 Environmental Sampling and Analysis

As discussed in Section 6.1.2, monitoring data collected from groundwater,
surface and subsurface soil, surface water, and sediments were used to
characterize the extent of contamination in these media. These data were
considered to be representative of site contamination, yet the degree to which
the RI data characterize site contamination is unknown. For example, the
potential impact of seasonal' variability on site contamination may not be fully
evaluated. The extent of sampling of groundwater, soil, surface water, and
sediment, however, was considered to be extensive relative to other typical
landfill Remedial Investigations. Given the uncertainty associated with the
monitoring data, the 95th UCL on the arithmetic mean was used when estimating
exposure for the various exposure pathways evaluated in this assessment in order
that potential exposure would not be underestimated.

Another area of uncertainty concerns the treatment of non-detected concentrations
in the quantitative assessment of risk. One-half of the Sample Quantitation
Limit (SQL) was used as the detection limit for samples qualified with a "U,"
"UJ," or "UL* qualifier. The actual concentration of the contaminant may be zero
to just below the SQL. In all probability, the actual concentration may be below
one-half the SQL given that the instrument detection limit (IDL) is often much
lower than one-half the SQL. The methods used to evaluate non-detects in this
assessment, however, probably do not contribute significantly to the overall
uncertainty of the results (probably less than a factor of 2).
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Table 6-41..

Uncertainties Associated with the Dixie Caverns Landfill Site
Baseline Risk Assessment

Effect Oji Estimated Risk (aj

Potential Potential Potential for
. . .for for Over or Under-

Source of Over- Under- Estimation
Uncertainty £stImation Estimation of Risk
_____________________________________of Risk_______of Risk_______________

Enyj>gnmefvta"1_iainpliAq and Analysis . . . . . . . . . - -

Available sampling data used to Low
characterize the extent of
contamination at the site

Chemicals of Potential Concern Moderate
were assumed to be site related.

Systematic and/or random errors Low
in analysis and reporting

TICs were not quantitatively
evaluated . Low

Estimation of Exposurg . . . . . . •

Exposure paramaters were Moderate
assumed to be characteristic
of the potentially exposed
population

The amount of media intake Is Moderate
assumed to be constant and
representative of the exposed
population

Toxicitv Assessment .. . .._. . . — - --• — ..—-- •-- - ...

An additive model is used to Moderate
evaluate risk from a chemical
mixture

Toxicity criteria not available . . . . . . ....... - - - - - Low
for certain chemicals of potential
concern

Conservative methods used to ~~ Moderate
derive toxicity criteria • to high
(particularly slept factors ._. .
[see text])

(a) As a general guideline, assumptions marked as "low" may affect estimates of exposure by less than one order
of magnitude; assumptions marked "moderate" may affect estimates of exposure by between one and two orders
of magnitude; and assumptions marked"high" may affect estimates of exposure by more than two orders of
magnitude.
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For many of the inorganic compounds detected in groundwater, it is uncertain
whether these chemicals are within natural background. Particularly, the site
relatedness of arsenic, antimony, and manganese which resulted in significant
risk estimates is questionable. No site-specific or regional background data
were available for comparing inorganic concentrations found in monitoring wells.

Another potential source of uncertainty involves the analytical methods used to
quantify the levels of contaminants in samples collected at the OCL site. There
is a certain degree of variability associated with the ability of laboratory
instruments to quantify low levels of a compound in a sample. This variability
tends to be normally distributed. The potential contribution of this source of
uncertainty, however, is considered to be low given QA/QC requirements for
samples and analysis.

Several TICs were identified in groundwater, soil, surface water, and sediment.
Given the uncertainty associated with their identification and concentration, as
well as the lack of toxicity criteria,"these compounds were not quantitatively
evaluated in this report. Thus, the risks associated with contact with various
media may be underestimated. However, the source of certain unknown hydrocarbons
found in surface water and sediment may not be site related but rather from other
anthropogenic activities,

6.1.6.2 Estimation of Exposure

As discussed in Sections 6.1.3 and 6.1.5, conservative assumptions were used to
estimate exposure for the various exposure pathways quantitatively evaluated in
this report. Under current land-use conditions, it was assumed that children
would play in streams and groundwater seeps 125 days per year for 10 years.
During these play activities, children would incidentally ingest 140 mg of
sediment each day. Similar assumptions were used to estimate exposure from
direct contact with surface soil at the DCL site. In addition, children were
assumed to contact surface water and sediments over one-third of the surface area
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of their hands, arms, and legs. These are conservative assumptions used to
evaluate a reasonable,maximum exposure case. The likelihood of children in the
area actually engaging in such behavior is unknown.

For future land-use exposure pathways, it was assumed that an individual could
ingest surface soil at a rate of 120 mg/day (weighted average of children: 200
mg/day, adult: 100 mg/day). Possible dermal contact could affect a skin surface
area of 2600 cm2 (weighted average of children: 1000 cm2; adult: 3000 cm2).
Direct contact was assumed to occur over a 30 year period (6 years as a child;
24 years as an adult). For use of groundwater, it is assumed that an individual
would ingest 2 liters per day of groundwater from the more contaminated areas at
the site over a 30 year period and bathe each day for 30 years. It is highly
unlikely that the DCL site would be used for residential purposes. These
pathways, however, were evaluated primarily to justify restrictions on the future
use of the site for residential purposes and provide the basis for making risk
management decisions for the site.

6.1.6.3 Toxicity Assessment

USEPA (1989a, 1986a,b) recommends summing chemical-specific risks in ordeir to
quantify the combined risk associated with exposure to a chemical mixture.
Limited data are available for actually quantifying the potential synergistic
and/or antagonistic relationships between compounds in a chemical mixture. Thus,
compounds are assumed to act independently in the body to cause an effect. If
this assumption is incorrect regarding chemical interaction, then over- or
underestimation of potential risk of the chemical mixture may occur.

Several contaminants, presented in Section 6.1.2, did not have available toxicity
criteria. Because of the exclusion of these compounds, the potential risks
associated with the site may be underestimated.
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There is a high degree of uncertainty associated with the derivation of available
toxicity criteria. The primary sources of uncertainty associated with the
derivation of toxicity criteria, as summarized by the USEPA (1989a), include:

• using dose-response information from effects observed at high doses to
predict the adverse health effects that may occur following exposure to
the low levels expected from human contact with the agent in the
environment;

• using dose- response information from short-term exposure studies to
predict the effects of long-term exposures, and vice-versa;

• using dose-response information from animal studies to predict effects in
humans; and

• using dose-response 'information from homogeneous animal populations or
healthy human populations to predict the effects likely to be observed in
the general population consisting of individuals with a wide range of
sensitivities.

USEPA (1989a,b,c, 1986a,b) uses a conservative approach to derive toxicity
criteria given the uncertainties in the toxicity studies and dose-response
information. For example, the slope factor is the 95th UCL on the linear slope
that describes the cancer potency of the contaminant. Using the 95th UCL on the
linear slope is a conservative approach adopted by the USEPA in order that the
true risks will not be underestimated. A thorough assessment of the high degree
of uncertainty associated with the derivation of slope factors was. presented in
a USEPA (1985c) document entitled "Techniques for the Assessment of the
Carcinogenic Risk to the U.S. Population Due to Exposure from Selected Volatile
Organic Compounds from Drinking Water Via the Ingestion, Inhalation, and Dermal
Routes." Based on the conservative approaches used to derive slope factors
outlined in this report (USEPA 1985c), it may be concluded that the "true
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carcinogenic risk" may be orders of magnitude less than the carcinogenic risks
presented in this report.

Thus, risks presented in the DCL site baseline risk assessment should not be
construed as. absolute estimates of risk given the degree of uncertainty
associated with the risk assessment process as described above. Rather, the DCL
site baseline risk assessment characterizes the potential for an adverse effect
to occur if an individual is exposed to contaminants at the site as outlined in
Section 6.1.3. When reviewing the results of this assessment, the conservative
assumptions used should be considered. The conservative methods are recommended
in USEPA guidance (1989a) in order to ensure that risks are not underestimated.
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6.1.7 Summary and Conclusions of the Human Health Risk Assessment

This section summarizes the findings of the human health risk assessment for the
DCL site. This report determines whether contaminants at the DCL site pose a
current or future risk to human health under the no-action alternative (i.e., in
the absence of remediation of the site). Contaminants under review selected for
evaluation in the baseline risk assessment are discussed in Section 6.1.7.1.
Exposure pathways of concern selected for quantitative evaluation in the basel ine
risk assessment are summarized in~ Section 6.1.7.2. Potential carcinogenic risks
and noncarcinogenic hazards estimated for the pathways quantitatively evaluated
in this report are summarized below in Section 6.1.7.3.

6.1.7.1 Chemicals of Potential Concern

Over 20 compounds were selected as chemicals of potential concern at the DCL
site, including carcinogenic and noncarcinogenic PAHs, phthalate esters, and
several heavy metal compounds such as cadmium, lead, and zinc. Chemicals of
potential concern selected for impacted media at the DCL site are discussed
below.

Groundwater. From the groundwater monitoring results, arsenic and manganese
appeared to be the primary contaminants of concern; however, the concentrations
of these inorganics did not appear to be elevated above naturally occurring
background levels. Inorganics that may have been released from the fly ash pile,
such as cadmium, lead, and zinc did not appear to have significantly impacted
groundwater at the site. Residential wells in the area also did not appear
impacted by the site based on a comparison of water chemistry.

Soil. Lead released from the site did not appear to significantly impact soil,
beyond the influence of storm water runoff from the fly ash pile, at the DCL
site. Both carcinogenic and noncarcinogenic PAHs were found in surface soil and
subsurface soil.
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Surface Water/Sediment. In surface water, barium, cadmium, manganese, and zinc
were the primary chemicals of potential concern. Surface water and sediments in
the southern drainage area do not appear to be impacted by the site. However,
the northern drainage area appears to be significantly impacted from soils eroded
from the fly ash pile. Highly elevated levels of cadmium, lead, and zinc were
found in sediment"sa'mpTes collected near the fly ash pile. In addition, elevated
levels of cadmium were found in surface water. Slightly elevated levels of
cadmium, lead, and zinc also were found as far downstream as the Stream F sample
location.

6.1.7.2 Exposure Assessment

The following "current land-use exposure pathways were quantitatively evaluated
in this report:

• ingestion and dermal absorption of chemicals of potential concern in
groundwater from private wells 'by off-site residents;

• direct contact with surface soil by trespassers (i.e., children) playing
at the DCL; and

• direct contact with surface water and sediments by children playing in
various streams and groundwater seeps in the vicinity of the DCL site.

The following future land-use exposure pathways will be quantitatively evaluated
in this report:

• direct contact with surface soil by hypothetical future residents; and

• ingestion and dermal absorption of chemicals of potential concern in
groundwater at the DCL site by hypothetical future residents.
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Exposure point concentrations were estimated for each contaminant and exposure
pathway. Exposure point concentrations and exposure parameter values were
combined using a chemical intake equation to estimate exposure (i.e., chronic
daily intake [CDI]) for the reasonable maximum exposure (RME) case for each
contaminant and pathway.

6.1.7.3 Results of the Human Health Risk Characterization

Toxicity criteria identified in Section 6.1.4 and CDIs estimated in Section 6.1.3
were combined to quantify potential carcinogenic risk and noncarcinogenic hazard
associated with the exposure pathways quantitatively evaluated in the DCL
baseline risk assessment.

Potential carcinogenic risk was quantified by multiplying the CDI by the slope
factor when the cancer risk was below 10"2. Chemical-specific cancer risks were
summed in order to quantify'the total cancer risk associated with exposure to a
chemical mixture. Potential carcinogenic risks are expressed as an increased
probability of developing cancer over a 1ifetime (i.e., excess individual
lifetime cancer risk) (USEPA 1989a). For example, a 10*8 increased cancer risk
can be interpreted as an increased risk of 1 in 1,000,000 for developing cancer
over a lifetime if an individual is exposed as defined by the pathways presented
in this report. A 10~* increased cancer risk is the point of departure
established in the NCP (USEPA 1990). In addition, the NCP (USEPA 1990) states
that " for known or suspected carci nogens, acceptable exposure 1 eve!s are
generally concentration levels that represent an excess upper bound lifetime
cancer risk to an individual of between 10"* and 10"8." Carcinogenic risks in
excess of the acceptable risk range are likely to trigger a remedial response.
Carcinogenic risks within the acceptable risk range, yet in excess of the point
of departure (i.e., 10"*), also may trigger a remedial response.
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Noncarcinogenic effect's Associated with exposure to a contaminant was quantified
by dividing its CDI with its reference dose (RfD). This ratio is called the
hazard quotient. If the hazard quotient exceeds unity (i.e., 1), then an adverse
health effect may occur. If the estimated hazard quotient is less than unity,
then adverse noncarcijiogenic effects are unlikely to occur. The potential risk
from a chemical mixture was evaluated by calculating the hazard index which is
the sum of the chemical-specific hazard quotients.

As discussed in Section 6.1.3.3-, Section 6.1.5, and Section 6.1.6, conservative
assumptions were used to estimate CDIs and risk in order that potential risk will
not be underestimated. The conservative assumptions are used because of the
uncertainty associated with the risk assessment process. The assumptions
discussed in this report should be considered when reviewing the risks presented
in this section. In particular, the risk estimates presented for future use of
groundwater should be interpreted as an evaluation of groundwater quality at the
site for developing remediation strategies. Groundwater at DCL is currently not
used as a drinking water resource.

A summary of the potential carcinogenic risks and noncarcinogenic hazards
estimated for the exposure pathways quantitatively evaluated in the DCL baseline
risk assessment are presented in Table 6-42 and discussed below.

Current Land-Use: Use of Groundwater from Residential Wells Downqradient of the
Site. _,No potential carcinogenic chemicals were detected in the 9 residential
wells.detected southeast of the DCL site. In addition, the hazard indices for
all of the private residential wells were below unity (1). The highest hazard
index of 0.3 was estimated for use of groundwater from PW-8. Therefore,
noncarcinogenic effects associated with ingestion and dermal absorption of
contaminants from these residential wells are Unlikely to occur.

Several potential carcinogenic organic chemicals, as well as arsenic (which is
a known human carcinogen), were detected in four residential wells (i.e., PW-9,
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PW-10, PW-12, and PW-14) located south/southwest of the DCL. These chemicals
are not site-related, since these wells are hydrogeologically isolated from the
site. In addition, the organic carcinogenic chemicals detected in these wells
(which consisted of low levels of pesticides and bis(2-chloroethyl)ether) were
not detected at the site. Specifically, the potential carcinogenic risks
associated with use of groundwater (i.e., ingestion and bathing) from PW-9 and
PW-14 were estimated to be approximately 2x10"*, which siightly exceeds the
upper-bound of the NCP acceptable risk range (i.e., 1Q"4}. However, the
carcinogenic chemical found in PW-9, bis(2-ch1oroethyl)ether, was not detected
during the second round of sampling from this well. In addition, the arsenic
found in PW-14 was detected at a concentration 10 times below the current MCL of
50 ug/L. The low detected concentrations of pesticides found in PW-10 and PW-12
resulted in carcinogenic risks of IxlO"6, which equals the NCP point-of-
departure. In addition, the level of lead in PW-10 (Round 1: 26 ug/L, Round 2:
16 ug/L) exceeds the Action Level of 15 ug/L; therefore, the levels of lead in
PW-10 may be of concern, particularly to children.

Current Land-Use; Direct Contact with Surface Soil by Children Playing at the
DCL. The total excess cancer risk associated with incidental ingestion and
dermal absorption (i.e., 2xlO"5) exceeded the NCP point of departure (i.e., 10"6),
but was below the upper-bound of the NCP acceptable risk range (i.e., 10"4)
(USEPA 1990). Potential carcinogens detected in surface . soil include
carcinogenic PAHs, beryllium, and arsenic. The only detected concentration of
benzo(a)pyrene (equivalents) was found in sample SWD-2 which was collected in the
solid waste disposal area. Similar levels of arsenic and beryllium were found
in both the solid waste disposal area and in the vicinity of the fly ash pile.
All of the contaminant-specific hazard quotients, as well as the hazard index,
were below unity. Therefore, noncarcinogenic effects associated with direct
contact with surface soil while playing at the DCL are unlikely to occur.
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Current Land-Use: Children Playing in Streams in the Northern Disposal Area.
The potential carcinogenic risk associated with dermal absorption of contaminants
in surface water and sediments, and incidental ingestion of sediments in the
northern disposal area was 8xlO"8. Thus, the estimated carcinogenic risk exceeds
the NCP point of departure of 10"a, yet is below the upper-bound of the NCP
acceptable risk range (i.e., < 10"4) (USEPA 1990). The primary carcinogens of
concern in the northern disposal area include: bis(2-ethylhexyl)phthalate in
surface water and carcinogenic PAHs in sediments. These chemicals were detected
near the fly ash pile. It should be noted, however, that background risks
associated with exposure to arsenic and beryllium in surface water and sediments
are much higher than those .estimated for the two organic compounds, which may or
may not be associated with the site.

With respect to noncarcinogenic hazards, the hazard index exceeded unity (1) by
a factor of 8. Chemicals that significantly contributed to this hazard index
include: cadmium in surface water, and cadmium, silver, and zinc in sediments.
Thus, noncarcinogenic effects associated with direct contact with surface water
and sediments directly downstream of the fly ash pile may occur. In surface
water, the highest detected concentrations of cadmium were found at Stations SB-5
and SB-6 which are located near the fly ash pile. The highest detected
concentrations of cadmium, silver, and zinc in sediments also were found near the
fly ash pile. The fly ash pile itself consisted of approximately 0.1% cadmium
and 20% zinc. The origin of these chemicals in sediments is most likely due to
surface water runoff from the fly ash pile.

The potential noncarcinogenic hazard associated with exposure to lead in
sediments was evaluated using a pharmacokinetic approach. There is a 96% chance
that a six year old child regularly playing in sediments near the fly ash pile
(sample location SB-7) would have elevated blood-lead levels (i.e., > 10 ug/dL).
The maximum detected concentration of lead (30,800 ug/kg) also exceeds the
interim soil cleanup level for lead at Superfund sites by a factor of 60, which
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is considered sufficiently protective for direct contact in- residential settings
(i.e., 500 mg/kg) (USEPA 1989d). Evaluation of lead concentrations further

downstream indicates that elevated lead levels in sediments may be present from
the fly ash pile to stream locations in the vicinity the confluence between
Streams E and G.

Current Land-Use: Children Playing in Streams and Seeps in the Southern Drainage
Area. The total potential carcinogenic risks associated with direct contact with
surface water in the southern drainage area was below the NCP point of departure
(i.e., 10"fl) (USEPA 1990). No potential carcinogenic compounds were selected as
chemicals of potential concern in sediment in the southern drainage area.

With respect to noncarcinogenic hazards, individual contaminant-specific hazard
quotients and the hazard index for all chemicals of potential concern in surface
water for the southern drainage area were below unity; thus, noncarcinogenic
effects are unlikely to occur. Di-n-octylphthalate was the only chemical of
potential concern selected for sediment; however, toxicity criteria were not
available for this chemical. Background levels of several inorganics detected
in this stream may present a greater hazard than those estimated for the
chemicals of potential concern which may or may not be related to the site.
Therefore, it does not appear that the site has significantly. impacted this
stream from a human health stand point.

Current Land-Use: Children Playing in Stream F. All chemicals detected in
surface water at Stream F were found to be within natural background and;
therefore, were not selected as chemicals of potential concern. The total
potential carcinogenic risks associated with direct contact with sediment in
Stream F was below the NCP point of departure (i.e., 10"6) (USEPA 1990). With
respect to noncarcinogenic hazards, individual contaminant-specific hazard
quotients and the hazard index for all chemicals of potential; concern in sediment
at Stream F were below unity; therefore, noncarcinogenic effects are unlikely to
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occur. Although, no significant health risks were found, certain metals
associated with the fly ash pile were found above background levels in Stream F
sediments. . . . . . .

Multimedia Assessment of Risk under Current Land-Use Conditions. For the
multimedia exposure assessment, it was conservatively assumed that an individual
is exposed via all exposure routes evaluated, as well as the highest risk
estimated for any given location according to the RME case (i.e., highest risk
estimated for direct contact with surface water and sediment, and use of
untreated groundwater from PW-8). The total carcinogenic risk was 3xlO"5 and the
hazard index was 9. The highest carcinogenic risks were associated with direct
contact with surface soil, while the highest noncarcinogenic hazards were
estimated for direct contact with sediments and surface water in the northern
drainage area. The most significant risk estimates associated with direct
contact with streams in the northern drainage area are probably associated with
surface water runoff from the fly ash pile.

Future Land-Use Conditions: Direct Contact with Surface Soils by Hypothetical
Residents at the DCL Site. Potential carcinogenic risks to hypothetical
residents at the DCL site from incidental ingestion of surface soils was 5xlO"5.
This risk exceeded the NCP point of departure (i.e., 10's) but did not exceed the
upper-bound of the NCP acceptable risk range (i.e., 10"4) (USEPA 1990). The
potential carcinogenic risk from dermal absorption of surface soils was 4xlO"5
which was also between the NCP point of departure and the upper-bound of the NCP
acceptable risk range.

The hazard index associated with incidental ingestion of surface soils at the DCL
site by hypothetical residents was 0.1 and therefore, is below unity (1). The
selected chemicals of potential concern were all inorganics; therefore, no hazard
quotient for dermal absorption was calculated.
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Future Land-Use Conditions: Use of Groundwater by Hypothetical Residents at the
DCL Site. The potential carcinogenic risk from using groundwater.for .ingestion
and bathing was 3xlO"4. This risk exceeded the NCP point of departure (i.e.,
10'5) and the upper-bound of the NCP acceptable risk range (i.e., 10'4) (USEPA
1990). Arsenic was found in wells sunk near the fly ash pile and between the
solid waste disposal area and Twine Hollow Road to the south. It should be
noted, however, that the maximum detected concentration of arsenic was only 5
ug/L which is 10 times lower than the MCL for arsenic (50 ug/L). In addition,
recent evidence suggest that the slope factor for arsenic is based on a non-
lethal cancerous effect (i.e., skin rash). Also, exposure to arsenic may have
a threshold (similar to a noncarcinogenic effect), for which the maximum
concentration does not exceed. *

The hazard index associated with ingestion of groundwater at the DCL. site
exceeded unity by a factor of 5, mainly due to antimony and manganese, the only
contaminants with hazard quotients that exceeded one. Antimony was detected at
four monitoring well locations: RIW-1, RIW-7, RIW-10, and RIW-12. Manganese was
detected at all sample locations, with the highest levels found in RIW-2 and RIW-
10. Therefore, noncarcinogenic effects from ingestion of groundwater from the
DCL site may occur. It should be noted, however, that the RfD for antimony was
derived using an uncertainty factor of 1,000.
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Section 6.2

ECOLOGICAL INVESTIGATION
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6.2.1 General Description of Study Area

The following is a general description of the Dixie Caverns Landfill (DCL)
site study area.

6.2.1.1 Terrestrial Ecology

The terrestrial vegetation on and in the vicinity of the site was subdivided
into three groups: forest vegetation, streamside vegetation, and emergent
growth on the site. Tht forest vegetation on relatively undisturbed portions
of the site are of a Chestnut Oak-Pitch Pine forest cover type (see Eyre,
1980). The forested vegetation in close proximity to the site appears to be
in an earlier successional stage than the forested vegetation found on the
site periphery. This may be related to historic lumbering activities or other
physical human disturbances.

The undisturbed streamside vegetation has a slightly different species
composition then areas more distant from the streams. Specifically, the
streamside vegetation has more tulip-trees, white oaks, and northern red oaks.
The forest streamside vegetation near the forest edge has a denser understory,
because the decreased canopy cover allows shade intolerant species to grow in
the lower vegetative layers. Much of the lower elevation streamside
vegetation lacks shrubs and trees altogether, resulting in a different
vegetative structure. There is obvious maintenance and/or other human
disturbances in some areas.

The vegetation types found on the site proper consist of seven subtypes. The
approximate percentages of each type follows. The approximate percentages of
each type follows. Approximately 22 acres (34% of the site) is barren due to
recent site activities. Approximately 19 acres (30% of the site) consists of
the previously mentioned forest type. Approximately 3 acres (5% of the site)
is a field type dominated by grasses (Poaceae). Approximately 3 acres (5% of
the site) is an emergent field type dominated by broomsedge fAndropogon spp.)-
Approximately 5 acres (8ft of the site) is an emergent field type dominated by
various composites and, to a lesser degree, grasses. Approximately 5 acres
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(8% of the site) is dominated by broomsedge and mix of bryophytes.
Approximately 6 acres (10% of the site is dominated by broomsedge and
composites on the herb layer, pitch pine and Virginia pine saplings, and table
mountain pine as mature trees. The emergent areas represent various stages of
successional growth influenced by soil type and variations in the times and
degrees of past disturbances.

An indepth assessment of wetlands was not performed at the site due to the
general nature of the site. The site is found on a steep hillside which,
historically, was forested. Based on field observations of the current site
conditions, four small (less than 1 acre) areas may be characterized as
wetlands (based on the presence of hydrlc vegetation). Each of these small
areas are obviously man-made (due to features like roadways which cut across
the 30% land slope). In the absence of such features these "wetland" areas
would not naturally occur.

6.2.1.2. Aquatic Ecology

The non-impacted stream habitat in the site vicinity appears to be
representative of the first-order mountain streams found in the area. Lower
reaches of the tributaries have characteristics of second-order streams and
often have limited canopy cover which may Influence the aquatic community.

Non-impacted sections of stream have a healthy diverse community structure
dominated by Ephemeropteran, Plecopteran, and Tricnopteran (EPT) populations
which are primarily collectors. The shredder abundance was low, due to the
limited Coarse Particutate Organic Material (CPOM) present. Impacted areas
have lower EPT diversity and abundance and a decrease in the quality of the
aquatic community structure. Sections having severe impairment have
relatively low EPT diversity and abundance, poor community structure, and low
numbers of all organisms.
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6.2.2 Identification of Potential Receptors

One of the objectives of risk analysis is to identify the receptors that may
potentially be affected by site-related conditions. Potential receptors
include vegetation and/or wildlife that may come in contact with the site.
The following discussion describes the potential receptors within the
ecological study area.

6.2.2.1 Threatened and Endangered Species

A list of animal species of concern in Virginia was provided by the Virginia
Department of Game and Inland Fisheries (VDGIF; Table 6-43). Table 6-43 lists
the animals of special concern that are known to occur in the USGS topographic
quads of Glenvar, Salem and Elliston. Of these species, only the orangefin
madtom and the Roanoke logperch are known to occur 1n vicinity of the site,
although it was noted that the loggerhead shrike was likely to occur in the
area (Kltchel, 1991). The two fish species are of particular concern. The
Roanoke logperch is federally listed as endangered, and the orangefin madtom
is a federal candidate species. Both have been collected from the Roanoke
River according to data provided by the VDGIF (Kitchel, 1991). Both species
have not been documented in any Roanoke River tributaries, including those
near the DCL site. The Indiana bat may occur within the area of the DCL site,
however, these bats strongly prefer caves with standing water. There are no
known caves on the site so it is not likely that the Indiana bat would roost
on-site. There is little known about the bat's activities outside the cave
and it is extremely difficult to determine if it visits the site at night.
The New England Cottontail (Svlvilaqus transitional1sK noted in Tetra Tech
(1990), is no longer listed as a species of concern for the state.

The only plants of special concern that may be in the area are the purple
coneflower fEchinacea laevigatal and plratebush (Buckleva distichopophvlla;
Tetra Tech, 1990), but there are no plants of special concern known to be in
the study area.

6-136

HR3Q032I*



TABLE 6-43

ANIMALS OF SPECIAL CONCERN IN VIRGINIA1'*

TCH 4208
RI REPORT

REV. #1
09/JAN/92

Conton NJJM
MttBMll
Bat, Indiana
Stt, Virginia B-fg-tartd
Btt, Easttrn Big-tartd
Sat, Gray
Cougar, Easttrn
Fishtr
Shrtw, Dismal Swamp Southtasttm
Shrtw, Wattr
Squirrtl • Dtlmarva Peninsula* Fox
Squirrel, Northtm Flying
Birds
Eaglt. Bald
Falcon, Ptrtgrint
Plovtr, Wilson's
Plovtr, Piping
Shrike, Loggtrhtad
Ttrn, Roseate
Harbltr, Bachnun's
Warbltr, Klrtland's
Woodptcktr, fttd-Cockadtd
Wren, Appalachian Bttrfck's
Xtptllts
Turtlt, Bog
Turtlt. Easttrn Chlcktn

Amphibians
Salanandtr, Shtnandoah
Salamandtr. Easttrn Tfgtr
FlJh
Chub, Sltndtr
Chub, Spotfin
Darttr, Carolina
Darttr, Tipptcano*
Darttr, Blutsidt
Oarttr, Sharphtad
Logptrcti, Roanoict
Madtom, YtlloNfln
Sturgeon, Shortnost
Sunfish, Blackbandtd

Scltfitlflc NAM

Hyotls sodalls
Pltcotut townstnd-fl vlrgfnlanus
Pltcotus _raf1n<«gyj_l maerotl s
^yot 1 s qr j[ .stgetns
FtT1i i coneoTor^concolor
B«rt«iTP<inna.ntT_. penantT
Sortx 1 onoi rostrl si f 1 shtrl
gortx pal ustr^s punctutatus
SelunJa nlgtr glnertus
<*\ au corny s s a b rTnu s

Hallaaetus leucoctohalus
Fal eo ptrtgri nu«
CharadrjjjiJJI T "s'onl a
Chandrius ntTodus
Lanlu* Ludovl cianus
SJavpuTdougtl 1 i {
Vtrmlvora bachfunM
Dtndrolca fclrtU'KdTl
Plcoides bortalis borta 1 1 s
fhryomnts bewickii altus

Cl^iiitysatuhltnbtrgl 1
6t1 roehttys rttl cularf a r«t1cular1a

Pltthodon n«tt1nq1 ghtnandoah
Ambvstoma tiqrinim tlqrlnua

Hybopsls eahnl
Hvbopjils aonaeha
Ethtostou coin's Itoidlnlon
Etitostoma tlopceano*
Et itostoM jtssiat
EtitostoiM acutictfis
Ptrclna rtx
Noturus flay1p1nnjs
Aelptnstr bravirostrua
Enntactnthus ehattodon

Status

Ftd. End.
Ftd. End.
Statt End.
Ftd. End.
Fed. End.
Statt End.
Ftd. Thr.
Statt End.
Ftd. End.
Ftd. End.

Ftd. End.
Ftd. End.
Statt End.
Ftd. Thr.
Statt 'End.
Fed. End.
Ftd. End.
Ftd. End.
Ftd. End.
Statt End.

Statt End.
State End.

Fed. End.
Statt End.

Ftd. Thr.
Ftd. Thr.
Statt End.
Statt End.
Statt End.
Statt End.
Ftd. End.
Fed. Thr.
Fed. End.
Stata End.

Information obtained from th« Virginia Department of Game and Inland Fisheries.

Excluding marine species.
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TABLE 6-43 cont'd

ANIMALS OF SPECIAL CONCERN IN VIRGINIA

Common Kamt

Invertebrates
Husstl, Appalachian Honkeyface
Hussel, Cumberland Bean
Hussel, Cuabtrland Coakishcll
Husstl, Cumberland Honktyfact
Hussel, Jamts Spiny
Husstl, Birdwing Ptarly
Hussel, Crackling Ptarly
Husstl, Droawdary Ptarly
Husstl, Dwarf Utdgt
Husstl, Fanshtll
Husstl, Fint-raytd Pigtoe
Husstl, Srttn Slossc*
Husstl, Little-wing Ptarly
Hussel, Oyster
Hussel. Pink Hucket
Hussel, Rough Pigtoe
Hussel, Shiny Pigtoe
Hussel , Snuffbox
Hussel. Tan Riffle Shell
Snail, Virginia Fringed Mountain
Isopod. Madison Cave

Scientific Nane

Quadruli soarsa
Villosa trabalis
Eoioblasma brtvldtns
QuadruU InttrmtdU
Plturobtwa cotTlna
Ltoilox rlmosus
Htflilsttna Tat a"
Dronus dromus
AlasMi'donta Tit tt radon
Cyprogjtnl a steqari a
r'ysconaf a cuhtol us
Coioblasma torulosa gubemaculua
Pt^ias fibula
Epi obi asua "Vapsaef oral s
^amslHs orbiculata orbi cul at«
Plturobttm gltnuai
Fuseenaia tdgaHana
£01oblasM triquttra
Epioolasma f lortn'tl n'a walkeri
Polvovrlscus vlrglnianus
Antrotana lira

Status

Ftd. End.
Ftd. End.
Statt End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Ftd. End.
Statt End.
Fed. End.
Fed. End.
Fed. End.
State End.
Ftd. End.
Ftd. End.
Ftd. Thr.
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TABLE 6-43 cont'd

ANIMALS OF SPECIAL CONCERN IN ROANOKE COUNTY1

Comon Mane

Volt. Rock
Woodrat, Easttm
Loggtrtitad Shrikt
Roanokt Logptrch
Orangtfin Hadtom

Scientific N«*e

Hierotus ehrotorrhinus
Neotoma fTorida
Lanius lucJovlcfanus
Ptreina rtx
Noturus oifbertl

Status

Ftd. Candidatt
Ftd. Candidate
Statt Endangered
Ftd. Endangtred
Ftd. Candidate

Information obtained from tht Virginia Oepartnent of Gamt and Inland Fishtrits. Covtragt within
Roanoke county is rtstrfcttd to tht U.S.G.S. topographic quads of Gltnvar, Salen and £11 iston.
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6.2.2.2 Potential Terrestrial Receptors

A list of potential terrestrial receptors is given in Table 6-44. The site
occurs along a major raptor migratory route, which expands the potential
receptors list for birds to include any species whose migratory route may pass
through the study area. On the landfill itself, potential receptors would
include any species that are typically found in either the successional or the
forest communities on the site, described earlier in section 4.4. Bird
species observed on or near the site include: turkey vulture, red-tailed hawk,
mourning dove, common flicker, pileated woodpecker, downy woodpecker, hairy
woodpecker, eastern phoebe, American crow, Carolina chickadee, tufted
titmouse, Carolina wren, northern mockingbird, eastern bluebird, brown
thrasher, European starling, common grackle, northern cardinal, rufous-sided
townee, slate-colored junco, nuthatch, and the song sparrow. Also detected
was a warbler that was thought to be a chestnut-sided warbler. These birds
are typical of those found in the habitats described during the season of the
site visit. Deer, small mammal sign, and domestic dogs were also observed on
the landfill.

6.2.2.3 Aquatic Receptors

The aquatic organisms listed in Tables 6-44 are considered potential aquatic
receptors. Table 6-43 is a listing of vertebrates species from information
supplied by VDGIF. Two species of dusky salamander were observed during the
ecological investigation and unidentified tadpoles were observed in one of the
on-site ponds. Table 4-6 is a compilation of all aquatic organisms found at
all of the ecological sampling stations.

6.2.3 Characterization of Contaminants

The characterization of contaminants summarizes the compounds were detected in
concentrations that are elevated above background levels and thus pose a
potential ecological concern. The compounds identified in this section serve
as the basis for the remainder of the ecological risk assessment.
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TABLE 6-44

POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

ComNajM

MAMMALS'
MARSUPIALS

OPOSSUM, VIRGINIA

SHREWS
SHREW, MASKED
SHREW, WATER
SHREW, SMOKY
SHREW, SOUTHEASTERN
SHREW, LONG-TAIL
SHREW, SHORT-TAIL
SHREW, LEAST

MOLES
MOLE, EASTERN
MOLE. HAIRY-TAILED
MOLE. STAR-NOSED

BATS
MYOTIS, KEENS
BAT. LITTLE BROWN
BAT. SILVER-HAIRED
BAT, PYGMY

BAT. BIG BROWN
BAT. SEMI HOLE
BAT. RED
BAT. HOARY
BAT, EVENING

RABBITS
COTTONTAIL, EASTERN
COTTONTAIL. NEW ENGLAND
HARE. SNOWS HOE

RODENTS
CHIPMUNK
WOODCHUCK
SQUIRREL, GRAY

SQUIRREL, RED
SQUIRREL, SOUTHERN FLYING
HOUSE, EASTERN HARVEST
HOUSE. DEER
MOUSE. WHITE-FOOTED

HOUSE. GOLDEN
VOLE. RED-BACKED
VOLE, MEADOW

VOLE. YELLOW-HOSED
VOLE. PINE
MUSXRAT
LEMMING, SOUTHERN BOG

Scientific Namt

Djdelphis narsupialis
vlrqjjiana

Sortx dntrtus cintreus
Sortx oalustris alblbarbis
Sortx fucwus funtus
Sortx longirostrls"
Sort* dlspar
Bj V 5n*_b rev 1 cauda ki rt 1 a nd1
Cryptotis parya

Parascalops breweri.
Scat OPUS aquat1cus"aquaticus
Cpno'y 1 ura cr1 s ta ta cr1 s ta ta

Hyot.1i kteni
Mvotis Tuelfugus lueifugus
Lasionycterls noetlvaqans
^1 pi i streTlm. subf Tayut

subflavus
Eptesl cus f uscus f uscus
Lasiurus scarf no u>
La's'iurus bortal's boreal is
Lasiurus dnereus cinereus
Nycticeius hu»e_ri1l$

Syl vjl eq.usLjf.'I orjdjinuji ̂ aa^lurus
Syl ¥JT.igu$TTt rths 1 tlone' T'isT •
Lapus Mterlcanus vlrglnianus

Tailas strlatus fisheri
Haranta nonax nonax
Sciyrus carol inenVis

pennsyj vanl cus
Turlasc-furui 'huosonleus loquex
Gl aucomys vo1 a'ns vo 1 ans
Rtlthrodontomvs huauTls
Ptromyscus 9tarilcu1atu$
Ptrpĵ scusZleucoous

noVeboragiasis
Peroet̂ s cus nuttalU
C1 tthrionomys capoeri qapperi
M1 c'rotus uennsylvanicus

gennsylyanlcus
Mi erotus ̂ hrotorrhl nus
PI t¥9ys_iej Lnetorum scal'opsoides
On.datra"j*'ibtth1cus Mcrodon
Synabtomvs coooeri cooptH
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TABLE 6-44 cont'd

POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Commot Mam*

MAMMALS coot'd
ROQENTS cont'd

RAT, NORWAY
HOUSE, MEADOW JUMPING
MOUSE. WOODLAND JUMrlNG
BEAVER

CARNIVORES
FOX, RED
FOX, GRAY
BEAR, BLACK
RACCOOK
WEASEL. LEAST
WEASEL, LONG-TAILED
HINK
SKUNK. STRIPED
SKUNK, SPOTTED
OTTER, RIVER
B06CAT

DEER
DEER, WHITE-TAILED

•rml
GREBES

GREBE, PIED-BILLED
CORMORANTS

CORMORANT, DOUBLE-CRESTED
HEROKS, BITTERNS

HEROK, SREAT-SLUE
HERON, GREEN-BACKED
HERO*. LITTLE-BLUE
ESRET, COMMON
EfiRET, CATTLE
EGRET, GREAT
EGRET, SHOWY
BITTERN, AMERICAN
IBIS, WHITE-FACED

Scientific Name

RjLt_tyi_ngrveq1 CMS noryegicus
Spyj hudsoni us ameri canus
Napatgzaous Insignis inslgnis
Castor eanadensls eanadtniU

Vuloe* vy!pesT fiilya
Urocvon dnereoaraenteus
Ursus ameri canus ameri canus
Pjna'cyojL.I otorJ.ator
Mustelt Hxosi
Mustel a frtna'ta novtbortctnsH
HusteU vlson *1nk
HephltU mephUis nlqra
SpiTMiu'e putorj Lui
Lytre "etnadensi r7anadensi s
Lvnx ruf us ruf us.

Odecoileus y1rs1n1any»

Pod.1lym̂ us podice££

Pha 1 aeroeorax_m,iri juf
Ardta he.rodi«
ButoHdet strletm
Eqretta eatrulee
Earetta albus
iubulcua Ibis
CasmtrodTa s al bus
Eorttta thula
Botaurus 1 tntj.ainosu*
Pleoadls chlhi
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TABLE 6-44 cont'd

POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common Name

BIRDS
WATERFOWL

SWAN, MUTE
GOOSE, CANADA
GOOSE, SNOW
DUCK, MALLARD
DUCK, AMERICAN SLACK
GADWALL
PINTAIL
TEAL, GREEN-WINGED
TEAL, BLUE-WINGED
WIDGEON, AMERICAN
SHOVE LOR, NORTHERN
DUCK, WOOD
REDHEAD
DUCK, RING-NECKED
CANVASBACK
SCAUP, GREATER
SCAUP, LESSER
GOLDENEYE, COMMON
BUFFLEHEAD
SCOTER, WHITE-WINGED
DUCK, RUDDY
MERGANSER, HOODED
MERGANSER. COMMON
MERGANSER, RED-BREASTED

VULTURES
VULTURE. TURKEY

, VULTURE. BLACK
HAWKS, FALCONS, EAGLES

GOSHAWK. NORTHERN
HAWK. SHARP-SHINNED
HAWK. COOPER'S
HAWK, RED-TAILED
HAWK, RED-SHOULDERED
HAWK, BROAD-WINGED

Scientific Name

Cygnus olar
3 rant a eanadensls
Chen hvperboi'ea
Anas jTatyrhynchos
Anas jryfarj_p«»
Anas strtpera
Anas jtc'uta
Anas crecca
Anas d'i SCOTS
Anas apart canus
Anas clyptafa
A1x sponsa
A/tnya ameri cane
Aythya c'blTarls
Avffiya veil si girl a
Aythya itajrll*
Aythva afHnTs
Bjjceohalt elanquTa
Buctphala albeole
Helanitta fuse*
Oxyura jamalcemtls^
Lophodytes euculfatus
jjergujLjerqanser
Mergus serrator

Cathartes aura
Coragy&s atraULS

Ace-1 siter qentilis
Acci ji ter striatus
Acci oiler coooeril
Buteo ^ amaicen.*̂
&utto neatus
Buteo P atvpttrus
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POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Scientific Ni

BIR0S cont'd
HAWKS, FALCONS. EAGLES cont'd

EAGLE. GOLDEN
EAGLE, BALD
KARRIER, NORTHERN
OSPREY

GROUSE

FALCON, PEREGRIN
MERLIN
KISTRAL, AMERICAN

QUAIL
GROUSE. RUFFED

BOSWHITE. NORTHERN
PHEASANT, RING-NECKED

TURKEYS

RAILS
TURKEY, WILD

RAIL. KING
RAIL. VIRGINIA
SORA
RAIL. YELLOW
MQREHEN. COMMON
COOT, AMERICAN

PLOVERS

SANDPIPERS

PLOVER, SEMIrALMATED
WLLOEER
PLOVER. LESSER-GOLDEN
PLOVER, BLACK-BELLIED

WCOOCOCK, AMERICAN
SNIPE. COMMON
SANDPIPER, UPLAND
SANDPIPER, SPOTTED
PHALAROPE. RED-NECKED
SANDPIPER, SOLITARY
YEUOWLEGS, GREATER
YELLQWLE6S, LESSER
SANDPIPER, SEMIPALMATED
SANDPIPER, PECTORAL
DUNLIN
DOWITCHER, SHORT-BILLED

Aqyjla ehrvsattos
Hal late tus^TtucgcjphaT;us
Circus c"yan_ii<
Pandlon haliaetus
Ftl
Ell
£§.

eo Ptreqrlnus
co_..co 1 unibarl us
cg_sperv_e.r1 us

Bonisa umbtllus

Cqllnus vlrglnianus

Meleaqris gallopavQ

RelTjjS el fcjajis
Rilfus liiricola
Porfana caroVini
Coturnl COPS noy"eboraeensi t
GalTlnula

ice amtrtcanj

Chj ndrj us semi pa 1 ma t us
Cha_ridrilyt voc1 feruj

yvla
uvia'

is dornlnict
is

Scolepax minor
MllJnjtge gitlTinego
Bartrajila tonal eagle
Actltls •aCLiiarla
P̂ ITaropus 1ofaatus
TnjfljLsoTI tari a
Trlngi meUnoleyc*
Trlnge fltvlpes
C« Idrlspusljla
Ca 1 dH s melangtQi
CaTTdjls
HMtodromus qH stu$
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POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common Name

BIRDS cont'd
GULLS

GULL, HERRING
GULL, RING-BILLED
GULL, BONAPARTE'S

TERNS
TERN, COMMON
TERN. BLACK

PIGEONS, DOVES
DOVE, ROCK
DOVE, MOURNING

CUCKOOS
CUCKOO, YELLOW-BILLED
CUCKOO, BLACK-BILLED

OWLS
OWL. GREAT HORNED
OWL, BARRED
OWL, EASTERN SCREECH-
OWL. LONG- EARED
OWL, SHORT-EARED
OWL. NORTHERN SAW-WHET

NIGHTHAWKS
CHUCK-WILL'S-WIDOU
WHIP-POOR-WILL
COMMON NIGHTHAUK

SWIFTS
SWIFT. CHIMNEY

HUMMINGBIRDS
HUMMINGBIRD, RUBY-THROATED

KINGFISHERS
KINGFISHER. BELTED

WOODPECKERS
FLICKER, NORTHERN
WOODPECKER. P HEATED
WOODPECKER. RED-BELLIED
WOODPECKER, RED-HEADED
SAPSUCKER. YELLOW-BELLIED
WOODPECKER, HAIRY
WOODPECKER. DOWNY

Scientific Name

Larus argtntatus
L.arus de.Uwarensjs
La rus_ eh i TadeTpnTa

SJenu hirundo
Chlidonias nlqer

Columba 11vi<
SneTdV maeroura

Coccyzus americanus
Coecvzus trythropthalmjs

gubp^yj rgl nianus
Strix^varfa
Qtus as-io
Asio otus
As1o flammeus
Aegis li us acajlcus

Capri'milqus carol Inenslsi
CajM-Jijiulgus yoeifarus
Cno'r̂ tl "l ts minor

Chaetura pelaglea

Arghi 1 ochus col ubri s

Ctryle alcyoti

Colaotes auratus
Oryocopus plleatus
Me] a .n if rBej_c_4ro. L! J nu*
Hel an grpes~eryt hroeepha . 1 us
Sp(iv.rap1 cus varl us
P1 coi' dê ylTTosus
Pjcojaes TscaTarl s

6-145

J5R300333



TCN 4208

TABLE 6-44 cont'd

POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common KMM

KIROS cont'd
FLYCATCHERS

KINGBIRD, EASTERN
FLYCATCHER, GREAT-CRESTED
PHOEBE, EASTERN
FLYCATCHER, YELLOW-BELLIED
FLYCATCHER. ACADIAN
FLYCATCHER, WILLOW
FLYCATCHER, ALDER
FLYCATCHER. LEAST
PEEWEE, EASTERN WOCO
FLYCATCHER, OLIVE-SIDED

SWALLOWS
LARK. HORNED
SWALLOW, BARN
SWAUCW, CLIFF
SWALLOW, TREE
SWALLOW, SANK
SWALLOW, ROUGH- WI WED
MARTIN, PURPLE

JAYS, CROWS
JAY, SLUE
CROW, AMERICAN
CROW, FISH

TITMICE, CHICKADEES
CHICKADEE, BLACK-CAPPED
CHICKADEE, CAROL I HA
TITMOUSE, TUFTED

NUTHATCHES
NUTHATCH, WHITE-BREASTED
NUTHATCH, RED-BREASTED

CREEPERS
CREEPER, BROWN

WRENS
WREN. HOUSE
WREH, WINTER
WREH, BEWICK'S
WREN, CAROLINA
WREH. HARSH

Scientific Name

Tyrannus tyrannus
Mviarchus cHnvtus
Sjayornl s photbt
EJcSonax flavTvtntrf s
Empldonax vi"'re_seeng
Eacldonax tralUTT
Eypjdonax 4 1 no mm
Eaoidonax itlnlmus
Contoous v1 rens
Cojjtopus bprtaJls

Ertmophila aloestHs
Hlrundo rustica
HI rundoojf rrhonota
Taehyci neta^bl color
Rlparja rlptrla
Stfl aj dopteryx'~ruf 1 coll 1 s
Progne sgbis

Cyanodtta cHstata
Corvysl brachyrhynchos
gorvus ossifragus
Ptrus atrfcapillus
P*ru$ c*ro 1ntns1s
Pjry* blco or

SIAta carol inensi s
SĴ teleana'densTs'

Cejjt̂ la ameri eana

Troglodytes aedqn
Tnxi odvtes troalodytts
Trog odvtes bewicKH
Thryothorus Jludivielanys
Clstothonjs p»lustns
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POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common Name

BIROS cont'd
THRUSHES

MOCKINGBIRD, NORTHERN
CATBIRD, GREY
THRASHER, BROWN
ROSIN. AMERICAN
THRUSH. WOOD
THRUSH. HERMIT
THRUSH, SWAINSON'S
THRUSH, GRAY-CHEEKED
VEERY
BLUEBIRD, EASTERN

KINGLETS
GNATCATCHER, BLUE-GRAY
KINGLET, GOLDEN-CROWNED
KINGLET, RUBY-CROWNED

PIPITS
PIPIT. WATER

WAXWINGS
WAXWING, CEDAR

SHRIKES
SHRIKE. LOGGERHEAD

STARLINGS
STARLING. EUROPEAN

VIREOS
VIREO. WHITE-EYED
VIREO, YELLOW-THROATED
VIREO, SOLITARY
VIREO. RED-EYED
VIREO, PHILADELPHIA
VIREO, WARBLING

WOOD WARBLERS
WARBLER. BLACK-AND-WHITE
WARBLER, PROTHONOTARY
WARBLER, SWAINSON'S
WARBLER, WORM-EATING
WAR8LER, GOLDEN-WINGED
WARBLER, BLUE-WINGED
WARBLER, TENNESSEE
WARBLER, ORANGE-CROWNED
WARBLER. NASHVILLE
PARULA, NORTHERN

Scientific Mam*

Minus pglyql ottos
Dumetel 1 a carol 1 ntnsi s
Toxostomalrufum
Turdus nrfqratorfus
Hylociehla musttHna
Catharus quttatus
Ca t ha ru s us t u 1 at us,
Catharus mi nimus
Ca thjiruŝ f us ees cen s
Slalis slaTTs

Polloptna eaerulea
Rt̂ ujus sit rage
ReqyTus calendula

Anthus splnoletta

Bombycma etdrorum

Lanijis 1 udl v^i eianus

Sturnus vulqaHs

V-freo qriseus
VTreo f 1 ay i f ron »
yireo soli tariut
VTreo o T i va ceus
Vlree^philadtlDJilcyj
VI reoqi Tvus

MniotUta varla
Protonota rla elt rea
Limnothlypls swinsonli
HellrUheros verml vorujF
V t rarvo ra^ eh ry jopter*|
Venjlyora eimis
Vemiyora ptrtgrlna
Venelvora ctlata
VejTt|ŷ orâ ruf1 MPl 1 la
Parule amerfciini
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POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common Name

IIROS cont'd
WARBLERS

WARBLER, YELLOW
WARBLER. MAGNOLIA
WARBLER. CAPE HAY
WARBLER. SLACK-THROATED BLUE
WARBLER. YELLOW-RUMPED
WARBLER, BLACK-THROATED GREEN
WARBLER, CERULEAN
WARBLER, BLACKBURNIAN
WARSLER, YELLOW-THROATED
HARBLER, CHESTNUT-SIDED
WARSLER, SAY-BREASTED
WARBLER, BLACKPOLL
WARBLER. PINE
WARBLER, KIRKLAHO'S
WARBLER, PRAIRIE
OVENBIRO
WATERTHRUSH. NORTHERN
WATERTHRUSH, LOUISIANA
WARBLER. KENTUCKY
WARBLER, COHNETECUT
WARSLER, MOURNING
YELLOWTHRQAT, COMMON
CHAT, YELLOW-BREASTED
WARSLER. HCOOEO
WARBLER, WILSON'S
WARSLER. CANADA
REDSTART, AMERICAN

WEAVER FINCHES
SPARROW, HOUSE
SPARROW, EUROPEAN-TREE

BLACKBIRDS
BOBOLINK
HEADOWLARK, EASTERN
BLACKBIRD, RED-WINGED
ORIOLE. ORCHARD
ORIOLE. NORTHERN
BLACKBIRD, RUSTY
GRACKLE, COMMON
COWBIRD. BROWN-HEADED

Scientific Nam*

Dendrolca petteMa
Dendroid magnolia
Dendrolca tlgrin*
Dendrolca catruftsetns
Oendroi câ corona'u
pAndrolea virjn'i
Dendrolca eeruie*
Dendro'i cJTfi&ei
Oenerolca dominie*
Derjerolca pensylvanlea
Dencrolca easUnet
Dendrolca striata
Djndroica plnus
Dtndrolea 'Jc1rk1and11
Pendroica discolor
gê uru s a urgea pYl TMS
S'ilĵ rus novtboractnsli
Sfiurus motaciTTa
(teorornl s 'ormosus
Oporornls aq1' Is
Op9rom1s phi adelp,hii
Geothlypis trlehas
Uteri* virens,
W1 sonla dtr1n«
W1 sonla puslllf
Wi sonla canaHensis
ie'tophagjiĵ itie'jjTa

Passer domes t1 cus
Passer moottnus

Pol 1 chenvx orygl .yoru.»,
Sturnella maejna
Aaeltlys Sheen-ictus
icteruV sjuri u*.
Icterus gatbV a
EupnAqus cafq fnus
Qylgeii'tyi qujscult
(loTothrus ater
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Common Name

BIRDS cont'd
TANAGERS

TANAGER. SCARLET
TANAGER. SUMMER

FINCHES. SPARROWS
CARDINAL. NORTHERN
GROSBEAK, ROSE-BREASTED
GROSBEAK. BLUE
BUNTING, INDIGO
DICKCISSEL

. GROSBEAK. EVENING
FINCH, PURPLE
FINCH, HOUSE
SISKIN. PINE
GOLDFINCH, AMERICAN
TOWHEE, RUFOUS-SIDED
SPARROW, SAVANNAH
SPARROW, GRASSHOPPER
SPARROW, HENS LOW'S
SPARROW, SHARP-TAILED
SPARROW, VESPER
SPARROW, BACHMAN'S
JUNCO. DARK- EYED
SPARROW, AMERICAN TREE
SPARROW, CHIPPING
SPARROW, FIELD
SPARROW. WHITE-CROWNED
SPARROW. WHITE-THROATED
SPARROW, FOX . •
SPARROW. LINCOLN'S
SPARROW. SWAMP
SPARROW, SONG

Scientific Name

Piranqa ollvaeta
Piranqa rubra

Cardinal 1s cardinal 1s
pfatuct 1 cus si nua ty's
Pheuetleus melarioceghalus
Pa_sstr1na cy_anet "
Spiza anerlcaja'
Coeeo t j> rVus ta^vesperti mis
Cj rpoda cujŝ u rpjireus
Ca rpoda cusaex 1 can us'
Cartue' 1s_p1nus
Careue' lj> trlstls
Ploilo trythrophtha'lmus
Passtreutus sandjgl ehtnsl a
AgmodramMS savanna rum
AjmtQdriatus hensl owi 1
AamiodraaMS eaudaeutm
PJgecetes granlineus
Almophl 1 a carpal 1 s
Juncp ̂ "ernaTi s
Spizt a arbore*
Spize a passerine
sbize' ' a pusiffa
ônot Lrl cli ifiyucoph rya
ZonotrlcMa albieollis'
Passtrtlla iliaca
He
Me
Me

osclza lincolnli
osoiza gjqrojane
osplza mtlodla
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Cemmea Name

MFTILO*
TURTLES

TURTLE, WOOO
TURTLE, EASTERN BOX

SHAKES SNAKE. BROWNSHAKE, NORTHERN RED-BELLIEDSHAKE, COMMON GARTERSHAKE, EASTERN RIBBONSHAKE, RIN5-NECKSHAKE, SLACK RATSNAKE. EASTERN MILKRATTLESNAKE, TIMBER

Scientific Name

Clammy* Insculpta
Tej-rajjjjnê eirotTne

Storeria dekavi
Stbrerla 6ccipTtomicul«_U
Thamnophis sirtajYs
fhamnophis saaritus,
01 adopM s puncta it" us
Haphe obsoleta
UmprQptltis trianqulum
Crotal us norri efus
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POTENTIAL RECEPTORS IN THE DIXIE CAVERNS STUDY AREA

Common Mem*

FISH4-1
EELS - ANGUILLIDAE

EEL, AMERICAN
SAMON AND TROUT - SALHONIDAE

TROUT, RAINBOW
TROUT, BROWN

PIKES - ESOCIOAE
PICKEREL, CHAIN

MINNOWS - CYPRINIDAE
DACE. ROSYSIDE
DACE, MOUNTAIN RED8ELLY
CHUB. BULL
CHUB, 3LUEHEAD
STONEROLLER, CENTRAL
MINNOW, CUTLIPS
DACE. BLACKNOSE
MINNOW, EASTERN SILVERY
SHINER, WHITE
SHINER, CRESCENT
SHINER, ROSEFIN
SHINER, SATINFIN
MINNOW, BLUNTNOSE
SHINER. SWALLOWTAIL
SHINER. MIMIC
SHINER, SPOTTAIL

SUCKERS - CATOSTOMIDAE
SUCKER. WHITE
HOG SUCKER, ROANOKE
HOG SUCKER. NORTHERN
REDHORSE, GOLDEN
REDHORSE, SILVER
REDHORSE, SUCKERMOUTH
JUHPROCK, SLACK
JUMPROCK, 3IGEYE
SUCKER, TORRENT

CATFISHES - ICTALURIDAE
HAOTOM. MARGINED
MAOTOM, ORANGEFIN

SCULPINS - COTTIDAE
SCULPIN, MOTTLED

Scientific Nanw

Anquill* rostrata

Sajnto galrdntri
Salnio trutta

£sox nigtr

CaBpostOBa pauci radii
frhoxinus ortas
Nocoml s rantjrl
Nocomls Tejptocepntl us
Campos toga anonu' urn
fx̂ Tossum1 inaxlT Ino^ua
Rhinichtiys atfatuius
rî boqnatius nMjjJs
Notfopis albto' us
Mbtroipls ceras* nus
No'tropis ardens
Noiroojs anaToItagu*
Pjjiphales notittua
Nq^ropi s_procne
Fun̂ tjius di aphag_usj
Hotu riis 1 n< 1 qn i s

Catostomus count rsonl
Hyptntt 1um roanoVense
Hypente 1um n1<[ficans
Moxojtoma ervthrurum
Moxostoiaa anlsurum
Mo^ostoma oaopinosum
Moxostotia ctrvlnum
>4oxos toma"'i ri annum
Hpxostoma rhothoeeum

Noturys inslqnls
Not̂ rus qllbertT

Cottus beirdl
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rnmmiiK xaew

FISI cont'd
SUHFISHES AND BASSES - CENTRARCHIDAE

BASS. ROANOKE
BASS. ROCK
BASS, SHALLMOJTH
BLUESILL
POMKIHSEED
SUNflSH. REDSREAST

DARTERS. PERCHES * PERCIDAE
DARTER, SHIELD
DARTER. ROANOKE
LOGPERCH, ROANOKE
DARTER, JOHNNY
DARTER. RIVERHEED
DARTER, FANTAIL

AMMIIXAXS
MOLE SALAMANDERS

SALAMANDER, MARBLED
SALAMANDER. JEFFERSON
SALAMANDER. SPOTTED

NEWTS
NEWT, EASTERN

LUNGLE5S SALAMANDERS
SALAMANDER. NORTHERN DUSKY
SALAMANDER. MOUNTAIN DUSKY

WOOOLANO SALAMANDERS
SALAMANDER, RED-BACKED
SALAMANOER, SLIMY

SPRING AND RED SALAMANDERS
SALAMANDER. NORTHERN SPRING
SALAMANOER. NORTHERN RED

BROOK SALAMANDERS
SALAMANOER. NORTHERN TWO-LINED
SALAMANDER, LONGTAIL

FR06S
BULLFROG
PEEPER, NORTHERN SPRING

KECTIUS
TURTLES

TURTLE. COMMON SNAPPING
STINKPOT
TURTLE, SPOTTED
TURTLE, BOG
TURTLE. MIDLAND PAINTED

SHAKES
SNAKE, NORTHERN WATER

Scientific Ham*

Amfaloplltes cayi front
Aafel oolites rupestrls
Hicropterut dojomljtjjii
LtpomTs eyahej Vuf
Leg_omls_q_1 bbosus
Ltpom-nr ay r ftus""

Pereina peltati
Ptre1n< roanoka
Pereini rex
|theo$toata nlorum.
itheostoM pgdpsTtmone
gtheostomg f label! art

Ambvslomi opacum
Ajibystoma Jeffersonianum
Amby stoma macul a turn

Notophthalmus y^ridtsetns

Desmigqna t hus f y sgy$
Oesmotfnathus gchrophaeys
Plethgdgn cinereus
B j et heaoorflt utinosus

Gyri no-phil us oorphyritieys
Pseudotriton rub̂ r

Eurvcta bislineati
Euryett Tonqj eî lft

Rant catfsbeUna
Hvla crueifer

Chelvdra serpentine
Stemotherus i odoratus
C' emmvs qyttata
C' emmvs muhlenberqi
Cirvsaaivs Dicta

Nerodia sipedon

1. Scltntlfic naaes and tuconoeric order for mammals follow Ooutt, J.K.. C.A. Heppenstall, and J.E.
GuHday. 1977. Mimials af Pennsylvania Pennsylvania Game Commission, Harrisburg, PA. 288 pp.

2. Scientific nuei end Uxononric order for birds follow Peter-son. R.T. 1980. A Field Guild to the
Eastern Birds. Boughton Mifflin Company. Boston. 384 pp.

3. Scientific names end taxoncetic order to reptiles end amphibians based on Conant, R. 1975. A Field
guide to Reptiles and Amphibians. Houghton Mifflin Company, Boston. 429 pp.

4. Texoncerfc order based on Werner, R.G. 1980. Freshwater Fishes of New York Statt. Syracuse
University Press, Syracuse, HY. 186 pp.

5. Species list for fishes compiled from collection data from U.S.G.S. topographic quads of Glenvar,
Salt* and Elllston supplied by the Virginia Department of Same and Ins!and Fisheries.
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6.2.3.1 Characterization of Terrestrial Contaminants

Surface S_o.11 Samples__________ ..... ..._......_._. . ..

Inorganics :..Upon comparing on-site concentrations of inorganic compounds in
surface soils with background concentrations; cadmium, lead, manganese, and
zinc appear to be the only heavy metals which are elevated above background
levels.

Cadmium levels in surface soils were below detection limits at all locations
except FAP-3, FAP-4 and FAP-5, where concentrations ranged from 1.4 to 19.9
mg/kg. Lead .concentrations in surface soils were elevated above background
concentrations at SWD-5, FAP-1, FAP-3, FAP-4, and FAP-5, where the
concentrations ranged from 46.8 to 395 rng/kg. Manganese concentrations in
surface soils were elevated above background concentrations at SWD-1, SWD-2,
SWD-3, SWD-4, FAP-3, FAP-4, and FAP-5, where concentrations ranged from 521 to
1,080 mg/kg. Zinc concentrations in surface soils were elevated above
background concentrations at FAP-3 and FAP-5, where concentrations ranged from
1,230 to 3,530 mg/kg.

Organics - There were no volatile .organic compounds detected in the surface
soils at elevated levels except low levels of acetone. Acetone was detected
in five, widely distributed locations on the site (B-l, B-2, B-3, SWD-1, and
SWD-3) with concentrations ranging from 7 to 130 ug/L. The average detected
concentration at these stations was 69.6 ug/kg.

The majority of the semi-volatiles detected in the surface soils on the site
were localized around SWD-2, with a total semi-volatile concentration of
10,635 ug/kg. Seventeen different compounds were detected at this location.
Bis(2-ethylhexyl)phthalate was detected at all "B" and "SWD" locations ranging
from 42 to 150 ug/kg, with the highest concentration being found at SWD-2. In
addition, di-n-butylphthalate was detected at B-3 and SWD-3 (140 ug/kg and 75
ug/kg, respectively), and bis-chloroethoxy methane was detected at B-3 and
SWD-1 (88 ug/kg and 82 ug/kg, respectively).

6-153

flR3QQ3lH



TCN 4208
RI REPORT
REV. #1

09/JAN/92

No pesticides were detected in the surface soils on the site.

Additional Samples

A limited number of samples were taken from various seeps, leachate ponds, an
old stream channel, and storm water run-off channels. These .locations may
provide additional sites of exposure for terrestrial organisms. It is not
believed that the these locations presently support any aquatic life.

The two seep samples, SP-1 and SP-2, did not contain any organic compounds at
elevated levels. Total barium concentration ranged from 411 to 518 ug/L.

*
Both leachate samples, SL-1 and SL-2, contained iron and manganese at elevated
levels. Total barium concentrations ranged from 519 to 668 ug/L. Total iron
concentrations in the leachate pond samples were 23,000 ug/L (SL-1) and 27,200
ug/L (SL-2). Dissolved iron concentrations were 13,400 ug/L (SL-1) and 25,400
ug/L (SL-2). The total manganese concentrations were 811 ug/L (Sl-1) and 636
ug/L (Sl-2). Dissolved manganese concentrations were 761 ug/L (SL-1) and 617
ug/L (SL-2). The hardness at the leachate pond exceeded 276 mg/L CaC03.
There were no organic contaminants at elevated levels detected in the leachate
ponds.

Two sediment samples were taken out of the "old stream channel" located near
the site entrance. Elevated metals detected at OS-1 consisted of chromium
(509 mg/kg} and manganese (6,140 mg/kg). Three semi-volatile compounds were
detected at a total concentration of 202 ug/kg. No organic compound were
detected at elevated levels at OS-2. Elevated metal concentrations detected
at OS-2 consisted of barium (127 mg/kg) and manganese (2,710 mg/kg).

Both surface water samples and sediment samples were taken at the storm water
run-off sampling locations. Elevated total metal concentrations in the
surface water at SR-1 consisted of aluminum (4,450 ug/L), lead (3.4 ug/L), and
copper (16.3 ug/L). Elevated total metal concentrations in the surface water
at SR-2 consisted of aluminum (1,270.ug/L) and Iron (1,300 ug/L). There were
no metals detected in the sediments that exceeded background levels. The
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semi-volatile organic compound bis(2-ethylhexyl)phthalate was detected at both
sample location at concentrations of 140 ug/kg (SR-1) and 57 ug/L (SR-2).

6.2.3.2 Characterization of Aquatic Contaminants

Two rounds of surface water samples were collected, one during a season of low
flow (November) and one during a season of higher flow (March). To assume the
worst case scenario, the greatest concentration of a contaminant from either
sampling event will be used for the exposure concentration at a particular
location during the exposure assessment.

Water Quality - Generally_water_quality parameters {I.e., dissolved oxygen,
total dissolved solids, total suspended solids, alkalinity, pH, etc.) in the
study area appear to be generally within acceptable ranges. The total
dissolved solids (TDS), however, appears slightly elevated in Stream A at SA-4
(143 mg/L) and SA-5 (138 mg/L) and in Stream B at SB-5, SB-6, and SB-7 (208,
206,and 202 mg/L, respectively), as do the leachate samples SL-1 and SL-2 (176
and 138 mg/L, respectively). The leachate samples also had elevated
alkalinity concentrations up to 644 mg/L. It should be noted that these
elevated parameters were only present during the first round of sampling (low-
water conditions).

Inorganics - In most cases inorganic contaminant concentrations in the surface
water were higher during the sampling in November. This appears to be a
result of the seasonally low flow of water. Aluminum, barium, cadmium,
copper, iron, lead, manganese, nickel, silver, and zinc were detected above
Virginia Water Quality Criteria (VAWQC) for the protection of aquatic life or
were at elevated levels, where no criteria exists. Copper and zinc can not be
accurately evaluated because similar concentrations were found in the
laboratory blanks.
Mercury and silver were not detected 1n the surface water, at any of the
sampling locations, however, the detection limits (0.2 and 5.0, respectively)
are above VAWQC and EPA WQC. Mercury was not detected in any sediment sample.
Silver was detected in the sediments at SB-1, SB-4, SB-5, SB-6, SB-7, SE-1,
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and SE-2 ranging from 1.7 to 92.6 mg/kg, with the average concentration being
39.3 mg/kg.

Total aluminum concentrations in stream surface water did not exceed 618 ug/L,
with the exception being SB-2 where aluminum was detected at 1,880 ug/L.
Dissolved aluminum did not exceed 73.9 ug/L at any of the stream sample
stations during either of the sampling events. Aluminum in stream sediments
ranged from 2,280 mg/kg (SA-1) to 11,100 mg/kg (S8-4), with an average being
6,890 mg/kg. The reference station had an aluminum concentration of 6,850
mg/kg. Aluminum in the sediments thus appears to be at naturally occurring
concentrations.

The barium concentrations detected during the low water sampling event (first
round) tended to be. approximately double of that detected during the high
water sampling event. However, during the first round, the majority of the
reported values were qualified as: "Analyte present. Reported value may not
be accurate or precise." During the second round, many of the values present
were reported as: "Not detected substantially above the level reported in
laboratory or field blanks." Despite the samples being qualified as stated
above, the trends of both sampling events appear to be similar between
sampling locations. Elevated levels were reported in both Streams A and B
averaging between two to three times greater than the reference concentration
of 22.0 ug/1. Barium levels tended to increase the further downstream (in
both Streams A and B) the samples were taken. Highest concentrations were
detected at SB-7 (87.4 ug/L), SB-6 (87.3), and SA-4 (80.0 ug/L). The majority
of the detected barium was in its dissolved fraction.

The total cadmium concentration in stream surface water from stations SB-5,
SB-6, SB-7, and SE-1, was reported as ranging from 5.8 ug/L (SE-1) to 19.2
ug/L (SB-5). Dissolved cadmium did not exceed 41.3 ug/L at any of the stream
sample stations during either of the sampling events. It is unknown why the
maximum dissolved cadmium concentration 1s higher than the maximum total
cadmium concentration. Detected cadmium in stream sediments ranged from 3.1
mg/kg (SC-1) to 605 mg/kg (SB-7), with an average detected concentration of
233 mg/kg. Cadmium was not detected at the reference station.
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Total iron concentrations in stream surface water was not detected above 1,000
ug/L except at SB-2, SB-4, SB-6, and SB-7, ranging from 1,080 ug/L (SB-7) to
2,520 ug/L (SB-2). Dissolved iron at SB-4 was more than twice that of any
other station (600 ug/L). Detected iron in stream sediments ranged from 8,770
mg/kg (SA-1) to 184,000 mg/kg (SE-2), with an average being 50,200 mg/kg. The
reference station had an iron concentration of 22,900 mg/kg. The highest iron
concentrations were found in Streams B and E.

Many of the lead detections in the second round of sampling were quantified as
being similar to that found in the laboratory blanks, thus these data could
not be used in this assessment. Therefore, the majority of the lead data were
obtained in the first round of sampling (November). Total lead concentrations
in stream surface water samples was detected at SA-1, SA-2, SB-1, Sb-2, SB-3,
SB-4, Sb-5, SB-6, SB-7, SD-1, and SE-1 at concentrations ranging from 1.1 ug/L
(SD-1) to 55.7 ug/L (SB-7), with an average concentration of 14.5 ug/L.
Dissolved lead concentrations 1n stream surface water ranged from 1.1 to 45.1
ug/L, with an average concentration of 11.5 ug/L. Greatest lead
concentrations in the stream surface waters were found between sample stations
SB-5 and SB-7. Detected lead 1n stream sediments ranged from 4.6 mg/kg (SA-1)
to 30,800 mg/kg (SB-7), with an average being 5^410 mg/kg. The reference
station had a lead concentration of 27.7 mg/kg. Lead concentrations in
Streams A and D, and Stream B, upstream of SB-4 appear to be at background
levels.

Total manganese concentrations in stream surface water was below 100 ug/L
except at SB-2, SB-4, SB-5, SB-6, SB-7, and SE-1; where it ranged from 304
ug/L (SB-2) to 2,730 ug/L (SB-6). Detected dissolved manganese ranged from
4.6 to 2,620 ug/L, with an average being 754 ug/L. Excluding SB-4, SB-5, SB-
6, SB-7, and SE-1, the highest dissolved concentration was 22.2 (SB-3).
Detected manganese in stream sediments ranged from 184 mg/kg (SD-1) to 21,000
mg/kg (SB-7), with the average being 4,280 mg/kg. The reference station had a
manganese concentration of 536 mg/kg. The highest manganese concentrations
were found in Streams B and E, however, slightly elevated levels were also
found in Stream A.
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During the first sampling round of the stream surface water, nickel was
detected only at locations (SB-6) at a concentration of 6.4 ug/L total metals
and 6.9 ug/L dissolved metals, and at SA-4 at a concentration of 64.1 ug/L
dissolved metals. It 1s uncertain as to why the dissolved metal concentration
exceeded the total metal concentration. However, these concentrations were
well within acceptable limits. During the second round of surface water
sampling, nickel was detected at all the sampling locations in both the total
metal and dissolved metal samples. The greatest concentration was detected at
SB-6 (110 ug/L). SB-6 was over twice the concentration of the next highest
detect concentration {SA-1; 52.4 ug/L, total metals). Levels reported at
stations SA-1, SB-1, SB-2, SB-3, SB-6, SC-1, SD-1, and SE-1 were above water
quality criteria. All samples, with the exception of SB-6 total metals, were
qualified to be not detected substantially above the level reported in the
laboratory and field blank. Because of the disagreement between sampling
rounds and the round two sample results having potential field blank
contamination, the actual nickel concentrations are uncertain and are not able
to be evaluated. The reported reference (S6-1) concentration of nickel in the
sediments was 22.4 mg/kg. The reported nickel levels at the other stream
sample locations were below or comparable with the reference concentration
with the exceptions of SB-5 (87.3 mg/kg), SB-7 (186 mg/kg), SC-1 (71 mg/kg),
SE-1 (111 ug/kg}, SE-11 (108 mg/kg), SE-12 (73.1 mg/kg), and SE-13 (77.1
mg/kg). There appears to be a trend of elevated nickel in the sediments down
stream of the fly ash pile. The nickel also appears to be bonding to the
sediments.

Silver was not detected in any of the stream surface water samples during
either sampling round. The detection limits ranged from 2 to 5 ug/L, which is
above the USEPA Water Quality Criteria (1.2 ug/L; at a hardness of 50 mg/L
CaC03) and the Virginia Water Quality Criteria ranging from 0.11 to 1.9 ug/L
(Calculated using: 2.7l828°-7eilnlh*irdn**l**IJ+1-08 x 0.01). Since the detection limits
for the surface water samples are above water quality criteria, any potential
toxicity associate with silver in the water column can not be evaluated.
However, since the silver levels are below 5 ug/L, there does not appear to be
gross toxicity associated with silver in the water column. Silver was
detected in the sediments at sample locations SB-1 (2.0 mg/kg}, SB-4 (1.7
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SB-5 (40.4 mo/kg), SB-6 (13.6 mg/kg), SB-7 (71.3 mg/kg), SE-1 (53.2
mg/kg), and the SE-1 duplicate (92.6 mg/kg). It appears that elevated levels
of silver in the sediments tend to be located down stream of the fly ash pile.

Total zinc concentrations in stream surface water were detected above 47 ug/L
at SB-4, SB-5, SB-6, SB-7, SE-1, and SF-1; ranging from 102 ug/L (SF-1) to
2,680 ug/L (SB-7). Only data from sample round one could be used for
dissolved zinc in surface waters. Detected dissolved zinc ranged from 16.9 to
2,460 ug/L, with an average of 513 ug/L. Detected zinc in stream sediments
ranged from 22.7 mg/kg (SA-1) to 129,000 mg/kg (SE-2), with an average being
24,400 mg/kg. The reference station had a zinc concentration of 19.7 mg/kg.
The distribution of zinc is similar to that of manganese.

Organics - There were no volatile organlcs, semi-volatile organlcs or
pesticides detected at elevated levels in the surface water of the streams
during either of the sampling rounds. The only exception is the detection of
bis(2-ethylhexyl)phthalate at SB-6 at a concentration of 210 ug/L.

There were no volatile orgariics or pesticides detected at elevated levels in
the stream sediments. There were semi-volatiles detected 1n the sediments, of
which, all were "J" values (values qualified as Inaccurate or imprecise).

In the Stream A sediments, bis(2-ethylhexyl)phthalate and di-n-octylphthalate
were detected at SA-4 at total concentration of 1,520 ug/kg. Bis(2-
ethylhexyl)phthalate was detected at SA-5 and SA-6 (duplicate of SA-5) at
concentrations of 400 and 1,900 ug/kg, respectively.

In the Stream B sediments, semi-volatiles were detected at SB-4, SB-5, SB-6
and SB-7. SB-4 had phenanthrene, fluoranthene, pyrene, benzo(a)anthracene,
chrysene, benzo{b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and
benzo(g,h,1)pery1ene detected at a total concentration of 659 ug/kg. SB-5 had
chrysene, benzo(b)fluoranthene, and benzo(k)fluoranthene detected at total
concentration of 273 ug/kg. SB-6 had benzo(b)fluoranthene detected at a
concentration of 47 ug/kg. SB-7 had chrysene, bis(2-ethy1hexyl)phthalate,
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benzo(b)fluoranthene, and benzo(k)fluoranthene detected at a total
concentration of 304 ug/kg.

In the Stream C sediments, benzole acid was the only semi-volatile detected
(2,000 ug/kg).

In the Stream E sediments, semi-volatiles were detected at SE-1 and SE-2. SE-
1 hid chrysene, benzo(b)fluoranthene, and benzo(a)pyrene detected at a total
concentration of 870 ug/kg. SE-2 had fluoranthene, chrysene, bis(2-
ethylhexyl)phthalate, benzo(b)fluoranthene, benzo(k)fluoranthene, and
benzo(a)pyrene were detected at a total concentration of 2,330 ug/kg.

In the Stream F sediments, phenanthrene, fluoranthene, pyrene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(i)pyrene, and benzo(p;,h,i)perylene were detected at a total
concentration of 803 ug/kg.

Miscellaneous Sampling - Surface water samples were taken at a nearby
limestone quarry. All detected heavy metals were at background levels,
however, barium was approximately twice that reported at the background
location (SG-1). The hardness of the water was elevated (287 mg/L CaC03).
The elevated hardness is not uncommon in limestone quarries.

6.2.3.3 Contaminant Characterization Summary

When comparing the water quality between sampling events, high-water
conditions appear to be more consistent and of better quality than low-water
conditions. Elevated TDS were detected during low-water conditions in
sections of Streams A and B, and the leachate samples, and corresponded to
areas where significant contamination was detected. Alkalinity was also
elevated in the leachate samples during low-water conditions.

Heavy metals are the primary contaminants associated with the surface soils.
Zinc, manganese, lead, and cadmium are the specific heavy metals that are
above background levels (in order of severity). Acetone occurs widely on the
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southwestern portion of site in soils at low concentrations. Note that low
concentrations of acetone were identified as laboratory contaminants. SWD-2
appears to be the "hot area" for semi-volatile compounds. Outside the
vicinity of SWD-2, semi-volatile concentrations are not at elevated levels.

Barium, iron, and manganese, both total and dissolved, are at elevated levels
in the leachate samples. In addition, aside from these, there is no inorganic
contaminants at elevated levels.

Manganese was found at elevated levels in the old stream channel.

In the storm water run-off samples; aluminum, barium, lead, and copper at
SR-1, and aluminum and iron at SR-2, were detected at elevated levels.
Aluminum appears to be predominant. Low levels of semi-volatiles were also
present.

In the stream surface water samples, zinc and manganese were the primary
contaminants of concern. Aluminum, iron, and lead are also of concern.
Although barium was reported at elevated levels, the concentrations reported
were orders of magnitude below toxic levels (LeBlanc, 1980; Boutet and
Chaisemartin, 1973). Elevated levels of semi-volatile organic compounds were
detected in SA-4 and SA-5. Lower levels of semi-volatile organic compounds
were detected in Stream B below the fly ash pile and in Stream E. Stream C
had elevated levels of benzole add, however, benzole acid does not appear at
elevated levels anywhere else.

6.2.4 Toxicity Assessment
*

The following sections describe the toxicity characteristics associated with
the potentially toxic parameters previously discussed. The parameters
selected are those that were detected above background concentrations and may
therefore pose an ecological threat.
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6.2,4.1 Inorganics

Aluminum - Aluminum toxicity may be associated with both the terrestrial and
aquatic community in the DCL site study area. The toxicity of aluminum to
plants has been well documented. Roots exposed to toxic levels of aluminum
are short, stubby, distorted, and discolored (Foy, 1984 and Moore, 1974 in
Parker, et al., 1989). Root toxicity results in stunted plant growth, and is
enhanced in acidic soil (Hartwell and Pember, 1918). Much of the observed
site vegetation is that which is found in acidic soils.

Although aluminum is one of the most common metals found in the earths crust,
it is not known to be involved in any animal metabolic process (Marquis,
1977). Symptoms of aluminum toxicity in mammals include skin lesions, nervous
afflictions, gastrointestinal disturbances, growth retardation, perihepatic
granuloraas, and fibrous peritonitis. Aluminum toxicity is caused by aluminum
affecting a number of metabolic functions using various forms of phosphate,
such as, phosphate depletion in tissues, negative phosphorus balances, lower
phosphate absorption from the digestive tract, and adverse alterations in
phosphorylation reactions in the tissue (Luckey and Venugopal, 1977).

Aluminum 1s primarily a neurotoxin to terrestrial wildlife. Exposure to
elevated levels of aluminum may result in neurofibrillary degeneration in the
brain, softening of the bone (osteomalacia), dementia, and disease involving
the selective membranes of the brain. This disease results in the abnormal
separation of substances that go into true solution from substances which
remain uniformly suspended in solution in brain fluids (dialysis
encephalopathy; Marquis, 1989). Marquis also reported decreased brain ACHE
(acetylcholirlesterase,. a hormone) activity in rat pups, 8, 15 and 22 days
post-weaning, when exposed to 0.12*X aluminum chlorohydrate.

Aluminum may be both physically and metabolically toxic to aquatic life,
however, the dominant toxicological property has yet to be universally agreed
upon. Dietrlch and Schlatter (1989) reported two forms of toxicity occurring
in rainbow trout when exposed to a pH of 5.4 and aluminum concentrations
greater than 200 ug/L. Metabolic toxicity included electrolyte loss possibly
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due to the interaction of aluminum with enzymes at the epithelial tight
junction in the surface lining of the gills. The physical toxicity was caused
by labile aluminum (a modified form of aluminum) covering the gill epithelium
resulting in the impairment of gas exchange.

Brown trout eggs appear to be tolerant to low pH and elevated levels of
aluminum. The hatch!ings, however, appear to be highly sensitive, with an
acute LC50 of less than 20 ug/L aluminum (Weatherly e_t al., 1990). Cleveland
et al. (1989) reported a 30 day no-observed-effect-level (NOEL) for juvenile
brook trout to be 29 ug/L at pH 5.6, and 57 ug/L at pH 6.6. Aluminum will
tend to flocculate when the pH reaches a critical, value of 5.2 (Skelly and
Loy, 1973). Thompson et al. (1988) reported a LCM of 3800 ug/L for rainbow
trout larvae in waters with a pH of 5.0.

Corn et al. (1989) investigated the effects of aluminum and pH on five
amphibians (northern leopard frog, Rana plplens; boreal toad, Bufo boreas;
chorus frog, Pseudacris triseriata; tiger salamander, Ambvstoma tigrinum: and
the wood frog, Rana svlvatica). The 24 hr. LC^ pH for the various embryos
ranged from 4.2 - 4.8. The 24 hr. LCso Al for the various embryos ranged from
100 - 400 ug/L.

Cadmium - Cadmium toxicity may affect both the terrestrial and aquatic
communities. Cadmium inhibits plant growth. Cadmium affects plant membranes,
by inhibiting electron transfer and ATP synthesis (Jastrow and Koeppe, 1980).
Carlson and Bazzaz (1977) reported affected photosynthesis and transpiration
in the American sycamore with concentrations of 20 mg cadmium/kg
soil. Bingham et al. (1976) reported lower yields of white clover when
exposed to 17 mg/kg cadmium (dry weight).

Cadmium is toxic to all tissues in mammals. Cadmium is readily absorbed
through the gut lining and fixed in tissues. Symptoms of chronic toxicity in
mammals include growth retardation, impaired kidney function, poor
reproductive capacities, hypertension, tumor formation, hepatic dysfunction,
poor lactation, and low hematocrit levels. Acute toxicity results in
excessive salivation, abdominal pains, diarrhea, vertigo, and loss of
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consciousness. Cadmium is a known teratogen and carcinogen, however, cadmium
is not carcinogenic by oral doses (Luckey and Venugopal, 1977). the highest
concentrations in the body can be found in the liver, kidney, spleen and hair
(Jones, 1956). Cadmium is believed to inhibit sulphydryl enzymes which leads
to the destruction of testicular tissue in rats (Parfzek and Zdhor, 1956).

Other noted affects include severe anemia, increases in the size of heart due
to increased functional activity (cardiac hypertrophy), increase of the bone
marrow due to cell multiplication (hyperplasia; Wilson, de Eds and Cox, 1941).
Cattle have been noted to excrete 82% of cadmium intake in the feces (Miller
et al., 1967).

Residues of 200 ppm cadmium in fresh weight kidney, or 5 ppm whole animal
fresh weight, are considered life threatening to terrestrial organisms
(Eisler, 1985).

Heinis et al. (1990) reported a concentration of 500 ug/L of cadmium causing
changes in the feeding habits of Glvptotendipes pallens (Diptera). Bodor et
al. (1388} reported a 25 day, LC^ of approximately 10 mg/L for Daphnia magna.
The Virginia Water Quality Criteria for. protection of aquatic life (VAWQC)
varies based on water hardness. For VAWQC specific to the sample locations
see Table 6-45.

Copper - Toxicity of copper may be associated only with the terrestrial
community in the DCL site study area. Copper is strongly bound to soils at
exchange sites resulting 1n much of the copper found in soils not being able
to be taken up in plants. Mineral soils offer greater uptake potential than
peat, and lower pH facilitates uptake (Kabata-Pendias, 1963). Early stages of
copper toxicity in plants result in reduced growth. Symptoms of plant
toxicity include reduced branching, thickening, and abnormally dark coloration
in rootlets (Reuther and Labanauskas, (1966). Blaschke (1977) states that
concentrations as low as 26 mg/kg of copper added to soils 1s sufficient to
cause reduce root growth in crops. Baker (1974) reported toxicity in plants
when 150 to 400 mg/kg copper is added to soils over a period of time. Once
copper toxicity occurs, it is practically incorrectable (Wallingford and
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TABLE 6-45

SUMMARY OF VIRGINIA WATER QUALITY CRITERIA
FOR PROTECTION OF AQUATIC LIFE {VAWQC)

CALCULATED CRITERIA

STANDARDIZED CRITERIA

PARAMETER

VAWQC
(ug/U

IRON

1,000

MANGANESE

100

ZINC

47

CYANIDE

5.2
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SAMPLE
ROUND

SAMPLE
LOCATIONS

SA-1

SA-2

SA-3

SA-4

SA-5

SB- 1

SB-2

SB-3

S8-4

SB-5

SB-6

SB- 7

SC-1

SD-1

SE-l

SF-1

SS-1

Q-i

1

HARDNESS'
(•9/L)

34.8

54.5

66.5

121

106

26.7

34.0

27.7

64.1

68.6

81.2

83.2

NS

24.2 -

40.2

NS

53.1

287

1

pH

6.91

7.80

7.23

6.42

6.33

7.38

7.54

6.68

6.62

6.76

6.31

6.30

NS

6.52

5.85

DRY

7.50

8.09

1

CADMIUM"
(ug/L)

0.50

0.71

0.82

1.32

1.19

0.40

0.47

0.41

0.30

. „ 0.84

0.96

0.98

0.37

0.55

0.69'

2.60

1

LEAD'"
(ug/L)
0.34

1.50

1.92

4.10

3.97

0.60

0.82

0.63

1.83

2.00

2.47

2.55
.._

0.53

1.02
_-_ -

1.44

12.2

2

HARDNESS'
(•g/U
18.9

22.5

24.9

27.8

42.0

11.7

11.5

12.2

16.7

18.1

27.6

28.2

5.7

14.5

18.0

63,4

19.0

NS

2

PH

8.10

8.05

8.11

8.17

7.14

8.18

NS

NS

6.97

6.88

6.80

6.72

6.69

6.82

6.49

7.70

3.66

NS

2

CADMIUM"
(ug/L)
0.31

0.35

0.38

0.42

0.57

0.21

0.21

0.22

0.28

0.30

0.41

0.42

0.12

0.25

0.30

0.79

0.31

....

2

LEAD'"
(ug/L)

0.39

0.49

0.55

0.64

1.07

0.21

0.21

0.22

0.33

0.37

0.63

0.65

0.09

0.28

0.37

1.81

0.39

——

* - Hardnass («g equivalent CaCO-/L) - 2.497 [Ca. mg/l] + 4.118 [Hg. *g/L]

** - Chronic VAWQC for the Protection of Aquatic Lift for Cad»1u» (ug/L) -

*** - Chronic VAWQC for the Protection of Aquatic Life for Laad (ug/L) - 2.7W281-"4<U(hi'*<"'M-'*1

NS - No Sample Taken
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Simkins, 1977).

Copper is a normal constituent in virtually all animal tissue. Copper is
believed to be involved with iron metabolism (Browning, 1969).

Copper itself is less toxic than copper salts. Ingestion of the salts, such
as copper acetate and especially copper sulfate, may be acutely toxic at
relatively low doses (Browning, 1969). Copper poisoning causes acute liver
and kidney damage, fluid in the lung and abdomen, and hemorrhaging into the
digestive (alimentary) tracts (Ishmael et al., 1969). Sholl (1957) reported
animals ingesting 3 ounces of one percent copper sulfate produced severe
inflammation of the gastrointestinal tract resulting in abdominal pain,
vomiting and diarrhea. Copper toxicity varies between mammals according to
different physiological levels between species. Ruminants animals are more
susceptible to copper toxicity than nonruminant animals (NAS, 1977). Cows
possess a higher resistance (225 kg daily forms chronic toxicity) to copper
then sheep (27 ppm fatal dose; Adamson et al., 1969, Tait et al., 1971). The
toxic oral dose is typically 25-50 mg/kg for larger mammals (Sharman, 1969).
Nonruminant animals, such as the rat and swine, have to be exposed to dietary
level of copper In excess of 250 ppm before toxicosis is observed (Boyden et
al., 1938; Suttle and Hills, 1966a,b).

Poultry appear to have a greater tolerance to copper than most animals. Smith
(1967) reported day old chicks being fed 350 ppm for 25 days showing only
slight reductions In rate of weight gain.

Iron - Toxicity of iron may occur in both the terrestrial and aquatic
community In the DCL site study area. Iron is an essential trace element for
the formation of hemoglobin, myoglobin (hemoglobin in muscle tissue), and
other enzyme systems (NAS, 1980). High concentrations, however, are known to
be toxic. Symptoms of chronic iron poisoning in mammals include hemorrhagic
necrosis of the gastrointestinal tract, hepatotoxicosis, metabolic acidosis,
prolonged blood clotting time, and elevation of serotonin and histamine.
Symptoms of acute Iron poisoning in mammals include increased respiration and
pulse rates, with congestion of blood vessels leading to hypotension, pallor,
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and drowsiness. Prostration, coma and death resulting from peripheral cardiac
failure may follow (Luckey and Venugopal, 1977).

Rabbits exposed to 750 mg ferrous sulfate/kg body weight showed acute hepatic
(pertaining to the liver) congestion and fatal effects in 24-48 hours (Luongo
and Bjornson, 1954). The acute oral LD^ in mice is 306 mg/kg for ferrous
sulfate and 429 mg/kg for ferrous gluconate (NAS, 1980).

Several studies have been done on the toxic effects of iron on domestic birds.
Chickens exposed to 200 mg/kg iron and 5 mg/kg copper in their diet showed
decreased weight gain and Increased mortality (McGhee et al.. 1965 in NAS,
1980). Rickets was documented in young chickens exposed to 4500 mg/kg iron
(Daebold and Elvehjem, 1935 in NAS, 1980). Turkeys showed no adverse affects
at 440 mg/kg iron (Woerpel and Balloun, 1964 in NAS, 1980). NAS (1980)
suggests that the maximum dietary level of iron in poultry to be 1000 mg/kg.
Puls (1988) recommends a maximum concentration of iron in drinking water of
0.4 mg/L for livestock and poultry.

Iron is necessary for animal life. Ferrous (Fe*2) and ferric (Fe+3) iron are
the important forms to-aquatic life, with Fe+3 being dominant at lower pH.
Ferrous iron is highly soluble while ferric iron has a low solubility.
Precipitates of iron, typically iron hydroxide (Fe[OH]3), can of coat the
gills of fish and mechanically inhibit oxygen uptake. Iron precipitates can
also cover sediments and vegetation, suffocating fish eggs and benthic
organisms and limiting attachment sites for many aquatic insects. Tackett and
Wieserman (1972). reported this mechanism being lethal to eggs and fry at a
level of 1000 ug/L iron at low flow. Iron flocculates at the critical value
of pH 4.3 (Skelly and Loy, 1973).

High iron concentrations have been known to decrease macroinvertebrate
abundance and diversity (Letterman and Mitsch, 1978). Warnick and Bell (1969)
reported an acute (96 hr.) LCSO value of 320 ug/L iron for the mayfly
Eohemerella subvaria at a water hardness of 48 mg/L. The stonefly Acroneuria
Ivcorias and the caddisfly Hvdropsvche betteni have a reported 50% mortality
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rate when exposed for 7 days to 16 mg/L iron. This suggests that stoneflies
and caddisfHes are more tolerant to iron than mayflies.

The lowest concentration fatal to brook trout (within 24 hrs.) was 133 mg/L
(Doudoroff and Katz, 1953). EPA (1985) reported a chronic value for brook
trout of 9690 ug/L. Brenner et al. (1976) reported minor toxicity in the
common shiner being exposed to ferric hydroxide. Toxicity was caused by
initial changes in serum protein, glucose, sodium and potassium ions.

In contrast, many organisms have adapted to high ferric conditions. Euglena
mutabills Is known to thrive in ferric waters and may be used to improve water
quality in acidic and ferric waters by producing oxygen to reduce acidity
(Lleb, 1971). The VAWQC for iron is 1,000 ug/L total iron.

Lead - Toxicity of lead is associated with both the terrestrial and aquatic
community at the DCL site study area. Inorganic lead has a tendency to form
highly insoluble salts and complexes with various anions. Lead also binds
tightly with soils. These two characteristics drastically reduce the
availability of lead to the roots of terrestrial plants. Translocation of
lead to lead ions In plants is poor, resulting in the majority of the lead
staying bound to root and leaf surfaces. High concentrations of lead, ranging
from 100 to 1000 mg/kg in soil, are needed to effect photosynthesis, growth,
and other metabolic activities (WHO, 1989).

Williamson and Evans (1972) reported no observed affects in millipedes and
woodlice which had bloconcentrated 80 ppm and 700 ppm lead, respectively.
Straalen and Meerendonk (1987) fed green algae,-having a lead concentration
ranging from 1600 to 2200 mg/kg dry weight, to adult Collembola (springtails),
Orchesella clncta. for over four weeks. The springtails had a lead
concentration of 0.2 mg/kg dry weight. Doelman et al. (1984) reported that
ingestion of lead contaminated bacteria and fungi by nematodes (roundworms)
leads to impaired reproduction.

Small mammals having whole body concentrations of 30 ppm lead showed no
significant affect (Williamson and Evans, 1972). WilHamson and Evans found
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no evidence of bioaccumulation of lead between trophic levels. Quarles et al.
(1974) reported a greater tendency for lead to bioconcentrate in female meadow
voles (Microtus pennsvlvanicusl and shorttailed shrews (Blarina brevicauda)
than in males. Lead also appeared to have a greater tendency to
bioconcentrate in older meadow voles and white-footed mice (Peromvscus
leucopus) than in young. ......__ ..._

Toxicity to birds from lead salts occurs only at concentrations exceeding 100
mg/kg dietary dose (WHO, 1989). Organolead compounds appear to have the
greatest toxicity to birds. Trialkyllead compounds produce chronic toxicity
in starlings (Sturnus vulgaris). at dietary concentrations of 0.2 mg/day, and
cause fatality at 2 mg/day (Osborn et al.. 1983).

In laboratory tests, survival was reported reduced at acute oral lead doses of
5 mg/kg body weight (BW) 1n rats, at chronic oral doses of 5 mg/kg BW in dogs,
and at dietary level of 1.7 mg/kg BW in horses (Eisler, 1988).

Adverse affects of lead on aquatic biota was reported at waterborne lead
concentrations of 1.0 - 5.1-ug/L, and include reduced survival, impaired
reproduction, reduced growth, and high bioconcentration from medium (Eisler,
1988).

Manganese - Toxicity of manganese may occur in both the terrestrial wildlife
and aquatic life at the DCL site study area. Manganese in plants concentrates
in the reproductive parts, especially in seeds (Browning, 1969). Plants
absorb manganese in the divalent state. Generally, toxicity in plants is only
observed when the soil pH is below 5.5, and/or in wet soils (Adams and
Pearson, 1967). Dessureaux (1960) reported that higher temperatures increase
manganese toxicity. Toxicity of soybeans can occur in wet acid soils at a
concentration of 2.5 mg manganese/kg soil (Parker et al.. 1969). Symptoms of
manganese toxicity in plants include marginal chlorosis, cupping of young
leaves, and speckling of older leaves.

Despite the potential toxicity of manganese, it is essential for the nutrition
of both plants and animals (Browning, 1969). Manganese has been documented to
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be involved with formation of connective tissue and bone, growth, carbohydrate
and lipid formation, the embryonic development of the ear, reproductive
function, and probably brain function (WHO, 1981).

Divalent manganese (Mn2"1") is 2.5 to 3 times more toxic than trivalent
manganese (Mn3"1") (WHO, 1981). Chronic poisoning in dogs, rabbits, rats and
monkeys is known to cause gross pathology in the liver and diffuse lesions in
the cerebrum (Turner, 1955). McKee and Wolf (1963) reported stunted growth
and interference in bone development in rat when exposed to 500-600 mg/kg/day
manganese. Chandra (1971) reported appreciable damage to the sperm producing
tubules in the testes (seminiferous tubules) in rats after 150 days of daily
doses of 8 mg/kg I.P. (I.P.: intraperitoneal - within the abdominal membrane).
Levels of 50-125 mg/kg in the diet of baby pigs has caused manganese-iron
antagonism, resulting in interference in hemoglobin formation.

Although manganese is associated with central nervous disturbance, relatively
low concentration are found in the brain. Manganese tends to concentrate in
the liver, kidney, and bone (Fore and Morton, 1952). Manganese is absorbed
through the gastro-intestinal tract, however absorption is very slow due to
the low solubility of manganese in gastric juices. Relatively high
concentrations of manganese must be ingested before enough absorption can take
place to cause toxicity (von Oettingen, 1935). Absorption through the lungs
by Inhalation of manganese dust typically is the route causing toxicity
(Maynard and Fink, 1956). Symptoms of manganese toxicity include anemia,
negative phosphorus balance, rickets, and renal degeneration (Luckey and
Venugopal, 1977).

Little detailed information is available regarding manganese toxicity to
aquatic life, although it is recognized as a toxic metal. Ludemann (1953)
reported dngonfly larva (Sohaerlum so.) and crayfish fCambarus affinis) to be
unaffected when exposed to solutions of manganese chloride and manganese
sulphate at a concentration of 1 g/L. Manganese is known to Increase the
mortality in fish eggs at levels of 1000 ug/L (Lewis, 1976). VAWQC for
protection of aquatic life for manganese is 100 ug/L.
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Zinc - Toxicjty of zinc may occur in both the terrestrial and aquatic
communities at the DCL site study area. Zinc concentrates in the foliage of
plants. Zn2"*" toxicity results in photosynthetic inhibition, by blocking the
photosynthesis II cycle resulting in "growth inhibition. Mature perennial
species are more tolerant to surface soil zinc contamination for they have a
deep root base, resulting in only a small percentage of the roots coming in
contact with the surficial zinc present. Zinc also Inhibits nitrification in
many soils at a concentration of approximately 100 pppm. As a result, many
plant species become unable to uptake required nitrogen from contaminated
soils (Wilson, 1977).

Zinc is an essential constituent of carbonic anhydrase, which is vital to the
respiration of most animal species (Keilin and Mann, 1940). Zinc ingestion is
relatively non-toxic, however, chronic doses of soluble zinc salts may cause
growth retardation, faulty reproduction, anemia, and pancreatic fibrosis.
Symptoms of acute toxicity include lassitude, bloody enteritis, diarrhea, and
depression of the central nervous system (Luckey and Venugopal, 1977). Heller
and Burke (1927) reported zinc chloride or zinc carbonate at a concentration
of 2,500 ppm of the diet of rats were completely without effects. Dogs can
tolerate 2 mg/kg of zinc gluconate (Vallee, 1959). Calvery (1942) reported
the LD50 for zinc chloride for rats, mice, and guinea pigs to be 350, 350, and
200 mg/kg, respectively. The toxicity of zinc varies between mammalian
species. Large doses of zinc are required before toxicity generally occurs.
Pigs are relatively sensitive zinc levels, with young animals more sensitive
than adults (Grimmett et al., 1937). Sutton and Nelson (1937) suggested the
limit of tolerance for zinc in animals ranges from 0.5 to 1.0 percent in diet,
with the higher concentration resulting the potential inhibition of
reproduction and the appearance of anemia.

Volatile Organics - There were no volatile organic compounds or pesticides
detected at the DCL site study area at toxic levels.

Semi-Volatiles - Because of the numerous semi-volatile compounds detected and
the limited amount of data present on any particular one, they will be
typically discussed as a group. Furthermore, polycyclic aromatic hydrocarbons
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(PAHs) are generally the more toxic subgroup, therefore, the focus of the
toxicologlcal discussion will be on the PAHs.

The molecular structure of PAHs consists of fused rings (2 or more) consisting
of carbon and hydrogen. The double bonds of carbon are thought to be the
active sites of the compounds, resulting in the potential for these compounds
to cause acute toxicity and other adverse affects to a wide variety of
organisms found in all trophic levels. Generally, the PAHs with molecular
weights ranging from 128.16 (naphthalene) to 300.36 (coronene) are the most
mobile compounds and constitute the greatest concern to the environment.
Lower molecular weight compounds exhibit higher toxicity but are not
carcinogenic, while higher molecular weight compounds are less toxic but often
are carcinogenic (Eisler, 1987).

Plants are known to absorb PAHs through their roots and translocate them to
other plant parts. Lower molecular weight PAHs are taken up more readily than
higher molecular weight PAHs. PAHs can be absorbed though outer surfaces
primarily when dust is deposited on plants. Phytotoxic effects on plants due
to PAH contamination is low and not well documented. Some PAHs, such as
benzo(a)pyrene. can be catabolized by higher plants (Eisler, 1987).

PAHs are readily soluble in animal lipids, however, due to their rapid
metabolization by animals, they do'not typically bioaccumulate (Eisler, 1987).
dumerus PAHs are considered carcinogenic to mammals. In extreme cases tumors
can form in as short a time as 4 to 8 weeks; typically, however, many months
are needed for tumor development (EPA, 1980). Dipple (1985) described the
carcinogenicity of PAHs. PAHs cause genetic injury through the metabolism of
the parent compound to various diol epoxides, often by interacting with the
mixed-function oxldase systems (a detoxifying system in mammals; Campbell e£
al., 1983; Lee and Grant, 1981). The diol epoxides cause cell transformations
by forming adducts with DNA, RNA, proteins, and other cellular molecules.
Target tissue is dependent on route of exposure, the particular compound, and
the organism being exposed. Forexample, Dipple (1985) reported dietary
benzo(a)pyrene in mice leads to leukemia, lung adenoma, and stomach tumors,
while oral doses or intravenous doses of 7,12-dimethylbenz(a)anthracene to
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young female rats leads to mammary gland cancer. Both compounds, when
injected shortly after birth, can lead to hepatomas in mice. PAHs with less
than 4 condense rings do not show mutanogenic properties (Eisler, 1987).

Toxicity of PAHs to mammals also varies widely, dependent on species, compound
and route of exposure. Hematopoietic and lymphoid system damage is a common
observance in laboratory rats when exposed to various PAHs (EPA, 1980). Sims
and Overcash (1978) conducted studies on rodents (Rattus spp. and Mm spp.)
and reported the acute oral lethal dose (LDgo) for benzo(a)pyrene,
phenanthrene, naphthalene, and fluoranthene being 50, 700, 1,780, and 2,000
mg/kg body weight, respectively, and a chronic oral carcinogenicity value for
benzo(a)pyrene, dibenz(a,h)anthracene, benz(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, Indeno(l,2,3-cd)pyrene, chrysene,
and anthracene of 0.002, 0.006, 2.0, 40.0, 72.0, 72.0, 99.0, and 3,300.0 mg/kg
body weight, respectively. The levels required for toxicity are similar, or
greater, to those required to cause carcinogenicity. Therefore, the threat of
malignancy predominates over the threat of toxicity (Eisler, 1987).

There is little information on PAH toxicity to birds. Patton and Dieter
(1980) report no observed toxic affects to mallards (Anus olatvrhvnchus) when
fed diets containing 4,000 mg PAHs/kg for a period of 7 months, however, there
were significant increases in liver weight and blood flow to the liver.
Embryotoxicity to mallard eggs has been documented (Hoffman and Gay, 1931).
It is thought that higher levels of microsomal enzymes in bird embryos, when
compared to adults, are present which metabolize PAHs into toxic intermediates
making lower levels of PAHs (microliter concentrations) result in low
mortality and reduced embryonic growth (Hoffman and Gay, 1981).

Reptiles .and amphibians transform PAHs via cytochrome P-450-dependent
monooxygenase systems (Stegman, 1981). This process is considerably slower
when compared to mammalian hepatic microsomes (Schwen and Mannering, 1981).
Anderson et al. (1982) reported amphibians to be quite resistant to PAH
carcinogenesis when compared to mammals.
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Neff (1979) stated that most PAHs do not reach toxic levels in surface water,
even in incidence where contamination is considered high. This is primarily
due to low solubility of PAHs. PAHs in sediment can obtain higher
concentrations than in surface water, however, the concentrations which may be
found at toxic levels have reduce availability due to their binding with the
sediments. Benzo(a)anthracene has a reported 6 month Lethal Concentration for
87% (LCi7) for bluegills fLepomis macrochirus) of 1,000 ug/L (EPA, 1980). The
fluorene 96 hr LC^ for the bluegill, amphipod .Gammarus pseudoliminaeus..
rainbow trout (Salmo oalrdneri), mayfly (Hexagenia bilineata) and fathead
minnow fPlmeohales promelas. is 910 ug/L, 600 ug/L, 820 ug/L, 5,800 ug/L, and
>100,000 ug/L, respectively (Finger et al.. 1985). 'The naphthalene 96 hr LCSO
for the amphipod (Elasmoous oectenicrus) and mosquitofish (Gambusia affinls)
is 2,680 ug/L and 150,000 ug/L, respectively (Neff, 1979). The 1-
methylnaphthalene 24 hr LCso for the sheepshead minnow (Cvprinodon variegatus)
is 3,400 ug/L (Neff, 1979).

6.2.5 Exposure Assessment

The purpose of the exposure assessment is to measure or estimate the potential
intensity, frequency, and duration of exposures of an agent(s) of concern to
identified receptors. Each identified route of exposure is evaluated
separately, with the summation of the route(s) used to evaluate the total
exposure of an agent to the appropriate receptor(s). Total exposure is then
compared to known levels occurring in the environment from which potential
ecological risk is evaluated.

6.2.5.1 Terrestrial Exposure Assessment

Potential exposure of terrestrial wildlife to contaminants on the DCL site is
limited to the surface soils, surface water, and seeps. Direct and/or
indirect ingestion and absorption through contact are the routes of exposure
related to contaminants In surface soils, surface water, and seeps. Direct
ingestion may occur by invertebrates, such as worms and some larva, consuming
soil, or by birds and mammals preening feathers or pelts which have
contaminated soil attached to them. Indirect ingestion may occur by mammals
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and birds feeding on invertebrates from the soil, emerging from surface waters
and soils, feeding on plants which have taken contaminants into their tissue
through the roots or that have dust on the foliage, and/or burrowing through
contaminated soil. Absorption may occur through the skin by direct contact
with contaminated soil, surface water, or seeps.

The terrestrial exposure will be evaluated by comparing on-site concentrations
of organic and inorganic compounds In each media to that detected in the
background samples. The maximum concentration detected of compounds that are
detected above background concentration will be used to assumed worst case
exposure. The toxicity of these compounds at the levels detected will be
further evaluated during the toxicity assessment. The stream surface water
will be discussed during the aquatic exposure assessment.

No detailed terrestrial sampling for mammals or.birds was performed in the DCL
site study area. Therefore, modeling of selected indigenous species will be
performed to evaluate the terrestrial ecological risk. The selected species
are the song sparrow (Melosoiza melodla) and the shorttailed shrew fBlarina
brevicauda.. The song sparrow represents a strictly terrestrial species that
is expected to have limited exposure to the surface water by ingestion and
bathing. The song sparrow primarily feeds on vegetation (seeds). The
shorttailed shrew is primarily an insectivore feeding on invertebrates in
soils. By modeling the exposure pathways for these two species, the risks to
the terrestrial community may be evaluated.

Calculating Daily Ingestion Rates . .

Water Ingestion - Calder and Braun (1983) developed an allometric equation for
water ingestion for birds based on the measured body weights and drinking
water values from Calder (1981) and Skadhauge (1975). The equation is as
follows:

WI (L/day) - 0.059 Wt°-87(kg),
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where "WI" is water ingestion in liters per day and "Wt" is the average weight
of the bird in kilograms. The WI value includes water ingested through the
consumption of vegetation and invertebrates. For the purpose of this.
evaluation, it will be assumed that the water intake will be solely from the
surface water in order to evaluate the worst case scenario. This assumption
will result in higher calculated exposure estimates than are likely to be
actually occurring.

The average weight of a song sparrow is 0.0164 kg (Bartholomew and Cade,
1963). Using this value, the average water consumption of a song sparrow is
calculated to be 3.8 x 10'3 L/day.

Similarly Calder and Braun (1983) developed an allometric equation for water
Ingestion for mammals. The equation is as follows:

WI (L/day) - 0.099 Wt0l90(kg)

The average weight of a shorttailed shrew is 0.0179 kg (Fergus, N.D.). Using
this value, the average water consumption of a shorttalled shrew is calculated
to be 2.6 x ID"3 L/day.

Food Ingestion - Nagy (1987) calculated the food ingestion rates (FI) for both
passerine birds and mammals in grams dry matter per day, based on animal
weight (Wt). The calculation for the song sparrow is as follows:

FI (g/day) - 0.398 Wt°-850(g).

The rate of food consumption of the shorttailed shrew can be calculated by
dividing its free-living metabolic rate (FMR) by the metabolized energy (ME)
in its food (Nagy, 1987). Nagy developed an equation based on doubly-labeled
water measurements of C02 production in free-living carnivorous animals. The
equation is as follows:

log FMR (kcal/day) - -0.210 -r 0.862 log Wt (g).
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From this equation the FMR for the shorttailed shrew is 7.41 kcal/day. From
the data reported by Golley (1961) and Robbins (1983), Nagy (1987) calculated
the average value for ME efficiency for insect eating mammals to be 4.47
kcal/g. By dividing the FMR by the ME, the rate of food consumption for a
shorttailed shrew was calculated to be 1.66 X 10'3 kg/day. To address the
worst case, it will be assumed that the ingested food is obtained solely from
the sample locations of highest contamination.

Calculating Daily Exposure Rates

Surface Water Ingestion - Surface water ingestion rates were calculated only
for the song sparrow. The shorttailed shrew, as well as many other small
mammals, obtain the majority of their required water from the water content in
their food and from sources other than water bodies, such as dew drops and
puddles. To determine the daily exposure rates of water ingestion for the
song sparrow and shorttail shrew, the daily intake rates will be multiplied by
the levels of contaminants found at the locations of the highest
concentrations of the contaminants of concern in Streams A, B, E and the
leachate samples (SA-3, SB-(>, SE-1, and SL-2). The daily exposure rate per
body weight (DER/BW) by water ingestion is calculated by dividing the BW into
DER. Table 6-46 summarizes the exposure calculations for surface water
ingestion by the song sparrow and shorttailed shrew for streamwater and
leachate.

Food Ingestion - To address food consumption, the estimated food contaminant
concentration will be calculated by multiplying the contaminant levels found
in the sediment by the appropriate bloaccumulatlon factor (BCF). When no BCF
is available, contaminants will be multiplied by an estimated BCF. The daily
exposure rate of food Ingestion is then calculated by multiplying the
estimated food contaminant concentrations by the daily food consumption rate.
The daily rate per body weight (DER/BW) of food ingestion is calculated by
dividing the BW into DER. Total semi-volatiles were modeled using
concentrations detected at SWD-2. Metals were modeled using concentrations at
FAP-3. These were the locations of greatest contamination concentrations for
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PARAMETERS

TOTAL
HETALS

IRON

MANGANESE

ALUHIKUH

CADMIUM

LEAD

ZIKC

bis(2-
ETHYLHEXYL)
PHTHALATE

VAWQC
SA-3
(ug/L)

—

1.000

100

_,,

0.82

1.92

47

——

CONC.
SA-3
(ug/L)

446

268

10.7

1.39

BDL

UND

28.8

SQL

DAILY
EXPOSURE

RATE (DER)
(ug/day)

1.70

1.02

0.041

0.528

——

...

0.109

—

DAILY
EXPOSURE
RATE/SW
(OER/kg
BW)

104

62.2

2.50

32.2
—

...

5.65

—

VAUQC
SB-6
(ug/L)

...

1. 000

100
——

0.96

2.47

47

—

CONC.
SB-6
(ug/L)

6.980

1.250

2.730

290

15.6

30.9

2.660

210

DAILY
EXPOSURE

RATE (DER)
(ug/day}

26.5

4.75

10.4

1.10

0.059

0.117

10.1

0.798

DAILY
EXPOSURE
RATE/W
(DER/kg
BW)

1.620

290

634

67.1

3.60

7.13

616

48.7

PARAMETERS

TOTAL
HETAIS

IRON

MANGANESE

ALUMINUM

CADMIUM

LEAD

ZINC

bU{2-
ETHYLHEXYL)
PHTHALATE

YAwqc
SE-1
(ug/L)

—

1,000

100

—

0.55

0.37

47

——

COHC.
SE-1
(ug/L)

1.590

309

575

BDL

5.8

7.2.

691

SQL

DAILY
£XPOSURE
RATE (DER)
(ug/day)

6.03

1.17

2.19
—

0.022 '

0.027

2.63

—

DAILY
EXPOSURE
RATE/BW
(DER/ kg
BW}

368

71.3

134
—

1.34

1.65

160

—

VAWQC
SL-2
(ug/L)

—

1.000

100

CONC.
SL-2
(ug/L)

27,836

27,200

636

DAILY
EXPOSURE

RATE (OER)
(ug/day)

105

103

2.42

DAILY
EXPOSURE
RATE/By
(DER/kg
SH)

6.430

6,280

148 1

BDL - Below Laboratory Detection Limits BQL - Below Laboratory Quantification Limits
UNO - Laboratory Blank Contamination BW - Body Weight
VAWQC - Virginia Water Quality Criteria for the Protection of Aquatic Life

Calculatlon Values
Average BW of a Song Sparrow - 0.0164 kg
Est-mated Daily Water Intake of a Song Sparrow - 3.8 x 10'3L/clay
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semi-volatHes and metals respectively. Table 6-47 summarizes the exposure
calculations for food ingestion by the song sparrow and shorttailed shrew.

Exposure Assessment for Terrestrial Receptors

Data Gaps - Numerous data gaps are inherent 1n the exposure modeling. The
song sparrow may additionally be exposed to contaminants by bathing and
incidental ingestion of soil invertebrates, potentially increasing exposure.
The shorttailed shrew is expected to ingest soil directly when foraging and
may absorb soil contaminants through the skin, potentially increasing
exposure. Also the foraging range of both species naturally may taken them
out of the areas of high contamination potentially decreasing their exposure.
These variables can not be evaluated at this time. However, assuming that
both animals spend all of their time living and feeding in the sample areas of
highest contamination concentration, it is believed that the modeling will
yield a conservative estimation of potential exposure.

Terrestrial Exposure Assessment - By comparing detected contaminant
concentrations, estimated exposures, and toxicity information, a determination
can be made as to the significance of potential exposure. Exposure related to
the vegetation is based upon detected levels in soils without any modeling.
Vegetation may be exposed to lead, manganese, and zinc, and to a lesser
extent, cadmium at levels of potential concern, primarily around the fly ash
pile. In addition, aluminum is naturally occurring at potentially toxic
levels for some plants.. Aluminum toxicity is most easily observed as stunted
growth. Stunted growth of young pine species at the western portion of the
site was observed, however, this may be due to the extremely arid conditions
and poor soil present on the hillside. Annual plants are more susceptible to
toxicity than perennials due to their rapid growth requirements and nutrient
uptake, and their shallow root base.

Potential toxic exposure of bird species by ingesting plant material
contaminated by lead and zinc (and to a lesser degree, cadmium and manganese)
may be occurring near the fly ash pile. Exposure to cadmium through ingestion

6-179

_ AR3QQ367



U4

T 2.A «

.

S

12
5«
§1

£

o
u.
a
UJi—

i
I
z
0
a
UJ

UJ

M
Ô
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of surface water near SB-6 may cause minor chronic toxicity to birds.
Exposure to the levels of iron present at the leachate areas is sufficient to
cause chronic toxicity. Exposures to semi-volatiles in the vicinity of SWD-2
are not likely to be toxic to birds, however, levels are potentially
carcinogenic.

Potential toxic exposure to mammalian species ingesting soil invertebrates
contaminated by lead, manganese, zinc, and to a lesser degree, cadmium may be
occurring near the fly ash pile. Exposure to semi-volatile contamination in
the vicinity of SWD-2 may be sufficient to cause both toxic and carcinogenic
effects.

6.2.5.2 Aquatic Exposure Assessment

Contaminants in the water column offer two routes of exposure; the first being
direct intake through mouthparts and gills, and the second through dermal
absorption. Exposure to sediments may occur by two routes of exposure; the
first being direct and incidental ingestion during feeding, and the second
from dermal absorption. It "will be assumed that the concentrations of
compounds detected at the sample stations represent the average concentration
in that stream section, and that the aquatic organisms are exposed to the
detected concentrations continuously.

The aquatic exposure will be evaluated by comparing on-site surface water and
sediment concentrations of organic and inorganic compounds to that detected in
the background surface water and sediment samples taken at the reference
station. The aquatic exposure is based upon the data from the benthic
macroinvertebrate investigation {BMI) and the bloassay tests (Section 4.4).

Exposure Interpretation From Results - The results of the chronic surface
water bioassay involving Ceriodaphnia dubia gave inconsistent results which
were often contrary to the chemical and BMI data, therefore, these results
were not used as part of the exposure assessment. All of the results from the
7 day chronic bioassays involving Pimephales promelas, the 10 day chronic
sediment bioassay involving Hyall el a azteca* and BMI indicated significant
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toxic exposure of the aquatic community to the sediments and surface water in
Stream B. It should be noted that the 7 day surface water bioassay indicated
that a 50% solution of the steam water sampled inhibited growth, and greater
concentrations (100%) had no survival. The BMI also indicated significant
exposure occurring in Stream £, although the exposure does not seem to be as
pronounced as that of Stream B. This is most likely due to dilution resulting
from the confluence of Stream D. Streams A, D and F showed no signs of
contaminant exposure, although apparently natural elevated levels of iron,
lead, and zinc were detected in Stream F. Elevated levels of benzoic acid
were detected in the sediments of Stream C, however, Stream C appears to be
temperate and the benzoic acid appears to be an isolated occurrence.

Parameters That Exceed The VAWQC - Aluminum, cadmium, iron, lead, manganese,
nickel, zinc, and cyanide exceeded VAWQC or were present at elevated levels in
at least one surface water sample. Aluminum was detected at a concentration
of 1,880 ug/L at SB-2, however, the aluminum concentrations were significantly
lower at all other locations. There is no VAWQC for barium. A literature
search indicated that the barium concentrations are orders of magnitude below
levels that have been documented to be.toxic to most aquatic invertebrates and
fish. Cadmium was elevated above VAWQC for all sample locations between SB-5
and SE-1. Iron was elevated above VAWQC in the majority of Stream B. Lead
was elevated above VAWQC in most of the stream sample locations including the
reference station. Elevated lead concentration, to a limited extent, may be
naturally occurring, however, lead concentrations downstream from the fly ash
pile were significantly higher than background samples. Manganese
concentration were elevated above VAWQC throughout most of Stream B and SE-1.
During the second sampling round, nickel was reported to be above VAWQC in
Streams A. B, C, D, and E. However, all samples at locations where nickel was
in exceedence were qualified as having detected levels similar to that found
in the field blank, with the exception of SB-6. During the first sampling
round, reported nickel concentrations were near or below detection limits that
were well within the VAWQC, therefore it is unclear as to whether nickel is in
exceedence or not. The laboratory detection limits for silver (5 ug/L) were
above VAHQC, however, silver was not detected at this level. Zinc
concentrations were elevated above VAWQC at all locations downstream of the

6-182

SR300370



TCM 4208
RI REPORT

REV. #1
09/JAN/92

fly ash pile, including SF-1. Cyanide was detected once at SB-4 at a
concentration of 23.0 ug/L. Cyanide was not detected in any sediment sample.
See Table 6-45 for VAWQC values.

6.2.5.3 Exposure Summary

Potential exposures of terrestrial vegetation and wildlife to contaminants at
toxic and/or carcinogenic levels exists within the DCL site study area.
Terrestrial vegetation is exposed to chronically toxic metal concentrations in
the vicinity of the fly ash pile. Lead, manganese, and zinc are the primary
contaminants of concern. Mammals are potentially exposed, both directly and
through the food chain, to lead, manganese, cadmium and zinc at toxic levels
in the vicinity of the fly ash pile. Mammals are also potentially exposed at
toxic and carcinogenic levels of semi-volatile compounds in the vicinity of
SWD-2. Avian species run a similar risk to similar contaminants. In
addition, avian species run a potential exposure risk to direct and indirect
exposure to sur .ce water in the vicinity of SL-1, SL-2, and along Stream B.

There are significant exposure risks to aquatic organisms associated with
Stream B adjacent to and downstream of the fly ash pile. Stream E also has
exposure risks, however, the exposure risk is not as severe as that found in
Stream B. Stream A does not appear to pose an exposure risk to aquatic
organisms. Streams D and G have no risk of exposure to contaminants. Stream
F has low levels of contaminants detected in both surface water and sediments
but exposure levels do not appear to pose a risk to aquatic organisms.

6.2.6 Assessment of Risk

The assessment of risk integrates the results from the ecological
investigation, contaminant location, toxicity data, receptors and exposure
potential, and formulates the best estimate of ecological risk based on
information and experience. Through the combination of these factors, a
subjective risk estimation can be made. By applying the theoretical risks to
actual conditions, a realistic risk assessment can be formed.
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6.2,5.1 Threatened and Endangered Species

There were no Federal or State threatened, endangered, or species of special
concern observed within the DCL site study area. This does not eliminate the
possibility that they may exist on the site, but since no listed species are
suspected to be on the site, these species will not be directly addressed in
the risk assessment.

6.2.6.2 Terrestrial Assessment of Risk

Terrestrial Assessment of Risk - Toxicological information gained through
literature searches and modeling of site contaminants indicated ecological
risk associated with terrestrial vegetation and wildlife. The ecological risk
is located in three areas: in the vicinity of the fly ash pile, in the
vicinity of SWD-2, and at the leachate samples area.

The fly ash pile offer the greatest risk. Vegetation, especially annual
species, are at risk due to rthe heavy metal contamination. Lead, manganese,
zinc, and possibly cadmium are at toxic levels for some plants. Toxicity
would most likely be chronic, and may be difficult to demonstrate in the
field. Gross toxicity was not observed during the field investigation,
however, limited vegetation was observed due to the season of the site visit.
Mammals are at risk, primarily due to the lead, manganese, cadmium, and to a
lesser extent, zinc contamination. Avian species are at lesser risk than the
mammals from the same contaminants. Ecological risk has been modeled to
potentially occur through both direct exposure and exposure through the food
web.

Semi-volatile organic compounds, specifically PAHs, offer a significant risk
to terrestrial wildlife in the vicinity of SWD-2. Vegetation is somewhat
tolerant to the PAH levels. The PAH concentrations are at levels both toxic
and carcinogenic to sensitive mammalian species exposed through both direct
contact and ingestion of contaminants through the food chain'. Small mammals
are a greater risk due to their close contact with the soils. Avian species
are not likely to be exposed to toxic levels of PAHs, however, levels are
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sufficient to potentially cause carcinogenicity to sensitive avian species.

The leachate areas pose a risk to large to medium sized mammalian species and
to avian species that may directly ingest the surface water from these
locations. Exposure to manganese and especially iron constitute the greatest
potential risks.

Accuracy of the Models - The models used in determining the exposure of
terrestrial organisms to contaminants do not consider a number of variables
resulting in data gaps. These variables exist because of the lack of site
specific information which is inherently unachievable or that is not practical
to obtain. Incidental ingestion of soils while consuming soil Invertebrates
and burrowing, home ranges of species modeled, frequency of ingestion of
contaminated food-stuff, metabolic variations between species (i.e. metabolic
detoxification and excretion, hormone changes during reproduction, etc.),
sensitivity to contaminants between species, duration of exposure, and actual
uptake by organisms in food web are just a few of the variables. However,
estimated ingestion rates can be determined to give-a rough idea of exposures.
By modelling using areas of highest concentration and assuming that the
organism is solely ingesting that which has the greatest contamination, a
conservative model may be developed. The actual exposure rate is most likely
less then what is predicted, however, the conservatism helps to ensure that a
false negative error (i.e. reporting "no risk" when a risk is present) does
not occur.

6.2.6.3 Aquatic Assessment of Risk

Benthic Macroinvertebrate Investigation .BMP - The aquatic investigation
indicated an overall healthy aquatic community and habitat. Sensitive (EPT)
organisms were usually dominate in the benthic collections. Diversity was
high, and high numbers of organisms were generally collected. The exceptions
were at SE-1 and SB-6 where ecological stress was evident. SB-6 appears to
have significant impairment while SE-1 (located below the mixing zone at the
confluence of Streams B and D) appears to be only mildly impaired. It should
be noted that the habitat as well as site-related contaminants, may both
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contribute to the impairment at SB-6. For a more detailed description, see
Section 4.5.

Bioassav Results - Significant toxicity was reported during each bioassay
involving surface water and sediments taken from SB-7. This is in agreement
with the results of the chemical analyses. On the other hand, the chronic
bioassay using C, dubla indicated toxicity from surface water.taken from all
sample locations, results which are not collaborated. For example, both the
BMI and chemical sampling results suggest a healthy reference area (Station
SG-1) while the C. dubla results indicate toxicity. Aside from the bioassay
involving SB-7, no toxicity was reported during the 7-day chronic bioassay
using F, prornelas or the 10-day chronic bioassay using H. azteca. The only
exception being a statistically insignificant decrease in survival of {L.
azteca from sediments taken from SA-5. For a more detailed description, see
Section 4.5.

Reference Station Evaluation - The reference station was determined to be
representative of the natural stream habitat and community structure occurring
in the area. High diversity, high numbers, and good EPT representation was
observed at the reference station (SG-1). The community structure at station
SG-1 was slightly different than that found at station SF-1. The difference
can be attributed to the influence of the Roanoke River (a third-order stream,
approximately 150 yards below SF-1), and that Stream F is a second-order
stream as apposed to Stream G which is a first-order stream. Different order
streams naturally have different community structures. As a result the more
prevalent species from a particular order stream (e.g., 3rd Order, Roanoke
River) may migrate into another order stream (E.g., 2nd Order, Stream F) in
the stream sections that are in close proximity to their confluence, and vice
versa.

Assessment of Risk - The VAWQC, BMI, and the bioassays either suggest and/or
indicate severe impairment of the aquatic community in Stream B downstream of
the fly ash pile. When compared to the reference station (SG-1), Stream B
(SB-6) had low diversity, low number, low collector populations, low EPT
populations, moderate dissimilarity, and low CPOM populations. The 7- day
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fathead minnow bioassay indicated reduced growth at 50% concentration and 100%
mortality at 100% concentration of the surface water sample.

As illustrated in Figure 6-4, Stream B joins with Stream D to form Stream E.
From the assessment performed, Stream E appears to be under stress. Generally
lower numbers and EPT diversity were observed at SE-1 when compared to the
reference station. It appears that "clean water" from Stream D is diluting
the toxicity being introduced by Stream B. BMI did not reveal any significant
toxicity in Stream D.

Elevated levels of zinc were detected in Stream F, although no impairment was
indicated in either the BMI or bioassays. The zinc contamination may be
responsible for the lack of periphyton and aquatic vegetation in Streams B
and E. - " - - - - - ------——-"-"-- - - - - - -_- -

Streams A, D, and G appear to have a healthy aquatic community.

Source of Ecological Risk - The source of risk to aquatic life Is the fly ash
pile and historic contamination in the stream sediments. Presently there is a
retention dam immediately downstream of the fly ash pile which acts as a
settling pool for contaminated sediments. The dam greatly reduces the .
contaminant migration into the aquatic environment, however, dissolved
contaminants in the water column and contaminated fine suspended contaminants
are most likely still entering the system. In addition, the retention dam
does not serve as a permanent solution for the protection of aquatic life. A
significant quantity of fly ash appears to have entered Stream E prior to the
installation of the retention dam. This historical contamination appears to
be migrating down the tributaries, primarily in the sediments.

6.2.7 Conclusions of Ecological Assessment

Modeling has demonstrated the potential for ecological risk to terrestrial
wildlife, both mammals and birds. The risk appears to be localized into three
areas: the vicinity of the fly ash pile, leachate areas, and one of the five
zones in the solid waste fill area SWD-2. The fly ash pile and leachate pose
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ecological risk due to the elevated heavy metal concentrations detected.
Lead, manganese, zinc, cadmium, and iron are the contaminants of concern.
Semi-volatile organic compounds, primarily PAHs, in the soil in the SWD-2 zone
occur at levels that may cause chronic toxicity to mammals. Of greater
concern is the carcinogenic potential the PAHs pose to both birds and mammals.

Vegetation is at risk in the vicinity of the fly ash pile. Zinc, lead, and
manganese are the contaminants posing the greatest risk. No gross toxicity
was observed during the site visit, however, the annual species were not
present due to the season of the visit (early spring). The other vegetative
areas observed appear to be typical of that expected to be present in the
area. The emergent growth on the landfill appears to be undergoing the
natural succession expected to occur.

The aquatic community is impaired in Stream B. Stress has been observed in
Stream E near the confluence with Stream B. (It should be noted that the
chemical data and observations from the sample station 1n Stream E is only
representative of that particular section of the stream, and that the
conclusions may not necessarily accurately characterize the condition of
Stream E further downstream.) The fly ash migrating from the fly ash pile is
considered the cause of the stream impairment. Stream F does not appear to be
under stress related to the site. The remaining Streams (A, D, and G) have a
healthy aquatic community.

Of special interest to the ecologic assessment is the nearby Roanoke River
which contains threatened and endangered species. Presently, there is no
stress observed in Stream F. Therefore, ecological impairment of the Roanoke
River, where Stream F discharges, is not thought to be occurring. However,
the Roanoke River was not sampled to confirm this conclusion. There does
appear to be a "slug" of heavy metal contamination working its way down the
tributaries associated with the site. The majority of the contamination
appears to be historical contamination (i.e., previously transported off-
site), although it is suspected that the on-site fly ash pile also contributes
contaminants dissolved or suspended in the water column. Regardless,
significantly contaminated sediment will eventually reach the Roanoke River if
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measures are not taken to arrest the contamination migration. It is not known
to what extent the river could tolerate the contamination should the migration
continue.
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7.0 SUMMARY AND CONCLUSIONS

7.1.1 Nature and Extent of Contamination

A summary of the nature and extent of contamination for surface water, sediment,
surface and subsurface soils, and groundwater in the vicinity of the DCL site
follows:

Ground Water Investigation . , . -. , ..,,-

• The analysis of groundwater flow direction (Section 4.7.2) has identified
fracture-controlled, localized patterns of recharge/discharge to be
typical of the clastic rock geohydrologic unit at the DCL site. The
groundwater gradient is a subdued reflection of surface topography, in
which surface water courses represent groundwater flow lines, indicating
a local gradient to the southeast and a regional gradient to the east,
parallel to the Roanoke River. These groundwater flow direction data,
enhanced by local topographic data, indicate that the majority of
residential wells along Meacham Road (PW-9 through PW-15) are not
hydro!ogically connected to the DCL site.

• The comparison of site RIW data among themselves, to RIW-1, and to
published water chemistry reference values indicate that RIW-11, 12, and
13 are chemically anomalous. Attempts to identify site-wide or localized
groundwater contarai nati on ari si ng from past d1sposal practi ces has
resulted 1n the recognition of widely distributed elevated levels of iron,
magnesium, and manganese, and selected locations with elevated sodium and
very low-level organics (largely pesticides) at the DCL site.

• Very few organics were detected in the private wells and those that were
found were at extremely low concentrations in locations which were
determined to not be downgradient of the site. The compounds detected and
hydrologlc evaluation performed indicates that these organic compounds did
not originate from the DCL site. None of the eight different pesticides
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and semivolatiles found in those residential wells were detected in the
soils, surface water, or sediment at the DCL site. Of the few, very low
levels of semivolatiles and pesticides detected in those residential
wells, only heptachlor epoxide and gamma chlordane were also detected in
the on-site monitoring wells. No organic compounds were detected at well
locations downgradient of the DCL site and the inorganic constituents
detected do not indicate contamination of residential wells by the DCL
site.

A summary comparison of the residential well inorganic data set as a
population versus the monitoring well inorganic data set shows the
following trends. The on-site wells generally contain proportionally
higher amounts of the following inorganics: aluminum, potassium, sodium,
arsenic, chromium, cobalt, iron, and manganese. The residential wells
generally contain proportionally higher amounts of calcium and magnesium.
The two populations have roughly equivalent proportions of barium, copper,
lead, and zinc. These trends are a direct reflection of the geologic
setting of the two we!^groupings.

Table 7-1 identifies the groundwater concerns by comparing on-site monitor
wells data with health-based criteria (risk of lX10"e for ingestion and
showering) and with State of Virginia regulatory standards. It should be
noted that current Virginia State Solid Waste Regulations support
corrective actions where groundwater contaminants exceed background
levels. However, in the absence of DCL site background information, a
comparison is made against maximum concentrations provided in the Virginia
State Hazardous Waste Management Regulations (HWM regulations may or may
not be applicable to the site).

Surface Soil

A geotechnical evaluation of soils covering the solid waste fill zone
found generally low moisture contents, low liquid limits, and low values
of recompacted permeability. The latter characteristics indicate that
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relatively little precipitation will infiltrate into the solid waste
disposal area. It should be noted that the recompacted permeability
values do not appear to be consistent with the textural data for these
soil samples. Textural data suggest a higher level of permeability should
exist. Recompacted permeability values obtained are considered suspect.

There were low levels of organic contaminants found in surface soils.
Acetone was the only volatile organic compound detected, and was found in
the background sample (B-3) and SWD-2 at 130 ^g/kg and 7 (J) /_g/kg,
respectively. In general, the concentrations of semi-volatile compounds
were low. The majority of the semi-volatile organic compounds detected in
the surface soils were detected in samples from the solid waste disposal
area at location SWD-2. In all, seventeen semi-volatile organic compounds
were identified, accounting for a total concentration of 10,635 //g/kg.
Bis(2-ethylhexyl)phthalate was detected above background in samples SWD-1
and SWD-2 in concentrations of 110 and 150 /̂ g/kg, respectively.

No pesticides or PCB's were detected in any of the surface soil samples.

There was a wide range of inorganic compounds (metals) encountered in the
soils at the DCL site. The metals lead, manganese, nickel, and zinc
appear to be distinctively elevated above background concentrations. The
highest metal concentrations were encountered in the immediate vicinity of
the fly ash pile. Surface soil samples taken around the edge of the fly
ash contained less than 400 mg/kg of lead while samples of the fly ash
contained an average of 45,000 mg/kg of lead.

Subsurface Soil

El ght (8) subsurface soi 1 samples (2 samples col 1ected at 4 sample
locations) taken in the drum disposal and sludge disposal waste areas were
reviewed for concentrations of six indicator contaminants. Contaminant
levels 1n these samples did not exceed clean-up standards used by Roanoke
County 1 n remedi ati on efforts. These standards were j udged to be
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protective of human health by USEPA. In fact, the maximum indicator
chemical concentration detected at the DCL site in any of the surface and
subsurface soil samples was less than half of the clean-up standard.

No pesticides were detected, in any of the subsurface soil samples.
However, the PCB compound Aroclor 1254 was present in samples collected in
the former drum disposal area. Sample DD-1/2-4 feet (bgs) and sample DD-
1/4-6 feet (bgs) contained concentrations of 300 and 370 /*g/kg,
respectively.

Air Pathway

The potential for organic emissions from the DCL site appears to be
negligible. Volatile organics detected in surface soils, subsurface
soils, and groundwater can be characterized as being very low in
concentration.

The airborne movement of fly ash particulates appears to be negligible.
Surface soil sampling in the immediate vicinity of the fly ash pile
indicated very low levels of dispersal of fly ash. Furthermore, the fly
ash appears to have an average diameter similar to sand (between 2 and .85
microns), and is unlikely to move easily in the heavily sheltered ravine
in which the fly ash pile resides.

Surface Water

Inorganic analytes appear to the most common surface water contaminant at
the DCL site. Aluminum, cadmium, copper, iron, lead, manganese, nickel,
and zinc were detected above Virginia Water Quality Criteria (VAWQC) or
were at levels above background for analytes for which no criteria exists.
In the stream surface water samples, the levels of many inorganics (e.g.,
cadmium, lead, zinc, and manganese) are distributed in a similar pattern;
the highest concentrations are found between a historic disposal area (the
fly ash pile) and the confluence of Streams B and E.
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• High levels of inorganics were found in leachate samples draining from the
solid waste fill area. It should be noted that the leachate samples
collected were downstream of an activated carbon filter operated by the
County of Roanoke. Accordingly, the level of organic compounds in the
leachate is unknown.

Sediments

• Polycylic Aromatic Hydrocarbons (PAHs) and Phthalate Esters are the
predominate organic compounds found in sediments at the DCL site. In the
southern drainage path, bis(2-ethylhexyl)phthalate and di-n-octylphthalate
were detected at and downstream of Station SA-4 (first sampling station
downstream of the site entrance). PAHs are the predominate semi-volatile
compounds found in the Stream B sediments and include, Benzo(a)pyrene and
Benzo(b)fluoranthene. PAHs were detected in sediments just downstream of
a historic waste area (the drum disposal area) but not upstream of it.

• A variety of inorganics' in sediments appear to originate from the DCL
site. The major concentration of metals in sediments are found in the
northern drainage path and appear to originate from the fly ash pile.
Inorganic metals detected include lead, manganese, zinc, chromium, silver,
cadmium, antimony and barium. The concentration of all of these metals
increases dramatically at the toe of the fly ash pile, peaks in
concentration near the confluence of Streams B and E, and then decreases
as Stream E flows southeastward.

7.1.2 Data Limitations and Recommendations for Additional Work

Field sampling activities at the DCL site fulfilled all of the investigation
objectives outlined in the site Work Plan. However, the evaluation of the wealth
of data produced by field activities has introduced new questions regarding the
DCL site. Areas where additional work may be warranted are as follows.
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• Perform additional sediment sampling to identify the extent of migration
of fly ash material in Stream E sediments. At this time 1t is uncertain
at what distance upstream of the Roanoke River the lead and zinc levels
are acceptable. In addition, little information exists on the depth of
sediment deposits throughout the affected section of Stream E. Concurrent
with the investigation of sediment, surveying of potential sites suitable
for construction of sediment collection facilities should be performed.

7.2 FATE AND TRANSPORT

Based on field investigation results, there is a need to consider transportation
mechanisms for organic compounds (PAHs and phthalate esters) and inorganic
(metals) contaminants. The dominant fate processes associated with these
compounds appear to sorption to soil and sediment, and groundwater advectlon.
These compounds are relatively unsusceptible to biodegradatlon transformation.
A summary of contamination migration pathways and contaminant fate and transport
follows:

Sediment . .._._ _ ...... . ', . . . . . . .

Field investigation efforts suggest a plume or slug of sediments with high
metal concentrations is slowly moving away from the site in Stream E.
Based on laboratory analysis of sediment samples, the slug has not reached
the Roanoke River. Sampling along Stream E suggests the front of this
slug is somewhere between 800 and 1600 feet upstream of the confluence of
Streams E and G. Based on current information, the slug front has moved
downstream between 100 and 200 feet per year, assuming movement started
when the waste disposal ceased in 1976.

Surface Soils

A significant potential for surface erosion and movement of contaminated
surface soils exists in soils covering the solid waste disposal area.
Current on-site sediment/erosion controls (detention ponds and grass
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swales) appear to have limited the movement of contaminated soils from the
site, however, steep areas left bare by recent remediation efforts will
erode and may exceed the capacity of existing sediment/erosion controls.

Ground Water

* Contaminants found at the DCL site do not indicate the presence of a
concentrated contaminant plume. The extent to which any contaminant at
the DCL site might migrate in the downgradient direction is difficult to
quantify without complex numerical models. However, according to simple
dilution calculations any contaminants introduced by the DCL site will be
reduced to 1% of on-site levels by the time groundwater reaches the
nearest downgradient residential wells (PW-1 through PW-6). This level of
dilution estimate is supported by concentrations of metals in the detected
in on-site (RIW) and residential (PW) wells.

7.3 RISK ASSESSMENT

Chemicals of Potential Concern

Of the chemicals detected at the DCL site, chemicals of potential concern were
selected based on several criteria, including frequency of detection and the
percent contribution of risk using derived risk factors. Note, chemicals found
In residential wells not downgradient of the site were not considered as a site
related problem. As such these residences are not included in the site risk
assessment even though chemicals may be of concern to public health.

Over 20 compounds were selected as chemicals of potential concern at the DCL
site, including carcinogenic and noncarcinogenic PAHs, phthalate esters, and
several heavy metal compounds such as cadmium, lead, and zinc. From the
groundwater monitoring results, arsenic and manganese appeared to be the primary
contaminants of concern; however, the concentrations of these inorganics did not
appear to be elevated. Residential wells in the area also did not appear
Impacted by the site based on a comparison of water chemistry.
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In surface water, barium, cadmium, manganese, and zinc were the primary chemicals
of potential concern. Lead released from the site did not appear to
significantly impact groundwater, surface water, or soil at the DCL site. Both
carcinogenic and noncarcinogenic PAHs were found in sediment, surface soil, and
subsurface soil. Sediments in the northern drainage area appear to be
significantly impacted from storm water runoff from the fly ash pile. Highly
elevated levels of cadmium, lead, and zinc were found in sediment samples
collected near the fly ash pile.

Exposure Assessment

The following current land-use exposure pathways were be quantitatively evaluated
in this report:

• ingestion and dermal absorption of chemicals of potential concern in
groundwater from private wells by off-site residents (assuming no
treatment of groundwater);

• direct contact with surface soil by trespassers (i.e., children) playing
at the DCL; and , ,

• direct contact with surface water and sediments by children playing in
various streams and groundwater seeps in the vicinity of the DCL site.

The following future land-use exposure pathways were quantitatively evaluated in
this report:

• ingestion and dermal absorption of chemicals of potential concern in
groundwater at the DCL site by hypothetical future residents.

Exposure p~oiht "concentrations were estimated for each chemical of potential
concern and exposure pathway. Exposure point concentrations and exposure
parameter values were combined using a chemical intake equation to estimate
exposure (i.e., chronic daily intake [CDI]) for the reasonable maximum exposure
(RME) case for each chemical of potential concern and pathway.
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Human Health Risk

Toxicity criteria (Section 6.1.4) and CDIs (Section 6.1.3) were combined to
quantify potential carcinogenic risk and noncarcinogenic hazard associated with
the exposure pathways quantitatively evaluated in the DCL baseline risk
assessment.

Potential carcinogenic risk was quantified by multiplying the CDI by the slope
factor when the cancer risk was below 10"2. Chemical-specific cancer risks were
summed in order to quantify the total cancer risk associated with exposure to a
chemical mixture. Potential carcinogenic risks are expressed as an increased
probability of developing cancer over a lifetime (i.e., excess individual
lifetime cancer risk) (USEPA 1989a). For example, a 10"6 increased cancer risk
can be interpreted as an increased risk of 1 in 1,000,000 for developing cancer
over a lifetime if an individual is exposed as defined by the pathways presented
in this report. A 10"6 increased cancer risk is the point of departure
established in the NCP (USEPA 1990). In addition, the NCP (USEPA 1990) states
that "for known or suspected carcinogens, acceptable exposure levels are
generally concentration levels that represent an excess upper bound lifetime
cancer risk to an individual of between 10"4 and 10"6." Carcinogenic risks in
excess of the acceptable risk range are likely to trigger a remedial response.
Carcinogenic risks within the acceptable risk range, yet in excess of the point
of departure (I.e., 10"6), also may trigger a remedial response.

Noncarcinogenic effects associated with exposure to a contaminant was quantified
by dividing its CDI with its reference dose (RfD). This ratio is called the
hazard quotient. If the hazard quotient exceeds unity (I.e., 1), then an adverse
health effect may occur. If the estimated hazard quotient is less than unity,
then adverse noncarcinogenic effects are unlikely to occur. The potential risk
from a chemical mixture was evaluated by calculating the hazard Index which 1s
the sum of the chemical-specific hazard quotients.

As discussed in Section 6,1.3.3, Section 6.1.5, and Section 6.1.6, conservative
assumptions were used to estimate CDIs and risk in order that potential risk was
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not underestimated. The conservative assumptions were used because of the
uncertainty associated with the risk assessment process. The assumptions
discussed in this report should be considered when reviewing the risks presented
1n this section. In particular, the risk estimates presented for future use of
groundwater should be Interpreted as an evaluation of groundwater quality at the
site for developing remediation strategies. Groundwater at DCL is currently not
used as a drinking water resource.

A summary of the potential carcinogenic risks and noncarcinogenic hazards
estimated for the exposure pathways quantitatively evaluated 1n the DCL baseline
risk assessment is discussed below.

• Current Land-Use: Use of Groundwater from Residential Wells Downgradient
of the DCL Site.. No. potential carcinogenic chemicals were detected in the
10 residential wells detected southeast of the DCL site. In addition, the
hazard Indices for all of the private residential wells were below unity
(1). The highest hazard index of 0.3 was estimated for use of groundwater
from PW-8. Therefore, noncarcinogenic effects associated with Ingestion
and dermal absorption of contaminants from these residential wells are
unlikely to occur.

• Current Land-Use: Direct Contact with Surface Soil by Children Playing at
the DCL Site. The total excess cancer risk associated with incidental
Ingestion and dermal absorption (I.e., 2xlO~5) exceeded the NCP point of
departure (i.e., 10"6), but was below the upper-bound of the NCP acceptable
risk range {i.e., 10~4) (USEPA 1990). Potential carcinogens detected in
surface soil include carcinogenic PAHs, beryllium, and arsenic. The only
significant concentration of benzo(a)pyrene (equivalents) was found in the
sample SWD-2 collected in the solid waste disposal area. Similar levels
of arsenic and beryllium were found 1n both the solid waste disposal area
and in the vicinity of the fly ash pile (does not consider direct contact
with fly ash). All of the contaminant-specific hazard quotients, as well
as the hazard index, were below unity. Therefore, noncarcinogenic effects
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associated with direct contact with surface soil while playing at the DCL
are unlikely to occur.

• Current Land-Use: Children Playing 1n Streams in the Northern Drainage
Area. The potential carcinogenic risk associated with dermal absorption
of contaminants in surface water and sediments, and Incidental ingestion
of sediments in the northern disposal area was 8xlO"e. Thus, the estimated
carcinogenic risk exceeds the NCP point of departure of 10"6, yet is below
the upper-bound of the NCP acceptable risk range (i.e., < 10"4) (USEPA
1990). The primary carcinogens of concern in the northern disposal area
Include: b1s(2-ethylhexy1)phthalate in surface water and carcinogenic
PAHs 1n sediments. These chemicals were detected near the fly ash pile.
It should be noted, however, that risks associated with exposure to
background levels of arsenic and beryllium in surface water and sediments
are much higher than those estimated for the two organic compounds.

With respect to noncarcinogenic hazards, the hazard index exceeded unity
(1) by a factor of 8. Chemicals that significantly contributed to this
hazard index include: cadmium in surface water, and cadmium, silver, and
zinc in sediments. Thus, noncarcinogenic effects associated with direct
contact with surface water and sediments directly downstream of the fly
ash pile may occur. In surface water, the highest detected concentrations
of cadmium were found at Stations SB-5 and SB-6 which are located just
downstream of the fly ash pile. The highest levels of cadmium, silver,
and zinc are found in sediments between Stations SB-5 and SE-1.

The potential noncarcinogenic hazard associated with exposure to lead in
sediments was evaluated using a pharmacokinetic approach. There is a 96%
chance that a six year old child regularly playing in sediments near the
fly ash pile (sample location SB-7) would have elevated blood-lead levels
(I.e., > 10 ug/dL). The maximum detected concentration of lead (30,800
ragAfl) also exceeds the Interim soil cleanup level for lead at Superfund
sites by a factor of 60. This interim cleanup level 1s considered to be
sufficiently protective for direct contact in residential settings (I.e.,
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500 mg/kg) (USEPA 1989d). In the northern drainage pathway, elevated lead
concentrations are found in sediments from just below the fly ash pile to
confluence of Streams E and G.

Current Land-Use: Children Playing in Streams and Seeps in the Southern
Drainage Area. The total, potential carcinogenic risks associated with
direct contact with surface water in the southern drainage area was below
the NCP point of departure (i.e., 10"6) (USEPA 1990). No potential
carcinogenic compounds were selected as chemicals of potential concern in
sediment in the southern drainage area.

With respect to noncarcinogenic hazards, individual contaminant-specific
hazard quotients and the hazard index for all chemicals of potential
concern in surface water for the southern drainage area were below unity.
Accordingly, noncarcinogenic effects are unlikely to occur. Di-n-
octylphthalate was the only chemical of potential concern selected for
sediment; however, toxicity criteria were not available for this chemical.
Background levels of several inorganics detected 1n this stream may
present a greater hazard than those estimated for the chemicals of
potential concern which may or may not be related to the site. Therefore,
it does not appear that the site has significantly impacted this stream
from a human health stand point.

Current Land-Use; Children Playing in Stream F. All chemicals detected
in surface water at Stream F were found to be within natural background
and were not selected as chemicals of potential concern. The total
potential carcinogenic risks associated with direct contact with sediment
in Stream F was below the NCP point of departure (i.e., 10"6) (USEPA 1990).
With respect to noncarcinogenic hazards, individual contaminant-specific
hazard quotients and the .hazard index for all chemicals of potential
concern 1n sediment at Stream F were below unity; therefore,
noncarcinogenic effects are unlikely to occur.
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* Multimedia Assessment of Risk under Current land-U.se Conditions. For th_e
multimedia exposure assessment, it was conservatively assumed that an
individual is exposed via all exposure routes evaluated, as well as the
highest risk estimated for any given location according to the RME case
(i.e., highest risk estimated for direct contact with surface water and
sediment, and use of untreated groundwater from PW-8). The total
carcinogenic risk was 3xlO"5 and the hazard index was 9. The highest
carcinogenic risks were associated with direct contact with surface soil,
while the highest noncarcinogenic hazards were estimated for direct
contact with sediments and surface water in the northern drainage area.
The most significant risk estimates associated with direct contact with
streams occurred in the northern drainage area just downstream of the fly
ash pile.

• Future Land-Use Conditions: Use of Groundwater'by Hypothetical Residents
at the DCL Site. The potential carcinogenic risk from using groundwater
for ingestion and bathing was 3xlO"4. This risk exceeded the NCP point of
departure (i.e., 10"6) and the upper-bound of the NCP acceptable risk range
(I.e., 1Q"4) (USEPA 1990). Arsenic was found in wells sunk near the fly
ash pile and between the solid waste disposal area and Twine Hollow Road
to the south. It should be noted, however, that the maximum detected
concentration of arsenic was only 5 ug/L which is 10 times lower than the
HCL for arsenic (50 ug/L). In addition, recent evidence suggest that the
slope factor for arsenic is based on a non-lethal cancerous effect (i.e.,
skin rash). Also, exposure to arsenic may have a threshold (similar to a
noncarcinogenic effect), for which the maximum concentration does not
exceed.

The hazard index associated with ingestion of groundwater at the DCL site
exceeded unity by a factor of 5, mainly due to antimony and manganese, the
only contaminants with hazard quotients that exceeded one. Antimony was
detected at four monitoring well locations: RIW-1, RIW-7, RIW-10, and
RIW-12. Manganese was detected at all sample locations, with the highest
levels found in RIW-2 and RIW-10. Therefore, noncarcinogenic effects from
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ingestion of groundwater from the DCL site may occur. It should be noted,
however, that the RfD for antimony was derived using an uncertainty factor
of 1,000. In addition, it is difficult to ascertain the level of antimony
and manganese which is present from natural sources. RIW-1 was intended
to serve as a background well but was found to be contaminated with
volatile organic compounds.

Non-Site Related Human Health Risk

While evaluating human health risks associated with the DCL site, an assessment
of non-site .related health risk was performed on residential wells
hydrogeologically isolated from the DCL site. Several potential carcinogenic
organic chemicals and arsenic (which is a known human carcinogen), were detected
in four residential wells (i.e., PW-9, PW-10, PW-12, and PW-14) located
south/southwest of the DCL. A second round of residential well sampling was
performed to verify the groundwater quality in some of these wells but only
preliminary laboratory results are available at this time.

Based on the first round of residential well water sampling, a potential
carcinogenic risk is associated with use of groundwater (i.e., Ingestion and
bathing) at PW-9 and PW-14. For these wells carcinogenic risks were estimatejl
to be approximately 2xlO'4, which slightly exceeds the upper-bound of the NCP
acceptable risk range (I.e., 10"4). It should be noted that preliminary
laboratory results Indicate the carcinogenic chemical found 1n PW-9, bis(2-
chloroethyl)ether, was not detected during the second round of sampling. In
addition, the arsenic found in PW-14 was detected at a concentration 10 times
below the current MCL of 50 ug/L.

The low detected concentrations of pesticides found in PW-10 and PW-12 resulted
in carcinogenic risks of 1x10**, which equals the NCP point-of-departure. In»
addition, the level of lead In PW-10 (Round 1: 26 ug/L, Round 2: 16 ug/L
[preliminary result]) is below the current MCL of 50 ug/L, but exceeds the
proposed MCL of 15 ug/L. The levels of lead in PW-10 may be of concern,
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particularly to children, since the proposed MCL for lead of 15 ug/L was a more
accurate health-based derivation,

Environmental Risk

The major conclusions regarding potential risks to aquatic and terrestrial
habitats in the vicinity of the DCL site are as follows:

* The Roanoke River contains a federal endangered species and a candidate
species. A slug of sediment containing high levels of metals is currently
worklng 1 ts way from the si te toward the Roanoke River along an
intermittent stream. Currently, there is no visible impact of metal-
enriched sediments on a tributary to the Roanoke River (Stream F).
However, sediment related impai rment of the aquatic community was
identified in the northern drainage path near the site boundary (Stations
SB-6 and SE-1). There are no threatened, endangered, or species of concern
on the DCL site for plants, mammals, or insects.

• Contaminants found in three locations on the DCL site impose an ecologlc
risk to terrestrial wildlife (mammals and birds). Risk is found in the
immediate area of the fly ash pile, in one zone of the solid waste fill
area, and in areas where leachate discharges near the site entrance. At
the fly ash pile, lead, manganese and zinc are the chemicals of concern.
PAHs found in surface soils covering solid waste in the SWD-2 zone impose
chronic toxicity to mammals. Finally, wildlife which come into contact
with leachate draining from the solid waste fill zone are at risk due to
elevated heavy metal concentrations.

• In general, the site does not appear to impose an ecologic risk to the
terrestrial habitat. However, levels of heavy metals in the area
immediately adjacent to tfie fly ash pile are sufficient to be toxic to
vegetation.
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7.4 RECOMMENDED REMEDIAL OBJECTIVES

Based on the results of this investigation, the following remedial objectives are
recommended for each of the major media related to the site:

OBJECTIVES FOR SURFACE WATER - Recommended remedial action objectives for risks
associated with surface water include:

• limit further surface water contamination by site related contaminants
through mitigation of the fly ash pile.

OBJECTIVES FOR SURFACE SOILS - Recommended remedial action objectives for risks
associated with surface soils include:

• inhibit further releases of any site related contaminants by way of
erosion.

OBJECTIVES FOR SUBSURFACE SOILS - Recommended remedial action objectives for
risks associated with subsurface soils include:

• inhibit further releases of any site related contaminants by limiting
activities which would expose subsurface soils to transport processes.

OBJECTIVES FOR SEDIMENT - Recommended remedial action objectives for risks
associated with sediments Include:

• limit the impacts of contaminated sediment originating from the site to
protect sensitive and valuable aquatic habitat.

OBJECTIVES FOR GROUND WATER - Recommended remedial action objectives for risks
associated with ground water include:

• prevent the future ingestion of ground water at the site;
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Screenlng and evaluati on of sped fi c remedi al alternati ves to meet these
objectives will be addressed in detail in the Feasibility Study Report which will
be submitted under separate cover.
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EPA REGION III
SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOC ID
PAGE

IMAGERY COVER SHEET
UNSCANNABLE ITEM

SITE NAME

OPERABLE UNIT ° U

ADMINISTRATIVE RECORDS- SECTION VOLUME

REPORT OR DOCUMENT TITLE

T —

DATE OF DOCUMENT

DESCRIPTON OF IMAGERY.

NUMBER AND TYPE OF IMAGERY ITEM(S) / Q



DIXIE CAVERNS LANDFILL
62.513 ACRES
P.B. 10, PG. 49

N 38°00'00"W
100.00'

N 64°00'00"W
53.00'
N 38°00'00ME
96.00'

N 74°00'OOtIW
155.00'

N 88°30'00''W
195.00'

N 74°00'00"W
200.00'

N 14°30'00WW
192.00'
N 15°30'00"W
214.00'

N 73°00'00"W
212.00'

N 60°30'00"-W
169.00'
N 19°00'00"W / 0̂.7 MILES TO RTE. #647
163.00'

SITUATE AT END OF VA SEC
RTE # 778 ^ ,—END STATE

CATAWBA MAGISTERIAL DISTRICT KEY PLAN V/ MAINTENANCE
ROANOKE COUNTY, VIRGINIA ~~——— ^ VA. SEC. RTE. #778

•- CORNER FOUND 5CALE* =4°0
o - CORNER OF RECORD

sourc., Ro.d l«proT««nt Plmn by Olw
Incorporated, Mar 11, 198«



Surface Soil Samples and Remedial Investigation
Well Coordinates - Dixie Caverns Landfill site
(Coordinates Given for Site Specific Grid System)

Well
Location

RIW-1
RIW-2
RIW-3
RIW-4
RIW-6
RIW-7
RIW-S
RIW-9
RIW-10
RIW-11
RIW-12
RIW-13

Sample
Location

SWD1A
SWD1B
SWD1C
SWD1D
SWD2A
SWD2B
SWD2C
SWD2D
SWD3A
SWD3B
SWD3C
SWD3D
SWD4A
SWD4B
SWD4C
SWD4D
SWD5A
SWA5B
SWD5C
SWDSD

Northing
(feet)

12605
12501
12582
12680
12343
12253
12405
11843
11682
11383
11277
11266

Northing
(feet)

12586
12480
12402
12311
12440
12379
12720
12187
12235 *
12033
11945
11892
11765
11758
11704
11831
12246
11901
11500
11442

Easting
(feet)

8208
8604
9056
9332
8535
8982
9237
8040
9033
7743
8474
8834

Easting
(feet)

7962
7891
7941
7890
8191
8162
8020
7938
8588
8320
8154
8095
8331
8411
8464
8559
9204

» 8919
8840
8782

SR300M7
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DIXIE CAVERNS fc?) "
SOLID HASTE THICKNESS

As part of the Dixie Caverns landfill project, an estimate of the
volume of solid waste was prepared. This was accomplished by
computing the surface Integral between the present day topography, and
the pre-existing topography before landfill operations. The present
day surface topography was acquired from a 1990 2-foot contour map of
i scale of 1 foot - 50 feet, developed by aerial photogrammetrlc means
by T.P. Parker & Sons surveyors. The pre-landfill topography (1964)
was obtained from the 1963, Virginia, 7.5 foot Glenvar, topographic
map.

Both maps were digitized at 20-foot contour intervals over the
solid waste area (delineated on Plate 2-1, in Figure 1-1, located In
the Dixie Caverns field sampling plan). The 1963 map was photo-
enlarged to a 1-inch « 340-feet scale to ease the digitization
process. Digitizing for both maps was performed using AutoCAD. The
common buildings labeled A, B, and C (south of the site) on both maps
were used as horizontal control to tie both map areas to the same
coordinate system. Equivalent elevation contours for these three
common buildings, Indicated that vertical control was the same for
both maps (at the 20 ft contour level). Additionally, the solid waste
border was digitized.

SURFER was used to determine the volume of the solid waste area*
The appropriate contour elevations (z-values) were appended to the
digitized data, and transformed into data ASCII files. Each file was
used as input for interpolation by the GRID subprogram to create a 100
x 100 block grid, using krlglng and a 10 point octant search criteria.
Afterwards, the area outside of the, border solid waste line was
blanked from each grid. A topo map of each surface was made, with all
the data points plotted, for a visual check of the process.

To compute the actual volume of the waste area (the volume
between the 1990 and 1963 maps) & utility subprogram of SURFER was
used. Specifying the 1990 grid for the upper surface, and the 1962
grid for the lower surface, the volume calculation was performed using
the net volume and cuts and fills options.

flR300ltl9
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[Volume] UpperSurface LowerSurface NetVolus,e Cjguts&Fillg> ResultsLog
Calculate volume between surfaces, plus guts

UPPER SURFACE LOWER SURFACE
Grid File: A:\DCUPBL.GRD Grid File: As\DCLOBL.GRD

Rowe: 1 to 32767 Rows: 1 to 32767
Cols: 1 to 32767 Cols: 1 to 32767

Grid Size: 100 by 100 Grid Size: 100 by 100
Delta X; 23.2323 Delta X: 23.2323
Delta Y: 14.1414 Delta Yi 14.1414
X-Range: -300 to 2000 X-Range: -300 to 2000
Y-Range: 100 to isoo Y-Range: 100 to 1500
z-Range: 1439.99 to 1640.85 2-Rangei 1435.77 to 1663.02

Volume approximated by
Trapezoidal Rule : 1.18921E+007
Simpson's Rule : 1.18765E+007
Simpson's 3/8 Rule: 1.18733E+007

Positive Volume [Cuts]: 1.43119E+007 + Area: 2952430
Negative Volume [Fills]s 2419850 - Area: 267574

Cuts minus Fills: 1.18921E+007 Total: 3220000

Pl*H@lp F3=Kain F4=StoreAll F5=Directory Esc^Backup Arrow keys^Move pointer

A L I i EL
r^OtOiUT*. C?f"pOr* ^

t.

C rror

t O.

t. o. ̂ ô A



[Volume] ypperSurface IxawerSurf ac^KatVolum^ Cutg&Fiiie ResuitsLog
Calculate volume between surfaces ^̂ *î mî r̂

UPPER SURFACE LOWER SURFACE - ••-'̂ s-
File: A;\DCUPBL.GRD Grid File: A:\DCLOBL.GRD C-~"}
ROWSS 1 to 32767 ROWS! 1 . to 32767
Cols: 1 to 32767 ColSJ 1 to 32767

Grid size: 100 by 100 Grid Size: 100 by 100
Delta X! 23.2323 Delta X: 23.2323
Delta Y: 14.1414 Delta Y: 14.1414
X-Range: -300 to 2000 X-Range; -300 to 2000
Y-Rangej 100 to 1500 • Y-Range: 100 to 1500
Z-Range: 1439.99 to 1640.85 Z-Range: 1435.77 to 1663.02

Volume approximated by
Trapezoidal Rule : 1.18921E+007 n} 6<VL, too £+* * MMO.HKS
Simpson's Rule : 1.1S765E+007 ... ..... =
Simpson!s 3/8 Rule: 1.18733E+007

Fl=Help F3=Main F4«StoreAll F5*Directory Esc«Backup Arrow keys=Move pointer
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RESIDENTIAL POPULATION ADJACENT TO THE SITE

One Mile Radius Population
Using the 1990 Preliminary Census map of Roanoke County [Tract 303.98, BG (Block
Group) 9] the entire population within a one mile radius of the Dixie Caverns
Landfill can be determined. The table below indicates the various population
blocks which are found within a,one mile radius of the site.

Block

955

964A

9648

965

966

967

Total
Population

---

141

——

—— ._„_- _

2

Population
18 years &
older

_. —

103

__ ..._

_-- -

___ ._ . :. ..

2

Block

968

969

972*

Totals

Total
Population

__.

_

92

235

Population
18 years 1
older

...

_ _ „

74

179

'25 percent of households were located outside 1 mile radius.

Based on Block Group 9, the population within a 1 mile radius of the Dixie
Caverns site is:

Total Population » %$
Population 18 years
and over_______a 179 people

This population estimate is dependent upon the accuracy of the 1990 Census data,
and does not reflect possible population shifts since the census was taken.
Furthermore, since the Block Group boundaries, as well as spacial variations
within the block groups were not provided, estimates of the percentage of the
-population of a Block Group which straddle the one mile radius line were used.

Three Mile Radius Population
The process used to estimate the population within a three mile radius is similar
to that of the one mile population estimate. However, the three mile survey
contains limitations in addition to those noted above. A three mile radius from
the site extends to the west into Montgomery County where 1990 Census data is not

&R300U27



available. Since no 1990 census data currently exists, an estimate of the
Montgomery population was made using 1972 Census data. Note, Montgomery County
comprises approximately 30% of the area within the 3 mile radius survey area.

Through the process described in detail below, the combined 1990 Roanoke and
Montgomery County populations within 3 miles of the site is 2497. of which 1909
are 18 years old or older.

The following table documents the summation of population blocks in the Roanoke
county section of the survey area based on the 1990 Census.

AR300-J28



Slock

908

932A

93 26

938

954 . _ . .

941

931

949

984

970

973

974

975

958

994

981

980

975

974

976

977

978

984 .

985

983

956 •

964A

9648

965

966

960

957

989

Total
Population

_ . ..,-

1017

—

—

__. -

32

31

15

. - -. .-

6

6

—

—

59
—

— . .

4

—

__

6

19
-- - -

__

_ ,_ .. . __

4

10

141

__

__

__

15

262

—

Population 18
Years & Older

—

748

— ,

— . -

_—

28

22

12

—

6

6
— ... . -

-_

46

—

4

._

_-

5

15
-_

—

4

8

90

—

—

__

14

220

—

Block

121

122

123

124

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

155A

Total
Population

1

13

15

23

2

5

1

2

—

—

10
—

__

__

4

10

—

—

__

—

38

—

6
-.

-_

-_

3

—

—

—

10

9

Population 18
Years & Older

1

11

10

15

2

5

1

2

—

—

10

__

__

__.

4

8

__

__ -

—

30

__

4

__

__

__

3

—

—

—

9

6

HR300U29



990

991

992

993

341

111

112

114

116

117

120

—

__

—

7

20

89

13

9

5

7

1

—

-_

—

5

18

51

131

9

5

7

1

159

156

157

158

160

161

162

972

967

Cherokee Hill

TOTAL
of all blocks

4

2

11

— -

__

-- : _ -=, ——— =

———

123

2

50

2110

2

2

8

-_-

-_

99

Z

30

16Q1

In addition to the above population estimates for Roanoke County, the Montgomery
County population within a three mile radius must be also determined. The
process used to determine the Montgomery County population relies on the 1972
Census data and information taken from the most recent topographic quadrangle of
this area (1972 Elliston, Virginia USGS quadrangle). The Roanoke County
population within a 3-mile radius is known, as well as the number of houses
existing there in 1972. Also known is the number of houses existing in 1972
within the section of Montgomery County included in the 3-mile survey. Assuming



a similar population growth in both counties existed over this small area since
1972, then the ratio:

1990 population of Roanoke Co. 1990 population of Montgomery Co.

# of houses in 1972 in Ro. Co. t of houses in L972 In Mont. Co.

holds for the sector areas in question. Using the 1990 Pre-Census map of Roanoke
County, Track 303.98 BG 9, Track 305.98 BG 1, the population within a 3 mile
radius of the Dixie Caverns landfill can be determined.

1990 population of Montgomery County inside the sector =

(No. of houses €_ 1572_;_ Mantrgojner̂ Co.) (1910 popuJatian of Roanoks Co.} .(220) (354)
jVo. of houses 6 1972 ; Roanoke Co, 201

so the total Montgomery County population within three miles = 387,

and the adult Montgomery County population within three miles »•

_ (220 ) (281)201 - ... ...—.._._.___ " - - - - - - - . . . : . ' .

so Montgomery County population, 18 years and over = 308

From the calculations above, the combined 3 mile populations of Roanoke and
Montgomery counties is:

2110 + 387 » 2497 Total Population
and

1601 + 308 » 1909 Population, IS years & over

ftR300li3l
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GLOSSARY OF DATA QUALIFIER CODES

CODES RELATING TO IDENTIFICATION
(confidence concerning presence or absence of compounds);

U = Not detected. The associated number indicates approximate
sample concentration necessary to be detected.

(NO CODE) = Confirmed identification.

B = Not detected substantially above the level reported in
laboratory or field blanks. .

R = Unreliable result. Analyte may or may not be present in the
sample. Supporting data necessary to confirm result.

N =•- Tentative identification. Consider present. Special methods
may be needed to confirm Its present or absence in future
sampling efforts.

CODES RELATED TO QUANTITATIQN ......
(can be used for both positive results and sample.quantltation limits):

>
0 = Analyte present. Reported value may not be accurate or

precise.

K = Analyte present. Reported value may be biased high. Actual
value is expected to be lower.

L = Analyte present. Reported value may be biased low. Actual
value is expected to be higher.

UJ = Not detected, quantitatlon may be Inaccurate or imprecise.

UL = Not detected, quantltation limit is probably higher.

OTHER CODES ._.

Q « No analytical result.

D - Compound identified in an analysis at a secondary dilution
factor.

X = Additional flags defined separately.

ftR300l»37



• r-m o
iScn u

333

OOOOOOOOOOOQOOOC9OOOO0OOOOOOOQOO6QO
ininmintnininoooomininointntnoinOLnminininininin in in m o o

333333 a.3'33 3'3 333333333 33 33333333333

mtnininmininooootnininoLnininoinotnmmtninininininininoo

3-3333 3333333333333333333333

intnininLnininaoooinininomininoinoininmininininjnLnininoo

tnintninminLnooooinmmoinininoinOmininininininminmmOo

3333333 3-3-33-3 333333 3'3:3 3̂ 3'3 3 333333333

mininmtninmooooLnininoinininoinOinininininininininininoo

33333333-3 33333=13333333-33=3333333333

m m in in in in m 0*0*0 oininmoinminoinoinutininuiininininminoo

-s°ist.£°at •- *•M cw— ,a u !
« > '
"o at

"~ 33333^333333333333333 33333333333333

[ninininini/Mnooo^inininommmOinoinmmmtninininmmin^O
o
X

3333333333333333 333333 333333333333
oooaoooe_ooooooo99Oooooooc>oooaooo0o

mininininminooooinininoinininoinoinininmintninminininoo

coaiW'̂ '̂ ^̂ .j -̂  *v ••>3C3-J_l_l-«, 9 9 ?
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Iff I |̂ ŵ  ww 3 Sj'-|-£_>' - Q.WW 3 »«-J P w*i X-— — ̂ — £— * ~5 «, .5 S-—«V3*»Su g vsw—e£5l-!B"§52l g|g5-s°5'y^K>:::*-«=^-* = ̂ *^?-t-§
^t-t.Lj;jrt,xooo"a.fe"&«—• C o — • _ _ . _ _ ^ _r r .. . — =r - - i.oo o o a o oj;i.t.t_«^«£'r- C — «-t_ii.(.cjr£.^C*)X» c S.—• — o ow+j^^giiEiic .£ .c c *- ̂  . e ̂. ii c * -c -c g e £LH- ̂  H- < —
i-~o~o o»-i-"o E "c "c "c ̂. t. "x x p oV 5 "c 5" t fe



"8
-
O *J '
0) •— e
*-> C fj

.
O 0) '

m iucn u

•O--
<n 9<a u

m ui
W O

O• ro-a-o

CM CM
m iu
M U

33333333333333333=>333=)3:33333

333333 3-33 3 3333333 33 333333

3333333333333333 QC30£^3333

33333333333333333333a:3oe33333

O O O O O O- O O

333333333333 3333«3ac33333

333333333333

333333333333333333

S« 3 S
_i w 3

sss
UsS 5S« ~< ^SiSs. |. e

S5 5

N X X «T 3 JS Q..C I. E- t_ t. •E'DgBNOt-33-^--'-^.

.a iD .O 5 M N XJ= <D oj j= j; j: j= oo i- t. f Ji uc—•— < » > i cc^:*-'«~t.<joooc^w*-+'oeso
XXCC 4» 5 ** « S 9 OBI flJ ffl 4» Q.—'— f t. *> C C _•we. i iiJ5«S55xxx»:'Q o xx ti** c B E i _ » « « »3j;.————— •=•--•*•»• £« • ... *•- e-c-c^-ssss

flR300l»l»6



uj UJas ts

• tain*—
ea iuWO

333333333333333333333333333

333333 = 333333333 = 3333333333
oootnoooooooomoooommooinominino

333333333333333
o o in oin in in o

3333333
iQOtnoinmmo

33=333333333333333333333333

~ — _
n w -^ -^—i J-N a *^ a
-h, « -> 3 •) 3

-Saaoaoa a 3 e 3 _J >i— w ̂  *•* *-*
535333'-.5w«- wX3-i~iV<-*-i

_ _ _ t o o p o g o o — »
**s*-J--O O O O O O O O 4 J



0)
*J W i
«J C i
3 t, •

0)
* >_&W WO*u.-
.̂2SL
w x o
,c '5 "S

om

uj utn x

o eo

m cj

33 33 33

.CMCM ro m «- «- ro f«- o f - * *ON T— N. m m r^ -o
>" ro* NO" rw."

33O -3 333 33 3301

ro *-o«- NOoromororo>OFM.O CM ro *- tn o r*- CM«- in N* O

CO 3 3 -3 3 3 -" CB3-* 33 33 33

^oor>.rN-oomoocMoooooooo
i^j- fMN.<r-flO o-o &• ro OKJ *- o o NQ o CM in o o .o g

IO . *? f̂  *̂  NO N̂ 1 X>

rT P" »>*

CO 3 3 -9 3 3 3 3 -n 3 33 33

*— moNQCMroooooo •oorMinoorooCM CM co T-O *- r-inroioro o o «- ^«- eo CM mK in 10 x>
NO" »-* oTry" r? d* CM"

0133-33 3 33-3 33 33 33
OOOQOOOOOOOOO'
OOOCOOCMt3OCMOOO*-i
r-̂ -* CM si •-i>d^o-Ntro" d as in o p NOO fMin Q CM roo
**CM .N. »-O *- *-(_--._ _-
r- (O 5* IO -O

in r» CM ro o i
^ fM «-

C033-S33 3 33-J 33 33 33

"*; ̂ro d-o CMPO od ro d d '<od ry m dry roi
*O 3̂ CM ~̂ *4f K̂ m CO r̂ * 'ro fi ftj m r* ro

in T- ^ CM CM •*

0 O »-ro .»• CM

0133 33 33CQ3-a 33 33 3 3 CD

«- fM CM CM *-<Q in M -*
r- (M CM rO ON *-

33133 33CB3-9 33 33 3 3 CO
O OOo o o oo

OQCM m e O " " «-CM ooo "NO in tn

flR300l.t»8



3 t-
.¥._^£:

f«- en
<a 5
& £

ONQ
NO M

on- -rs£ — o
4fJ >v- £tt

M >°
ia «j •

11'u
"S
x

CMCMO >o Nflm »i •* eg T- -j-NO m -* Î  «o
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ECOLOGICAL ASSESSMENT

An ecological investigation was performed along the streams and stream banks
in the vicinity of Dixie Caverns Landfill (DCL) site to evaluate the potential
environmental impacts of the site. Six (6) sample stations were designated
for the ecological evaluation, including one reference station. The
terrestrial and aquatic flora and fauna at each sample station was described,
and then were compared to the reference station. Measurements of all sampling
locations and detailed site descriptions are given on the stream data sheets
(Appendix C). Additional stations were designated for terrestrial vegetation
analysis in both the landfill and the adjacent forest. A summary of the
benthic macroinvertebrates collected and stream community evaluations are
found in Table 1 and Table 2, respectively. Details of the vegetation
analysis are given in the vegetation data sheets (Appendix C). Photo-
documentation for all sampling stations 1s also found in Appendix C. No
formal wetland evaluation was performed in the study area, because it was
believed that wetland occurring within the study area seemed unlikely due to
the mountainous topography. The USEPA RPM concurred that if during the site
visit potential wetland areas, aside from the streams, were found, a formal
delineation would be performed. This was not the case.

TERRESTRIAL INVESTIGATION

Vegetative data was taken from a total of 22 quadrats (Figure 1). Nine of the
quadrats were located 1n riparian (streamside) areas along the designated
tributaries 1n the study area. Six of the riparian quadrats were located in
areas where potential site related impacts were expected to be found. The
remaining three riparian quadrats were located in areas that were expected to
be unaffected by the DCL site, and were used as reference quadrats. Each of
the riparian quadrats were designated with a "S" followed by a number (e.g
SI). Each riparian quadrat was bisected by one of the tributaries. Five of
the 22 quadrats were located in emergent (field) areas on-site. Each of the
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Ĵ
ffl

1
I

O
tn«•

o
to

M•x*.
eo

0
Q

-H

e
3.3

U
E
IB
e

i
I

^̂
to

5

^
•r

JP
n

«

£in

.s:

î
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emergent quadrats were designated with an "E11 followed by a number (e.g El).
There were no known areas in the vicinity of the study area that could be
considered an appropriate reference. The remaining eight quadrats were
located in upland forested areas on and surrounding the DCL site. Five of the
forested quadrats were located in areas where potential site related impacts
were expected to be found. The remaining three forested quadrats were located
in areas that were expected to be unaffected by the DCL site, and were used as
reference quadrats. Each of the forested quadrats were designated with a "FH
followed by a number (e.g FI). If a quadrat was used as a reference, a letter
"B" was added to a quadrat designation (e.g. S2B).

The terrestrial sample stations consisted of a 40' X 40' quadrat. Within this
40' X 40' quadrat, four subsamples of the herbaceous vegetation were taken,
one in each corner of the quadrat. These subsamples were obtained by tossing
a 40N X 40" frame into the quadrat to obtain a representative random sample
and identifying all of the herbaceous plants that fell within the frame. All
of the woody vegetation layers (woody vines, shrubs, saplings and trees)
within the quadrat were identified and recorded using protocols from the
"Federal Manual for Identifying and Delineating Jurisdictional Wetlands"
(Federal Interagency Committee for Wetland Delineation 1989). From this
information, the dominance and average abundance of each plant species was
determined. Wetland indicator status of individual plant species was also
determined (Reed, 1988). A summary of the vegetation analysis, including the
scientific names of all plants identified on the site, is given in Table 3.

Vegetation analysis was performed on six (6) riparian quadrats (designated SI
to S6), plus five (5) forest stations (designated FI to F5), and five (5)
emergent field stations (designated El to E5), which were located on the
landfill itself. The riparian sample quadrats were bisected by one of the
tributaries. Each riparian and forest quadrat was compared to the average
vegetation obtained from three riparian and three forest reference quadrats.
The three reference forest quadrats were designated FIB, F2B, and F3B, and the
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TABLE 3

Plants Observed in the Dixie Caverns Study Area

CoMMn Naue

ASH, GREEN
AZALEA
BEDSTRAW
BEECH, AMERICAN
BEECH-DROPS
BIRCH. BLACK
BITTER-CRESS,

PENNSYLVANIA
BLUEBERRY

CHICKUEED
CLOVER, HOP
COLTSFOOT
DANDELION
DOGWOOD
DOGWOOD, ALTERNATE- LEAF
DOGWOOD, FLOWERING

FERN, CHRISTMAS
FORGET-ME-NOT
GAL.AX
GARLIC, WILD
GILL-ON-THE-GROUND
GRAPE
GREENBfUER

HAZEL, WITCH

HEMLOCK, CAROLINA
HICKORY
HICKORY, BITTERNUT
HONEYSUCKLE, JAPANESE
HOPS, WILD
IRIS
I RON WOOD
IVY, POISON
LAUREL, MOUNTAIN

MAPLE. RED

MAYFLOWER
OAK

OAK, BLACK
OAK, BLACKJACK
OAK, CHESTNUT

OAK, RED
OAK, SCARLET
OAK, SWAMP WHITE
OAK, WHITE

ONION. WILD

Scientific Hu«

Frax.nus Dennsylvanica
Rhododendron spp.
Ga 1 1 i ua spp.
Faqus qrandifolia
Ep.fagas virginiana
Betula niqra

Cardaaine pensylvanica
VacclniuB spp.

Stellaria spp.
Tirifol'iuB agrarium
Tussilaqo farfara
Taraxacua officinale
Cornus spp.
Cbrrius altemi folia
Cornus florida

Pol^stichuB acrostichoides
Hyoso tl s sc o rg 1 o 1 des
Galax aptiy. la
A liun virieale
Glecoia hederacea
Vitls spp.
Snilex SDD.

Hamamelis virgin. ana

Tsuga caroHnens.s
Carya spp.
Carva cordiforafs
Lonicera ..apon.ca
Hunulus lupu.us
Iris spp.
Ostrya virginlana
foxTcodendron radi cans
Ka.aia latitol.a

Acer rubriw

Epigaea repens
Querciis spp.

Quercus velutina
guarcus narjlandica
jluercus prinus

Quercus rubra
Quercus c'occ- nea
Quercus bico:or
Quercus alba

Alliua canadense

Station No.

SA5.SE1.SG1
SB1.SE1
E1,F1,SG1
SE1
SE1
S1B.SE1

E4 E5 SA5
FliF18.F2B,F3,F3B,F4.
F5.SB5, SD1
SA2
E2
SE1
SA5
S3B.SB5
SIB
F1,F3B,F4.F5.S3,SB5.
SD1.SE1.SG1
S3B.S3
S3B
S3B.SB1
SA5.SF1
SG1
S1B.SG1
F1,F1B,F2B,F4,F5,S1B,
SB5,SD1,S3,S3B,SE1,
SG1
F3,F4,S1B,S3,S3B,SB5,
SD1.SE1.SG1
F1.SB5
S3B,SIB,F5,S3
S61
SA5.SG1
SF1
F2B
SD1
SA5.SG1
F1.F1B.F2.F28.F3.F3B,
F4,F5,S1B.S3B,SB5.
S01.SE1
E5,F1,F28,F3B,F4,F5,
S1B,S3.S3B.SB5,SD1,
SE1
F2B
F1B,F2.F3B,F4,S1B
S3B.SB5-SD1
S38
F2
F1B,F2,F2B,F3,F3B
F4,S1B,S3B,SB5.SD1
F1,F3B,F4,SB3,SB5
F1B.F2B.F5
SG1
F1,F2,F4.F5,S3,
S3B.SB5.SE1
SA5.SF1.SG1
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Cowan Kut

PARSLEY, HEMLOCK
PINE, PITCH

PINE, TABLE-HQUNTAIN
PINE, VIRGINIA
PIKE, WHITE
RASPBERRY. BUCK
REDCEDAR. EASTERN
SASSAFRAS

SERVICEBERRY
SORREL, WOOD
SPEEDWELL
SPEEDWELL, CORN
SPICEBUSH
STRAWBERRY
SYCAMORE
TREFOIL, BIRDSFOOT
TUPELO, BUCK

TULIP-TREE
VETCH
VIOLET. ROUNDLEAF
WAUOJT. BUCK
WATERCRESS
HIKTERGREEH, STRIPED

Scientific Hu«

Cgnigsgjjnuii chinense
Ffnus r'igTda

Pinas pungens
Pinas vj rgi' nia
Plrius strobus
Rubus occidental i s
Jun.perus vlrqi'niana
Sassafras albiduB

Aaelanchier spp.
Oxalis stricta
Vgronica spp.
Veronica arvensis
Lindera benzoin
Fragaria canadense
Platanus occidental is
Lotus cornicu.atu..
Nyssa sylvatica

j_i ri odendrgn tu 1 i pi f era
Vjci.a spp.
vToTa rotundifolia
Juq.ans niqra
Has turtiua officinal e
Chimaphila naculata

Station Ho.

SG1
E5,F1,F1B,F2,F2B,
F3.F5
E5
E5,F2,F3B
SE1
SA5
SG1
F1.F2.F2B.F3.F3B,
F5
F3,F4,S1B,S3,S3B
E4
SG1
E1.E3
S3B.SE1.SG1
S3B,SG1
SB1.SG1
SA5
F1,F1B,F2,F2B,F3,
F3B.F5
F1,S3,SB1,SB5.SD1
El
SIB
SA5
El
F1,F2,F2B,F4,S3B
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three reference riparian quadrats were designated SIB, S2B, and S3B. See
Figure 1 for the location of the riparian, forest and emergent vegetation
sample sites. Because the vegetation analysis was performed in March, many
herbaceous plant species had yet to develop sufficiently for identification,
particularly in the case of composites which typically flower from early
summer to fall. Trees and shrubs were in winter condition, or in early stages
of bud-break, which occasionally hampered the identification of less familiar
species. Detailed information on the observed vegetation can be found in
Appendix C.

The vegetation observed at the forested areas, emergent areas, and riparian
areas will be discussed, respectively. The reference areas, where applicable,
will be discussed first, followed by the sample quadrats for each of the
vegetative types above.

Forested Quadrats - The herb layer at reference quadrat FIB consisted of
seedlings of woody species, with blueberry dominant. There were no
bryophytesobserved. The shrub layer consisted of blueberry and mountain
laurel. Greehbrier was the only woody vine observed. Sapling species
included black tupelo, pitch pine, scarlet oak, and chestnut oak. The tree
species observed were pitch pine, chestnut oak, and scarlet oak.

The herbs identified at reference quadrat F2B were mayflower, striped
wintergreen, an iris species, and various seedlings of woody plants. Moss and
lichens were the bryophytes observed. The shrub species were mountain laurel
and blueberry. Greenbrier was the only woody vine. Sapling species observed
were tupelo, sassafras, and chestnut oak. The trees species observed were
scarlet oak, chestnut oak, and pitch pine.

The herb layer at reference station F3B consisted of strawberry and seedlings
of woody plants, with blueberry dominant. Moss and lichens were the
bryophytes observed. The shrub layer consisted of blueberry and mountain

flR3005IO
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laurel. There were no woody vines. Sapling species observed were red maple,
black tupelo, sassafras, flowering dogwood, Virginia pine, and an oak species.
The trees observed were pitch pine, chestnut oak, and scarlet oak.

The herbs Identified at quadrat FI consisted of striped wintergreen and a
grass. Lichens were the only bryophyte observed. The shrub species included
mountain laurel and blueberry. Greenbrier was the only vine. Saplings
included pitch pine, red maple, black tupelo, flowering dogwood, red oak,
sassafras, Carolina hemlock, and tulip-tree. Pitch pine and white oak were
the tree species.

The only herb observed at quadrat F2 was striped wintergreen. Moss and
lichens were the bryophytes observed. Shrub species include blueberry and
mountain laurel. There were no woody vines observed. Sapling species
included sassafras, Virginia pine, black tupelo, and an oak species, and tree
species Included white oak, pitch pine, chestnut oak, and blackjack oak.

There were no herbs or bryophytes observed at sample quadrat F3, but the herb
layer was occupied by an often thick layer of lowbush blueberry and mountain
laurel. Shrubs observed included sassafras and witch hazel, along with
mountain laurel and blueberry. There were no woody vines observed. Saplings
included serviceberry, black tupelo, and pitch pine. The trees observed were
pitch pine and chestnut oak.

The only herb observed at quadrat F4 was striped wintergreen. There were no
bryophytes observed. The shrubs observed were witch hazel, blueberry and
mountain laurel. The only woody vine observed was greenbrier. Sapling
species included serviceberry, red maple, flowering dogwood, and an oak
species. Trees species observed were red oak, chestnut oak, red maple, and
white oak.

AR3005II
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There were no herbs or bryophytes observed to be at quadrat F5. The herb
layer was occupied by an often thick layer of lowbush blueberry, in
combination with mountain laurel and Some greenbrier. These same species also
comprised the shrub and woody vine layers. Saplings include black tupelo,
sassafras, red maple, flowering dogwood and a hickory species. Trees included
pitch pine, scarlet oak, and white oak.

Emergent (Field) Quadrats - The herbs observed at quadrat El include
watercress, corn speedwell, grass, a vetch species, and a bedstraw species.
Grasses dominated the site. Moss was the only bryophyte observed. There were
no woody species observed.

The herbs observed at quadrat E2 include grass and hop clover. Grass was
dominant. Moss was the only bryophyte observed. There were no woody species
observed. This site appeared to have been, disturbed within the last two or
three years.

The herbs at quadrat E3 include grass, corn speedwell, an unknown mustard and
an unknown composite. Moss was the only bryophyte observed. There were no
woody species observed.

The herbs at quadrat E4 included wood sorrel, bittercress, two undetermined
composites, broomsedge, and two other grass species. Lichen and moss were the
bryophytes observed. There were no woody plants observed. Broomsedge was
dominant at this site.

The herbs at quadrat E5 consisted of bedstraw, broomsedge, bittercress, an
undetermined mustard species, and an undetermined composite. There were no
shrubs or woody vines. The sapling species consisted of pitch pine, Virginia
pine, and red maple. The tree species consisted of table-mountain pine,
Virginia pine, and pitch pine.
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Riparian Quadrats - Herbs observed at ..reference, station SIB include galax and
round-leaf violet. Moss was the only bryophyte observed. Shrub species
observed were witch hazel, alternate-leaf dogwood, and mountain laurel. Grape
and greenbrier were the woody vines observed. Saplings observed were red
maple, serviceberry, an oak, and a hickory species. Trees observed were black
birch, chestnut oak, sycamore, tulip-tree, and serviceberry.

Herbs observed at reference quadrat S2B (same location as SG-1) consisted of
wild onion, ground ivy, bedstraw, grass, hemlock parsley, strawberry, and a
speedwell. Moss was the only bryophyte observed. Japanese honeysuckle was
the dominant groundcover. Grape, poison ivy and greenbrier were the woody
vines observed. Spicebush and witch hazel were the only shrubs observed.
Flowering dogwood, bitternut hickory, sycamore and eastern redcedar were the
saplings observed, and green ash, sycamore, and swamp white oak were the
trees.

Herbs observed at reference station S3B included galax, Christmas fern,
striped wintergreen, a grass, and forget-me-not. Moss and lichens were the
bryophytes observed. Shrub species observed were spicebush, witch hazel,
dogwood, blueberry and mountain laurel. Greenbrier was the only woody vine
observed. Sapling species observed were serviceberry, red maple, an oak, and
a hickory species. Trees observed were chestnut oak, black oak and a hickory.

The herbs at SI (same location as SE-1) consisted of pennywort, coltsfoot and
beechdrops. Moss and lichens were the bryophytes observed. Witch hazel,
spicebush, azalea, mountain laurel, and blueberry were the shrubs observed.
Greenbrier was the only woody vine. Saplings included flowering dogwood,
black birch, red maple, green ash, white pine, and beech, and white oak,
beech, chestnut oak, and red maple were the tree species.

Lichens were the only bryophytes observed at quadrat S2 (same location as SD-
1). The herb layer consisted of seedlings of the various woody species from
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the shrub and tree layers. Greenbrier and mountain laurel were the dominant
seedlings in the herb layer. Shrubs consisted of witch hazel, blueberry, and
mountain laurel. Greenbrier was the only woody vine observed. Ironwood,
tulip-tree, and flowering dogwood were the saplings observed, and red maple
and red oak were the only trees observed.

The herb layer observed at S4 (same location as SB-6) consisted of grass, two
species of lilies, and several woody seedling species. Moss and lichens were
the bryophytes observed. Witch hazel and blueberry were the shrub species
identified, and greenbrier was the only woody vine. Sapling species included
red maple, tulip-tree, flowering dogwood, and an unidentified oak. Tree
species include tulip-tree, red oak, chestnut oak, and white oak. Red oak was
the dominant tree.

The herb layer at S3 was dominated by Christmas fern and greenbrier. Other
species in the herb layer were young red maple, mosses, grass, and an
unidentified mint and fern. Witchhazel was the only shrub observed.
Greenbrier was the only woody vine. Saplings included tulip-tree, flowering
dogwood, serviceberry, white oak, and hickory. Tree species included tulip-
tree, and red maple.

The vegetation at S5 (same location as SA-5) did not include a shrub layer or
tree canopy. The herbaceous layer includes Japanese honeysuckle, common
dandelion, chickweed, wild onion, grass, bittercress, wild garlic, birdsfoot
trefoil, and a lily. Japanese honeysuckle was the dominant groundcover. Moss
was also observed. Woody species in the herbaceous layer include green ash,
black walnut, and red raspberry. The vegetation at this sample quadrat was
strongly influenced by roadside maintenance to the south and quarry-related
activities to the north.
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The herbs at quadrat S6 (same location as SF-1) consisted primarily of wild
hops, with some field garlic and wild onion. No woody vegetation or
bryophytes were observed.

Comparison of Vegetation to Reference - The abundan_c_e, distribution, and
diversity of the forest and riparian quadrats were statistically compared to
those of the reference quadrats. The emergent quadrats were.not statistically
analyzed because there was no appropriate reference vegetation in the vicinity
of the study area. The average values obtained from the three reference
stations (XR) will be used for the statistical comparisons. Each of the five
vegetative subgroups (trees, shrubs, saplings, vines, and herbs) had the
following three tests performed.

Species Diversity:

Large species diversity in a plant community is not necessarily indicative of
a "good" habitat quality. For example, a mature red oak forest may have a
relatively low diversity but still be good habitat. In contrast, relatively
high diversities may be found in disturbed areas having many opportunistic
species. The key is the relative diversity of a reference s'tation(s) compared
to the diversity of the station of comparison.

The species diversity comparison will involve the following equation:

Dv = [DPX - Dx[.

Where:
Dv = diversity comparison value
Drx s average number of different species in the

reference stations
Dx = number of different species in the on-site

station.

Community Loss Index:
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The Community Loss Index (CLI) measures the loss of plant species at a quadrat
by comparing the quadrat diversity with that of the average of the reference
quadrats. This index is a variant of the community loss index developed by
Courtemaunch and Davies (1987), adapted for vegetative analysis. The index
measures plant community dissimilarity between a test quadrat and reference
quadrats, with Index values increasing as the dissimilarity from the reference
station increases. .. .. ....-' .-..—...-

The formula is:

CLI = drx-a

drx = total average number of species present in
the reference quadrats

a = number of species common to both the
reference quadrats and the quadrat of
comparison

e = total number of species present in the
quadrat of comparison

CHI-SQUARE Goodness-of-Fit:

The Chi-Square compares the distribution of species populations of the average
of the reference quadrats to the test quadrats (Zar, 1984, pp. 40-60). Shifts
in distribution may suggest ecological stress. The following formula will be
used:

J IPX

ft = number of the i species occurrences at the
quadrat of comparison

/irx = average number of the i species occurrences at
the reference quadrats
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Once the Xz value is obtained, the associated probability of occurrence value
(a) is determined (Zar 1984) and recorded. The or will be used for test
scoring.

Scoring of Tests:

Once all the calculations were performed, the scores were totaled and compared
to the average score of the reference quadrats. Scoring values ranged from 0
to 5, with five being the best score. The percent comparison between the
total scores provides a final evaluation of the vegetative condition at the
quadrats of comparison. The Values obtained may fall between established ,
ranges. In these cases, the professional judgement of the ecologist(s) will
be used in determining the final evaluation. Details of the calculations can
be found in Appendix C.

Results of Forested Vegetation:

All forest quadrats were found to be minimally comparable (60-70%
comparability) to the average of the reference quadrats. The primary
difference among forest quadrats was related to the distribution of the
vegetation in the middle and lower vegetative layers (herb, woody vine, and
shrub layers). The difference can be attributed to the location of the
quadrats and the stage of succession the forest quadrats appeared. The
reference quadrats appear to be at or approaching the climax stage of the
forest type earlier described. The forest quadrats of comparison appear to be
in a slightly earlier stage. Differences do not appear to be related to site
contamination, but may be related to human disturbance in the vicinity of the
quadrats.

Results of Riparian Vegetation:
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Quadrats SI and S4 were found to be slightly comparable to the average of the
reference quadrats. Quadrats S2, S3, S5, and S6 were found to be non-
comparable (<59% comparability) to the average of the reference quadrats.
Differences between quadrats SI and S4 and the reference quadrats were
primarily related to the distribut_ion in the middle and lower vegetative
layers. Quadrats S5 and S6 lacked a shrub, sapling and tree layer, which
accounts for the non-comparability. Quadrats S2 and S3 were at slightly
higher elevations and appeared to be undisturbed areas. The differences may
also be related to the lower quality soils found at this location. "Lower
quality soils" refers to the dry, thin layer of soil that is low in nutrients,
typical of that found in the present forest type.

Although differences were found among the vegetative quadrats, there does not
appear to be any site related stress. The only exception may occur in the
vicinity of the hillside pine growth on the western portion of the site, where
what appeared to be stunted growth was observed. The stunted growth can not
be definitively linked to the site, because poor soil and arid conditions are
present at this location.

Site Terrestrial Wildlife - Itjs more appropriate to discuss terrestrial
wildlife in terms of the entire study area than to separate forest, field, and
stream wildlife because many vertebrates are quite mobile and can be found in
all of these habitat types. This tends to make the discussion of the wildlife
of the separate.habitat types redundant.

Bird species observed on th_e_s1te property included the turkey vulture, Red-
tailed hawk,.mourning dove, common flicker, pileated woodpecker, downy
woodpecker, hairy woodpecker, eastern phoebe, American crow, Carolina
chickadee, tufted titmouse, Carolina wren, northern mockingbird, eastern
bluebird, brown thrasher, European starling, common grackle, northern
cardinal, rufous-sided towhee, slate-colored junco, nuthatch, and the song
sparrow. Also detected was a warbler that was thought to be a chestnut-sided
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warbler. The presence of the red-tailed hawk suggests the presence of a
small-mammal population, although the vegetation on the landfill is sparse in
many areas, offering limited cover for small mammals. The pileated woodpecker
is an uncommon species associated with the surrounding woods. Woodpeckers and
the eastern phoebe tend to be associated more with forest than with open
areas, while bluebirds, song sparrows, and starlings are more associated with
open areas. The chestnut-sided warblers were probably beginning their
northward migration. Their presence indicates that the site may be used by
any of a large variety of migrant birds. The birds observed are typical of
those found In the habitats described and season of the visit.

Deer and small mammal signs were observed both in the wooded area and on the
disturbed portions on the site. Dusky salamanders were observed at stream
stations S3 and S2B. Domestic dogs were also observed on the landfill.

AQUATIC INVESTIGATION

Six stations were sampled for the aquatic phase of the investigation. Benthic
macroinvertebrate collections taken at each of the six stations were on the
unnamed tributaries to the Roanoke River, and were designated with an "S,"
plus the letter assigned to the tributary, and a number (e.g. SD-1). In
addition, aquatic and riparian habitat evaluations were performed at each
station. SG-1 was used as the reference station. Each of the six sample
stations were located in the center of one of the riparian quadrats (SG-1 •
S2B, SF-1 = S6, SA-5 = S5, SE-1 = SI, SD-1 = S2, and SB-6 - S4; Figure 1).
The aquatic communities at the stream sample stations were evaluated. Eight
metrics were used for the comparison. The results are presented below, with
the reference station being discussed first. A discussion of the bioassays
follows the stream evaluation discussion.

Benthic Macroinvertebrate Investigation
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Station SG-1 (Reference): Sample station SG-1 was located approximately
200 yards upstream of it's confluence with stream F. The area surrounding the
station consisted primarily of woodland, plus a maintained residence and small
sections of field.

The stream habitat analysis indicated excellent habitat qualities at the
reference .station. The stream section sampled had excellent substrate and
instream cover, channel morphology, and riparian and bank cover typically
found in mountain streams.

Estimated stream flow was 8 ft3/s. The stream consisted of approximately 20%
riffle, 70% run, and 10% pool. Cobble was the dominant inorganic substrate,
and detritus was the dominant organic substrate. Evidence of detritus
decomposition was observed. Detritus decomposition is often indicative of a
population of microorganisms present in an unimpaired stream. The stream had
an approximately 75% canopy cover.

Periphyton at SG-1 was common. No filamentous algae, slime or macrophytes
were observed.

The riffle/run sample at the reference station had a diversity of fifteen (13)
taxa, ten (10) of which were representative of Ephemeroptera, Plecoptera, and
Trichoptera (EPT) taxa. EPT organisms constituted 83% of the total
invertebrates collected. Filterers/collectors constituted 88% of the total
number of organisms, while scrapers constituted approximately 0.6% of the
organisms. Chironqmids made up 0.6% of the organisms identified. A dusky
salamander was present at this station. A significant percentage of the
organisms collected are considered, pollution sensitive. No fish were
observed.

The Coarse Particulate Organic Material (CPOM) sample had a diversity of
seventeen (17) taxa, twelve (12) of which were representative of EPT taxa.
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EPT organisms constituted 84% of the total population identified. Shredders
constituted 15% of the total CPOM population identified. Chironomids
constituted 0.8% of the total CPOM population identified. No amphibians or
fish were observed.

Stream community evaluations for the each of the ecological sampling stations
were made by comparing various community parameters at the sampling stations
of comparison against those of the reference station. Eight (8) metrics are
used for community comparisons, as per Plafkin et al. (1989). The first seven
(7) metrics compare the riffle/run community of a given station of comparison
against the reference station riffle/run community. The eighth metric
compares the CPOM community of a given station of comparison against the
reference station CPOM community. The eight metrics are: (1) taxa richness,
(2) the modified Family Biotic Index (FBI), (3) the ratio of scrapers to
filterers, (4) the ratio of EPT (Ephemeroptera, Plecoptera and Trichoptera) to
Chironomidae, (5) percent contribution of dominant family, (6) the EPT index,
(7) the Community Loss Index (CLI), and (8) the ratio of shredders to total
number of organisms collected. The results of all tests are scored as
follows: 6 = Non-Impaired; 3 - Moderately Impaired; and 0 = Severely Impaired,
The final assessment of potential impairment is made based on the percent
comparison of the total score of a given station of comparison to the total
score of the reference station. More detailed scoring data can be found in
Table 2.

1. Taxa richness is simply defined as the number of taxa found at the site.
A diverse community (10 taxa or more) is an indicator of a healthy
community. The reference station (SG1) had a diversity of thirteen (13)
taxa, indicating a healthy riffle/run community existing in headwaters
of this area.

2. The Family Biotic Index metric, modified from Hilsenhoff (1982), is
indicative of the sensitivity of the aquatic community, with a value of
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zero (0) being most sensitive and a value of ten (10) being most
tolerant. The FBI value at the reference station was 4.17, which
indicates a fairly sensitive aquatic community.

3. The ratio of scraper and filtering collector functional feeding groups
("scrapers" and "filterers," respectively) reflect the riffle/run
community food base. Scrapers are more abundant when there is an
abundant periphyton community. Filterers are dominant when there are
abundant attachment sites and fine particulate organic material (FPOM).
The reference station had one (1) scraper and 140 filterers (value =
0.007). The scraper population is lower than expected based on the
abundance of periphyton, the food source of scrapers. Scraper
populations were, however, relatively low at all stations and relatively
low scraper populations could be a general characteristic of the streams
of this area.

4. The ratio of EPT to Chironomid abundance is a metric of community
structure. Ephemeroptera (mayflies), Plecoptera (stoneflies) and
Trichoptera (caddisflies) are sensitive to water quality. The
Chironomidae (midges) can be quite tolerant to poor water quality, but
are found in healthy waters constituting a relatively lower ratio of the
organisms in healthy streams. In other words, a strong representation
of EPT indicates a healthy community, but a strong representation of
Chironomidae suggests impairment. The reference station had a ratio of
134/1 (value = 134.0) indicating a healthy community structure.

5. The percent contribution of the dominant family is a metric that
indicates community balance. In many cases a community with few
dominant taxa is indicative of environmental stress. A low percent%
contribution of the dominant family (< 30%) typically suggests a healthy
community. Heptageniidae, a mayfly family, was dominant at the
reference station, and comprised 64% of the total number of organisms.
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This is a rather strong representation of the dominant family, but
Heptageniidae is a sensitive fannly, and a strong representation of a
sensitive family often suggests healthy conditions.

6. The EPT index is a metric that increases as water quality improves. The
EPT index value summarizes the taxa richness within the insect groups
that are generally pollution sensitive. An EPT index value of 7 or more
is usually indicative of a health community. The reference station has
an EPT index value of nine (9), which is excellent.

7. The CLI is a measure of dissimilarity that assesses the loss of benthic
taxa between the reference and the station of comparison. Increased
dissimilarity reflects a community shift that could potentially be
brought on by the loss of sensitive taxa due to ecological stress. A
higher CLI value indicates greater dissimilarity. A CLI value can not
be calculated for the reference station alone because it is a relative
value.

8. The ratio of individuals in the shredder functional feeding group
("shredders") versus total individuals collected in the CPOM sample is a
metric used to measure impairment of the CPOM shredder community. A
lower value indicates greater impairment. The ratio at the reference
station was 18/118 (value = 0.15). This is considered a fair ratio.
Little detritus was present at this station, which would explain the low
shredder numbers.

the metrics at the reference station are indicative of a healthy aquatic
community. Much of the population observed is considered sensitive to poor
water quality. The percent contribution of the dominate family is high (64%),
but the dominant family is sensitive to water quality and the relatively hiah
value of this metric, and low value of the scraper-to-filterer ratio is
probably a function of the habitat.
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Station SF-1: Station SF-1 was located on stream F, about 50 yards
upstream from Route 460, about 150 yards upstream from its confluence with the
Roanoke River. The area surrounding the station was open, mostly maintained
as a lawn except along the stream banks themselves. The stream banks had a
steep grade, and the bank vegetation was cut back often enough to be
maintained as herbaceous growth.

The stream habitat at SF-1 was comparable to the reference station, although
SF1 lacks canopy cover. Good to excellent substrate, stream cover, channel
morphology, and riparian and bank structure were observed.

Estimated stream flow was 23.0 ft3/s. The stream consisted of approximately
20% riffle, 55% run, and 25% pool. Cobble was the dominant inorganic
substrate, and detritus was the dominant organic substrate. Evidence of
detritus decomposition was observed. The stream had no canopy cover.

Filamentous algae at SF-1 was common, and periphyton was present. No slime or
macrophytes were observed.

The riffle/run sample at SF-1 had a diversity of fourteen (14) taxa, seven (7)
of which were EPT representatives. EPT organisms constituted 72% of the total
population identified. Filterers/collectors constituted 29% of the total
population, while scrapers constituted approximately 0.6% of the population.
Chironomids made up 17% of the population. A significant percentage of the
organisms collected are considered sensitive to pollution. No fish or
amphibians were observed, although numerus fish eggs were present.

The CPOM sample had a diversity of sixteen (16) taxa, twelve (12) of which
were representative of EPT taxa. EPT organisms constituted 84% of the total
population identified. Shredders constituted 49% of the total CPOM population
identified. Chironomids constituted 2% of the total CPOM population
identified. No amphibians or fish were observed.
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1. Many of the fourteen (14) families of macroinvertebrates In the
riffle/run sample are sensitive to poor water quality. The taxa
richness of this station indicates a healthy aquatic community.

2. The modified FBI gave a value of 3.40. The FBI at this station
indicates a sensitive aquatic community.

3. One (1) scraper and forty-nine (49) collectors (value = 0.02) were
present at the sample station, suggesting the presence of FPOM needed
for a healthy collector population.

4. The EPT:Chironomidae ratio was 122/29 (value = 4.2), indicating an
extremely healthy community.

5. The percent contribution of the dominant family (Nemouridae) was 41%.
This indicates fair community balance, with the dominant family being
sensitive to pollution.

6. The EPT Index value was seven (7), indicating a healthy aquatic
community.

7. The CLI value was 0.29, which is indicative of a aquatic community
similar to that of the reference station.

8. The ratio of shredders to total organisms collected was 100/204 (value s
0.49). This ratio indicates a healthy community structure in the CPOM.

The overall ecological assessment of the aquatic community indicates healthy
conditions.

Station SA-5: Sample station SA-5 was located along Twine Hollow Road,
Immediately south of the limestone quarry. The area surrounding the sample
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station consisted of the road, the quarry, and shrubs and small trees on the
banks of the stream. The south bank at the sample station had large, flat
blocks of concrete on the stream bank. The northern streambank was adjacent
to the Twine Hollow Road. The shrubs and trees had been removed from along
the streambanks.

The habitat at SA-5 was found to be comparable to the reference station. Good
substrate and instream cover, channel morphology, and riparian and bank
structure were observed.

Estimated stream flow was 4.5 ft3/s. The stream consisted of approximately
25% riffle, 50% run, and 25% pool. Cobble and bedrock were the dominant
inorganic substrates, and detritus was the dominant organic substrate.
Evidence of detritus decomposition was observed. The stream had no canopy
cover.

Filamentous algae and periphyton was present at this station. No macrophytes
or slime were observed.

The riffle/run sample at SA-5 had a diversity of eleven (11) taxa, eight (8)
of which were representative of EPT taxa. EPT organisms constituted 90% of
the total population identified. Filterers/collectors constituted 80% of the
total population, while scrapers constituted approximately 1% of the
population. Chironomids made up 1% of the population. Many of the organisms
collected are considered sensitive to pollution. No amphibians or fish were
observed. . _ . . . . . . . . - - .

The CPOM sample had a diversity of ten (10) taxa, five (5) of which were
representative of EPT taxa. EPT organisms constituted 34% of the total
population identified. Shredders constituted 71% of the total CPOM population
identified. Chironomids constituted 2% of the total CPOM population
identified. No amphibians or fish were observed.
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1. Many of the eleven (11) families of macroinvertebrates in the riffle run
sample are sensitive to poor water quality. The taxa richness of this
station indicates a healthy aquatic community.

2. The modified FBI gave a value of 4.57. The FBI at this station
indicates a moderately tolerant aquatic community.

3. One (1) scraper and seventy-four (74) collectors (value = 0.014) were
present at the sample station, suggesting the presence of FPOM needed
for a healthy collector population.

4. The EPT:Chironomidae ratio was 80/1 (value = 80.0), indicating a healthy
community.

5. The percent contribution of the dominant family (Heptagenlidae) was 55%.
This is a relatively hi'gh value, however, the dominant family is
sensitive to pollution.

6. The EPT index value was eight (8), indicating a healthy aquatic
community.

7. The CLI value was 0.54, which is indicative of a moderately similar
aquatic community, when compared to the reference station.
Dissimilarity appears to be caused by seasonal fluctuations in flow and
habitat shifts (i.e., large amounts of bedrock, etc.).

8. The ratio of shredders to total organisms collected was 44/62 (value -
0.71). The metric is evaluated to be indicative of a good community
structure in this stream type.

The overall ecological assessment of the aquatic community indicates healthy
conditions.

AR300527



TCN 4208
RI REPORT

REV. #0
03/SEP/91

Station SE-1: Sample station SE-1 was located on stream E, immediately
downstream of the mixing zone, below the confluence of streams B and D.

The habitat at SE-1 was somewhat different from the reference station.
However, good substrate and instream cover, channel morphology, and riparian
and bank structure were observed.

Estimated stream flow was 3.4 ft3/s. The stream consisted of approximately
30% riffle, 30% run, and 40% pool. Cobble was the dominant inorganic
substrate, and detritus was the dominant organic substrate. Evidence of
detritus decomposition was observed. The stream had an approximately 55%
canopy cover.

Macrophytes and filamentous algae at SE-1 were common and little periphyton
was present. No slime was observed.

The riffle/run sample at SE-1 had a diversity of ten (10) taxa, six (6) of
which were representative of EPT taxa. EPT organisms constituted 77% of the
total population identified. Filterers/collectors constituted 94% of the
total population, while scrapers were not represented. Chironomids made up
0.2% of the population. No amphibians or fish were observed.

The CPOM sample had a diversity of fifteen (15) taxa, eleven (11) of which
were representative of EPT taxa. EPT organisms constituted 89% of the total
population identified. Shredders constituted 13% of the total CPOM population
identified. Chironomids constituted 1.2% of the total CPOM population
identified. No fish or amphibians were observed.

The diversity of organisms in the riffle/run sample was lower than found at
the reference, but a high percentage of the organisms collected are considered
sensitive to pollution.
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1. Many of the ten (10) families of macroinvertebrates in the riffle run
sample are sensitive to poor water quality. The taxa richness of this
station indicates a moderately healthy aquatic community.

2. The modified FBI gave a value of 4.52. The FBI at this station
indicates a moderately sensitive aquatic community.

3. No scrapers and twenty-five (25) collectors (value - 0.0) were present
at the sample station, suggesting the presence of FPOM needed for a
healthy collector population, and little periphyton.

4. The EPT:Chironomidae ratio was 81/2 (value » 40.5), indicating a healthy
community.

5. The percent contribution of the dominant family (Heptageniidae) was 45%.
This value is relatively high, but the dominant family is sensitive to
pollution.

6. The EPT index value was six (6). When compared to the reference
station, this metric indicates potential stress.

7. The CLI value was 0.57, which is indicative of an aquatic community
moderately similar to the reference station.

8. The ratio of shredders to total organisms collected was 11/84 (value s
0.14). This value is very similar to the reference. This indicates a
CPOM community structure similar to that found at the reference-

The overall ecological assessment of the aquatic community indicates moderate
stress.
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Station SB-6: Sample station SB-6 was located on stream B, 200 feet
upstream of it's confluence with steam E. The area surrounding station SB6
was forested.

The habitat at SB-6 was found to be somewhat different from the reference
station. Estimated stream flow was 1.15 ft3/s. The stream consisted of
approximately 40% riffle, 40% run, and 20% pool. Sand and silt were the
dominant inorganic substrata, and detritus was the dominant organic substrate.
Little evidence of detritus decomposition was observed. The stream had an
approximately 50% canopy cover.

Slime was dominant at this station. No macrophytes, filamentous algae, or
periphyton was observed.

The riffle/run sample at SB-6 had a diversity of eight (8) taxa, five (5) of
which were representative of'EPT taxa. EPT organisms constituted 72% of the
total population identified. Filterers/collectors constituted 45% of the
total population, while scrapers constituted approximately 9% of the
population. Chironomids made up 9% of the population. No amphibians or fish
were observed.

The CPOM sample had a diversity of eight (8) taxa, five (5) of which were
representative of EPT taxa. EPT organisms constituted 47% of the total
population identified. Shredders constituted 26% of the total CPOM population
identified. Chironomids constituted 32% of the total CPOM population
identified. No fish or amphibians were observed. _Low numbers of organisms
were collected at this station.

1. Many of the eight (8) families of macroinvertebrates in the riffle run
sample are sensitive to poor water quality. The taxa richness of this
station indicates a moderately impaired community.
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2. The modified FBI gave a value of 3.89. The FBI at this station
indicates a moderately sensitive aquatic community. This metric may be
misleading due to the low number of organisms collected.

3. No scrapers and five (5) collectors (value = 0.0) were collected at the
sample station, suggesting a decrease of FPOM needed for collectors, and
a lack of periphyton.

4. The EPT:Chironomidae ratio was 8/1 (value = 8.0), indicating a healthy
community.

5. The percent contribution of the dominant family (Nemouridae) was 30%.
This indicates good community balance.

6. The EPT index value was five (5), indicating a moderately unhealthy
aquatic community.

7. The CLI value was 0.88, which is indicative of a aquatic community shift
from that of the reference station, suggesting potential impairment.

8. The ratio of shredders to total organisms collected was 5/19 (value =
0.26). The metric is evaluated to be indicative of a healthy aquatic
community in this stream type.

The overall ecological assessment of the aquatic community indicates that
impairment exists when compared to the reference station. The habitat does
appear to be somewhat different from the reference station (lacking attachment
sites). The diversity and especially the numbers of collected benthics are
low compared to the reference station.
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Station SD-1: Sample station SD-1 was located on stream D, approximately
50 yards upstream from it's confluence with stream E. The area surrounding
the station consisted of woodlands.

The habitat at SD-1 was found to be comparable to the reference station. Good
to excellent substrate and instream cover, channel morphology, and riparian
and bank structure were observed. Estimated stream flow was 2.25 ft3/s. The
stream consisted of approximately 45% riffle, 35% run, and 20% pool. Cobble
was the dominant inorganic substrate, and detritus was the dominant organic
substrate. Evidence of detritus decomposition was observed. The stream had
an approximately 60% canopy cover.

Macrophytes at SD-1 were common, and filamentous algae was rare. No slime or
periphyton was observed.

The riffle/run sample at SD-1' had a diversity of ten (10) taxa, nine (9) of
which were representative of EPT taxa. EPT organisms constituted 98% of the
total population identified. Filterers/collectors constituted 74% of the
total population, while scrapers constituted approximately 11% of the
population. Chironomidae was not represented in the sample. A significant
percentage of the organisms collected are considered sensitive to pollution.

The CPOM sample had a diversity of twelve (12) taxa, nine (9) of which were
representative of EPT taxa. EPT organisms constituted 93% of the total
population identified. Shredders constituted 35% of the total CPOM population
identified. Chironomids constituted 2% of the total CPOM population
identified. A dusky salamanders was observed.

1. Most of the ten (10) families of macroinvertebrates in the riffle run
sample are sensitive to poor water quality. The taxa richness of this
station indicates a healthy aquatic community.
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2. The modified FBI gave a value of 3.43. The FBI at this station
indicates a sensitive aquatic community.

3. Five (5) scrapers and thirty-four (34) collectors (value = 0.147) were
present at the sample station, suggesting that the scrapers are using
the macrophytes as a food source, and the presence of FPOM for a good
collector population.

4. The EPT:Chironomidae ratio was 45/0 (value = »). This indicates a
healthy community. The absence of Chironomids is not especially
surprising given that they are at relatively low abundances at most of
the stations.

5. The percent contribution of the dominant family (Heptageniidae) was 57%.
This 1s relatively high, but the dominant family is relatively sensitive
to pollution.

6. The EPT Index value was nine (9), indicating a healthy aquatic
community.

7. The CLI value was 0.60, which is indicative of a moderately different
aquatic community, when compared to the reference station. The
community shift may be caused by a difference in food sources.

8. The ratio of shredders to total organisms collected was 19/54 (value =
0.35). The metric is evaluated to be indicative of a moderately healthy
aquatic community in this stream type.

The overall ecological assessment of the aquatic community indicates good
conditions. The numbers collected at station SD-1 were reduced compared to
the reference, however, the stream flow is affected by seasonal changes which
could account for the lower numbers.
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Toxicity Test Results - There,were three toxicity tests performed at the DCL
site study area. The tests were performed using samples collected from SG-1,
SF-1, SA-5, and SB-7. A copy of the bioassay results is found in Appendix C.

Surface Water: Two toxicity tests were performed using surface water
samples. The first test performed was a static, chronic bioassay using
Ceriodaphnia dubia. Results of the surface water sample taken from SG-1
indicated 20% survival rate when exposed to a 100% concentration of solution.
100% concentration of surface water taken from SF-1 resulted in 0% survival.
There were no data received on any possible dilutions involving surface water
from SG-1 or SF-1. A dilution series factor of 0.5 was performed on surface
water collected from SA-5 and SB-7. Results involving SA-5 surface water
indicated a lowest observable effect concentration (LOEC) at 100% sample
concentration, and a no observable effect concentration (NOEC) at 50% sample
concentration. Results from the test of the surface water collected from SB-7
indicated the survival and reproduction LOEC to be 6.25% and the NOEC to be
3.1% concentration. However, 100% mortality was reported at 1.5% which was
reported to be non-site related. While this test was being performed,
laboratory equipment malfunctions occurred resulting in multiple restarts of
tests. Additionally, the sample locations which have been reported to be
uncontaminated through chemical sampling and benthic investigation were
reported toxic to the test organism. Possible explanations may be that poor
laboratory procedures were employed or that the test organism was not
compatible with the medium. Results of this test will not be used in the risk
assessment because of the uncertainties involved.

the second surface water test was a 7 day chronic bioassay using Pimephales
promelas (fathead minnow). During these tests, surface water collected from
SA-5 and SB-7 were tested using 0.5 dilution factor. Results using surface
water collected from SG-1, SF-1, and SA-5 indicated no significant toxicity.
Results using surface water collected at SB-7 indicated a LOEC of 50%
concentration and a NOEC at 25% concentration.
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Sediments: One test was performed to evaluate the ten day chronic
toxicity of the sediments using Hyolella azteca. No toxicity was reported
related to the sediments taken from stations SG-1 and SF-1. Survival was
slightly decreased at SA-5. No organisms survived during the test using the
sediments collected at SB-7.

THREATENED AND ENDANGERED SPECIES

There were no threatened or endangered species observed during the site visit.
This does mean that these species do not exist in the study area, however,
there Is no evidence suggesting otherwise.

SUMMARY OF ECOLOGICAL INVESTIGATION

Summary of Terrestrial Investigation

Vegetation - The ecological community on the disturbed portions of the
landfill Is a successional field (PNDI, 1983; Reschke, 1990). A "successional
field" or "successional old field" 1s a disturbed ecological community where
the original vegetation was removed and repopulated by fast growing,
opportunistic species. Most of the landfill has been disturbed recently, so
succession is at an early stage in which the site vegetation is comprised
mostly of herbaceous plants. The composition of the herbaceous plant species
over various parts of the landfill is determined mostly by the amount of time
that has passed since the last major disturbance, but also partly by micro-
site characteristics. Generally speaking, as a greater amount of time has
passed since disturbance, the plant species at a specific site will tend to
diversify, stratify vertically and horizontally, and tend to become skewed
towards longer lived plant species. Several subcommunities were present on
the site. In addition to these subcommunities, about 34% of the landfill was
barren.
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The first subcommunity 1s typified by station El, located near the entrance to
the site in close proximity to SWD-5. This station was wetter than the other
sites. It was dominated by grass and a composite. The composite was
represented in only one of the quadrat samples, but was generally distributed
over the location. Watercress occurred on this site, which is an obligate
wetland indicator. This subcommunity is present on the southeast portion of
the site and covers about 5% of the site property.

The second subcommunity is typified by sample E2, located on the eastern
portion of the landfill, east of RIW-7. This area is a dry site which had
apparently been disturbed within the last two years and had been seeded with
grass. Grass was dominant on the site, with moss and hop clover also present.
This subcommunity covers about 5% of the landfill.

The third subcommunity is typified by sample E3 and is located to the west of
the shed northeast of SWD-4. ' This is a dry site that is dominated by grass
and an unknown composite, which differed from the composite as at station El.
There was a very small herbaceous seedling distributed over this subcommunity,
and corn speedwell and a mustard were also present. Evidently this are had
been disturbed 2 or 3 years ago, but was not seeded. This subcommunity covers
about 8% of the site.

The fourth subcommunity is typified by E4, located in the southern portion of
the solid waste disposal area. This subcommunity is dominated by broomsedge.
A second, unidentified grass was also common. See the vegetation description
for station E4 for a list of the other plant species at this site. This
community is.a type that has been left undisturbed for a longer period of time
than the second or third subcommunity. The broomsedge subcommunity covers
about 8% of the site and forms a continuum with the fifth subcommunity.

The fifth subcommunity is the only subcommunity on the disturbed portion of
the landfill with a shrub layer. Sample station E5 is in a location that is
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ecologically intermediate between the fourth and fifth subcommunity. This
area has been left undisturbed long enough to permit woody vegetation to grow
and has succeeded into a young pine (pitch, Virginia, and table-mountain)
stand that covers about 10% of the site on the southwestern part of the site,
roughly from SWD-1 east to SWD-2 and nearly as far north as RIW-1. This
subcommunity could be described as a southern variant of the pitch pine forest
cover type where the stocking is a mix of pitch, Virginia and table-mountain
pine (Eyre, 1980). This type is an intermediate successional step that, in
the absence of disturbance, will succeed back into an oak-pine cover type that
was the original vegetation of the landfill.

The terrestrial vegetation in the landfill is undergoing early successional
growth typical of that region. There is poor surface soil present at many
areas on the landfill resulting xeric conditions and relatively sparse
vegetative growth. Xeric conditions and poor soil quality may be responsible
for the stunted growth of some shrubs up on the ridge. Given time, the
vegetation will eventually return to woodlands similar to those which surround
the landfill.

The original oak-pine forest still covers about 30% of the landfill where
there has been little ecological disturbance. This extends over most of the
northern part of the landfill. The forest is a Chestnut Oak-Pitch pine cover
type, a variant of the Chestnut Oak forest cover type (Eyre, 1980). Important
associated tree species include scarlet and white oak, red oak, and black
tupelo. This is a subclimax or climax forest type that occurs in dry areas,
particularly on rocky outcrops, ridge-tops and southern slopes. This cover
type occurs primarily in the Appalachians at elevations of 450 to 1,400
meters, but also occurs intermittently in southern New England, the Piedmont,
the Catskills of New York, and the New Jersey sand plains (Eyre, 1980). The
off-site forest was mature, or nearly mature, secondary or tertiary growth,
but lacked the large overmature trees and the windthrown trees characteristic
of a true climax forest.
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Although the typical forest cover type of the area is Chestnut Oak-Pitch Pine,
sites adjacent to the streams are more mesic and will locally harbor a
different composition of plant species, both trees and herbaceous plants.
Therefore the xeric forest stations will have a different plant composition
than the stream stations that are located in the forest.

Wildlife -._WildJife found on the landfill is typical of that found in the
habitats described. The birds observed have habitat preferences that range
from open (i.e., bluebirds) to forested (i.e., pileated woodpecker). Birds
observed are typical of those found in the habitat described and season of the
visit. Populations of small mammals and game species, such as deer, were
present. The wildlife population utilizing the landfill will change with time
as the vegetation succeeds back into forest.

Summary of Aquatic Investigation

Benthic Macrolnvertebrate -Investigation - The aquatic investigation indicated
a good overall aquatic community and habitat. The reference station stream
characteristics and community appeared to be representative of the area.
Sensitive organisms were usually dominant in the benthic collections.
Diversity was good, and the numbers of organisms collected was generally good.
The exceptions were at SE-1 and SB-6 where ecological stress was evident. SB-6
appears to have significant impairment, while SE-1 appears to be under
moderate stress. It should be noted that the habitat, as well as potential
site impacts, may contribute to the impairment at SB-6.

Summary of Bloassavs - Significant toxicity was reported during each bioassay
involving surface water and sediments taken from SB-7. The chronic bioassay
using C. dubia indicated toxicity from surface water taken from all sample
locations, however, these results are in question. Aside from the bioassay
involving SB-7, no toxicity was reported during the 7 day chronic bioassay
using P. promelas or the 10 day chronic bioassay using H. azteca. The only
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exception was a statistically insignificant decrease in survival of H. azteca
using sediments taken from SA-5.
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STREAM SAMPLING DATA SHEET

Site Name: Dixie Caverns Township: Salem

County: Roanoke' State:Va

Sample Station (DC-EA-j

Date

Time

Surrounding Land Use (%}

Forest

Held/Pasture
Agriculture

ResTdential/Maintainecf

Commercial

Industrial

Other ROAB ,

Watershed Ercston

Estimated Stream Width (ft)

Estimated Stream Depth (ft)
% Rime

&Run

% Pool •

Estimated Stream Velocity (fl/s); .

Estimated Stream How (ft1/*),

High Waiar Mark (ft)

Man-Made Modlflc*tlons;.

Canopy Covar (%} .

Sediment/Substrate"

Odor

Oil ,

Deposits,

SG1

3/25/91

13:00

100

0

0

0

0

0

0

NONE

8 •>'

0.5

20

70

10

2

8

2

norm

75

none
none
none

SF1

3/25/91

15:00

0

100

0

0

0

0

0

MOD.

12

1.2

20

55

25

1.6

23

3

8ridg«, Park.
lot

0

none

none
none

SA5

3/25/91

16:30

0

30

0

60

0

0

10

NONE

6

0.25

50

25

25

3

4.5

2

road

0

none

none

none

SE1

3/26791

8:30

100

0

0

0

0

0

0

NONE •

4

0.5

30

30

40

1.2

3.4

1.5

none

55

none

none
none

SB6

3/26/91

10:00

100

0

0

0

0

0

0

NONE

2

0.25 •

40

40

20

2.3

1.15

1.5

nor*

50

none

none
link. Hoc

SD1

3/26/91

11:00

100

0

0

0

0

0

0

NONE

2.5

0.45

45

35

20

2

225

1.5

nona

60

none
none
none
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STREAM SAMPLING DATA SHEET {cont'd)

Simple Station (DC-EA-)

1 Dominant Substrate Type
(Inorginlc}

% Bedrock

% BouWer ( >0-25m)

% Cobble (0.05S - 0.2Smj
% Gravel {O.D02 - Q.065m}

% Saixf (gritty)

% SKt {(foe)
%Cfcy(sBc!0

Dcmlrmnt Substrate Type
{OrginJc)

% Detritus

%MucK'?,<ud

%Mvt

Streim Odor

Strwm OHs

Stretm Turbidity

SG1

Cobble

0

5

75

15

5

0

0

Detritus

100

0

0

0

0

mostly clear

SF1

Cobble

0

25

45

15

10

5

0

Detritus

90

10

0

0

0

noScable

Weather Condmons

&8*Fctear

SA5

Bedrock/
Cobble

30

10

30

20

5

5

0

Detritus

90

10

0

0

0

clear

SE1

Cobble

20

• 10
35

15

5

10

5

Detritus

70

25

5

0

0

clear

SB6

Sand/Silt

0

0

20

20

30

30

0

Detritus

65

35

0

0

0

dear

Photographs/Numbers
SG-1 SF-1 SA-5 SE-1 SB-6 SD-1
IN 5N ION 14N 18N 22N
2S 6S 11S 15S 19S 1S
3E 7E 12E 16E 20E 2E
4W 8W 13W 17W 21W 3W

9BC 4FL

SOI

Cobble

25

15

35

10

10

5

0

Detritus

90

10

0

0

0

clear
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STREAM SAMPLING DATA SHEET (cont'd)

Conditions - Parameter!

Sample Stations (DC-EA-) SG1 SF1 SA5 SE1 SB6 S01

Primary - Substrate & Instraam Cover

1. Bottom substrate and
available cover

2. Embeddedness
3. Flow

16

16

17

16

15

17

11

15

12

15

16

16

5

11

11

15

16

16

Secondary - Channel Morphology

4. Channel alteration

5. Bottom scouring and
deposition

6. Pool/riffle, run/bend ratio

14

12

13

12

12

14

7

10

14

12

12

11

8

4

5

14

12

13

Tertiary - Riparian & Bank Structure

7. Bank Stability

3. Bank Vegetation

9. Stream Side Covar

10

6

7

7

5

4

7

7

10

8

3

. 6

7

3

3

10

6

7

Comparisons

Total Score
Percent of Comparability;
to Reference

Station Assessment Compared
to Reference

108

98

Comparable

102

94

Comparable

93

85

Supporting

99

91

Comparable

57

52

Non-
*uppO(ting

107

98

ComparaW*

Conditions

Primary

Secondary

Tertiary

: Excellent

ie_B :

12-15

9-10

', Good

IMS-

3-11.

6-8

Fair

6-10 ,

4-7

3-5

Poor

0-5.

0-3

0-2

Assessment
Category

Comparable .
to Reference .

Supporting

Partially
Supporting

Non
Supporting

Percent of
Comparability

>89%

75-88%

60-73%

, <59%
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STREAM SAMPLJN3 DATA SHEET (cont'd)

Benthic Collection

Sampla Stilton (DOEA-) SG1 SF1 SA5 SE1 SB5 SD1

Observed Relative Abundance of Aquatic Biota

Pertphyton
Slime

Rlamentous AJgae

Macroln vertebrate

Microphytes

Fish " "

2

0

0

4

0

0

1
0

2

4

0

2

1

0

1

3

0

0

1

0

2

2

2

1

0

4

0

2

0

0

2

1

0

4

1

1

0 - Absent/Not Observed 1 = Rare 2 = Common 3 = Abundant 4 = Dominant

Sample Type

Additional Comments

Rrffle/Run Surber

Dffftnet

D-Frame

CPQM D-Frame
Hand

Collectors 1.

2,

Preservative* 1,

2,

X

X
%

X

DJ

CRB

ETQH

H20

X

X

DJ

CRB

ETOH

HjO

X

X

X

DJ

CRB

H20

ETOH

X

X

X

DJ

CRB

H20

ETOH

X

X

X

DJ

CRB

H20

ETOH

X

X

X

DJ

CR8

H20

ETOH
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SA5 RR
Location: Salem Date: June 3, 1991

TN
1
2
3
4

5
6
7
8

9
10
11

Township: Salem
State: VA

Taxon
Tipulidae
Oligochaeta
Heptageniidae
Siphlonuridae

Perlodidae
Chironomidae
Ephemerellidae
Baetidae

Leptophleblidae
Taeniopterygidae
Nemouridae

County: Roanoke Co.

# Source1
4 1
4
49
20

1
1
3
1

1
1
4

5
7
7

4,7
1
4,7
7

4,7
7
7

Couplet Sequence
Sight ID
Sight ID
Pg. 97: r.2',7',8'
Pg. 97: i',2',7',8'
13M5M6'
Sight ID
Sight ID
Sight ID
Pg. 97: l',2',7',8'
13', 15', 16
Sight ID
Pg. 184: l',2',3,4
Pg. 184: r.2',3,4'

Det.
CRB
CRB

,11', 12 CRB
,11', 12'

CRB
CRB
CRB
CRB

,11', 12'
CRB

CRB
CRB

,5 CRB

, . ——

Comments :

References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID:SA5 CPOM
Location: Salem______ ___ Date: June 3, 1991

TN
1
2
3
~4
5
6
7
8
9
10
11
12

——

Township: Salem
State: VA

Taxon
Tipulidae
Oligochaeta
Chironomidae
Siphlonuridae
Heptageniidae
Ephemeral! idae
Nemouridae
Perlodidae
Dytiscidae
Hydrophilidae
Diplopoda
Araneae

County: Roanoke Co.

# Source1
25 1
13
1
3
3
6
6
3
1
1
1
1

5
1
4,7
4,7
4,7
4,7
4,7
3
3
3
3

Couplet Sequence Det.
Sight ID CRB
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB

Comments:_Tipulids were put in two vials (1A,1B). Spider and Millipede
terrestrial.

1 References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SB6 RR
Location: Salem ______ Date: June 3, 1991
Township: Salem _____ " County: Roanoke Co.
State: _VA _______ -_....„__.,..._.____,.__..

TN Taxon # Source1 Couplet Sequence Det.
1 Ger r i dae 1 .„._ 3 _____ ._ J1 ght ID CRB__ _ ____ . _______ _
~2_ _Dytiscidae ____ l"' 3 ." Sight ID ___________ _CRB
~3_ _S1phTonuridae __ _2_ 4,7 __ Sight ID ___________ _CRB
~4 _ jeptagenTidae __ _1_ _ 4,7 __ Sight ID ___________ _CRB
^6 _ _Ephemerel 11 dae _ _i_ _ 4,7 _ _Sight ID ___________ _CRB
"6 _ _Chironornidae ___ _1_ __ 1 __ _SightJD ____________ _CRB
7 _ _Nemouridae ____ _3_ __4,7 _ _Sfght ID ____________ _CRB
I8_ _Limnephilidae __ ^_1_ _ 4,7 _ _Sight ID ____________

Comments:_Dytiscid (TN #2) is' an adult.

References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID:SB6-CPOM
Location: Salem______ Date: June 3, 1991

TN
1
2
3
4
5
6
7
8
9

Township: Salem
State: VA

Taxon
Chironomidae
Simullidae
Corydal i dae
Siphlonuridae

_Leptophlebiidae _
Perl odi dae
Nemouridae
Limnephilidae
Araneae

County: Roanoke Co.

#
6
3
1
2
1
1
4
1
1

Source
1
1
7
4,7
4,7
4,7
4,7
4,7
3

Couj
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight

)let Sequence
ID
ID
ID
ID
ID
ID
ID
ID
ID

Det.
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB

——

——

Comments:_Spider probably terrestrial.

References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns
Location: Salem

TN
1
2
3
4
5
6
7
8
9
10

Township: Salem
State: VA

Sample ID: SD1 RR
Date: June 3, 1991

__ County: Roanoke Co.

Taxon i
Corydalidae 1
Siphlonuridae
Leptophlebiidae
Ephemerel 1 i dae
Heptageniidae
Nemouridae
Chloroperlidae
Hydropsychidae
Rhyacophilidae
Lepidostomatidae

4
5
2
26
1
2
2
1
2

Source
7
4,7
4,7
4,7
4,7
4,7
4.7
4,7
4,7
4,7

1 Couplet Sequence
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sigh-J ID
Sight ID\

Det.
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB

____ _ , . , ._ _.

. - - - -

Comments:

References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID:SD1 CPOM
Location: Salem_____ Date: June 3, 1991

TN
1
2
3

4
5
6
7
8
9
10
11
12
13

Township: Salem
State: VA

Taxon
Decapoda
Chironomidae
Empididae

Heptageniidae
Siphlonurldae
Leptophlebiidae
Perlodi dae
Leuctridae
Limnephllldae
Hydropsychidae
Rhyacophllidae
Lepldostomatidae
Desmognathus sp.

County: Roanoke Co.

2
1
1
46',
2
8
17
2
1
4
1
1
14
1

Source
5
1
3

47,48',
4,7
4,7
4,7
4,7
4,7

~4.7~
4,7
4,7
8

Couplet Sequence
Sight ID
Sight ID
Pg. 509: I,2',3',30',43'f4!
SO'.Sr.Sg'.SS' CRB

Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID

Det.
CRB
CRBr,
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
DJ

Comments: The Empldid is an adult.

References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

TN
1
2
3
4
5
6
7
8
9
10

Site Name: Dixie
Location: Salem
Township: Salem
State: VA

Taxon
Gerridae
Tipulidae
Simuliidae
Heptageniidae
Ephemerellidae
Siphlonuridae
Hydropsychidae
Rhyacophilidae
Chloroperlidae
Chironomidae

Caverns

*
3
2
17
46
10
20
1
1
3
2

Source1
3

......L. _
1
4,7

__4,7
4,7
4,7
4
7
1

Sample ID: SE1 RR
Date: June 3, 1991
County: Roanoke Co

Couplet Sequence
.Sight ID

.. Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Pg. 259: 1', 2', 4', 5,6, 7', 8',
Pg. 184: 1' ,2' ,3', 7' ,8
Sight ID

Det.
CRB
CRB
CRB
CRB
CRB
CRB
CRB

9' CRB
CRB
CRB

- - -..,

Comments: . . . . . .

1 References listed on last page of appendix.

AR300552



BENTHIC SAMPLE ORGANISMS

TN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Site Name: Dixie
Location: Salem
Township: Salem
State: VA

Taxon
T1 pull dae
Chironomidae
SI mull 1 dae
Heptageniidae
Leptophlebiidae
Ephemeral 11 dae
Slphlonurldae
Nemouridae
Chloroperlidae
Perl odl dae
Hydropsychidae
Hydropsychidae
Rhyacophllidae
Limnephilidae
Lepidostomatldae
Cor 1x1 dae
Entomobryi dae

Caverns

#
3
1
1
7
5
1
45
1
4
2
1
1
1
1
6
4
1

Source1
1

4
4
4
4
4
4
4
4

4
4
4

1
1
i
*
»
*
»
,

,
3
i
>
*
3
3

7
7
7
7
7
7
7
7

7
7
7

Sample ID: SE1 CPOM
Date: June 3, 1991
County: Roanoke

Couplet Sequence
Sight ID
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Pg. 581
Sight
Sight
Sight
Sight
Sight

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
: 1', 2', 10, 11, 12'
ID
ID
ID
ID
ID

Co.

Det.
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB

Comments :__Hydropsychidae TN #11 is a larva, TN #12 is an adult.

1 References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SF1 RR
Location: Salem _____ Date: June 3, 1991
Township: Salem _____ " _ County: Roanoke Co.
State: _VA ________ __.„!.' .._„.,._.. ..,.,,_.,™..̂,, ......... ~. . . .. .

TN Taxon # Source1 Couplet Sequence Det.
1 __ Ijpulidae _______ 5 1 Sight ID _____ CRB
2_ Oli'gochaeta _4 __5___|ight ID ____________ __QRB
3_ PerTodjdae ____ _?3 _4,7_ _Sight ID _____________ _CRB
4_ lEmpididae ______ 1__ __ f _ _Sight ID ____________ _CRB
5 Simullidae^ 6 1 . S f h t ID CRB_ ^ __ __ _ ___ ________ _
6 _ _Chironom1dae __ ____29 '..._ _L 1 Sight '~lb _ _.... ____ . _CRB

~ _4,7_ _Sight ID_ _ _ ____ _ _ _ _ ____________ _
8 Nemouridae ,72 _ 4/7 _ _Sight ID ____________ _CRB
9_ _Chloroperiidae __ _l_ __ ̂4,7 _ _Sight ID
10__Phi1ppotamidae _ _1_ _ 4,7 _ _Sight ID

J
_ __ _ _ _ ____________ _

EphemereVMdae __ _1_ _4,7_J_Sight ID ____________ _CRB
12_ _Heptagen1idae __ _3_ _ 4,7 _ _Sight ID _____________ _CRB
13_ _Siph!onuridae __ _11 __7_ _Sfght ID ____________ _CRB
4_ _Planorbidae ____ _L_ ̂ _ 5 __ Pg. 557: 1,51,54,67 ______ _CRB_
15 Acarl __ 1 __5__ JSight ID ___________ _CRB
16_ _Diplopoda _____ LJ___3___Sig(it ID __CRB
17_ _Formicidae ____ 3 3 _, .Sight ID ____ _______ _CRB
18_ _Isopoda_ _____ J_"__A_ 5ight ID ____________ _CRB
19 Noctuidae .. 1 . '.. 4 $ight ID _______ _CRB
20_ _Gastropqda ______ 1_ ____ _5ight ID

'
__ _ ______ _ ____ _ _____________ __
_21_ Eggs _____ t _&_ _ ___ _ . ' ..... ,., ...„ ._.. . _______ _CRB_
_22_ Sminthuridae _ 1 _ 3 Sight ID _CRB_

Comments:_The Gastropod is a terrestrial slug. Taxa numbers 16-20 and
22 are all probably terrestrial. _______________________

1 References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SF1 CPOM
Location: Salem______ Date: June 5,_1991
Township: Salem_____ '̂  County: Roanoke Co.
State: _VA_________ V J' ".„.".1_I"..._.._"".".""." .1̂ " V'iLlI '

TN Taxon # Source1 Couplet Sequence Det.
_1___T1 pull dae_____J5___1___Sight ID____________J?!»
_2__ _01igochaeta___ _15 __5__ jSlght ID__________ CRB
_3_ Jfemourldae____ _77 _4,7_ _Sight "TD______ "~~ _CRB
4__ _s^mul 1 ttae____ _6_ __1__ _Sight ID________ CRB
^5_ _Chironomidae___ __4_ _1 _Sfght ID_____________ _CRB
_6__ _SiphTonur1dae__ _54 _4,7__ _Sight ID " ' CRB
_7__ _Ephemerellidae__ _1_ _4,7_ ̂Sight ID_________ CRB
_8_ _Baetidae_____ _1_ _4,7_ JSight ID____________ _CRB
_9__ _Heptagen11dae__ _i _4,7_ _Sight ID___________ " _CRB
_10_ _Leptophlebiidae_ _17 _4,7__Sight ID___________ _CRB
11_ __Lininephilidae__ _2_ _4,7_ _Sigh"t ID_____ CRB

"12_ Staphylinidae__ _1_ _3 _Sight ID________ '""" CRB
_13_ "Dytiscidae _4_ ___3_^ _Sight ID___________" _ _CRB
14 Chloroperlidae 1 _4,7_ Sight ID__________ CRB

_15_ Nemourldae _1_ _3_ Fg. ua'^.S.S______^_ _CRB
_16_ Philopotamidae " _1_ _4,7_ _Sight ID______" _CRB
_17_ _Rhyacophilidae_ _2_ __4,7—jsight ID_____________CRB
_18_ _Formicidae____ _2_ __3__ JSfght ID______ CRB
_19_ _!sopoda____ " _1_ _^_3___ _Sight ID_____________ CRB
_20_ _Perlodidae____ _i2 _4,7_____Sight ID______________ _CRB

Comments:_The Nemourid (TN #15) is an adult. Taxa numbers 12,18 and
19 are terrestrial.

1 References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SG1 RR
Location: Salem_____ .... , Date: June 3, 1991

TN
1
2
3
4
5
6
7
8

9
10
11
12
13
14

15
16

Township: Salem
State: VA

Taxon
Ti pull dae
Blephariceridae
Simuliidae
Ephemerellidae
Heptageniidae
Chironomidae
Siphlonuridae
Heptageniidae

Nemouridae
Chloroperlidae
Perlodidae
Hydropsychidae
Limnephilidae
Lepidostomatidae

Isopoda
Desmognathus sp.

._ County; Roanoke Co.

# Source1
1 1
1
23
6
101
.1 ...
7
1

,..,!-. ._..
2
4
1
10
1

1
1

1
1
4,7
4,_7
1
4,7
3

4,7
_4.7
4,7
4.7
4,7
4

3
8

Couplet Sequence
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Pg. 179: l',2',3',8'
14, 15', 16
Sight ID
Sight ID
Sight ID
Sight ID
Sight ID
Pg. 259: l',2',4',5'
14M5M6',17M9
Sight ID
Sight ID

Det.
CRB
CRB
CRB
CRB
CRB
CRB
CRB

,10',
CRB

CRB
CRB
CRB
CRB
CRB

,13',
CRB

CRB
DJ

;•> . .,..,. --. - -.,---.- - --. '-"
•.,-

. ,

Comments:_The Heptagenild (TN #8) is a subimago. The Isopod is
terrestrial.

1 References listed on last page of appendix.
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BENTHIC SAMPLE ORGANISMS

Site Name: Dixie Caverns Sample ID: SG1 CPOM
Location: Salem______ Date: June 5, 1991
Township: Salem_____ County: Roanoke Co.
state: _VA______ . __; _._".;_..'..""^ rV'l ' '

TN Taxon # Source1 Couplet Sequence Det.
1_ _Pteronarcyidae__ _1_ _4,7_ _Sight ID____________ _QRB_

~JL_ _Corydalidae___ _1_ _7__ __Sight ID_____________CRB_ ̂
_3_ _01 i gochaeta____ _3_ __5__ _Sight ID_________ CRB '_ "_
_4_ JTi pull dae_____ _5_ __1_..Sight ID CRB
5_ ^Chironomidae___ _1_ __1__ _Sight IP ____1_ __CRfi_
"6_ _S1muliidae____ _9_ _1 Sight ID_____ ^ _CRB_
~7_ _Siphlonur!dae__ _25 _4,7_ _Sight ID______ ' " ' ~ CRB
8_ _Baetidae_^_____ _1_ _4,7_ _Sight It) _CRB_

I9™. _Uptophlebi1dae_ _1_ _4,7_ _Sight ID ________' _CRB_
10_ _Nemouridae____ _9_ _4,7__Sight ID____________ _CRB_

"ll_ _Heptageniidae__ _6_ _̂ 4,7_ _Sig"ht ID _CRB_
"12_ Perlod1 dae _24 __4,7__ _Sight ID _____ _CRB_
"13_ Chloroperlidae _2_ _4,7_ _Sight ID_________1__5B_
™14_ _Ephemerellidae__ _23 _4,7_-Sight ID____________ _CRB_
3l5a _Hydropsychidae_ _l_ _4,7_ _Sighf ID »CjB_
3_b _Hydropsychidae_ _1_ ___3__ _Sight ID__________ _ CRB
16_ _Rhyacophilidae__ __4_ _4,7_ _Sight_IlJ_______ CRB

"17_ J.ydrophil1dae__ _1_ _4,7_ _Sight ID --—- _cRB_
"18_ _Chrysomel1dae__ _1_ __._3___ _Sight ID_____________ _CRB_
~19_ _Entomobry1dae__ _1_ _3___Sight ID__________'" _CRB_
I2Q_ _Diplopoda_____ _2_ __3__ _Sight ID____________ _CflB_ [

Comments:JTaxa numbers 18-20 are terrestrial. Taxa number 15a and 15b are in
the same vial, 15b is an adult.______"____'

References listed on last page of appendix.
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V

QA/QC SHEET FOR MACROINVERTEBRATE SAMPLES

Site Name: Dixie Caverns Date: June 5, 1991
Location: Salem, VA Determiner: DJ

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Vial # Source
SG1-CPOM-08 7
SD1-CPOM-11
SF1-RR-07
SG1-CPOM-15
SF1-CPOM-03
SB6-CPOM-07
SG1-RR-14
SG1-RR-01
SF1-CPOM-08
SEi-CPOM-13
SA5-RR-02
SG1-RR-13
SEI-CPOM-13
SA5-CPOM-04
SA5-RR-05
SD1-RR-05
SA1-RR-09

Comments: The Leptophlebii

7
7
7
I

Sight
7

Sight
Sight
Sight
Sight
7
7
7
7
7

__! _ ...

Taxon
Baetidae ... ........
Rhyacophilidae
. Ggmphidae
Hydropsychidae
Nemouridae ... ...
Corydalidae
Lepidostomatidae
Tipulidae
Baetidae
Lepidostomatidae
Oligochaeta
Limnephllidae
Entomobryidae
Siphlonuridae
Perlodidae
Heptageniidae
Leptophlebii dae

- , , ! . - - - • ' . L. , .. .- .

Veri fy
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

d specimen is in bad condition.
t

-, .... ---.

Sources are listed at the end of the Benthic Sample Organisms appendix
(Appendix XX).
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FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: FIB
Township: Salem Date: March 27, 1991
County: Roanoke . .Time: 10:00
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
1
2

3

Common

Name

Blueberry

Black Tupelo

Oak

Scientific

Name

Vaccinium spp.

Nyssa sylvatica

Quercus spp.

Indicator

Status

FAC

40" X 40° Quad

O1

70

30

Q2

100

03:
70

30

CM

60

40

X

75

17.5

7.5

R

1

2

3

Total of Average (SX) _100_
Dominance Threshold Number Equals 50% X Total of Average (SX) _50_

Shrub Species

#

1

2

Common
Name

Mountain Laurel

Blueberry

Scientific
Name

Kalmla latlfolla

Vaccinium spp.

Indicator
Status

FAC

%Areal
Cover

20

40

Cover.
Class

3

4

Mdpt.
Cover
Class

20.5

33.0

R

2

1

Sum of Midpoints _58.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _29.25_

Woody Vine Species

Sum of Midpoints _3.
Dominance Threshold Number Equals 50% X Sum of Midpoints _1*5_

Sapling Species

Sum of Midpoints __79.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints ~39.75_

#

1

Common
Name

Greenbrier

Scientific
Mama

Smilex spp.

indicator
Status

% Area!
Cover

5

Cover
Ciass

1

Mdpt.:,
Cower
Ciasa1; .

3.0

R

1

#

1

2

3

4

Common
Name,,. , , , ..

Black Tupelo

Pitch Pine

Scarlet Oak

Chestnut Oak

Scientific
Name

Nyssa sylvatica

Pinus rlgida

Quercus cocctnea

Quercus prinus

indicator
Status

FAC

FACU.

UPL

UPU

% Area!
Cover

40

25

15

15

Cover
Class ,.

4

3

2

2

Mdpt,
Cover
Class

38.0

20.5

10.5

10.5

R

flR300562



Tree Species3

#

t
2

3

Common
Ntme

PttcnPloa

Chestnut Ort

ScwIeiQak

Scientific
Name

Plnosrlgtda

Quercus prtnus

Quercus coccinea

Indicator
Status

FACU

UPL

UPL

DBH
(in)

9.4

5

7.33

BA/Tre»
(ft1)

0.48

0.14

0.29

BA/Sp.
(ft1)

2.40

0.14

0.87

R

i

3

2

Total Basal Area of All Species Combined _3.41
Dominance Threshold Number Equals 50% X Total Basal Area _1.71^

flR3Q0563



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F2B
Township: Salem Date: March 27, 1991
County: Roanoke Time: 8:50
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
1
2

3

4

5

5

7

8

9

10

Common

Name

Moss

Uchen

Mayflower

Hed Maple

Greenbrfer

Mountain Laurel

Blueberry

Striped Wlritergreen

Iris

Black Tupefo

Scientific

Name

Bryophyta

Sryophyta

Eplgaea re pens

Acer rubrum

Smile* spp.

Kalmia latifolia

Vacciruum spp.

Chlmaphila maculata

Iris spp.

Nyssa sylvatica

Indicator

Status

UPL

FAC

FAC

UPL

FAC '

40" X 40" Quad

at
10

15

15

25

25 _

10

Q2

10

10

15

60

5

Q3

10

10

70

10

Q4

30

20

30

20

X

12.5

13.8

10

5

3.8

10

38.8

2.5

1.3

2.5

R

3

2

4

6

7

S

1

8.5

10

8.5

Total of Average (SXTJ00.2
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.T

Shrub Species

f
1
2 ,

Common
Name

Mountain Laurel

Blueberry

Scientific
Name

Kalmia latifolia

Vaccinium spp.

Indicator
Status

FAC

%Areal
Cover

50

40

Cover
Class

4

4

Mdpt
Cover
Class

38.0

38.0

R

t.5

1.5

Sum of Midpoints _76.0_
Dominance Threshold Number Equals 50% X Sum of Midpoints _38.0_

Woody Vine Species

#

1

Common
Name

Greenbrier

Scientific ,
Mama

Smllex spp.

indicator
Status

%Areai
Cover

10

Cover
Class

2

Mdpt
Cover
Class ' ,

10.5

R

1

Sum of Midpoints _10.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _5.25_

flR30056U



Sapling Sped es

*

1
2

3

Common
Name

8fccKTup«to

S*ss«fr«s

CtwstnutOth

Scientific
Name

Nyssa sylvatica

Sassafras albidum

Quercus prinus

indicator
Status

FAC

FACU

UPL

%Areal
Cover

15

15

20

Cover
Class

2

2

3

Mdpt.
Cover
Claw

10.5

10.5

20.5

R

7.5

2.5

1

Sum of Midpoints _
Dominance Threshold Number Equals 50% X Sum of Midpoints _20.7

Tree Species

#

1

2

3

Common
Nome

scuta otk
CnestnutOtk

PttchWrw

Scientific
Name

Quercus cocctnea

Quercus prinus

Ptnus rlglda

Indicator
Status

UPL

UPL

FACU . =_

DBH
(in)

6,33

5.38

12.25

BA/ Tree
(ft1)

0.22

0.1S

0.82

BA/Sp.
fffl

0.8S

0.64

0.82

R

1

3

2

Total Basal Area of All Species Combined _2.3_4_
Dominance Threshold Number Equals 50% X Total Basal Area _1.17_
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FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F3B
Township: Salem Date: March 26, 1991
County: Roanoke Time: 14:40
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5

5

Common

Name

Moss

Blueberry

Strawberry

Uchen

Mountain Laurel

Red Maple

Scientific

Name

Sryophyta

Vaccinium spp.

Fragarta vlrginlana

Bryophyta

Kalmia latifolia

Acer rub rum

Indicator

Status

FACU

FAC

FAC

40" X 40" Quad

01

20

80

Q2

35

60

5

OS.

15

80

5

Q4

80

10

10

X

17.5

75

1.3

1.3

2.5

2.5

R

1

2

5.5

5.5

3.5

3.5

Total of Average (SX)_100.1_
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.05

Shrub Species

#

1

2

Common
Name.

Blueberry

Mountain Laurel

Scientific
Nama

Vaccinium spp/'

Kalmia latifolia

Indicator
, Status

FAC

%Areal
Cover

55

25

Cover
Class

5

3

. Mdpt „
Cover
Class

€3

38

R

1

2

Sum of Midpoints _101_
Dominance Threshold Number Equals 50% X Sum of Midpoints _50"-5

Woody Vine Species

*

1

Common
Name

NIL . , , -

Scientific
Mama

Indicator
Status

% Afoul
Cover

Cover
Class

Mdpt. :,
Cover
Clasa

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

AR300566



Sapling Species

Sum of Midpoints _65.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _32.75

Tree Species

Total Basal Area of All Species Combined _2.45_
Dominance Threshold Number Equals 50% X Total Basal Area _1.23_

AR300567

#

^
z
3

«

5

6

Comrrvon
.4am*

Red Maple

C*k

Black Tuotio

$*3UfT*3

Dogwood

vtrgmic Pta

Scientific
Name

Acer fubrum

Quercus spp.

Nyssa sylvattca

Sassafras afttdum

Cornus spp.

Plnus vtr glntana

Indicator
Status

FAC

FAC

FACU

FACU

UPL

%Areal
Cover

10

25

10

10

5

10

Cover
Class

2

3

2

2

1

2

Mdpt
Cover
Class

10.5

20.5

10.5

10.5

3.0

10.5

R

3.5

1

3.5

3,5

6

3.5

f

1

Z

Common
Nome

Chestnut Cok

Red Otic

Scientific
Name

Quercus prtnus

Quercus rubra

Indicator
Status

UPL

FACU

DBH
(in)

8

8.75

BA/ Tree
(ft1)

0.35

0.42

BA/Sp.
(ft2)

0.35

2.10

R

2

1



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: FI
Township: Salem Date: March 27, 1991
County: Roanoke Time: 10:40
State: VA • Recorders: DJ/CRB

Herbs & Bryophytes

#
1

2

3

4

5

6'

Common
Name

unknown

Grass

unknown

Uctien

Striped Wintergreen

PftchFHne

Scientific

Name

Ericaceae

Poaceae

undetermined

Bryophyta

Chimaphila maculata

Rnus rlgida

Indicator
Status

UPL

FACU

40" X 40" Quad

Q1

30

70

Q2

33

33

33

03

60

40

O4

so
20

X

3.3

a.3
15.8

35

15

17.5

R

5.5

5.5

3

1

4

2

Total of Average (SX) __99.9_
Dominance Threshold Number Equals 50% X Total of Average (SX) _49.95

Shrub Species

#

1 •

2

Common
Name

Mountain Laurel

Blueberry

Scientific
Name

Kalmia latifolia

Vaccinium spp.

Indicator .
Status

FAC

% Area!
Cover

15

15

Cover
Class .

2

2

Mdpt
Cover
Class

10.5

10.5

R

1.5

1.5

Sum of Midpoints _21_
Dominance Threshold Number Equals 50% X Sum of Midpoints _10.5_

Woody Vine Species

#

1

Common
Name

Greenbrier

Scientific ,
fferim,

Smilex spp.

Indicator
Status

%Areal
Cover

5

Cover
Class

1

Mdpt , ,
Cover :
Class! , .

3.0

R

1
Sum of Midpoints _3.0

Dominance Threshold Number Equals 50% X Sum of Midpoints _1.5"

AR300568



Sapling Species

*

1
2

3

4

5

S

7

B

9

Common
Ntm*

Pitch Pine

RtdMipte

unknown

SltcX Tupelo

Rowsrtng Dogwood

RtdOrt

S**Mfras

CaroOm Hemtock

Tû i-tree

Scientific
Name

Ptnusrigtda

Acer rubra

undetermined

Nyssa sylvatica

Cornus florida

Quercus rubra

Sassafras atbldum

Tauga carallnlana

Urlodendron tullpWera

Indicator
Status

FAC

FAC

FAC

FAC

FACU

FACU

UPL

FACU

%Areal
Cover

20

10

5

15

5

10

10

5

15

Cover
Class

3

2

i
2

1

2

2

1

2

Mdpt.
Cover R
das* |[

20.5

10.5

3.0

10.5

3.0

10.5

10.5

30

10.5

1

4

a
4

9

4

4

a
4

Sum of Midpoints _82_
Dominance Threshold Number Equals 50% X Sum of Midpoints __41^

Tree Species

t

i
3

Common
Name

PttchPIn*

White Oak

Scientific
Mam*

Plnus rigfda

Quercus alba

Indicator
Status

FACU

FACU

DBH
(fn)

5

7

BA/Tre*
(ft2)

0.14

0.27

BA/Sp.
(ft*)

0.14

0.27

R

2

1

Total Basal /\rea of All Species Combined _41
Dominance Threshold Number Equals 50% X Total Basal Area _20.5

AR3Q0569



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F2
Township: Salem Date: March 26, 1991
County: Roanoke Time: 15:15
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5

6

Common

Name

Blueberry

Moss ..... .

Lichen

Mountain Laurel

Striped Wintergreen

Sassafras

Scientific

Name

Vaccinium spp.

Bryophyta

Bryophyta

Kaimla latifolia

CWmaphila macuiata

Sassafras albldum

Indicator

Status

FAC

UPL

FACU

40'r

QT

30

10

50

10

X

Q2

70

30

40":

Q3 '

30

10

50

10

Quad.

Q4

60

20

20

X

47.5

5

10

25

5

7.5

R

1

5.5

3

2

5.5

4

"Total of Average (SX) _100_
Dominance Threshold Number Equals 50% X Total of Average (SX) _50]

Shrub Species______________________Sample Location

#

1

2

Common
Name,

Biueberry

Mountain Laurel

; Scientific
Name

Vaccinium spp.'f

Kalmia latifolia

Indicator
Status

FAC

%Area]
Cover

30

40

Cover
Class:,

4

4

Mdpt.
Cover
Cias*

38.0

38.0

R

1.5

1.5

Sum" of WFdpoints _76_
Dominance Threshold Number Equals 50% X Sum of Midpoin

Woody Vine Species

*
i

Common
Name

NIL

Scientific
Name: ,

Indicator
Status ;,. ,

% Area!
Cover:

ts 38

Cover
Class

Mdpt,
Cover:.
Class

RV

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints



Sapling Species

*

1
2

3

4

Common
Nmrrw

S*ssi_r*s

Virginia PSne

BlacKTupeto

Ok

Scientific
Name

Sassafras atoidum

Pious virglnlana

Nyssa sylvatlca

Quercus spp.

Indicator
Status

FACU

UPL .__...

FAC

%Ar.a!
Cover

15

15

15

15

Cover
Class

2

2

2

2

Mdpt,
Clover
Class

10.5

10.5 .

10.5

10.5

1
R ]I

2.5

2.5

2.5

2.5

Sum of Midpoints _42
Dominance Threshold Number Equals 50% X Sum of Midpoints _2T

Tree Species (over 5.0 In. dbh + > 20 ft. tall)

*

1

2

3

*

Common
Name

WhtteQtX

PttcnPJne

CneainutOaK

BtadtjtcfcOsk

Scientific
Name

Quercus alba

Pious rtgtda

Quercus prtnus

Quercus manlandica

Indicator
Status

FACU

FACU . _ _.

UPL

UPL

DBH
(in)

6

7

7

5.5

BA/Tree
iff)

0.20

0.27

0.27

0.16

BA/Sp*
(ft1)

0.20

0.27

0.54

0.32

R

4

3

1

2

Total Basal Area of All Species Combined _1.33_
Dominance Threshold Number Equals 50% X Total Basal Area _0.67_

flf?30057l



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F3
Township: Salem Date: March 26, 1991
County: Roanoke Time: 14:15
State: . VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

Common

Name

Slueberry

Mountain Laurel

Scientific

Name

Vaccinia spp.

Kalmia latffoifa

Indicator

Status

FAC

40" X 40" Quad'

at
100

Q2

50

50

03 Q4

60

40

X

52.5

22.5

R

i

2

Total of Average (SX) _75_
Dominance Threshold Number Equals 50% X Total of Average (SX) _37.5_

Shrub Species

#

1

2

3

4

5

Common
Name

Blueberry

Mountain Laurel

Sassafras

Witch Hazel

Unknown

Scientific
Name

Vaccinium spp.

Kalmia iatifofe

Sassafras albidum

Hamamelis virginiana

Undetermined

Indicator
Status

FAC

FACU

FACU

%AreaJ
Cover

40

30

10

10

30

Covef
Class

4

4

2

2

4

Mdpt ,
Cover
Class

38.0

36.0

10.5

10.5

38.0

R

2

2

4.5

4.5

2

Sum of Midpoints _138_
Dominance Threshold Number Equals 50% X Sum of Midpoints __64_

Sapling Species

Sum of Miopoints _41.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _20.75

Woody Vine Species

#
1

Common,
Name

NIL

Sciehtffic .
Name

Indicator
Status

% Area!
Cover

Cover.
Class

Mdpt
Covar
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

*

1
2

3,-

Cdmrnon,,, -'
Name

Serviceberry

Black Tupefo

Fftcn Pine

Scfohtiffc
Name , ,

Amelanchler spp.

Nyssa sylvatica

Pinus riglda

Indicator
Status ;

FAC

FACU

%Areal:
: Cover ,

15

20

15

Cover ;;
Class: .,

2

3

2

Mdpt. ! ,
Cbvir
Class

10.5

20.5

10.5

R-

2.5

1

2.5

AR300572



Tree Species

#

1
2

Common
Name

Pitch Pin*

Chestnut Oak

Scientific
Name

PVxjsrtgJda

Quercus prtnus

Indicator
Status

FACU

UPL - -

DBH
(in)

6.5

6

8A/ Tree
(ft1)

0.23

0,20

BA/Sp.
<ff)

0.4€

0.40

L
1
2

Total Basal Area of All Species Combined _0.86
Dominance Threshold Number Equals 50% X Total Basal Area _0.43_

flR300573



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F4
Township: Salem Date: March 26, 1991
County: Roanoke Time: 13:30
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

Common

Name

Mountain Laurel

Blueberry

Striped Wintergreen

Greenbrier

Scientific

Name

Kalmia latifolia

Vaccinium spp.

Chlmaphila macuiata

Smllex spp.

Indicator

Status

FAC

UPL

40" X 40"' Quad

01

20

60

20

Q2

60

20

20

Q3

100

Q4

30

50

20

X

27.5

57.5

5

10

R

2

1

4

3

Total of Average (SX) _100_
Dominance Threshold Number Equals 50% X Total of Average (2X) _50_

Shrub Species

Sum of Midpoints _69_

Sum of Midpoints _10.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _5.25_

Sapling Species

#

1

2

3

Common
Name

Witch Hazel

Blueberry

Mountain Laurel

Scientific
Name

Hamamelis vlrglniana

Vaccinium app.
v

Kalmia latifolia

Indicator
Status

FAC

FAC

% Area!
Cover

20

30

15

Cover
Class . .

3

4

2

Mdpt .
, Cover
, Class ;

20.5

38.0

16.5

R:I

2

1

3

Dominance Threshold Number Equals 50% X Sum of Midpoints _ 34. 5_

Woody Vine Species

#
•t

Common.
Name

Greenbrier

Scientific
Name

Smllex spp.

Indicator
Status

%Areal
Cover

10

Cover
Class

2

.Mdpt. ....
Cover

! Class ",

10.5

R

1

*
1
2

3

4

Common. '.
Nanrw

Serviceberry

Red Maple

Oak

Dogwood

Sciehtrfife
Name

Ameianchler spp.

Acer rub rum

Quercus spp.

Cornus florida

Indicator
Status

FAC

FACU

Cover

25

20

20

15

Cover
Class , ,

3

3

3

2

: Mdpt
Cover
Class

20.5

20.S

20.5

10.5

R

2

2

2

4

Sum of Midpoints _ 72 __
Dominance Threshold Number Equals 50% X Sum of Midpoints 36



Tree Species

#

1
2

3

4

Common
Name

RWOtk

ChtstnutOih

Red Maple

White O«k

Scientific
Name

Quercus rubra

Quercus prlnus

Acer Rubrum

Quercus atfaa

Indicator
Status

FACU

UPL

FAC

FACU

DBH
(in)

5

6

a
7

BA/ Tree
(ft2)

0.14

0.20

0.35

0.27

BA/Sp.
(ft1)

0.14

0,40

0.35

0.27

R

4

1

2

3

Total Basal Area of All Species Combined _1.16_
Dominance Threshold Number Equals 50% X Total Basal Area _0.58]

AR300575



FOREST VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: F5
Township: Salem Date: March 27, 1991
County: Roanoke Time: 10:55
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

*
1
2

3

Common

Name

Mountain Laurel

Blueberry

Greenbrier

Scientific

Name

Kalmia latifolia

Vaccinium spp.

Smilexspp.

indicator

Status

FAC

40'r X 40" Quad

01

100

Q2

90

10

03

70

30

O4

90

10

X

17.5

77.5

5

R

2

1

3

Total of Average (SX) _110_
Dominance Threshold Number Equals 50% X Total of Average (SX) _55

Shrub Species

Sum of Midpoints _73.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _36.75_

Woody Vine Species

Sum of Midpoints _10.5
Dominance Threshold Number Equals 50% X Sum of Midpoints _5.25_

Sapling Species

Sum of Midpoints _80__
Dominance Threshold Number Equals 50% X Sum of Midpoints _40_

flR300576

#

1
2

Common
Name

Mountain Laurel

Blueberry

Scientific
Name

Kalmla tattfolia

Vaccinium spp.

indicator
Status

FAC

% Area!
Cover

15

60

Cover
Class

2

5

, Mdpt.
Cover
Class

10.5

63.0

R

2

1

#

1

Cbmmor.
Name

Greenbrief

Scientific
Name

Smilex spp.

Indicator
Status.

%A.eal
Cover

10

Cover
Class

2

Mdpt
Cover
Class

10.5

R

1

•_
1

2

3

4

5

Common-
Name

Black Tupd o

Sassafras • •

Red Maple

Hickory

Flowering Dogwood

' Scientific
Name
Nyssa sylvatica

Sassafras albldum

Acer rubrum

Carya spp.

Comus florida

Indicator
Status

FAC

FACU

FAC

FACU

% Areat
Cover

30

15

10

10

10

Cover
Class

4

2

2

2

2

Mdpt ;, ,
, Cover :
Oaa*

38.0

10.5

10.5

10.5

10.5

R

1

3.5

3.5

3.5

3.5



Tree Species

#

.
2

3

Common
Name

FttcflPlnt

Scarlet Otk

White OtK

Scientific
Name

Plnusrtgtda

Quercus cocctnea

Quercus alba

Indicator
Status

FACU

UPL

FACU " "

DBH
(in)

8.2

G

8.3

BA/Tre«
<ff)

0,37

0.20

0.38

BA/Sp.
(ft2)

1.85

0.20

0.76

R

i

3

2

Total Basal Area of AIT Species Combined _2.81_
Dominance Threshold Number Equals 50% X Total Basal Area _1-4P

1. Cover Class (midpoint): T < 1% (none); 1 = 1-5% (3.0); 2 = 6-15% (10.5); 3
- 16-25% (20.5); 4 - 26-50% (38.0); 5 = 51-75% (63.0); 6 - 76-95% (85.5); 7 =
96-100% (98.0).

2. Saplings are defined as being 0.4 - 5.0 in. DBH and less than 20 ft. tall.

3. Trees are defined as being over 5.0 in, DBH, and/or over 20 ft. tall.

Af.300577
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EMERGENT VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: El
Township: Salem Date: March 27, 1991
County: Roanoke Time: 13:40
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
1
2

3 •

4

5

6

7

Common

Name

Vetch ...-.._

Watercress

Grass

Moss

unknown ....

Bedstraw

Com Speedwell

Scientific

Name

Vlcla spp.

Nasturtium officlnale

Poaceae

Bryopfiyta

Composite

Gallium spp.

Veronica arvensis

Indicator
Status

06L

FACU

40" X 40" Quad

Q1

25

10

60

5

Q2

5

95

Q3

10

20

5

55

10

Q4

10

20

50

10

10

X

12.5

1Z5

52.5

3.8

13.3

2.5

2.5

R

3.5

3.5

1

5

2

6.5

6.5

Total of Average (2X) 100.1
Dominance Threshold Number Equals 50% X Total of Average (SX) J50.05

Shrub Species

*

1

Common
Name

NIL

Scientific
Name . v

Indicator
Status

%Areai
Cover

Cover
Class

Mdpt.
Cover
Class1

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
i

Common
Name

NIL

Scientific ,
Name

Indicator,
Status

%Area.
Cover

Cover
Class

Mdpt..' .
Cover ,
Class

*

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoin

Sapling Species2

#

i

Common '"
Name

NIL _ _....._

Scientific
Name

Indicator
Status

%Areai
Cover

ts

Cover
Class

Mdpt,
Cover:
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

AR3G0579



Tree Species3

#

1

Common
Name

NIL

Scientific
Name

Indicator
Status

DBH
(in)

BA/ Tree
(ft1)

BA/Sp.
(ft1)

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area

5R300580



EMERGENT VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: E2
Township: Salem " Date: March 27, 1991
County: Roanoke Time: 14:00
State:... ._. . VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

Common

Name

8 roam sedge

Moss

Hop Clover

Unknown

Scientific

Name

Andropogon spp.

Sryophyta

Trtfolium agrarlum

undetermined

Indicator

Status

UPL

40" X 40" Quad

Q1

80

20 .

Q2

75

20

5

Q3

90

10

Q4

85

10

5

X

82.5

15

1.3

1.3

R

1

2

3.5

3.5

Total of Average (SX) 101.1
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.55

Shrub Species

#

1

Common
Name

NIL . ._ ..__

Scientific;
Name

Indicator
Status

% Area!
Cover

Cover
Class

Mdpt
Cover
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
i

Common
Name

NIL . ... ..

Scientific
Name

Indicator
Status

%:Areai
Cover

Cover
Class

Mdpt,
Cover:
Class,

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Sapling Species

#

i

Common
Name

NIL

Scientific
Name

Indicator
Status

% Area!
Cover

Cover
Class

Ivldpt.
Cover
Class

R.

I
Sum of Midpoints

Dominance Threshold Number Equals 50% X Sum of Midpoints

flR30058l



Tree Species

#

1

Common
Name

NIL

Scientific
Name

Indicator
Status

DBH
(in)

BA/ Tree
(ft2)

BA/Sp.
(ft2}

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area

4R300582



EMERGENT VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: E3
Township: Salem Date: March 27, 1991
County: Roanoke Time: 15:00
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
1
2

3

4

5

6

Common

Name

Cress

unknown composite

Grass

unknown

Com Speedwell

Moss

Scientific

Name

Cruclferae

Compositae

Poaceae

undetermined

Veronica arvensis

Sryophyta

Indicator

Status

FACU

4tt' X 40" Quad

Q1

10

25

50

10

5

Q2

50

20

15

15

03

80

10

10

Q4

5

55

5

20

10

5

X

3.3

52.5

18.8

13.8

10

1.3

R

5

1

2

3

4

S

Total of Average (EX) J00.2
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.1

Shrub Species

#

1

Common
Nama

NIL

Scientific
Name

'•

Indicator
Status

%Areal
Cover

Cover
Class

Mdpt. ,
Cover
Class.

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
i

Common
Name

NIL

Scientific
Name

Indicator
Status,

%Areal
Cover

Cover
Class

Mdpt;
C6_*r
Class

R .

||
Sum of Midpoints

Dominance .Threshold Number Equals 50% X Sum of Midpoin

Sapling Species

#

i

Common
Name'

NIL

Scientific
Name,

Indicator
, Status

%Area)
Cover

ts

Cover
Class,

Mdpt
Cover ;

. Class.
R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

/5R300583



Tree Species

#

1

Common
Kirn*

rflL

Scientific
Name

Indicator
Status

DBH
(in)

BA/ Tree 8A/SJ-.
(ft*)

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area

Ar.30058**



EMERGENT VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: E4
Township: Salem Date: March 27, 1991
County: Roanoke Time: 14:30
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

*

1
2

3

4

5

5

7

8

9

10

Common
Name

Lichen

Broomsedge

Green Grass

unknown

unknown composite *1

Moss

Brown Grass #2

Wood Sorrel

Bittercress

unknown composite #2

Scientific

Name

Bryophyta

Andrapogort spp.

Poaceae

undetermined

Composrtae

Bryophyta

Poaceae

Oxaiis strlcta

Car da mine pensyl vanlca

Composltae

Indicator

Status

UPL

OBL

40" X 40° Quad

01

20

65

5

10

02

10

60

10

15

5

03

40

5

40

5

5

5

' CM

5

45

10

10

10

15

5

X

8.8

52.5

1.3

8.3

6.3

3.8

13.8

2.5

1.3

1.3

R

3.5

1

9

3.5 .

5

6

2

7 .

9

9

Total of Average (EX) J00.4
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.2

Shrub Species

#

1

Common
Name

NIL

Scientific
Name

Indicator
Status.

%Areal
Cover

Cover;:
Class ;

Mdpt.,.
, Covef
Class,

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
i

Common,.'." ;
Name ... "

NIL

S&entiffc
Narhei

Indicator
Status

%Areal
Cover

Cover
Class

Mdpt
Cowr
Cfass

Ri

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

flR300585



Sapling Species

f

i

Common
Name

NIL

Scientific
Nama

Indicator
Status

% Area!
Cover

Cover
Class

Mdpt
Cover
Claw

R

1
Sum of Midpoints

Dominance Threshold Number Equals 50% X Sum of Midpoints

Tree Species

#

i

Common
Name

NIL .

Scientific
Name

Indicator
Status

DBH
(in)

BA/ Tree
(ft*)

BA/Sp.
(ft2)

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area

flR300586



EMERGENT VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: E5
Township: Salem Date: March 27, 1991
County: Roanoke Time: 15:30
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5

6

r
a

Common
Name

unknown composite

Bedstraw

unknown mustard

unknown

moss

lichen

Brown Grass

Btttercress

Scientific

Name

Compositae

Gallium spp.

Crucrferae

undetermined

Bryophyta

Bryophyta

Poaceae

Cardamine pensylvanlca

Indicator

Status

OBL

40" X 40" Quad

Q1

70

5

5

15

5

Q2

10

30

50

O3

5

S

5

15

15

50

5

Q4

40

10

10

40

X

31.3

1.3

5

7.5

12.5

19.6

22.5

1.3

R

1

7.5

6

5

4

3

2

7.5

Total of Average (SX) J00.2
Dominance Threshold Number Equals 50% X Total of Average (SX) _50.1_

Shrub Species

' #

1

Common
Name

NIL

Scientific 'f
Name

Indicator
Statue

%Areal
Cover

Cover
Class

: Mdpt.
Cover

i Class
R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
t

Common
Name

NIL . . _„ . „

Scientific
Name

Indicator
Status

%AreaT ,
Cover

Cover
Class

Mdpt . ,
Cover
Class

R'

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

AR300587



Sapling Species

#

1
2

3

Common
Nam*

Pitch Pine

WQWWPlr-e

Red Maolt

Scientific
Name

Pious rtgtds

Plnus virgtniana

Acer rubrum

Indicator
Status

UPL

UPL . _

FAC

%Areal
Cover

30

30

10

Cover
Class

4

4

2

Mdpt.
Cover
Ctas*

38.0

38.0

10.5

R

1.5

1.5

3

Sum of Midpoints _86.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _43.25__

Tree Species

#

1

2

3

Common
Name

Table Mountain Pfeve

MrgtntePtnt

PttehPfn*

Scientific
Name

Ptnuspungcns

Pious virglnlana

Pbxjs rigtda

Indicator
Status

UPL

UPL

UPL

DBH
(in)

6.5

6

7

BA/ Tree
(ft1)

0.23

0.2

0.27

BA/Sp.
(ft1)

0.92

0.20

0.27

R

1

3

2

Total Basal Area of ATI Species Combined _1._39_
Dominance Threshold Number Equals 50% X Total Basal Area _0.69_

1. Cover Class (midpoint): T < 1% (none); 1 - 1-5% (3.0); 2 = 6-15% (10.5); 3
* 16-25% (20.5); 4 = 26-50% (38.0); 5 - 51-75% (63.0); 6 = 76-95% (85.5); 7 -
96-100% (98.0).

2. Saplings are defined as being 0.4 - 5.0 in. DBH, and less than 20 ft. tall,

3. Trees are defined as being greater than 5.0 in. DBH and/or greater than 20
ft. tall.

flR300588
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STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: SIB
Township: Salem Date: March 27, 1991
County: Roanoke Time: 12:50
State: VA Recorders: DJ/CRB

Herbs and Bryophytes

#

1
2

3

4

5

Common

Name

Moss

Galax

Wttch Hazel

Unknown

Round-leaf Violet _. .

Scientific

Name

Bryophyta

Galax aphylla

Hamamells vlrginiana

undetermined

Viola rotundlfolla

Indicator

Status

UPL

FACU

FAC

40" X 40" Quad

O1

40

60

Q2

30

70

Q3

50

50

O4

100

X

30

15

25

12.5

17.5

1̂

4

2

5

3

Total of Average (SX) _100_
Dominance Threshold Number Equals 50% X Total of Average (SX) _50_

Shrub Species

~SW~d~OficTp~oTnts _34.4_
Dominance Threshold Number Equals 50% X Sum of Midpoints _17.0_

Woody Vine Species

Sum ofHidpoints _6.0_
Dominance Threshold Number Equals 50% X Sum of Midpoints _3.0_

flR300590

#

^

2

3

Common
Name

Witch Hazel

Alternate-leaf Dogwood

Mountain Laurel

Scientific
Name

Hamamelis virglniana

Cornus alterfiifolla

Kalmia latifolia

Indicator
Status

FACU

UPL

FAC

%Areat
Cover

20

15

5

Cover
Class

3

2

1

Mdpt.
Cover
Class'

20.5

10.5

3.0

R

1

2

3

#.

1

2

Common
Name

Grape

Greenbrier

Scientific
Name

VWs spp.

Smilexspp. .

Indicator
Status

%AreaJ
Cover

5

5

Cover
Class ,

i
i

1 Mdpt . ,
Cover
Class :

3.0

3.0

R

1.5

1.5



Sapling Species'

£

1

2

3

4

Common
Nun*

Red Mapl*

Oak

Serviceberry

HtcJtory

Scientific
Name

Acer rub rum

Quercus sp.

Ametenchier sp.

Caryasp.

Indicator
Status

FAC

% Area!
Cover

10

15

10

10

Cover
Class

2

2

2

2

Mdpt.
Cover
Class

10.5

10.5

10.5

10.5

R

2.5

2.5

2.5

2.5

Sum of Midpoints _42
Dominance Threshold Number Equals 50% X Sum of Midpoints _2"l"

Tree Species'

#

1

2

3

4

5

Common
Name

Bteck Bircn

QwstnutOek

Sycamore

Tuflo-T.ee

S«rvicebcr-y

Scientific
Name

Betula lenta

Quercus prinus

Ptatarius occidentalis

Urtodentfron tulip ifera

Amelanchler spp.

Indicator
Status

FACU -— -

UPL

FACW

FACU

D8H
(in)

a
9.88

5

11.75

6

BA/Tree
(ft1)

0.35

0.53

0,14

0.75

0.20

BA/Sp.
(ft*)

0.35

2.12

0.14

0.75

0.20

R

3

1

5

2

4

Total Basal Area of All Species Combined _3.56_
Dominance Threshold Number Equals 50% X Total Basal Area _1.78_

flR30059l



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: SF1
Township: Salem Date: March 25, 1991
County: Roanoke Time: 15:00
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
T

1

3

Common

Name

Wild Hops

Field Garlic ...

Wi!d Onion

Scientific

Name

HumufLis iupuLus

Allium vineate

Allium canadense

Indicator

Status

FACU

FACU

FACU

40" X 40" Quad

Q1

MO

10

Q2

85

7

6

Q3

100

O4

100

X

S3.a
4.3

2.0

R

1

2

3

Total of Average (SX) _105.1_
Dominance Threshold Number Equals 50% X Total of Average (2X) _52.55

Shrub Species

#

1

Common
Name

NIL . _ ...

Scientific
Name

Indicator
Status

% AreaJ:
Cover

Covar
Class

Mdpt
Cover
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Woody Vine Species

#
i

Common
Mams

NIL . ..

Scientific
Mama

Indicator
Status

%Araal
Cover

Cover
Class

Mdpt ,
Cover
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoin

Sapling Species

#

1

COmmoni ;
Name

NIL .. . .

Sfctebtfflc:
i Name

Indicator
Status

% Area)
Cover

Sum of Kidpoin
Dominance Threshold Number Equals 50% X Sum of Midpoin

ts

Cover
Claw1

Mdpt. ...
Cover
Class

ts
ts

R

flR300592



Tree Species

#

1

Common
Name

NIL

Scientific
Nama

Indicator
Status

DBH
(in)

BA/ Tree
(ft*)

BA/Sp.
(ft1!

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: SA5
Township: Salem Date: March 25, 1991
County: Jtaanoke Time: 16:30
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5

6

7

Q

9

10

11

12

13

14

Common

Name

Red Raspberry

Chickweed

Common Dandelion

Uly

Wild Onion

Grass

Bittercress

Japanese Honeysuckle

Black Walnut

Green Ash

Wild Garlic

Moss

Poison Ivy

Blrdsfoot trefoil .

Scientific

Name

Rubus occidental^

Stellarla spp.

Taraxacum officinal e

Lillaceae

Allium canadense

Poaceae

Cardamlne pensylvanica

Lonlcera japonica

Jugtans nigra

Fraxinus pennsylvanica

Allium vineale

Bryophyta

Toxlcodendron radicans

Lotus cornlcuiatus

Indicator

Status

UPL

FACU

FACU

OBL

FACU

FACU

FACW

FACU -

FAC

FACU

40" X 40" Quad

Q1

70

20

10

Q2

40

20

40

03

5

70

3

5

3

4

5

5

Q4

60

5

5

10

10

5

5

X

1.3

32.5

2

1.3

2

1

1.3

31.3

7.5

1.3

1.3

5

2.5

10

R

11

1

7.5

11

7.5

14

11

2

4

11

11

5

6

3

Total of Average (SX) 100.3_
Dominance Threshold Number Equals 50% X Total of Average (SX) J50.15

Shrub Species

*
1

Common .
Name

NIL

Scientfflb- ,
Name; ,

, Indicator
' Status,, ' , ,.

%.Areal
Cover

Sum of Midpoin
Dominance Threshold Number Equals 50% X Sum of Midpoin

Woody Vine Species

1

Common "
Name

NIL

Scientific
Name

Indicator
Status

% Area]
Cover

Cover
Class :

.Mdpt
' 'Cover-;; :
Class. , •

ts
ts

Cover
Class , ,

Mdpt
Cover:
Class: •';'

R

'1
II

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints



Sapling Species

t

1

Common
Narrw

NIL

Scientific
Name

indicator
Status

%Areal
Cover

Cover
Class

Mdpt.
Cover
Class

R

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints

Tree Species

t

i

Common
Name

NIL

Scientific
Name

Indicator
Status

DBH
(in)

BA/ Tree
(ft1)

BA/Sp.
(ft1)

R

Total Basal Area of All Species Combined
Dominance Threshold Number Equals 50% X Total Basal Area



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: SG1
Township: Salem Date: March 25, 1991
County: Roanoke Time: 13:00
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5

6

7

8

9

10

11

12

13

14

Common

Name

Moss . _

Japanese Honeysuckle

Strawberry

Bedstraw

Grass

Poison Ivy. . .

Glll-on-the-ground _ .

Wild Onion

Hemlock Parsley

Speedwell

Greenbrier

Witch Hazel

Grape

Flowering Dogwood

Scientific

Name

Sryophyta

Lonicera japonica

Fragaria virglniana

Gallium spp.

Poaceae

Toxicodendron radicans ,

Glecoma nederacea

Allium canadense

Conioselinum chinense

Veronica spp.

Smiiex spp.

Hamamells virglniana

Vitis spp.

Cornus florida

Indicator

Status

FACU

FACU

FAC

FACU - - - - -

FACU ... -

FACW

FACU

FACU

40" X 40° Quad

Q1

5

75

5

5

5

5

02

15

50

3

3

15

3

Q3

64

6

6

6

6

6

6

Q4

3

75

3

3

10

6

X

5.3

63.5

0.8

3.5

5

2.3

1.5

1.5

1.5

2.a
0.8

2.3

1.5

1.3

R

2

1

13.5

4

3

5.5

9.5

9.5

9.5

S

14.5

6.5

9.5

12

Total of Average (SX) _99.1_
Dominance Threshold Number Equals 50% X Total of Average (SX) _49.55

Shrub Species

#

1
2

Common
Name

Spicebush

Wrtcri Hazel

Scientific
Name

Undera benzoin

Hamameiis virglniana

, Indicator
Status

FACW

FACU. . ...

%.Area!
Cover

50

15

Cover
' Class:,

4

2

Mdpt
, Cover
Class

38.0

10.5

R

1

2

Sum of Midpoints _48.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _24.25_

flR300596



Woody Vine Species

#
1
2

3

Common
Nam«

Grsp.

PoUooJvy

QrecnDri«r

Scientific
Name

VWsspp.

Toxtcodendron
radtcans

Smflex spp.

Indicator
Status

FAC

%Area!
Cover

15

5

5

Cover
Class

2

1

1

Mdpt.
Cover
Class

10.5

3.0

3.0

R

1

2.5

2.5

Sum of Midpoints _16.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _8.25_

Sapling Species

*

1

2

3

4

5

Common
Name

Flowering Dogwood

unknown

Blttemut Hickory

Sycamwe

E*«em aedccttt.

Scfent-fic
Name

Comus fSorida

undetermined

Carya cordiformls

Ptatanus occKJenUlis

Juniperus Virginians

Indfcator
Status

FACU :_ _ _

FACU - - ,

FACW

FACU

% Area!
Cover

5

20

5

5

3

Cover
Class

1
3

1

1

1

Mdpt.
Cover
Class

3.0

20.5

3.0

3.0

3.0

R

3.5

1

3.5

3.S

3.5

Sum of Midpoints _32.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _10.25_

Tree Species

#

T

2

3

Common
Name

Sycamore

Qr««nAsn

Swcma White OtX

Scientific
Name

Pietanus occldentalls

Fraxlnus
pennsylvanfcus

Ouercus blcolor

Indicator
Status

FACW
FACW

FACW

DBH
{Tn)

16.75

9.5

12.75

BA/Tree
(ft2)

1.53 : -_-_

0.49

0.91

BA/Sp.
(ft*)

1.53

0.49

0.91

R

1

3

2

Total Basal Area of~"A"ll Species Combined _2.93_
Dominance Threshold Number Equals 50% X Total Basal Area _1.47_

4B300597



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: S3B
Township: Salem Date: March 27, 1991
County: Roanoke Time: 8:45
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#

1
2

3

4

5.

6

7

8

9

10

Common
Name

Galax

Oak

Christmas fern

Greenbrler

Moss

Striped Wintergreen

unknown

Grass

Uchen . .

Forget-me-not

Scientific

Name

Galax aphylla

Quercus spp.

Poiystlchum
acrostichoides

Smllex spp.

Bryophyta

Chimaphila maculata

undetermined

Poaceae

Bryophyta

Myosotis scorololdes

Indicator
Status

UPL

FACU

UPL

OBL

40"

Q1

12

22

13

13

13

13

13

X

Q2

20

20

20

20

20

40"

Q3

40

50

10

Quad

Q4

40

20

40

X

23.3

5

5.5

22.5

10.8

3.3

5

3.3

8.3 -

3.3

R

1.5

8.5

7

1.5

3

5

8.5

5

5

10

Total of Average (SX) _100.3_
Dominance Threshold Number Eqiials 50% X Total, of Average (SX) _50.15_

Shrub Species

#

1

2,

3

4

5

6

Common !
Name , ,

Spicebush

Witch Hazel

Dogwood

Blueberry

Mountain Laurel

Unknown

Scientific
Name

Undera benzoin

Hamamelis virglniana

Cornus spp.

Vaccinium spp.

Kalmia latifolia

Undetermined

i 1 Indicator*
Status

FACW

FACU

FAC

%Areai ,
Cover

15

20

15

10

5

5

Cover
Class

2

3

2

2

1

1

Mdpt
Cover
Class

10.5

20.5

10.5

10.5

3.0

3.0

R

3

1

3

3

5.5

5.5

SunTof Midpoints _58_
Dominance Threshold Number Equals 50% X Sum of Midpoin

Woody Vine Species

#
i

Commo.1 :
. Name

Greenbrier

Scientific
Name

Smllex spp.

Indicator
Status

%Area.
Cover

10

ts 29

Cover, , .
Dasa

2

'Mdpt
Cover
Class:

10.5

R

i
Sum of Midpoints _10.5_

Dominance Threshold Number Equals 50% X Sum of Midpoints _5.25_

flR300598



Sapling Species
1
*

1
2

3

4

Common
Ntm«

Swvfce&efry

Oik

Hickory

Rcdl-Upfe

Scientific
Name

Amelanchtar spp.

Quercus spp.

Ctryaspp,

Acer rub-urn

Indicator
Status

FAC

% Areal
Cover

10

10

5

15

Cover
Class

2

2

1

2

Mdpt
Cover
Class

10.5

10.5

3.0

10,5

R

2

2

4

2

Sum of Midpoints
Dominance Threshold Number Equals 50% X Sum of Midpoints _I~7.25_

Tree Species

Total Basal Area of All Species Combined _3.31_
Dominance Threshold Number Equals 50% X Total Basal Area _1.65_

flR300599

*

1

2

3

Common
Name

Mjchory

Cncstnut Oik

BteckOck

Scientific
Name

Caryaspp.

Quercus prtnus

Quercus velutJna

Indicator
Status

UPL

UPt

DBH
On)

6

10.75

15.5

BA/ Tree
(ft1)

0.2

0.90

1.31

8A/Sp.
(ftO

0.2

1.8

1.31

R

3

1

2



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: SB6
Township: Salem Date: March 26, 1991
County: Roanoke Time: 10:00
State: VA Recorders: DJ/CRB

Herbs & Bryophytes

#
1
2

3

4

5

6

7

a
,'g
TO

11
' 12.

13

Common
Name

Moss

Red Maple

Grass

Uiy*1

Flowering Dogwood

Greenbrier

Witch Hazel

Blttemut Hickory

Ucnen

Oak

Azalea

Mountain Laurel

Uly*2

Scientific

Name

Bryophyta

Acer rubrum

Poaceae

Ullaceae

Comus florida

Smllex spp..

Hamamells virglniana

Carya_cordiformls

Bryophyta

Quercus spp.

Rhododendron spp.

Kalmia latifolia

Ullaceae

Indicator

Status

FACU

,

FACU

FACU

FACU

FAC

4C" X 40" Quad

Q.

30

30

40

Q2

10

10

10

10

10

40

10

Q3

60

10

10

20

O4

40

30

15

15

X

17.5

5

2.5

5

10

7.5

8.3

3.8

10

10

10

10

2.5

R

1

9.5

12.5 ,

9.5

4

a
7

11

4

4

4

4

12.5

Total of Average (SX) 102.6
Dominance Threshold Number Equals 50% X Total of Average (2X) _ 51.3

Shrub Species

#-

1
2

3

4

Common
Name

Witch. Hazel

unknown

unknown Heath

Blueberry

Scientific'
Name

Hamamells virgin lana

undetermined

Ericaceae

Vaccinium spp.

Indicator .
Status ' .

FACU

%Ar»af
Cover

20

10

15

5

Cover
Class

3

2

2

1

Mdpt
Cover
blast*,

20.5

10.5

10.5

3.0

R

i

2.5

2.5

4

Sum of Midpoints _44.5_
Dominance Threshold Number Equals 50% X Sum of Midpoints _22.25

AR300600



Woody Vine Species

#
1

Common
N*m«

Qreenorler

Scientific
Nams

Smitex spp.

Indicator
Status

% Areal
Cover

20

Cover
Class

3

Mdpt.
Cover
Claw

20.5

R

i
Sum of Midpoints _3iO~.~5__

Dominance Threshold Number Equals 50% X Sum of Midpoints _i0.25_

Sapling Species

#

i
2

3

4

Common
Name

R«Ef M«p!t

Tufip-t««

Flo wertog Dogwood

Ort

Scientific
Name

Acer rub rum

Urtodendron tultpifera

Cornus florlda

Quercus spp.

Indicator
Status

FAC :

FACU ..-___ -

FACU

% Areal
Cover

30
35

20

10

Cover
Class

4

4

3

2

Mdpt
Cover
Class

33

33

20.5

10.5

R

2

2

2

4

Sum of Midpoints _107_
Dominance Threshold Number Equals 50% X Sum of Midpoints _53.5_
Tree Species

#

1

2

3

4

Common
N*m»

Tufip>tf«

JUdO«i<

awfttnutOtk

White QiX

Scientific
Name

Uriodendron radicans

Ouercus rubra

Quercus prtnus

Quwcusaiba

Indicator
Status

FACU

FACU

UPL

FACU

DBH
(in)

e
16

a.s
9

BA/Tras
(ft2)

0.35

1.40

0.33

0.44

BA/Sp^
(ft1)

0.70

1,40

0.78

0.44

R

3

1

2

4

Total Basal Area of All Species Combined _3.32_
Dominance Threshold Number Equals 50% X Total Basal Area _1.66_

flR30060l



STREAMSIDE VEGETATION DATA SHEET

Site Name: Dixie Caverns Sample Location: S3
Township: Salem Date: March 27, 1991
County: . Roanoke Time: 15:45
State: VA Recorders: DO/CRB

Herbs & Bryophytes

#

1
2

3

4

5

a
7

Common
Name

Greenbrier

Red Maple

Christmas Fern

unknown fem

unknown mint

Grass

Moss

Scientific

Name

Smilex spp.

Acer rubrum

Palystlchum
acrosttchotdes

Polypodiaceae

Labiatae

Poaceae

Bryophyta

Indicator
Status

FAC

FACU

40" X 40" Quad

Qt

100

Q2 ,

90

10

03

20

10

10

60

Q4

100

X

47.5

2.5

30

10

2.5

2.5

15

R

1

e
2

4

6

6

3

Total of Average (SX) _110_
Dominance Threshold Number Equals 50% X Total of Average (SX) _55

Shrub Species

#

1

Common
Name.

Witch Hazel

; t.

Scientific ,
i Name

Ha mam el Is vlrginiana

Indicator
Status

FACU

% Areal
Cover

15

Cover
Class

2

Mdpt, ... .,
Cover
Class

R

10.5 || 1

ium or Midpoints _iu.o _
Dominance Threshold Number Equals 50% X Sum of Midpoints _ 5.25_

Woody Vine Species

#
i

Common
Name

Greenbrier

iSciWltifib
Name

Smllex spp.

Indicator
Status

%Area.
Cover

20

-Cover "
Class

3

Mdpt
1 Cover
,'Cfas*. J: "

20.5

R

1

Sum of Midpoints _20.5 _
Dominance Threshold Number Equals 50% X Sum of Midpoints _10.25_

AR300602


