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EXECUTIVE SUMMARY

Three management units at the Avtex Fibers Superfund Site (Site) in Front
Royal, Virginia, namely the Sulfate Basins (SB), Fly Ash Basins (FABs) and
Stockpile (FAS), and Wastewater treatment "(WWTP) Basins (WWBs), will
be closed as a Non-Time-Critical Removal Action. Both the SBs 1-4E and
WWTP Basins are located within the boundary of the 100-year floodplain
of.the.South Fork of.the Snenandoah River (River). In accordance with the
National Contingency Plan (NCP), EPA designated this response action to
be a Non-Time-Critical Removal Action because of concern that flooding
of the River-may cause the contaminants (primarily metals) in the SB and
WWTP. basin sludge to be released to the_Riyer. Two floods in January
195̂ and September 1996 inundated the WWTP and SB 1, and entered a
portion of SB 2, indicating that the threat of flooding is a real concern.
Although the FABs and Stockpile are located outside the 100-year
floodplain boundary, there is the potential for fly ash migration during
times of high winds. The expedited closure of the SBs, WWBs, FABs and .
HAS will mitigate the potential threat of release of contaminants due to
adverse weather conditions. The non-time-critical response action for the
SBs, WWTP basins, FABs"arid stockpile is intended to be the final remedy.

As required by the NCP, an "Engineering Evaluation/Cost Analysis
(EE/CA) is necessary to support a Non-Time-Critical Removal Action if a
planning period of at least six months exists before the on-site activities
are initiated. This EE/CA Report presents the results of the engineering
and cost analysis of response alternatives for the three management units.
In accordance with the EPA guidance, the purpose of the EE/CA is to:

1, Provide detailed information pertaining to the potential threats posed
by the units to public health, welfare and the environment;

2. Identify the objectives and proposed schedule for the response action;
3. Identify and analyze the alternatives that may be used to satisfy these

objectives for cost, effectiveness, and Implementability; and
4. -Recommend the action for each unit that best satisfies the response

action objective (s), and balances the evaluation criteria of cost,
effectiveness, and implementability.

The previous data collected from each of the three management units
during the Phase 1 remedial investigation conducted in 1993 and 1994 was
evaluated to determine the nature and extent of the contamination in each
management unit For the most part, the contamination in these units was
limited to the waste material itself and underlying soil, and does not
extend into-the underlying ground water.

VI
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The Phase 1 data were also used to conduct a risk assessment, which
identifies the specific potential risks that the response action needs to
mitigate, including the potential to impact ground water. The risk
assessment showed that metals in the sulfate sludge in the SBs and WWBs,
and fly ash can be toxic to ecological receptors. This finding indicates that
the sulfate sludge and fly ash need to be covered to prevent direct contact
exposure to ecological receptors. In addition, the sulfate sludge and fly
ash need to be contained to the Site to prevent migration during weather
events.

A quantitative risk assessment was performed to evaluate current and
future potential risks to human health associated with exposure to _
uncovered sulfate sludge and fly ash by an adolescent trespasser. The
human receptors most likely to be exposed to COPCs associated with the
sulfate sludge and fly ash under current conditions are a potential
adolescent trespasser (ages 8 to 17). The adolescent trespasser was
assumed to enter the Site 35 days per year. Under future conditions,
human receptors consist of recreational users, which would undergo
similar exposure as an adolescent trespasser. The risk assessment
indicates that there are no unacceptable risk to human health from
exposure to the sulfate sludge and fly ash due to trespassing activities.

Based on the results of the risk assessment, a review of ARARs, and
consideration of future site use, there are four response action objectives
(RAOs) for the three units:

1, Mitigate future potential risk to ecological receptors from the
migration of contaminants during flood and wind erosion events;

2. Mitigate current potential direct contact risk to ecological receptors
associated with uncovered waste;

3. Meet federal and state ARARs; and
4. Ensure that future use considerations are addressed adequately.

Based on the four RAOs identified above, the overall scope of the
response action for the three units consists of placement of cover materials
and creation of positive drainage to promote runoff and limit infiltration.
The primary objective of the cover is for material containment, direct
contact protection, promotion or runoff and prevention of surface water
ponding!,

Treatment and stabilization technologies were considered for the sulfate
sludge, and stabilization was considered for the fly ash. Treatability tests
on the sulfate sludge indicated that treatment to recover zinc was difficult
to implement and cost prohibitive. Although physical and chemical
stabilization technologies for the sulfate sludge and fly ash were

vii
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technically feasible, stabilization of such a large volume was cost
prohibitive. Further, stabilization of the sulfate sludge and fly ash is
unwarranted since investigation shows minimal impact to ground-water.
Therefore,:treatment and stabilization are not considered to be qualified
technologies to meet the RAQs,

The recommended alternative to meet the RAOs for the SBs is Alternative
SB 2 - Eliminate SB 5 and Install Enhanced Soil Cover on SB 1-4E, with an
estimated net present value cost of $11,822,000. The two containment
remedies consisting of soil cover were evaluated for closure of the SBs.
The primary difference between the two alternatives is that in Alternative
SB 2, enhancements, such as fly ash fill and geotextile, are incorporated
into the cover design to address constructability of the cover over the
sludges. Alternative SB 1 consisted of placing a two-foot soil cover. Both
alternatives include elimination of SB 5.." Alternative SB 2 offers a more
technically feasible approach to covering the basins, and utilizes on-site
materials, especially fly ash, to a greater extent. Furthermore, it is
uncertain whether the Alternative SB 1 approach of placement of the two-
foot thick soil cover without engineering enhancements is technically
feasible based on the results obtained from field test pads.

The recommended alternatives to meet the RAOs for the WWBs is
Alternative WWB 3 - Eliminate WWTP Basins, with an estimated net
present value cost of $760,000. Two other WWB alternatives consisted of
in-place closure in all three WWBs or consolidation and in-place closure
into one WWB. There are significant benefits to consolidating the sludge.
in the SBs, the most important of which is leaving the area of the current
WWTP Basins available for unrestricted recreational use.

The recommended alternative to meet the RAOs for the FABs and FAS is
Alternative FA 2 - Cover Fly Ash Basins and Stockpile with Soil, with an
estimated net present value cost of $4,909,000. Alternative FAS 1 consists
of only covering the FAS with a 24-inch soil cover. Covering the FAS
eliminates an ecological risk and mitigates the release of fugitive
emissions. Therefore, recommending one alternative over another is
based on determining whether the FABs warrant a soil, cover, as well.
However, leaving the FABs uncovered does not comply with ARARs,
specifically the requirements of Virginia's Solid Waste Management
Regulations for closure of an industrial waste disposal unit. Further, the
community and the state, as well as EPA,' could raise concerns about not
including any action for the FABs because contact with fly ash may create
a nuisance. Covering the FABs is consistent with the proposed conceptual
reuse plan of passive pedestrian recreation.

vm
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The proposed closure plan will provide unrestricted access to the River in
the 30-acre area currently occupied by SB 5, and the WWTP and WWBs.
Although the soil-covered basins could have some restrictions regarding
the types of vehicles that can access ,the basins, the soil covers will support
pedestrian recreational, access. Therefore, the proposed conceptual
closure plan is consistent with the proposed conceptual reuse plan
adopted by the Town of Front Royal. The closure of the SBs, FABs and
FAS is estimated to be completed by the end of 2000. The closure of the
WWBs will be completed when the need to retain Site stormwater
generated at the plant is eliminated.

IX
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1.0 INTRODUCTION

1.1 - - PURPOSE

Three types of management units at the Aytex Fibers Superfund Site (Site)
in Front Royal, Virginia, namely the Sulfate Basins (SB), Fly Ash Basins
(FAB) and Stockpile, and Wastewater Treatment (WWIP) Basins, will be -
closed as a Non-Time-Critical Removal Action. Figure 1 shows the
locations of these three units at- the Site. Both the SBs 1-4E and WWTP
Basins are located within the boundary of the 100-year floodplain of the
South Fork of the Shenandoah River (River) (fioodplain boundary is
shown on Figure-1). , .

In accordance with sections 40 CFR3UO,il5(b)(2)(iv) and (v) of the
National Contingency Plan (NCP), EPA designated this response action to
be a-Non-Time-Critical Removal Action because of concern that flooding
of the River.may cause the contaminants (primarily metals) in the SB arid
WWTP basin sludge to be released to the River. Two floods in January
1996 and September 1996 inundated the WWTP and SB 1, and entered a
portion of SB 2, indicating that the threat of flooding is a real concern.
Furthermore, EPA's ecological risk assessment for the Site (Sprenger et al,
1999) demonstrated that the sulfate sludge and fly ash was toxic to benthic
and aquatic receptors. The expedited closure of these basins will mitigate
the potential threat of release during flooding. Although the FABs and
Stockpile are located outside the 100-year floodplain boundary, there is
the potential for fly ash migration during times of high winds or heavy
rains. These units are therefore included in the Non-Time-Critical
Removal Action and will undergo a similar response action as the SBs and
WWTP Basins. The ,non-tirne-critical response action for the SBs, WWTP
basins, FABs and stockpile is intended to be the final remedy.

EPA designated all the management units west of the railroad tracts as a
single Area of Contamination (AQC). EPA justifies this designation due ^
to the close proximity oi? all the various basins, stockpile and landfill (16
April 1999_letter _frpm B. Gross, EPA to J. JEly, VADEQ). In the preamble
to the 1990 NCP, EPA refers to an AOC as an area with continuous
contamination of varying amounts and types. The preamble suggests that
an AOC be defined as a "non-discrete land area on or in which there is
generally dispersed contamination, as opposed to discrete, widely
separated areas of contamination." Wastes can be consolidated within the
AOC, including wastes that are diverse in composition, without being
construed as disposal. The designation of the area west of the railroad

ERM 1 , FMC/10556.65-5/5/99
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tracks as an AOC allows for consolation of physically and chemically
compatible waste to be considered as part of the closure of the EE/CA
units.

As required by section 40 CFR 3'00.415(b)(4)(i) oithe NCP, an Engineering
Evaluation/Cost Analysis (EE/CA) is necessary to support a Non-Time-
Critical Removal Action if a planning period of at least six months exists
before the on-site activities can be initiated. The EE/CA is an analysis of
the response alternatives for the three management units. In accordance
with the EPA document titled Guidance on Conducting Non-Time-Critical
Removal Actions under CERCLA (EPA 540-R-93-057, August 1993), the
purpose of the EE/CA is to:
1, Provide detailed information pertaining to the potential threats posed

by the units to public health, welfare and the environment;
2. Identify the objectives and proposed schedule for the response action;
3. Identify and analyze the alternatives that may be used to satisfy these

objectives for cost, effectiveness, and implementability; and
4, Recommend the action that best satisfies the response action objective,

and balances the evaluation criteria of cost, effectiveness, and
implementability.

This EE/CA Report presents the results of the engineering and cost
assessment of alternatives. This document contains sufficient detail to
allow EPA to select the appropriate response action for the units, but does
not contain a detailed design. Comprehensive engineering design
documents will be prepared after the response action has been formally
selected by EPA.

The general response action consists of placement of cover materials over
in-place waste and creation of positive drainage to promote runoff and
limit infiltration. The primary objective of the cover is material
containment direct contact protection, and prevention of surface water
ponding. The purpose of the EE/CA is to .optimize the selection of an
appropriate response action for each of the three units. As part of the
optimization process, the EE/CA addressed three critical engineering
issues.
1. The ability of the sulfate sludge to bear the loads that would be applied

during construction of the soil covers was uncertain. Therefore, the
EE/CA included a field pilot study to demonstrate the
implementability of a soil cover over the sludge and develop
preliminary design specifications for the actual full-scale placement of
the proposed soil cover.

EEtM 2 FMC/I05M.6$-5/5/W
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The potential for differential settlement is also a critical engineering
issue. - The potential for differential settlement is currently being
evaluated through laboratory testing and will be further assessed
during the final engineering design.

2. The potential for flooding to erode title soil cover placed on the SBs
needed to be addressed. Therefore, the EE/CA included modeling.of -
the River; floodplain under proposed remediated conditions to ensure
that the velocity of river water during a 100-year flood will not erode
the vegetation and soil cover.

3. The sulfate basins are currently used to retain stormwater from the
plant area prior to treatment and discharge to the River. Closure of the
sulfate basins prior to completinĝ the remediation of the plant area
will require that stormwater be retained in another manner. Therefore,
the EE/CA included an evaluation of options to manage Site
stormwater-after the sulfate basins are closed.

1.2 REPORT ORGANIZATION

The remainder of this EE/CA is organized as follows:

• Section 2,0 - Site Characterization. This section describes the nature and
extent of the contamination in each management unit. The section also
includes the risk assessment, which identifies the specific potential
risks that the response actions need to mitigate, including the potential
to impact ground water.

• Section 3,0 - Identification of Response Action Objectives. Applicable or
relevant and appropriate requirements (ARARs) are identified, and the
response action objectives are presented.

• Section 4.0 -Identification and Analysis of Response Action Alternatives.
Alternatives are identified, described, and assessed against the criteria

..— of cost, effectiveness, and implementability. Also, the response action
alternatives for each unit are compared.

* Section 5,0- Recommendations. The action that best satisfies the
evaluation criteria for each management unit is identified. Also/ the
conceptual basin closure plan and a general schedule for the response
activities, including both the start and completion date, are presented.

SUM 3 FMC/10556.65-5/5/99
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2.0 SITE CHARACTERIZATION

2.1 SULFATE BASINS

2,1.1 Unit Description and Background

The Sulfate Basin Management Unit consists of six basins, identified as SB
1,2,3,4,4E and 5, that are aligned in a predominantly north-south
orientation bordering the River (Figure 1). The SBs occupy approximately
85 acres. The basins are unlined and were used for disposal of sludge
formed in the primary clarifiers and polishing basins by the neutralization
of spent viscose rayon spinning bath with lime in the WWTP. Activated
sludge from secondary treatment was also transferred to the Sulfate
Basins after undergoing stabilization in an aerobic digester. The basins
are estimated to contain 936,000 cubic yards of sludge containing
approximately 20 percent (dry weight) zinc in the form of zinc hydroxide,
zinc sulfate, and zinc carbonate. The sludge also contains gypsum
(CaSO4»2H2O), cellulose, iron hydroxide and metal oxides. There are
berms surrounding the basins that are believed to have been constructed
by excavating soil from the basin and using the excavated soil to form the
berms.

The composition of the sludge in SB-2,3,4, and 4E is mostly uniform. The
sludge in SB-1 and SB-5 is somewhat different in makeup and thickness,
respectively. The makeup of the sludge in SB-1 was changed when zinc
was reclaimed from the sludge in the zinc recovery operation, and the
sludge was deposited back in the basin. Approximately 65 percent of the
zinc was recovered during the reclaiming process, with the remaining 35
percent disposed in the southeast corner of SB-1 as zinc acid cake. In
addition, SB-1 contains River mud and silt deposited in the basin during
floods. In SB-5, most of the sludge was removed in the 1980s, leaving
approximately two feet in the basin. In the early 1980s, most of the sludge
was also removed from former SB-6, and the basin, which is currently
designated as fly ash basin FAB-6, was converted for fly ash disposal.

Since January 1990, as part of the emergency response action, EPA has
directed storm water from the plant area into SB-1, where it is stored or
pumped to basins SB-2 through SB-4E. Under current conditions, the
Sulfate Basins generally contain variable amounts of water depending on
the time of year and the status of WWTP operations.. The stormwater is
treated by FMC at the WWTP during the spring and summer months/ and

FMC/10556.65-5/5/W



discharged to the River under an HPJDES permit. During the fall and
winter months, stormwater is retained in the SBs,

Data obtained from 21 borings drilled in the basins during the 1993 RI (see
Figure 2 for boring locations) indicate the thickness of zinc sludge in the
basins ranges from 1 to 25 feet. The estimated volume of zinc sludge andU > . _ . - _ . _ £ 2

area for each of the Sulfate Basins is summarized below.

Sulfate
Basin
1
2 -
3 •

4/4E
.. ..5-.

Area
. (square

feet)
1,370,000

- 260,000 .-
354,000 .
632,000

-' ,857,000

Sludge Soil Thickness
Thickness Beneath Basin

(feet) (feet)
5-25 - . . • '

. .... .6-11 . .; ..- ...
13-20 - -

9.5-14/10-14
1-6 : .- --

2-16
8-10.5
"4-5
2-5/2-3
0-2

Estimated Volume
of Sludge

(cubic yards)
429,600
56,000
153,000
221,000
77,000

Total 936,000

Based on the 21 borings completed in the Sulfate Basins, other materials,
such as fly ash or viscose, were not encountered in the borings completed
in the Sulfate Basins and surrounding berms. Each basin is underlain by
natural sandy silts with trace clay with a thickness generally in the range
of 2-to 10 feet overlying bedrock. Borings completed in the basin berms
indicate the berms are constructed with native sandy silts with trace clay.

A number of sludge samples collected during the RI were analyzed for
physical and geotechnical parameters to determine the characteristics of
the material in the basins. These resists are summarized in Table 1. The
particle size of the sludge is classified as ranging from silty clay to silty
sand based on laboratory sieve analysis using the Unified Soil
Classification System. Laboratory testing indicates that the sludge has
relatively low permeability in the range of 10*6 to 10"7 centimeters/second
(cm/sec).

2.1.2 Source, Nature and Extent of Contamination

The investigation of .the Sulfate Basins was conducted during the Phase 1.
RI between July 1993 and April 1994. The objectives of the Sulfate Basin
investigation were to:

• Determine the nature and extent of chemical constituents in the basins
and underlying soils; and

• Determine the impacts, if any, on other media.

„ FMC/10556.65-5/5/99
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The remedial investigation of the Sulfate Basins consisted of: 1) collection
and analysis of 77 samples from the sludge and soil beneath the sludge to
determine physical and chemical characteristics; and 2) collection and
analysis of ground water samples from eleven overburden and five -t
shallow bedrock monitoring wells located hydraulically downgradient of
the basins to determine potential ground water quality impacts. Off-site
laboratory analytical data for the sludge and soil samples were generated
to satisfy two analytical options. Seventy-seven samples were analyzed
using SW-846 analytical methods to meet the Level III analytical option.
The Level III samples were analyzed for 9 volatile and semi-volatile
organic compounds, 4 PCB Aroclors, 6 metals, and cyanide. These 20
constituents were identified by EPA as key Site contaminants. 20 samples
were analyzed using Contract Laboratory Program (CLP) methods to
meet the Level IV analytical option, which included analysis for the Target
Compound List (TCL) and Target Analyte List (TAL). The Level IV data,
which were validated in accordance with EPA protocol, are presented in
'this EE/CA.

The source, nature and extent of Site contaminants in the Sulfate Basins
were adequately characterized during RI activities. Analytical data for the
Sulfate Basins were reported to EPA in 1993 (ERM, 1993). Key Level IV
detections of organic and inorganic constituents in sludge samples are
summarized in Table 2. The analytical results indicate the contaminants
in the Sulfate Basins are metals associated with the zinc sludge. The
constituents detected in the Sulfate Basins occur consistently and are
evenly distributed throughout the zinc sludge in all six basins. Soil
samples from the berms were uncontaminated, and the soils underlying
the zinc sludge were generally uncontaminated, with detection of only a
few organic compounds and slightly elevated zinc concentrations.
Accordingly, the lateral and vertical extent of contamination in the six
Sulfate Basins is contained within the zinc sludge, and the 1 to 2 feet of
soil underlying the sludge and soil in the berms that is in contact with the
sludge.

Table 2 indicates that the primary chemical constituents identified in
sludge and soil samples from the basins are zinc (between 86 and 278,000
milligrams per kilogram (mg/kg)), chromium (12-338 mg/kg), copper
(9.8-102 mg/kg), lead (5.6-2,240 mg/kg), and cadmium.(0.86-87.8 mg/kg).
In general, the zinc and lead concentrations decreased by one to two
orders of magnitude in the soil zone within two to four feet beneath the
basin sludge. / \>

-̂̂Table 2 indicates that organic compounds were detected in the Sulfate n
Basins infrequently, and included carbon disulfide, toluene, ethylbenzene
and xylenes at 2-1,200 micrograms per kilogram, (ug/kg)), phenol (74-570
lig/kg), polycyclic aromatic hydrocarbons (PAHs) (54-2,100 [ig/kg), bis(2-
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ethylriexyI)phthalateXBEHP), (54-3,700 Hg/kg), pesticides (0.11-27
andPCBs (140-200 p.g/kg)rThe low concentrations, infrequent detection,
and irregular spatial distribution for the detected organic constituents
indicate the sludge does not contain substantive amounts of organic
contamination.

Analytical results for waste characterization show that the zinc sludge in
the sulfate basins is not a RCRA hazardous waste based on the Toxicity
Characteristics. Nineteen samples of sulfate sludge were collected from
the sludge and underlying soil in the SBs and WWBs during the Phase 1
RI in 1993, arid analyzed for Toxicity Characteristic Leaching Procedure
(TCLP) metals, cyanide and sulfide reactivity, ignitability and corrosivity
testing. The metal results indicated..bariunxwas. detected at concentrations '
ranging from 0.25 mg/1 to 1.4 mg/1, which is well below the regulatory
limit of 100 mg/1. There was also one trace detection of chromium and
one detection of silver, both of which were well below their respective
regulatory limits. All of the other .characteristic results were well below
regulatory limits. Additional waste characterization samples were also
collected in 1997 as part of a pilot test for electrokinetic zinc recovery.
These samples also indicated that the sulfate sludge is not a RCRA
hazardous waste based on Toxicity Characteristics.

The sulfate sludge m the SB or WWTP basins is not a listed waste. There
is no information to indicate that contaminants in the sulfate sludge were
derived from a RCRA-regulated unit. Low concentrations of CS2 in the
sulfate sludge likely resulted from process wastewater discharged to the
WWTP, rather than discharge of the moat water from the CS2 storage .
units.

The principal potential route of migration for constituents in the zinc .̂5! *.&•'
sludge is via flooding to the Shenandoah River. Another potential route &>• nc ! • '
of mlgrationis dissolution and. infiltration to the overburden water table, " ~"
and subsequent migration through titie overburden water table and v
discharge to the River. However, the ground water quality data from 16
overburden and shallow bedrock monitoring wells located hydraulically i /»
downgradient of the Sulfate Basins and the JCLP .data show that metals 06i /
are not readily leached from the sludge. Figure 3 presents a cross-section ^
through a portion of SB-5 (see Figure 2 for location of cross section S-S'), * ̂ , ]g
which illustrates the attenuative capacity_of the overburden soils. The 0
cross-section shows the marked decrease in zinc concentrations for the
'zinc sludge in the Sulfate Basin .(sample SB-BH-27-02 contained 23.7
percent zinc) and ihe underlying soil (sample SB-BH-27-06 contained 109
mg/kg or 0.0109 percent). The crosssection also shows that low ^ /-. \Vj yj
concentrations of zinc (0.157 to 0.191 mg/1) are present in the ground '
water in overburden soils (wells 010 and Oil), and no zinc was detected in ;
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the shallow bedrock (wells 110 and 111) downgradient of the Sulfate
Basins.

Ground water quality data collected from the overburden monitoring
wells downgradient from the Sulfate Basins suggest that low levels of zinc
have reached the water table in the overburden soils. Figures 4 and 5
show the direction of ground water flow in overburden and shallow
bedrock, respectively, is from the Sulfate Basins toward the River.
Maximum dissolved concentrations of-zinc (62 to 941 micrograms per liter
fcg/1)} and lead (below detection limits to 35 ng/1) in ground water
samples collected from downgradient overburden wells in February and
April 1994 (ERM, 1994d) appear to be slightly elevated relative to .
maximum concentrations of these metals (19 to 246 ng/1 for. zinc, and
below detection limits to 0.7 ng/1 for lead) in upgradient overburden
wells (Table 3). Figures 6 and 7 illustrate the extent of dissolved zinc in
the overburden and shallow bedrock wells. No other metals are elevated
in ground water downgradient from the basins. Furthermore, ground
water quality data from the shallow bedrock do not indicate impacts from
the Sulfate Basins to the bedrock aquifer.

Three lines of evidence support the conclusion that the SBs are not
releasing concentrations of trace metals to ground water at concentrations
of concern.

1. The weight of the empirical ground water quality data from 12
overburden wells located no more than 100 feet downgradient from
the edge of the SBs and WWBs indicates that the SBs are not a
substantive source of metals to ground water (Figure 6).

2. The metals in the sulfate sludge are not readily leached because they
are contained within the crystalline matrix of mineral species. Recent
testing by Tallon Metals Technologies, Inc. (Tallon, 1998) indicates
metals in the sludge are contained in zinc carbonate, zinc sulfate and
sulfide/ and to a lesser extent zinc hydroxide. Leaching with
aggressive acids was unsuccessful in releasing substantive amounts of
zinc from the mineral species because of the buffering capacity of the
carbonate species. Consequently, moderately acidic rainwater (pH 5.0)
will not be aggressive enough to release the metals from the mineral
phase.

3. Zinc solubility (as well as other divalent metals such as lead, nickel
and copper) in solution is very low in the presence of bicarbonate.
Literature values for zinc solubility indicate that water that contains
610 mg/1 bicarbonate will only contain less than 0.10 mg/I dissolved
zinc at a pH greater than 8.0. (Hem, J.TX, Chemistry and Occurrence of

ERM 8 FMC/l055fi.65-5/5/»

ARI06353



Cadmium and Zinc in Surface and Groundwater, Water Resources Research,
June 1972). Ground water samples collected in 1994 indicate that the
average bicarbonate concentration in the 12 overburden wells
downgradient of the WWBs and SBs was 1,000 mg/1, and the pH of the
overburden ground water was 7.5 to 8.5. Consequently, the presence
of the bicarbonate in ground water provides further explanation as to
why the dissolved zinc concentrations in ground water are low.

The overall contribution of lead and zinc from the overburden water table
to the. River is minimal due to the limited thickness of the overburden
water table and the-corresponding low flux of the metals into the River.
Two lines of evidence .support the determination that there is a low flux of
metals from overburden ground water into the River. First, lead and zinc
were not detected in water samples collected from the River adjacent to
the Sulfate Basins (Gannett Fleming, 1994). Second, the amount of ground
water discharge from the overburden to the River is estimated to be 29,000
gallons per day (gpd), which is only Q.Q03 percent of the average daily
flow of over one billion gpd (1,600 cubic feet per second) measured at a
gauging station in the River located s_ou£h of the Site. The discharge of
ground water from the overburden, to the River was estimated using
Darcy's Law (Q=KiA) and the following assumptions:

• An average hydraulic conductivity (K) value of 3.14 feet/day based on
slug tests conducted in the overburden monitoring wells installed
along the riverbank;

• The steepest measured hydraulic gradient (i) of 0.05 in the overburden
unit (Figure 4); and . . . . . .

• An area (A) of 25,QOO square feet based on a length of 5,000 feet
between SB-1 and SB-5, and the largest saturated thickness of 5 feet
measured in the overburden wells located along the River.

The ground watefflux from the overburden into the River indicates that a
substantial amount of mixing of the ground water discharge occurs as a
result of the River flow from upstream.

The overburden water table downgradient of the Sulfate Basins contains
elevated concentrations of total dissolved solids (TDS) (1,420 to 5,680
mg/1) compared to upgradient overburden ground water quality (865
mg/1). The make-up of the TDS is primarily calcium and sulfate derived
from the dissolution of gypsum, indicating the Sulfate Basins are a source
for these constituents in shallow ground water. These findings indicate
that ions not easily attenuated by soils beneath the basins migrate from
the Sulfate Basins to shallow ground water. Closure of the basins, with
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the concomitant removal of the excessive water-head and reduced
infiltration rate, is expected to mitigate this water quality impact

Potential migration of sludge via airborne particulates is not a viable
migration pathway. Observations in the field indicate that when the
basins are emptied of water and the sludge allowed to dry, the sludge
remains cohesive due to the high residual moisture content.

2.1.3 Risk Assessment

The risk assessment was performed for the Sulfate Basins based on site-
specific analytical data collected during the RI and knowledge of
environmental conditions in the vicinity of the Site. The purpose of the
risk assessment was to identify the current or future potential human
health and ecological exposures that should be prevented by a response
action. In accordance with EPA guidance (EPA, 1993), this risk
evaluation:

• Describes the types of exposures to Contaminants of Potential Concern
(COPCs) that may occur;

• Presents the COPCs identified for the Sulfate Basins as a result of a
risk-based screening process;

• Provides an assessment of potential health effects (i.e., carcinogenic or
non-carcinogenic) or ecological effects associated with these
constituents; and

• Projects the potential risk to human health or ecological receptors that
may occur if no response action is implemented at the Site.

Human Health Risks

Gradient Corporation (Gradient) performed a quantitative risk assessment
to evaluate current and future potential risks to human health associated
with exposure to uncovered sulfate sludge by an adolescent trespasser
(Appendix E). The methods and results of the human health risk
assessment are described in the Gradient report (Gradient, 1999). Samples
collected from the sulfate arid WWTP basins in 1993 as part of the Phase 1
remedial investigation were used for the risk assessment. Twenty samples
were collected from within and below the SBs, and seven samples were
collected from within and below the WWBs, and analyzed for- the TCL.
and TAL using CLP methods to meet the Level IV analytical option. The
data were validated in accordance with EPA protocol.

As the first step to selecting COPCs, samples that contained a mixture of .
soil and sulfate sludge were eliminated from the data set used to identify
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COPCs for the risk assessment, lliese samples were excluded because
there was no potential for direct contact with chemicals in soil located 15
feet below the sludge. As a result, the total of 27 Level IV samples for the
SB arid WWTP basins was'reduced to 22 samples.

The second step included screening the constituents detected in the Level
IV samples for the risk assessment (Table 4). COPCs for human health for
the SBs an WWTP were selected by comparing maximum concentrations
of detected constituents to current Region HI Risk-Based Concentrations
(RBCs) for an industrial soil exposure scenario for non-carcinogenic and
carcinogenic health effects. Screening against industrial RBCs for an area
that will never be developed for residential use is appropriate, and more
conservative than the proposed recreational use. These COPCs were
identified based on a Hazard Quotient of 01 for noncarcinogens (to
account for possible systemic effects for non-carcinogens in accordance
with EPA Region III guidance), and a risk level of 10-6 for carcinogens.
The only constituents detected in .sulfate sludge that exceeded the Region
III RBCs for ah industrial soil exposure were arsenic, lead and zinc.

The human receptors most likely to be exposed to COPCs associated with
the soil and sludge in the Sulfate Basins under current conditions are a
potential adolescent trespasser (ages 8 to 17). The adolescent trespasser
was assumed to enter the Site 35 days per year. Under future conditions,
human receptors consist of recreational users, which would undergo
similar exposure as an adolescent trespasser. Gradient evaluated cancer
risks and non-cancer hazards associated with potential exposure to arsenic
and zinc via ingestion, dermal contact and inhalation. Risks from lead
exposures were estimated using the adult lead model. The Gradient
report describes the exposure parameters and toxicity factors used to
calculate the cancer risks and non-cancer hazards.

Total cancer risk for the sulfate basins, across all pathways, was calculated
to.be 1 x lCh7-,-This value is below EPA's target risk goal of KH'to 10-6. The
total non-cancer hazard index was 0.06, which is less than one and
indicates non-cancer effects are not expected. Further, the Gradient report
concludes that lead in the sulfate sludge does not pose an unacceptable
risk for potentially exposed adolescents. The risk assessment indicates
that there are no unacceptable risks to human health from exposure to the
sulfate sludge due to trespassing activities.

Ecological Risks. . .-

COPCs for ecological receptors were selected based on comparison to EPA
Region m benchmarks compiled by the Region IE Biological Technical
Assistance Group (BTAG) (Charters et al, 1996; Sprenger et d, 1999). The
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ecological COPCs identified by EPA were arsenic, cadmium, chromium,
copper, lead, manganese, nickel, silver, .zinc, and pyrene. Potential
ecological receptors for the Sulfate Basins under current conditions consist
of terrestrial and aquatic biota. Aquatic biota are limited to the fish that
are present primarily in SB-5. Terrestrial biota include birds, mammals,
reptiles, amphibians and invertebrate species, such as worms, that provide
a food source for vertebrate species. Under future conditions, in the event
that no response action is taken at the Site, the same terrestrial and aquatic
receptors will exist. Also, the potential exists for the sludge to be released
to the River during flooding, which would pose a risk to aquatic biota in
the River.

The ecological COPCs identified by Charters eial (1996) for the Sulfate
Basins have the potential to cause adverse health effects to both aquatic
and terrestrial biota. The toxic effects to terrestrial and aquatic'biota
associated with the principal Sulfate Basin contaminants, lead and zinc,
are varied depending on the species. The toxic effects of lead on aquatic
and terrestrial organisms include reduced growth and reproductive
output, blood chemistry alteration, and behavioral changes (Charters et al,
199j6). The pancreas and bone appear to be primary targets of zinc toxicity
in birds and mammals. In fish, zinc toxicity results in destruction of gill
tissue. Other ecological COPCs, including cadmium, chromium, and
copper, adversely affect both terrestrial and aquatic biota.

EPA prepared a Final Ecological Risk Assessment for the Site (Sprenger et
al, 1999), which reported that sediment samples collected from SB-5 have
some impact (either reduced survival or reduced growth) on sediment
Invertebrates. These effects where interpreted by EPA to be related to the
direct toxicity of the metals concentrations. However, the investigators
also determined that sediment samples from SB-1 did not have an effect
on biota. Adverse effects to upper trophic levels were also identified for
the sulfate basins, specifically piscivorous birds eating carp in SB-5 that
contain copper and zinc (Sprenger et alr 1999).

The presence of ecological COPCs in the Sulfate Basins at levels exceeding
risk-based concentrations, coupled with the results of the Final. Ecological
Assessment, indicate a potential risk to terrestrial and aquatic biota exists.
The potential risk exists under current conditions, where terrestrial biota
can contact the exposed sludge when the basins do not contain water.
When water is present, the sulfate basins also provide habitat for
migratory birds, which may pose a potential risk to these receptor
populations.

i
Under future conditions, there is a potential risk to aquatic biota in the
event that flooding releases sludge to the River. A response action is
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-warranted to mitigate the exposure of ecological receptors to the exposed
sludge in the basins, or tp. sludge released to the River during flooding.

Ground Water Pathway

Hurhan arid ecological receptors are not exposed to ground water in the
overburden that has been affected by COPCs associated with the Sulfate
Basins, therefore, the exposure pathway is incomplete. Ingestion of -
ground water from the overburden unitJpeneath the basins does not pose
a risk to human health because this unit cannot be used as a source of,
potable water. .The overburden unit is unsuitable for potable supply due
to its limited thickness, lack of available drawdown, and low yield.
Furthermore, ground water in the bedrock has not apparently been
affected by COPCs derived from fee SBs, indicating that communication
between the overburden and bedrock beneath the SBs is limited. Ground
water quality degradation in bedrock emanating from viscose basins 9-11
will be addressed as part of the RI/FS for that unit.

There is no unacceptable risk posed to ecological receptors by ground
water discharge from the overburden unit to the River based on sampling
conducted by EPA in 1994 as part of EPA's River investigation, and again
in 1997 as part of the Final Ecological Risk Assessment (Sprenger et al,
1999). Furthermore, the pathway for potential exposure of ecological
receptors in the River is incomplete because the flux of ground water
discharge from the overburden unit to the River is negligible. This finding
is supported by the fact that the_oyerburden ground discharge quantity of
approximately 29,000 gpd is 0.003 percent of the average daily flow in the
River. - "."...._......- - .: ._..:.-...... -----.

2.2 WWTP BASINS

2.2.1 Unit Description and Background

The WWTP Basins Management Unit consists of the emergency lagoon
(EL) and two polishing basins (PB1 and 2) (Figure 1). The EL covers an
area of 70,600 ft2 and the two polishing ponds cover an area of 98,200 ft2.
Current use of these units differs from historic use when the Avtex facility
was still in operation. Previously, the emergency lagoon was used for
emergency storage of the wastewater stream from the WWTP when the
volume of the influent stream exceeded the WWTP capacity. The EL is
currently used as an influent pumping basin for the active WWTP
operation that treats stormwater .stored in the Sulfate Basins. The EL
contains water year round.
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The polishing basins have been inactive since the plant was shut down in
1989. When the Avtex facility was active, the polishing basins received
the clarifier overflow and were used for the final step of zinc removal
from the wastewater effluent stream. Currently, water enters the
polishing basins from rainfall and flood events. The polishing basins are .
periodically emptied by pumping accumulated water to the Sulfate
Basins.

Borings completed in the basin berms indicate the berms are constructed
with native clayey silt soils. The berms for the emergency lagoon and
polishing basins were probably built by excavating soil from the basin and
using the excavated material to form the berms.

Data obtained from 3 borings drilled during the 1993 RI (see Figure 8 for
boring locations) indicate the emergency lagoon contains an average of 5
to 10 feet of supernatant and a sludge thickness of 5 to 11 feet. Underlying
the lagoon sludge is 5 to 10 feet of natural silty sand and silty clay above
bedrock. The estimated total volume of sludge in the emergency lagoon is
12,000 cubic yards. Data obtained from 6 borings drilled in the two
polishing basins indicate the average sludge thickness in the polishing
basins ranges from two to five feet. The thickness of natural silty sand
and silty clay beneath the polishing basins is 0 to 2 feet, and rests upon the
shale bedrock. The estimated total volume of sludge in the polishing
basins is approximately 16,500 cubic yards.

The chemical make-up of the sludge in both the emergency lagoon and
polishing basins is identical to sludge contained in the Sulfate Basins. The
sludge consists of zinc hydroxide, zinc sulfate, and zinc carbonate,
gypsum, cellulose, iron hydroxide and metal oxides.

Six sludge samples collected during the RI were analyzed for physical and
geotechnical parameters to determine the physical characteristics of the
material in the basins. These results are stirnmarized in Table 5. Particle
size analysis indicates the sludge is predominantly .silty sand or silty clay
in the emergency lagoon, and silty sand in the polishing basins based on
the Unified Soil Classification System. Laboratory testing of geotechnical
samples indicates the permeability of the sludge in the emergency lagoon
ranges from 10~7 to 10 cm/sec, while the polishing basins sludge has a
permeability on the order of 10"8 cm/sec.

2.2,2 Source, Nature and Extent of Contamination

The investigation of the WWTP management unit was. conducted during
Phase I RI activities between August 1993 and April 1994. Sampling
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locations are shown in Figure 8. The objectives of the WWTP . .
management unit investigation were to:

• Determine the nature and extent of chemical constituents in the basins
and underlying soils; and

• Determine the impacts, if any, on other media.

The remedial investigation of the WWTP basins consisted of: 1) collection
' and analysis of 15 samples from the WWTP basins and the soil zone
immediately beneath the basins to determine the physical and chemical
characteristics; and 2) collection and analysis of ground water samples
from two overburden and two shallow bedrock monitoring wells located
hydraulically downgradient of the basins to determine ground water
quality impacts. Fifteen samples collected from the WWTP sludge and
underlying soil were analyzed by an off-site laboratory using SW-846
analytical methods to meet the Level III analytical option. Five samples
were analyzed by an off-site laboratory using CLP methods to meet the
Level TV analytical option. The Level IV data, which were validated .in
accordance with EPA protocol, are presented in this EE/CA.

The source, nature and extent of Site contaminants in the WWTP basins
were adequately characterized during RI activities. -Analytical data for
this unit were submitted to EPA in 1994 (ERM, 1994a). Key Level IV
detections of organic and inorganic constituents in sludge samples are
summarized in Table 6. The analytical results are summarized below.

Emergency Lagoon. Organic compounds detected in the emergency
lagoon sludge and underlying soil include carbon disulfide (5-11,000
jag/kg), various semi-volatile organiĉ ompounds (SVOCs) (with
"constituent concentrations in the range of 200-9,800 ug/kg), pesticides
(with constituent concentrations in the range of 1.6-280 ng/kg), and
PCBs_(470 to 890 ng/kg). Metals detected in the emergency lagoon
samples include arsenic (2.7-4.8 mg/kg), cadmium (5.8-49.1 mg/kg),
chromium (140-147 mg/kg), lead (298-1,090 mg/kg), and zinc (107,000-

„ T _ • Polishing Basins. Organic compounds detected in the polishing basins
"^* h . ̂^̂ **™̂ v "" ' -^~ sludge and underlying soil include low levels of volatile organic

$ n V compounds (VOCs) (3-27 jig/kg), SVOCs (with constituent
^ -Ĵ .v _„. . concentrations in the range of 69-2,900 ng/ kg), and pesticides (with

constituent concentrations in the range of 1.3-25 M-g/kg). Numerous
metals were detected-in the polishing basins, including cadmium (1.5-
35.9 mg/kg), chromium (83.1-188 mg/kg), lead (151-408 mg/kg), and
zinc (116,000-260,000 mg/kg).
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Analytical results for waste characterization show that the zinc sludge in
the WWTP basins is not a RCRA hazardous waste based on the Toxicity
Characteristics. Two samples were collected from the sludge and
analyzed for the TCLP metals, cyanide and sulfide reactivity, ignitability
and corrosivity testing. The metal results indicated barium was detected
at concentrations ranging from 0.40 mg/1 to 0.42 mg/1, which is well
below the regulatory limit of 100 mg/1. None of the other seven RCRA '
metals were detected above the analytical detection limits. All of the other
characteristic results were well below regulatory limits.

The sulfate sludge in the WWTP basins is not a listed waste. There is no
information to indicate that contaminants in the sulfate sludge were
derived from a RCRA-regulated unit. Low concentrations of CSa in the
sulfate sludge likely resulted from process wastewater discharged to the
WWTP, rather than discharge of the moat water from the CSa storage

_ units.

The principal potential route of migration for constituents in the WWTP
basins is by flooding to theShenandoah River. Another potential route of
migration is dissolution and infiltration to the overburden water table,
and subsequent migration through the overburden and discharge to the
River (Figures 4 and 5 show direction of ground water flow). However, ,
ground water quality data for the two overburden and two shallow
bedrock wells downgradient of the emergency lagoon and polishing
basins show irdnimal impact to ground water quality. In the overburden
water table, dissolved concentrations of chromium (3.2-4.4 jig/1 in well
017 and 7.6 jig/1 in well 004) are slightly elevated relative to background
water quality (chromium was not detected in well 008). Zinc was present
in overburden and shallow bedrock ground water at concentrations
similar to the background concentration in well 008 (Figure 6). Carbon
disulfide was detected in shallow bedrock wells PZ-1 and PZ-2 (2J-37J
(ig/I). All other organic chemical compounds and metals detected in the
WWTP basin sludge were not detected in the downgradient wells. The
ground water quality data for wells downgradient of the WWTP basins
indicate that these basins are not a primary source of contaminants in
ground water, and therefore a response action for ground water is not
warranted.

As was the case for ground water quality beneath the Sulfate Basins, TDS
levels downgradient of the WWTP basins are elevated relative to
background water quality. The TDS may have been derived from
dissolution of gypsum in the WWTP basins or the Sulfate Basins.

Potential migration of sludge in the WWTP basins via airborne
particulates is not a viable migration pathway. Observations in the field
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indicate that when the basins are emptied of water and the sludge allowed
to dry, the sludge remains cohesive due to the high moisture content.

2.2.3 Risk Assessment

Human Health Risks

The human health risks for the WWTP basins under current conditions are
identical to those identified for the .sulfate basins, as previously described
in Section 2.1.3. SpeciHcally, the COPCs are arsenic, lead and zinc. Each
of these-metals has potential non-carcinogenic health effects, and arsenic
also has potential carcinogenic health effects. The Gradient risk
assessment indicates that there are no unacceptable risks to human health
from exposure to the sludge in the WWTP basins due to trespasser
activities under current conditions.

Ecological Risks

The ecological COPCs for the Sulfate.Basins (i.e., arsenic, cadmium,
chromium, copper, lead, manganese, nickel, silver, zinc and pyrene) apply
to the WWTP basins because these basins also contain zinc sludge. The
receptor populations and exposure pathway for the WWTP under current
conditions is identical to that described for the Sulfate Basins in Section
21.3. Additionally, the Final Ecological Risk Assessment for the Site
(Sprenger etal, 1999) reported that sediment samples collected from the
EL and PB-1 have some impact (either reduced survival or reduced
growth) on sediment invertebrates, which EPA interpreted to be related to
the direct toxicity of the metals. The presence of ecological COPCs in the
WWTP basins at levels exceeding risk-based criteria, coupled with the
results of the Final Ecological Assessment, indicate a potential risk to
terrestrial and aquatic biota exists. The potential risk exists under current
conditions, where terrestrial biota can contact the exposed sludge when
the basins do not contain water. When water is present, the sulfate basins
also provide habitat for migratory birds, which poses a potential risk to
these receptor populations. Under future conditions, there is a potential
risk to aquatic biota in the event that a flood releases sludge to the River.
A response action is warranted to mitigate the exposure of ecological
receptors to the exposed sludge in the WWTP basins, or to sludge released
to the River during flooding.

Ground Water Pathway

As was the case for the Sulfate Basins, the ground water pathway for
exposure of human and ecological receptors is incomplete. Human
receptors cannot ingest overburden ground water because this unit is
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unsuitable for water supply due to limited thickness, lack of available
drawdown, and low yield. Furthermore, ground water in the bedrock has
not apparently been affected by COPCs derived from the WWTP basins,
indicating that communication between the overburden and bedrock
beneath the WWTP basins is limited.

The ground water pathway for potential exposure of ecological receptors
in the River is incomplete because the flux of ground'water discharge
from the overburden water table to the River is negligible (previously
described in Section 2.1.3). Consequently, impacts to ground water are
not sufficient to warrant a response action to prevent migration of COPCs
from sludge to ground water. .. ._

2.3 FLY ASH BASINS AND STOCKPILE

2.3.2 Unit Description and Background

The Fly Ash Basins and Stockpile Management Unit consists of four fly
ash basins (FAB-1, FAB-2, FAB-3, and FAB-6) and the fly ash stockpile
(Figure 1). The. fly ash basins and stockpile were used for disposal of fly
ash generated by the on-site coal-fired power plant. The fly ash basins are
unlined. Fly ash was placed in FAB-1, FAB-2, FAB-3 and a former fly ash
basin that was referred to as FAB-4, which was located beneath the north
end of the existing fly ash stockpile. The fly ash in the stockpile was
material removed from the fly ash basins. As previously stated, FAB-6
was originally a Sulfate Basin and converted to a fly ash basin in the early
1980s. Under current conditions, significant portions of the fly ash basins
have re-vegetated naturally, and, depending on seasonal conditions,
standing water accumulates in low areas within each basin. The berms
surrounding the basins were probably built by excavating soil from the
basin and using the excavated soil to form the berms.

Data obtained from 12 borings drilled during the 1993 RI (see Figure 9 for
boring locations) indicate the thickness of fly ash in the basins ranges from
14 to 22 feet. Data obtained from 7 borings drilled in the fly ash stockpile
indicate that the stockpile ranges in thickness from 28 to 68 feet. Material
other than fly ash was not encountered in any of the borings completed in
the fly ash basins and associated berms. Some zinc sludge was observed
in samples collected near the bottom elevation of FAB-6, which supports
anecdotal information that this basin was originally used to store zinc
sludge. Drilling logs indicate the thickness of sludge is only 0.5 to 1.5 feet.
The stockpile also contains multiple lenses of soil approximately six inches
thick that were likely placed as cover material during historical placement
o£ fly ash in the pile. No other material was found in the borings
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completed in the stockpile. The basins and stockpile are underlain by
approximately 1 to 19 feet oinative silty sand and silty clay.

The size and estimated volume of Hy ash in each fly ash basin and the
stockpile is summarized below. The estimated total volume of fly ash in
the four basins and the stockpile is approximately 1,305,000 cubic yards.

Fly Ash
Basin

1 .
2

3
6

Stockpile

Area
(square feet)

143,000
'- 132,000

89,000
. "635,000

641,000

Fly Ash Soil Thickness
Thickness Beneath Easin

(feet) (feet)
14.5-17

.._ 15,5̂ 22 . . . . .
_. 15-16 . .

16-21
. 28-68

"- 2-7.5
.:- 2-5

.. " T-5
3-4.5
9-19

Estimated Volume
of Fly Ash
(cubic yards)

94,000
87,000
50,000 .
431,000
'643,000

Total 1,305,000

A number of fly ash samples collected during the RI were analyzed for
geotechnical parameters to determine the physical characteristics of the
material in the basins. The results are summarized in Table 7. The
particle size of the fly ash is predominantly silt based on laboratory sieve
analysis using the Unified Soil ClassificationSystem, and is uniform
throughout the basins and stockpile. Laboratory testing indicates that the
fly ash has relatively low permeability in the range of 10"5 to 10" cm/sec.

2.3.2 Source, Nature and Extent of Contamination

The fly ash is a coal combustion by-product and the constituents of
concern for the fly ash are metals contained in the residue that remains
after the coal was combusted. Fly ash contains a potential source of
metals that could be mobilized by leaching and subsequent migration to
ground water. ...'_- . - - --••

The Phase 1 RI investigation of the fly ash basins and stockpile was
conducted from October 1993 through April 1994. Sampling locations are
shown in Figure 9. The objectives of the fly ash basins/stockpile
investigation were to:

• Determine the nature and extent of chemical constituents in the basins
and underlying soils; and _ . -...•_

• Determine the impacts, if any, on other media.

The remedial investigation of the fly ash basins and stockpile consisted of:
1) collection and analysis of 90 samples from the fly ash and the soil .
immediately beneath the fly ash to determine the physical and chemical
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characteristics; and 2) collection and analysis of.ground water samples
from six overburden and six shallow bedrock monitoring wells located
hydraulically downgradient of the basins and stockpile to determine
ground water quality impacts. 90 samples collected from the fly ash and
underlying soil were analyzed by an off-site laboratory using SW-846
analytical methods to meet the Level III analytical option. 30 samples '.
were analyzed by an off-site laboratory using CLP methods to meet the
Level IV analytical option. The Level IV data, which were validated in
accordance with EPA protocol, are presented in this EE/CA.

The source, nature and extent of chemicals in the fly ash basins and
stockpile were adequately characterized during RI activities. Analytical
data for the fly ash unit were submitted to EPA in 1994 (ERM, 1994b). Key
Level IV detections of organic and inorganic constituents are summarized
in Table 8. •

The analytical results indicate the key constituents in the fly ash basins
and stockpile are metals typically found in Coal combustion fly ash.
Metals detected in fly ash samples include arsenic (2.1-193 mg/kg),
barium (54.1-759 mg/kg), cadmium (0.49-9 mg/kg), chromium (9.1-56
mg/kg), lead (8.7-166 mg/kg), selenium (1.3-12.7 mg/kg), and zinc (12.1-
132,000 mg/kg). Note that the maximum zinc concentrations reflect
samples from a boring (FA-BH-15) located in FAB-6, which was
historically used for storage of zinc sludge prior to being used for fly ash
storage. The drilling log for this boring indicates that zinc sludge was
identified in this boring during sampling.

Organic compounds were detected infrequently at low concentrations in
the fly ash samples. The analytical results for organic? are not indicative
of a source area of organic compounds in the fly ash basins and stockpile.

Analytical results for waste characterization indicate that the fly ash is not
a RCRA hazardous waste based on the Toxicity Characteristics. Four fly
ash samples were analyzed for TCLP metals. The results indicate that
although leachable concentrations of metals were detected (arsenic at non-
detect (ND)-0.192 mg/1, barium at 0.758-2.3 mg/1, cadmium at ND-0.026
mg/1, chromium at ND-0.021 mg/1, lead at ND-0.14 mg/I, and selenium
at 0.063-0.067 mg/1), the concentrations in leachate derived from the fly
ash were below the respective regulatory limits.

The principal potential route of migration for constituents in the fly ash is
by dissolution and infiltration to the overburden water table. However,
ground water quality data from the twelve monitoring wells located
hydraulically downgradient of the fly ash basins and stockpile, combined
with the TCLP data, show that metals are not readily leached from the fly'
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ash. This conclusion is illustrated by the cross section (F-F') through the
fly ash stockpile and FAB 3" (Figure 10), which illustrates the morphology
of the basins and stockpile and summarizes key analytical data. The
chemical data presented on the cross section show the metal
concentrations in the fly ash are not manifested in shallow bedrock well
114 downgradient of the fly ash basins and stockpile. The soil layer
beneath the .fly ash basins and stockpile apparently attenuates
concentrations of any metals that may be leached from the fly ash.
However, the capacity of the soil to continue attenuation in the .future may
be limited due to the limited thickness of soil beneath the fly ash basins.

Arsenic has been identified in the ground water plume emanating from
areas beneath the viscose basins (VB) 9-11 management unit that is
adjacent to the stockpile and FAB-3. However, empirical data indicate the
fly ash basins and stockpile are not the source of arsenic detected in this
localized ground water plume beneath the Site. Instead, arsenic appears
to be mobilized from soils beneath VB 9-11 due to the high pH nature of
the plume. Three reasons for this conclusion are provided below.

• Overburden well 014. is installed in FAB-3 and not in the overburden
downgradient of the basins, and was used to evaluate the quality of.
pore water within the fly ash. Arsenic concentrations measured in
well 014 were 0.948 mg/1 and 0.932 mg/1, which are less than worst-
case arsenic concentrations detected in ground water beneath viscose
basins 9,10 and 11.

* Arsenic is not present in overburden wells 012 and 013 and shallow
bedrock wells 112,113 and 114 located downgradient of the fly ash
basins and stockpile, .......

• The pH of shallow ground water beneath the fly ash basins is not
high enough to promote arsenic mobility.

-Potential migration of fly ash via airborne particles is a viable migration
pathway because portions of the basins and the stockpile are not entirely
covered with vegetation. Observations during nine years of on-site
activities indicate that fly ash is mobilized primarily during periods of
high wind, when disturbed by driving a vehicle on areas of fly ash that are
devoid of vegetation, or during excavation using construction equipment.
Such disturbance, which occurs for short duration, may create visible
clouds of dust, which generally disperses quickly over a relatively short
distance.' -- _::_—n- ~- -. ..I-.:".--:-. --'-::-. ~-" "~ - " -
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2.3.3 Risk Assessment

Human Health Risks

Gradient performed a quantitative risk assessment to evaluate current and
future potential risks to human health associated with exposure to
uncovered fly ash by an adolescent trespasser using the same approach
previously described for the sulfate basins in Section 2.1.3. The methods
and results of the human health risk assessment are described in the
Gradient report (Gradient, 1999; Appendix E). Samples collected from the
fly ash basins and stockpile in 1993 as part of the Phase 1 remedial
investigation were used for the risk assessment. Twenty-two samples
were collected from within and below the FABs and FAS, and analyzed
for the TCL and TAL using CLP methods to meet the Level IV analytical
option. The data were validated in accordance with EPA protocol.

As the first step to selecting COPCs, samples that contained a mixture of
soil and fly ash were eliminated from the data set used to identify COPCs
for the risk assessment. These samples were excluded because there was
no potential for direct contact with chemicals in soil located 15 feet below
the fly ash. As a result, the total of 22 Level IV samples for the was
reduced to 14 samples.

The second step included screening the constituents detected in the Level
IV samples for the risk assessment (Table 9). COPCs for human health
were selected by comparing maximum concentrations of detected
constituents to current Region HI Risk-Based Concentrations (RBCs) for an
industrial soil exposure scenario for non-carcinogenic and carcinogenic
health effects. Screening against industrial RBCs for an area that will
never be developed for residential use is appropriate. These COPCs were
identified based on a Hazard Quotient of 0.1 for noncarcinogens (to
account for possible systemic effects for non-carcinogens in accordance
with EPA Region in guidance), and a risk level of 10-6 for carcinogens.
The only constituent detected in fly ash that exceeded the Region III RBCs
for an industrial soil exposure was arsenic.

The human receptors most likely to be exposed to COPCs associated with
the fly ash under current conditions are a potential adolescent trespasser
(ages 8 to 17). The adolescent trespasser was assumed to enter the Site 35
days per year. Under future conditions, human receptors consist of
recreational users, which would undergo similar exposure as an
adolescent trespasser. Gradient evaluated cancer risks and non-cancer
hazards associated with potential exposure to arsenic via ingestion,
dermal contact and inhalation. The Gradient report describes the
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e- parameters and toxicity factors used to calculate the cancer risks
and non-cancer hazards.

Total cancer risk for-exposure to fly ash, across all pathways, was
calculated to be 2 x 10*. This value is within EPA's target risk goal of 1(H
to 1Q-6.. The total non-cancer hazard index was 0.04, which is less than one
and indicates non-cancer effects are not expected. The risk assessment
indicates that there are no unacceptable risk to human health from
exposure to the fly ash associated with trespassing activities.

Ecological Risks . . . . . . .

Potential ecological receptors for the fly ash basins and stockpile under
current conditions are the same as for the Sulfate Basins, with the
exception that the aquatic biota are limited to species that would be
associated with ponds in low areas of the fly ash basins instead of the
River. The COPCs for ecological receptors identified by EPA (Charters et
alf 1996; Sprenger el at, 1999) that are applicable to the FABs and FAS are
antimony, arsenic, cadmium, chromium, copper, lead, manganese, nickel
and zinc. These COPCs have the potential to cause adverse health effects
to both aquatic and terrestrial biota. The toxicity of lead and zinc to
aquatic and terrestrial biota were identified previously. Studies have
shown arsenic to be toxic to mammals and birds. Toxic effects to aquatic
biota associated with arsenic are not available (Charters at al, 1996).

The Final Ecological Risk Assessment for the Site (Sprenger et al, 1999)
reported that sediment samples collected from FAB-6 have some impact
(either reduced survival or .reduced, growth) on sediment invertebrates.
These effects where interpreted by Sprenger et al to be related to the direct
toxicity of the metal concentrations. - ......

The presence of ecological COPCs in the fly ash at levels that exceed risk-
based concentrations, coupled with the results of the Final Ecological
Assessment, indicate a potential risk to terrestrial and aquatic biota exists.
The potential risk exists under current and future conditions, where
terrestrial biota may have direct contact with fly ash. Indirect exposures
to COPCs could also occur for some ecological receptors (e.g., birds eating
worms from fly ash units, and the red fox ingesting small mammals
affected by arsenic in fly ash). With respect to aquatic biota, the risk is
associated with species that exist in or depend on the ponds of standing
water that accumulate in portions of the fly ash basins. A response action
would mitigate the exposure of ecological receptors to fly ash in the basins
and stockpile.
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Ground Water Pathway

Human and ecological receptors are not exposed to ground water in the
overburden. The overburden water table cannot be used as a source of
potable water because the water table unit is unsuitable for water supply
due to limited thickness, lack of available drawdown, and low yield.
Consequently, the ingestion pathway for ground water is incomplete with
respect to human receptors. In addition, the available data indicate the fly
ash basins and stockpile have not had any impact to bedrock ground
water quality. Consequently, the ground water pathway for exposure to
Site contaminants is incomplete, and no response action for ground water
is warranted.
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3.0 IDENnFICAltON OF RESPONSE ACTION OBJECTIVES

3.1 ARA&IBENTIFICATION

Sectforf300.415(jJ of the NCP requires certain types of removal actions to
attain ARARs under Federal or State environmental laws and regulations,
to the extent practicable considering the urgency of the situation and the
scope of the removal. While on-site CERCLA actions may not require a
permit, substantive requirements of the ARARs may need to be met. In
accordance with EPA guidance (EPA, 1991), the EPA will make the final
determination of the actual ARARs and the extent to which they will be
met. .

Appendix A provides a list of the ARARs that apply potentially to the
response action addressed in this EE/CA. This list is provided to EPA
and Virginia for consideration in identifying the actual ARARs. This
section highlights the location, chemical, and action- specific ARARs that
have direct applicability to the closure of the Sulfate Basins, WWTP
Basins, and Fly Ash Basins and Stockpile.

3.1.1 Chemical-Specific

Chemical-specific ARARs are risk-based numeric limitations or
methodologies that establish acceptable quantities or concentrations of a
contaminant on a site-specific basis. There are no chemical-specific
ARARs identified to develop the response action objectives.

3.1.2 Xocaiion-Specific

Location-specific ARARs consist of restrictions placed on the conduct of
activities because they occur-in a specific location, such as wetlands or
floodplains. One potential location-specific ARAR for the Sulfate and
WWTP Basins is the location of SB 1-4E within the Federal Emergency
Management Agency's boundary for the 100-year floodplain (Figure 1).
Section 10 of the .Rivers and Harbors Act of 1890 covers construction
activities that could alter navigable water of the United States. Section 10
authority has been delegated to the Army Corps of Engineers (COE).
Additionally, Section 404 of the Clean Water Act may apply to the -
placement of fill material on the floodplain. A permit may need to be
obtained from the COE before construction activities are implemented.
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Virginia also regulates activities that affect the floodplain through the
Virginia Floodplain Management Program within the Department of
Conservation and Recreation (Virginia Code Section 10.1-603). The State
may require a permit application, and may need to involve the Virginia
Marine Resources Commission to assess the potential impact to a
floodplain. Joint federal and state permits can be filed to address Section
10 and 404 requirements.

3.2.3 Action-Specific

Action-specific ARARs are activity-based requirements on actions taken
with respect to contaminants. These requirements define acceptable
treatment, storage, and disposal procedures for hazardous substances.
The action that is envisioned for the sulfate basins and fly ash is the
placement of cover over in-place wastes and creation of positive drainage
to promote runoff and limit infiltration. Three sections of Virginia
regulations could provide potential action-specific Virginia ARARs that
affect the scope of the action (26 February 1999 letter from J. Ely, VADEQ
to B. Gross, EPA and W. Cutler, FMC):

• Hazardous Waste Regulations, 9 VAC 20-60-10 to 1480;

• Solid Waste Management Regulations, 9 VAC 20-80-10 to 790; and

• Regulation Governing Management of Coal Combustion By-products, 9 VAC
20-85-10 to 180.

Hazardous Waste Regulations

Sufficient information is available to indicate that the waste streams
covered by this response action are not a listed or characteristic hazardous
waste. As discussed in Section 2.0, the sulfate sludge and fly ash have
been adequately characterized to demonstrate that the materials are not a
RCRA hazardous waste based on Toxicity Characteristics. The sulfate
sludge is not a listed waste. There is no information to indicate that
contaminants in the sulfate sludge were derived from a RCRA-regulated
unit Low concentrations of CSz in the sulfate sludge likely resulted from
process wastewater discharged to the W\YTP, rather than discharge of the
moat water from the CS2 storage units. Recent EPA guidance (October
1998, Management of Remediation Waste Under RCRA) determined that in
instances where the source of contamination is uncertain, a waste should
not be considered to be a listed waste. Therefore, the Virginia Hazardous
Waste Regulations are not applicable for this response action.
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Solid Waste Management Regulations

Three sections of the Virginia Solid Waste Management Regulations
(VSWMR) provide action-specific .Virginia ARARs that affect the scope of
the closure of the sulfate basin and fly ash units. First, the closures of both
the sulfate basins and fly ash basins and stockpile must meet the
requirements set put in 9 VAC-20-8Q-20QD in order to close a solid waste
management unit with waste left in place. These regulations require the
demonstration that the facility will not pose a threat to human health or
the environment when closed in-place. The demonstration needs to
include the items listed below.

1. Type-of Waste. A description of the amount, type, source and
generating process of the waste, and # statement that there are no
hazardous wastes must be provided.

2. Siting. A registered professional engineer must submit documentation
that the in-place closure of waste will comply with the applicable siting
restrictions- under Part V of the VSWMR. These siting requirements
include: airport safety; floodplains; unstable areas; wetlands; fault
areas; seismic impact zones; setbacks from surface waters, sources of
drinking water, and other important structures; and the ability to
conduct ground water monitoring. The siting requirements that are
relevant to the proposed response action described herein include
floodplains and setback from a river.

3. Certification' A registered professional engineer or qualified ground'
water scientist must certify that in their professional judgement the
facility can be closed with waste left in place without posing a threat to
human health or the environment.

This EE/CA report provides adequate information to meet the 9 VAC 20-80-
200D requirernenlsstated above Sections 2,1 and 2.3 of this EE/CA report
describe the amount, type, source and generating process of the sulfate
sludge and fly ash, and provide the data that indicate there are no hazardous
wastes being closed in place. The siting requirements under Part V of the
VSWMR indicate that waste can be closed in-place in the floodplain if it can
be protected from washout and not restrict water flow when placed in areas
subject to base floods. As discussed in Section 40 and Appendix B,
modeling conducted to evaluate the flood condition under remediated
conditions addresses this requirement. All of the setback requirements,
including placement of waste any closer than 100 feet from a river, can be
met. The required certification by a professional engineer in accordance
with 9 VAC 20-80-200D3. is provided in Appendix F.
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Second, placement of cover material on the sulfate basins and fly ash units
requires adherence with the regulations for closure of a non-hazardous
industrial waste disposal facility (9 VAC 20-80-270E). Pertinent
requirements for closure under 9 VAC 20-80-270E include:

* A cover with a hydraulic conductivity less than or equal to the
hydraulic conductivity of the natural subsurface soils, or no greater
than IxlO-5 cm/sec, whichever is less;

• A cover that minimizes infiltration through the waste by using an
infiltration layer that contains a mirdmum 18 inches of earthen
materials;

• A cover that minimizes erosion of the final cover by using six inches of
earthen materials capable of sustaining native plant growth;

* Finished side slopes that are stable and adequately control erosion and
runoff; and

• Recording of a survey plat which delineates areas of waste disposal
and states the future obligation to restrict disturbance of the Site.

The permeability requirement will be difficult to meet for the sulfate basin
closure because the native soils have an estimated permeability of 1x10-7,
and the results of the field pilot study (Appendix C) indicate the test pad
had a placed permeability of 2.7X10-6 cm/sec. Repeated passes with
equipment over the sludge to increase compaction and reduce
permeability will cause deformation of the sludge and have a negative
impact on the cover. However, the VSWMR (9 VAC 20-80-270E.l.c.(l))
allows for an alternative cover design that achieves equal performance
relative to infiltration reduction. The specific language is

c. "The director may approve an alternate final cover design that
includes: (1) An infiltration layer that achieves an equivalent
reduction in infiltration as the infiltration layer../'

Section 4.1.2 describes a conceptual remedy for the SB closure that
includes the use of horizontally laid geotextile wicks draining to sumps.
The purpose of this drainage layer was to provide for the removal of
water leaking through the cover as well as water dispelled during
consolidation. The strip drains can manage the difference in the amount
of water that will infiltrate through a cover with a permeability of 2.7X10-6
and subsurface soils with a permeability of IxlO-7, and therefore be
considered to achieve an equivalent reduction in infiltration. During the
design phase, the use of the strip drains and other techniques, such as the
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use of. water consumption plants, will be evaluated to ensure an equal
level of performance is met.. Consequently, the ARAR can be met.

In addition, Virginia's non-hazardous industrial waste regulations require
that ground water monitoring and post-closure care of the cover be
conducted. The response actions for both the SBs and fly ash units will
include ground water monitoring and post-closure care.

Third, placement of cover material on the sulfate basins requires
adherence with the regulations for closure of surface impoundments and
lagoons (9 VAC 20-@-3_80ju..Pertinent requirements for closure include:

1 j ..
• ' Eliminate free liquids by removing liquid waste;

• Install a ground water monitoring system and initiate ground water
monitoring; - - . . . - . . . . . .

• Stabilize the remaining waste residues to a bearing capacity sufficient
to support the final cover;

*»
• Place final cover in accordance with the requirements stated above for

section 270.

These closure requirements are incorporated into the proposed remedies
described-in Section 4.0. -

Proposed response" actions discussed in Section 4.0 provide for the
consolidation of sludges and contaminated soil from SB 5 into SB 1
through 4E, and the consolidation of sludges from the WWBs into SB 1
through 4E. In accordance with the VSWMR, consolidation of wastes
from different waste disposal units ordinarily constitutes disposal, and
would be subject to the provisions _of the VSWMR relating to disposal of
newly generated solid wastes. However, J52A has determined that
consolidation of wastes within an AOC does not constitute disposal. As
stated in Section 1.1, EPA designated all the management units west of the
railroad tracts as a single AOC (16 April 1999 letter from B, Gross, EPA to
J. Ely, VADEQ). Wastes can be consolidated within the AOC, including
wastes that are diverse in composition, without being construed as
disposal and without invoking the VSWMR.

Regulation Governing Management of Coal Combustion By-Products

The proposed action to close the sulfate basins includes fly ash placed
within the cover for the SBs as an engineered fill to create positive grades.
The. fly ash is serving as a substitute for a natural resource (imported fill
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soil). The use of fly ash as engineered fill in this manner does not fall
under an exemption or exclusion provided in the VSWMR (9 VAC 20-80-
150 and 160). Therefore, Virginia's Regulation Governing Management of
Coal Combustion By-Products is applicable to the use of fly ash in this
manner. This regulation specifically prohibits the use of fly ash on sites of
unpermitted lagoons (9 VAC 20-85-70,5,). However, EPA determined that
the proposed use of fly ash as an engineered fill is consistent with
operating under EPA's AOC policy (16 April 1999 letter from B. Gross,
EPA to J. Ely, VADEQ). Therefore, the proposed use of fly ash on the
cover for the sulfate basins does not invoke the requirements of Virginia's
Regulation Governing Management of Coal Combustion By-Products. -..

Oilier Virginia Action-Specific ARARs

Additional potential Virginia action-specific ARARs identified by VADEQ
include:

• Closure of the basins should be accomplished in compliance with the
ambient air quality standards for particulate matter contained in 9
VAC 5-30 and the standards of performance for visible and fugitive
dust emissions contained in 9 VAC 5-50;

• Stormwater management should be accomplished in compliance with
the regulations contained in 4 VAC 3-20-10-251; and

• Soil and erosion control should be accomplished in compliancejyith
the regulations contained in 4 VAC 50-30-10.

3.2 RESPONSE ACTION OBJECTIVES

The objectives of the response action for the Sulfate Basins, WWTP Basins,
and Fly Ash Basins and Stockpile are four-fold:

• Mitigate future potential risk to ecological receptors from the
migration of contaminants during flood and wind erosion events;

» Mitigate current potential direct contact risk to ecological receptors
associated with uncovered waste;

« Meet federal and state ARARs; and

• Ensure that future use considerations are addressed adequately.
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This response action is designated to be a Non-Time-Critical Removal
Action because of the concern that 1) flooding of the River can cause
contaminants (primarily metals in sulfate and WWTP basin sludge) to be
released to the River; and 2) fly ash can be mobilized by wind. The risk
assessment showed that metals in the sulfate basin and WWTP basin
sludge, in particular lead and zinc, can be toxic to aquatic biota. The risk
assessment also showed that metals in the fly ash can be toxic to terrestrial
biota. Therefore, the primary Response Action Objective (RAO) is to
ensure that the sulfate and WWTP sludge and fly ash are contained at the
Site and do not migrate during weather events., .

The results of the risk assessment indicate that ecological COPCs in the
sulfate sludge and fly ash are present at levels that exceed risk-based
concentrations. This finding indicates a potential direct contact risk to.
ecological receptors may exist. In addition, site specific ecological risk
assessment indicated that sediment samples collected from these units
could have some impact (either reduced survival or reduced growth) on
sediment invertebrates, even though these basins are not intended to
provide habitat. Therefore, the second RAO is to eliminate direct contact
of both human and ecological receptors to the uncovered sludge and fly
ash. ^ - — - - -

A third RAO is to ensure that the basin closures comply with ARARs. Of
particular importance is the Commonwealth of Virginia Solid Waste
Management Regulations requiring that non-hazardous industrial waste,
such as the sulfate sludge and fly ash, be covered with soil.

A fourth RAO is to ensure the basin closures are consistent with the
proposed conceptual reuse plan for the basin area identified in the North
American Realty Advisory Services (NARAS) Report (1998). This plan

'• has been adopted by the Town of Front Royal to guide the redevelopment
of the Site. The plan identifies the area west of the railroad tracks for use
as a public recreation conservancy, providing for passive'recreation uses,
habitat preservation, and River access. The NARAS plan envisions that
the area in and around the closed basins would contain trails and.'
overlook spots. Therefore, the closure of the SBs, WWBs, FABs and FAS
needs to be able to support pedestrian access. Further, the basins will
need to be covered so that the fly ash and sulfate sludge will not present a
nuisance to future site users.

Based on the four RAOs identified above, the. overall scope of the
response action for the Sulfate, WWTP/ and Fly Ash Basins and Fly Ash
Stockpile consists of placement of coyer materials and creation of positive
drainage to promote runoff and limit infiltration.. .The primary objective
of the cover is for material containment, direct contact protection,
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promotion or runoff and prevention of surface water ponding. Consistent
with the proposed conceptual reuse plan, the bearing capacity of the cover
needs to be sufficient to handle pedestrians, but will not be designed to
support vehicle traffic. Routine access to the-covers will be limited to
pedestrians. Vehicles for cover, rnaintenance will need to be confined to
•well defined trails that will be constructed with adequate erosion control
for. these vehicles.
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4.0 IDENTIFICATION AND ANALYSIS OF RESPONSE ACTION
ALTERNATIVES

This section identifies a range of closure alternatives, for the Sulfate Basins ~
(SBs), WWTP Basins (WWBs) and Fly Ash Basins (FABs) and Stockpile
(FAS), and provides analysis of those alternatives against the major
criteria, namely effectiveness, implementability and cost, identified in the
EPA "Guidance on Conducting Non-time Critical Removal Actions Under
CKRCLA" (EPA, August 1993 EE/CA Guidance). In accordance with the
EE/CA Guidance (EPA, 1993), the following five criteria were also
evaluated:

* Overall protection of human health and the environment;,

• Compliance with ARARs;

• Long-term effectiveness and permanence;

• Reduction of toxicity, mobility or volumes through treatment; and

• Short-term effectiveness.

All of the proposed closure alternatives include installing a soil cover,
except for Alternative 1 for the fly ash units, which includes no further
action for the fly ash basins. Appendix A summarizes the Federal and
Commonwealth of Virginia action-specific ARARs that potentially apply
to the response activities necessary to dose the SBs, FABs, FAS, and
WWBs.

In all alternatives, free-standing supernatant water would be transferred
via pumping to the on-site WWTP for treatment. Additional steps to
promote drainage from sludges, such as creating sumps, installing
collection standpipes or trenches, placement of hydrophilic wicks, or other
measures to enhance removal of free water may be utilized.

All of the alternatives incorporate ground water monitoring, post-closure
cover maintenance, and institutional controls as components for each
alternativa Monitoring plans will be developed concurrent with
preparation of operations and maintenance plans that will direct post-
closure activities. Institutional controls, specifically a prohibition on
disturbing the proposed soil covers, are necessary for each alternative to
ensure that the integrity of the covers is maintained to eliminate direct
contact risks and rninimize infiltration of precipitation and runoff.
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4.1 - SULFArE BASINS (SB)

A broad range of in-situ and ex-situ technologies have been evaluated for
the SBs. These include containment, treatment through zinc recovery, and
stabilization of the SB sludge. Treatment via zinc recovery has been
evaluated through bench-scale treatability studies and cost-benefit
analysis by as many as-five specialty vendors since 1994. The extensive
evaluations that were completed reflect an extensive effort to address the
CERCLA preference for treatment over containment remedies. However,
despite the extensive evaluations, treatment technologies for 936,000 cubic
yards of sulfate sludge were difficult to implement, cost prohibitive, or
•would require on-site treatment that is likely to be unacceptable to the
community.

Two analyses of zinc recovery alternatives were completed in 1998 and
provide an indication p.f the tecjtmical and cost issues associated with zinc
recovery. The most intensive evaluation of a zinc recovery process -
involved a process to electrokinetically remove zinc from the sludge and
electro-deposit the zinc at a specified purity on electrodes. This effort was
conducted by Flour Daniel GTI (1998), who used Geo-Kinetics, Inc. to
conduct the bench-scale studies and evaluations. The conceptual design
included extracting the sludge from the basins, treatment in containers,
and on-site placement of the post-treatment residues. Although initial
bench-scale studies were promising, the results of the scale-up evaluation
showed this technology to be difficult to implement because it needed
large quantities of acid to overcorne.tfie buffering effect of the carbonates
and hydroxides in the sludge and was highly energy intensive. Both of
these factors make this technology cost prohibitive for application at the
Site. The ecbnornics'surnrnary indicated that the project costs would be
close to $50 Million with a projected zinc recovery revenue of $30 Million.
Additionally, it was estimated that the project would take ten years to
complete, which would make it potentially unacceptable to the
community, and defer successful reuse of the Site.

Tallon (1998) evaluated the zinc sludges in the.laboratory for several
technologies to beneficiate (i.e., concentrate) the sludge on-site and
recover the zinc through off-site smelting or refining (a process that
involves an acid leach and metal recovery by electro-chemical plating).
Tallon evaluated the following beneficiation techniques that are used to
concentrate metals in metal sulfide ores:

• Physical Separation. A density separation using a heavy liquid
indicated that the presence of aggregate particulate reduced the
efficacy of the separation. . . . . . .
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» Frotk Flotation. This process involves the use of chemical reagents to
target minerals amenable to physical separation with the injection of
air. The results of trials were not promising as no tested reagents were
able to create conditions permitting a clear separation of zinc.

• LeacJiing. Leaching with water and more aggressive acid and caustic
leach solutions was determined to be unsuccessful. Acid leach
solutions, although technically feasible, required extensive amounts of
acid to overcome the pH buffering of the carbonate minerals in .the
sludge.

• Roasting or Calcining. This process consists of thermal treatment at
600°C to oxidize the metal sulfides and drive off COs from the :
carbonates. Although the roasting process created a mineral array that
was more amenable to leaching, the trials did not produce a zinc
product deemed acceptable for processing at a zinc recovery facility.

The conclusion of this evaluation was that the roasted sludge would need
to be shipped off-site for smelting or refining, and that the off-site
processors would charge a substantial penalty for the inclusion of large
quantities of non-value waste requiring disposal after the zinc is
recovered. On-site roasting would also take many years to complete and
would require construction and operation of a large on-site thermal unit,
which would be inconsistent with timely reuse of the Site.

Physical/chemical stabilization was evaluated by ERM in 1993 as a
standard technology for treatment of metal-bearing sludge. Physical and
chemical stabilization technologies are available for ex-situ and in situ
application. Initial bench-scale tests showed that it is technically feasible
to stabilize the SB sludge. Typically, stabilization costs range between $25
and $50 per cubic yard. Even accounting for economics of scale for such a
large volume, this technology is cost prohibitive (estimated to be an
incremental $25 to $50 Million). Further, stabilization of the sludge to
prevent leaching of contaminants and their migration to ground water is
unwarranted since investigation shows rninimal impact to ground water.
Therefore, stabilization for purposes of preventing ground water
contamination is not considered to be a qualified technology to meet the
RAOs.

Based on the prior evaluations, containment of the sludge in SB 1-4E has
proven to be the only qualified technology to address the RAOs for the
SBs. Containment consists of placement of cover materials and creation of
positive drainage to promote runoff and limit infiltration. The
permeability of the cover material will not be critical because the primary
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objective of the cover is for material containment, direct contact
protection, promotion of runoff, and prevention of-surface water ponding.

Sulfate Basin 5 differs from SB 1-4E in that there is very little sludge in SB
5 and it has not been hydraulically connected to the other SBs during
stormwater management activities which have been conducted in the SBs
since 1989 when the plant closed. There is only 2.0 to 2.5 feet of sludge at
the bottom of SB 5, and the supernatant water .has been analyzed,
determined to be clean, and discharged to the River without treatment at
least three times in the past nine years. The management of SB-5 must
reflect these_differenceŝ  Initially, it was envisioned that SB-5 would
remain in-place, as a water body, and the sludge would be dredged from
the bottom and consolidated into SB-1-4E. However, after additional
evaluation, it is now considered to be more "appropriate and desirable to
eliminate SB-5 by removing the supernatant and sludge, then removing
.the north, south and. west berms to provide new access to the River.
Under both of the alternatives analyzed below, SB 5 would be eliminated
and the sludge would be consolidated from SB 5 into SB 2-4E.

The alternatives in this section describe conceptual alternatives.
Additional field testing and design studies need to be performed, and
design criteria will still need to be developed for the final response action
(discussed further in Appendix C).

4.1.1 -...' Alternative-SB 1: Eliminate SB 5 and Install Simple Soil Cover On
SB1-4E .' ':..'. .—- . -" - -• - ' - " - ,.' .

4.1.1.1 Alternative Description

This alternative consists of the following components:

• Removing supernatant water for treatment in the on-site treatment
plant;

• Consolidating the sludge from SB 5 into SB.1-4E;

.-&. ; /*) Removing contaminated soil (1 f o_ot) from beneath the SB 5 sludge to
. be managed with consolidated sludge;

, ' '• . . ^ " - _ - - _ " _ " . . . . . " " . -I... .- ------- - - - . : —— -

••:.--.- '• Placing a simple, nominal two-foot thick (minimum) soil cover over SB
1-4E to prevent direct contact and promote runoff;

• Removing the south and west SB 5 berms, regrading.the north berm
and the SB 5 area to establish minimum 2 percent grades, and
installing a final 6 inch thick (minimum) vegetated soil cover;
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• Post-closure cover maintenance and ground water monitoring; and

• Recording of a survey plat which delineates the areas of waste disposal
and implementation of institutional controls to prevent disturbance of
the soil cover. •

After supernatant removal and prior to installing the cover on SB 1-4E, the
berms around all of the basins would be cut down to follow the grade .of
the sludge in each basin, allowing for the final two-foot soil cover
thickness. This is to facilitate surface drainage and avoid creating a
"bathtub" within the SBs. In addition, some of the material in SB 1. would
be regraded, probably together with the use of soil from the base of SB 5,
berm soils, and imported soil, so that the final grade of SB 1 would gently
slope (minimum 2 percent slope) from the eastern side of the basin down
toward the River. This alternative does not account for use of fly ash for
grading and filling soft areas, which may be necessary or appropriate in
selected areas. The soil cover would consist of a total of two feet of
imported soil capable of achieving at least a IxlO"5 cm/sec hydraulic
conductivity, and preventing direct contact exposures, with the upper six
inches capable of supporting the vegetative cover.

This proposed plan would eliminate the basins as water storage units,
preclude ponding of stormwater and runoff, prevent direct contact with
the sludge and provide adequate protection against sludge erosion during
Hood events.

Prior to installing the cover on SB 1-4E, the sludge contained in SB 5
would be dredged from the bottom (estimated volume is 77,000 cubic
yards) and placed in SB 2-4E. In addition, it is assumed at this time that
one foot of soil at the base of SB 5 would be excavated and placed in the
'other SBs prior to installing the cover. A performance measure will be
identified in the design phase to indicate the allowable concentration of
zinc in soil beneath SB 5.

The berm between SB 5 and FAB 6 may need to be strengthened once the
lateral support provided by the current water elevation in SB 5 is
removed. In addition, once the south and west berms of SB 5 are
removed, the berm between SB 5 and FAB 6 could potentially be subjected
to flood water,. However, water surface profile modeling of the 100-year
flood (see Appendix B) shows that the flood water depths and velocities
would be low and non-erosive. Additional flood profile modeling may be
performed as part of detailed design to identify any erosion or stability
concerns that are not evident from the concept design analysis in
Appendix B.
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The northern, western and southern berms of SB 5 will be graded out,
with the soil used to re-establish a gentle slope from the FAB 6 berm to the
River to allow for post-remediation use. Any berm soils suspected or
determined to be contaminated would be placed in SB 1-4E. Finally, a six-
inch layer of cover capable of sustaining vegetation would be placed over
the regraded SB 5 area andajviegetative cover will be established.

The ground water monitpring plan to be implemented during post-closure
maintenance will be designed to determine whether ground water quality
becomes further degraded from the sulfate sludge. If monitoring indicates
that ground water quality becomes further degraded, risks to human
health and the environment will be re-assessed, and the remedy modified
to mitigate any unacceptable risk.

4.1.1.2 Effectiveness

Effectiveness addresses-the ability of an alternative to meet the RAOs and
to be protective of human health and the environment. Text in bold
highlights the individual evaluation criteria identified in EPA's EE/CA
guidance (EPA, 1993). . ̂

Alternative SB 1 would be effective in satisfying the RAOs of protecting
against direct contact with the basin materials by ecological receptors, and
containing these materials from release to the environment. As described
in Appendix B, the results of the flood modeling indicate that it is not
necessary to incorporate any special features into the cover design to
protect the wastes from flood erosion. The modeling shows that flood
flow velocities calculated for this area are sufficiently low (<3.5 fps) that
the final vegetated cover would not be eroded by the flow and maintain
integrity. Therefore, the soil cover primarily satisfies the need to provide
a barrier to direct contact.

This alternative can achieve compliance with action-specific ARARs. This
alternative would satisfy the action-specific ARARs of a minirnum 18
inches of earthen material for an infiltration layer (which also provides
protection from direct contact), 6 inches of soil that will sustain vegetation
to nunimize erosion, and finished side slopes that are stable'and
adequately control erosion and runoff. The VSWMR requirement that
that the cover-permeability be equal to or less than the underlying soils
cannot be met because repeated passes with equipment over the sludge to
increase compaction and reduce permeability will cause deformation of .
the sludge and have a negative impact on the cover. However, an
alternative cover design will be developed to ensure that an equal level of
performance is achieved, in accordance with the VSWMR.
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This alternative may provide long-term protection against release to the
environment and direct contact. Although the final grading and
vegetative cover would be designed and constructed to promote drainage
and protect the cover against erosion and deterioration and will comply
with ARARs, this soil cover may be difficult to construct over soft areas of
sludge. In addition, differential settlement could occur over time,
requiring periodic filling of depressions "and eroded areas and local re-
vegetation.

This alternative does not provide treatment of the basin materials,
however, based on the potential risk pathways, treatment of the nearly
one million cubic yards of sludge is not warranted. The soil cover does
provide containment of the sludge, preventing direct contact and release
to the environment.

The major potential short-term impact may be the increased traffic
through the town of Front Royal primarily due to soil delivery for the
cover. Based on the quantity of imported fill and cover soil needed under
this alternative, and assuming that soil from removed berms is utilized
(but not including the use of soil from the base of SB 5), the community
would see an increase in truck traffic of approximately 40 trucks per day
for approximately 24 months (the maximum quantity of imported soil is
estimated to be 376,900 cubic yards, without taking advantage of using
on-site fly ash or soil from the base of SB 5). No'unusual hazards would
be posed to workers; the primary potential impacts to workers would be
limited to common physical hazards associated with site work and
materials handling.

4.1.1.3 Implementability

Implementability addresses the technical feasibility of constructing and
maintaining an alternative and the availability of the resources required to
implement the alternative. Text in bold highlights the individual
evaluation criteria identified in EPA's EE/CA guidance (EPA, 1993). ,

The major issues with respect to the technical feasibility of installing a
soil cover on the SBs are the ability of the sludge to support the soil cover
and the practicability of installing the soil cover properly. Based on the
result from the field test pads constructed in November 1998 on SB 1 and
SB 3 and laboratory geotechnical evaluations (Appendix C), the sulfate
sludge appears to provide adequate strength to support the load imposed
by the soil cover. However, the point load imparted by soil delivery and
placement equipment has resulted in shear failures in the sludge in SB 3.
Thus, a simple soil cover alone may not be feasible over the SBs, and a
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combination of .soil, fly ash and reinforcing geotextiles placed prior to
cover installation may be necessary or appropriate in some or all SB areas.

Another issue related to technical feasibility is cover permeability. The
field pilot study indicated that the test pad had a placed permeability of
2.7x10-6 cm/sec, which is greater than the permeability of the in-situ soils
(l.OxlO'7 cm/sec). This cover permeability, coupled with a 2 percent slope
and vegetative cover,.will be adequate to promote runoff and reduce
infiltration. However, infiltration into the sludge cannot be greater than
the "exfiltration" from the sludge. Therefore, an alternative cover design"
will likely be necessary, providing another indication that a simple soil
cover may not be technically feasible.

As discussed-further under Alternative SB 2, additional evaluation and
studies will be performed to refine the cover design during the design
phase. The more, critical factor appears to be the loads imposed by soil
delivery and the movement of equipment when making multiple passes
over the same area. Special soil delivery/placement techniques such as
conveyors or belt feeders and drag lines to avoid or reduce these loadings
will be evaluated as part of the engineering design phase.

A limiting step in implementing this closure may be the availability of
imported fill and the ability to deliver it to the site efficiently. Of the
490,900 cubic yards of fill and cover material needed for Alternative SB1,
existing berm soil (from berms taken down) amounts to 114,000 cubic
yards. That leaves 376,900 cubic yards ofp imported soil needed. At a soil
delivery unit volume of fifteen cubic yards per truck, 25,127 truck loads
will be required, which equates to 628 days (24 months with delivery six
days a week) at a rate of 40 trucks per day. This would be the minirnum
traffic impact, assuming razed berm. soils are used to the maximum extent.
Use of the soil excavated from the base of SB 5 would reduce the above
delivery timeframe by only two months (this would reduce the need for
imported soil by 33,000 cubic yards). Although an additional portion of
the total fill needs could be met with on-site fly ash, this is evaluated in
Alternative SB 2.

State and community acceptance is primarily considered in selecting a
recommended alternative. Further consideration of these concerns will be
addressed in discussing the recommended alternatives.

42.14 --Cost

Table 10 presents the estimated total present worth cost of $10,810,000 to
implement Alternative SB 1. The estimated capital cost is $9,864,500 and
the total present worth O&M cost is $945,400. The primary issue for
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Alternative SB 1 is the uncertainty that remains regarding the technical
feasibility and implementability of a simple soil cover. The costs include
ground water monitoring for a period of five years, after which the
monitoring would be included in the site-wide ground water monitoring
program implemented as part of the final remedy for ground water.

4.1.2 Alternative SB2: Eliminate SB 5 and Install Enhanced Soil Cover on
SB 1-4E

4.1.2.1 Alternative Descriptibn

This alternative consists of:

• Removing supernatant water for treatment;

• Consolidating the sludge from SB 5 into SB 1 - 4E;

• Removing contaminated soil (1 foot) from beneath the SB 5 sludge to
be managed with consolidated sludge;

-*" • Placing an enhanced soil cover, incorporating geotextile fabricand fly
ash, over SB 1 - 4E to prevent direct contact, and promote runoff; and

^ • Removing the north, south and west SB 5 berms, regrading the.SB 5
area to establish mirtirnum 2% grades, and establishing a final
vegetative cover over the SB 5 area;

• Post-closure cover maintenance and ground water monitoring; and

• Recording of a survey plat which delineates the areas of waste disposal
and implementation of institutional controls to prevent disturbance of
the soil cover.

After supernatant removal and prior to installing the cover on SB 1̂ 4E, the
western berm and portions of the north and south berms of all basins
would be cut down to follow the grade of the sludge in each basin,
allowing for the final cover thickness. This is to facilitate drainage and
avoid creating a "bathtub" within the SBs. In addition, some of the
material in SB 1 would be regraded, probably together with the use of on-
site fly ash, imported fill soil and berm soils, so that the final grade of SB 1
would gently slope from the eastern side of the basin down to the River.
Also prior to installing the cover on SB 1-4E, 'the sludge contained in SB 5
would be dredged from the bottom (estimated volume is 77,000 cubic
yards) and placed in SB 2-4E. Figure 11 illustrates the concept design for
the enhanced cover on the sulfate basins.
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This alternative incorporates the use of the on-site fly ash as fill in SBs 2-
4E to create the 2% slopes needed prior to installing the cover. The
benefits of using fly ash include: 1) preventing risk to human health
associated with truck traffic and air emissions associated with importing
soil; 2) providing ah equivalent, and potentially superior, standard of
performance compared to .the use of soil as structural fill; and .3) providing
a cost savings. The sulfate sludge and fly ash are chemically compatible
based on the similar pH (approximately 8) .and their rrurieralogical nature.
This alternative also would eliminate the basins as water storage units,
preclude ponding of stormwater and runoff, prevent direct contact with
the sludge, and provide adequate protection against sludge erosion
during flood..events. __ '_..__._..._.______

Preliminary field studies using test pads w_ere performed in November
1998 to. confirm the ability of the sludge to support the soil cover and to
assess the strength of the sludge and its response to the soil cover ,
placement process (Appendix C). Based on these preliminary field tests
and the evaluation of geotechnical data, the preliminary cover design
consists of (from the sludge surface upward):
• A layer of reinforcing geotextile fabric (where necessary);
• Strip drains (horizontally placed wicks) distributed on the geotextile '

fabric; - - .......
• A layer, varying in depth, of soil and/or fly ash from the FAS to

establish slopes for cover drainage (accounting for consolidation); and
• A minimum of eighteen inches of cover soil, with an additional

overlying six inches of soil capable of supporting vegetation.
Figure 11 illustrates these layers comprising the cover.

The soil cover placement testing has shown that a reinforcing geotextile
layer will be necessary to successfully place the desired soil cover on SB 3.
It is expected that this will also be necessary on SB 2, SB 4/4E, and on a
portion of SB 1. The geotextile would be sewn on seams and anchored at
the edges of the basins. Strip drains, consisting of horizontally laid
geotextile wicks, would be distributed on the geotextile reinforcing fabric
surface, draining to strategically located sumps in the basin sludge
surface. Liquids accumulating in the sumps as a result of dewatering will
be collected and treated as necessary to meet discharge limits. Based on
leach testing of the sludge, the dewatering liquids are not expected to be a
characteristic hazardous waste. The fly ash and/or soil placed to regrade
the basin surface for drainage would, then be placed on the prepared
geotextile surf ace to regrade the basin surface for drainage. The 24r-inch
soil layer would consist of 18-inches of imported general fill soil, overlain
by 6 inches of soil capable of sustaining vegetative growth. This soil cover
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would be placed over the regraded SB area, and the area would be seeded
to establish a final vegetative cover. -

From the soil cover placement testing, there appear to be some differences
in the surface strength of sulfate sludge in different SBs. For example, SB "
1 has an accumulation of mud over much of the sludge surface due to
deposition from previous flood events. SB 3 does not have this mud layer.
These differences may effect the need for a geotextile fabric layer, or the
type of geotextile fabric used over certain areas. The thickness of soil
and/or fly ash layers will also be a function of sludge strength differences ,
and anticipated consolidation. Therefore, there will be a range of cover
designs within the soil cover concept and there may be different
construction methods in different SB areas to achieve the final cover
placement,

. The potential variations of design and construction details will be further
differentiated during the final engineering design. At this EE/CA stage, a
number of aspects of the cover design remain uncertain. The major
uncertainties are: 1) the materials and methods that will be needed to
achieve adequate strength of the sludge in the northern end of SB 1; 2) the
ability to regrade the SB 1 sludge; 3) the amount of additional fill that may
be needed to account for settlement of the cover; 4) how much of the basin
surface will require geotextile fabric as part of the cover design; 5)
required measures for handling surface and subsurface water, and 6) the
degree of long-term care and maintenance that will be required to repair
areas of the cover that deteriorate. The range of quantities and level of
effort for each of these items are outlined in the following matrix:

The ground water monitoring plan to be implemented during post-closure
maintenance will be designed to determine whether ground water quality
becomes further degraded from the sulfate sludge. If monitoring indicates
that ground water quality becomes further degraded, risks to human
health and the environment will be re-assessed, and the remedy modified
to mitigate any unacceptable risk.

Lower Quantifies/Level of Effort
- Moderate modification of Northern SB

1 sludge; addition of gravel or dense
soils may be sufficient to achieve
sufficient strength.

- Minor regrading of SB 1 sludge
(average of 1-foot depth of sludge to be
regraded).

- 20% of attic fill requirement needed for
excess fill to account for settlement

Greater Quantities/Level of Effort
More difficult to achieve adequate
strength of Northern SB 1 sludge; may
require addition of material, such as
Portland cement, to strengthen the
area.
More extensive regrading of SB 1
sludge (average of 2-foot depth of
sludge to be regraded).
40% of the attic fill requirement needed
for excess fill to account for settlement
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- Geotextile reinforcement needed
everywhere, except on 1/3 of SB 1 area

- Moderate annual cap repairs to correct
settlement/ erosion

Geotextile reinforcement needed across
entire area of SB 1 through SB 4E
More extensive cap repairs to correct
settlement/ erosion

Further studies during the design phase will assist in better determining
the needs in each of the above areas. The engineering design will include
geotechnical analysis and detailed design calculations addressing such
concerns as in situ versus remolded strength, variable water content and
consolidation characteristics.

The berm between SB 5 and FAB 6 "may heed to be strengthened once the
lateral support provided by the current water elevation in SB 5 is
removed. In addition, once the south and west berms of SB 5 are
removed, the berm between SB 5 and FAB 6 could potentially be subjected
to flood water. Water surface profile modeling of the 100-year flood (see
Appendix B) shows that the flood-water_depths and velocities would be
low and non-erosive. Final flood profile modeling will be performed as
part of detailed design to determine the elevation and velocity of flood
waters, and to identify any erosion or stability concerns that are not
evident from the concept design analysis presented in Appendix B.

The northern, western and southern berms of SB 5 will be graded out,
with the soil used to re-establish a gentle slope from the FAB 6 berm to the
River to allow for post-remediation use. Any berm soils suspected or
determined to be contaminated would be placed in SB 1-4E. Finally, a six-
inch layer capable of sustaining vegetation would be placed over the
regraded SB 5 area and a vegetative cover will be established,

4.1.2.2. -Effectiveness

Alternative SB2 is effective in satisfying the RAOs of protecting against
direct contact with the basin materials by ecological receptors, and
containing these materials from release to the environment. As described
in Appendix B, the results of the flood modeling indicate it is not
necessary to incorporate any special features into the cover design to
protect the wastes from flood erosion. The modeling shows that flood
flow velocities calculated for this area are sufficiently low (<3.5 fps) that
the final vegetated cover would not be eroded by the flow and maintain
integrity. Therefore,, the. soil coyer primarily satisfies the need to provide
a barrier to direct contact.

This alternative can achieve compliance with action-specific ARARs. This
alternative provides for a minimum 18 inches of earthen material for an
infiltration layer (which also provides protection from direct contact), 6
inches of soil that will sustain vegetation to minirnize erosion, and
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finished side slopes that are stable and adequately control erosion and
runoff. Although the placement of fly ash in the sulfate basins is not
allowed under the VSWMR, EPA views the use of fly ash as part of the
engineered cover within a single AOC, which does not trigger disposal
requirements under the VSWMR. The VSWMR requirement that that the
cover permeability be equal to or less than the underlying soils cannot be
met because repeated passes with equipment over the sludge to increase
compaction and reduce permeability will cause deformation of the sludge
and have a negative impact on the cover. However, an alternative cover
design will be developed to ensure that.an equal level of performance is
achieved, in accordance with the VSWMR.

This alternative provides long-term protection against release to the
environment and direct contact, as it will be designed and constructed to
minimize erosion (runoff and flood) and will require minirnal
maintenance. The final grading and vegetative cover would promote
drainage and protect the cover against erosion and deterioration.
Differential settlement could occur overtime requiring periodic filling of
depressions and eroded areas and local re-vegetation. However, post-
closure cafe, including annual inspections and maintenance would
facilitate maintenance of the integrity of the cover for an indefinite period.

This alternative does not provide treatment of the. basin materials,
however, based on the potential risk pathways, treatment of the nearly
one million cubic yards of sludge is not warranted. The soil cover does
provide containment of the sludge, preventing release to the environment.

The major potential short-term impact may be the increased traffic
through the town of Front Royal primarily due to soil delivery for the
cover. Based on the quantity of cover material needed, and assuming that
fly ash and soil from removed berms are utilized to tfie maximum extent,
the community would see an increase in truck traffic of approximately 30
trucks per day for approximately 13 months (the rninimurn quantity of
imported soil (including the material needed to strengthened the sludge in
northern SB 1) is estimated to be 130,000 cubic yards). No unusual
hazards would be posed to workers; the primary potential impacts to
workers would be limited to common physical hazards associated with
site work and materials handling.

4.2.23 Implementability

The major issue with respect to the technical feasibility of ins tailing a soil
cover on the Sulfate Basins is designing a suitable cover that can be
supported by the sludge, and defining the procedures and methods to
install the cover properly. Based on the results from the field test pad on
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SB 1 arid SB 3. (Appendix C) and geotechnical evaluations, the sulfate
sludge provides adequate strength to support the load imposed by the soil
cover. A combination of soil, fly ash and reinforcing geotextiles placed
prior to soil-cover installation may be necessary or appropriate in some or
all SB areas. Additional significant conclusions of the geotechnical

, evaluation are: :...... _ . . . . : - .

• Geotextiles are effective anct can providê an important role in
separating cover soils from the underlying sludges, distributing the
load of construction materials and equipment over larger areas, and
resisting cover or sludge failure; -

• Water removal prior to and during soil cover placement is important
for optimizing the sludge strength and conditions as necessary for
cover placement;

• The design phase needs to address the conflict between increased
compaction and the effect of repeated passes of equipment on sludge
deformation;

• . Sludge characteristics vary among the sulfate basins to some degree,
and physical testing to characterize potential differences should be
completed to support the design phase; and

• The design phase needs to consider in more detail issues such as
sludge settlement and displacement, short-term equipment loadings,
long-term strength, draining of dispelled water from the sludge, and
similar issues.

The field pilot test also indicates that the loads imposed by soil delivery
and the movement of equipment when making multiple passes over the
same area is a critical engineering factor. Special soil delivery/placement
techniques such as conveyors or belt_feeders and drag lines to avoid or
reduce these loadings will be evaluated as part of the engineering design
phase. In addition, soil placement sequencing may be specified in the
design to control sludge displacement/wave development, which will -
support the desired elevations of the final cover. For example, soil may be
placed first in the areas that will be the lower.elevations in the final grade
plan. This will allow upward soil displacement to occur in areas where
higherelevations are specified. This may reduce the volume of regrading
(attic) fill required to achieve the final grading plan.

The field pilot study indicated that the test pad had a placed permeability
of 2.7X10-6 cm/sec, which is greater than the permeability of the in-situ
soils (l.OxlO-7 cm/sec). This cover permeability, coupled with a 2 percent
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slope and vegetative cover, will be adequate to promote runoff and
reduce infiltration. Infiltration through the cover could be captured in the
strip drains placed on top of the sulfate sludge. The presence of the strip
drains should prevent ponding of water within the sludge due to the low
permeability soils beneath the SBs. In the design phase, an alternative
cover design will be developed to ensure that infiltration into the sludge is
not greater than the "exfiltration" from the sludge. Furthermore,
placement techniques will be established during the design phase that
provide the lowest permeability achievable. Appendix C identifies
additional evaluation and studies that will be performed to refine the
cover design during the design phase.

A limiting step in implementing this closure may be the availability of
imported fill and the ability to deliver it to the site efficiently. Of the
598,550 cubic yards of fill and cover material needed for Alternative SB 2,
fly ash could be utilized for 338,000 cubic yards and existing berm soil
(from berms taken down) amounts to 130,550 cubic yards. That leaves
130,000 cubic yards of imported soil needed. At a soil delivery unit
volume of fifteen cubic yards per truck, 8,667 truck loads will be required,
which equates to 289 days (13 months with weekday deliveries) at a rate
of 30 trucks per day. This would be the minirnurri traffic impact,
assuming fly ash and razed berm soils are used to the maximum extent.
Additional material demands of Alternative SB 2 could be reduced by
utilizing the soil excavated from the base of SB 5. Although one foot was
assumed to be excavated, the amount of soil that may actually have to be
removed is uncertain. Thus, at this time, that soil from beneath SB 5 has
not been factored into satisfying the fill needs.

State and community acceptance is primarily considered in selecting a
recommended alternative. The final cover will have sufficient bearing
capacity to support humans, but not vehicles. Therefore, vehicular access
to the closed basins will need to be restricted.

4.1.2.4 Cost

As described above, uncertainties regarding the cover design and
placement techniques remain. For the purpose of developing the
estimated cost of Alternative SB 2, a mid-range of design complexity was
used, with the exception of the geotextile coverage, which was assumed to
be 100% coverage of SBs 1-4E. Engineering design and construction
specifications, which will address the impacts of these potential variations,
will be developed during the design phase.

Table 11 presents the estimated cost of $11,822,000, to implement this
alternative. The estimated capital cost is $10,521,000 and the total present
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worth O&M cost is $1,301,000. The costs-include ground water
-monitoring for a period of five years, after which the monitoring would be
included, in the site-wide ground water monitoring program implemented
as part of the final remedy for ground water.

4.1.3 Comparative Analysis of Alternatives

- The purpose of this sectionis to identify advantages and disadvantages of
each alternative, as well as the tradeoffs associated with selecting one
alternative over another. .

The difference between these two alternatives is the incorporation of
enhancements to the cover design in Alternative 2 to address
constructability of the cover over the sludges in the SBs. In addition,
although both alternatives satisfy the RAOs, namely providing similar
levels of protection against direct contact by ecological receptors and
against release of sludge by flood erosion, there are concerns over the
feasibility of constructing the simple soil cover. Alternative SB 2 offers a
more sound approach to covering the basins, is technically feasible, and
utilizes on-site materials, especially fly ash, to a greater extent.

The costs of the two alternatives are similar, differing by approximately
$1.0 Million. The estimated cost of implementing Alternative SB 2 is
approximately 10 percent greater than the estimated cost of Alternative
SBi; -"".::: :.'..: :._:̂ ..::.::T̂  :.:._... -__..;;;

4.2 ,' WASTEWATER TREATMENT BASINS (WWB)

4.2.1 . Alternative WWB 1: Cover with Soil In-place

4,2.1.1 ------Alternative Description ,

After removing supernatant from the WWBs, the Polishing Basins and
Emergency Lagoon would be graded toward SB-1 to avoid ponding,
keeping the sludge in-place at these basins. Because the basins are not
full, a significant amount of grading will need to be done in the areas
surrounding these basins. Soil from the surrounding areas would be
utilized to grade the areas to be covered. The final grading for the entire
area would be integrated with the grading of SB-1. A two-foot soil cover,
consisting of 18 inches of clean fill and six inches, of earthen material
capable of sustaining vegetation, would then be installed over each of the
basins and a vegetative cover established. It is estimated that 23,300 cubic
yards of imported soil will be required for the basin closure under this ,
alternative.



Based on the results of the field tests on the sulfate basins, a geotextile-
reinforced cover may be necessary. The necessity for geotextile will be
evaluated during the engineering design phase.

This alternative will also include the following components:

* Post-closure cover maintenance and ground water monitoring; and

• Recording of a survey plat which delineates the areas of waste disposal
and implementation of institutional controls to prevent disturbance of
the soil cover.

4.2.12 . ... ..Effectiveness

This alternative would satisfy the RAO by preventing direct contact by
ecological receptors with the sludge, and would contain the sludge to
preclude release to the River during a flood event. As shown by the flood
modeling (Appendix B), the flood flow velocities calculated for this area
are sufficiently low (<3.5 fps) that the final vegetated cover would not be
eroded by the flow and maintain integrity.

The Alternative WWB 1 will attain ARARs, which are pertinent to the
remedial objectives. The most important requirement is the cover design.
The soil cover will require minimal long-term care, will be designed to
control erosion and runoff, and will meet the cover thickness and
permeability requirements. Side slopes will be much less than the 33
percent slope allowed by state regulations.

The soil cover will provide long-term effectiveness. Long-term reliability
will be maintained through annual inspections and maintenance of the
cover. Although no treatment is provided in this alternative, the mobility
of contaminants will be reduced by the removal of the standing water
head and by the presence of the cover and slopes to promote runoff.

There would be very little short-term impacts from implementing this
alternative. Impacts to local traffic would be over two to three -months.
Again, workers would not be exposed to any unusual hazards, since the
work is typical of any earth moving and materials handling project
involving heavy equipment.

4.2,1.3 Implementabiliti/

This alternative is technically and administratively feasible to implement
with no special conditions or considerations that would need to be
addressed. The cover will be designed to promote runoff and limit
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infiltration. Compaction to meet the cover permeability requirements will
not be as difficult to achieve compared to the sulfate basins because the
small volume of sludge in the WWBs can be adequately compacted.

There would not be any significant concerns related to the availability of
services and materials to implement this alternative. The actions are
straightforward and require no "unique equipment or supplies.
Approximately 23,300 cubic yards of soil would need to be imported to
install the cover, which would take a couple months to complete delivery.

There should not be any significant objections to this alternative by the .
state or the community. Based on the RAOs, the soil cover adequately
protects against direct, contact ancl release ô coritaminants during

---,̂ ~~ - flooding. _ _ _ .__' :

4.2JL4 .- -- -- Cost ; " • - - - . - — - -- ——- - - -

Table 12 presents the estimated total present worth cost of $800,000 to
implement Alternative 1. The estimated capital cost is $697,400 and the
total present worth O&M cost is $99,600. The addition of a geotextile
reinforced cover, including an addition 1-foot layer of soil/fly ash for
support, will add approximately $150,000 to the capital cost. The cost for
ground water monito_ring is included under the sulfate basin response
action because the ground water quality under the WWBs would be

• monitored as part of a larger unit.

4.2.2 - Alternative WWB 2: Consolidate Sludge into PB landCover with Soil

4.2.2.1 " Alternative-Description

Under this alternative, all the sludge material in the three basins would be
consolidated into PB 1, and would be closed by installing the same two-
. foot soil cover and final vegetative cover as in Alternative 1. As with
Alternative 1, the necessity for a geotextile reinforced cover will be
determined during the engineering design phase. Alternative 2 reduces
the area under cover from approximately 4 acres to approximately 1.25
acres, and involves moving 20,000 cubic yards of sludge from PB 2 and the
Emergency Lagbbri. Alternative 2 also requires more grading than
Alternative 1. PB 2 and the Emergency Lagoon would be graded and
integrated with the SB 1 grading plan. Ah estimated 3,000 cubic yards of
berm soils from around PB 2 and the Emergency Lagoon would be
utilized as fill for the closure, and the reduced soil cover area reduces the
need for imported soil to approximately 6,300 cubic yards.

This alternative will also include the following components:
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Post-closure cover maintenance and ground water monitoring; and

Recording of a survey plat which delineates the areas of waste disposal
and implementation of institutional controls to prevent disturbance of
the soil cover.

4.2,2.2 Effectiveness

Alternative 2 also would satisfy the RAOs by preventing direct contact by
ecological receptors with' the sludge and containing the sludge to
preclude release to the environment. As shown by the flood modeling
performed by ERM (Appendix B), the flood flow velocities calculated for
this area are sufficiently low (<3.5 fps) that the final vegetated cover will
withstand the flow and maintain integrity. Because the sludge would be
consolidated, the soil cover would be smaller and easier to maintain.

This alternative also will attain ARARs, which are pertinent to the
remedial objectives. The most important requirement is the cover design.
The soil cover will require minimal long-term care, will meet the
hydraulic conductivity requirements, and cover thickness requirements.
Side slopes will be much less than the 33% slope allowed by state
regulations.

As with Alternative 1, the soil cover will provide long-term effectiveness.
Long-term reliability will be maintained through annual inspections and
maintenance of the cover, which is approximately one-third the size of the
cover in Alternative 1. Although no treatment is provided in this
alternative, the mobility of contaminants is greatly reduced by the
presence of the cover, which promotes runoff and reduces infiltration.

«
There would be very little short-term impacts from implementing this
alternative. Impacts to local traffic would be less than under Alternative
1. This alternative requires approximately one-quarter (6,300 cubic yards)
of the amount of imported soil needed for Alternative 1. This volume of
soil could be delivered within a month. Again, workers would not be
exposed to any unusual hazards, since the work is typical of any earth
moving and materials handling project involving heavy equipment.

4.2.2.3 Implementability

This alternative also would be technically and administratively feasible
to implement. There may be special conditions or considerations
regarding the ability to stabilize and compact the consolidated sludge.
Furthermore, the consolidated sludge will need to be compacted to meet
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the cover permeability requirements; These potential issues will be
resolved through geotechnical analysis as part of the engineering design.

There would not be any significant concerns related to the availability of
services and materials to implement this alternative. The actions are
straightforward and require no unique equipment or supplies. In fact,
Alternative 2 only requires approximately 6,300 cubic yards of soil for the
cover, which would take less than one month to deliver.

• There should be no significant objections to this alternative by the state or
the community. Based on the RAOsr the soil cover adequately protects
against direct contact and release of contaminants during flooding.

A - --Cost*

Table 13 presents the estimated total present worth cost of approximately
$800,000 to implement Alternative 2, which is the same total cost as
Alternative 1. The-estimated capital cost is $705,400 and the total present
worth O&M cost is $99,600.. The addition of a geotextile reinforced cover,
including an additional Irfoot layer_pf soil/fly ash for support, will add
approximately $70,000 to the capital cost. The cost for ground water
monitoring is included under the sulfate basin response action because the
ground water quality under the WWBs would be monitored as part of a
larger unit.

4.2.3 . Alternative WWB 3: Eliminate WWTP Basins

4.2.3.1 Alternative Description

Under this alternative, all the sludge material in the three basins would be
consolidated into SB 1-4E prior to closing the Sulfate Basins, rather than
closing the material in the originating basins or in PB 1. The area of the
WWTP Basins would be graded to integrate with the final SB 1 grading
plan, and vegetated. A performance measure will be identified in the .
design phase to indicate the allowable concentration of zinc in soil beneath
the WWBs. Approximately 3,300 cubic yards of topsoil would be needed
for establishing the final vegetative cover for this alternative.

For this alternative, ground water monitoring and institutional controls
would not be required because the wastes will have been removed and
relocated. The institutional controls and post-closure maintenance
components of the selected alternative for SBs 1-4E would address the

' WWTP sludge. ; ...
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4.2.3.2 Effectiveness

The RAO would be satisfied under Alternative 3 by eliminating the basins
completely, and thus be protective of human health and the
environment. The sludge would be covered in the Sulfate Basins by
whichever alternative is selected. This would eliminate the WWTP Basins-
area as a separate closed unit, leaving the area to be utilized for other
purposes, such as creating a stormwater equalization basin to handle
runoff from the plant until the actions in the plant area are complete.
Ultimately, when the treatment plant is demolished, approximately 10-
acres of contiguous area would be left vacant, which could be used for
relatively unrestricted recreational use.

This alternative will comply with ARARs. Long-term effectiveness of the
Sulfate Basins closure was provided in Section 4,1. Long-term reliability

. or maintenance would no longer be a consideration if this alternative were
selected. As with the other alternatives, no treatment is provided; -
however, the mobility of contaminants is greatly reduced by the having
the sludge dosed under the SB cover. This option would also reduce the
number of units closed in-place requiring post-closure care.

There would be very little short-term impacts from implementing this
alternative. There would be essentially no impact to local traffic because
no additional fill would needed for this alternative, except for up to 3,300
cubic yards of soil potentially needed to promote sufficient vegetative
growth. Again, workers would not be exposed to any unusual hazards,
since the work is typical of any earth moving and materials handling
project involving heavy equipment.

4.2.3,3 Implementability

This alternative also would be technically and administratively feasible
to implement. There would not be any significant concerns related to the
availability of services and materials to implement this alternative. The
actions are straightforward and are not expected to require unique
equipment or supplies. The impact of placing PB and EL sludge on top of
SB sludge is expected to be inconsequential. However, this assumption
will be confirmed in the engineering design phase if this alternative is
selected.

As mentioned above, only 3,300 cubic yards of topsoil need to be
delivered to the site, which could be accomplished in a couple of weeks.
There should not be any significant objections to this alternative by the
state or the community. Based on the RAOs, consolidating the sludge
with the Sulfate Basins satisfactorily protects against direct contact and
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release of contaminants during flooding and leaves a significant area
available for other uses.

4.2,3.4. Cost . .. . .. - - . . ; - -. '- -

Table 14 presents the estimated total present worth cost of approximately
$760,000 to implement Alternative 3, which is slightly less than each of the
first two alternatives,. All of this estimated cost is associated with capital
construction; because the sludge would be consolidated in the Sulfate

—- - - Basins, there would not be any long-term O&M for the WWTP Basins.

4.2.4 Comparative Analysis of Alternatives

Alternative 1 has the advantage of keeping the handling and movement of
sludge to a minimum, but results in the cover extending over the 4-acre
area of all-three basins; which is a large area for the relatively small
amount of sludge (29,000 cubic yards). Alternative 2 includes
consolidating the sludge into one of the basins, so that a smaller unit can

• be closed. This opens up some oj(; the area (where PB 2 and the emergency
lagoon are now) for other, potentially unrestricted, uses. However, when
the .WWTP is'demolished at some point in the future, PB 1 will be in the
middle of an area that could be used by the community for recreational
purposes. ... - :.._.._._:_....—_. ---.-__...

Alternative 3, however, offers considerable advantages over the other two
alternatives. Consolidating the WWTP basin sludge into the Sulfate
Basins offers four advantages:

1. A large contiguous area (approximately 10 acres) is made available for
unrestricted River access by the community; and

2. It results in elimination of one separate unit closure from long-term
care and monitoring (there are no future O&M costs associated with

. this option); • •
«.

3. .The sludge could be placed in SB 1-4E, which would reduce the area of
the flood plain that contains sludge regardless of which alternative is
selected for the Sulfate Basins (although this is not a major concern
based on the flood modeling);

4. It has the lowest cost of the three alternatives.



4.3 Fir ASH BASINS (FAB) AND STOCKPILE (FAS)

A containment remedy has been identified as the most qualified remedy
for the FAS, and possibly as well as for the FAB. Containment is .
commensurate with the Virginia's regulations for the management of
CCBs, including fly ash. Physical and chemical stabilization technologies
are technically feasible for ex-situ and in situ application. Typically,
stabilization costs range between $25 and $50 per cubic yard. Even
accounting for economics of scale for such a large volume, this technology
is cost prohibitive. Further, stabilization of the fly ash is unwarranted to
resist chemical leaching because leaching of contaminants is not a driving
force for remediation. Therefore, stabilization is not considered to be a
qualified technology to meet the RAOs.

Containment consists of placement of cover materials and creation of
positive drainage to promote runoff and limit infiltration. As previously
discussed in Section 3̂ _̂ £̂ rrr̂ ^̂ y of the coyer material will nQt be
critical because the primary objective of the cover is for material
containment, direct contact protection, promotion of runoff, and
prevention of surface water ponding.

Fly ash from the FAS will first be utilized to the maximum extent possible
as fill for the other unit closures. This will have the benefit of reducing the
overall size of the FAS, as well as reduce costs to import soil to close the
other units. Depending on the alternatives selected for the SBs, it is
estimated that several hundred thousand cubic yards of fly ash could be
utilized as fill in the SBs. As a result, final side slopes will be less than the
maximum 33 percent side slope allowed by state regulations,

4.3.1 -Alternative FA 1: Cover Stockpile with Soil

4.3.1.1 Alternative Description

The FAS would be regraded to reduce and stabilize the side slopes to meet
the state requirement for a less than 33 percent slope for a final cover.
This can be accomplished without taking any fly ash from the stockpile.
The final height of the stockpile, prior to installing the cover would be
approximately 40 feet, with side.slopes expected to be no greater than 20
percent. The actual volume of fly as that will remain in the FAS at the time
of closure is dependent on how much fly ash is used as part of the closure
ofSBsl-4E.

A minimum 24-inch earthen cover will be installed, consisting of 18 inches
of clean bedding soil and six inches of soil capable of sustaining
vegetation, and a final vegetative cover will be established. Under this
alternative,̂ AB1-3 and FAB 6 will not be covered and will remain in
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their current vegetated condition. Some minor grading and berm
rehabilitation areas these basins would be implemented. Soil import
requirements for. the cover under this alternative are estimated to be
approximately 4_8,Q0Q cubic yards,".

Institutional controls, recording of a survey plat which indicates the areas
of waste, disposal, post-closure cover maintenance and ground water
monitoring will be implemented as appropriate for the remedy.

4.3.1.2- Effectiveness

This alternative would satisfy the RAOs for the fly ash in the stockpile,
which are to protect ecological receptors from direct contact exposure to
the fly ash stockpile, and minimize, fugitive emissions. However, the
EABs may continue to present a potential direct contact risk to human or
.ecological receptors. Therefore, the RAO for preventing direct contact of
fly ash by human and ecological receptors will not be met.

With appropriate dust, tracking and runoff controls in place, installing the
soil cover on the FAS would attain compliance with ARARs. The cover
satisfies the requirements for closure of a CCB site by providing the
required 18-inch jnfiltration layer and a 6-inch layer of earthen material .
capable of sustaining vegetation. Future activities anticipated for the FAS
would.be restricted to pedestrian access in a recreational setting, so future
use would be restricted so. as not to disturb the cover. The only
anticipated post-clpsure activities would be future inspection, monitoring
and repair activities. However, leaving the FABs uncovered does not
comply with ARARs, specifically the requirements of the VSWMR for
closure of an industrial waste disposal unit.

Because future "use would be restricted to pedestrian recreational use, the
cover would provide long-term effectiveness. Potential short-term
impacts while implementing this action would include potential dust and
runoff concerns. However, construction plans would address these
potential issues to satisfy the ARARs, The action would take 8 to 10
months to complete the work. Approximately 48,000 cubic yards of cover
soil need to be imported to the Site. It could take five months to clear and
grade the FAS, which could begin ahead of soil delivery. At 15 cy/truck,
it would require 3,200 trucks,_and_ at a delivery rate of 30 trucks/day, it
would take five months to deliver soil. The soil cover could be placed as
the soil is delivered, which will then take another six months
approximately.
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4.3.1,3 Implementability

This alternative, which consists of earth work and materials handling, is
both technically and administratively feasible. Materials needed are
readily available, although, as discussed above, it will take approximately
four months for the cover soil to be delivered. This could have an impact
on the local community for that time, particularly if other Site activities
are ongoing with their own trucking requirements.

Both the state and community may not accept this remedy this remedy
because not covering the FABs is not completely consistent with the
conceptual reuse plan for passive recreational use at the Site. Specifically,
the community and the state, as well as EPA, could raise concerns about
not including any action for the FABs because contact with fly ash may
create a nuisance. However, these units do not present a significant risk to
human or ecological receptors.

4.3.1.4 Cost

Table 15 presents the total estimated present worth cost of $2,858,000 to
implement this alternative. Of that total, $2,481,000 is for capital
construction costs, and $377,000 is the present worth cost for annual O&M
for 30 years. The costs include ground water monitoring for a period of
five years, after which the monitoring would be included in the site-wide
ground water monitoring program implemented as part of the final
remedy for ground water. . ..- .. — .

4.3.2 Alternative FA 2; Cover FA Basins and Stockpile with Soil

4.3.2,1 Alternative Description

The FAS would be addressed as in the Alternative 1. However, under this
alternative, the FABs would also be graded, have a 24-inch soil cover
installed and receive a final vegetative cover. The basins would be first
graded and filled with fly ash from the stockpile to prevent ponding and
promote runoff once the final cover is installed. The estimated soil import
requirements for the soil cover under this alternative is approximately
116,000 cubic yards.

Institutional controls, recording of a survey plat which indicates the areas
of waste disposal, post-closure cover maintenance and ground water
monitoring will be implemented as appropriate for the remedy.
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4.3.2.2 Effectiveness

This alternative would satisfy the RAOs for the fly ash, which include the
protection of ecological receptors from direct contact exposure to the fly
ash stockpile. . - - - - - — -

With appropriate jî f_̂ ŝ̂ _̂ d_T̂ oM_̂ njxQls in place, installing the
soil cover on both the FAS and FABs would attain compliance with
ARARs. The cover satisfies the VSWMR closure requirements by
providing the required 18-inch infiltration layer and a 6-inch layer of
earthen material capable of sustaining vegetation. Future use activities
anticipated for the fly ash units would be restricted to pedestrian travel in
a recreational setting so as not to disturb the cover. The only anticipated
post-closure activities would be future inspection, monitoring and repair
activities. . - : " . . .

Because future use is restricted to pedestrian recreational use, the cover
would provide long-term effectiveness. Potential short-term impacts
while implementing this action would include potential dust and runoff
concerns. ~However, construction plans would address these potential
issues to satisfy the ARARs. Implementation of this alternative will take
at least twice as long as Alternative 1. For this alternative, approximately
116,000 cubic yards of cover need to be imported to the Site. Depending
on the final sequence of work, the soil cover could be placed as the soil is
delivered. ::A.:- ----- - : :::•-

4.3.2.3 Impkmentability

As in Alternative 1, this alternative consists of earth work and materials
handling and is both technically arid administratively feasible. Materials
needed are readily available, although, as discussed above, it may take
over a year to complete this alternative. This, could have an impact on the
local community from increased truck traffic for that time, particularly if
other site activities are ongoing with their own trucking requirements.

Both the state and community should readily accept this remedy. The soil
cover is a beneficial component of the remedy to meet the comrnunity's
desires for a relatively unrestricted pedestrian access to the area.

43.2,4 - - Cost

Table 16 presents the total estimated present worth cost of $4,909,000 to
implement this alternative. Qf that total, $4,532,000 is for capital
construction costs, and $377,000, the same as in Alternative 1, is the ,
present worth cost for annual O&M for 30 years. The cost for this
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alternative is more than twice the cost of Alternative 1. The costs include
ground water monitoring for a period of five years, after which the
monitoring would be included in the site-wide ground water monitoring
program implemented as part of the final remedy for ground water.

4.3.3 Comparative Analysis of Alternatives

The two alternatives for closure of the FAB and FAS differ only in the
scope of the actions. Both utilize the same soil cover, but Alternative 1
provides this cover on the FAS only and no action is taken for the FABs.
Alternative 2 includes the soil cover on the basins as well as the fly ash
stockpile. Consequently, Alternative 2 is almost twice the cost of-
Alternative 1, which addresses the stockpile as the portion of the unit that
poses a potential risk to ecological receptors and is most susceptible to
migration of fly ash via wind transport.

Covering the basins in the absence of significant risk potential needs to be
weighed against an additional cost of $2.1 Million. However, leaving the
FABs uncovered does not comply with ARARs, specifically the
requirements of the VSWMR for closure of an industrial waste disposal
unit. Further, the community and the state, as well as EPA, could raise
concerns about not including any action for the FABs because contact with
fly ash may create a nuisance. Covering the FABs is consistent with .the
proposed conceptual reuse plan of passive pedestrian recreation.
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5.0 RECOMMENDED RESPONSE ACTION ALTERNATIVES

The recommended alternatives for each unit are:

• For the SBs, Alternative SB 2 - Eliminate "SB 5 and Install Enhanced Soil
Cover on SB 1-4E, with an estimated net present value cost of
$11,822,000;™—— ; •----•;•-• _--...—-•..-.«--.=.- -•

• For the WWBs, Alternative WWB 3 - Eliminate WWTP Basins, with an
estimated-net present value cost of $760,000; and

• For EABs and FAS," Alternative FA 2 - Cover Fly Ash Basins and
Stockpile with. Soil, with an estimated net present value cost of- "-$4,909,000;: : ---.-~-—-•;."._;;;"__;; ~~~ :

The total estimated net present value for the three EE/CA units is
$17/491/000," The reasons for .selecting each alternative are summarized
below.

5.1 - SULFATE BASINS

The two sulfate basin closure alternatives evaluated are containment
remedies consisting of soil cover, and include elimination of SB 5. The
primary difference between the two alternatives is that in Alternative SB
2, enhancements, such as fly ash fill and geotextile, are incorporated into
the cover design to address constructability of the cover over the sludges.
Alternative SB 2 offers a more technically feasible approach to covering
the basins, and utilizes on-site materials, especially fly ash, to a greater
extent. Furthermore, it is uncertain whether the Alternative SB 1
approach of placement of trie two foot thick soil cover without
engineering enhancements is teclinically feasible based on the results
obtained from the field test pads. .....--..-- •

Both alternatives satisfy the RAOs. Based on the results of the flood
modeling that was performed, both alternatives would meet the RAO to
ensure the sludge is not released to the River during flooding. The model
results predicted flood over-bank velocities are sufficiently low (<3.5 fps)
to allow a vegetative cover to be established without risking erosion of the
cover by flood waters. Further, placement of a cover over the sludge
protects against direct contact by ecological receptors. Both alternatives
would also meet ARARs and would meet the RAO of ensuring that the
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closure is consistent with the proposed conceptual reuse plan of passive
recreational use.

Alternative SB 2 is the recommended alternative for closing the SB 1-5
because it offers a more technically sound approach to covering the
basins,.

5.2 WWTP BASINS

The alternatives evaluated for the WWTP Basins included; regrading and
installing a soil cover over the basins in their current configuration
(Alternative WWB 1); consolidating the sludge into PB 1 and installing a
soil cover (Alternative WWB 2); and consolidating the sludge into the SBs
and eliminating the WWTP Basins (Alternative WWB 3).

The first two alternatives include installation of a cover, and leaving the
sludge in-place in one or all three basins. Alternative WWB 3, however,
includes moving the sludge to the SBs rather than closing the WWBs as a
separate unit. In the SBs, the WWTP sludge would be covered, utilizing
essentially the same approach as described in Alternatives WWB 1 and
WWB 2.

Alternative WWB 3 is the recommended alternative for closing the WWTP
basins. There are significant benefits to consolidating the sludge in the
SBs, the most important of which is leaving the area of the current WWTP
Basins available for other short- and long-term unrestricted recreational
use. Additional advantages of the WWB 3 alternative are:

• Relatively low volume of sludge consolidated with larger basin
closure;

• Eliminates the WWTP Basins from separate closure of a relatively
small isolated area (1.25 to 4 acres):

• Long-term care and maintenance of a small, isolated unit is eliminated;
and

• The cover to be installed over the Sulfate Basins is equivalent to the
soil cover that would otherwise be installed over the WWTP Basins.
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5.3 FLY ASH BASINS AND STOCKPILE

The two alternatives evaluated both include covering the FAS" with a 24-
inch soil cover. Coverihg:the FAS eliminates a direct contact risk and
mitigates the release pf fugitive emissions.. Therefore, recommending one
alternative over another is based on determining whether the FABs

. warrant a soil cover, as well. Based on risk evaluation, response actions
are not warranted to mitigate either direct contact human health risk or
ground water exposure risks, although a response action would mitigate
potential risks.to ecological receptors. Furthermore, covering the FABs is
consistent with the proposed conceptual reuse plan of passive pedestrian
recreation for.the Site. ,

Alternative FA 2 is the recommended approach for closing the Fly Ash
Units because of the potential risk to ecological receptors and community
desire for relatively unrestricted pedestrian recreational access. Also,
Alternative. FA 2 provides adequate protection against direct contact and
ecological receptors, complies with ARARs, and is more likely to gain
community and state acceptance.

5.4 CONCEPTUAL BASIN CLOSURE PLAN AND SCHEDULE

Figure 12-shows that the proposed conceptual basin closure plan for.the
Site in theevent that the three closure alternatives discussed are selected.
The plan will provide unrestricted access tp the River in the 30 acre area
currently occupied by SB 5 and the WWTP and WWBs. Although the soil-
covered basins will have some restrictions regarding vehicle access, the
soil covers will support pedestrian recreational access. Therefore, the
proposed conceptual closure plan is consistent with the prpposed
conceptual reuse plan adopted by the Town of Front Royal.

Closure of the SBs will require that Site stormwater that is currently
captured in the SBs be managed in an alternative manner. The design.
phase for the EE/CA units will establish the detailed construction
sequencing that is most appropriate for the project and accounts for future
stormwater management once SB 1 is closed. A conceptual sequencing
plan for trie EE/CA units is as follows:. .. ... :.'...._.

1. SB-5 would be drained, the sludge would be transferred to SB 2-4E,
and the basin will be eliminated;

2. SB 2-4E would be closed, utilizing fly ash for .filling and grading;

3. WWB sludge would be excavated .and placed in SB 1;
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4. The WWBs would be reconstructed to become a stormwater retention
basins;

5. SB 1 would be closed; and

6. FAS and FAB would be covered.

A preliminary analysis of future stormwater management options
presented in Appendix D indicates that the area currently occupied by the
WWBs should provide adequate capacity for retention of a ten-year storm
event. Prior to closure of the SBs and WWBs, FMC will perform a detailed
evaluation of the stormwater runoff volume and WWTP capacity to
develop appropriate stormwater control alternatives for stormwater
management during implementation of the response action. This
evaluation is expected to:

• Quantify the portions of the Site contributing runoff that will require
retention and determine retention capacity alternatives;

• Assess potential runoff volumes during consecutive storms that can
reasonably be anticipated;

• Assess the current WWTP capacity and identify repairs, modifications
and/or upgrades necessary to increase the throughput of the WWTP;

• Identify treatment requirements to meet NPDES discharge limits; and

• Estimate of the near-term and long-term stormwater generation as
well as the volume and rate of leachate likely to be generated by the
dosed SBs.

Once remediation of the areas of the Site requiring retention of
stormwater runoff is completed and discharge limits are met,_the WWTP
would be demolished and the WWBs would be graded out of existence.

Figure 13 shows the anticipated schedule for the Non-Time-Critical
Removal Action for the SAB, WWB, and FAB, and FAS. According to this
schedule, specific start and completion milestones are:

• Submission of Final EE/CA to EPA by 5 May 1999;

• Release the EE/CA for public comment between 15 May and 14 June
1999;
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Prepare the. Action Memorandum between 1 June and 30 June 1999,
and issue the Action Memorandum on 1 July 1999;

Obtain permits and approvals between 1 July and 31 December 1999;

Complete the closure design between 1 July and 30 November 1999;

Conduct regulatory review and approval of the design documents
^between 1 December 1999 and 29 February 2000; and

Implement sulfate basin closures between 3 April and 29 December
2000. - - - - ."-—i"":." "" --

ERM 64 H'D i n r i. n ft EMC/KBSMW/S/WflRI06l*Q9



REFERENCES

Charters, D. W., Finley, N. J., and Huston, M., 1996. Draft Report,
Preliminary Ecological Risk Assessment, Avtex Fibers Site, Front Royal,
Virginia. Office of Emergency and Remedial Response, Environmental
Response Team Center, November. -

Environmental Resources Management (ERM), 1993. Draft Analytical
Quality Assurance Report, Sulfate Basin Management Unit, Avtex Fibers Site,
Front Royal, Virginia, 17 December.

Environmental Resources Management, 1994a. Draft Analytical Quality
Assurance Report, Wastewater Treatment Plant Management Unit, Avtex Fibers
Site, Front Royal, Virginia, 17 January.

Environmental Resources Management, 1994b. Draft Analytical Quality
Assurance Report, Fly Ash Basins/Landfill Area Management Unit, Avtex Fibers
Site, Front Royal, Virginia, 21 February.

Environmental Resources Management, 1994c. Draft Analytical Quality
Assurance Report, January 1994 Ground Water Sampling, Avtex Fibers Site,
Front Royal, Virginia, 16 May.

Environmental Resources Management, 1994d. Draft Analytical Quality
Assurance Report, April 1994 Ground Water Sampling, Avtex Fibers Site, Front
Royal, Virginia, 13 July.

Environmental Protection Agency, 1991. Superfund Removal Procedures,
Guidance on the Consideration of ARARs During Removal Actions. Office of
Emergency and Remedial Response, 9360.3-02.

Environmental Protection Agency, 1993, Guidance on Conducting Non-
Time-Critical Removal Actions Under CERCLA. Office of Solid Waste and
Emergency Response, EPA 540-R-93-057, August.

Fluor Daniel GTT, 1998. Feasibility and Treatability Study Zinc Reduction
Project, Former Avtex Fibers Plant, Front Royal, Virginia. January.

Gannett Fleming, Inc, 1994a. Draft River Investigation Report, Avtex Fibers
Site, Warren County, Virginia, October.

Gannett Fleming, Inc., 1994b. Draft Ecological Assessment, Avtex Fibers Site,
Warren County, Virginia, September.

n r r i ̂QSk 1 0



Gradient, 19-99. Human Health Risk Assessment for the Sulfate Basins,
Wastezvaier Treatment Plant Basins, and Fly Ash Basins and Stockpile. 26
March.

Menzie-Cura & Associates, Inc., 1997. Risk-Based Screening of the Phase 1
Data, 3 July. Presented as Revised Appendix A of the Phase 2 Remedial
Investigation Work Plan, Avtex Fibers Superfund Site, Front Royal, Virginia,
prepared by ERM, May 1995. , " . .

\
North American Realty Advisory Services (NARAS), 1998. Future Use . -
and Implementation Strategy for the Former Avtex Fibers Site. Prepared
by NARAS for FMC Corporation and the Town of Front Royal Economic
Development Authority, May 1998. " ;_ """ '

Sprenger, M.-D., Finley, N. J., and Huston; M-, 1999, Final Ecological Risk
Assessment, Avtex Fibers Site, Front Royal, Warren County, Virginia.
Environmental Response Team Center, Office of Emergency and Remedial
Response,̂ February, _ ...__.._.......,.___,_,__...

Tallon, 1998. Preliminary Feasibility for the Beneficiation of Impounded Zinc-
Containing Materials at the FMC-Avtex Fibers Site in Front Royal Virginia.
Final Report prepared by Tallon Metal Technologies, Inc for Flour Daniel.
GTI, Inc., October. .. ----- -

ERM 66 - - . - ' FMC/10556.6W/S/99

AR I06U I I



sfs
c fc *£ Is •£
IIS
&

1*1i|5Its:!%*
**- c i-i!l
la-^3 Q i*Pi
111
I!
[̂

•
ERM . _ 10556.65.01/11.11.9a-MKB/ia.06i©.98-CMP/AJ02-lF

A R I 06^12



10556.65.01/11.13.98-UKB/11.19.98-UKB/I101 -IF

flRI06M3



Figure 3
Illustrative Cross Section for Sulfate Basin Management Unit

Avtex Fibers Superfund Site
Front Royal, Virginia
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Figure 11
Sulfate Basin Closure with Enhanced Soil Cover

Avtex Fibers Superfund Site
Front Royal, Virginia
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Table 2 Summary of Constituents Detected in Sulfate Basin Sludge
During the 1993 Phase 2 RI
Avtex fibers Superfund Sitef front Royal, Virginia

Frequency of
Analyte Detection

Volatile Organics (jig/kg)
2-butanone
2-hexanone
Acetone
Carbon dlsulfide
Chloroform
Ethylbenzene
Methylene chloride
Toluene
Xylenes (total)

Semi-volatile Organics (jig/kg)
2-MethyInaphthalene
4-MethyIphenoI
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ĝ i,I)peryIene
Bis(2-eEhy!hexyl)phthaIate
CKrysene
Di-n-octylphthalate
Fluoranthene
Fluorene
N-nitrosodiphenylamine
Pentachlorophenol
Phenanthrene
Phenol
Pyrene

PesticideVPoIychlorinated Biphenyls (ug/kg)
4,4'-DDE
M'-DDT
Aldiin
Â iha chlordane
Arochlorl242
Arochlor 1254
Arochiorl260
Beta-BHC
Delta-BHC
DIeldrin
Endosulfanl

9/20
1/20
20/20
18/20
1/20
3/20
9/20
8/20
3/20

7/20
1/20
2/20
7/20
1/20
5/20
1/20
18/20
12/20
5/20
3/20
5/20
2/20
2/20
15/20
8/20
10/20

6/20
2/20
6/20
6/20
1/20
1/20
1/20
10/20
1/20
3/20
10/20

Range of
Concentrations

2-74
10

4-260
2-1,200
2
4-7

- 1-16
2-45
3-25

79-590
210

130-160
69-860
640

54-1,300
360

.54-3,700
130-1,800
42-880
92-1,000
120-220
750-1,100
20(W,300
54-1,900
74-570
150-2,100

0.52-7.6
, 13-2.6
0.11-9.1
0.81-Z8
140
200
170

0.47-14
1.6

0.97-24
0.16-20

Average
Concentration*

28 -
10 .
88
106
2 =
5.5 '
6 '
17

. - 12 ' .". .

294
.210
145
347
640
413 -

. 360
1,276
643 ~~
279
441
174
925
750
1,090
311
930

3.5
2.0
3.2
1.6
140
200
170
3J5

. . 1.6
9.2
4.7
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Table 2 Summary of Constituents Detected in Sulfate Basin Sludge
During the 1993 Phase 1 RI " _ " . . . . ' .
Avtex Fibers Superfund Site, Front Royal, Virginia

Frequency of Range of
Analyte _,. Detection Concentrations

Pesticides/Polychlorinated Biphenyls (ug/kg)
Endosulfan II
Endosulfan Sulfate
Endrin
EndrinAIdehy.de'' . ______ __. . :. . ..
Endrin ketone . . . . . _ ....:.
Gamma Chlordane
Gamma-BHC (Lihdane)
Heptachlor
Heptachlor expoxide
Methoxychlor . ... . T . . _._ ._. ._ . ..

Metals (mg/kg) . . .
Aluminum
Antimony . . _ . . . _ .
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper ' " - . . , . . . -
Iron
Lead
Manganese . ." - - .--•---. - -._•/
Mercury _ _ _ _ _ _ _ __ :
Nickel
Selenium
Silver
Vanadium
Zinc "•' . : " ------ •—

1/20
1/20 '
2/20
1/20 ....
5/20
2/20
2/20 "
1/20
10/20
1/20

20/20
3/20
20/20
20/20
12/20-
17/20
'20/20
12/20

' 20/20
20/20
20/20
20/20

. 18/20
20/20 .
2/20' .
1/20
20/20
20/20

2,2
.. / .- --10
".^ "0.93-1.3:-' - .

.. _ ,..,,0.75
2.6-5.9
0.32-0.47

; " 1;.6r5.i. '
0.19
0,78-27
8.6

3,580-15,300
2-7-20.9
0,61-11.8
34.4-280
033-1.1
0.86-87,8
12-338
4.3-13 - '
9̂ 8-102

4,930-29,500
5,6-2,240 .
24,3-744.
- 0.05-3 .

.„„.,. 6-129. .
0.33-0.73

17
8.4-49.2

" : 86-278,000

Average
Concentration*

2.2
10
1.1,
0.75.
3.8
0.40
3.9
0.19
6.9
8.6

8,188
11.1
5.1
103
0.81
21.3
123
9
48

16,170 '
450
317
1
46
0.53
17
24.7

'. 103,333

- Table lists constituents "detected in samples submitted for Level IV analysis.
- Analytical data presented in the Draft Analytical Quality Assurance Review Report for the
Sulfate Basins Management Unit 16 December 1993. : _

- Summary data obtained from Revised Appendix A fie., Risk-Based Screening of the Phase 1 Data,3 July 1997)
of Phase 2 Remedial Investigation Work Plan, May 1995,

ug/kg- micrograms per kilogram (reported on a dry weight basis)...
mg/kg- milligrams per kilogram (reported on a dry weight basis)
* Arithmetic average, with a value of half the detection limit: used for constituents that were not detected.
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Table 4 Human Health COPC Screening Results for Sulfate and WWTP Basins Sludge
Avtex Fibers Superfund Site, Front Royal, Virginia

Frequency Region III Industrial
of No. of Maximum Industrial Soil SoilRBC

________ Analytea __________ Detection Samples Concentration RBC - Exceeded?

1,2̂ -TrichIorobenzene 1 20 IS ~J 2000 No
2-Butanone 6 20 1.1 !"' 120000 ™ """ No
2-Hexanone (hexanone) 1 20 0.01 f 16000 " ~ " No
4-Mfithyl-2-Penlanone 2 20 . 0.01 J 16000 " ""' No
Acetone 8 20 1.6 20000 No
Ethyl Benzene 6 20 ' 0.009" ": T " 20000 " No;
Methylene Chloride 1 20 0.005 J 760 : No
Toluene 11 20 0.14 'j 41000 " No
Xylenes (Total) 8 20 0.04 J 410000 No

2-MethylnaphthaIene 11 20 3,1 J 4100 No
4-M«thy!phenoI 1 20 0.21 T 1000 - . ' No
Acenaphthene' 2 20 0.26 J 12000 No
Anthracene 1 20 0.16 T 61000 ~ No
Benzo(a)anthracene 9 20 0.86 ] 7.8 No
Benzo(a}pyrene _ 1 20 0.64 J 0.78 ~ " No
Benzo(b)fluoranthene 3 20 1.3" H 7.8 No
Beru5o(giv)perylene (pyrene) 1 20 036 J 6100 No
Bis(2-elhylhexyl)phthalate 19 20 4.6 J 410 No
Carbon disulfide 15 20 11 20000 .... " No
Chrysene " 15 20 6.7 J -780 No
Dibenzo(â i}anthracene 1 20 0.16 J 0.78 No
Di-n-butylphlhalate 2 20 1.2 J 20000 No
DI-n-ociy!phihalate 3 20 0.88 J . 4100 No
Huoranthenfr 4 20 - 1 J 8200 No
Fluorene 8 20 1.6 J 8200 No
IndenoCU3-cd)pyrene 1 20 0.41 J " . 7.8 No
Naphthalene 2 20 9.8 J 4100 No
N-Nitrosodlphenylaminc 1 2 0 - 0 . 7 5 *J 1200 No
Pentachlorophenol - 1 2 0 1 3 J 4 8 N o
Phenantnrene (pyrene) 18 20 53 J 6100 No
Phenol 8 20 0.57 J 120000 No
pyrene . 14 20 4.1 J 6100 No
Pestfcfdes/PCSs . ...
4,4'-DDD 2 22 0.0074 J 24 No
4,4'-DDE ~" 4 22 0.0076 J '17 No
4.4'-DDT 1 22 0.0026 J 17 No
Aldrin 6 22 0.25 L 034 No
Alpha Chlordane{Ouordane) 6 22 0.0028 ] 16 No
Aroclorl242 3 24 0.65 2.9 ' No
Arodor 1254 1 24 0.2 J Z9 No
Aroclor 1260 . 3 24 0.89 Z9 No
Beta-BHC - 4 .22 -0.014 J " 3.2 No
Delta-BHC{beta) 2 22 0.0016 . J 3.2 No
DIeldrin 4 22 0.024 J 036 No
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Table 4 Human Health COPC Screening Results for Sulfate and WWTP Basins Sludge
Avtex Fibers Superfund Site. Front Royal, Virginia

Frequency
' , of No. of

Analytes Detection _ Samples
Endosulfan (I)
Endosulfan (II)
Endosulfan Sulfate (Endosulfan)
'•Endrin
Endrin Aldehyde (endrin) ... , " . '_
Endrin Ketbne (endrin)
Garnmi Chlordahe (chlordane)
Garnrria-BHC (Lindane)
Heptachlor
Heptachlor Epoxide
Methoxychlor. ' . . . . ' . . . .
Metalŝ . . . ........ . :
Aluminum
Antimony
Arsenic . . " .. -
Barium
Beryllium . . . .
Cadmium
Calcium
Chromium (as Cr VI) " ' " , ' ' _ '
Cobalt
Copper
Cyanide, Total (as Free)
Iron ' '-'-
Lead
Magnesium
Manganese
Mercury (as Methyl) . .......
Nickel •
Potassium
Selenium .
Silver
Sodium
Vanadium
Zinc

11
1
1
2
-.3 , . =
V
6
6
3-
8 "

' 1

20
.2 .
19 .
20
11
18
20
J20" "
11

"' 20~ ' .
9
20
"20
.20 .
-20.1.
.18
.20 .
13
3 -
1 "-
17
20

."20 -

22
22
22

- '22"
"., 22

22
22
22
22

•"••"• 2T
22

. -20:
20
20 .
20
20
20
20'--,---2o-
20

. .." 20
'.20
'20
20
20

.: - 20
. 20.... . .

.20
" "20-

...___ -20

20 .
20
20
20 .

Maximum
Concentration

. 0.02
0.0022

" 0.01
. 0-OM
;.ao27 _.
0.0059
o:07i
0.025

• 0.28 "
"OD27
o:oos6 :

. -, - -' -

15300 :
20.9

. -11,8
. 2807

. i-1
. ' 87.8

."177000"
1 338"

13
••"'-179

. . 3.2' '.
29500
2240:

. 30900
744,

..., -9,8.
129

. 1340
2.3
17

16600
-;39.4

: SfflSti

J
J
J"
'T'"_-p
J

' L
L
L

J
-̂

L

"K7

I

J

..L

L

. Region III
Industrial Soil

RBC '
1200
1200 ' '.
1200

" 61
61
61
16
4.4
1.3

""'"" 0.63
. looo
200000

" ' 82
SJJ
14000
410
200
N/A*
610
12000
8200
4100

: 61000
: 400A

"""-.N/A*
4100

. 20 .
4100

' " N/A*'
1000
1000
N/A* .
1400
61000.

Industrial
Soil RBC
Exceeded?

No .
No
No
No
No
No
No
No
No
No
No

- 'No
No
Yes
No

- ^ No
No .
No
No
No
No

' No
No
Yes
No
No
No

' No
No
No
No
No
No
Yes

Notes:
All concentrations in mg/kg.
Only positively detected constituents listed above. , .
Data were screened according to USEPA Region m methodology (USEPA, 1993).
RBC-IUsk-Based Concentration (USEPA Region m industrial soil; October, 1998). RBCs'are based

on a noncarcinogertic hazard index of 0.1 and a carcinogenic risk of 1 x 1Q~\ .
Where rto RBC criteria are available, constituent shown in parentheses is used as a surrogate.
* - Essential nutrients (calcium/ magnesium, potassium, and sodium) were

not retained for further consideration in the risk assessment.
A RBC for lead based on Revised Interim Soil Lead Guidance (USEPA, 1994).
14 out of 19 detections of arsenic exceed the Region HI Industrial Soil RBC.
9 out of 20 detections of lead exceed the Region IH Industrial Soil RBC.
14 out of 20 detections of zinc 'exceed the Region in Industrial Soil RBC.
N/A - Not applicable
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Table 6 Summary of Gofisfifiients Detected infmergency Lagoon and Polishing Basins
During the 1993 Phase 1RI _ . . ... .
Avtex Fibers Superfund Site, Front Royal, Virginia

Frequency of Range of Avenge
______________ Analyte ______________ Detection ____ Concentrations Concentration*

Emergency Lagoon . . . . .
Volatile Organics (nf̂ kg) . . . . . . . . . . . . . .
2-butanone -1/2 ----- --1,100 " ' 1,100.
Acetone • 2/2 25-1,600 . .812
Carbon disulfide 2/2 - 5-11,000 .' 5.503
Ethylbenzene . . l_/2. . .7 7
Tolune 2/2 " " " " 17-140 79
Xylenes (total) 2/2 - - - 6-40 23

Semi- volatile Organics
l,2_4-Trichlorofaenzene 1/2 2̂ 00 2̂ 00
2-Methylnaphthalene 2/2 - - - - 8903,100 . 1.995
Bertzo(a)anthracene 1/2 200 200 .
Bis(2-ethylhexyl)phtr,alate 2/2 - 2,300-4.600 3,450
Chrysene " """" "" "2/2" = "500-6,700 3,600
Di-n-butylphlhalate 1/2 1,200 1,200
.Huorene ... . . . . . . . . .......... ....2/2 - — - _26G-1,600 , 930
Naphthalene 2/2 230-9,800 ' 5,015.
Phenanthrene • 2/2 130CW.300 3,400
Pyrene . ._ . . . . .2/2 - - 1,400-4,100 2,750

Pesticides/Polychlorinated Biphenyls frig/kg) •
4,4'-DDE - . . - . - . . . . . . 2/4 3'.4-774 5.4
Aldrin 2/4 1.6-250 126
Arodor-1242 2/6- 470-650 560
Arodor-1260 . . '. .. ._ _ ..____-. -.12/6 . 830-890 860
Beta-BHC . . . . . ... 1/4 73 7.3
Dieldrin - ' 2/4 2-1-3 2.5
Endrin aldehyde 2/4 24-27 25.5 -
Gamma chlordane 4/4 8.7-74 27
Gamma-BHC(Undane) 1/4 12"" 12
Heptachlor 1/4 280 280

Metals (mg/kg)
Aluminum . ' 2/2 3̂ 80̂ 3̂ 50 .3.465
Arsenic - 2/2 "•--- 2̂4.8. 3.8
Barium __. 2/2 _ 61.8-73.6 67.7
3eryllimn -------- -.-,----,. ......̂.. -.- q.23. 0.23
Cadmium 2/2 5.8-491 . 27.5

• Chromium' ' 2/2 -.140-147 _ 144
Cobalt " - . - . - . 2^2 - ; - - - 5.5̂:7 "~ " " " 6.1
Copper 2/2 59.1-179' 119

.Iron 2/2 - - 7,600-10,800 9.200
Lead • 2/2 298-1,090 694
Mangane« 2/2 -236-321 279
Mercury _ . . 2/2 0.6-9.8 5^
Nickel 2/2 47̂ 5̂83 52.8
Selenium " " " 1/2 ' 2:3 '13
Vanadium - - - - - - - - - - - -----2/2 . 10.7-14.3 12.5-
Zinc ' ... "!* . ." ~:-~ .2/2 """ . "107.000-190,000 148.500

Page 1 of 2

fl'RI06I»37



Table 6 Summary of Constituents Detected in Emergency Lagoon and Polishing Basins
During the 1993 Phase 1 RI
Avtex Fibers Superfund Sitef Front Royal, Virginia

Frequency of Range of Average
______________ Anajyte _____________ Detection Concentrations Concentration*

Poiilshitsg Bgtins
Volatile Organic* (uff'kg)
Acetone 3/3 9-27 ' 17
Carbon disulflde 2/3 3-5 4
Elhylbeotene 2/3 5-9 ~ 7
Tdune 2/3 '"14-21 18
Xylenes (total) 3/3 4-12 9

Seml-T olahle Organic*
ItMeihylnaphthalene ' 3/3 ' 78-930 383
Acenaphthene 2/3 69-260 165
Berwo(a)anlnracene 3/3 140-500 - 287
BJs(2-ethyIhexyi}phthalate 3/3 1,200-2̂ 00 "1.933
Cfarysene 3/3 260-1,000 "513
Dl-n-butylphthalate 1/3 120 120
Hworanthene 1/3 '77 77
Huorene 2/3 98-410 -254
Phentnthrcne 3/3 670-2,900 1,417
Pyrene 3/3 - 690-1,700 1.053

P*»tkldc$'FolycfalorIiiaied Biphenyls (ug/kg)
Della-BHC . 1/3 13 13
Endosulfinl 2/3 4-4,3 4
C*rrjra-BHe(Undane) 3/3 .16-25 10
Heptachlra: 1/3 23 23

Aluminum 3/3 1,900-4,920 3,890
Arsenic . . 2/3 3.8-6.4 5.1
B«ium 3/3 24.6-823 .543
Beryllium 3/3 0.1S-0.61 . ...OJO
Cadmium 3/3 1.5-39.5 16.4
Chromimn 3/3 83.1-188 ' 138
Cbbtlt 3/3 1.8-5.4 4
Copper 3/3 30-77.7 59
Inn • 3/3 4,740-12.500 "9̂ 80
Lead • 3/3 151-408 275
Manganese 3/3 176-419 331
M*rcury 3/3 0-6-2-3 1-2
Niciai 3/3 24.8-66̂  48.8
Selenium 1/3 1 1
Vamdhun 3/3 7.3-183 13.1
23ne __________ ___________________ 3/3 ______ 116,000-260,000 178,000

- T«He li»ta constituenti detected in samples submitted for Level W analysis.
- Analytical data presented m Ac Draft Analytical Quality Assurance Review Report for the
Waitewater Treatment Plant Management Unit 17 January, 1994

- Summary data obtained from Revised Appendix A ( i.6., Risk-Based Screening of the Phase I Data , 3 July 1997)
of Phase 2 KaoedMlKDestî tionWoTi: Plan .May 1995. - - - -

ug/Jeg- mJcrograms per kilogram (reported on a dry weight basis)
m§/kg- milligrams pe* Idiogram (reported on a dry weight basis) ,
" Arithmetic average, with a value of half the detection limit used for constituents that were not detected.
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Table 8 Summary of Constituents Detected in Fly Ash Basins/Stockpile
During tlie 1993 Phase 1 RI
Avtex Fibers Superfund Site, Front Royal Virginia

Frequency of Range of Average
_______________ Ajialyte ___________ __ Detection __ Concentrations Concentration*
Fly Ash Stockpile

Volatile Organics (uĵ kg)
Acetone 1/10 59 59
Benzene — 2/10 9-11 . 10
Bromodichloromethane 1/10 140 140
Carbon disulHde 1/10 34 34
Chloroform 5/10 11-110 63
Mcthylene Chloride 1/10 48 48
Toluene 2/10 11-17 14
Trichloroethene 2/10 13-14 13.5

Semi-volatile Organics fug/kg)
Bls(2-ethylhexyl)phthalate 1/5 46 46

Pesticideŝ PoIycnlorfnated Biphenyls
None detected

Metals
Aluminum 7/7 7.290-16,900 12,791
Arsenic 7/7 85,7-193 116
Barium 7/7 215-759 - ' " -- 611
Beryllium 7/7 2.6-5 4
Cadmium 4/7 0.86-1.5 1
Chromium 7/7 13,6-25.2 20
Cobalt 7/7 8.5-18.2 14.1
Copper 6/7 ; 26.4-52.7 40.1
Iron 7/7 8,440-23,400 16,563
Lead 7/7 16.8-22.9 20
Manganese 7/7 31,7-79.7 64
Mercury 7/7 0.21-1 0.46
Nickel 7/7 14.6-28.8 22-1
Selenium 7/7 3.2-12.7 - 7.8
Thallium 7/7 1.9-2.8 2.4
Vanadium 7/7 54.2-81.7 66.6
Zinc - - 7/7 32.6-222 • 67

Fly Ash Basins
Volatile Organics (ugflcgj
Acetone • 6/39 11-59 34
Benzene 2/39 9-11 10
Bromodichloromethane 1/39 140 140
Carbon disuffide 7/39 -2-120 43
Chloroform 15/39 -4̂ 110 . . ."-_ 36
Methylene Chloride 4/39 - 3/48 .30

Page 1 of2
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Table 8 Summary of Constituents Detected in Fly Ash Basins/Stockpile
During the 1993 Phase 1RI . . . . . . . ...._..__.._..... ..__.....
Avtex Fibers Superfund Site, Front Royal, Virginia

Analyte
Fly Ash Basins (continued)

Volatile Organics (|ij_/kg) (continued)
Toluene : -"-"... .
Trichloroethene

Semi-volatile Organics (fig/kg)
2-Methylnaphthalene
Bis(2-ethylhexyl)phthalate . . . . .
Di-n-buiylphthalate . . . .. .
Di-n-ocrylphthalate . . .
Diethyelphthalate ... - - ...........
Phenanthrene . . . . .... . . . ..

Pesticides/Polychlorinated Biphenyls (ng/kg)
4,4'-DDD
Methoxychlor

Metals (mg/kg)
Aluminum
Arsenic '- -
Barium
Beryllium
Cadmium ' - -
Chromium
Cobalt
Copper " ' ~"""~ """
Iron
Lead
Manganese . -.._.
Mercury
Nickel
Selenium . - -
Silver
Thallium -
Vanadium
Zinc . ' T " "" "

Frequency of Range of Average
Detection Concentrations Concentration*

3/39 ...
"3/39 .

1/19
-5/19

- . 1/19
. -2/19

-. . . 1/19 -
. ... . 1/19

1/7
1/7

23/23
23/23

' - 23/23
- 23/23

"~ 16/23
- 23/23
23/23
23/23
23/23
23/23
23/23
23/23
23/23
16/23
3/23
16/23
23/23

^̂ 23/23

.. : . ......:. :.2-i7
':": :".'_: 4-14 "

62
' 45-210

. . . . . 80
65-130

. ....._._....... no
'53

1.2
17

1

^ 5,790-16,900
2.1-193

: ~~- -:s4.i-759
, 0.52-5

V 0.49-9 •
91--56

... 3.6̂18.2
45-54.4

5,700-33̂ 00
-: f 8.7-166

14,6-306
0.035-1.1
Z8-29.8

. : -13-12.7
1.1-12

• 0.43-Z8 .
24.5-81.7-
12.1-13̂ 000

10
10

62,
. 85 :

80,
98
110'

- 53,

12-
17

9,980
54
400
3
2
19
10.5
31.2
16,207
26
100
0.44
16-4
5,8
1.1
1.6
49.7
7,201

- Table lists constituents detected in samples submitted for Level IV analysis.
- Analytical data presented in the Draft Analytical Quality Assurance Review Report for the
Fly Ash Basin/Landfill Area.Management:Unit. 21 February 1994.

- Summary data obtained from Revised Appendix A £.e., Risk-Based Screening oftJie Plwse I Data,
3 July 1997) of Pltase 2 Remedial Investigation Work Plan May 1995... _.,... .. . . .

.tg/kg- micrograms per kilogram (reported on a dry weight basis)
mg/kg- milligrams per kilogram (reported on a dry weight basis)
* Arithmetic average, with a value of half the detection limit used for constituents that were not detected.
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Table 9 Human Health COPC Screening Results for Fly Ash Basins and Stockpile
Avtex Fibers Superfund Site, Front Royal, Virginia

Volatile* . —
Acetone
Bromodichloromethane
Chloroform
Methylene Chloride
Toluene
Trichloroethene
Semivolatites
Carbon Disulfide
Di-n-butylphthalate
Di-n-octylphlhalate
Pesticides
Methoxychlor
Metals
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (as Cr VI)
Cobalt
Copper
Cyanide, Total (as Free)
Iron
Lead
Magnesium
Manganese
Mercury (as Methyl)
Nickel
Potassium
Selenium
Sodium
Thallium
Vanadium
Zinc

Frequency
of

Detection

1
1
10
2
1
1

2
1
1

1

14
14
14
14
9
14
14
14
14
13
14
14
U

. 14
14
14
12
14
14
13
14
14

No. of
Samples

14
14
14
14
14
14

14
12
12

6

14
14
14
14
14
14
14
14
14
13
14
14
14
14
14
14
14
14
14
14
14
14

Region III
Maximum Industrial Soil

Concentration. KBC

0.011
0.14
0.11
0.048 .
0.002
0.004

0,055
0.08
0.13

0.017

16900 :
193
759
5
1.5
21200
25.2
182
54.4
33
23400
22.9
2660 .
152
1
28.8
3590
1Z7
777
2.8
81.7
2870

. _... .

J
J
J
J
J
J

J
J
I

J

J
J

J

J

K

L

I/

20000
92
940
760
41000
520

20000
20000
4100

1000

200000
3.8
14000
410
200
N/A*
. 610
12000 -
8200
4100
61000
400A
N/A*
4100
20

'4100
N/A*
1000
N/A*

14 -
1400
61000

Industrial
Soil

Exceeded?

No . -
No
No
No

" ' No
No

No
No
No

No '

No -
Yes
No
No
No
N/A
No

. No
No
No
No
No
N/A
No
No

. No
N/A
No
N/A
No
No
No

Notes:
All concentrations in mg/kg.
Only positively detected constituents listed above.
Data were screened according to USEPA Region HI methodology (USEPA, 1993).
RBC - Risk-Based Concentration (USEPA Region HI industrial soil; October, 1998). RBCs are based

on * noncarcinogenic hazard index of 0-1 and a carcinogenic risk of 1 x 10%
Where no RBC criteria are available, constituent shown in parenthases is used as a surrogate.
* - Essential nutrients (calcium, magnesium, potassium, and sodium) were

not retained for further consideration in the risk assessment.
A RBC for lead based on Revised Interim Soil Lead Guidance (USEPA, 1994).
All 14 detections of arsenic exceed the Region HI Industrial Soil RBC
N/A-Not applicable



Table W '_
Sulfate Basins Response Action Alternative No. I

Cost Estimate for Sulfate Basins Alternative SB 1 - Simple Soil Cover on SB l-4E/Eliminate SB-5
Avtex Fibers Superfund Site, Front Royal, Virginia

Item Description

L Site Preparation '. - -
' Mobilization/Set-up
Dust Controls .. . • ..... .--.-.

• ' Erosion and̂ Sedimentatiori Controls
Surface Water Controls . . _ .. .
Access Roads

II. Install Soil Cover on SB 1-4E ~- ---
Lower Berms Along West Side of SB 1 to Design Elevation
Water Removal/ Draining
Reuse Berm Material for General Fill
Imported general Fill/ Grading '. .__
Additional Soil for Soft Areas/Settlement (1)
Place Geotextile Reinforcing (2) "" _
18-inch Cover Soil imported (SB-1-4E)

' 6-inch Top Soil (SB-1-4E)
Seeding/Mulching (SB-1-4E)

H. Eliminate SB 5
Dewatering of SB-5 (to WWTP)
Aggregate Filter Bedding Placement (30* upslopexl,900 If.xl1 d)
Rip-Rap Placement (30' upslope x 1,900 If. x3'.depth)
Remove Outer Berms (stockpile for cover soil)
Sludge Movement to SB2-4E . . . ' . . . ... -. .
Excavate and Move 1 foot of Soil at Base of SB 5 to SB 1- 4E (3)
General Fill/ Grading (berrn soil provides 20 inches of cover)
6-inch Top Soil. . _ . . . _ . _
Seeding/Mulching "- "
Direct Construction Total (DCT)
IndirectConstructioh(l5%ofDCt)" - - - - - - - - —
Construction Total
Permitting/Legal ($40,000 + 5 x (CT0-6)) . ." " . " " " ;"."". """"
Design and Resident Engineering ($30,000: + (CTaBS))
Sub-Total Capital Closure Costs
Total Capital Closure Costs with 20% Contingency

Quantity

1
1

. 1 .
- 1
1

60.000
1

" etwob
. 85,000
80,900

" 430,000 '.
145,000
50,000
290. 000

1
2,100 ._:
6,300
54,000 -

_ 77,000
33,000
54,000
16,000
95,000

Unit

Lot
Lot
Lot
Lot
Lot

CY:-
.Lot_
: CY
CY-
CY

: SF
"CY
CY
sv_
Lot

--CY
CY
CY
CY .
CY
CY
CY
SY

^ .=.—

Unit Cost
. . . . _

$55,000
. . $25,000
..... .$40,000

$60,000
$35,000

' $3
. __ $50,000
••:-- $4

$8
. $8

-- - .$0.50
". ..."" . $12

$18
":" ..... $0.40

$150,000
$12

- $15
' '$3

_ ._. $4
..'..__. $5

" $4
$18

$0.40

._____.._....__

Sub-Total Projected O.&M and Ground Water Monitoring Costs (from below)
. Projected O&M and Ground Water Monitoring Costs with Contingency (20%)

Estimated Cost (NPV)

Item Cost

$55,000
: . . , $2s;ooo

$40,000
., $60,000-
$35,000

' $180,000
, $50,000
$240,000
$6.80,000
.'$647,200
$215,000

$1,740,000
$900,000
$116,000

$150,000
$25,200

; $94̂ 00
'$162,000
$308,000
$165,000
$216,000
$288,000
$38,000

$6,429,900
$964.500

$7.394,400
$̂106,000
$720,000
$8,220,400
59,864,500
$787,800
$945,400

(1) Additional 1 foot of Soil over entire surface area of SB1-4E, except along rive where geotextile is added)
(2) Place geotextile along river side of SB 1-4E and along north perimeter of SB-1 back 100 feet
(3) Assumes excavation of 1 ft of soil at base of SB 5 to remove impacted soila.

Annual O&M Costs
Operation and Maintenance Costs . Quantity Unit Unit Cost Item Cost

Site Inspections " 40 Hour
Cover̂ R̂oad, Berm Repair/Maintenance 1 Lot

• Total Annual O&M Cost " ,
30 Year Present Worth Q&M Cost (interest rate «59S)

$70
$40,000

$2.800
, $40,000
542,800
$657,900

Ground Water Monitoring Cost

Ground Water Monitoring - ^ ^. ^

Total' Annual Ground Water Monitoring Cost
5 Year Present Worth Ground Water Monitoring Cost (interest rate = 5%)
Estimated Cost (NPVJ for O&M and Ground Water Monitoring

i "30,000 $

5

30,000
30,000

$129,900
$787,800

5/5/99

AR I 06l*U3



Table 11
Cost Estimate for Sulfate Basins Alternative SB 2-
Enhanced Soil Cover on SB l*&E/Eliminate SB-5

AvtexFibers Superfund Site, Front,Royal,, Virginia
Item Description

1. Site Preperattott
Mobilization/SetUp
Dtut Controls
Erosion and Sedimentation Controls .
Surfac* Water Controls
Access Roads

It. Sti!.fateBatinsl-4£
Water Removal to WWTP
Remove Berms to Final Design Elevation (1)
Special Handling of Northern SB 1 Sludge (2)
Regrading of S3 1 Studga p fett on average)
Additional Fly Ash for Soft Areas/Settlement (3)
Place Geotextil* Reinforcing (4)
Install Strip Drains and Sumps to Collect Additional Water
Soil Cavtr
PUce Fly Ash as "Attic* Fffl on each basin to establish 2% slopes (5)
Portion of 1-foot Soil Cover from SB 1-4E Benns
Portion of 1-foot Sofi Cover from SB 5 Berms
Portion of 1-foot Sofl Cover, Imported (SB-1-4E)
6-tnch Top Sod (5B-1-4Q
Seeding/Mulching CSB-1-4E)

Dcwaterfng of SB-5 {to WWTP)
Reuse Berm Sou To Install To* Berm Along Outer side of FAB 6/SB 5 Berm (6)
Remove Outer (No,, West & So.) Berms (Use for toe berm, attic fill & SB 1-4E cover)
Regrading and Sludge Mofematt
Sludge Movament to SB2-4E
Excavate and Move 1 foot of Soil at Base of SB5 to SB 1- 4E
Reuse Portion or" Berm Soil for " Attic Fill"
6-inch Top Soil
Seeding/Mulching
Direct Construction Total (DCij
Indirect Construction {15% of DCT)
Construction Total
P«rmltting/Ug»l ($40000 * 5 x (CT"))
Design and Resident Engineering ($30,000 + (Cl"*)}
SuB-Total Capital Closure Costs
Total Capital Closure Costs with 20% Contingency
Sub-Total Projected O4M and Ground Water Monitoring Costs (from below)
Projected C*M and Ground Wate Monitoring Costs with Contingency (20%)

Quantity

•1
1
1
1
1

1
47,300
50,750
76,200
78,000
2,615,000

1

260,000
47,300
36,450
13.250
50,000
290,000

1
13,300
83,250

77,000
33,000
33,500
16,000
95,000

Unit

.Lot
Lot
Lot
Lot
Lot

Lot
CY
CY _
_CY
CY
SF
Lot

CY
CY
CY : .
CY
CY
:.SV

Lot
CY
CY

CY
CY
CY
CY
SY

Unit Cost

$50,000
$25.000
$40,000.
560,000
$40,000

$100.000
S3

... 56
$3
$5

$0.40
$150,000 "

$5
$5
$5
$12
$18

$0.40 t

$150,000: $5
$3

$4
$5
$4

" $18
$0.40

Item Cost

$50,000 . '
$25.000. . ._
$40,000 .
$60,000
$40,000 ' "

$100.000
$141,900
$304,500
$228,600
5390,000

"$1,046,000
. " $150,000

$1.300,000 -
$236,500 '

~" $182̂ 00
$159,000
$900,000 _
$116,000

$150,000
$66,500
$249,750

$308,000
"$165,000
$134,000

"" $288.000
$38,000

$6.869,050 ..
$1,030.400
$7,899,450
. $109.000

$759.000

$8,767,450
510,520,900

$1,084̂00
$1̂ 301.400

Estimated Cost (NFV) 'f̂ ^̂ ĵ_̂ __̂ ^̂ 'l

NOTES3
[1) SB ME bcrm» lowered to elevation of the top of aofl coven Volumes (cy) removed: SB 1:13.000 SB 2:9̂ 00
563:7,000 SB4/(E:1S.«0

(2] AHumu grave! or Poitluu! cement will be added to the upper 5 feet of sludge in the north end of SB 1 to provide support for soil cover.
(3) Assumes 30% of the Attic fin »olom* will be required to account for settlement of SB1-4E.
(4) Geototflc to be placed over enHxe area of SB 1-4H.
(5) Fill required to adder* 2S slopes prior to Installing soli cover. Fly ash will be utilized for this porpoae.
(6) The tew b*nn along FAB 6 would b* 1̂ 500 If (length) x 30 ft (height) x 8 ft (thickness).

Annual O&M Costs
Operation and Maintenance Costs Quantity Unit Unit Cost Item Cost

Site Inspections
Cover, Road, Berm Repair/Maintenance
Total Annual CAM Cost
30 Year Present Worth OtM Cost (interest rate « 5%}

30 ' Hour $70
2 Lot $30,000

$2,100
__-. $60,000

$62,100
$954,600

Ground Water Monitoring Cost

Ground Water Monitoring
I otat Annual QrounQ Water Monitoring Cost
5 Year Present Worth Ground Water Monitoring Cost (Interest rate - 5S)

1 Lot ' $ 30,000 $
$

30,000
30̂ W

$129,900.
Estimated to« fRJrV) for O*M and Ground WaterMonitoring

5/5/98

ll R



Table 12
Cost Estimate for WWTP Basins Alternative WWB1 - ,

Cover with Soil In-Place
Avtex Fibers Superfund Site, Front Royal, Virginia

Item Description

I. Site Preparation
Mobilization/Set-Up
Erosion and Sedimentation Controls
Dust Controls • , .
Surface Water Controls .... .—__.._...._.
Access Roads .

IL Soil Cover
Site Preparation. Clearing
Transfer SuperhafaxQ from Basins to WWTP
Surface Grading/Fill
18-inch Cover Soil, imported
6-inch Top Soil
Seeding/ Mulching
Direct Construction Total (DCT)
Indirect Construction (15% "of DCT)
Construction Total
Permitting/Legal ($40,000 + 5 x(CT°-6))
Design and Resident Engineering ($30,000 +
Sub-Total Capital Closure Costs

Quantity

1
1
1 . . ...

.,,.__!
a

4.0,0
1.00 ".V
10.000
rio.6bxT~~
3. 300

_ 19,400

(CT0-85))
-

Unit

Lot
Lot
Lot
Lot

: Lot .:

Acre
tot "
CY
CY

_ CY
SY

Unit Cost

$10.000
$10,000
$10.000
$15,000

".." $10.000._. _ .
$2,000
$50,000

$8
$12
$18

$0.40
_..__

Total Capital Closure Costs with 20 % Contingency
Sub-Total Projected O&M Cost (from below)

• Projected O&M Cost with Contingency (20%)
Estimated Cost (NPV)

Annual

Operation and Maintenance Costs

Site Inspections
Cover, Road Repair/Maintenance
Total Annual O&M Cost

30 Year Present Worth Cost .

Estimated Cost (NPV)

O&M Costs

Quantity

20 -
, 1

-

Unit

T̂Tour
Lot

.

Unit Cost

$70
$4.000

.

Item Cost '

$10.000
$10,000
$10,000
$15.000
$10,000

$8,000
$50,000
$80.000
$120,000
$59,400
$7,800

$380.200
$57.000
$437,200
$52.000
$92,000
$581,200
$697.400
$83,000
$99.600

Item Cost

$1,400
$4,000
$5400

$83,000

$83,000

5/5/99



Tablets
Cost Estimate for WWTP Basins Alternative WWB 2 -
Consolidate Sludge into PB 1 and Cover with Soil

Avtex fibers Superfund Site, FrontRoyal, Virginia

Item Description Quantity Unit . Unit Cost V Item Cost
Site Preparation
Mobilization/Set-Up
Erosion and Sedimentation Controls
Dust Controls
Surface Water Controls
Access Roads
Consolidation & Engineered Cap (PB 1)
Site Preparation, Clearing
Remove supernatant & treat in on-site treatment plant
Consolidate sludge to PB 1 (1)
Remove Berms/ Grade out PB2 & EL (2)
Utilize Soil From Grading PB 2 & EL to Grade/Fill PB 1 Prior to Caver
18-inch Cover Soil, imported
6-inch Top Soil
Seedlng/Mukhing
Soil Cap over PB2& Etncrg. Basin
6-inch Top Soil
Seeding/Mulching
Direct Construction Total (DCT) - - - -
IndirectConstruction(15%ofDCT) "
Construction Total
Permitting/Legal ($40,000 + 5 x (el0-6)!
Design and Resident Engineering ($30,000 + (CT045))
Sub-Total Capital Closure Costs
Total Capital Closure Costs with 20% Contingency
Sub-Total Projected O&M Cost (from below)
Projected O&M Cost with Contingency (20%)

1
1
1
1
1

4.00
1

20,000
10,700
3,000
3,000
1,000
6,000

2300
13,700

Lot
Lot
Lot
Lot
Lot

Acre
Lot
CY
CY__
CY
CY
CY
SY

CY
SY

$10,000
$7.0,000 __.
$10,000
$15,000
$10,000

$2,000
$50,000 _

$5 -
$5
$5 "

$12 -
$18

$0.40

$18
$0.40

.$10,000
$10,000 -i
$10,000
$15,000
$10,000 . .

$8,000
$50,000
$100,000
$53.500
$15,000
$36,000
$18,000
$2400

$41,400
$5,500

$384,800
$57,700 ~(
$442,500
$52,000
$93,000

$587.500
$705,000
$83,000

. $99,600
Estimated Cost (NPV)

Notes:
(2) Estimated sludge volume in PB 2 is 8,000 cy and in Emergency Lagoon is 12,000 cy.
(2) An average of 3 ft. Is assumed for grading out PB 2/EL area; 3,000 of 13,700 cy utilized for attic fill in PB 1.

Annual O&M Costs
Operation and Maintenance Costs Quantity Unit Unit Cost Item Cost

Site Inspections
Cover, Road Repair/Maintenance
Total Annual O&M Cost

30 Year Present Worth Cost

20
1

Hour
Lot

$70
$4,000 _

$1,400
$4,000

$5̂ 00

$83,000

Estimated Cost (NPV) $83,000

5/5/99

flR I 0641*6



Table U
Cost Estimate for WWTP Basins Alternative WWB 3 -

Eliminate WWTP Basins
. Avtex Fibers Superfund Site, Front Royal, Virginia

Item Description

L Site Preparation
Mobilization/Set-Up
Erosion and Sedimentation Controls
Dust Controls
Surface Water Controls
AccessRoads

II. Soil Cover
Site Preparation, Clearing
Remove Supernatant to WWTP
Consolidate sludge to SB 1-4E : ::::
Surface Grading with existing basin soils (1)
6-inch Top Soil
Seeding/ Mulching ~
Direct Construction Total (DCT)
Indirect Construction "(15 % of DCT)
Construction Total
Permitting/Legal ($40,000 + 5 x (CT°-6))_
Design and Resident Engineering ($30,000 + (CT0-85))
Sub-Total Capital Closure Costs
Total Capital Closure Costs with 20% Contingency
Sub-Total Projected O&M Cost (from next page)
Projected O&M Cost with Contingency (20%)
Estimated Cost (NPV)

Quantity

""~1~ ~_~ _7
1

. ,1-.-
1_

-" - =r :.:.-: ™-

4.0
1.0

""""29,000
19,360
3.300
19,400

_ ._.__...

-

- - ---

Unit

...Lot
" Lot
..Lot
.Lot*

"•"•".": Lot

Acre
Lot
CY
CY
CY
SY

"T"

Unit Cost

$10,000
$10,000
$10,000
$15,000
$10,000

$2,000
$50,000

$5
$5
$18

$0:40

Item Cost

$10,000
$10,000

' .$10,000
$15,000
$10,000

$8,000
$50,000
$145,000
$96,800
$59,400
$7,800

$422,000
$63,300
$485,300
$53,000
$98,000
$636,300
$764,000

$0
$0

Notes:
(1) An average of 3 ft. is assumed for grading out entire WWTP basins area.

Annual O&M Costs
Operation and Maintenance Costs Quantity Unit Unit Cost Item Cost

Site Inspections
. Cover, Road Repair/ Maintenance
Total Annual O&M Cost '.' '

30 Year Present Worth Cost

Hour
: . ". _ Lot .

$70
$4,000

$0
$0
$0

$0

Estimated Cost (NPV) $0

5/5/99

ARI06l*U7



Table 15
Cost Estimate for Fly Ash Basins and Stockpile Alternative FA "L -

No Action on FA Basins/Cover Stockpile with Soil
Avtex Fibers Superfund Site

Front Royal, Virginia

Item Description
L Site Preparation
Mobilization/SetUp
Dust Controls
Erosion and Sedimentation Controls
Surface Water Controls
Access Roads

I. Fly Ash Mountain
Soil Cover
Site Preparation, Clearing (1)
Ash Movement/ Grading (2)
18-inch Cover Soil, imported
6-inch Soil to Support Vegetation
Secding/Mulchmg

II. Fly Ask Basins
Site Improvements, Rehabilitation
Direct Construction Total (DC!)
Indirect Construction (15% of DCT)
Cons trucdon Total
Permitting/Legal (540,000 -i- 5 x (CT*6))
Design and Resident Engineering ($30,000 + (CT0"85))
Sub-Total Capital Closure Costs
Total Capital Closure Costs with 20% Contingency

Quantity

1
1
1
1
1

15.0
121,000
36,300
12,100
72,600

22

Unit

Lot
Lot
Lot
Lot
Lot-

Acre
CY
CY
CY
SY

Acre

Unit Cost

$15,000
$100,000
. $15,000
$50,000
$10,000

- $2,000
$5
$12
$18

$0.40

$2,000.00

Sub-Total Projected O&M and Monitoring Costs (from below) _ _
Projected O&M and Monitoring Costs with Contingency
Estimated Cost (NPV)

(20%)

'M

Item Cost

.$15,000
$100,000
$15,000
$"50,000
$10,000

$30,000
$605,000
$435,600
$217,800 "
$29,000

$28,000
$1,535,400
$230,300

$1,765,700
$68,000
$234,000

$2,067,700
$2,481,200
$314,100
$376,900

Notes:
(1) Assumes that minimal amount of fly ash used in other basins, so closure area is larger than
current stockpile footprint so that maximum side slope limits (33%) is not exceeded.

(2) Assumes that the upper 5 ft. of fly ash will need to be disturbed to regrade the stockpile.
Annual Costs

Operation and Maintenance Costs , Quantity Unit Unit Cost Item Cost

Site Inspections
Cover, Road Repair/ Maintenance
Total Annual O&M Cost
30 Year Present Worth O&M Cost (interest rate = 5%)

40 Hour
1 Lot

$70 . '$2,800
$12,000 $12,000

$14,800
$227,500

Ground Water Monitoring Costs

Ground Water Monitoring 1 Lot
Total Annual Ground Water Monitoring Cost
5 Year Present Worth Ground Water Monitoring Cost (interest rate » 5%)
Estimated Cost (Ni*VJ for O&M and Ground Water Monitoring

$20,000 - $20,000
520,000
$86,600
$314,100

5/5/99



Table 16
Cost Estimate for Fly Ash Basins and Stockpile Alternative FA 2 -

Cover FA Basins and Stockpile with Soil
Avtex Fibers Superfund Site

Front Royal, Virginia

Item Description Quantity Unit y Unit Cost Item Cost

I. Site Preparation
Mobilization/Set-Up 1
Dust Controls • ' " 1
Erosion and Sedimentation Controls " " 1
Surface Water Controls' 1
Access Roads 1 ,

U. Fly Ash Mountain . . . . . . . . . .
Soil Cover
Site Preparation, 'Clearing . 13.3
Ash Movement/Grading (1) " """"." ".". .. .~tDZ~OJSr
18-inch Cover Soil, imported 33,000
6-inch Soil to Support Vegetation 11,000
Seeding/ Mulching 65,000

U. Fly Ash Basins .-— -
Dewater via pits (sumps) to WWTP . 1
Soil Cover
Site Preparation, Clearing . 22\3 _
Ash Movement & Grading from FA Mm (2) 72,000
18-inch Cover Soil, imported 54,000
6-inch Soil to Support Vegetation. . 18,000.
Seeding/Mulching ' . 108,000
Direct .Construction Total {DCT}
Indirect Construction (15% of DCT) " "
Construction Total
Permitting/Legal {$40,000 + 5 x (CT0*))
Design and Resident Engineering ($30,000 -f- (d0-85))
Sub-Total Capital Closure Costs . ,
Total Capital Closure Costs with 20% Contingency

Lot.
Lot
Lot
Lot"""
Lot

-,-.-..-.

_ .. Acre
":~ CY ~;

CY
CY
SY

Lot

Acre
CY
CY

. CY.
... - SY

. .......

$30,000 ..,
$125,00.0."

. .$30,000
$100,000 ,
$20,000

.- .-.- _.̂ ;̂=.̂ __.̂  :--

$2X)00
""" " " .': !"$5"

1 " .:."'•• "$15 V
.$18" "
$0.40.._._... ....

1 $50.066"."""
1

" $2,000
": .$4 '

1 . ' ".$12""
: • $18"

$0.40

"_
.. _ . _ _ .._ ..__.__. -

Sub-Total Projected O&M and Monitoring Costs (from below) _
Projected O&M and Monitoring Costs with Contingency (20%)

....... .$30,000
$125,000
$30,000

• $100,000
$20,000

.-_-.. - - •

$26,600
$535,000
$396,000
"$198,000

' " $26,000
- - --- -
V .$50,000

"J~". "$44,600
f $288,000
$648,000
$324,000
$43.200

$2,884̂ 00
:$432,700
$3,317,100
$81,000
$379,000

.$3,777,100
' "S4.532.SOO

$314,100: $376,506
Estimated Cost (NPV) •

Notes:
(1) Assumes that the upper 5 ft of fly ash will be removed to regrade the stockpile; this fly ash will
be used in basins.

(2) Additional fly ash from stockpile needed for attic fill over basins to achieve 2 % slopes.

Annual Costs
Operation and Maintenance Costs Quantity Unit , Unit Cost Item Cost

Site Inspections .40 Hour
Cover, Road Repair/Maintenance 1 Lot
Total Annual O&M .Cost
30 Year Present Worth O&M Cost (interest rate - 5%)

Ground Water Monitoring Costs . . s

Ground Water Monitoring " " " 1 Lot
Total Annual Ground Water Monitoring Cost
5 Year Present Worth Ground Water Monitoring Cost (interest rate » 5%)
Estimated Cost (NFV) for O&M and Ground Water Monitoring

570" " $1800
$12,000 $12,000

514,800
$227.500

."'"

$20,o6d" ~ $20,000
520,000
$86,600
$314.100

5/5/99

ARI06IA9
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APPENDIX A - ARARS

1.0 INTRODUCTION

Section 300.4150) of the NCP requires certain types of removal actions to
attain applicable or relevant and appropriate requirements (ARARs)
under Federal or 'State environmental laws and regulations to the extent
practicable considering the urgency of the situation and the scope of the
removal. While CERCLA actions may not require a permit, substantive
requirements of the ARAR may need to be met.

In accordance with EPA guidance (EPA, 1991), a potentially responsible
party (PRP) is responsible for requesting potential Federal and State
ARARs from EPA and Virginia, respectively. Virginia provided a list of
state ARARs for" the closure of the EE/CA units in a 26 February 1999
letter from Mr. John Ely of the Virginia Department of Environmental
Quality to _Mr," William Cutler ot FMC and Ms, Bonnie Gross of the U.S.
EPA. The purpose of Appendix A is to provide a list of Federal and State
ARARs that apply potentially to the responsê  actions addressed in the
EE/CA for the closure of the sulfate basins, WWTP basins, and fly ash
basins and stockpile. This list will be used to guide the design phase
activities for the closure of the EE/CA units.

A requirement under other environmental laws may be either
"applicable" or "relevant and appropriate"" to a response action, but not
both. Applicable and relevant and appropriate, as defined by EPA (1991),
are as follows;
• Applicable requirements are clean-up standards, standards of control

and otiher substantive requirements, criteria or limitations
promulgated under federal environmental or state environmental or
facility siting laws that specifically address a hazardous substance,
pollutant, contaminant, remedial action, location or other circumstance
at a CERCLA site.

* Relevant and appropriate are clean-up standards, standards of control
and other substantive requirements, criteria, or limitations
promulgated under federal environmental or state environmental or
facility siting laws that, while not "applicable" to a hazardous
substance, pollutant, contaminant, remedial action, location, or other .
circumstances at a CERCLA site, address problems or situations

' A-l FMC/10556.65-S/S/99ERM



sufficiently similar to those encountered at the CERCLA site and are
well suited to the particular site. . . . . .

2.0 ARAR IDENTIFICATION

Tables A-l and A-2 list the federal and state ARARs identified for'
response actions at the Avtex Fibers Superfund Site, Table A-2 includes
the ARARs identified by Virginia in their 26 February 1999 letter. In
accordance with the NCP, the ARARs fall into three categories: _

• Chemical-Specific. These ARARs are health or risk-based numeric -
values or methodologies that establish the acceptable amount or
concentration of a chemical that may be found or discharges to the
ambient environment. Examples of contaminant-specific ARARs are
MCLs or National Ambient Air Quality Standards (NAAQS).

• Location-Specific. These ARARs are restrictions placed on the
concentration of hazardous substances or the conduct of activities
because they occur in special natural or man-made designated site
features. Examples of natural site features include wetlands, scenic
rivers, and floodplains.

• Action-Specific. These ARARs are activity- or technology-based
requirements that pertain to the implementation of a given remedy.
Examples of action-specific ARARs include monitoring requirements,
effluent discharge limitation, hazardous waste manifesting
requirements, and occupational health and safety requirements.

Other Federal and State advisories, criteria, or guidance may, as
appropriate, be considered in the formulation of the removal action.
Other information To Be Considered (TBC) are now promulgated
advisories or guidelines issued by federal or state governments that are
not legally binding and do not have Stature of ARARs. Examples of TBC
are health effects information, and guidance on how to conduct response
actions.

3.0 WAIVER OF ARARS

In certain cases, a preferred remedy may substantially control the site risk
to acceptable levels but can not meet one or more of the ARARs. CERCLA
§121 (d) (4) provides that under certain circumstances, ARARs may be
waived during on-site CERCLA remedial actions. NCP section 300.415©
extends the waivers to removal actions. The six criteria for an ARAR

ESM A-2 • FMC /1M56.65-5/5/M



waiver are described in CERCLA §121(d)(4). Based on the ARARs ..
identified by Virginia in their 26 February 1999 letter, and EPA's 16 April
1999 response to Virginia's letter, a waiver of.ARARs will not be necessary
to complete the closure of the EE/CA uhitsT™

REFERENCES

EPA, 1988rCERCLA Compliance with other Laws Manual. Office of
Emergency and Remedial Response. Publication EPA/540/G-89/006.
AugUSt. ...-___ .......... .„_._ ._:...__:_ _

EPA, 1989. CERCLA Compliance with other Laws Manual: Part II. Clean
Air Act and Other Environmental Statues and State Requirements. Office
of Emergency and Remedial ..Response. Publication EP A/540/G-89/009.
August. ......_... ,.._...... , _._... __,,"_

EPA, 1991. Superfund Removal procedures/Guidance on the
Consideration of ARARs during Removal Actions. Office of Emergency
and Remedial Response. Publication 9360.3,02.
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Table A-l Potential Federal Applicable or Relevant and Appropriate Requirements
Avtex Fibers Superfund Site

AJRARs/TBC Description

Chemical-Specific

Safe Drinking Water Act
- Maximum Contaminant Levels (MCLs)
- Maximum Contaminant Level Goals (MCLGs)

Clean Water Act (PL92-509Q)
- Federal Ambient Water Quality Criteria

Clean Air Act (42 USC 7401)
- National Ambient Air Quality Standards
(N AAQS) (40 CBK Part 5)

Reference Doses (RfDs), EPA Office of Research and
Development

Carcinogenic Slope Factors, EPA Environmental Criteria and
Assessment OfEce; EPA Carcinogen Assessment Group

Toxic Substances Control Act (15 ILS.C 2601)
TSCA health data, chemical advisories, and compliance
program policy

Guidance on Remedial Action for Superfund sites with PCB
contamination. OSWER 9335.4-07

Health Advisories, EPA Office of Drinking Water

Asbestos NESHAPs (40 CFR Fart 61).

May apply to ground water remediation

TBC for remedial actions resulting in treated water and
surface water discharges

Applicable for remedial alternatives which may result in the
release of contaminants to the air (e.g., air stripping,
excavation, groundwater treatment)

TBC in risk assessment

TBC in risk assessment

Applicable for site which may require remediation of PCB
containing materials . j
TBC iii risk assessment ]

TBC for site where remediation of PCB-impacted areas may be
required

TBC in risk assessment

Relevant and appropriate for asbestos containing material
which may require management

Location-Specific

Within 100-year floodplain (Executive Order 11988)
Section 10 of the Rivers and Harbors Act
Section 404 of the Clean Water Act

Wetland Management (Executive Order 11990).
Section 404 of the Clean Water Act

Fish and Wildlife Conservation Act of 1980 (16 USC 2901)
Fish and Wildlife Coordination Act (16 USC 661).
Fish and Wildlife Improvement Act (16 USC 742a)
Fish and Wildlife Migratory Bird Treaty Act (16 USC 701)

Effects of response actions on the navigable water of the U.S.
may need to be addressed.

Appropriate requirement for remedial action affecting
wetland resources. 404 permits not required but COE should
be consulted.

Appropriate for remedial alternatives affecting fish and
wildlife habitat

Provides protection for migratory birds
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Table A-l Potential Federal Applicable or Relevant and Appropriate Requirements
Avtex Fibers Superfund Site

ARARs/TBC . ". "

Endangered Species Act of"1978"(T6TJSC1531)

Fish and Wildlife Improvement Act of 1578
(16USC742a). -------- ~'

Flood Disaster Protection Act of-1973 and National Flood
Insurance Act of 1968 " . -

Wild and Scenic Rivers Act (36 CFR 297.4)

Description

Fish and Wildlife Service and Virginia determined that no •
federally listed endangered or threatened plant, animal or
insect species have been documented at the site.

Appropriate for remedial alternatives affecting fish and
wildlife habitat

Appropriate as the site is partially within the floodplain and
floodplain resources may be affected by remedial action.

Site is adjacent to the South Fork of the Shenandoah River.

Action-Specific

Hazardous Waste Requirements (RCRA Subtitle C, 40 CFR.
Part 261-264)

RCRA Land Ban Requirements (40 CFR, PART 268)

OSHA Requirements (29 CFR, Parts 1910, 1926, and 1904)

Threshold Limit Values, American Conference of
Governmental Industrial Hygierusts

DOT rules for Hazardous Materials Transport (49 CFR, Parts
107, 1710=500)

Clean Water Act (PL92-500)
a . NPDES permits ' • • - _ - - .

EPA PCB Spill Policy (40 CFR, Part 761)

Guidance on Remedial Action for Superfund sites with PCB
contaminafioiTOSWER Directive 9355,4-01

RCRA Organic Air Emissions Standards for Process Vents (40
CER 264 Subpart AA)

'Air Stripper "Control Guidance (OSWERDirecfive 9355.0-28)

Applicable; standards applicable to identifying, treating,
storing, and disposing hazardous wastes.

Applicable; remediation may require off-site disposal of
contaminated material.

Applicable; required for workers engaged in on-site remedial
activities.

i bCs; may be applicable to air concentrations during remedial
activities.

Appropriate; remedial alternatives may include off-site
treatment and disposal.

Standards applicable to surface water discharges.

Applicable; PCB remediation requirements.

TBC for PCB remediation guidelines.

Applicable remedial actions may involve the release of
contaminants to the air (e.g., air stripping, soil vapor
extraction).

TBC; remedial actions may result in the release of
contaminants to the air.
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Table A-2 Potential Commonwealth of Virginia Applicable or Relevant and Appropriate
Requirements Avtex Fibers Superfund Site

ARAR/TBC Description

Con tainintmt-Sped/ic

Virginia State Water Control Law, Va. Code Ann.
Sections 62.1-44.2 to 44343S (1993)

Virginia Water Quality Standards (9 VAC 25-260-5 to 550)

Virginia Pollutant Discharge Elimination System P.ermit
Regulation (9 VAC 25-31-10 to 940)

Virginia Water Protection Permit Regulations (9 VAC 25-210-
10 to 260)

Virginia Air Pollution Control Law, Va. Code Ann. Sections
10.1-1300 to 1326 (1998)

Virginia Regulations for the Control and Abatement of Air
Pollution (9 VAC 5)

Virginia Ambient Air Quality Standards (9 VAC 5-30-10 to 80)

Virginia Standards of Performance for Visible Emissions and
Fugitive Dust/Emissions [Rule 5-1] (9 VAC 5-50-60 to 120)

Virginia Standards of Performance for Toxic Pollutants [Rule
5-3] (9 VAC 5-50-160 to 230)

Remedial actions may involve discharge to surface waters.

VPDES Permits required for surface water discharges.

Remedial actions may involve dredging or filling adjacent to
surface waters

Applicable; air emission standards must be met for release of
volatile compounds from treatment facilities, Particulate
emission standards must also be met for the disturbance of
soil.

Location-Specific

Virginia Department of Game and Inland Fisheries, Va. Code
Ann. Sections 29.1-100 gt sgg.:

Virginia Wetlands Regulations

Virginia Floodplain Management Program

Virginia General Provisions Relating to Marine Resources
Commission (Va. Code Ann. Sections 28.2-1300 to 1320)

Virginia Wetlands Mitigation Compensation Policy (4 VAC
20-390-10 to 50)

Virginia Chesapeake Bay Preservation Act Sections 10.1-2100
to2116 - .. - ^

Virginia Chesapeake Bay Preservation Area Designation and
Management Regulations (9 VAC 10-20-10 to 280)

May apply to wetlands identified on site for the protection of
general ecological concerns. ,

Related to construction activities on the floodplain.
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TableA-2 Potential Commonwealth of Virginia Applicable or Relevant and Appropriate
Requirements Avtex Fibers Superfund Site

ARAB/TEC ••..-_-:.._- Description

Location-Specific '(continued)

Virginia Endangered Species Act, Va. Code Ann. Sections . .
29.1=563 to 570 (1998)

Virginia Definitions, and. Miscellaneous in General (4 VAC 15-
20-13.0 to' 140) " . _ . : , _ - - - - - _

Virginia Endangered Plant and Insect Species Act, Va. Code
Ann. Sections 3.1-1020 to 1030 ". "

Virginia "Rules and Regulations for the Enforcement of the
Endangered Plant and Insect Species "Act (4 VAC 5-320-10)

Virginia Natural Area Preserves Act, Va. Code Ann. Sections
10.1-209 to 217 (1998)

Remedial actions may impact endangered species.

May apply if anticipated activities threaten natural heritage
resources . • •

Action-Specific

Virginia Waste Management Act, Va. Code Ann-. Sections
10.1-1400 to 1457 (1998):

Virginia Hazardous Waste Regulations : '--'- .
(VHWR) (9 VAC 20-60-10 to 1480)

Virginia Solid Waste Management Regulations .
(VSWMR) (9 VAC 20-80-10 to 790)

Virginia Regulations Governing Management of Coal
Combustion By-Products (9 VAC 20-85-10 tq 180)

Virginia Regulations for the Transportation of Hazardous
Materials (9 VAC 20-110-10 to 130) .

Virginia Erosion and Sediment Control Law, Va. Code Ann.
Sections 10.1-560 to 571; and the Virginia Erosion Control
Handbook

Virginia Stormwater Management Act, Va. Code Ann.
Sections 10.1-6031 to 603.15 (1998)

Virginia Stormwater Management Regulations (4 VAC 3-20-10
to 251)

Virginia Erosion and Sediment Control Law,.Va. Code Ann.
Sections 10.1-560 to 571 (1998)

Virginia Erosion and Sediment Control Regulations (4 VAC
50-30-lOto 110

Applicable; any activity with RCRA-type hazardous wastes
must comply.

May apply to solid waste or sludge,

May apply to solid waste or sludge.

May apply to solid waste or sludge.

Soil disturbances may require compliance with erosion and
sedimentation control statutes.
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Table A-2 Potential Commonwealth of Virginia Applicable or Relevant and Appropriate
Requirements Avtex Fibers Superfund Site

ARAR/TBC Description

Action-Specific (continued)

Virginia Air Pollution Control Law, Va. Code Ann. Sections
10.1-1300 to 1326 (1998)

Virginia Regulations for the Control and Abatement of Air
Pollution (9 VACS)

Virginia Stormwater Management Act, Va. Code Ann.
Sections 10,1-603.1 to 603.15 (1998)

Virginia Stormwater Management Regulations (4 VAC 3-2d-10
to 251)

Air emission standards may need to be met for treatability
studies and remedial action.

Stormwater may need to be managed for all land-disturbing
activities that disturb more than one acre of land.
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APPENDIX B - HEC-RAS FLOODPLAIN ANALYSIS FOR THE CLOSURE OF
SULFATEBASINS1-5 AT THE AVTEX FIBERS SUPERFUND SITE,
FRONTROYAL, VIRGINIA

1.0 INTRODUCTION

The proposed remedy for the Sulfate Basins (SB) at the Avtex Fibers
Superfund Site (Site) includes a soil cover over the existing sludge surfaces
and lowering of the impoundment dikes (berms) to match the proposed
grades. Since these basins lie within the floodplain of the South Fork of
the Shenandoah River (River) or may be subject to inundation after the
berms are lowered, flood impacts, especially potentially erosive flood
velocities are of potential concern. A water surface profile analysis of the
River at Front Royal, Virginia was conducted to evaluate the water surface
elevations and overbank velocities on the Site for the 100-year flood-event.
The Hydrologic Engineering Center River Analysis System (HEC-RAS)
software was used to perform steady flow calculations using data
provided by the Federal Emergency Management Agency (FEMA) and
modified to reflect anticipated post-remediation contours.

2.0 AVAILABLE FLOODPLAIN MODELING

A model of the River reach was provided to ERM in electronic format by
Gannett Fleming, Inc., (GF). GF generated HEC-RAS input files including
cross section data for a previous evaluation at the Avtex Fibers Site. GF,
utilized river floodplain cross section data used by the U.S. Geological
Survey in the preparation of the FEMA Warren County Flood Insurance
Study using the U.S. Geological Survey Model for Water Surface Profile
Computations (WSPRO) and calibrated the HEC-RAS modeling to obtain
close agreement with the results of the WSPRO modeling.

The HEC-RAS input data provided was reviewed by ERM to develop an
understanding of the cross sections modeled in the area of concern; the
SB's had new cross sections surveyed to the North and South of SB 4 and
4E and substituted the new sections for two of the USGS/FEMA model
cross sections for evaluation of a proposed on-site landfill location. ERM
did not use these new sections, because these sections went through the
valleys between the basin, and therefore were not indicative of flood
conditions at the basin elevations. Instead, we used USGS/FEMA cross
sections located through the basins. Three USGS/FEMA cross sections, L,
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M, and N, were identified as crossing the SB portion of the Site. The
locations of.these cross sections are shown on Figure B-l.

The USGS/FEMA rriodeTinput data indicates that the existing crpss
sections modeled the .SB as though they were full to the top of berm
elevations, providing ho conveyance in "the basins. 'The USGS/FEMA
modeling results indicate that SB 1 and 2 would be inundated by 100-year
flood waters as they are currently configured, but SB 3, 4, and 5 would not
be inundated. Historically, the berm. of SB 1 was observed to be over-
topped on at least one occasion. .._./._,_ _ ,

3.0 MODEL mVELOPMENT ^ ^

ERM conducted a surveying evaluation to identify the sludge surface
elevation relative to the existing berm crest elevation. The; water surface
in SB 4,4e/and 5 precluded~aTdefinitive identification of the sludge surface
in those basins. Sounding was done to identify the approximate top of
sludge elevation in SB 5. - .......... . . _ . _ •

O . - . - - - . - - -- -- - -, T ' - - . - - : - . - r- ,

ERM used the surveyed data to modify the USGS/FEMA geometric data
to develop an input file for proposed future conditions. The proposed
geometric data assumes that .there jvJlLbe a riorrjanal two-foot thick soil

. cover placed on top of the sludge in SB 1,2,3,4, and 4E, and that the
cover will slope at a minimum of two percent. This assumption, along
with the data collected in the field regarding the sludge elevation in those
basins, enabled ERM to construct proposed cross sections. SB 5 was
assumed to be emptied of sludge and the bottom graded using a
minimum of six inches of topsoil.

Cross Section M is tHe most upstream section that ERM modified. This
cross section cuts through SB 5. Field measurements indicate that the
sludge surface is approximately 13.7 feet below the embankment crest
elevation. The proposed remedy for SB 5 is to empty the basin of sludge
and regrade the area by adding a minimum of 0.5 feet of topsoil. Using
the available data and proposed remedy, ERM produced new overbank
contours across the basin representing its proposed condition with all
sludge removed. It was assumed that the regraded bottom will have a

, minimum slope of two percent. To minimize "attic" fill required to
achieve this slope in the bottom, a peak was assumed to be formed in the
center of the. basin directing runoff to all sides. A visual interpretation of

• % the existing and proposed Cross Section N is presented as Figure B-2.

Cross Section M is directly downstream of N, approximately 1,400 feet,
cutting through SB 2 and 3. Field measurements indicate that the sludge
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surface is approximately 9 feet below the embankment crest for Basin 2
and 12.2 feet below the embankment crest for SB 3. The proposed cross
section eliminates the embankment between basins 2 and 3 while again
utilizing an approach that will limit the use of excess cover soil to a
minimum. A visual interpretation of the existing and proposed Cross
Section M is presented as Figure B-3.

Cross Section L is directly downstream of M, approximately 1,400 feet,
cutting through SB 1. Field measurements indicate that the sludge surface
is approximately 7.9 feet below the embankment crest on the west (river)
side of the basin. The proposed cross section is based on cutting the west
embankment down to an elevation 2 feet above the measured sludge
elevation. The sludge in SB 1 slopes upward from west to east at between
0.75% and 1.2% from the west embankment, as a result of past deposition
practices. The soil cover was assumed to be placed upon this slope where
it exceeds 2% and end at the basin's east boundary. Areas with less than
2% slope (e,g., the north end) would receive attic fill to create that
rruiumum slope. A visual interpretation of the existing and proposed
Cross Section L is presented as Figure B-4.

In addition to the originally modeled cross sections E, M, and N, ERM
evaluated an interpolated cross section cut through SB 4/4E. This section
was stationed approximately midway between Sections M and N cutting
through SB 4/4E. The channel and left overbank points were interpolated
using data in for Sections M and N. Right over bank data was constructed
using existing topographic information and data obtained during field
evaluation of the depth to sludge below the existing berms. Although this
section was not modeled in the HEC-RAS software, ERM interpolated the
projected 100-year flood elevation based on results for Sections N and M.
A visual interpretation of this estimated data for this cross section through
SB 4/4E is presented as Figure B-5.

4.0 MODELING RESULTS

Utilizing the proposed cross sections developed by ERM for L, M, and N
the HEC-RAS model was run to evaluate the impacts of the overbank
modifications for the 100-year flood event. Figures B2, B3, and B4 present
the computed water surface elevations for-post-modification channel
cross-sections. The 100-year flood event predicts flow in the right
overbank for Cross Sections N, M, L, and at SB 4. The average predicted
velocity in the right overbank for Cross Sections N, M, and L are 2.89 feet
per second (fps), 1.78 fps, and 1.54 fps respectively with velocity through
SB 4 predicted to be in the same range, based on the section geometry and
conditions, and similar depth of flow.
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The maximum velocity computed by dividing the overbank areas into
segrrients for computation purposes is approximately 3.5 fps in Cross .
Section N. The maximum allowable velocity with a vegetative (grass)
cover identified in the Virginia Soil Erosion and Sediment Control
Handbook is 5 fps". Therefore, the model results indicate that the
maximum velocity of 3.5 fps is

The result according to Cross Section N provides a minimum factor of
safety of 1.4 relative to the maximum computed velocity of 3.5 fps. The
calculated safety factor for Cross Section N is considered adequate since
this cross section cuts through SB 5 for which the proposed remedy is to
excavate sludge and regrade with topsoil. Therefore, there is no concern
associated with scour in SB 5 since the proposed remedy includes
excavation of the sludge. The next highest predicted maximum velocity is
estimated at 2.5 fps at Cross Section M which traverses SB 2 and 3. The'
result according to Cross Section M equates to a safety factor of 2.0
relative to the maximum computed velocity of 2.5.

The modeling conclusion indicates that_nQ_adyerse impacts (increase) in
flood .elevations would be realized anywhere along the SBs as a result of
the proposed closure related modifications to the cross sections that
traverse the SBs, Table B-l compares the computed water surface
elevations at Cross Sections L, M, and N through the SB, as well as at
upstream and_do_wnstream cross sections (O and K) for existing and
proposed conditions. Over-bank velocities arê sufficiently low so as to
allow establishment and maintenance of a vegetated cover on the basins
without long term risk of erosion by River flood waters. A copy of the
HEC-RAS results are included as Attachment A.
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Table B-Z. Comparison of 100-Year Flood Elevation HEC-RAS Model Results

Gannett Fleming, Inc.
Section Existing Conditions

(ft)

O

N

M

L

K

501,91

500.53

•499.22

497.95

497.26

Proposed Sulfate Basin
Remedy Conditions

(ft)

501.22

500.54

499.21

497.77

497.24

100-Year Hood
Elevation Difference...

(ft)

. -0.69

0.01

: ,0.01
-0.13

-0.02
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Attachment A
HEC-RAS Model Output
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HEC-RAS Version 2.0 April 1997
U.S. Array Corp of Engineers
Hydrologies Engineering Center
609 Second Street, Suite D
Davis, California 95616-4687

t916) 756-1104

X X XXXXXX XXXX - - - - - - X X X X XX XXXX
X X X X X X X X X X
X XX X XX X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X - XX X X X XX X
X X X - X - X X X X X X
X X XXXXXX - XXXX—— X TC— X X XXXXX

PROJECT.DATA
Project Title: Front Royal, Virginia - South Fork Shen.
Project File : fmc.pr_j - r ̂" . .
Run Date and Time: 12/4/98 10:39:24 AM

Project in English units

PLAN DATA - _

Plan Title: LMN-2S6 Cover Slopes
File s ci\work\fmc-hec\fmc.p07

Geometry Titles New L, M, N Stations-2%
Geometry File : c:\worlc\fmc-hec\finc.gOS

Flow Title : Fema Flow Data
Flow File : c i \work\fmc-hec\rrac.f 01

flan Summary Information:
Number of: Cross Sections ̂  23 Mulitple Openings = 0

Culverts = 0 Inline Weirs a o
Bridges » 1 '

Computational Information
Water surface calculation tolerance « 0'. 01
Critical depth calculation tolerance - 0.01
Maximum number of interations « 20
Maximum difference tolerance =0.3
Flow tolerance factor " « 0.001

Computational Flow Regime: Subcritical Flow

FLOW DATA . - — ...... ,., . . . . . . . . . . , ..

Flow Title t Fema Flow Data
Flow File : c:\work\fmc-hec\fmc.f01

Flow Data (c£s)

River Reach RS EF#1 100 year 200 year 500

Fork ShenandoFront Royal 23- - 60110 125140 164860
0



«*. Fork ShenandoFront Royal 1 75000 139000 174000
00

Boundary Conditions

River Reach Profile Upstream Downstream

S. Fork ShenandoFront Royal PF#1 Known WS s 482.47
S. Fork ShenandoFront Soyal 100 year Known WS =" 492^63
S. Fork ShenandoTront Soyal 200 year Known WS = 496.67
S. Fork ShanandoFront Royal 500 year • Known WS = 507.IS

GEOMETRY DATA

Geometry Titlei New L, M, N Stations-2%
Geometry Fil» x as\work\fmc-hec\fmc.gQ5

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RSs 23

INPXJT
Description: Q
Station Elevation Data num=* 68

Sta Slav Sta Slav Sta Elev Sta Elav Sta Elev
0 53S.S 67.3 523.3 134.6 508.1 139.7 504.65 144.8 501.2

158.2 501.2 171.fi 501.2 178.9 497.55 186'.3 493.9 235.9 483.7 •
285.6 483.5 359.4 430.9 433.8 478.3 437.5 476.6 440 475
443 473.2 453 470.4 463 469.5 473 469.6 483 469.6
493 469.4 503 470 513 469.6 523 469.1 533 470.7
543 469.8 5S3 470.6 563 471.1 573 471.3 533 471.3
593 471.2 SOS 471.5 613 471.6 623 471.S 633 471.3
643 471.8 653 471.1 663 470.6 673 471.4 683 471.6
693 472.2 703 471.9 713 472.4 723 472.4 733 472.5
740 475 746.1 477.05 753.9 479.2 802.7 484.5 851.6 489.8

898.1 483.6 944.€ 437.4 970.9 488.75 997.3 490.1 1010.3 490.55
1023.3 491 1027.7 490.5 1032.2 490 1046.1 491.05 1060 492.1
1063.9 493.1 1067.9 494.1 1071.6 494.1 1075.3 494.1 1079.7 492.9
1084.1 491.7 1134 500 1134 S20

Manning' * n Values num* 3
Sta n Val Sta n Val Sta n Val
0 .065 433.8 .04 753.9 .065

Bank Sta: L*ft Right Lengthst Laft Channel Right Coeff Contr. Expan.
433.S 753.9 1004 1004 1004 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Slav (ft) 501,97 Element Left OB Channel Right OB
V*l Head (ft) 1.08 Wt. n-Val. 0.065 0.040 0.065
B.Q. Elev (ft) 503.05 Reach Leu. (ft) 1004.00 1004.00 1004.00
Crit W.S. (ft) Flow Area (aq ft) 4528.25 9777.12 4868.43
E.G. Slop* (ft/ft) 0.000688 Area (sq ft) 4528.25 9777.12 4868.43
Q Total (af«) 125140.00 Flow (C£B) 16862.23 92496.37 15781.40
Top Width (ft) 995.27 Top Width (ft) 290.14 320.10 385.03
V«l Total (ft/«) 6.53 Avg. Vel. (ft/s) 3.72 9.46 3.24
Hax Chl Dpth (ft) 32.87 Hydr. Depth (ft) 15.61 30.54 12.64
Conv. Total (cf«) 4769496.0 Conv. (cfs) 642675.0 3525340.0 601480.8
Length Wtd. (ft) 1004.00 Wetted Per. (ft) 292.73 323.32 387.49
Min Ch El (ft) 469.10 Shear (lb/sq ft) 0.66 1.30 0.54
-Ipha 1.63 Stream Power (Ib/ft s) 2.48 12.30 1.75
ctn Lo«« (fit) 0.56 Cum Volume (acre-ft) 3642.49 5673.30 2307.81

- ft S Lo»» (ft) 0.09 Cum SA (acres) 252.29 181.46 200.11
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SECTION RIVER: S. Fork Shenando
t Front Royal RS: 22

INPUT - - - . - --:-—- " - - - - . . --- .-- .I'..: ———,
Description: P
Station Elevation Data numa 91

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 561.5 24.6 552.85 49.3 544.2 78.9 520.35 108.5 496.5

110.5 497.55 112.5 .498.6 123.8 498.6 135.1 498.6 147 491.55
159 484.5 197.2 . 481.3 235.4 478.1 272.5 478.7 309.6 479.3

320.4 479.2 331.3 479.1 335.7 476.75 340.1 474.4 347 471
357 468 367 467.8 377 468 387 468,1 397 468
407 467.1 417 467.8 427 467.8 437 467.9 447 467.7
457 467.7 467 467.8 477 467.7 487 467.4 497 467.6
507 467.5 517 467.4 527 467.1 537 467.4 547 467.7
557 467.8 567 468.2 577 468.5 587 463.7 597 469
607 470.4 617 470.3 627 470.4 637 470.7 647 471

672.5 474.4 673.6 474.95 674,7 475.5 686 476.1 697.3 476.7
719.7 481.45 742.1 486.2 755.4 486.2 768.8 436.2 805.8 487.95
842.9 489.7 871.3 487.7 899.7 485.7 914.3 483.5 929.9 481.3
955.1 485.7 980.3 490.1 1018.6 490.95 1057 491.8 1061.1 491.2
1065.3 490.6 1070.4 490.6 JL075.5 490.6 1087.9 492.9 1100.3 495.2
1108.2 498.35 1116.2 501.5" 1120.3 501.5 1124.5 501.5 1127.2 502.65
1129.9 503.8 1133.5 503.8 1137.2 503.8 1144.9 501.95 1152.7 500.1
1162.1 501.6 1171.6 503.1 1188.8 . 504.55 1206 506 1252.1 512.65
1298.3 519.3 ; - - "

Manning's n Values num= 3 •
Sta n Val Sta n Val Sta n Val
0 .065 331.3 .04 742.1 .065

Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
331.3 742.1 732 732 732 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 501.63 Element Left OB Channel Right OB
Vel Head (ft) 0.77 Wt. n-Val. 0.065 0.040 0.065
E.G. Elev (ft) 502.40 Reach Len. (ft) 732.00 732.00 732.00
Crit W.S. (ft) Flow Area (so. ft) 4082.87 12698.45 4865.77
S.G. Slope (ft/ft) 0.000459 Area (so; ft) 4082.87 12698.45 4865.77
Q Total (cfs) 125140.00 Flow (c£s) 13391.26 98883.89 12864.85
Top Width (ft) 1038.66 Top Width (ft) 229.16 410.80 398.70
Vel Total (ft/a) 5.78 Avg. Vel. (ft/s) 3.28 7.79 2.64
Max Chl Dpth (ft) 34.53 Hydr. Depth (ft) 17.82 30.91 12.20
Conv. Total (cfs) 5840637.0 Conv. (cfs) 625013.2 4615230.0 600444.0
Length Wtd. (ft) 732.00 Wetted Per. (ft) 235.62 414.94 402.06
Hin Ch El (ft) 467.10 Shear (Ib/sq ft) 0.50 0.88 0.35
Alpha 1.49 Stream Power (Ib/ft s) 1.63 6.83 0.92
Frctn Loss (ft) -0.34 Cum Volume (acre-ft) 3543.25 5414.29 2195.63
C £ E Loss (ft) 0.01 Cum SA (acres) 246.31 173.04 • 191.07

Warning - Divided flow computed for this cross-section.

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 21

INPUT . _ - • - .
Description: 0 , -
Station Elevation Data nu»= 58

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 573.9 25.2 537.65 50.4 537.4 64.6 535.1 78.8 532.8
2 521.75 123.7 510.7 131.2 505.6 138.7 500.5 154.7 500.4
8 500.3 179.2 496.25 137.7 492.2 225.2 485.75 262.8 479.3
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?93.2 477.7 323.6 476.1 326.6 474.9 329.7 473. "7 342 468.2
352 466.3 372 465.7 392 465.3 '412 465.2 432 465.4
452 465.3 472 465.3 492 465.6 512 465.6 S32 465.5
552 466.3 572 466.3 592 466.8 601 468.2 623.9 473.7

626.5 474.25 629.2 474.8 658.4 475.6 687.7 476.4 711.4 477.5
735.2 473.fi 767.6 431 800 483.4 862.2 484.75 924.4 486.1
1024.5 487.25 1124.6 488.4 1169.1 491 1213.7 49.3.6 1276 498.75
1338.4 503.9 1352.5 504.4 1366.7 504.9 1380.2 507.8 1393.8 510.7
1454 512 1570 516 1634 520

Manning's n Values numa 3
Sta n Val Sta n Val Sta n Val
0 .065 326.6 .04 629.2 .07

Bank Sta: Laft Right Lengths: Left Channel Right Coeff Contr. Expan.
326.6 629.2 1440 1440 1440 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (£t) 501.22 Element Left OB Channel Right OB
Vel Head (ft) 0.84 Wt. n-Val. 0.065 0.040 0.070
B.G. Elev (ft) . S02.05 Reach Len. (ft) 1440.00 1440.00 1440.00
Grit W.S. (ft) Flow Area (so; ft) 2779.60 10465.89 10040.88
E.G. Slope (ft/ft) 0.000471 Area (sq ft) 2779.60 10465.89 10040.88
Q Total (cfs) 125140.00 Flow (cfs) . 8177.13 89058.95 27903.93
Top Width (ft) 1168.24 Top Width (ft) 188.95 302.60 676.69
Val Total (ft/») 5.37 Avg. Vel. (ft/s) 2.94 8.51 2.78
Max Chl Dpth (ft) 36.02 Hydr. Depth (ft) 14.71 34.59 14.84
Conv. Total (cfs) 5767624.0 Conv. (cfs) 376878.7 4104671.0 1286075.0
Length Wtd. (ft) 1440.00 Wetted Per. (ft) ' 192.43 305.09 677.45
Min Ch Bl (ft) 465.20 Shear (Ib/sq ft) 0.42 1.01 0.44
Alpha. 1.86 Stream Power (Ib/ft s) 1.25 8.58 1.21
"rctn Loss (ft) 0.72 Cum Volume (acre-ft) 3485.59 5219.65 2070.38

•k E Loss (ft) 0.02 Cum SA (acres) 242.79 167.05 182.04

CROSS SECTION RIVER: S. Fork Shenando
REACH i Front Royal HS: 20

INPUT
Description: N
Station Elevation Data num." 46

Sta Slav Sta Elev Sta Elev Sta Elev Sta Elev
0 533.3 11.5 530.4 23.1 527.5 60.8 510.05 98.5 492.6

106.6 493.05 114.8 493.5 159.6 492.25 204.5 491 230.2 489.85
255.9 488.7 273.2 482.95 290.5 477.2 294.5 475.1 298.5 473
300 472 312 470.3 342 469 372 468.8 402 468.8
432 467.9 462 469.3 492 468.2 522 468.4 552 469.9
532 470 602 470.6 607 472 610.1 473 613.4 473.65

616.7 474.3 620.7 474.65 624.3 475 630.6 476.15 636.5 477.3
656.4 479.15 676.3 431 636.2 430.55 696.1 480.1 702.7 483.15
704 483 957 488.1 1210 483 1270 512 1863 514.6
1833 516. 4

Manning ' m n Values num« 3
Sta n Val Sta. n Val Sta n Val
0 .065 255.9 .04 704 .07

Bank Sta: Laft Right Lengths: Left Channel Right Coaff Contr. Expan.
255.9 704 1492 1492 1492 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. El*v (ft) 500.54 Element Left OB Channel Right OB
v-»l Head (ft) 0.78 Wt. n-Val. . 0.065 0.040 0.070

. Elev (ft) 501.32 Reach Len. (ft) 1492.00 1492.00 1492.00
-t W.S. (ft) Flow Area (sq ft) 1483.21 12643.98 7902.89
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Slope (ft/ft) 0.000526 Area (sq ft) "1483.21" 12643.98 7902.89
Total (cfa) 125140.00 Flow (cfs) 3215.00 99087.73 22837*27
p Width (ft) 1164.94 Top Width (ft) .. 174.55- 448.10 542.29
1 Total (ft/a) 5.68 Avg. Vel. (ft/s) 2.17 7.84 2*89
ax Chl Dpth (ft) 32.64 Hydr. Depth (ft) 8.50 28.22 14.57
Conv. Total (cfs) 5456922.0 Conv. (cfs) 140195.0 4320873.0 995854.1
Length Wtd. (ft) 1492.00 Wetted Per. (ft) 176.41 453.16 546.41
Min Ch El (ft) . 467.90 Shear (Ib/sq ft) 0.28 0.92 0*47
Alpha 1.56 Stream Power (lb/£t s) 0.60 7.18 1*37
Frctn Loss (ft) 0.92 Cum Volume (acre-ft) 3415.14 4837.67 1773*79
C & E Loss (ft) 0.04 Cum. SA (acres) 236.79 '154.64 1-61.89

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 19 - .. ..=. . . :. ~ . -. .-- I ..-__... ... - .'- -

INPUT- -. _ . - . . . , . - - - --- ' __„-— —-—- - .
Description: W
Station Elevation Data num= 52

Sta Elev Sta Elev Sta Elav Sta Elev Sta Elev
0 557.7 26.6 525.9 53.2 494.1 64.3 493 75.5 491.9 •

84.4 491.65 93,3 491.4 100.6 490.4. 108 489.4 116.3 489.35'
124.7 489.3 158 489.6 191.4 489.9 225.7 490.65 260.1 491.4
276.7 481.6 293.3 471.8 294 471.4 317 469,9 347 469.3
377 4.68.8 407 469.36 437 470.5 467 470.2 497 468.7
527 470.3 557 469.8 587 469.6 617 470.1 647 470.4
657 470.4 657 471.4 657.4 471.8 658.9 472.5 660.4 473.2

671.8 474.25 683.3 475.3 697.8 483.05 712.3 490.8 713 491.1
878 494.4 1040 491.2 1055 492 1305 497 1555 492
1568 502 1580 508.1 1581.5 508.1 1583 508.1 1782 508
.1810 512 . 18.62 . ... 516_.___ . . . . . . " _-

1 a n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .065 260.1 .04 713 .07

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
260.1 713 1412 1412 1412 .1 .3

CROSS SECTION OUTPUT - Profile #100 year

W.S. Elev (ft) 499,21 Element Left OB Channel Right OB
Vel Head (ft) 1.15 Wt. n-Val. 0.065 0.040 . 0.070
E.G. Elev (ft) 500.36 Reach Len. (ft) 1412.00 1412.00 1412.00
Grit W.S. (ft) Flow Area (sq ft) 1808.25 12423.23 4611.28 '
E;G. Slope (£t/£t) 0.000739 Area (sq ft) 1808.25 12423.23 4611.28
Q Total (cfs) 125140.00 Flow (cfs) 4664.77 112284.40 8190,82
Top Width (ft) 1515.46 Top Width (ft) 211.18 452.90 351.38
Vel Total (ft/s) 6.64 Avg. Vel, (ft/s) 2.58 9.04 1.78
Max Chl Dpth (ft) 30.51 Hydr. Depth (ft) 8.56 27.43 5.42
Conv. Total (cfs) 4602812.0 Conv. (cfs) 171576.1 4129966.0 301269.0
Length Wtd. (ft) . 1412.00 Wetted Per. (ft) 213.84 464.05 354.02
Min Ch El (ft) 468.70 Shear (Ib/sq £t) 0.39 1.24 0.25
Alpha 1.67 Stream Power (lb/£t s) 1.01 11.17 0.44
Frctn Loss (ft) 1.11 Cum Volume (acre-ft) 3358.77 4408.38 1559.48
C & E Loss (£t) 0.03 Cum SA (acres) 230.18 139.21 138.02

Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RSi 18

i: L
Elevation Data nums 51
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Sta El»v Sta El*v Sta Elev Sta Elev Sta Elev
0 529.7 9.7 533.35 19.5 537 36.7 533.2 53.9 529.4

78.4 520.15 103 510.9 121.6 505.2 140.2 499.5 158.1 498
176 496.5 223.9 494.7 271.8 492.9 295.7 491.5 319.7 490.1

3S1.1 489.3 382.6 488.5 398.9 479 415.3 469,5 423 469.4
437 468 467 467.4 497 467.6 527 467.1 557 466.1
587 466.2 617 466.7 647 466.4 677 465.8 697 467.4
712 469.4 739.6 469.5 755.9 471.75 772.2 474 786.1 475.8

§00.1 477.6 816.1 486.7 821.8 489.9 1585 505.3 1811.7 ' 500.7
1827.4 507.4 1834.2 510.3 1843.2 514.1 1852.9 518.45 1862,6 522.8
1873.9 521.65 1885.2 520.5 1889 519.55 1892.9 518.6 1934.7 519.75
1976.6 520.9

Manning's n Values mams 3
Sta n Val Sta n Val Sta -n Val
0 .065 382.6 .04 821.8 .07

Bank Sta: L*£t Right Lengths: Left Channel Right Coe££ Contr. Expan.
382.6 321.8 1608 1608 1608 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 497.77 Element Left OB Channel Right OB
V«l Head (ft) 1.44 Wt. n-Val. 0.065 0.040 0.070
S.G. El«v (ft) 499.22 Reach Len. (ft) 1603.00 1608.00 1608.00
Crit W.S. (ft) Flow Area (sqft) 1137.77 12284.36 1536.22
E.G. Slope (ft/ft) 0.000845 Area (sq ft) 1137.77 12284.36 1536,22
Q Total (cfs) 125140.00 Flow (c£s) 2246.98 120530.30 2362.75
Top Width (ft) 1051.21 Top Width (ft) 221.80 439.20 390.21
Vel Total (£t/s) 8.37 Avg, Vel. (ft/s) 1.97 9.81 1.54
Max Chl Dpth (ft) 31.97 Hydr. Depth (ft) 5.13 27.97 3.94
Conv. Total (cfs) 4305656.0 Conv. (cfs) 77311.1 4147050.0 81294.5
"«ngth Wtd. (ft) 1603.00 Watted Per. (ft) 222.02 448.41 390.29
n Ch Si (ft) 465.80 Shear (Ib/sq ft) 0.27 1.44 0.21

j.pha 1.33 Stream Power (Ib/ft s) 0.53 14.18 0.32
Frctn Loss (£t) 1.04 Cum Volume (acre-£t) 3311.02 4007.93 1459.84
C ft E Loss (ft) 0.21 Cum SA (acres) 223.16 124.75 117.90

Warning - Th* velocity head has changed by more than 0.5 £t (0.15 m). This may indicate the need
for additional cross sections.

Warning - Th* energy loss was greater than 1.0 £t (0.3 m) . between, the current and previous cross
section. This may indicate the need for additional cross sections.

CROSS SECTION HXVSR: 3. Fork Shanando
REACH: Front Royal RS: 17

INPUT
Descriptiont K
Station Elevation Data num** 55

Sta Slav Sta Sl«v Sta Slav Sta El«v Sta Elav
0 606.1 22.4 598.2 44.9 590.3 69,3 572.25 93.8 554.2

112.7 531.9 131.6 509.6 153.5 497.65 175.5 485.7 197.5 485.05
219.6 484.4 247.8 434.15 276 483.9 305.2 485.4 334.4 486.9
374.5 487.75 414.7 488.6 436.5 489.25 458.4 489.9 483.6 479.3
503 468.8 532 466.5 562 465.3 592 465.6 622 465.4
652 465.7 682 466.4 712 466.2 742 465.8 772 466.3
302 46€ 822 466.5 834 463.8 854.S 474.45 877.8 480.2

1001.9 481.1 1126.1 482 1182.2 482.25 1238.4 482.5 1274.3 484.2
1311.2 435.9 1372.1 485.45 1433 485 1470.4 487.85 1507.9 490.7
1566.4 491.65 1624.9 492.6 1657.9 494,85 1690.9 497.1 1728.3 500
1766.7 502.89 1796.7 506.2 1826.8 509.5 1843.4 512.1 1860 514.7

Manning's n Values tmm* 3
Sta n Val Sta n Val Sta n Val
0 .065 458.4 .04 877.8 .07
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B--k Sta: Left Right Lengths:, Left Channel Right Coeff Contr. Expan.
458.4 877.8 1556 1556 1556 . . " . " ' " .1 -.3

SECTION OUTPUT - Profile #100 year .

W.S. Elev (ft) 497.24 Element Left OB Channel Right OB
Vel Head (ft) 0.73 Wt. n-Val. - 0.065 0.040 0.070
E.G. Elev (ft) 497.96 ' Reach Len. (ft) 1556.00 1556.00 1556.00
Crit W.S. (ft) Flow Area (sq ft) 3200.17 12025.31 9588.88
E.G. Slope (ft/ft) 0.000509 Area (sq ft) , 3200.17 - 12025.31 9588.88
Q Total (cfs) . 125140.00 Flow (cfs) 7873.45 93515.16 23751.38
Top Width (ft) 1538.43 Top Width (ft) ' 304.14 419.40 814 89
Vel Total (ft/s) 5.04 Avg. Vel. (ft/s) 2.46 7.78 2*.48
Max Chl Dpth (ft) 31.94 Hydr. Depth (ft) 10.52 28.67 11.77
Conv. Total (cfs) 5546012.0 Conv. (cfs) 348939.3 4144448.0 1052624.0
Length Wtd. (ft) 1556.00 Wetted Per. (ft) 307.21 425.54 815.37
Min Ch El (ft) 465.30 Shear (Ib/sq ft) 0.33 0.90 0.37
Alpha 1.84 Stream Power (Ib/ft s) 0.81 6.98 0.93
Frctn Loss (ft) 0.78 Cum Volume (acre-£t) 3230.95 3559.24 1254.50
C £ E Loss (ft) 0.01 Cum SA (acres) 213.45 108.90 95.66

CROSS SECTION RIVER: S. Fork Shenando /
REACH: Front Royal RS: 16 " •

INPUT • . . . . . . . . . . . .= = . - - - _ , , . . . . -
Description: J
Station Elevation Data

Manning's n Values num= 3
Sta n Val Sta . n Val ' Sta n Val , .
0 .065 397 .04 798.1 .07

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
397 798.1 "... 792 792 792 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (£t) 496.47 Element Left OB channel Right OB
Vel Head (ft) 0.71 Wt. n-Val. 0.065 0.040 0.070
E.G. Elev (ft) 497.18 Reach Len. (ft) 792.00 792.00 792.00
Crit W.S. (ft) Flow Area (sq ft) 2409.17 11758.79 10132.22
E.G. Slope (ft/ft) 0.000492 Area (sq ft) 2409.17 11758.79 10132.22
Q Total (Cfs) 125140.00 Flow (cfs) 5565.41 90919.45 28655.13
Top Width (ft) 1332.08 Top Width (ft) 244.41 401.10 686.57
Vel Total (ft/s) 5.15 Avg. Vel. (ft/s) 2.31 7.73 2.83
Max Chl Dpth (ft) 32.97 Hydr. Depth (ft) 9.86 29,32 14.76
Conv. Total (cfs) 5642777.0 Conv. (cfs) 250953.8, 4099714.0 1292109.0
Length Wtd. (ft) 792.00 Wetted Per. (ft) 247.68 408.96 688.11
Min Ch El (ft) 463.50 Shear (Ib/sq ft) • 0.30 0.88 0.45

1.72 Stream Power (Ib/ft a) 0.69 6.83 1.23
. 0.38 Cum Volume (acre-ft) 3130.77 3134.44 . 902.27

0.03 Cum SA (acres) 203.66 94.25 68.84



L. JS SECTION RIVER: S. Fork "Shenando
REACH: Front Royal RS: 15

INPUT
Description: I
Station Elevation Data num« 64

Sta Slav Sta Elev Sta • Elev Sta Elev Sta Elev
0 557.9 42 553.12 84.1 548.4 103.1 541 122.1 533.6

140.3 524.85 158.6 516.1 131.8 506.2 205.1 496.3 227.1 490.9
249.2 4S5.5 274,9 484.45 300.7 483.4 320 484.25 339,3 485.1
368.9 436.3 393.6 437.5 442. 437.8 485.4 488.1 511.9 487.4
538.5 486.7 555.2 484.85 571.9 483 580.4 474.85 587 467.6
607 464.5 637 464.3 667 463.6 697 464.3 727 464.6
757 464.7 787 465.5 317 464.3 847 464.7 877 464.2
897 465.1 911 467.6 919.5 472.3 941.6 477.9 962.5 481.5

983.5 485.1 1029.7 483.6 1075.9 482.1 1114.9 480.6 1154 479.1
1211.5 478.45 1269 477.8 1295.3 476.4 1321.7 475 1370.1 476
1418.5 477 1462.9 477 1507.3 477 1540.3 479.8 1573.3 482.6
1609.4 486.25 1645.6 489.9 1688.5 493.7 1731.4 497.5 1798 501.65
1364.7 505,3 1937 508 1973 512 1993 516

Manning'* n Values num.* 3
Sta n Val Sta n Val Sta n Val
0 .065 571.9 .04 983.5 .07

Bank Sta,i Left Right Lengths: Left Channel Right Coeff Contr. Expan.
571.9 983.5 508 508 508 .1 .3

CROSS SECTION OUTPUT Profile #100 year

"*,§. El*v (ft) 496.16 Element ' Left OB Channel Right OB
1 Head (ft) 0.61 Wt. n-Val. 0.065 0.040 0.070

— G. Slev (ft) 496.77 Reach Len. (ft) 508.00 508.00 508.00
Crit W.S. (ft) Flow Area (sq ft) 3448.98 11816.50 11125.35
E.G. Slop* (ft/ft) 0.000458 Area (sq ft) 3448.98 11816.50 11125.35
Q Total (cfs) 125140.00 Flow (cfs) 7493.65 86698.83 30942.47
Top Width (ft) 1510.63 Top Width (ft) 366.24 411.60 732.79
V«l Total (St/s) 4.74 Avg. Vel. (ft/s) 2.17 7.34 2.78
Max Chl Dpth (ft) 32.56 Hydr. Depth (ft) 9.42 28.71 15.18
Conv. Total (cfs) 5350287.0 Conv. (cfs) 350561.6 4053167.0 1446558.0
Length Wtd. (ft) 508.00 Wetted Per. (ft) 367.88 421.15 733.88
Min Ch El (ft) 463.60 Shear (Ib/sq ft) 0.27 0.80 0.43
Alpha 1.76 Stream Power (lb/£t s) 0.58 5.88 1.20
Frcta Loss (ft) 0.18 Cum Volume (acre-ft) 3077.51 2920.12 709.02
C 6 B Loss (ft) 0.06 Cum SA (acres) 198.11 86.86 55.94

CROSS SECTION RIVER i S. Fork Shenando
REACH: Front Royal RSi 14

INPUT
Description: H
Station Elevation Data num« 66

Sta Elev Sta El*v Sta Elev Sta Elev Sta Elev
0 564 16.2 555.05 32.5 546.1 51.7 530.45 70.9 514.8

92,7 503.4.5 114.5 492.1 125 490.8 135.5 489.5 150.8 486.3
166.2 483.1 193.9 482.15 221.7 481.2 241.1 481.15 260.6 481.1
285.8 482.7 311.1 484.3 349.3 484.3 387.6 434.3 438.2 484.5
488.9 434.7 554.2 433.3 619.6 481.9 643.8 430.85 668 479.8
694.6 473 721.2 466.2 731 464.2 749 463.3 779 463.3
809 462.5 339 462.2 369 462.5 399 462 929 462.4
959 462.2 939 462 1019 461.7 1049 462.3 1057 - 464.2

"062.4 466.2 1071.7 470.5 1081.1 474.8 1115.9 476.8 1150.7 478.8
L0.3 477.95 1269.9 477.1 1308.2 475.3 1346.6 473.5 1374 474.55

-01.5 475.6 1471.9 475.8 1542.4 476 1593.4 476.9 1644.4 477.8
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•572.7 482.3 1701.1 486.8 1732.7 490.3 1764.3 493.8 1801.5 498 15
38.8 502.5 1887.9 504 1937 505.5 2053- 508 2093 512
113 '"- 516 . ... : . . - • ' -^

ing's n Values num= 3
Sta n Val Sta n Val Sta n Val
0 .065 668 .04 1081.1 ' .07

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
668 '1081.1 ~ 672 672 672 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 496.12 Element Left OB Channel Right OB
Vel Head (ft) 0.42 Wt. m-Val. 0.065 0.040 0.070
E.G. Elev (ft) 496.54 Reach Len. (ft) 672.00 672.00 672.00
Crit W.S. (ft) Flow Area (sq.ft) 6960.09 13152.34 12289.17
E.G. Slope (ft/ft) 0.000230 Area (sq ft) 6960.09 13152.34 12239.17
Q Total (Cfs) 125140.00 Flow (cfs) 14231.31 81548.17 29360.52
Top Width (ft) 5.677.36 Top Width (ft) 561.22 413.10 703.04
Vel. Total (ft/s) 3.86 Avg. Vel. (ft/s) 2.04 6.20 2.39
Max.Chl Dpth (ft) 34.42 Hydr. Depth (ft). 12.40 31.84 17.48
Conv. Total (cfs) 7478216.0 Conv. (cfs) 850445.7 4873221.0 1754549.0
Length Wtd. (ft) 672.00 Wetted Per. (ft) 563.23 417.53 704.54
Min.ChEl (ft) 461.70 Shear (Ib/sq ft) 0.22 0.55 0.30
Alpha 1.80 Stream Power (Ib/ft s) 0.44 3.41 0.73
Frctn Loss (ft) 0.19 Cum Volume (acre-ft) 3016.82 2774.53 572.49
C & E Loss (ft) 0.05 Cum SA (acres) 192.70 82,05 47.56

CROSS SECTION RIVERi S. Fork Shenando
REACH: Front Royal RS: 13 .__.__..._..

liption: G
on Elevation Data num= 67
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-214 516 -168 512 -122 508 -76 504 -20 500

0 494.9 50.5 491.4 101 437.9 141.2 485.2 181.4 482.5
242.2 482.8 303.1 483.1 385.7 482.4 468.4 481.7 526.5 480.45
584.6 479.2 613 478.05 641.4 476.9 690.4 476.25 739.5 475.6
789.8 476.65 840.2 477.7 896.3 476.2 952.4 474.7 979.9 473.95
1007.4 473.2 1020.4 469.45 1033.5 465.7 1052 463.8 1062 462.9
1092 461.3 1122 461.1 1152 461 1182 461 1212 460.8
1232 460.6 1262 461.6 1292 460.4 1322 463 1332 463.8

1343.8 465.7 1351.8 468.95 1359.8 472.2 1450 471.09 1540.3 471.6
1589.1 473.9 1638 476.2 1685.9 478.95 1733.8 481.7 1766.1 486.05
1798.4 490.4 1824.2 498.85 1850.1 507.3 1923.4 509.5 1996.8 511.7
2025.1 509.65 2053.5 507.6 2086.3 504.9 2119.1 502.2 2135.5 501.3
2152 500.4 2175.6 503.45 2199.2 506.5 2211.3 508 2223.4 509.5
2259 .512 2371 5.16

Manning * s n Values nums ^3 _ •-
Sta n Val Sta n Val Sta n Val '
-214 .06 1007.4 .05 1359.8 ..06

s
Bank Sta: Le£t Right Lengths: Left Channel Right Coeff Contr. Expan.

1007.4 1359̂ 8 1300 1300 1300 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 496.05 Element Left OB Channel Right OB
Vel Head (ft) 0.25 Wt. n-Val. 0.060 0.050 0.060
E.G. Elev (ft) 496.30 Reach Len. (ft) 1300.00 1300.00 1300.00
-it W.S. (ft) Flow Area (sq ft) 15386.73 11787.27 8928.83

Slope (£t/£t) 0.000274 Area (sq ft) 15386.73 11787.27 8923.83
(cfs) 125140.00 Flow (cfs) 38708.35 59894.06 26537.59
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--̂  Width (ft) 1820.16 Top Width (ft) 1011.91 352.40 455.85
Total (ft/s) 3.47 Avg. Vel. (ft/s) 2.52 5.08 2.97

,._* Chl Dpth (ft) 35.65 Hydr. Depth (ft) 15.21 33.45 19.59
Conv. Total (cfs) 7557420.0 Conv. (cfs) 2337664.0 3617106.0 1602651.0
Length Wtd. (ft) 1300.00 Wetted Per. (ft) 1012.65 355.25 457.61
Min Ch El (ft) 460.40 Shear (Ib/sq ft) 0.26 0.57 0.33
Alpha 1.35 Stream Power (Ib/ft s) 0.65 2.89 - 0.99
Frctn Loss (ft) 0.41 Cum Volume (acre-ft) 2344.44 2582.16 408.83
C & S Loss (ft) 0.01 Cum SA (acres) 180.56 76.14 38.62

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 12

INPUT
Dascript ion: F
Station Elevation Data num= 54

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-69.1 516 -29.1 512 50.9 508 134.9 504 246.9 500
274.9 496 294.9 492 374.9 486.3 455.5 485.2 536.2 484.1
618.7 482.85 701.3 431.6 758 479.6 814.8 477.6 875.9 476.85
937 476.1 981.1 476.45 1025.2 476.8 1117.5 478.3 1209.9 479.8

1254.9 479 1299.9 473.2 1363.4 475.7 1427 473.2 1458.6 471.3
1490.2 469.4 1523 469.25 1555.9 469.1 1571.7 467.1 1587.5 465.1

1599 464.4 1619 462.1 1649 461.2 1679 460.6 1709 460.7
1739 460.9 1769 461.2 1799 461.1 1829 461.9 1839 462.6
1851 464,4 1362.2 465.1 1370.4 472 1878.6 473.9 1835.6 491.65

1892.7 ' 504.4 1906.9 510.6 1921.2 516.8 1945.8 525.55 1970.4 534.3
1991.9 534.75 2013.4 535.2 2043 537.35 2072.6 539.5

Manning's n Values num» 3
Sta n Val Sta n Val Sta n Val

-69.1 .06 1490.2 .05 1370.4 .06

Be._». Stat Left Right Lengths: Le£t Channel Right Coeff Contr. Expan.
1490.2 1870.4 1728 1728 1728 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (£t) 495.54 Element Left OB Channel Right OB
Vel H*ad (£t) 0.34 Wt. n-Val. 0.060 0.050 0.060
E.G. El*v (£t) 495.83 Reach Len. (ft) 1728.00 1728.00 1728.00

• Crit W.S. (ft) Flow Area (sq £t) 18812.70 12142.94 240.86
E.G. Slop* (ft/ft) 0.000367 Area (sq ft) 18812.70 12142.94 240.86
Q Total (cfs) 125140.00 Flow (c£s) 55474.10 69204.87 461.02
Top Width (ft) 1610.58 Top Width (ft) 1213.01 380.20 17.37
V*l Total (£t/s) 4.01 Avg. Vel. (ft/s) 2.95 5.70 1.91
Max Chl Dpth (£t) 34.94 Hydr. Depth (ft) 15.51 31.94 13.87
Conv. Total (a£s) 6532876.0 Conv. (cfs) 2896000.0 3612808.0 24067.6
Length Wtd. (ft) 1728.00 Wetted Per. (£t) 1213.94 383.34 29.72
Min Ch El (ft) 460.60 Shear (Ib/sq ft) 0.36 0.73 0.19
Alpha 1.36 Stream Power (Ib/ft s) 1.05 4.14 0.36
Frctn Loss (£t) 0.55 Cum Volume (acre-£t) 2334.12 2225.07 272.00
C ft E Loss (ft) 0.00 Cum SA (acres) 147,36 65.21 31.56

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal SS: 11

INPUT
Description: E
Station Elevation Data num» 66

Sta El*v Sta Slav Sta Elev Sta Elev Sta Elev
-136 516 -104 512 0 508.5 80.6 504.7 161.2 500.9

"69.2 495.55 377.2 490.2 439.5 486.55 501.3 482.9 549.4 481.05
7.1 479.2 6S2.4 478.25 707.3 477.3 789.4 476.35 871 475.4

.J9.7 474.45 928,5 473.5 956.1 474.6 933.8 475.7 1044.3 476.8



1104.9 477.9 1173.8 478.1' 1242.7 478.3 1285.9 479.55 1329.1 480.8
87.2 480.95 1445.3 481.1 1482.4 478.75 1519.5 476.4 1567.1 473.9
14.8 471.4 1628.8 467.55 1643 461.2 16507 459.6 1657 459.45
1665 460 1673 461.3 1688 463.9 1708 465.8 1725 464
1735 461.6 1753 459 1783 -458.6 , 1813 458.6 1843 459.2
1873 458.9 1903 459 1933 459.2 . 1963 459.5 ". 1977 461.4

1993.8 481.3 2012.1 498.9 2025.2 508.95 2038.3 519 2051.2 523.75
2064.2 528.5 2075.8 527 2087.4 525.5 2099.4 531.55 2111.5 537.6
2137.2 -543.5 2162.9 549.4 2192.3 559.3 2221.8 569.72 2248.3 573.7
2274.8 578.2 .

Manning's n Values num= 3.,— . _ : _ . - . _ . .
Sta u Val Sta n Val Sta n'val
-136 .06 1614.8 .045 1993.8. .06

Bank Sta: Le£t Right Lengths: Left Channel Right Coeff Contr. Expan.
1614.8 1993.8 924 924 924 .1 .3

CROSS SECTION OUTPUT . Profile ..100 year -

W.S. Elev (ft) 495.00 Element Left OB Channel Right OB
Vel Head (ft) 0.33 Wt. n-Val. 0.060 0.045 0.060
E.G. Elev (ft) 495.33 Reach Len. (ft) 924..00 924.00 924.00
Crit. W.S. (ft) Flow Area (sq ft) 20538.89 12835.36 97.57
E.G." Slope (ft/ft) 0.000279 Area (sq ft) ' 20538.89 12835.36 97.57
Q Total (cfs) 125140.00 Flow (cfs) 52526.67 72496.36 116.98
Top Width (ft) 1727.73 Top Width (ft) 1334.49 379.00 14.24
Vel Total (ft/s) 3.74 Avg. Vel. (£t/s) 2.56 5.65 1.20
Max Chl Dpth (ft) 36.40 Hydr. Depth (ft) 15.39 33.87 6.85
Conv. Total (cfs) 7494847.0 Conv. (cfs) 3145911.0 4341930.0 7005.9
Length Wtd, (ft) 924.00 Wetted Per. (ft) 1335.33 391.44 19.76
Min Ch El (ft) 458.60 Shear (Ib/sq ft) 0.27 0.57 0.09
Ipha 1.52 Stream Power (Ib/ft s) 0.68 3.22 0.10
ptn Loss (ft) 0.22 Cum Volume (acre-ft) 1553.59 1729.63 265.28
E Loss (ft) 0.01 Cum SA (acres) 96.83 50.15 30.94

CROSS SECTION ' RIVER: S. Fork Shenando
REACH: Front Royal RS: 10

INPUT • - -
Description: D
Station Elevation Data num= 90

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 527.7 46.6 522.6 93.3 517.5 158.7 512.25 224.2 507

274.1 503.75 324 500.5 370.1 497.75 416.3 495 417.4 494.7
418.5 494.4 421.7 494.85 425 495.3 441.9 494.9 458.9 494.5
490.8 493.1 522.8 491.7 560.2 490.5 597.7 489.3 625 488.85
652.3 488.4 665.5 488.85 678.7 489.3 690.1 488.75 701.6 488.2
730.7 485.25 '759.8 482.3 783.2 480.35, 306.6 478.4 854.2 477.85
901.8 477.3 985.7 477.3 1069.7 477.3 1157.2 476.25 1244.8 475.2
1287.3 474.9 1330.9 474.6 1380.7 475.55 1430.5 476.5 1520.3 478.2
1610.1 479.9 1676.6 479.05 1743.1 478,2 1763.3 477.25 1783.6 476.3
1816.5 476.15 1849.5 476 1867.8 469.55 1386.1 463.1 1896 460.4

1905 458.1 1935 458.1 1965 457.4 1995 457.1 2025 456.44
2055 456.1 2085 457.2 2115 457.4 2145 458 2165 458
2175 460.4 2183.7 463.1 . 2194.9 469.55 2206.1 476 2220.4 483.95

2234.7 491.9 2252.2 491.35 2269.8 .490,8 2362.7 491.85 2455.7 492.9
2474.4 496.35 2493.1 499.8 2510.6 510.25 2528.2 520.7 2535.3 521.95
2542.4 523.2 2556.6 522.4 2570.8 521,6 2577.3 524.25 2583.8 526.9
2596.2 536.3 2608.7 545.7 2639.2 549 2669.8 , 552.3 2705.6 552.95
2741.4 553.6 2764.2 551.4 2787.1 549.2 2823.8 548.7 2860.6 548.2

Manning's n Values " "numa 3 . " -
Sta n Val Sta n Val Sta n Val
0 .055 1849.5 -.035 2234.7 ,06
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BP-V Sta: Left Right Lengths: Left Channel Right Coe£f Contr. Expan.
1849.5 2234.7 1188 1188 1188 .1 .3

CROSS SECTION OUTPUT Pro£il* #100 year

W.S. Elev (ft) 494.72 Element Left OB Channel Right OB
Vel Head (ft) 0.38 Wt. n-Val. 0.055 0.035 0.060
E.G. El*v (ft) 495.il Reach Len. (ft) 1188.00 1188.00 1188.00
Crit W.S. (ft) Flow Area (sq ft) 20626.96 12816.00 661.84
E.G. Slop* (£t/£t) 0.000198 Area (sq £t) 20626.96 12816.00 661.84
Q Total (cfs) 125140.00 Flow (cfs) . 47054.41 77620.96 464.63
Top Width (ft) 2019.73 Top Width.(ft) 1403.64 385.20 230.89
Vel Total (£t/s) 3.67 Avg. Vel. (ft/s) 2.28 6.06 0.70
Max Chl Dpth (ft) 38.62 Hydr. Depth (ft) 14.70 33.27 2.87
Conv. Total (cfs) 8902913.0 Conv. (cfs) 3347623.0 5522240.0 33055.7
Length Wtd. (ft) 1183.00 Wetted Per. (ft) 1404.45 396.37 231.09
Min Ch El (ft) 456.10 Shear (Ib/sq ft) 0.18 0.40 0.04
Alpha 1.34 Stream Power (lb/£t s) 0.41 2.42 0.02
Frctn Loss (ft) 0.27 Cum Volume (acre-Et) 1116.99 1457.57 257.23
C & E Loss (ft) 0.02 Cum SA (acres) 67.79 42.05 28.34

Warning - Divided flow computed for this cross-section,

CROSS SECTION RIVER i S. Fork Shenando
REACH: Front Royal RS: 9

INPUT
Description: RT34Q
Station Elevation Data num« 85

Sta Blev Sta Elev Sta Elev Sta Elev Sta Elev
0 532.1 0 526.1 20 525 50 507 58 506.9
53 520 62 520 62 507.1 90 503.4 140 498.9
174 494.5 174 520 180 520 180 493.9 250 484.2
320 475.6 368 474.4 368 520 374 520 374 475.9
450 474.8 530 476.2 561 475.8 561 520 566 520
566 476 650 475.2 720 474.4 753 474.7 753 520
7S7 • 520 757 475.6 840 475.7 920 474.8 948 475.3
943 520 953 520 953 475.3 1020 473.3 1057 470.6

1067 459.1 1090 457.5 1110 457.3 1130 456.6 1144 456.4
1144 520 1143 520 1148 456.2 1170 456.4 1200 455.6
1230 455.5 1260 457.4 1290 456.5 1320 457 1341 456.5
1341 520 1346 520 1346 453.3 1360 459 1390 471.1 .
1430 488.9 1430 437.4 1520 487 1536 486.9 1536 520
1540 520 1540 436.3 1620 485 1700 488.5 1731 491.5
1731 520 1736 520 1736 491.9 1750 495.1 1757 502.5
1790 512.9 1830 516.6 1850 517.9 1850 520 1854 520
1354 517. i 1370 523 1900 537 1914 541 1914 547.6

Manning's n Values num* 3
Sta n Val Sta n Val Sta n Val
0 .04 1057 .04 1390 .04

Bank. Stai Left Right Lengths: Left Channel Right Coeff Contr. Expan.
1057 1390 252 252 252 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 494.51 Element Left OB Channel Right OB
Vel Head (ft) 0.30 Wt. n-Val. 0.040 0.040 0.040
E.G. Elev (ft) 494.31 Reach Len. (ft) 252.00 252.00 252.00
Crit W.S. (ft) Flow Area (sq ft) 15359.14 11900.01 2796.20
E.G. Slope (ft/ft) 0.000265 Area (sq ft) 15359.14 11900.01 '2796.20
Q Total (cfs) 125140.00 Flow (cfs) 57566.48 60973.05 6600.47
—-p Width (£t) 1529.50 Top Width (ft) 857.08 324.00 348.42

. Total (£t/s) 4.16 Avg. Vel. (ft/s) 3.75 5.12 2.36
._*x Chl Dpth (£tj 39.01 Hydr. Depth (ft) 17.92 36.73 8.03
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Total-(cfs) 7688234.0 Conv. (cfs) 3536715.0 3746005.0 405513.6
:gth Wtd. (ft) 252.00 Wetted Per. (ft)' , 1012.17 482.41 374 19
Ch El (ft) 455.50 Shear (Ib/sq ft) . . 0.25 0,41 0*12
ha 1.13 - Stream Powe"r (lb/£t s) 0.94 2.09 0.29

ctn Loss (ft) 0.06 Cum Volume '(acre-ft) 626.27 1120.54 210.07
C & E Loss (ft) 0.02 Cum SA (acres) 3__6'97 32,38 20*44

1 ' " ' " • .
Warning - Divided flow" computed for this cross-section.

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 8

INPUT - - —— - - - - - ........_̂ —_j_ .. .. ....'.: .,,_._,.. ..... -
Description: C.- . ' . . ... - - - ' - - - • , . . _ _ . __
Station Elevation Data num= .71

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-416 512 -32"0 508 -220 504 -152 504 0 505.3
30.6 503.55 61.2 501.8 89.1 498.2 117.1 494.6 143.2 491.9
169.3 489.2 191--486.85 212.7 484.5 244.5 480.35 276.3 476.2
298.7 475.45 321.2 474.7 357.4 474.05 393.7 473.4 441.5 474.1
489.3 474.8 645.8 475.7 820.4 476.6 871.4 475.15 922.5 473.7
940 467.9 957.6 462.1 965 460 974 458.5 1004 457.6
1034 456,6 1064 456.4 1094 455.8 1124 455.4 1154 ' 455
1184 455.3 1214 455.7 1244 456.8 1254 457.2 1264 460

1270.3 462.1 .1287.5 469.8 1304.8 477.5 1320.1 481.5 1335.5 485.5
1361.2 484 1386.9 482.45 1435.3 482.85 1483.7 483.2 1534.6 484.5
1585.5 485.8 1607.6 487.25 1629.8 488.7 1650.9 489.4 1672 490.1
1695 494.25 1718 498.4 1728.9 502.2 1739.9 '506" 1749.2 510.05

1758.6 514.1 1765.3 515.1 1772.1 516.1 1783.4 515.2 1794.7 514.3
1815.6 526.8 1836,5 539.3 1858.5 544.35 1880.6 549.4 1925.4 549.5
1970.2 549.6

g's n Values num= 3
ta n Val Sta n Val Sta n Val
416 .06 922.5 -.035 -1335.5 .065

Bank Sta: Left .Right Lengths: Left Channel Right Coeff Contr. Expan.
922.5 1335.5 -- - - 1851 1851 1851 .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 494.28 Element Left OB Channel Right OB
Vel Head (ft) 0.46 Wt. n-Val. 0.060 0.035 0.065
E.G. Elev (ft) 494.74 Reach Len. (ft) 1851.00 1851.00 1851.00
.Crit W.S. (ft) Flow Area (sq ft) 13668.85 13953.41 3196.80
E.G. Slope (ft/ft) 0.000208 Area (sq ft) 13668.85 13953.41 3196.80
Q Total (cfs) 125140.00 Flow {cfs} 32317.89 88301.47 4520.63
Top Width (ft) 1574.92 Top Width (ft) 802.27 413.00 359.65
Vel Total (ft/s) 4.06 Avg. Vel. (ft/s) 2.36 6.33 1.41
Max Chl,Dpth (ft) 39.28 Hydr. Depth (ft) 17.04 33.79 8.89
Conv. Total (c£s) 8670704.0 Conv. (cfs) 2239243.0 6118235.0 313225.8
Length Wtd. (ft) 1851.00 Wetted Per. (ft) 803.42 420.39- . 360.27
Min Ch El (ft) 455.00 Shear (Ib/sq ft) 0.22 0.43 . 0.12
Alpha 1.81 Stream Power (lb/£t s) 0.52 2.73 0.16
Frctn Loss'(ft) 0.47 Cum Volume (acre-ft) 542.30, , 1045.76 192.74
C & E Loss (ft) 0.00 Cum SA (acres) 32,17 30.25 18.39

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 7

INPUT -— . . . . . - _ _ . . . ... . . . - . .... . . . . . . . .
Description: A.2
St£___ion Elevation Data _ num= 70

:ta Elev Sta Elev Sta Elev Sta Elev Sta Elev
'40 530.02 -40 493.32 0 498.42 4.5 497.52 9 496.62
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24.9 491.02 40.8 485.52 88.1 485.07 135.4 484.62 187.7 479.07
240 473.52 26S.6 472.02 293.2 470.52 316.2 471.42 339.2 472.32

-7.83 473.22 436.5 474.12 478.1 472.82 519.7 471.52 531.5 467.97
543.4 464.42 545.95 463.02 548.5 461.62 550 459.62 561 454.82
591 454.82 621 455.12 651 455.12 681 454.92 698 454.32
728 454.72 758 454.72 788 454.52 818 454.12 838 454.52
848 456.92 855 459.62 857.7 461.62 865.25 462.52 872.8 463.42

S93.65 463.62 914.5 463.82 936.5 472.42 958.5 481.02 1056.75 480.82
1155 480.62 1172.43 483,42 1189.9 486,22 1204.95 489.12 1220 492.02
1232 496.82 1244 501.62 1249.35 502.02 1254.7 502.42 1257.95 503.02

1261.2 S03.62 1270.25 503.22 1279.33 502.82 1281.S 502.17 1284.3 501.52
1292.95 508.02 1301.6 514.52 1312.75 514.52 1323.9 514.52 1332.5 518.12
1341.1 521.72 1370.45 526.47 1399.8 531.22 1416.25 529.12 1432.7 527.02

Manning' s n Values num* 3
Sta n Val Sta n Val Sta n Val
-40 .065 519.7 .045 936.5 .065 .. . .

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
519.7 936.5 113 113 113 .1 .3

CROSS SECTION OUTPUT • Profile #100 year

W.S. Elev (ft) 493.76 Element Left OB Channel Right OB
Vel Head (ft) 0.50 Wt. n-Val. 0.065 0.045 0.065
S.G. Elev (ft) 494.26 Reach Len. (ft) 113.00 113.00 113.00
Crit W.S. (ft) Flow Area (sq ft) 3381.61 15044.09 3421.93
E.G. Slope (ft/£t) 0.000318 Area (sq ft) 8381.61 15044'.09 3421.93
Q Total (cfs) 125140.00 Flow (cfs) 22233.78 95684.70 7216.51
Top Width (ft) 1207.23 Top Width (ft) 502.58 416.80 287.35
Vel Total (ft/s) 4.66 Avg. Vel. (£t/s) 2.65 6.36 2.11
Max Chl Dpth (ft) 39.64 Hydr. Depth (ft) 16.68 36.09 11.89
—mv. Total (cfs) 7017732.0 Conv. (cfs) 1247139.0 5365945.0 404698.1

iffth Wtd. (ft) 113.00 Wetted Per. (ft) 504.74 423.76 290.81
,-.n Ch El (ft) 454.12 Shear (Ifa/sq ft) 0.33 0.70 0.23
Alpha 1.49 Stream Power (Ib/ft s) 0.87 4.48 0.49
Frctn Loss (ft) 0.03 Cum Volume (acre-ft) 73.81 429.66 52.11
C & E Loss (ft) 0.01 Cum SA (acres) 4.44 12.62 4.63

CROSS SECTION RIVER: S. Fork Shenando
REACHi Front Royal HSs 6

INPUT
Description:
Station Elevation Data num» 70

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-40 530 -40 498.8 0 498.4 4.5 497.5 9 496.6
24.9 491 40.3 435.5 83.1 485.05 135.4 484.6 137.7 479.05
240 473.5 266.6 472 293.2 470.5 316.2 471.4 339.2 472.3

387.85 473.2 436.5 474.1 478.1 472.8 519.7 471.5 531.5 467.95
543.4 464.4 545.95 463 548.5 461.6 550 459.6 561 454.8
591 454.8 621 455.1 651 455.1 681 454.9 698 454.3
728 454.7 753 454.7 738 454.5 813 454.1 838 454.5
348 456.9 355 459.6 857.7 461.6 865.25 462.5 872.8 463.4

893.65 463.6 914.5 463.8 936.5 472.4 958.5 481 1056.75 430.8
1155 430.6 1172.45 483.4 1139.9 486.12 1204.95 439.1 1220 492
1232 496.3 1244 501.6 1249.35 502 1254.7 502.4 1257.95 503

124*1.2 503.6 1270.25 503.2 1279.33 502.8 1281.8 502.15 1284.3 501.5
1292.95 503 1301.6 514.5 1312.75 514.5 1323.9 514.5 1332.5 518.1
1341.1 521.7 1370.45 526.45 1399.8 531.2 1416.25 529.1 1432.7 527

Manning's n Values num- 3
Sta n Val Sta n Val Sta n Val
-40 .065 519.7 .035 936.5 ,065

Bi-_ ,„ Stai Left Right Lengths: Left Channel Right Coeff Contr. Expan.
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519.7 936.5 429 429 429 .1 .3

iS SECTION OUTPUT Profile .#100 year .

.S. Elev (ft) 493.64 Element Left OB Channel Right OB
Vel Head (ft) 0.58 Wt. n-Val. . .0.065 0.035 0.065
E.G..Elev (ft) 494.23 Reach Len. (ft) 429.00 429.00 429.00
Crit W.S. (ft) Flow Area (sq ft) 8333.60 15004.28 3395*75
E.G. Slope (ft/ft) 0.000217 Area (sq ft) 8333.60 15004.28 3395*75
Q Total (cfs) ; 125140.00 Flow (cfs) 18183.88 101073.30 5882!sS
Top Width (ft) 1206.72. Top Width (ft) 502.31 416.80 287.61
Vel Total (ft/s) 4.68 Avg. Vel.-(ft/s) 2.18 6.74 1*73
Max Chl Dpth (ft) 39.54 Hydr. Depth (ft) ..16.59 36.00 11*81
Conv. Total (cfs) 8504174.0 Conv. (cfs) 1235727.0 6868665.0 399782.4
Length Wtd. (ft) 429.00 Wetted Per. (ft) 504.45 423.76 290.55
Min Ch El (ft) 454.10 Shear (Ib/sq ft) 0.22 0.48 0*16
Alpha . 1.71 Stream Power (Ib/ft s) 0.49 3.22 0.27
Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 52.12 390.68 43.27
C & E Loss (ft) 0.04 Cum SA (acres) 3.14 11.53 - 3.38

CROSS SECTXOH ' RIVER: S. Fork Shenando
REACH: Front Royal RS: 5

INPUT . - -..._'.-— . . .,-——————— .-.._ - = ..... .......
Description: SRRR - ----- —.......:._.. ——_.
Station Elevation Data imm= 41

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 497.9 0 497.2 15 496.3 33 484.46 45 474.6
68 472.4 92 466 100 460.4 112 456.2 132 454.1
152 454.7 172 454.9 182 456.5 192 459.4 205 459.4
212 456.2 232 453.8 252 453.8 272, 453.6 292 453.9
312 453.8 332 454.3 342 457 352 459.4 364 459,4
372 453.8 392 453.7 412 453.8 432 454.6 442 456.9
453 460.4 476 467.9 487 472.6 502 475.2 509 490.4
514 491,6 524 494.8 529 495.7 534 496.6 535.5 496.8

535.5 497.9

Manning's n Values num» 3
Sta n Val Sta n Val Sta n Val
0 .065 68 .035 487 .065

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.-
68 487 14 14 .14 .3 .5

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 493.04 Element Left OB Channel Right OB
Vel Head (ft) 1.03 Wt. n-Val. 0.065 0.035 0.065
E.G. Elev (ft) 494.07 Reach Len. (ft) 1.00 1.00 1.00
Grit W.S. (ft) 471.06 Flow Area (sq ft) 615.68 15047.22 372.35
E.G. Slope (ft/ft) 0.000324 Area (sq ft) 615.68 15047.22 372.35
Q Total (cfs) 125140..00 Flow (cfs) 1284.39 123197.50 658.13
Top Width (ft) 497.19 Top Width (ft) 46.68 419.00 31.51
Vel Total (ft/s) 7.80 Avg. Vel. (ft/s) 2.09 8.19 1.77
Max Chl Dpth (ft) 39.44 Hydr. Depth (ft) 13.19 35.91 11.82
Conv. Total (cfs) 6950816.0 Conv. (cfs) 71340.8 6842920.0 ,36555.1
Length Wtd. (ft) 1.00 Wetted Per. (ft) 53.95 429.21 41.84
Min Ch El (ft) 453.60 Shear (Ib/sq ft) 0.23 0.71 0.18
Alpha 1.08 Stream Power (Ib/ft B) 0.48 5.81 0.32
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 8.06 242.70 24.72
C & E Loss (ft) 0.11 Cum SA (acres) 0.44 7.42 2.31

- The conveyance ratio (upstream conveyance divided by downstream conveyance) is less
than 0.7 or greater than 1.4. This may indicate the need for additional cross

bns.
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I 3S ' RIVER: S. Fork Shenando
R- ,H: Front Royal RS: 4.5

INPUT
Description:
Distance from Upstream XS * 1
Deck/Roadway Width « 13
Weir Coefficient = 2 . 6
Bridge Deck/Roadway Skew »
Upstream Deck/Roadway Coordinates

num« 2
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord

Q SOI 496 535.5 501 496

Upstream Bridge Cross Section Data
Station Elevation Data num« 41

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 497.9 0 497.2 15 496.3 38 484.46 45 474.6
68 472.4 92 466 100 460.4 112 456.2 132 454.1
152 454.7 172 454.9 182 456.5 192 459.4 205 459.4
212 456.2 232 453.8 252 453.3 272 453.6 292 453.9
312 453.3 332 454.3 342 457 352 459.4 364 459.4
372 453.3 392 453.7 412 453.8 432 454.6 442 456.9
453 460.4 476 467.9 487 472.6 502 475.2 509 490.4
514 491.6 524 494.8 529 495.7 534 496.6 535.5 496.8

535.5 497.9

Manning' s n Values num" 3
Sta n Val Sta n Val Sta n Val
0 .065 68 .035 487 .065

B'-le Sta: Left Right Coeff Contr. Expan.
68 487 .3 .5

Downstream Deck/Roadway Coordinates
mim« 2
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
0 501 496 535.5 501 496

Downstream Bridge Cross Section Data
Station Elevation Data ntnn- 41

Sta Slev Sta. Elev Sta Elev Sta Elav Sta Elev
0 497 0 496.3 15 495,4 38 433.56 45 473.7
68 471.5 92 465.1 100 459.5 112 455.3 132 453.2
152 453.8 172 454 182 455.6 192 458.5 205 458.5
212 455.3 232 452.9 252 452.9 272 452.7 292 453
312 452.9 332 453.4 342 456.1 352 458.5 364 458.5
372 452.9 392 452.8 412 452.9 432 453.7 442 456
453 459.5 476 467 487 471.7 502 474.3 509 489.5
514 490.7 524 493.9 529 494.8 534 495.7 535.5 495.9

535.5 497

Manning's n Values num« 3
Sta n Val St* n Val Sta n Val
0 .065 63 .035 487 .065

Bank Stat Left Right Coeff Contr. Expan.
68 437 .3 .5

Upstream Embankment side slope » 1.33 horiz. to 1.0 vertical
Downstream Embankment side slope =< 1.33 horiz. to 1.0 vertical
Maximum allowable submergence for weir flow » .95
Elevation at which weir flow begins »
Ep~-gy head used In spillway design a
S way height used in design =
Wt. crest shape » Broad Crested



sr of Piers

Station Upstream= 199 Downstreams 199
Upstream num= • 6 " " . " . . . . _ . : . - " _

Width Elev Width Elev Width Elev Width Elev Width Elev
25 458.5 25 478 32 , 478- 32 -482 39 482
39 496 - - - "

Downstream num= 6 •, . " • .
Width Elev Width Elev Width Elev Width Elev Width Elev

25 458.5 25 478 32 478 32 482 • 39_ 482
39 496 - - "-;-

Pier Data . ... — .-.....- . -: .. .- . . - . - ;.-- . ... ,
Pier Station Upstream= 358 Downstream= 358
Upstream n u r a = , 6 '

Width Elev Width Elev Width Elev Width Elev Width Elev
. 25 458.5 _ 25 473 32 478 32 .482 39 482

39 - 496
Downstream num=s 6

Width Elev Width Elev Width Elev Width Elev Width Elev
25 458.5 25 478 32 478 32 482 39 482
39 496 .

Number of Bridge Coefficient Sets => 1

Low Flow Methods and Data _ . . .1. .. _ . : . _ " " .
Energy

Selected Low Flow Methods = Highest Energy Answer

High Flow Method -
Pressure and Weir flow

Submerged Inlet Cd =
Submerged Inlet + Outlet Cd = .8
Max Low Cord - a . . . . .

Additional Bridge Parameters
Add Friction component to Momentum
,Do not add Weight component to Momentum
Class B flow critical depth computations use critical depth

" inside the bridge at the downstream end
Criteria to check for pressure flow = Upstream water surface

CROSS SECTION RXVER: S. Fork Shenando
REACH: Front Royal RS: 4

INPUT -' - "-- . . . . . . .
Description: SRRR < ' , - - -
Station Elevation Data numa 41

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 497 0 496.3 15 495.4 38 483.56 45 473.7
68 471.5 92 465.1 100 459.5 112 455.3 132 453.2
152 453.3 172 454 182 455.6 192 458.5 205 458.5
212 455.3 232 452.9 252 452.9 272 452.7 292 453
312 452.9 332 453.4 '342 456.1 352 458.5 364 458.5
372 452.9 392 452.8 412 452.9 432 453.7 442 456
453 459.5 476 467 487 471.7 502 474,3 509 489.5
514 490.7 524 493.9 529 494.8 534 495.7 535.5 495.9

535.5 497

Manning' s n Values num« 3
Sta n Val Sta n Val Sta n Val
0 .065 68 .035 437 .065

Stat Left Right Lengthsi Left Channel Right Coeff Contr. Expan.
6 8 4 8 7 7 7 7 . 3 . 5



S SECTION OUTPtTT Profile #100 year

W.S. Slev (ft) 492.76 Element Left OB Channel Right OB
Vel Head (ft) 0.99 Wt. n-Val. 0.065 0.035 ' 0.065
E.G. Elev (ft) 493.75 Reach Len. (ft) 7.00 7.00 7.00
Crit W.S. (ft) Flow Area (sq ft) 644.92 15306.38 392*44
E.G. Slope (ft/ft) 0.000306 Area (sq ft) 644.92 15306.38 392.44
Q Total (c£s) 125140.00 Flow (cfs) 1326.02 123137.80 676.13
Top Width (ft) 500.32 Top Width (ft) 47.88 419.00 33.45
Vel Total (ft/s) 7.66 Avg. Vel. (ft/s) 2.06 8.04 1.72
Max Chl Dpth (ft) 40.06 Hydr. Depth (ft) 13.47 36.53 11.73
Conv. Total {cfs) 7154953.0 Conv. (cfs) 75816.1 7040476.0 38660.7
Length Wtd. (ft) 7.00 Wetted Per. (ft) 55.30 429.21 43.87
Min Ch Si (ft) 452.70 Shear (Ib/sq ft) 0.22 0.68 0.17
Alpha 1.09 Stream Power (Ib/ft s) 0.46 5.48 0.29
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 7.86 238.51 24.60
C & E Loss (ft) 0.06 Cum SA (acres) 0.42 7.31 2.30

•

CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 3

INPUT
Description: A . I - . . . . .
Station Elevation Data num« 52

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-40 520.04 -40 473.44 0 473.94 8.1 471.14 16.3 468.34

20.1 467.74 24 467.14 23 464.34 32 459.64 43 457.24
73 453.44 103 452.54 133 451.64 163 451.64 193 452.24
223 451.84 253 452.34 283 452.34 303 453.54 313 459.64

313.3 462.04 323.5 462.54 330.9 463.74 338.3 464.94 356.7 472.59
375.1 480.24 420.4 430.79 465.8 481.34 497.2 481.94 528.6 432.54
45.3 483.74 562 484.94 576 491.64 590 498.34 595 499.44
600 500.54 605 500.54 610 500.54 614.3 500.09 618.7 499.64

636.2 498.39 653.8 497.14 680.7 497.09 707.7 497.04 722.6 497.99
737.6 498.94 746.4 498.94 755.2 498.94 764.2 502.69 773.2 506.44
795.3 507.84 817.4 509.24

Manning's n Values num« 3
Sta n Val Sta n Val Sta n Val
-40 .065 0 .035 356.7 .065 -

Bank Stai Left Right Lengths: Left Channel Right Coeff Contr. Expan.
0 356.7 244 244 244 .1 .3

CROSS SECTION OUTPUT Profile #100 y*ar

W.S. Elev (ft) 492.43 Element Left OB Channel Right OB
Vel Head (ft) 1.21 Wt. n-Val. 0.065 0.035 0.065
E.G. Elev (ft) 493.69 Reach Len. (ft) 244.00 244.00 244.00
Crit W.S. (ft) Flow Area (sq ft) 751.60 13059.08 2369.09
E.G. Slope (ft/ft) 0.000386 Area (sq ft) 751.60 13059.08 2369.09
Q Total (cfs) 125140.00 Flow (cfs} 1840.08 118180.00 5119.89
Top Width (ft) 617.76 Top Width (ft) 40.00 356.70 221.06
Vel Total (ft/s) 7.73 Avg. Vel. (£t/s) 2.45 9.05 2.16
Hax Chl Dpth (ft) 40.84 Hydr. Depth (ft) 18.79 36.61 10.72
Conv. Total (c£») 6370516.0 Conv. (cfs} 93673.3 6016204.0 260639.0
Length Wtd. (ft) 244.00 Wetted Per. (ft) 59.04 365.33 224.40
Min Ch El (ft) 451.64 Shear (Ib/sq ft) 0.31 0.86 0.25
Alpha 1.30 Stream Power (lb/ffs) 0.75 7.79 0.55
Frctn Loss (ft) 0.09 Cum Volume (acre-ft) 7.75 236.23 24.37
C & E Loss (ft) 0.00 Cum SA (acres) 0.41 7.25 2.28

S SECTION RIVER: S. Fork Shenando
K. ,JH: Front Hoyal S3: 2

flR'106^88



iption: A . , _..
on Elevation Data num= 52 - - - - - ...... ....... - —... ..
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-40 520 -40 473,4 0 ' 473,.9 8.1 471,1 16.3 468.3

20.1 467.7 24 467.1 28 464.3 32 459.6 43 457.2
73 453,4 103 452.5 133 451.6 163 . 451.6 193 452.2
223 451.8 253 452,3 283 452,3 303 453.5 313 "459.6-

318.3" 462 323.5 462.5 330.9 463.7 338.3 464.9 356.7 472.55
• 375.1 480.2 420.4 480.75 465.8 481.3 497.2 481V9 528.6 482.5

545.'3 483.7 562 484.9 576 491.6 590 498.3 595 499.4
600 500.5 605 500.5 610 500.5 614.3 -500.05 618.7 499.6

636.2 498.35 653.8 497.1 680.7 497.05 707.7 497 722.6 497.95
737.6 498,89 746.4 498.9 755.2 498.9 764.2 502.65 773.2 506.4
795,3 507.8 817.4 509.2

' "
Manning' a n Values num= 3 ' . . . . . .

Sta n Val Sta n Val ' Sta n Val -
-40 .065 0 .035 356.7 ,065

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
0 356.7 .412 . - 412 412 " .1 .3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 492.38 Element Left OB Channel Right OB '
Vel Head (ft) 1.21 Wt. n-Val. 0.065 0.035 0.065
E.G. Elev (ft) 493.59 Reach Len. (ft) " 412.00 .412.00 412,00
Crit W.S. (ft) Flow Area (sq ft) 749.21 13037.72 2355.86
E.G. Slope (ft/ft) 0.000388 Area (sq ft) 749.21 13037.72 2355.86
Q Total (Cfs) 125140.00 Flow (cfs) 1837.08 118213.20 5089.70

Width (ft) 617.63 Top Width (ft) 40.00 356.70 220.93
Total (ft/s) 7.75 Avg. Vel. (ft/s) 2.45 9.07 2.16
Chl Dpth (ft) 40.78 Hydr. Depth (ft) 18.73 36.55 10.66

.v. Total {cfs) 6351376.0 Cony, (cfs) 93239.4 5999813.0 258323.4
Length Wtd. (ft) 412.00 Wetted Per. (ft) 58.98 365.33 224.26
Min Ch El (ft) 451.60 Shear (Ib/sq ft) 0.31 0.86 0.25
Alpha 1.30 Stream Power (Ib/ft s) 0.75 7.84 0.55
Frctn Loss (ft) 0.14 Cum Volume (acre-ft) 3.54 163.14 '11.14
C £ E Loss (ft) 0.17 Cum SA (acres) 0.19 5.25 1.04

Warning - The velocity head has changed by more than 0.5 ft (0.15 m) . This may indicate the need
for additional cross sections.

'
CROSS SECTION RIVER: S. Fork Shenando
REACH: Front Royal RS: 1

INPUT .. .. - ——
Description: NWRR - Downstream Limit of the Study Reach - At Junction of South

Fork and North Fork of the Shenandoah River
Station Elevation Data num*> 59

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-190 520 -190 503 -90 502.8 -90 491.8 -65 487.7
-50 480.3 -25 479.4 -20 479.4 -20 503 -10 503
-10 479.3 0 481̂ 1 7 481.6 17 477.7 51 477.2
96 475.3 131 462.4 148 460.5 148 503 161 503
161 461.2 175 462.4 182 459.2 196 457.5 226 457
256 455.5 276 452.9 236 451.2 306 455.3 306 503
318 503 .318 454.5 326 452.8 356 450.6 .386 453.1
416 451.4 446 450.2 465 455.4 465 503 476 503
476 456.1 486 455.1 516 452 546 451.5 576 454.7
584 459.2 609 465.8 631 468.6 631 503 642 503
642 472.7 657 474.6 669 475.7 682 476 697 480.6
K720 486.6 720 501.1 320 500.6 820 520



M-— ning's n Valu.es num= 3
Sta n Val Sta n Val Sta n Val
-190 .04 -90 .03 720 .04

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
- 9 0 7 2 0 0 0 0 . 1 . 3

CROSS SECTION OUTPUT Profile #100 year

W.S. Elev (ft) 492.63 Element Left OB Channel Right OB
Vel Head (ft) 0.65 Wt. n-Val. 0.030
E.G. Elev (ft) 493.28 Reach Len. (ft)
Crit W.S. (ft) 469.43 Flow Area (sq ft) 21459.49
E.G. Slope (ft/ft) 0.000308 Area (sq ft) 21459.49
Q Total (cfs} 139000.00 Flow (cfs) 139000.00
Top Width (ft) 753.00 Top Width (ft) 753.00
Vel Total (ft/s) 6.43 Avg. Vel. (ft/s) 6.48
Max Chl Dpth (£t) 42,43 Hydr. Depth (ft) 28.50
Conv. Total (cfs) 7917315.0 Conv. (cfs) 7917315.0
Length Wtd. (ft) Wetted Per. (ft) 1055.58
Min Ch El (ft) 450.20 Shear (Ib/sq ft) 0.39
Alpha 1.00 Stream Power (lb/£t s) 2.53
Frctn Loss (ft) Cum Volume (acre-ft)
C & E Loss (ft) Cum SA (acres)

Warning - Divided flow computed for this cross-section.
Warning - The parabolic search method failed to converge on critical depth. The program will try the

cross section slice/secant method to find critical depth.

OF MANNING'S M VALUES

. 4rtS. Fork Shenando

Reach -- Hiver Sta. nl n2 n3

Front Royal 23 .065 .04 .065
Front Royal 22 .065 .04 .065
Front Royal 21 .065 .04 .07
Front Royal 20 .065 .04 .07
Front Royal 19 .065 .04 .07
Front Royal 18 .065 .04 .07
Front Royal 17 .065 .04 .07
Front Koyal IS .065 .04 .07
Front Royal 15 .065 .04 .07
Front Royal 14 .065 .04 .07
Front Royal 13 .06 .05 .06
Front Royal 12 .06 .05 .06
Front Royal 11 .06 .045 .06
Front Royal 10 .055 .035 .06
Front Royal 9 .04 .04 .04
Front Royal 8 .06 .035 .065
Front Royal 7 .065 .045 .065
Front Royal 6 .065 .035 .065
Front Royal 5 .065 .035 .065
Front Royal 4.5 Bridge
Front Royal 4 .065 .035 .065
Front Royal 3 .065 .035 .065
Front Royal 2 .065 .035 .065
Front Royal 1 .04 .03 .04

S>- -ARY OF REACH LENGTHS
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r: S. Fork Shenando ••=•-- .:... .:. ,_.-.

Reach - River Sta. Left Channel Right

Front Royal 23 _ _ _ _ _ _ _ : . -1.004 1004 1004
Front Royal _ 22 "732 732 732
Front Royal. 21 ' 1440 .1440 1440
Front Royal 20 1492 1492 1492
Front Royal 19 .1412 1412 1412
Front Royal - .....18 1608 1608 1608
Front Royal " " " 17 ' " 1556 1556 1556
Front Royal 16 , ' 792 792 792
Front Royal 15 508 508 508
Front Royal ... - -14 672 672 672
Front Royal 13 . . . . . . . . .1300 1300 1300
Front Royal- - - --12 - '- 11728 1728 1728
Front Royal 11 . . _ . . _ . 924 924 924
Front Royal ' 10 1188 1188 1188
Front Royal 9 ....... 252 252 252
Front Royal 8, 1851 1851 - 1851
Front Royal 7 113 113 113
Front Royal 6 - 429 429 429
Front Royal 5 . ~ - - - - - - - - - -14 14 , 14
Front Royal 4.5 Bridge
Front Royal , 4 7 7 7
Front Royal - 3 _______ 244 244 244
Front Royal 2 412 412 412
Front Royal 1 0 'Q 0

OF CONTRACTION AND EXPANSION COEFFICIENTS
S. Fork Shenando

Reach River Sta. ——Contr. Expan,

Front Royal 23 _: .... 1—- _ _ _ _ . _ . 3
Front Royal 22 "" ~ ~.l .3
Front Royal 21 ,1 .3
Front Royal 20 .1 .3
Front Royal i9 .1 .3
Front Royal 18 _ .1 .3
Front Royal 17 .1 .3
Front Royal 16 .1 - .3
Front Royal 15 ." .1 .3
Front Royal 14 " .1 , .3
Front Royal 13 - __1———.. .3
Front Royal 12 .1 .3
Front Royal "11 :-__ :'._.• . -—— .3
Front Royal . 10 .1 . .3
Front Royal 9 .1 .3
Front Royal 8 .1 .3
Front Royal 7 -f .1 .3
Front Royal . 6 - .1 .3
Front Royal 5 -.3 .5
Front Royal 4.5 Bridge
Front Royal 4 .3 .5
Front Royal 3 _ .1 ' .3
Front Royal 2 -.1 -3
Front Royal 1 _ .1 ' ... .3

AR 1.0649



Appendix C
Geotechnical Evaluation of the
Sulfate Basin Closure
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APPENDIX C - GEOTECHNICAL ̂VALUATION OFTHE SULFATE BASIN
CLOSURE—- ~ : r::" :

LO INTRODUCTION

This report presents the results of the initial geotechnical evaluation for
the installation of a soil cover on Sulfate Basins (SB) 1 through 4E at the
Avtex Fibers Site (Site) in Front Royal, Virginia. Anticipated closure of the
basins involves the construction of an 24-inch (minimum) soil cover over

- the sludge in the 60 acres (approximate) of aggregate basin area. SBs'l
though 4E would be closed with the sulfate sludge left in place. The soil
cover would be a nominal 24 inches thick/ but would also include
additional underlying fill materials where necessary to create slopes (2%
minimum) that will promote positive surface drainage. The objective of
the soil cover would be to contain the basin material and eliminate the
direct contact pathways for human and animal exposure.

Placing an 24<inch thick_soil.cover oyeĵ the entire surface of the sludge in
SB 1 through 4E cannot be done in a totally conventional manner given
the soft and variable nature of the sludge. The creation of drainage on the
surface of the closed-sludge basins will additionally require varying the
soil thickness placed upon the generally flat sludge surface in each basin.
In order that die desired two-percent minimum slopes exist following
sludge consolidation and coyer, settksnent/..the thickness of soil cover
materials placed will need to vary further to account for anticipated
settlement under the imposed cover loadings.

The soft nature of the sludge in SBs combined with the depth of sludge in
each SB necessitate investigation of how cover materials can be distributed
across the sludge surface in each SB, especially to determine if the
distribution can.be accomplished without treatment or stabilization of the
sludge. The need to place a varying thickness of cover material
necessitates an understanding of the strength of the sludge and its -
response to loadings imposed during and after cover placement. For the
purposes of the Engineering Evaluation/Cost Analysis (EE/CA), it was
determined to be appropriate to perform certain field and laboratory
investigations to: 1) demonstrate that a soil coyer .can be placed on the
untreated (non-stabilized) sludge surface; 2) identify minimum
requirements for accomplishing cover soil placement; and 3) ensure that
SB soil cover cost projections adequately reflect the amount of materials
and level of effort that could be realized in actual cover installation.

ERM C-l - - FMC-10556.65.01 -5/5/99
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This geotechnical evaluation has developed in a three-step process, the
first step including data generated from preliminary laboratory results on
sludge collected from the basins, and is described in Section 1.1 below.
The second step consisted of a field pilot study, which investigated
potential soil cover placement scenarios by constructing test pads o~n
Basins 1 and 3, the results of which are described in Section 2. The third
step consisted of additional field and laboratory measurements collected
to support the soil cover design. These results are presented in Section 3.
The geotechnical evaluation was performed with the knowledge of the
EPA. Further, EPA input was solicited, received and addressed, and EPA
observed some of the field activities. Additional testing may be
conducted as necessary during the engineering design phase.

1.1 INITIAL FIELD OBSERVATIONS OF SULFATE SLUDGE BASINS

The conditions of the SB sludges were observed by ERM engineers and
construction experts during a site visit on 28 September 1998. The
seasonally low water level in the basins allowed for close inspection of the
accumulated sludge, especially in SB 1 and 3.

At the time of site inspection, nearly three-quarters of the sludge surface'
in SB 1 was exposed. The sludge in SB 1 has a sloping surface, sloping
downward to the west from the plant side toward the South Fork of the
Shenandoah River (River). A crust exists on the top of the sludge, which
helped allow engineers to walk out onto it. The surface was riddled with
desiccation cracks forming a "scaled" appearance. The crust was
somewhat soft, but relatively dry for as much as six inches in depth. This
crust appears to have formed in a period of 2-3 months in which the SB 1
water level was sufficiently low to expose the sludge surface. The
cracking and dry appearance gradually transitioned into a smooth moist . _
sludge surface near the water's edge. These observations are qualitative
and the understanding of the drying process may need to be supported by
empirical data collected during the design stage, .

SB 3 was dry across the majority of the surface. The sludge surface was
cracked like that of SB 1, but the surface of the sludge in SB 3 is relatively
flat

The opinion obtained from the field observations was that distributed
loads could be supported by the sulfate sludge without chemical or
physical stabilization of the sludge if the standing water (i.e., supernatent)
was removed and the sludge was caused or allowed to drain. With a
program of drainage and supernatent removal, a thick, firm crust is
expected to form as it has in areas on the east side of SB 1, where standing

ERM C-2 FMC -1055d.fiS.QI-5/5/99
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water has been permitted to drain. This expectation for the development
of a firm surface crust is also supported by observations of, SB 3, where a
surface crust developed in a relatively short period of time following the
removal of several feet of free-standing water in Spring 1998, It was
evident, however, from the movement of sludge beneath the crust
underfoot that standard construction equipment would likely not be able
to be operated directly on the sludge surface for regrading or soil cover
placement.

1.2 PRELIMINARY GEOTECHNICAL EVALUATION

Samples of the sulfate sludge were collected -during the 28 September 1998
site visit for preliminary testing. The samples collected represented the
soft sludge from the center of SB 1 below_the upper crust layer.
Consolidated Undrained (CU) and Unconsolidated Undrained (UU)
triaxial shear strength tests were performed on remolded sludge samples
in accordance with ASTM D-4767 and ASTM D-2850, respectively, to -
estimate strength parameters of the sludge. This preliminary evaluation
was conducted to provide some initial insight into the potential for a
bearing capacity failure in the sludge during potentially worst-case
loading conditions associated with soil cpver placement.

In the evaluation of the preliminary data, a short-term (total stress)
analysis was utilized to reflect the worst-case, undrained strength
parameters that would be representative of short-term loadings from
construction equipment and soil cover placement. The results of the
bearing capacity analysis indicated a relatively low but potentially
acceptable factor of safety against failure (i.e., greater than 1.5), but a
deep-seated circular failure surface was estimated to have a potentially
unacceptable factor of safety against failure. The results of this
preliminary evaluation will be supplemented and/ or superceded by the
subsequent and more detailed engineering design testing and analysis
activities that are planned in 1999 (see Section 4.2).

1.3 PLANS FOR ADDITIONAL TESTING

Based on the results of-the preliminary evaluation, it was determined that
the collection of additional geotechnical and constructability data through
the implementation of a field pilot study and pre-design testing program
would be the most appropriate course of action, and would provide the
most relevant results. The results from the initial stages of this testing
program are discussed in the next section. The results of subsequent tests
and evaluations will be incorporated in the engineering design. The
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following table summarizes the field and laboratory testing performed in
support of the EE/CA . . . . . . . r

Testing Data Use

Present Testing - Laboratory

Triaxial Strength UU (unconsolidated
undrained)

Triaxial Strength CD (consolidated undrained
with pore pressures)

Classification Testing (sieve, hydrometer,
' moisture content, Atterberg limits) [ASTM
procedures]

Classification Testing [wet prepared]

Consolidation Testing

Provides indication of expected material
strength parameters for construction
loading/sludge relocation.

Provides indication of expected material
strength parameters for long-term, strength
stability predictions

Provides basic physical property comparisons
between sludge samples (limited applicability
of this testing due to change in material
properties caused by material prep).

Provides basic physical property comparisons
between sludge samples (initial samples
analyzed provide a more realistic picture of
sludge grain size distribution).

Provides indication of the expected settlement
of the sludge caused by the cover system load ,
application (from test results time rate
calculations, time rate settlement values, and
time rate consolidate liquid expulsion can be
calculated).

Present Testing - Field

Test Pad construction (observational summary
of construction performance)

Test Pad documentation (physical property
analysis of test pad construction)

In-situ sludge strength testing (vane shear)

Provides a field scale demonstration for the
potential of cover placement on the sulfate
basins utilizing typical construction equipment
and materials.

Provides initial feedback on compaction,
placement, permeability, and settlement

Provides some initial information on in-situ .
strength of the sludges with depth.
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1.0 GEOTECHNICAL FIELD STUDY

2.1 OBJECTIVES

The primary objectives of the fielcl study were to evaluate and
demonstrate the feasibility of certain soil cover placement method's, and to
support the development of guidance, requirements, and specifications
for the actual full-scale implementation of the proposed soil cover.

Specific objectives of the field pilot study were to evaluate the following:
1. The ability of differing soil bridging layer thicknesses of one to three

feet to support construction equipment and soil cover materials above
the sludge;

2. The minimum width of the equipment and soil material access paths;
3. The ability to utilize normal ground pressure construction equipment

in comparison to low ground pressure (wide track) equipment;
4. The required degree of dewatering or surface drying required to

facilitate soil placement and equipment access (as measured by surface
"crust" thickness, moisture content and strength);

5. The effectiveness of non-woven and woven geotextiles for separation
and reinforcement between the soil access roads and the sludge;

6. The feasibility and effectiveness of sludge draining/ dewatering during
the cover soil placement activities (i.e., does the sludge give up pump-
able amounts of water to a localized sump?);

7. The amount of settlement occurring during, and as the result of/ cover
soil placement, together with any corresponding swelling or "wave"
build up in the uncovered sludge; and

8. The ability to use fly ash as an element of the cover.

Modifications to the study procedures and objectives were made during .
the course of the study in response to the observations made in the field
and discussions with EPA.

2.2 PROCESS SUMMARY

The field pilot study began on 9 November 1998/ with the primary focus
on the evaluation of constructability issues for placing a soil cover on the



SBs. To do this, test pads were constructed in portions of SB 1 and SB 3
with'equipment, materials, and procedures intended to conservatively
represent potential full-scale operations. Test pad locations were selected
based on accessibility and condition of the sludge surface. SB 3 and the
eastern side of SB 1 were relatively dry and are expected to be

• representative of the starting conditions for the full-scale basin closure
work. - - .--—•-... ...---.-- -—-; _ . . . . , . :

The following procedures were generally performed during construction
of the test areas:

1. Preparing test areas by stockpiling materials adjacent to test areas;
2. Using geotextile-reinforced access, paths to get equipment and cover

materials out across sludge and in soft areas as needed; and
3. Pushing soil ahead of equipment/ and_keeping equipment on top of

soil. Using low ground pressure (wide-track) equipment (3 to 4 psi) as
necessary.

In addition to the test pad construction, trenches were excavated in the
sludge and a sump was installed utilizing a perforated 55-gallon steel
drum to observe the accumulation of water draining from the trench
sides. The sludge excavated from the trenches was placed on a plastic-
lined portion of the berm) constructed to allow collection of any water
which freely drained from the sludge. :

Soil for the field test was obtained from a local borrow source. While.not
selected as having met any particular specification, the soil was evaluated
visually to be a material that could likely meet the objectives for cover
soils on the sludge basins. These soils were stockpiled near the selected
test areas as well as delivered continuously through portions of the test.
The material was a silt with sand, and it arrived in a condition suitable for
use and was placed without moisture adjustment

2.3 FIELD PJXOT TESTING PROCEDURES AND RESULTS

2.3.1 - .-. Test Pad 1 Construction (SB 3)

The first pilot testing took place in the southeast corner of SB 3 (see
Figures C-5 and C-6). _W6yeii geotextile fabric was laid in a path over the
existing sludge surface in a northwesterly direction from the southeast
corner of the basin. The geotextile was overlapped by approximately 3
feet along the seam down the axis of the path. A low-ground-pressure D-

- 6 bulldozer was used to push soil out over the geotextile to a depth
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ranging from one foot to four feet, and averaging approximately two feet.
The sludge surface surrounding the soil being placed was monitored with
elevation surveying, photographs and video recording.

After advancing the soil access path approximately 105 feet from the toe of
the berm at a width of approximately 20 feet, soil was pushed in a fan-
shaped pattern over the sludge surface. On the area to the west o£ the
access path, soil was placed directly on sludge without first laying out
• geotextile to assess behavior with a soil-only cover. This filling covered a
radius of approximately 75 feet in an arc of approximately 70 degrees.

2.3.2 Observations and Conclusions from Test Pad 1

The following observations were made during the test:

1. Repeated passes (approximately as many as 200-300) over the same
path with the D-6 resulted in the soil cover eventually sinking into the
sludge. The geotextile, however, supported the soil on top of the
sludge. The sinking represented an upward displacement of the
sludge on both sides of the access path, along with some downward
movement directly under the path.

2. The repeated passes and spreading of soil over the same location
resulted in building of a thick (four or more feet) layer of soil along the
access path. The weight of this layer, together with the weight of the
bulldozer and impact loading at the toe of the berm, exacerbated the
displacement of sludge. At at least one point, a shear failure of the soil
layer occurred due to the apparent displacement of sludge at depth.
The dried, upper crust of the sludge was observed to crack open and
fracture during displacement of the deeper sludge.

3. In spite of the sinking of soil and the displacement of sludge, a layer of
soil was placed over a significant area of the sludge surface utilizing a
relatively heavy piece of equipment and minimal geotextile
reinforcement.

The following lessons were learned that are important considerations for
the engineering design of the sulfate basin covers:

1. Repeated trips over the same location should be minimized to avoid
repeated loading, build up of tEe soil layer thickness and weight, and
disturbance of the sludge, and time should be allowed between passes
to aflow built up pore-water pressures to dissipate.

2. Geotextile and/or soil or fly ash cover beyond the immediate
equipment operation area is needed to help confine sludge
displacement.
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3. Every effort should be made to keep the sludge surface drained and
. dry and, to the extent practical, to drain the sludge below the surface,

prior to initiating soil cover placement Although it appears that the
sludge surface will dry to a limited extent after standing water is
removed from the basins, field dewatering tests indicate that
significant quantities of water cannot be drained rapidly from below
the sludge surface with simple gravity drainage. As a result, initiating
drainage well in advance of soil cover construction will be critical if
this type of dewatering is employed. Other means of dewatering (e.g.,
surcharge loading with wick drain, alternate sump construction
methods, etc.) may be considered pending the results of further
geotechnical testing. '

4. Means of delivering soil onto the sludge surface other than by
bulldozer or trucks (such as belt feeders, conveyors, or drag lines) may
be appropriate for minimizing the amount of cover materials needed,
increasing the potential rate of material delivery and distribution, and
minimizing potential failure of the sludge or soils from larger
construction equipment.

2.3.3 Test Pad 2 Construction (SB i)

A second test was performed, this time in SB 1, following the Test Pad 1
work in SB 3. A test location was chosen near the middle, of the basin to
best represent typical sludge conditions (see Figure C-l). The goal was to
advance the test from the firmer surface provided by the zinc recovery
sludge in the eastern side of the basin, toward the observably softer

_., ...... sludge anci the existing pool of water on the western side of SB 1. Access
was gained to the middle of SB 1 by advancing a single lane roadway of
mixed soil and fly ash on top of a single layer of geotextile. This roadway
successfully- supported the loads due to deliveries of test soils and fly ash
delivered via dump truck to the test site.

Based on experience gained from Test Pad 1, the test performed in SB 1
was modified. A larger area (approximately 60 feet by 60 feet) of
geotextile was laid down with large overlaps (3 to 4 foot) to better
simulate conditions of continuously sewn geotextile. Unlike what was
done at Test Pad 1, the geotextile was laid out with the length
perpendicular to the direction of soil advancement. Along two opposite
edges, nonwoyen geotextile was placed perpendicular to the woven
geotextile, and soil was advanced in narrow (bulldozer wide) lanes to

—provide anchoring of the woven geotextile across the middle of the pad.
A smaller, D-4 bulldozer was used in this test in lieu of the larger D-6
machine used during the initial test at SB 3. Both machines have a similar
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ground contact pressure, although the total weight of the D-4 is less than
that of the D-6.

With the geotextile stretched taut by the anchoring along each edge, the
middle area of the test pad was next covered with approximately two feet
of fly ash worked forward from side to side to minimize immediately-
repeated passes over the same area. The potential displacement of sludge

._= ___ _ was again monitored with surveying, photographs and video camera.
The focus of the displacement monitoring was the geotextile-covered
middle of the test pad. _.„- .-=-.-- ... -- - ----- -. — —-=-

Soil and fly ash was advanced first on the edges, to anchor the geotextile,
and subsequently in the middle of the pad to within approximately 25 feet
of the pooled water surface in SB 1. The result was a broad area of soil
and fly ash coverage with minimal observed sludge displacement.

2.3.4 Observations and Conclusions from Test Pad 2

The following Test Pad 2 observations were made during the test:
1. Fly ash excavated from the base of the side slope of the fly ash

mountain at its in-situ moisture content proved to be suitable for
placement and use in the cover.

2. The sludge in SB was firmer than the sludge in SB 3. This is believed .
to be mostly due to the soil/mud that has historically accumulated on
top of the sludge surface of SB 1 from river flooding of the basin. In
addition, the SB 1 sludge may be firmer due to its higher elevation
along the eastern side of SB 1, and enhanced ability to drain.

3. Sludge in ihe extreme north end of SB 1 is affected by site discharges
(i.e., this area has functioned as a settling area for the site surface water
runoff for the past ten years) and, based on visual observations, may
require measures in addition to dewatering to reach a strength suitable
to support cover placement activities. The strength of this sludge as
compared to other sludges will be further evaluated through the use of
vane shear testing to be performed during the engineering design
phase.

4. Geotextile fabric performs a valuable role in separating the sludge
from soils or fly ash placed above, and spreading and supporting the
cover and equipment load.

5. Cover materials can be delivered by truck to large portions of the SB 1
sludge surface.
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The location and extent of the SB 1 test pad is shown on Figure C-l, and
photographs of the work are presented in Attachment 1 to this Appendix.
Figure C-1A shows the soil thickness of the test pad at selected locations
across the pad. Surveying measurements collected over time during the
test are depicted on Figures C-2 through C-4, - Figures C-2 and C-3 depict
the deformation of the specified stations over time. These, figures also

_____ _. indicate there was an increase in elevation at nearly all points, and at
many points the increase in elevation is more than at the edges after fill
placement, as a result of sludge displacement caused by the soil load at
the center of the pad. Figure G4 presents fee changes in elevation of the
settlement plates, which were placed directly above the geotextile.

It should be noted that, based on the data collected, the relative
contribution of individual factors such as settlement, consolidation and
displacement to the observed overall sludge movement is difficult to

. quantify. The initial movements are most likely the result of sludge
displacement. The anchored geotextile appeared to help with
management of sludge displacement in the middle of the pad as was
desired. The collected field data will subsequently be evaluated in
conjunction with the additional settlement, consolidation and shear
strength data so that factors such as settlement, consolidation and
displacement will be addressed appropriately in the design. The results of
consolidation testing, discussed in Section 3.2.2, indicate that
consolidation from pore water dissipation will take weeks to months to
occur given the low permeability of the sludge. At least a portion of the
further settlement observed one month and three months following test
pad completion may therefore be attributable to pore water dissipation.
The balance of the additional settlement is likely related to sludge
displacement. "

2.3.5 Test Pad 3 Construction (SB 3)

A third soil cover placement test was performed to determine whether the
modified construction procedures, which proved successful at SB 1, could
be.repeated at SB 3. For Test Pad 3, a broad path of access was prepared
along the edge of SB 3 and a large geotextile pad (50 feet by 100 feet) was
placed similar to that in SB 1 (see location on Figure C-5). Placement of
the first 10 to 15 feet out from the basin edge was accomplished via the
reach of an excavator bucket. The excavator was used in order to reduce
the number of dozer passes across the basin slope/sludge contact, an area
in which Test Pad 1 soil became very deep as sludge was displaced. SB 3
berm soil and borrow soils were used instead of fly ash for this test to
minimizef ugitive dust during construction. Fly ash can be used

. successfully in the full-scale cover installation by employing appropriate
dust suppression techniques.
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Test Pad 3 was advanced onto the sludge surface of SB 3 in a manner
similar to that employed in Test Pad 2. Woven geotextile was first spread
in approximately 60 feet long strips parallel to the basins edge and
perpendicular to the direction in which the pad soils were advanced
(outward toward the center of the sludge basin). The geotextile was
overlapped to help simulate sewn seams. Narrow soil anchor pathways
were then advanced away from the basin edge at each edge of the_
geotextile pad to stretch and secure the geotextile strips across the center
of the test pad area. The soil cover was then advanced from side to side
across the middle area of the test pad, completing the pad for a distance of
approximately 100 feet out onto the SB 3 sludge surface. The potential
displacement of sludge in the process was again monitored with
surveying, photographs and video camera, focusing on the geotextile-
covered middle of the test pad.

The test pad construction in this area was successful (i.e., no unacceptable
sludge displacement or cover soil failure occurred under the load of the
cover soil and equipment). Some upward sludge displacement initially
occurred in areas with no soil cover as a result of cover soil placement in
adjacent areas, but this displacement was generally offset once soil was
placed over those areas. The effectiveness of the geotextile was evidenced
by the observed ability to operate the equipment directly above the
geotextile, with no cover soil to help distribute the loads. This practice
will not be recommended for the actual cover installation because of the
risk for damage of the geotextile layer. Although some of the lap seams in
the geotextile opened up during the test, no sludge failures (i.e./ cracking
or other evidence of excessive displacement) occurred, and this condition
could be corrected in the full-scale construction if necessary through the
use of sewn geotextile seams.

Neglecting some minor edge effects (i.e., displacement that occurred in the
sludge at the edges and the thickness of the soil layer required to anchor
the geotextile), the thickness of the test pad was able to be controlled.
Measurements of the soil cover thickness in Test Pad 3 are shown on
Figure C-6A. Access to SB 3 for Test Pad 1 was obtained by building a
ramp down the inner slope at the southeast corner of the basin. All of the
soil for the cover test was deposited at the beginning of this ramp and
pushed down the ramp and out onto the sludge surface. As noted in
Section 23.2, the repeated passes down the slope, pushing soil ahead of
the dozer, caused the soil layer to thicken substantially at the basin's edge,
although the majority of this thickening was intentional to provide for
access ramp construction. This edge effect did not reoccur in Test Pad 2 as
the result of the sludge strength in the eastern portion of SB-1, and
because of the easier access to the test pad location.
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After observing the edge effects in Test Pad 1, access to SB 3 for Test Pad 3
was obtained by removing a portion of the dike to shorten the path to the
sludge surface. This approach allowed soil to be deposited along a length
of the edge to reduce the number <pf repeat passes required over the same
path. This approach also minimized the need for construction of a thick
soil ramp above the sludge to allow access from the berm to the sludge
surface. While some thickening of the soil layer occurred at the basin's
edge as shown in Figure C-6A, it was not as substantial as in Test Pad 1.
Minimizing the frequency and number of trips made across the same path
to distribute cover soils will likely be a requirement in the final design
specifications. Once the soil is distributed across a basin's sludge surface,
repeated passes for compaction will not result in soil layeir thickening (i.e.,
because no additional soil will be placed).

Test Pad 3 confirmed that the construction methods successfully
employed at SB 1 are also applicable for SB 3 out on the basin surface
where the geotextile was stretched and anchored. The thickness of the test
pad was also able to be controlled in. this test.as shown on Figure C-6A.

The locations of the survey monitoring cross sections are presented on
Figure C-6, and photographs of the work are presented in Attachment 1 to
this Appendix. Surveying measurements collected over time during the
test are depicted on Figures C-7 through C-9-. Figures C-7 and C-8 depict
the deformation of the specified stations over time. Figure C-9 presents
the changes in elevation of the settlement plates, which were placed
directly above the geotextile.

2.3.6 Dewatering Test

In conjunction with the second SB 3 cover placement test, a trench was
excavated in the SB 3 sludge (see location on Figure C-6) and a perforated
gravel-packed sump (constructed from a 55-gallon drum) was installed to
observe what/ if any, dewatering would occur from the sludge over time.
The sump was dry when initially installed. Water accumulation rates into
this sump were relatively slow, approximately 40 gallons per day. If
significant sludge dewatering is determined to be necessary or
appropriate during the design, it will need to be initiated significantly in
advance of cover installation, and/or measures such as surcharge loading
and wick drains or vacuum-enhanced dewatering will be considered.
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3.0 , SUPPLEMENTAL TESTING

Follow-up investigation to the test pad construction began on 30
November 1998, and continued over the next few months. These activities
have been developed in coordination with the EPA and their technical
contractor (Gannett Hemming Engineers and Planners), to provide a
portion of the data that will be required to support the soil cover design.
The following follow-up data collection and geotechnical evaluation
activities have been performed to supplement the information gathered
from the field pilot test:

1. Continued settlement monitoring of the installed test pads.

- This settlement monitoring has included repeated monitoring of
the remaining settlement plates on the test pads. This
information is be available to help identify long-term
movements, which could be attributed to consolidation, creep or
sludge displacement.

Z Base-line physical property identification olthe soils used for the
construction of the test pad.
This includes the following field and laboratory testing:

- Monitoring of the test pads for in-situ density, using a nuclear
density gauge, with samples from the area of the density test
collected for moisture determination in the lab to allow
correlation with the nuclear gauge.

- Depth measurement within the test pad areas to determine actual
soil placement thickness from the field pilot test.

- Laboratory testing of soil index properties including, grain size,
Atterberg limits, moisture content and proctor density.

- Permeability testing of the soil cover material remolded to the
approximate moisture content and density as the test pad soils.

3. Sulfate sludge baseline physical property testing in the field and
laboratory to further supplement existing data.

This testing includes:
- Performance of in situ vane shear tests at a nupnber of locations

— within and around the test pads. The vane shear work was
repeated after three months to identify potential changes to the
sludge strength characteristics as a result of disturbance from test
pad construction.
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—- Field density and moisture content testing of in-situ sludge at
locations in SB 1 and SB 3 using a nuclear density gage.

Confirmatioh of sludge depth at various points around the
basins. " .

- - Laboratory testing to include the characterization of comparative
indicator properties, and some detailed testing of consolidation.
Sludge samples from SB 1 and SB 3 have been tested for general
indicator properties that include moisture content, unit weight,
grain size, and Atterberg limits.

- Evaluation of consolidation properties of the sludges in the
..overburden load range, and potential strain values, which will be
seen in the field as part of the final remedy.

Data sheets containing the results of laboratory geotechnical tests are
presented in Attachment 2.to this Appendix. . ..

3.1 FOLLOW-UP FIELD TESTING ..____

3.1.1 _ Settlement Monitoring

Settlement plates located on Test Pad 2 in SB 1 and Test Pad 3 in SB 3 were
surveyed on 30 November 1988 and 15 February 1999 in continuation of
the monitoring of the test pad settlement. The data gathered has been
added to Figures C-4, C-8, and C-9. Based on typical performance of a
consolidating soil, the settlement strain should, after some time passes,
occur nearly linear on a log rate basis. As time passes, the expected
settlement should decrease per unit time. Because the test pads are
resting upon the sludge without the benefit of a geotextile and/or soil
cover to contain sludge displacement in the area beyond the test pad, it is
impossible to determine whether the movements observed are attributable
to consolidation settlement, additional displacement or both.

3.L2 ...__.. Test Pad Soils Testing -

3.1.2,1 - - 'Soil Classification

Laboratory tests were performed on samples of the soil used in the
construction of the test pads. According to ASTM D-2487, the soil samples
collected from Test Pad 3 of SB 3 were classified as silt with sand (ML).
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3.1,2.2 Proctor Compaction Testing

A Standard Proctor compaction (ASTM D-698) test was conducted on one
bulk sample collected from Test Pad 3 of SB 3. From the analysis of this
test, the maximum density was found to be 108.7 lbs/ft3, with an optimal
moisture content of 18.0% according to ASTM D-698. Comparing the
maximum density values to the recorded field densities, measured with
the nuclear density gauge (see Section 3.1.5), the average density was
found to be approximately 100.3 lbs/ft? at 12.2% moisture, for a '
compaction of 92.3% of Standard Proctor density.

3.1.2.3 Permeability Testing

The bulk sample collected from Test Pad 3 was re-compacted to a similar
dry density to that achieved in the field (100.3 lbs/ft?)in the test pad and
as measured with the nuclear density gauge. A permeability test was then
conducted on the remolded soil sample, and was determined to be 2.7X10-6
cm/sec according to ASTM D-5084.

Reduced laboratory data for all soils testing performed is included in
Attachment 2 to this Appendix.

3.2.2.4 Test Pad Data Summary

The information gained in the field and laboratory regarding the test pad
soil placement provided the following indications. The local soil could be
excavated, transported, placed, and lightly compacted to reach a typical
landscaping earthwork placement criteria (typically 90 to 92% of Standard
Proctor density). Under a full scale operation it would be expected that a
more consistent compaction effort can be applied on the soil layer.
However, it will be important to select soils with which the desired
compaction and permeability can be achieved with a minimal compactive
effort. Of particular concern would be minimizing the number of
equipment passes since the sludge surface may soften or deform with
repeated passes. The conflict between increased compaction and the effect
of repeated passes on sludge deformation will be addressed in the
development of specifications for the cover construction. Soils to be used
as a soil cover should classify as a clay or silt with sand or better according
to ASTM D-2487. The "or better" requirement would imply a larger
coarse fragment (i.e., sand fraction). As the material moves to the larger
coarse fraction materials placement and compaction would become easier,
but permeability of the placed soils should also increase.

The soil used for the test pad construction would be acceptable by the
criteria defined above, but an increased coarse fragment (i.e., sand
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fraction) would be desirable to improve handling, placement and
compaction. These characteristics would be. balanced with a potentially
increased permeability that such material may have to ensure that
excessive permeability is not obtained.

3.1.3 Sludge Vane Shear Tests

y_ane shear tests were performed in SB_l.and SB 3 at various'.
locations, as presented on Figures C-10 and C-1L These tests were ,
conducted in accO£dance_with ASTM D-2573. The tests were performed
on top of a plywood.platform, working surface, constructed with a 4-inch
diameter hole through the center, with an attached steel flange and 4-inch
diameter steel-riser pipe. The steel pipe supported the vane shear
apparatus. The following is a brief description of the procedure followed
for each test.

Setup: .'

1. The working platform was placed over each selected test location.

Shaft Friction Reading:

2. A section of drill rod (vane shaft) was lowered through the supporting
riser pipe to a depth equal to that of the test interval (less the vane
height), with a bearing guide secured to the rod.

3, . ..The rod was then pushed down into the sludge until the bearing guide
collar came to rest on top of the thrust bearing. The thrust bearing
supported the weight of the rod and allowed the rod to rotate freely in
the sludge while maintaining the appropriate depth.

4. Once in place, a torque wrench was attached to the end of the rod, and
the angle of the torque wrench handle was noted.

5. The torque wrench was rotated clockwise, as_ slowly and as steadily as
possible.

6. The maximum torque f eaciing was recorded, along with the
corresponding angle of rotation.

Remolded Shaft Friction Reading;

7. The rod was rapidly rotated clockwise and then let to rest for a 1-
minute period. The test was then repeated to obtain the remolded
torque shaft friction reading.

ERM C-16 FMC -10556̂ 5.01 -5/5/99

. ..._... ..... .... _ - ..... ...-ARI0650.3



8. The rod was then removed by lifting the rod out of the sludge, with
pipe wrenches, and wiped off to remove sludge which had adhered to
the rod. dA

Vane Shear Test:

9, The largest vane size (3.625-inch diameter) was selected due to the
expected sludge properties, and was attached to the end of the rod.

10. The vane and rod were lowered down into the pipe casing, the collar
was slipped over-the rod, and the bearing guide secured to the rod.
The vane and rod were pushed down into the sludge until the bearing .
guide came to rest on top of the thrust bearing. ; "

11. Once in place, the torque wrench was attached to the end on the rod,
and the initial angle of the torque wrench handle was noted. .

12. The torque wrench was rotated clockwise, as slowly and as steadily as ,
possible, until the maximum torque was reached.

13. The maximum torque reading for the depth interval was recorded,
along with the corresponding angle of rotation.

Remolded Vane Shear Test:

14. The rod was rapidly rotated and left to rest for a 1-minute period, after
which the test was repeated, to obtain the remolded vane torque
reading.

15. The vane and rod were then removed using pipe wrenches, and
cleaned off.

Vane shear testing was performed at the 3 to 5 and 8 to 10 foot depth
intervals. The average shaft friction values are summarized in Table 1.
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Table 1 Average Shaft Friction Values

Test Type and Depth

3-5 ft (Undisturbed)

3-5 ft (Remolded)

8-10 ft (Undisturbed)

8-10 ft (Remolded)

Mean Friction Value on Vane Shaft (Ibs-in)

31.25

20

45.5

30

Using the mean friction values, the torque readings, and the vane
constant, the corresponding shear strengths were calculated using the
ASTM D-2573 procedure and are presented in Table 2.

Table 2 Vane Shear Test Results

Sample Location Computed Shear Strength (psf)

3-5ft(U) 3-5 ft (R) 8-10 ft (U) 8-10 ft (R)

Basin I: —

T-2

T-3

T-4

175.34

12]

71.27 .-

40.73

~~ 12]

1358

162.45

m
207.70

fU

12}

40.73

BasinS:

T-l

T-6

T-8

Average
Sensitivity

62.22

39.59 _

93.89

4.53

9.05

40.73

6.00

16Z45

49.32

103.62

... 18.10

4.53

36.20

6.96

Notes: . __. . .___._._^_ _.'____ ._..., . . . . . -- ----- -

[i] Invalid measurement because the vane reading was smaller than the shaft friction reading,
and therefore no shear strength could be calculated.

[2] The sludge at this location was too hard to push through, and therefore no measurements
were taken.

U - undisturbed; R « remolded.
-Shear strength values calculated using the ASTM D-2573 procedure.
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Figures C-12, C-13, and C-14 present the shear strength results
graphically. „ . .

On 15 February 1999, additional vane shear tests were performed at SB 3
in the vicinity of Test Pad 3 to estimate potential strengths longer .after
completion of the test pad. These test locations are shown on Figure C-ll,
and the reduced results are summarized on Table S.Table 3

Supplemental Vane Shear Test Results

Sample Location Computed Shear Strength (psf)

3£ft(U) 3-5 ft (R) 8-10 ft (U) 8-10 ft (R)

Basin 3:

•T-IO

T-ll

45.25

45.25

W

11]
90,50

45.25

W

[1]

[1] Invalid measurement because the vane reading was equal to or smaller than the shaft friction
reading, and therefore no shear strength could be calculated.

U * undisturbed; R *• remolded.
Shear strength values calculated using the ASTM D-2573 procedure.

Consistent with the initial results, shear strengths were generally greater
at the deeper depth interval, and remolded (disturbed) strengths were
significantly lower than undisturbed strengths (in this case, virtually no
shear strength was observed in the disturbed sludge. It is suspected that
overall shear strength from these tests were generally lower than previous
results because the tests were conducted in areas likely disturbed during
the test pad construction. The undisturbed results are considered to
partially reflect some strength gain achieved in disturbed sludges since
the test pad activities were completed.

3.2.3.2 Vane Shear Testing Summary

The vane shear testing for SB 1 and SB 3 showed similar trends. The trend
for the material indicated the material is stronger with depth, and
remolded strength is significantly lower than undisturbed strength. Both
of these results were expected based on typical soil and sludge behaviors.
The reduced remolded data demonstrated strengths in the field which
were similar to those observed in the triaxial UU testing performed earlier
on a remolded sample of the sulfate sludge (see Attachment 2 for UU test
results).
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A more .extensive profiling of in-situ strengths with the vane shear
apparatus is recommended as a measure of sludge variability.

3.1.4 -Thickness of Sludge Measurements

The thickness of the sludge in SB 1 and SB 3 were determined
concurrently with the vane tests. Once a given vane test was completed,
the bearing guide at the top of the vane rod was removed and additional
sections of drill rod were attached and pushed into the sludge until the-
layer of resistance, or bottom of the sludge, was attained. The length of
rod remaining above the sludge surface was recorded and subtracted
from the total-rod length to determine the thickness of the sludge at each
test location. Table 4 below shows the results of these measurements.

•Tabled Sludge Basin Depths

Location

T2

T3

T4

Basin 3;

Tl

T6._ ;..:

T8

Total Length of
Rod (ft)

17

7

12

--._ -

17

17

17

Length of Rod Above Sludge
Surface (ft)

5.67

4.25

3.67

. ..-- ---..-

4.60

6.75

5.17

Thickness of
Sludge (ft)

11.33

2.75*

833

12.40

10.25

11.83

Note: * Resistance was _«i£puntered ahnqst ijomecUately at this location, possibly due to some
localized heterogeneity or obstruction, and therefore, this value may not be representative of the
actual sludge thickness.

3.1.5 Density Measurements

Density readings were taken at several locations in SB 1 and SB 3. A
Troxler ModelMSO nuclear densometer was used to measure the field
densities and moisture contents, according to ASTM D-2922 and ASTM
D-3017, respectively. The results of testing performed on sludge are
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shown on Table 5. The results of testing performed on Test Pad 3 soils are
shown on Table 6.

Table 5 Field Density Test Results - Sludges

Sample Location

Basin 1 Sludge*:

T-I

T-2

T-3

T-4

Wet Density
(IbAf) -

84,0

85,2

9Z7

83.3

Dry Density
(Ib/cf)

Moisture Content (%)
ASTM D-3017

Oven Dried MC (%)
ASTM D-2216

40,3

41.0

45.8

42.0

66.2

75.1

63.7

65.0

108.3

107.6

10Z2

98.5

Basin 3 Sludge:

T-3

T-4

T-5

T-6

T-7

T-S

T-9

91.9

86.8

87.8

86.5

86.1

88.6

84.4

27.6

53.8**

55.2**

263

57.9**

40.2

50.5**

63.2

61.3

59.1

76.4

48.9

42.0

67.3

232.8

229,2 P̂

120.2

Tests were performed on 12/1/9S. AH other tests were performed on 11/30/98.
Dry density computed based on nuclear gage moisture content All others based on oven
dried moisture contents.
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Table 6 Field Density Test Results • Soil

Sample Location Wet Density
<Ib/cf) -

Dry Density
(lb/cf)

Moisture Content (%)
ASTM D-3017

Oven Dried MC {
ASTM D-2216

Basin 3 Test Pad #3 Soft

T-i:.. . . .__..:

T-2

11Z9 ...

11ZO

Nuclear/Oven

100.9/99,3 -

99.6/100.6

1ZO

12.4

13.7

113

As a check for interferences possibly caused by the soil, or sludge
properties, oven-dried moisture cqntenttests were performed in
accordance with ASTM D-2216 for several different samples of sludge and
soil collected. As can be seen in Table 5, the results indicate a significant
variance in moisture contents for the sulfate sludge material. Based on the
testing/analysis method of ASTM D-3017, a significant variance was
expected. _ v - — -----

3.2 FOLLOW-UP LABORATORY TESTING

3.2.1 ..; Sludge Physical Property Index Testing

As a part of the laboratory testing of the sulfate sludge, described in the 25
November 1998 memo to M. Byle of Gannett Flemming, ERM has
'identified a non-typical response to the physical property index testing
planned. ERM initially proposed the use of typical soil index properties to
identify variability in sulfate sludges encountered in the SBs. This method
was proposed in order to increase the confidence in key performance
properties to be used for the development of the design.

The indicator properties initially planned for cpmparative analysis were
moisture content, sieve, hydrometer, and Atterberg limit analysis. In the
performancejof these tests ERM has identified some non-typical
performance of the materials. _"._ ,_._•___•_____.

ERM has identified that the sulfate sludge from all SBs, in its existing
condition, would visually classify as an elastic silt (MH) with at most a
trace (0 to 5%) of sand. The classification of the material utilizing the
ASTM D-2487 method yields a low-elasticity silt with sand (ML) to a silty
sand (SM), which contains in the range of 19 to +50% sand.
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Based on experience with this and other sulfate sludges, a common
property change has been identified that is created through the sample
preparation/drying process. An. apparent change in the material during
drying is causing "interparticulate bonding" creating larger aggregate
particles. Presently, the actual mechanics of this change with this specific
sludge are not known, but it is believed to be due to the change in water of.
hydration in the sulfate due to drying. This problem is alleviated with
sulfate sludge generated from flue gas desulfurization systems by drying
the material at a lower temperature, approximately 70° C. This is •
approximately 34° less than the ASTM standard for moisture content
determination, which is performed at 104° C ERM dried the sludge at
both 70° C and at ambient temperature 18-22° C and found the same
aggregating response of the sludge.

The following analysis has been completed in accordance with ASTM —
procedures for 5 samples of sludge collected from SBs 1,2 and 3:

• Moisture content;

• Sieve analysis; and

• Hydrometer analysis.

The reduced laboratory data figures, which show the "sandy" material on
the grain size plots, are included as Attachment 2 to this Appendix.

ERM performed a select set ofadditional duplicate analysis on two sludge
samples through a modified wet preparation procedure to try assess the
impacts of the preparation process. This data is also included in
Attachment 2,

The wet prepared materials tested classified to be a silt (ML) with at most
a trace >5% sand. The samples duplicated in this modified testing are
from SB 3 and are noted in the reduced laboratory data as BASIN-31.1-
and BASIN-3 2.1 and co plotted with the dry preparation samples noted as
BASIN-31.0 and BASIN-3 2.0. The wet preparation of the samples adds
significant error in the testing procedures but provided a more realistic •
sample gradation.

Based on the data available, the use of physical indicator properties
(classification) to determine potential variations or similarities of the
sulfate sludge does not appear to be applicable. In lieu of classification
testing, in situ shear testing and laboratory consolidation testing are
recommended for determining the variability of sludge characteristics as it
relates to the cover design. A field testing program is described in Section
4.2.1.
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3.2.2 - Sludge Consolidation Testing

ERM performed a large-diameter consolidation test on one sludge sample.
It was initially planned to perform tests on a number of samples, which
varied from basin to basin and over the range of water contents found.
However, only one test was completed because of the length of the test (1
week per load cycle, 8 to 10 weeks for the entire test). This test was
performed to generate an order otmagnitude estimate of the expected
consolidation due to the application of the cover system and attic fill

"loads. i- - _.-..._—---_- ......

The consolidation test performed is a modification of the typical one-
dimensional fixed ring consolidation test. The fixed ring test utilizes a 2 to
3-inch diameter sample approximately 1 inch thick over a load range of
500-pounds per square foot to 32,000 pounds per square foot (0.25 to 16
tons per square foot). ERM developed this modification of the test for the
-following reasons: - ~

• The use of a large diameter sample allows controlled application of
loads throughout the anticipated load range The load range used was
177 to 2,023 pounds per square foot (0.09 to 1.01 ton per square foot).
This equates to loads of approximately 1 - 2 to 15 - 20 feet of material

..L- - - ... _ . _ . . . . _ . . x A . - . - - - — - - .J

depending on material density. This covers the range of loads
anticipated for the cap system on the sludge basins.

* The larger thickness sample allows expected consolidations of greater
than 25% to be monitored effectively. The use of a very thin sample
with this much movement has demonstrated problems with the limits
of the laboratory equipment.

• The volume of pore water generated is significantly larger with a big
sample as compared to the standard sample. With this type of analysis
the pore water generated can be visually inspected for issues that may
potentially clog or damage a drainage system.

The initial sample selected for analysis was sludge bulk sample Basin 3,
1.0. The laboratory analysis of this sample is included in Attachment 2 to
this document. This sample was selected based on moisture content and
general consistency. This sample had a moderate consistency and
demonstrated a median moisture content for the samples recovered. The
bulk samples from SB-1,2, and 3 covered a moisture content range of
111% to 209%. The Basin 3,1.0 sample had a moisture content of 144%.

The sample was placed in the consolidometer utilizing a procedure similar
to that used to develop wet density of semi-solid samples (e.g., wet
concrete density). The material was placed in three lifts and rodded 25
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times per lift to minimize trapped air voids. Initial measurements to
determine density, height, etc. were collected and an initial seating load
was applied to the sample. The seating load was monitored for deflection
and was allowed to continue until the deflection has tailed. At this point
additional loads were added on an approximate doubling rate typical to
consolidation tests. For each load, deflection was monitored on a log time
basis for the initial 24-hour period and then regularly until the
consolidation appeared to have tailed. This took approximately 1 week
per load cycle. •

The initial and final properties of the sample are detailed in the following
tables.

Table 7 Consolidation Test Physical Parameters

Wet Density (£/ft3)

Dry Density (t/ft3)

Moisture Content

Sample Height (in)

Sample Diameter (In)

Initial Sample

85.6

35.1

144.0%

5.128

6.024

Final Sample

95.4

515-

85.1%

3.554

6.024

Table 8 Consolidation Test Summary of Load vs. Consolidation

Load (tsf)

0.0886

0.1574

0.2135

03257

EX55Q1

_ 1.0115 _______

Load (psf)

177

315

427

651

1400

2,023

Percent Consolidation

10.6%

- ' 13.8%

15.1%

18.6%

23.9%

3Q.7%_ _.

The plotted consolidation curve is included with the reduced laboratory
data in Attachment 2. The pore water generated from the consolidation of
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the sample did not appear to demonstrate conditions that may clog a
drainage system (Le., transport of fines, expulsion of gelatinous material,
expulsion of oils or higher viscosity fluids).

The use of the consolidation curve to predict potential settlements due to
applied load is only a relative tool. The placement of the material in the
consolidation cell is done to simulate the material in the near surface
condition as closely as possible (i.e., without air voids). As loads are
applied, this material will consolidate along the virgin consolidation
curve. _ - - - —--- — _ . . _ _ _ _ _ _

Since the materials were hydraulically placed in the basin and there have
been no significant loads applied to the material (i.e., glaciers, building
foundations, significant fills) the material should be in a normally
consolidated condition. Therefore with the imposition of additional loads
due to the cover system application, the material should undergo
consolidation on the virgin consolidation curve. With this -understanding,
an estimate can be made of initial load due to overlying material at one
hal£of the sludge layer depth and a comparisonmade to the design load
condition at the same depth. At each load the corresponding percent
strain can be predicted from the consolidation curve, and a total
consolidation can be estimated based on a change in percent strain from
the-existing to design loads.

Consolidation assessments typically include the evaluation of secondary
compression (also referred to as creep). However, the data from the
consolidation test indicated that secondary compression would need to be
measured over a period of several weeks to a month, which would have
prevented the progression of the test to the next load cycle. Each
consolidation load took one week to complete and six tests were
completed. Therefore, measurement of secondary compression was not
feasible within the time allotted for the consolidation test.

Critical factors in the prediction of time rate settlements due to
consolidation are permeability and the length of the drainage path. The
sludge has demonstrated a permeability on the order of 1 x 10~7. The time
lengths of consolidation on each load cycle confirmed the low
permeability. The drainage path length can be controlled through
physical means to speed consolidation by the addition of vertical drains or
other drainage methods. The permeability and drainage path length only
impact the speed at which settlement qccttrs not the total settlement.

The initial consolidation test results provide a general indication of
potential consolidation settlements to be expected in the field. Additional
consolidation testing should be completed during the design phase once
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potential variations in the sludge are identified'by the recommended field
vane shear testing, and once more representative test conditions can be
defined through subsequent phases of the engineering design. Additional
consolidation testing should also include an evaluation of secondary
compression.
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4.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

4.1 SUMMARY AND CONCLUSIONS

._— , The results of the field and-laboratory tests completed to date support the
conclusion that the placement of a soil cover on the Sulfate Basins is
technically feasible. These results further support the assumptions made
in developing estimated cost ranges for the sludge basins soil covers
presented in the EE/CA. Subsequent engineering design testing and .
evaluations will support the selection of the appropriate construction

----- -- methods and materials to ensure that the soil cover meets the applicable
performance requirements _(e.g., thickness, stability, etc.).

Substantive results and conclusions from the field and laboratory tests
conducted to date, relative to the design and construction of a soil cover
over the Sulfate Basins, include the following:

* As demonstrated during the field test, and as shown on the project
photographs (Attachment 1 to this Appendix), a soil cover, ranging in
thickness from 1 to 4 feet ,can be placed on top of some of the existing
sulfate sludge surfaces utilizing readily available construction methods
and materials. Engineering design evaluations will address the
placement of greater depths of attic fill that may be needed to account
for consolidation settlement when achieving desired final slopes on the
basin covers. The potential interaction between cover thickness and
the compactive effort to achieve a required cover permeability will also
need to be further evaluated during the engineering design phase.

• Compaction of cover soils above the sludge surface is feasible. Field
test results indicate that the cover soils utilized were compacted to at
least 90% of the standard proctor maximum dry density via moderate
tracking with a relatively small, low-ground-pressure dozer. While no
effort was made to achieve a particular degree of compaction in the
field test, the level of compaction achieved is typically acceptable for
landscaping and similar non-load bearing applications (such as soils
caps with shallow slopes). The engineering design will further
consider permeability goals in relation to compactive effort.

• Geotextiles can be effective for distributing loads, separating soil and
sludge, and increasing the stability of, the cover system (soils and
geotextile) and construction equipment above the sludge surface.
Where geotextiles were adequately anchored, construction equipment
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was able to operate directly on top of the geotexile placed on the
sludge surface. •

The large quantities of fly ash available at the site can be effectively
utilized as attic fill in the construction of the SB soil covers.

Surface draining and solar evaporation can improve the conditions of -
the sludge surface with regards to cover soil placement. Based on the
high moisture content of the sulfate sludge, additional draining
and/or dewatering to depths below the surface could be appropriate
for improving sludge characteristics for soil cover placement.
However, a significant period of time may be likely to realize any
improvements in sludge dewatering. Another potential approach
would be to promote desiccation and thereby develop a crust on the
surface of the sludge that would buffer the underlying weak sludge
from, construction-induced stresses. The potential means and benefits
of sludge dewatering, as well as other approaches to stabilize the
sludge surface, will be evaluated further in the engineering design =
phase.

In-situ strength test results indicate that undisturbed sludge strengths
axe greater than the strengths of disturbed sludge. The engineering
design will consider this characteristic for situations that require
significant sludge movement or disturbance, and whether all sludge
subject to loading, vibration, etc., of soil cover placement should be
considered to be disturbed. Subsequent tests will investigate potential
strength gain over time for disturbed sludges.

Sludge displacement and consolidation settlement will be considered
in the soil cover design. Field test results indicate upward sludge
displacements of less than one foot in response to soil cover placement
in adjacent areas, and total displacements (as compared to the original
sludge surface) of approximately one foot in soil cover areas. These
displacements are likely greater than would be expected in the full
scale construction because of boundary conditions present for the field
test that can be avoided for the full scale construction. However,
unfavorable boundary conditions cannot be avoided all together in
placing the cover soils. SB will be drained to the extent practicable
through the summer of 1999, and periodic visual assessments of the
conditions of the soil cover will be made.

The density, thickness, and slope of cover materials can be varied in
the soil cover design as necessary to accommodate the expected
differential and total settlements. Consolidation test results can also be'
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used to predict the volume of'water to be managed during
consolidation settlement of the sludge.

Sludge characteristics may vary from basin to basin and
geographically within each ba'sin. Differences in sludge character
between the test pad locations in SB 1 and SB 3 were described earlier.
Further identification of sludge variability and the need to account for
those differences will be addressed in engineering design phase.

4.2- RECOMENDATIONS FOR FURTHER GEOTECHNICAL
EVALUATIONS

A preliminary plan for further design testing and geotechnical evaluation
has been developed based on the ongoing testing of the sulfate sludge in
.the -laboratory and field, and the results of the field study performed to
investigate the feasibility of a soil cover placement. Listed below is a
summary of the present data gaps may be further addressed as part of the
engineering design:

• In-situ sulfate sludge strength;

• Actual sludge thicknesses/volumes/areas;

• Potential settlement of the sludge due to cover and equipment loads;
and -

• Potential water generation volumes and rates due to applied cover and
equipment loads and sludge~consolidation.

A recommended laboratory and field testing program to address the
above data needs is presented in the following subsections.

4.2.1 Field Testinĝ Program ".;..

The field testing program will be directed to address the first two items
presented as data needs. The field program will include the following
items:
1. In-situ strength survey of the SB materials.

A survey should be performed of in-situ strength over the SB area.
This would include the performance of additional vane shear testing
on a grid/regular pattern over the basin area to develop an aerial
strength pattern over the basin area. At each sampling node, the vane
shear testing should be performed at selected depths to assess strength
variation with depth.
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The anticipated end product of the data collection would be a three
dimensional strength map of the sludge contained within each basin.
This strength map could then be used to assist in identifying variations
in sludge properties, and allowing the necessary design provisions to
be developed prior to construction.

The strength profiling will also allow the refinement of laboratory
samples collected for critical design physical property analysis. As a
part of the testing, samples for moisture content will be collected to
potentially define a strength/moisture relationship

2. Sludge Thickness Surveying

Concurrent with the in-situ strength testing, a survey of each strength
test location should be performed. This surveying would document
the location and top of the sludge and the bottom of the sludge
material based on the ability to push the drilling rods into the sludge.

This data would be utilized to supplement site topographic data to
develop sludge isopach thickness maps. These isopach maps would be
used to develop actual volumes of sludge and allow prediction of the
final cover profile in combination with laboratory data.

4.2.2 Laboratory Testing Program

The laboratory testing program will be an extension of the present
program. As a result of the in-situ strength testing, additional locations
for the collection of samples will be developed. The additional samples
will be collected based on strength data and correlated with moisture
content to potentially develop a relationship between moisture content
and strength.

Testing to be performed will include primarily the following tests:
1. Large diameter consolidation testing.

Additional samples should be selected for consolidation testing based
on the vane shear determination. The consolidation testing should
include evaluation of secondary compression. The samples should be
selected to represent the potential range of consolidation curves for
each basin.

The development of this data would allow the prediction of settlement
due to the application of the cover system. Additionally, the
consolidation test data would be used in conjunction with other data to
generate a prediction of water volume generating as a function of time
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due to the consolidating sludges so that this water can be managed
appropriately.

2. Undisturbed/remolded triaxial strength testing (UU and CU w/pore
pressures).

Triaxial strength testing should be performed on selected samples both
as undisturbed (thin walled/Shelby tube) samples if possible and
remolded samples. Analysis would be performed to support the field
vane shear testing results. This would be a limited program since
limited benefit is expected to be gained from the laboratory
determination of strength of collected sludge samples. At a minimum,
an attempt would be made to correlate this data with the in-situ
strength testing results.

Table-9- summarizes the geotechnical field and laboratory testing listed
above in context of its use in engineering design and as it relates to the
geotechnical evaluations reported upon in this Appendix.

This is an initial recommendation for the scope of the engineering design
data requirements and the required testing to meet the requirements.
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Table 9 Geotechnical Testing Summary

Testing Data Use

Present Testing - Laboratory . . . .

Trimxial Strength UU (unconsolidated
undrained)

Triaxial Strength CU (consolidated undrained
with pore pressures)

Classification Testing (sieve, hydrometer,
moisture contend Atterberg limits) [ASTM
procedures]

Classification Testing [wet prepared]

Consolidation Testing

Provides indication of expected material
strength parameters for construction,
loading/ sludge relocation.

Provides indication of expected material
strength parameters for long-term strength
stability predictions

Provides basic physical property comparisons
between sludge samples (limited applicability
of this testing due to change in material
properties' caused by material prep).

Provides basic physical property comparisons
between sludge samples (initial samples .
analyzed provide a more realistic picture of
sludge grain size distribution).

Provides indication of the expected settlement
of the sludge caused by the cover system load
application (from test results time rate
calculations, time rate settlement values, and
time rate consolidate liquid expulsion can be
calculated).

Present Testing - Field

Test Pad construction (observational summary
of construction performance)

Test Pad documentation (physical property
analysis of test pad construction)

In-situ sludge strength testing (vane shear)

Provides a field scale demonstration for the
potential of cover placement on the sulfate

, basins utilizing typical construction equipment
and materials.

Provides initial feedback on compaction,
placement, permeability/ and settlement

Provides some initial information on in-situ
strength of the sludges with depth.
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Table 9 Geotechnical Testing Summary (Continued)

Testing Data Use

Future Testing - Laboratory

Triaxial Strength/Direct Shear UU
(unconsolidated undrained)

Triaxial Strength/ Direct Shear CU
(consolidated undrained with pore pressures)

Consolidation Testing (including an evaluation
of secondary compression)

Provides indication of expected material
strength parameters for construction
loading/ sludge relocation and interface friction
for construction of cover system layers.

Provides indication of expected material
strength parameters for long term strength
stability predictions and interface friction for
long term stability of cover system, layers.

Provides indication of the expected settlement
of the sludge caused by the cover system load
application (from test results time rate
calculations, time rate settlement values, and
tiine rate consolidate liquid expulsion can be
calculated).

Future Testing - Field

In-situ sludge strength testing (vane shear) Provides patterned logging of in-situ strength
over the basin area. Used primarily to identify
inconsistencies with the sludge within each
basin. Areas which have been identified as
potential variances in basin use/depositional
environments should be investigated with a
tighter test spacing.
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Figure C-1A
Test Pad 2 CSB1)
Soli Thickness

Avtex Fibers Superfund Site
Front Royal, Virginia
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Figure C-5
Test Pads 1 A 3 (SBS)

Avtex Fibers Superfund Site
Front Royal, Virginia

SULFATE BASIN

TEST PAD 3

SULFATE BASIN 3

TEST P/XD

150 75 0 150.

SP --Settlement Plate . SCALE: 1" =..150'

10536.66.Oi\OI-20-9-J-CJM.PA!103
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Figure C-6
Detail of Test

Pads 1 & 3 (SB3)
Avtex Fibers Superfund Site

Front Royal, Virginia f
TRANSVERSE. ..
CROSS SECTIONS

LONGITUDINAL
CROSS-SECTIONS

SOIL -.WITH NO
GEOTEXTILE-" "
REINFORCEMENT

ACCESS PATH

DEWATERING
SUMP -

30 15 0 30
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SCALE: 1" = 30'
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Figure C-6A
Test Pad 3

Soil Thickness
Avtex Fibers Superfund Site

Front Royal, Virginia

SOIL WITH NO
GEOTEXTILE
REINFORCEMENT

ACCESS'PATH

DEWATERING
SUMP

30 15 0 30
iffSiiiiŜ ^̂
SCALE: 1" = 30'

ERM "" " " "~ " - _^_ J055G'.65,OI\OI-20-99-S.C,H.\03-f7-99-C.M.PAM09

. " "~""AR 1065314



0)

^H
CO i-i- «> .2C > ±i
"SO05
w c "°
w 1
9 3

c
«3
H

ARI"06535



<D

JZ

f Js
\ c S i
CQ O c .S

« 0) >
Q. „
en CO

m H ̂  O
CL g g £
ff_ mm* >

a>
o>co

flR'106536



E
.̂P

S§1
£)'•«•**_• £'

H*̂ ; O 3 _[.„*

.
.

1 z E §n *- x if"C Q) ""
*i 0) >
W3 e ••(•<u E <h-

(U) UOHBA3I3

flRI'06537



£g .
S>g5«_ o^5
0^5=1 =
2^gSr?
/%•«*! £>

30

AR'I 06538



0-3.2-p.I233 c £
T-"° S «l 3 1*

OE"c.j |_t,
"05 ^

CO

TJ
C
v Aen •

u

in1

#

s -
O - --CO

_
. 1 1§
C O L-T3
D O ,0 £

» oc e
Q >
O 0)

•'- -83
-
CL-
5-

AR106539



CQ
C/)

o>
O
w

c(1)

CO
0)

CO
CM

6
0)
3
O)
E

O) \ I.
(U

tn Q
0>

(0
CO

- co.

C35

CO

O O O O OLO o in o io
04 CM i- -r-

T- m
CD CQ
W W

O O* V01 0)
t_L D.
(D VII
T- T) -g g
S £ = "3« « tn o
«" <o "

ARI065liO



r- * -

CO
CQ
CO
O
M^M

f*
•̂ Ĥ
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Attachment 1
Project Photographs
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Photo 1: Construction of Access Road for Test Pad 2 (Sulfate Basin 1).

Photo 2: Test Pad 2 geotextile preparation for soil placement (Sulfate
Basin 1).'

FMC/10SM.6Z01-I2/4 '96



Photo 3: Test Pad 2 under construction (Sulfate Basin 1).

Photo 4: Soil and fly ash placement on Test Pad 2 (SulfateJBasin 1).

AR 1065^5™™



Photo 5: Area of Test Pad 3 prior to construction (Sulfate Basin 3).

Photo 6: Placement of initial 10 to 13 feet of soil using excavator bucket for
Test Pad 3 (Sulfate Basin 3).

I 0551*6 ———



Photo 7: SoH anchor being placed on sides of Test Pad 3 (Sulfate Basin 3).

Photo 8: Completed Test Pad 3 (Sulfate Basin 3).

ERM 4



Attachment 2
Reduced Geotechnical Laboratory Data
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Client
ERM Project Number.

Project/Location
Sample Location

SUMMARY OF TRIAXIAL PERMEABILITY
TEST RESULTS
ASTMD-5084 :

FMC Avtex " ' _ Report Date:
10556.62,01" """" .r - - - - - - - - - :" """;::. ̂t Date:
Sludge Basin Test Pad 3 . " " Sampling Date:
T?3 " " " • " " . " _ . . ..-. . - .!. Tested By:

-

14-Jan-99
14-Jan-99
8-Jan-99
PSC , . .

Sample Description: Te"st Pad Cover Soil
Notes

Sample Type
Initial Height (in):

Initial Diameter (in):
Initial Wet Weight (g)

WetJDensity (pcf).
Moisture Content:
Dry Densify (pcf)

Cell Pressure (psi);
Head Water (psi)
Tail Water (psi).

Max. Consol. Stress (psi)

Change in
Time (min) ""

1

, 24
34
54
60
22"

Permeability

Sample was recompacted to density observed in the field

Physical Property Data

Remolded
4.02 Final Height (in):
2.80 . ". . Final Diameter (in):
745.00 " . . . - - Final Wet Weight (g):
115,1 Wet Density (pcf):
"14.S% : ." Moisture Content
1 0 0 . 1 " " " Dry Density (pcf):

Saturation:

Test Parameters

69,0- ; -" '̂ """ "-'"- C'T V: -",-- "". Fhiid:
66.0 . '- - . --.-.-""Ceil Number
66,0 ". . " J : "" Tempoature (°C):
3.0. Min. Consol. Stress (psi):

Reduced Permeability Data

Head Across . Gradient Change in Flow
"~~ Sample (in) 0̂ ) C00)

Average Average
20.5 5.1 1.0
19.7 ' ' 4.9 1.0
18.6 . ' . : 4.6 _•'••• ' ' "1.6

" '" "M775 ;--~—̂  ---' ~i:4~ :: ^ ; "r i.i
16.7 4.2 0.6

Computed Permeabilify

2.7E-08 (m/sec) at 20° C .- -

2,7E-06 . (cm/sec) at 20° C.

>

J4.01
!2.80
813.00
125.9
24,2%
101,3
102%

Deaired Water
A-2
20
3,0

Raw
Permeability
(m/sec) ,

3.4E-08
2.5E-08
217E-08

" L9E-08
2.7E-08

r̂ -illliSES™
tŜ L J]}3/?i]

ERM, Inc. 855 Springdale Drive . Exton, PA 19341
fiR!0655i*'



735

730

725

720

D
fi
Y
D?75
£
N
S
1

Y110

P
o
u

d105
•s

p
«

700c
u
b
f
o
.55
O
O
t

90

85

80

75
t

i
/

*

(
/

\'

>
y-

I

\

\

\

\

t

A
\\
\̂

\
\
\

\

S

\
1\
\
\

/

\
\\

\\

^

\
\\

\

/

\
\

\

s

Job No,
Project

10556,62.01 Date 1/19/9Q
FMC - Avtex Fibers - Front Royal. VA
|
^

Source of Material TP3 0.0
Description of Material SILT with SAND ML

\

\'

\

^

Test Method

}
\\

\

-4

\
\

s

\

\
\̂

*̂
\
\1\\

Test Pad 3 Soil
ASTMD-695 _..._

TEST RESULTS

Maximum Dry Density 108.7 PCF
Oottmun Moisture Content 18.0 %

K
\\̂
s

\
\
•

\̂
\
Ns
\
s
\
'

\
N

V
\
\
\
\̂

ss

ATTERBERG LIMITS

LL PL PI
34% 25% 10%

CURVES OF 100% SATURATION
FOR SPECIFIC GRA VITY EQUAL \

X * 3 S)f\ £..O\J
!\ - -\K 2-70
S\A 2.50

X r— ̂ . - - -XSA^̂ \^ v^x^\XSA
^̂ \X
^ x.!Vs^vK

u \N^V
XXX
X^X
X^^WX^x
X^X
x^X.̂̂ v!^x\

•) 5 10 15 20 25 30 35 40 4
MOfSTUfH: CONTENT (Percent Dry Weight.

MOISTURE-DENSITY REU
ERM, Inc

. Exton ; Pennsylvania

\TTONSmP RhVIEWtU \
&&lfcfif

flRI06555



700

3

8

P

fi7

T6

t

E5
R

0

0

0

0

0

a
Y40

f
H3°
----

20

70

0

J. S. S/£V£ OPENING IN INCHES }
6 * 3.. ? 1,5 ̂  3M̂ 3̂/8
I I I 1

' "U.S. SI&/E NUMBERS '" ' HYDROMETER 1
3 4 S 810i46203Q405Q70100j4,y_QO

-tS<"
•v

i

1
^

1

^

1 > !

\̂
^

\_ _ _
\
•
\
\
\

• H

'*
\ŝ*-
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Appendix D
Analysis of Storm Water
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- ANALYSIS OF STORM WATER MANAGEMENT OPTIONS

The following provides the initial conceptual evaluation of the storm
water management options that may be implemented during remediation
of the Avtex Fibers Superfund Site (Site). In order to confirm the
conclusions-of-this conceptual evaluation, FMC will perform an
additional, more detailed evaluation prior to closure of the sulfate basins.
The more detailed evaluation will identify a storm water management
alternative that provides appropriate control and treatment of
contaminated or potentially contaminated storm water until it is
demonstrated that such control is no longer necessary. The proposed
scope of the detailed evaluation is described at the end of this appendix.

1.0 BACKGROUND

Pursuant to. the Administrative Order for Removal Response Activities,
dated February 2, 1990 (Order), issued by the United States
Environmental Protection Agency (EPA) to FMC Corporation (FMC),
storm water -runoff from the Site must be collected and treated prior to
discharge to the South Fork of the Shenandoah River (River), if necessary
to meet established standards. FMC has complied with the Order by
operating the existing on-site wastewater treatment plant (WWTP).
Although the need for treatment is intermittent based on influent water
quality to the WWTP, this operation is expected to be maintained until the
remediation of the areas on the east side of the railroad tracks (e.g., plant
buildings, associated sewers,, and impacted soils) and closure of the
Sulfate Basins (SBs), Fly Ash Units, and WWTP Basins (WWBs) are
completed. Once these remedial activities are completed, it is anticipated
that storm water runoff will not require collection or treatment, from a
water quality perspective, and FMC may petition EPA to terminate the
Order. _.__-.-. —

Currently, the SBs at the Site provide hydraulic capacity for storm water
retention prior to treatment in the WWTP,. .The proposed remedy for the. .
SBs, which includes a soil cover and lowering of the basin dikes, will
reduce and eventually eliminate this hydraulic capacity. During closure
of the SBs, the hydraulic storage capacity may still, be utilized for storm
water that falls directly into the basins. .Once the SBs are closed, they will
not collect storm water and runoff from the area will be directed through
sedimentation controls, if necessary, to the River. However, since the
remediation of the east side- of the railroad tracks or other areas of the Site
may not be completed prior to closure of all the SBs, it may be necessary

ERM . D-l - - - • FMC/10556.65-5/5/99
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to have replacement hydraulic storage capacity to maintain appropriate
storm water control.

2.0 EVALUATION OF STORM WATER RUNOFF AND COLLECTION

An evaluation of the potential storm water generation during a 10-year,
24-hour storm was performed to determine the total replacement storm
water storage capacity needed during remedial activities. This evaluation
was performed in accordance with the United States Department o£
Agriculture Soil Conservation Service's "Urban Hydrology for Small
Watersheds/' Technical Release 55, June 1986 (TR-55).

The Site was divided into two major storm water categories for this
evaluation: runoff areas and collection areas. As shown on Figure Dl, the
estimated runoff areas include the areas west of the railroad tracks (i.e.,
Viscose Basins (VB) 1 through 8, and Fly Ash Basin (TAB) 3), the plant
area, and the southwest plant grounds. The collection areas include SBs
and the WWBs (i.e., Polishing Basins (PB) 1 and 2, and the Emergency
Lagoon (EL)).

VB 9 through 11 are not included in either category since, based on tiheir
construction and characteristics, they do not appear to represent a runoff
area or a significant collection area. The existing berm elevations of VB 9
through 11 prevent storm water runoff to other areas. The porosity of the
surface limits the amount of storm water collected during a storm event,
and the nominal amount of storm water that may collect in these basins
may be pumped directly to the WWTP. Therefore, additional storage
capacity should not be necessary for storm water runoff from these basins
since their discharge to the WWTP can be controlled and managed until
hydraulic capacity is available.

The volume of potential runoff during a 10-year storm was calculated for
the subject areas in accordance with TR-55, considering total acreage, and
soil and cover conditions. As provided in TR-55, the soil and cover
conditions were used to estimate Runoff Curve Numbers (CN). In"
general, soil was considered to be Type C - Sandy clay loam for the runoff
areas. Composite CN's for the runoff areas ranged from 70 to 85
depending on cover conditions. The total amount of runoff generated
during a 10-year storm for the runoff areas was calculated to be
approximately 14.4 million gallons in a 24-hour period. The runoff
calculation for each subject area is provided in Table Dl.

The volume of storm water collected in the collection areas during a 10-
year storm was calculated based on acreage and total inches of rainfall

ERM D-2 . FMC/1D556.65-5/S/99
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during a 10-year storm: 53 inches (Figure B-5 in TR-55). As a conservative
estimate, evaporation and infiltration were not considered in the volume
calculations for the collection areas. The total amount of storm water
collected in the WWBs and. the SBs was calculated to be approximately
576,000 and 8.98 million gallons, respectively. The storm water collection
calculation for each subject area is provided in Table D2.

Based on the calculated storm water runoff and collection volumes during
a 10-year storm event, the total combined estimated replacement storm
water storage capacity needed is approximately 15 million gallons, shown
on Table D3. This capacity considers that the SBs may be used as storage
units for direct rainfall until they are closed. Therefore, based on this
estimate, it will be necessary to maintain storm water storage capacity of
at least 15 million gallons during remedial activities to ensure that storm
water can be appropriately managed.

3.0 EVALUATION OF REPLACEMENT STORM WATER STORAGE
CAPACITY OPTIONS

A conceptual evaluation of potential replacement storm water storage
capacity options indicated that the.threeexisting WWBs (i.e., PB 1 arid 2,
and the Emergency Lagoon) may be used to replace the lost capacity from
closing the SBs. The current hydraulic storage capacity of the WWBs is
approximately 9 million gallons. However/ each basin contains sludge
and is; underlain contaminated soil, If the sludge and contaminated soil -
are removed from all the WWBs, the capacity of these three basins
increases significantly.

. Two replacement storm water capacity options were considered. The first
option simply would require removing all the sludge from the three
WWBs and operating each as an individual retention basin.* The second
option also involves removing all the sludge from the three basins, but
also includes the removal of the dike separating PB 1 and 2 to provide
additional storage capacity and simplify water management operations.

Asshown on the table below and Table D4, Option 1 should provide
sufficient storage capacity for a 10-year storm. Once the sludge is
removed from the WWBs, the maximum total capacity is estimated to
increase to approximately 17.6 million gallons, and the normal operating
capacity (i.e., maintaining at least two feet of freeboard) is estimated to be
approximately 15.7 million gallons. As an alternative, Option 2 will
provide an additional 111 million gallons of storage capacity. Although
this additional capacity is not needed based on the calculations above, this

ERM " - - - - -Q_£ FMC/10556.65-5/5/99

ARI06566



alternative may simplify water management, operations, as well as
provide an additional safety factor.

Option 1 __________ Option2

Storage Capacity
Required
(million gal)

15

Maximum
Capacity l
(million gal)

18

Operating
Capacity 2
(million gal)

16

Maximum
Capacity i
(million 'gal)

19

Operating
Capacity a
(million gal)

17

1 - Maximum Capacity represents total capacity to the top of the dike.
2 - Operating Capacity represents total capacity maintaining at least 2 feet of freeboard.

Given that the WWBs can provide the necessary storage capacity, the
existing WWTP may continue to be used to treat the storm water. The
current maximum throughput of the WWTP is approximately 2,000
gallons per minute (gpm), or approximately 2.9 million gallons per day.
This flow rate is based on the operation of one treatment train and the
limitation imposed by the pumping capacity of the pit between the
primary darifier and the aeration basin. The hydraulic capacity of each
side of the WWTP is 3,500 gpm, This throughput rate should be sufficient
to maintain basin levels and allow appropriate treatment of the storm
water throughout remedial activities.

4.0 FURTHER EVALUATION . - - . . . -

Mitigating the potential uncontrolled release of hazardous substances at
this Site is more significant compared to typical construction sites.
Furthermore, the effluent limits for the WWTP are a critical ARAR that
will need to be met during EE/CA implementation. Therefore, FMC will
perform further, more detailed evaluation of the potential storm water
runoff volume and WWTP capacity to confirm the conclusions presented
herein and refine, modify, and/or redevelop appropriate storm water
control alternatives, prior to the closure of the.SBs.

There are several areas of -uncertainty in the conceptual evaluation
presented above, including the actual drainage acreage, the actual
reasonably expected worst-case runoff volumes, the capacity of the
WWTP, and closure sequencing logistics. To resolve these and other
storm water control uncertainties, FMC will perform the following
concurrent with the design phase for the closure of the SBs:
• Survey of the site drainage areas and calculation of runoff volumes

during reasonably expected worst case scenarios and consecutive
storms;

EU4 D-4 FMC/10556.65-5/5/W
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• Identification or historic rainfall data to estimate the amount of rainfall
that has historically occurred during consecutive storms; .. -

• Assessment of the WWTP capacity and necessary modifications/ '
upgrades to increase the capacity, if necessary;

• Evaluation of alternatives to manage and minimize accumulated
rainfall on the SBs prior to closure; . .'

• Calculation of potential water generated from both dewatering and
runoff-from the closed sulfate basins that would require management;
and " - - -" " ~ - " "•••"" """- - ,

• Evaluation of the EE/CA unit closure sequence to ensure that
appropriate storm water-and leachate management is provided during
the implementation of closure activities and in the future.

These issueŝ are described below,

Drainage Acreage V - _ . _ . .

As presented in Figure Dl and Tables Dl, D2, and D3, the
drainage/collection area for the site, excluding the sulfate basins, is
estimated at approximately 174 acres. This estimate was based on an
evaluation of topography, basin characteristics, and existing drainage
ways that convey runoff. However, more detailed survey of Site will be
performed to further identify and more accurately quantify the portions of
the Site providing runoff that will require management. This drainage
acreage will be used to refine the storm water runoff volume estimates.

Design Storm . . . " " . ... . . .. _..."'".

The conceptual evaluation presented above was performed using the 10-
year, 24̂ -hour design storm and runoff calculations specified in TR-55.
However, to ensure that the selected storm water management alternative
^provides a higher degree of safety, the potential for consecutive storms
will be considered as part of the additional detailed evaluation. FMC will
use historic rainfall data fromboth the Site and the. Front Royal area to
estimate the amount of rainfall that has historically occurred during
consecutive storms, and will calculate the potential runoff volumes
resulting from these events. _ .

WPVTP Capacity . ' . '.

Based on the conceptual evaluation, FMC anticipates that the WWTP
currently has sufficient hydraulic/throughput capacity to provide
sufficient and timely treatment of storm water runoff during a design

ERM • D-5 FMC/10556,65-5/5/99
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storm. However, the WWTP can be upgraded to handle greater
throughput if necessary. The future detailed evaluation will include an
assessment of the feasibility of increasing the throughput, and will also
consider the possibility of a process or component failure that would
decrease the WWTP throughput. The evaluation will identify any repairs,
modifications, and/ or upgrades necessary to achieve the necessary
hydraulic capacity, in consideration to the revised estimated storm water
runoff volume, revised designed retention capacity alternatives, and
treatment requirements to meet the discharge limits.

Accumulated Rainfall on SBs

The SB soil cap field pilot study, performed in November 1998,
demonstrated that soil cap-construction is more efficient on drier sulfate
sludge. Therefore, to improve SB soil cap construction during the EE/CA
implementation, FMC will remove and treat the standing water from the
SBs, and will attempt to minimize the amount and/or duration of
accumulated rainfall in the SBs prior to closure. As part of the additional
evaluation, FMC will evaluate potential alternatives for maintaining the
SBs as dry as possible prior to closure. One possible alternative to be
considered is the installation of. temporary vegetative cover in the SBs,
which would reduce the amount of standing/ infiltrating rainfall by
enhancing transpiration.

Runoff and Leachate from Closed SBs ,

FMC will further evaluate both near term and long term water generation
from the SBs, and whether treatment is necessary. Although it is
reasonable to assume that surface runoff from the closed basins would not
contact any contaminated material, and therefore would not require
treatment, the water may require retention in accordance with State or
local storm water and sedimentation control regulations prior to
discharge. In addition, leachate generated from dewatering of the SBs will
need to be retained and run through the WWTP until proven clean.
Therefore, as part of the future detaEed evaluation, FMC will evaluate the
volume and rate of run-off and leachate generation from the closed SBs
and incorporate these estimates into the evaluation of storm water
management alternatives,

Closure Sequencing

FMC will further evaluate the EE/CA unit closure sequence to ensure that
appropriate storm water and leachate management is provided during the
implementation of closure activities and in the future. FMC assumes that
storm water derived from the plant area will continue to be retained and
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treated by the WWTP to meet discharge requirements until it is shown
that the storm water is uncontaminated. However, FMC anticipates that
there will be reductions in the amount of storm water that requires
treatment over time. For example, the plant sewer system will be
decommissioned during the Non-Time Critical Removal Action
(anticipated to be within the next three years). Once this occurs, the
conduit for storm water runoff to the retention basins will be severed, and
storm watê that falls in the plant area will primarily infiltrate into the
ground or evaporate. Additionally, after the SBs are closed, rainfall on
this area will infiltrate, evaporate, transpire, and runoff. Since the EE/CA
units will be capped with two feet of clean soil and vegetation, any runoff
that occurs should be clean and acceptable for direct discharge to the
River, provided sedimentation is appropriately controlled. As part of the
further evaluation, FMC will consider the sequence and effects of the
EE/CA and future activities on the storm water management
requirements, and estimate a reasonable closure schedule for the WWTP.

In summary, the conceptual storm water management alternative
described herein appears to be a practical and feasible approach for the
EE/CA implementation. However, as a logical next step in the evaluation
process, FMC will perform a detailed evaluation, as described above, to
support the proposed alternative and/or develop new alternatives, as
appropriate.
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1.0 Introduction

On behalf of FMC, Inc., Gradient Corporation conducted a risk assessment 'of potential

exposures to sulfate sludge and fly ash by a Site trespasser at the Avtex Fibers Superfund Site (Site) in

Front Royal, Virginia. Tfiis risk "assessment was done. in', support ofthe Engineering Evaluation/Cost

Analysis (EE/CA; ERM 1999) to quahtitafively'evaiuate current'and future risks to human health

associated with exposure to potential chemicals of concern fay a Site trespasser. The purpose of the
human health risk assessment was three-fold:

• Identify the chemicals of potential concern (COPCs) using risk-based screening;

• Evaluate current and future potential risks associated with exposure to uncovered sulfate
sludge and fly ash; and ......

• Provide a baseline human health risk estimate in the absence of a response action

LI Guidance - _

U.S. Environmental Protection Agency (U.S. EPA) risk, assessment guidelines were used to

evaluate risks (U.S. EPA, 1989; 1991; 1994). The risk assessment methodology was consistent with U,S.

EPA guidance and employed conservative, default assumptions whenever site-specific data were not
available. . - - - .' - -- - —-

1.2 Report Organization

This report is organized into the following sectipns:

• Section 1 provides the introduction to the risk assessment evaluation;
• Section 2 provides a summary of site information;
• Section 3 describes the steps involved in the screening and identification of chemicals of

potential concern;
• Section 4 describes the assessment of carcinogenic risks and noncarcinogenic hazards

associated with exposures to arsenic and zinc; ~ ,
• Section 5 describes the assessment of blood lead levels for an adolescent trespasser; and
• Section 6 siimmarizes the risk assessment results.

^

, Figures are provided in Appendix A. Detailed data summaries supporting the methodologies and

models for the risk assessment are provided in Appendix B,

Gradient Corporation
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2.0 Site Information

Three management units at the Site, the Sulfate Basins (SBs), the Wastewater Treatment Plant

Basins (WWBs), and Fly Ash Basins (FABs) and Stockpile (FAS), will be closed as a Non-Time-Critical

Removal Action. Figure 1 shows the locations of the three units, and each unit is described below.

• The SBs consist of six basins occupying approximately 80 acres. The SBs were used for
disposal of an estimated 936,000 cubic yards of sulfate sludge formed during the
treatment of plant wastewater in the waste water treatment plant. The sludge is
estimated to contain approximately 20 percent (excluding water) zinc, which was used in
the rayon manufacturing process. The sulfate sludge also contains calcium sulfate
(gypsum), cellulose, and other metals.

• The WWBs consist of the Emergency Lagoon and two Polishing Basins, The three
basins cover about four acres. The three basins are estimated to contain a total of 29,000
cubic yards of sulfate sludge of the same type present in the SBs.

* The Fly Ash Management Unit consists of four Fly Ash Basins (FAB 1, FAB 2, FAB 3
and FAB 6) and the FAS (Figurq I). The Fly Ash Basins and Stockpile were used for'
disposal of an estimated 1,300,000 cubic yards of fly ash. The fly ash is identical to fly
ash generated by coal-fired power plants throughout the U.S.

SBs 1 through 4E and the WWBs are located within the boundary of the 100-year floodplain of
the South Fork of the Shenandoah River (River). In accordance with the National Contingency Plan

(NCP), EPA designated this response action to be a Non-Time-Critical Removal Action because of

concern that flooding of the River may cause chemicals present in the sludge (primarily metals) to be

released from the SBs and WWBs to the River. The expedited closure of these basins will mitigate the"

potential threat of release during flooding. Although the FABs and Stockpile are located outside the 100-
year floodplain boundary, there is the potential for fly ash migration due to high wind or heavy rain.

These units are therefore included in the Non-Time-Critical Removal Action and will undergo a similar

response action as fee SBs and WWBs.

An EE/CA has been prepared to support the Non-Time-Critical Removal Action and includes an

evaluation of the nature and extent of contamination within each unit, an assessment of potential risk to

human health and the environment associated with the units, and analysis of the response alternatives for
the three management units.

Gradient Corporation
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3.0 Screening and identification of Chemicals of Potential Concern

3.1 Sulfate Basins/Waste Water Treatment Plant Basins

.The samples of sulfate sludge collected from .the SBs and WWBs were merged into one data set

because the sulfate sludge in both units was nearly identical in chemical composition and generated from
..._. ..- .. -........—_.... . _.. . fc

the same process. In 1993, as part b?"frie Phase 1 remedial investigation, twenty samples were collected

from within and below the SBs, and seven samples were collected from within and below the WWBs,

and analyzed for the, Target Compound"List (TCL) and Target Analyte List (TAL) using Contract

Laboratory Program (CLP) methods _tp_meet the Level IV analytical option. The data were validated in

accordance with EPA protocol. The analytical results indicated the primary chemicals in the SBs and

WWBs were metals associated with the sulfate sludge. The constituents occurred consistently and were

evenly distributed throughout the sulfate sludge in all, the basins,. Soil samples from the berms and the

soils.underlying the sulfate sludge were generally uncontaminated, with detection of slightly elevated
rnetal concentrations above background. Accordingly, the lateral and vertical extent of contamination in

the SBs was contained within the sulfate sludge, the 1 to 2.feet of soil underlying the sludge, and the soil

in the berms in contact with the sludge.

As the first step to selecting COPCs, 5 soil samples from deeper borings, which consisted of a

mixture of sludge and soil, were excluded from the data, set used to identify COPCs for the risk•
assessment These samples were excluded because there was no potential for direct contact with

chemicals in the soil (i.e.., samples were collected from approximately 20 feet below sludge surface). As

a result, the 27 Level IV samples for the combined SBs and WWBs were reduced to 22 samples. These

22-samples consisted of 15 samples from the six SBs and seven samples from the three WWBs. The data

for these 22 samples are presented in Table I.

The second step was the screening of the constituents detected in the Level IV samples (Table 2).

All 22 samples retained in the data set for screening were used for COPC screening. Maximum detected

concentrations of chemicals In the sludges from the SBs and the WWBs were compared with Region III

Risk-Based Concentrations (RBCs) for industrial soil exposure. Because the Site will never be

developed for residential use, screening against industrial RBCs was considered appropriate (and more

conservative than the proposed recreational use). Constituents with maximum concentrations exceeding

Gradient Corporation
8;/7S06!Q/AppE G r a d i e n t ~ ~ = ~ ~ 3 ' " ' """" " ' ANQj3cOMP.A>rY
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the RBCs were retained as COPCs for further evaluation in the risk assessment These COPCs were

identified based on a Hazard Quotient of 0.1 for noncarcinogens (to account for possible systemic effects

for non-carcinogens in accordance with EPA Region IH guidance), and a risk level of 10"6 for

carcinogens. Results of the screening are presented in Table 2. The only constituents detected in sulfate

sludge that exceeded the Region IH RBCs for an industrial soil exposure were arsenic, lead and zinc.

3.2 Fly Ash Basins and Stockpile

Twenty-two samples from the FABs and Stockpile were analyzed for TCL and'TAL constituents

using CLP methods to meet the Level IV analytical option. The data were validated in accordance with

EPA protocol. Some sulfate sludge was observed in samples collected near the bottom elevation of

FAB-6, which supported anecdotal information that this basin was originally used to store sulfate sludge.

The Stockpile contains multiple lenses of soil approximately six inches thick that were likely

placed as cover material during placement of fly ash in the pile. No other material was found in the

borings completed in the stockpile.

For the same reasons previously described for the SBs and WWBs data, samples collected from

deep boring soil samples were eliminated from the data set. As a result, the 22 Level IV samples for the
FABs and Stockpile were reduced to 14 samples. Of these 14 samples, eight samples were from the

FABs 1, 2, 3 and 6, and six samples from the Stockpile. The 14 samples that comprise the data set for

the FABs and Stockpile are presented in Table 1.

The constituents detected in the 14 Level IV samples are presented in Table 3. As previously

described, COPCs "from the FABs and Stockpile were selected fay comparing maximum detected

concentrations with U.S. EPA Region IH RBCs, The screening results for the FABs and Stockpile are
presented in Table 3. Only arsenic exceeded the Region in RBCs for an industrial soil exposure.
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4.0 Carcinogenic Risks and Noncarcinogenic Hazards for Arsenic and Zinc

This risk assessment evaluated risks to a potential adolescent trespasser for exposure's to arsenic

and zinc in soil at the combined SBs.and WWBs, and for arsenic in"the FABs and Stockpile. Current and

future risks are assumed to be the same in the absence of a response action. The 95% upper confidence

limits of the mean (UCLM) for arsenic (SBs/WBBs: 6 ppm; FABs/FAS: 127 ppm) and zinc (SBs/

WBBs: 178,000 ppm) were used to "estimate risks from ingestion and dermal contact. For inhalation

risks, air concentrations of arsenic, lead an.d zinc were estimated using a modified paniculate matter

concentration model from EPA's Soil Screening Guidance (1996b). Cancer risk and noncarcinogenic

hazards were estimated for potential exposures to arsenic and zinc via ingestion, dermal contact, and

inhalation using EpA-deriŷ caaoetslope factors (CSFs) and reference doses '(RfDs). Risks, from lead
exposure at the combined SBs and WWBs were estimated using the.adult lead model (USEPA, 1996a;
Bowers et al., 1994) and are discussed in Section 5.0. ~ -

4.1 Metal Participate Concentrations , '

The estimation of cancer .risks and noncancer hazards associated with potential inhalation

exposure required the calculation of a particulate emission factor (PEF) that related the concentration of
a chemical in soil to the concentration of dust particles in air. The PEF represents an annual average
emission rate based on wind erosion. The emission part of"the PEF equation is based on the unlimited
reservoir model developed to estimate particulate emissions due to wind erosion (USEPA, 1996b). A

site-specific dispersion model (Q/C) is then selected that best represents a site's size and meteorological

conditions (see Exhibit 11, p.27 in USEPA, 1996b). Tables 4, 5, and 6 show the calculations to derive

the particulate air metal concentrations for the combined SBs and 'WWBs and the FABs and Stockpile.

The combined SBs and WWBs have approximately 65 of its 85 acres under water between the

months of February and October, during a significant portion of the exposure period assumed for

trespassers. Therefore, time-weighted air concentrations were based on 6 months of exposure occurring

when only 20 acres were exposed, and 2 months of exposure occurring when all 85 acres were exposed.

Time weighted concentrations for arsenic, lead, and zinc at the combined SBs and WWBs were the sum

of the metal-specific concentrations (C_air) from Tables 4 and 5 multiplied by a coefficient representing

months under or not under water:
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where: - -—- - - - .—. _r_

C = time-weighted particulate metal concentration

C2Q = metal concentrations from Table 4 (20 acres exposed)

Cg5 = metal concentrations from Table 5 (85 acres exposed)

6/8 = 6 months of the 8 months exposure period when 20 acres are exposed

2/8 • 2 months of the 8 months exposure period when 85 acres are exposed

Values for exposure parameters and their sources are listed in Table 7. This risk assessment

considered a trespasser between the ages of 8 and 17, trespassing on the site during 35 days/year
(assumes a trespassing event occurs once/week, for 8 months of the year). Exposure parameters

recommended in the Exposure Factors Handbook (US EPA, 1997) were used for body weight, surface
soil and fly ash ingestion rate, inhalation rate, and inhalation exposure time. For dermal contact with

surface soil and fly ash, soil/skin adherence factor and body surface area exposed to soil were based on

values for a soccer player as recommended in the Exposure Factors Handbook.

Toxicity factors are summarized in Table 8. Oral and inhalation cancer slope factors for arsenic
were taken from EPA's Integrated Risk Information System (USEPA, 1999). There are no cancer slope

factors for zinc as it is not considered a carcinogen via oral or inhalation routes. Oral reference doses for
arsenic and zinc were also taken from IRIS. There are no reference concentrations for arsenic and zinc to
evaluate noncarcinogenic hazards via the inhalation route. Although there were no dermal toxicity
criteria, oral reference doses (adjusted for dermal absorption) can also be used to estimate risks from

dermal exposure.

Calculation of total cancer risks and noncancer hazards for the combined SBs/WWBs and

FABs/FAS are presented in Tables 9 through 12, using exposure parameters listed in Table 7, and

toxicity factors listed in Table 8. Total cancer risks at the combined SBs/WWBs and FABs/FAS were
1 x 10-7 and 2 x iQ-6_ respectively (Table 13). Both values are below or within EPA's target risk goals

of IO"6 to 10-4. Xotai noncancer hazard indices for the combined SBs/WWBs and FAB/FAS were 0.06

and 0.04, respectively (Table 14). Both values are less than one, indicating noncancer health effects are

not expected.
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5.0 Blood Lead Levels

U.S. EPA recommends using blood lead models devaluate potential exposures to environmental

lead. The IEUBK Model is recommenced for children younger than 7 years (USEPA, 1994), while'a

modified version of the Bowers et al. (1994) model is recommended for adults (USEPA, 1996a). The

adult model was used here to predict blood lead levels for the potentially exposed population of 8-17

year-old adolescents. .Children in this age range are more likely to have soil ingestion approximating
those of adults rather than toddlers, and Gulson et al. (1997) reported that children age 6 and older

absorb ingested Iead_at .comparable levels to adults.

First, ari averag'e baseline blood lead level was identified to account for continuing exposure to
*

background levels of lead in food, soil, and dust, and pre-existing body burdens due to prior lead

exposures. To obtain this baseline blood lead level, the NHANES IEE data base was queried for blood

lead levels for males and females aged from" 8 to 17 years living in the South (USPHS, 1997), yielding a

geometric mean baseline blood lead level of 1,67 jig/dL and a geometric standard deviation (GSD) of

1.93. The GSD describes the amount of variability in blood lead levels among the exposed population.

To this baseline blood lead level, the model added an incremental increase in blood lead levels due to the

lead source of interest (in this case, exposure to lead in sludge and particulates at the combined SBs/

WWBs).

Lead uptake from soil and particulates was calculated using the following equation:

EF - --- - -- -
< PbBcentral = PbBhuelte + (BKSF X ———) X ((Pbnil X /K»/f X AF«ai) + (Pbair X IRalr X # X AFair))

AT .- -.---- ------ - - -
where:

PbBcentrai - Blood lead level (calculated) _ _ ;. .:.„___.
PbBbaseUne= Geometric mean baseline blood lead level from NHANES III
BKSF === Biokinetic slope factor (change in blood lead per ĵ g change in daily lead uptake)

(0.4 jig/dL per jig/day) (USEPA, 1996a)
, EF - = Eixposurê ffequency"- ie., number of days per period of duration AT during which

an individual is exposed to the lead source being evaluated (35 days) (Table 7)
AT = Averaging time"(365 days) (USEPA,, 1996a) . '
P̂ soil ~ Average soil lead concentration,(534JJ IM-g/g)
IRsoil = Soil ingestion rate (0.05 g/day) (USEPA, 1996a); ,
AFsoji = Fraction of ingested lead absorbed into the blood stream (0.12) (USEPA, 1996a)
Pbair" = Particulate lead concentration (0.23 ̂ g/m3) (Tables 4 and 5)
IRair = Inhalation rate (14 m3/day) (Table 7)'
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H a Event duration (4 hours per day in a 24 hour day) (Table 7)
AFair = Fraction of inhaled lead deposited in and absorbed through the lungs (0.32) (Bowers

etaL, 1994)

The incremental blood lead due to exposures at the combined SBs/WWBs was added to the

baseline blood lead for a total blood lead level that represented an average adolescent. The incremental

change in blood lead was Q.1'3 jig/dL. Thus, the adolescent blood lead level would increase from 1.67 to

1.8 ĵ g/dL. U.S. EPA recommends a target blood lead level for young children and adults based on the
likelihood that a blood lead level exceeds 10 jig/dL would be less than 5% (U.S. EPA, 1996a), This
target was adopted for adolescents in this risk assessment.

To ensure that the incremental blood lead increase over the baseline blood lead level was
protective of 95% of the adolescent population, a target blood lead level was estimated using the

following equation (U.S. EPA, 1996a): .

PbBo.95 = PbBĉ  x GSD1'545 where:
where:

" ... The 95th percentile blood lead concentration for adolescents ages 8 to
17 years. - *

- Blood lead concentration in adolescents associated with exposures to
lead in soil and particulate (1.8

GSD 1-̂ 45 s Estimated value of the individual geometric standard deviation (1.93).
The exponent, 1.645, is the value of the standard normal deviate used to
calculate the 95̂  percentile from a lognormal distribution of blood lead
level.

PbBcentral equaled 1.8 u-g/dL as estimated in the first equation. Solving the above equation, a

resulting PbBQ.95 of 5.3 1 pg/dL was estimated, which was lower than U.S. EPA's target blood lead level

of 10 pg/dL (U.S. EPA, 1994). On this basis, it can be concluded that the lead in sludge at the combined

SBs/WWBs does not pose an unacceptable risk for potentially exposed adolescents.
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6.0 Conclusions

Carcinogenic risks and noncarcinogenic hazards associated with exposures to arsenic and zinc in

sludges were evaluated for an adolescent trespasser at the Avtex Fibers Superfund Site (Site) in Front

Royal, Virginia. Total cancer risks at the combined SBs/WWBs and FABs/FAS were 1 x 10'7 and 2 x

lÔ 6, respectively. Both values are below or within EPA's target risk goals of IQ-6 to I0~4. On this

basis, it can be concluded that the arsenic and zinc in soil at the combined SBs/WWBs and FABs/FAS
would not be associated with unacceptable risks for potentially exposed adolescents.

Total noncancer hazard indices for the combined SBs/WWBs and FABs/FAS were 0.06 and

0.04, respectively. Both values are less than one, indicating noncancer health effects associated with

trespassing activities are not expected at these sites.

The incremental increase in blood lead due to exposures at the combined SBs/WWBs was 0.13

p,g/dL, resulting in an increase, in the bipod lê d level from 1.67 to 1.8 (J.g/dL for the adolescent
trespasser. The resulting blood lead level is within U.S. EPA's recommended target blood lead level for

young children and adults that the likelihood of_a blood lead level exceeding 10 jag/dL would be less than

5% (U.S. EPA, 1996a). To ensure tEat the incremental blood lead increase over the baseline blood lead

level was protective of 95%" of the adolescent population, a resulting PbBo.95 of 5.31 |ig/dL was
estimated, which was lower than U.S. EPA's target blood lead level of 10 ̂g/dL. On this basis, it can be

concluded that the lead in sludge at the combined SBs/WWBs does not pose an unacceptable risk for

potentially exposed adolescents.
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Appendix B

Data Summaries and Spreadsheet Calculations
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Table 1
Level TV Samples from Sulfate Basins, Wastewater Treatment Plant Basins, Fly Ash Basins,

'and Stockpile Used for Human Health Risk Assessment
• Avtex Fibers Superfund Site, Front Royal, Virginia

______Sample Location____________Sample ID
Sulfat̂ Wastewater Treatment Plant Basins (22 samples)
Emergency Lagoon AV-WW-BH-05(B)-00 "
Emergency Lagoon . AV-WW-BH-04-05 . .
Emergency Lagoon AV-WW-BH-05-00
Emergency Lagoon AV-WW-BH-05(B)-OOD
PB-01 AV-WW-BH-08-00
PB-Q1 AV-WW-BH-08-OOD
PB-01 AV-WW-BH-09-00
SB-01 AV-SB-BH-09-02
SB-01 AV-SB-BH-07-10
SB-01 AV̂ B-BH-28-00
SB-01 AV-SB-BH-28-OOD
SB-01 AV-SB-BH-10-10
SB-01 AV-SB-BH-13-15
SB-01 AV-SB-BH-08-04
SB-02 AV-SB-BH-17-00
SB-03 • AV-SB-BH-15-00
SB-03 AV-SB-BH-16-07
SB-04 AV-SB-BH-23-04 - - '
SB-04 AV-SB-BH-22-07
SB-05 AV-SB-BH-27-00
SB-OS- AV-SB-BH-27-06
SB-05 AV-SB-BH-25-00

Hy Ash Basing/Stockpile (14 samples)
FAB-01 AV-FA-BH-06-10
FAB-02 AV-FA-BH-OS-00
FAB-03 AV-FA-BH-12-00
FAB-03 AV-FA-BH-13-00
FAB-03 AV-FA-BH-13-OOD
FAB-06 AV-FA-BH-14-10
FAB-06 AV-FA-BH-1S-15
FAB-06 AV-FA-BH-15-15D.
Fly Ash Stockpile AV-FA-BH-20-00
Hy Ash Stockpile AV-FA-BH-19-00
Fly Aah Stockpile AV-FA-BH-18-50
Hy Ash Stockpile AV-FA-BH-23-30
Fly Ash Stockpile AV-FA-BH-23-3QD
Fly Ajh Stockpile___________AV-FA-BH-23^00_____-

FB - Polishing Basin
SB -Solfate Basin
FA - Fly Ash Basin
Note: Last two digits of sample ID indicates the depth to the top of the sampling interval.
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Table 2
Human Health COPC Screening Results for Sulfate and WWTP Basins Sludge

Avtex Fibers Superfund Site, Front Royal, Virginia

Frequency
of

Analyles Detection
yolatites _ _. .__ . ......
1,2,4 -Trichlorobenzcne
2-Butanone
2-Hcxaiione (hexanone)
4-Methy]-2-P=ntanone
Acetone
Ethyi Benzene
Methylene Chloride .
Toluene
Xylencs (Totai)
Semivotallles ... . • ._„..,.... .. ... . .
2-Mcthylnaphthalene
4-MethylphenoI
Acenaphthene :
Anthracene - -- - ——
B«izo(a)anthracene
Bcnzofajpyrene " .
Benzo(b)fluoranthcne
Benzo(gIh,i}pcry!ene (pyrene)
Bis(2-ethylhexyl)phtha]ate
Carbon disulfide
Chiyscne
Dibcnzo(a,h)aiilhraccne
DUn-foutylphihalate
Di-n-octylphthalatc
Fluoranthene
Fluorene
Indeno(t _2 J-cd)pyrcnc
Naphthalene
N-Ni trosodip heny taininc
PentachLorophenol
Phenanthrene (pyrene]
Phenol
Pyrenc
Patictdcs/PCBsL -.-.".__..„.-._-
4,4'-DDD '
4.4--DDE
4,4'-DDT
Aldrin
Alpha Chlordane (Chlordane)
Aroclor 1242
Aroclor 1254
Aroclor 1260
Beta-BHC
Delta-BHC (beta)
Dieldrin
Endosulfim (I)"
Endosu!fan(H)
Endosulfan Sulfate (Endosulfan)
Endrin
Endrin Aldehyde (endrin)
Endrin Ketotie (endrin)
Gamma Chlordane (chiordnne)
Gamma-BHC (Lindane)
Heptachlor
Heptachlor Epoxide
Methoxychlor

I
6
1
2
8
6
1

" U
8

11
;
2
I
9
1
3
1

.. 19
" 15
15
1
2
3
4
8
1
2

. 1
1
18
3
14

2
. 4
'. 1 " '
6
6 -
3
1
3
4
2
4

"11
I .
I.
2
3
4
6
6
3
8

. I

No. of
. ._ .Samples

_______ __
. 20.

20
20
20
20

' - 20 "
20 .
20
20

20
20
20
20

' 20
20
20
20
20
20
20
20
20

' 20
20
20
20 "
20
20
20
20
20
20

22
.22

" 22
22

. . . 2 2
24
24
24
22
22
22
22
22"

. . 22
22
22

. . 22'
-22
22
22
22
22

Region III
Maximum Industrial Soil

Concentration. , . RBC
___ , _„ _ :=̂ -

25. .
' -U"

0,01
O-o i
i-s

"0,009."
• MM

0.14 .
-0.04

_
3,1
0,21
'0.26 . '
0.16
0.86
0.64 .
U
0.36
4,6
11
6.7
0.16
"L2"
o.as

I
1.6
0.41
9.8
0.75 .
1.3
5.3
0.57
4.1

0.0074
0.0076
0.0026
0̂ 5
0.0028
0^5 .
0.2

" "b.89
0.014
0.0016
0.024
0.02
0.0022
0.01
0.0013
OUJ27

,--0.0059
- - 0.074

0.025
- 0.23 .
.0.027
aQ086

_— . —— ..__

J

J
J

J
J

"J. .
J

-- ---. ._...,
. J
J
J
J
,J
J

. H
J
J

J
J
J
J
J
J
J
J
J _ _ ;
J
J
J
J

J
Jy
Lj
j
jjjjjjjpj~
L.
L
L

J

^ ...
2000
[20000
E6000
16000
20000
20000
.760
41000
410000

_ . .

4100
1000
12000
61000
7.8
0.7S
7.ft
6300
.410
20000
780
0.73

•20000
4100
"8200
8200
7,8
4100

- - 1200
48
6100
120000
6100

24
17
17
0.34
16
2.9
2.9
2.9
3.2
32
OJ6
1200
1200
1200
61
61
61
16
4.4
U
0.63 .
1000

Industrial
Soil RBC

i Exceeded?

No
No
No
No '
No '

; NO
No
No
No

No
, ' No

No
No
No
No
No

', ' No
No
No
No

' No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No'
No
No
No
No
No
No
No
No
No

————————— nn,,f!mnt
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Table 2 (cont) . .
Human Health COPC Screening Results for Sulfate and WWTP Basins Sludge

Avtex Fibers Superfund Site, Front Royal, Virginia

Analytes
M-OBlS
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (as Cr VI)
Cobalt
Copper
Cyanide, Total (as Free)
Iron
Lead
Magnesium
Manganese
Mercury (is Methyl)
Nickel
Potassium
Selenium
Silver
Sodium
Vanadium
Zinc

Frequency
of

Detection
. ,

20
2
19
20
11
13
20
20
n
20
9
20
20
20
20
18
20
13
3
1
17
20
20.

No. of
Samples

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Maximum
Concentration

-
. 15300

2Oft- -
1L8 L
280
U
87.8
177000
338 . K
13
179 . J

\3i
29500 J
2240
30900
744
9,8 L
129
1340 •
2.3 L
17

16600
39.4
278000

Region HI
Industrial Soil

RBC

200000
- 82

3,8
14000
410
200
N/A*
610
12000

. 8200
4100
61000
400A
.N/A*
4100
20
4100
N/A*
1000
1000

. N/A*
1400
61000

Industrial
Soil RBC
Exceeded?

No
No
Yes

- No
No
No
No
No
No
No
No
No
Yes
No
No
No
-No
No
No.
No
No
No
Yes

Notes:
All concentrations in mg/kg.
Only positively detected constituents listed above.
Data were screened according to USEPA Region HI methodology (USEPA, 1993).
RBC - Risk-Based Concentration (USEPA Region m industrial soil; October, 1998). RBCs are based

on a. nonctrcinogenlc hazard index of 0.1 and a carcinogenic risk of 1 x 10-6.
Where no RBC criteria are available, constituent shown in parenthases is used as a surrogate. .
* - Essential nutrients (calcium, magnesium, potassium, and sodium) were

not retained for further consideration in the risk assessment
A RBC for lead btsed on Revised Interim Soil Lead Guidance (USEPA, 1994).
14 out of 19 detection* of arsenic exceed the Region El Industrial Soil RBC.
9 out of 20 detections of lead exceed the Region m Industrial Soil RBC. -
14 out of 20 detections of zinc exceed the Region HI Industrial Soil RBC. -
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-Table 3'
Human Health COPC Screening Results for Fly Ash Basins and Stockpile

Avtex Fibers Superfund Site, Front Royal, Virginia

Frequency
of

Detection
Volatiles
Acetone
Bromodichloromethane
Chloroform . -- - •
Methylene Chloride . ....
Toluene . . .
Trichloroethene
Semivolatiles
Carbon Bisulfide . .
Di-n-butylphthalate • . .
Di-n-octylphthalate
Pesticides' - - - - - - - - -
Methoxychlor
Metals
'Aluminum
Arsenic
Barium
Beryllium
Cadmium = - ~~~~~- -
Calcium
.Chromium (as Cr VI)
Cobalt
Copper
Cyanide, Total (as Free)
Iron
Lead
Magnesium -. v~ ~ :
Manganese _ _ ,:
Mercury (as Methyl)
Nickel • .
Potassium
Selenium
Sodium . . .
Thallium
Vanadium
Zinc

1
1. ;
10
2
-1
1

2-
1 .
1 ....... .

1 .

14=
14. .
14
14
-g'
14"
14
14
14 "
13. .
14
.14
-14.-.
. -14 -
14
14
.12
14
.14
13
14
-14

No. of
^Samples

14
- - . 14
. : 14
. .14

14
. .. .. ̂

14
12

- 12

6

U . -
14

. 14
14

"•"14"
" 14
".14
14
14

"v ;::.i3.
14
14

- -14
14
14
14

. .". 14
14

" W"
14
14
14'

Maximum
Concentration

O.Q11
0.14
0.11

:o.04S
-0.002
0X04

0.055
0,08
Q;IS

' 0.017

16900 .
-193
759

. . 5 - .
"1.5 ":" ,
21200
25.2
18.2
54.4

- 3.3
23400
22.9-
2660

, 152..
1
28.8
3590 -.
12,7
777
2.8
81.7
2870

T
J
J
J
J
J.

J
J
J

I

J
J

J

J

K

L

L

Region HI
Industrial Soil

RBC .

20000
92
940

. 760 .
. 41000

520

. 20000
20000

" . 4100

1000

' 200000
3.8
14000
410

~ " ''" 200
N/A*
.610

- 12000
"8200
'-4100
61000
400*

, ..-N/A*
" 4100

- , . 20 .
4100
N/A*
1000
N/A*

- 14
1400
61000

Industrial
Soil

Exceeded?

No
No
No.

.'No
No

• No

.No
No
No

No

No
. Yes
' 'No

.. No .
No
N/A

' No
No
No
No
No
No
N/A
No
No
No
N/A
No
N/A
No
No
No

Notes:
All concentrations in mg/kg.
Only positively detected constituents listed above.
Data Were screened according to USEPA Region IE methodology (USEPA, 1993).
RBC - Risk-Based Concentration (USEPA Region HI industrial soil; October, 1998). RBCs da based

on a noncarcinogenic hazard index of 0.1 and̂  carcinogenic ris_k of 1x10-6. _ '
Where no RBC cfiteria~are available/constituent shown in parenthases is used as a surrogate.
* - Essential nutrients (calcium, magnesium, potassium, and sodium) were

not retained for further consideration in the risk assessment
A RBC for lead based on Revised Interim Soil Lead Guidance (USEPA, 1994).
All 14 detections of arsenic exceed the Region td Industrial Soil RBC

Gradient Corporation
Tables prepared by ERM . ' . An IT Company
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ĵ Efl

" ̂

S f
cd Q

1 E
cj r-
S
cT
09

gs

DC
 ex

ten
t

e s
ur
fa
ce

§ 0O r^S "3
*-*js
-a

t

§*
G\
O\
•̂4

•>—— *

<

A*cy

1
fi

g
*no
o

-f.̂̂
Je.MJ

1e.ĉS»
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,fl3 ,CQ • --H rf**f-f ̂ Ĉ  ,. . ~SL L̂u <u p_| pj
"Q- Q W W

GQ 00

-q 13.S o
ni ^
"H "s

-S .. ..ii J3
SC i ' M ttl, C d- o
in vi
^ C3' " -O ..,_ .... .-. ...

I'
'a 'o 2̂

£ • o • ' ' ' '§ ,8
S S,£- g
,3 t -v •« . . _. _
41 £•

ro
ug

! 
th
re
sh
ol
d 
fri

cti
on,

 ve
lo
ci

llu
e o

f w
in
d 
sp
ee
d 
at
 7
 m
 (U
t)

 .
di
ra
en
si
on
le
ss
 ra

tio
 (x

)

g.
2. "o . .

- ----- -s ^
• U

: 2
- 03
&
•tt
U-*J

"a
"s• u

- -~.L.

... .._,, -,

__ -. . ;. __ .__

- - ',- -.--

.

O
en

'
S
OJJ
vo
O

ooo
>0

PM
IO

 em
is
si
on

 fa
ct
or
 (E
lO
)

.,-_,.=

_^
— i-

=.---

...

. o
VIoo

"s
Ov

m"
n

Fl
ux
 A
re
a

ii«
S3
-O
0
3o
C/D

. ——

. .u.
O

--̂

O
--̂
en

t̂ T"1
-S
&Q
d̂

^

IT5
CO1
J-

1 — 1

en

vo
OvONi— i

S
GO
D

1
9§
u

1
II
J3

y
O'

•.-̂
,:,.-v_.>̂

O

g"~-§

£ V
— <:" \ooo -g-cs o_
en ^f" •

.- --c

IN

E
OS

CM

( _ (
8tn
~W). .
^_ •
i— i
ri

23

u bU« 1 — I
o -3-en O

W
DO
O
(N

Sit
e A

re
a 
fo
r 
thi

s Q
/C
 va

lu
e =

Di
sp
er
si
on
 Fa

ct
or
 =

1

-

_ "

•*3 c
CO -fc

O S

O OJ

^ ̂

«
A
O.
"cS r— ,_̂f

'S
u1

O g

Ch
em
ic
al

...
1
;

!

»O •<*• CN
O O O1 1 1W W W~̂ en vitn C4 t̂
>o en r̂ -

O O' O
W W tij> vi en
VO VI 5*-
H —H en

3̂ C) CD
rrS rrS r S
S CO M
C4 •* Ĉ
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Table?
Exposure Parameters, Trespasser/Recreational Scenario for Adolescents (8-17 years),

EE/CA for Basins

Parameters common to all exposure routes
Body Weight (BW) . .47kg
Exposure FrequencytEF) , "" " " "35 days/year
Exposure Duration (ED) " " "" "' TO years
Averaging Time - Cancer (ATcancer.) 25550 days
Averaging" 'Time -.. _.:_... Noncancer . _3 650 days

Soil Ingestion

.EFH Table 7-3 (a)
Region 3 (b)
Region'3 (b)

i
Soil Ingestion Rate (IRsoii) " '"" lOOmg/day EFH page 4-20,4-21
Relative Bioavailability (B) . contaminant- see Table 8

specific
FractionIngestion from Site (IF)__ ' D.45 •----••• -^ ____
_____________________Dermal Contact _________
Total Body Surface Area (SA) '." . 13,170 cm'̂  EFH Table 6-6, 6-7 (a)
Fraction Surface Area Exposed (SF) 0.34 -EFH Table 6-8 (a,d)
Soil-Skin Adherence (AF) , 0.036 mg/cm2^ EFH Table 6-12 (e)
Dermal Absorption (DA) i contaminant- "" See Table 8

. '_____.______..; .-̂ .-̂  '- ' .specific ______
__________________Inhalation of Particulates_____^_____________________
Inhalation Rate (IR) ! 14 m-̂ /day EFH Table 5-26 (a)
Exposure Time (ET) " " 4 hours/day EFH Table15-12 (f)
Fraction Deposited in Lungs contaminant- /
._____'____________ ______ specific _________

<a) U.S. EPA Exposure Factors Handbook, 1997. Average across mean values for gender and age groups.
(b) Site-specific recommended by Region 3, based on I day/week, 8 months/year, ages S-I7.
(c) Assumes 45% soil ingestion occurs outside, while 55% corresponds to indoor dust ingestion (U.S. EPA, 1994,
Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for Lead in Children)
(d) Assumes exposure of hands, arms, and. one-half of legs.
(e) Assumes Outdoor Soccer No. 1 scenario, Value calculated from, body-part weighted average over hands, arms,
and legs. , .
(f) Approximate time spent in recreational activities, (assumed outdoors) ages 6-11.

Gradient Corporation
5̂ 780610/AppE Gradient . - - - - - - - ._- - . . . . . AN [H COMPANY

AR I 06599 •
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Appendix F
Documentation to Comply with Virginia
Regulations for In Place Closure of the EE/CA
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APPENDIX F- DOCUMENTATION TO COMPLY WITH VIRGINIA REGULATIONS
FOR IN PLACE CLOSURE OF THE EE/CA UNITS

9 VAC 20-80-200.D of the Virginia Solid Waste Management Regulations
(VSWMR) requires that the party responsible for an unpermirted facility
demonstrate that the facility will not pose a threat to human health and
the environment when closed in place. The purpose of Appendix F to this
EE/CA report is to present the information required by the VSWMR
under Section 80-200.D to support the in-place closure of both the sulfate
basins and fly ash basins and stockpile.

1.0 TYPE OF WASTE (9 VAC 20-80-20Q.D.1)

The VSWMR requires the following information under this section:
a. The amount/ type, source and generating process of all the waste

managed at the facility;
b. Information required under Part VHI of the VSWMR (titled Special

Wastes) for any waste that would require a letter of clarification from
the director; and

c. A statement that the waste contains no hazardous waste under the
VSWMR.

Sections 2.1 and 2.3 of the EE/CA report describe the amount/ type,
source and generating process of the sulfate sludge and fly ash, and
provide the data that indicate there are no hazardous wastes being closed
in place. Pertinent information for both the sulfate sludge and fly ash is
provided below.

Sulfate Sludge

Amotint, type, and generating process of the waste. The Sulfate Basin
Management Unit consists of six basins, identified as SB 1,2,3,4,4E and
5, that are aligned in a predominantly north-south orientation bordering .
the River. The SBs occupy approximately 85 acres. The basins are unlined
and were used for disposal of sludge formed in the primary clarifiers and
polishing basins by the neutralization of spent viscose rayon spinning
bath with lime in the WWTP. Activated sludge from secondary treatment
was also transferred to the Sulfate Basins after undergoing stabilization in
an aerobic digester. The basins are estimated to contain 936,000 cubic
yards of sludge containing approximately 20 percent (dry weight) zinc in
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the form of zinc hydroxide, zinc sulfate, and zinc carbonate. The sludge
also contains gypsum (CaSO4»2H2Q), cellulose, iron hydroxide and metal
oxides. Placement of sludge from the two polishing basins and the
emergency lagoon will add 29,000 cubic yards of sludge to the SB closure.

Part VIII Special Wastes. Part VIE of the VSWMR addresses disposition
of special wastes, including asbestos-containing waste materials, wastes
containing PCBs '(i.e~, PCB concentrations greater than 1.0 ppm), liquids/
tires, drums, white goods, soil contaminated with petroleum products,
and lead acid batteries. Bas,ed on visual inspections and the 21 borings
completed in the Sulfate Basins during the Phase 1 Remedial Investigation
in 1993, these materials (as defined in the VSWMR) are not believed to be
present in the basins,

Presence of hazardous waste. The SBs contain no listed or characteristic
hazardous waste. There is no information to indicate that contaminants in
the sulfate. sludge were derived from a RCRA-regulated unit. Low
concentrations of'CSz in the sulfate sludge likely resulted from process
wastewater discharged to the WWTP, rather than discharge of the moat
water from the CSz storage units. Recent EPA guidance (October 1998,
Management of Remediation Waste Under RCRA) determined that in
instances where the source of contamination is uncertain, a waste should
not be considered to be a listed waste.

Analytical results for waste characterization show that the zinc sludge in
the sulfate basins is not a RCRA hazardous waste based on the Toxicity
Characteristics. Nineteen samples of sulfate sludge were collected from
the sludge and underlying soil in the SBs and WWBs during the Phase 1
RI in 1993, and analyzed for Toxicity Characteristic Leaching Procedure
(TCLP) metals, cyanide and sulfide reactivity, ignitability and corrosivity
testing. The metalresults indicated barium was detected at concentrations*-* _ - - - ^

ranging from 0.25 'mg/1 to 1.4 mg/1, which is well below the regulatory
limit o£ 100 mg/1. There was also one trace detection of chromium and
one detection of silver/ both of which were well below their respective
regulatory limits. All of the other characteristic results were well below
regulatory limits. Additional, waste characterization samples were also
collected in 1997 as part of a pilot test for electrokinetic zinc recovery.
These samples also", indicated that the sulfate .sludge is not a RCRA
hazardous waste based on Toxicity Characteristics.

Fly Ash

Amount, type, and generating process of the waste. The Fly Ash Basins .
and Stockpile Management Unit consists of four fly ash basins (FAB-1,
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FAB-2, FAB-3, and FAB-6) and the fly ash stockpile. The fly ash basins
and stockpile were used for disposal of fly ash generated by the . _
combustion of coal in the on-site power plant. Fly ash was the particulate
matter captured in the dust collectors at the boiler house and sluiced in
water into the basins. The fly ash in the stockpile was material removed
from the fly ash basins. The estimated total volume of fly ash in the four
basins and the stockpile is approximately 1,305,000 cubic yards. Fly ash
consists of predominately of silica, aluminum and iron oxides, with' lesser
amounts of calcium, magnesium, potassium, sodium, titanium oxides/ and
unburned carbon.

Part VIII Special Wastes. Based on visual inspections and the 19 borings
completed in the FABs and FAS during the Phase 1 Remedial
Investigation" in 1993, VSWMR Part VIII wastes are not believed to be
present in the fly ash units.

Presence of hazardous "waste. The FABs and FAS contain no listed or
characteristic hazardous waste. There is no information to indicate that
contaminants in the fly ash were derived from a RCRA-regulated unit.
Analytical results for waste characterization indicate that the fly ash is not
a RCRA hazardous waste based on the Toxicity Characteristics. Four fly
ash samples were analyzed for TCLP metals. The results indicate that
although leachable concentrations of metals were detected (arsenic at ND-
0.192 mg/I, barium at 0.758-2.3 mg/1, cadmium at ND-0.026 mg/1/
chromium at ND-0.021 mg/1, lead at ND-0.14 mg/1, and selenium at
0.063-0.067 mg/I), the concentrations in leachate derived from the fly ash
were below the respective regulatory limits.

2.0 COMPLIANCE WITH STUNG RESTRICTIONS (9 VAC 2Q-80-2QO.D.2)

The VSWMR requires that the responsible party of the unpermitted
facility submit documentation from a registered professional engineer that
closure of the facility in place will comply with applicable siting
requirements of Part V of the VSWMR. Information regarding the
following criteria is required:

a. Airport safety;
b. Floodplains;

c. Unstable areas;

d. Wetlands;
d. Fault areas;
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e. Seismic impact zones; £
f. Setbacks from surface waters, facility boundaries/ sources of drinking

water, public road right-of-ways, residences, schools, hospitals,
nursing homes, or recreational park areas;

g. Ability to conduct ground water monitoring;

h. Engineering controls to address site specific characteristics that might
prevent approval or require limitations on the site.

Pertinent information addressing e'ach of these siting restrictions for both
the sulfate sludge and fly ash is provided below.

Sulfate Basin Closure

Airport safety. This VSWMR siting criterion related to airport safety are
applicable to sanitary landfills where bird hazards to aircraft are a
concern. Therefore, this siting requirement is not applicable to the in
place closure of the SBs.

Flo.odplains. This VSWMR siting criterion requires that owner/operators
of landfills located within the 100-year floodplain demonstrate that the
facility will not restrict the flow of the 100-year flood, reduce the
temporary storage capacity of the floodplain, or result in washout of the
solid waste so as to pose a hazard to human health and the environment.

The SBs will be closed within the boundary of the 100-year floodplain.
However, the analysis presented in the EE/CA report and Appendix B
indicate that the siting criteria will be met .and exceeded. The conceptual
design includes the reduction of the. finaLelevations of the basins, which
increases the flow of the 100-year flood, and increases temporary storage
.capacity of the floodplain. Flood modeling presented in Appendix B
shows that flood flow velocities calculated for this area are .sufficiently
low (<3.5 fps) that the final vegetated cover would not be eroded by the
flow of a 100-year flood. Therefore, the sulfate sludge will not be washed
out during a flood, and will not pose a threat to human health and 'the
environment.

Unstable Areas. The VSWMR define unstable areas as areas where local
soilr geologic, or man-made features may result in differential settling,
sudden or non-sudden events, and subsequent failure of structural
components. Unstable areas can include poor foundation conditions,
areas susceptible to mass movements, and karst conditions. This VSWMR
siting criterion requires that new landfills being placed in unstable areas
must demonstrate that engineering measures have been incorporated into
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the structural components of the facility to compensate for the unstable
area. Rader and Webb (1979) report that the Martinsburg Formation that
underlies by the SBs provides foundation stability and is not subject to.
karst conditions. Therefore, the sulfate basins are not located atop an
unstable area, as defined by the VSWMR, and this siting criterion does not
apply to the closure of the SBs.

Wetlands. This VSWMR siting criterion states that new landfills shall not
be located in wetland areas. According to the wetland delineation
conducted by Gannett Fleming (1994), the sulfate basins are not wetlands,
therefore this siting criteria does not apply to the closure of the basins.

Fault Areas. This VSWMR siting criterion states that new landfills shall .
not be located within 200 feet of a fault that has had displacement within
•Holocene time unless it can be demonstrated that the structural integrity
of the facility will be protective of human health and the environment.
Geologic mapping of the area conducted by Rader and Biggs (1975)
indicates that the closest fault to the Site is located over a mile from the
SBs, therefore this siting criterion is met for the closure of the SBs.

Seismic Impact Zones. This VSWMR siting criterion states that new
landfills shall not be located in seismic impact zones, unless they are
designed to maintain their structural integrity. The VSWMR definition for
a seismic impact zone is "an area with a 10% or greater probability that
the maximum horizontal acceleration in lithified earth material/ expressed
as a percentage of the earth's gravitational pull (g), will exceed O.lOg in
250 years." By this definition, most of Virginia is within a seismic impact
zone. The maximum horizontal acceleration in lithified earth material for
the Front Royal area is between 0.15g and 0.20g, as reported by
Algermissen et al (1990). Therefore, the closed SBs will be designed to
maintain their structural integrity.

Setbacks. This VSWMR siting criterion states that new landfills shall not
extend closer than:

» 100 feet of a regularly flowing surface water body or river;

• 50 feet from the facility boundary;

• 500 feet from a ground water drinking water source;
• 1,000 feet from a primary highway and 500 feet from a city street; and

• 200 feet from a residence, school, hospital, nursing home or
recreational park.

ERM F-5 FMC/10556.65-5/5/99
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The in place closure of the SBs will meet the applicable setback
requirements. - ̂  .- - --- -—_----- ..

Ground water monitoring. This VSWMR siting criterion states that new
landfills shall not located in areas where ground water monitoring cannot
be conducted in accordance with 9 VAC 20-80-250.D. This section of the
VSWMR requires that the monitoring system consist of the sufficient
number of wells at appropriate depths, capable of yielding samples'from
the uppermost aquifer. The samples must represent background water . -
quality unaffected by the landfill/ and the quality of ground water at the
unit boundary. Ground water monitoring conducted in the area
upgradient and downgradient of the SBs during the Phase 1 RI indicate
that these requirements can be met.

Engineering Controls. This VSWMR siting criterion states that the
following site characteristics may require substantial limitation or
incorporation of sound engineering controls:
• Excessive slopes;

* Lack of available soilcover;
• Seeps/ springs or other ground water-intrusion into the site;
• Presence of linear infrastructure facilities, such as a gas or electric line

under the site; and
• Prior existence of an open dump or unpermitted landfill on the site.

None of the site characteristics are present within the area occupied by the
SBs, therefore this siting criterion does not apply to the closure of the SBs.

Fly Ash Unit Closure .__.._ .

Airport safety. For the reason discussed above previously, this siting
requirement is not applicable to the in place closure of the fly ash units.

Floodplains. The fly ash units are not located within the boundary of the
100-year floodplain, therefore this siting requirement does not apply to
the closure of the fly ash units.

Unstable Areas. For the reasons discussed above, the fly ash units are not
located atop an unstable, area, as defined by the .YSV̂ MR, therefore this
siting criterion does not apply to the closure of the SBs.

Wetlands. The fly ash basins contain low value, manmade wetlands. The
EPA Ecological Risk Assessment (Sprenger e"t al, 1999) determined that
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exposure to the fly ash posed a risk to terrestrial biota. Consequently, the
EE/CA report concluded that a response action to mitigate this exposure
is warranted, and that response action should consist of covering the FABs
with soil. Therefore, this siting criterion does not apply to the closure of .
the fly ash units.

Fault Areas. Geologic mapping of the area conducted by Rader and Biggs
(1975) indicates that the closest fault to the Site is located over a mile from
the fly ash units, therefore this siting criterion is met for the closure of the
fly ash units.

Seismic Impact Zones. The maximum horizontal acceleration in lithified
earth material for the Front Royal area is between 0.15g and 0.20g, as
reported by Algermissen et al (1990). Therefore, the closed fly ash units
will be designed to maintain their structural integrity.

Setbacks. This VSWMR siting criterion states that new landfills shall not
extend closer than:
» 100 feet of a regularly surface water body river;
• 50 feet from the facility boundary;

» 500 feet from a ground water drinking water source;
* 1,000 feet from a primary highway and 500 feet from a city street; and

• 200 feet from a residence, school, hospital, nursing home or
recreational park.

The in place closure of the fly ash units will meet the applicable setback
requirements. Although the closure of FAB 6 will be within 500 feet of a
city street, the VSWMR allows for units to be screened by plantings so the
unit will not be visible from a city street. The existing vegetation along
the railroad tracks adjacent to'FAB 6 will meet the requirement for a
vegetative screen.

There are multiple residential housing units located within 500 feet of the
southeast portion of FAB 6. Based on a survey of water supply wells
conducted by the State Water Control Board (SWCB) in support of .the
1988 Geraghty and Miller RI Report (1988), there were no reported ground
water drinking water sources within 500 feet of FAB 6. Further, is not
expected that these residences have installed water supply wells since the
time that the SWCB survey was completed because water is available from
the Town of Front Royal. Therefore, this setback requirement as it relates
to the in place closure of the fly .ash units will be met.

ERM F-7 FMC/105H.65-5/5/W

flR I066U



Ground water monitoring. Gro'und water monitoring conducted, in the
areas .upgradient and downgradient of the fly ash units during the Phase 1
RI indicate that this siting requirement can be met.

Engineering Controls. None of the site, characteristics listed in the
previous section are present within the area occupied,by the fly ash units,
therefore ttus siting criteria does not apply to the closure of the fly ash
units, . . " - . -

Statement of Compliance with VSWMR Siting Requirements by a Professional
Engineer - - - - - - - - ~ --~

Ms. Carol Young "is curre"nfly a registered professional engineer in the
Commonwealth of Virginia (registration number 026152). Ms. Young is
•familiar with the. engineering aspects of the flood plain modeling
presented in Appendix B of the EE/CA report/ and is knowledgeable of
the conditions at.the Site. By signing below/ Carol Young believes that in
her professional judgement the documentation presented above indicates
that the in place closure of the SBs, FABs, and FAS will comply with the
applicable siting requirements of Part V of .the VSWMR.

3.0 CERTinCATIOW(9VAC20-80-200.D.3)

The VSWMR requires that a professional engineer or qualified ground water
.scientist certify in his professional judgement that the waste can be left in place
without posing a threat to human health and the environment. 9 VAC 20-80-10
defines a qualified ground water scientist as "a scientist who has received a

, degree in the natural sciences and has sufficient training and experience in
- ground water hydrology and related fields as may be demonstrated by state

registrations,... that enable the individual to. make sound judgements
regarding ground water monitoring, contaminant fate and transport, and
corrective action."

Mr. Robert Keatirig, P.G. is a qualified ground water scientist for the purpose of
'. providing the required certification. Robert Keating holds both a baccalaureate'

and post-graduate degree in geology, is certified currently as a professional
geologist in tiie Commonwealth of Virginia (license number 2801 000722)/ and
has over 15 years of professional experience in the practice of ground water
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monitoring and contaminant fate'and transport. Robert Keating directed the
preparation of the EE/CA report and the Phase 1 RI conducted in 1993 at the
Site, and is therefore knowledgeable of the hydrologic conditions at the Site-

The certification that the SBs, FABs and FAS can be closed in place without
posing a threat to human health and the environment is based on the following
reasons. More detail for each reason is presented in the EE/CA report;"
• The risk assessment prepared by Gradient Corporation and presented in the"
EE/CA report indicates that there are no unacceptable risks to human
health from exposure to the sulfate sludge or fly ash associated with
trespassing activities.

• The findings of the risk assessment indicate that there will be no
unacceptable risk to human health in the future from exposure to the sulfate
sludge and fly ash due to recreational use, which is the proposed future site
use.

» Based on the baseline ecological risk assessment prepared by EPA, it was
concluded that potential ecological risks exist at the Site based on the
compounds evaluated under current conditions with the waste material.
The proposed response action, consisting of covering the sulfate sludge and
fly ash as part of the .in place closure, will mitigate the potential ecological
risk.

• The sulfate sludge and fly ash need to be contained on the Site to prevent
migration during weather events, the most important of which is flooding
of the River. Metals in the sulfate sludge, especially zinc, are toxic to fish,
therefore, there is a potential risk to, fish in the event that future flooding
releases sludge to the River. The response action will mitigate the
exposure of ecological receptors to the exposed sludge in the basins or to
sludge released to the River during flooding.

• Ground water data showed that the sludge and fly ash were not leaching
trace metals into the underlying ground water at concentrations that pose
an unacceptable risk to human health or ecological receptors.

By signing below, Robert Keating certifies that in his professional judgement,
for the reasons stated above, the sulfate sludge and fly ash could be left in
place without posing a threat to human health and the environment.

Mr. Robfert!Keating, P.G.
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