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PURPOSE AND SCOPE OF STUDY

This study was undertaken to begin defining, with borings and piezometers, the soil and rock
types and conditions of the uppermost aquifer regime at the proposed Haywood County Municipal
Solid Waste Landfill (MSWLF) site. It is drafted to meet the requirements set forth by the North
Carolina Department of Environment and Natural Resources in Solid Waste Management Rule

15A NCAC 13B.1623 (a).

SITE DESCRIPTION

The proposed Haywood County MSWLF site is located on 268 acres* that includes the existing
White Oak Landfill (Plate 1). The site is 12 miles north of Waynesville at the Fines Creek Exit

(Exit 15) off Interstate 40 almost 9 miles from the North Carolina-Tennessee state line.

The site lies within the Blue Ridge physiographic province characterized by mountainous topog-
raphy. The site has a total relief of approximately 450 feet. The highest point is at 2700 feet
above mean sea level (MSL) in the central-southern portion of the property. The lowest area is at
an elevation of 2250 feet above MSL. This area is located along the Pigeon River reservoir on the
northern property boundaryf. On site slopes average 20%, though certain areas have consider-
ably higher grades. Slopes that rise from the Pigeon River on the eastern border of the site have
grades approaching 42%. Grades as low as 10% are found on shallow slopes between ridgelines
in the central and western portion of the site. Three springs occur in the area where the water
table intersects the land surface. The resulting waters drain north toward the Pigeon River. The
property has historically been used as pasture and farmland. Several abandoned buildings occupy
the clearing on the western side of the site. There are several paths that provide access for light

vehicles. A General Site Plan is located on Plate 1.

*109 acres of the site have site suitability (Law Engineering, 1990).

tWalters Dam, located approximately 3.5 miles northwest of the site, was constructed along the Pigeon River
for hydroelectric purposes. The resulting reservoir was named Waterville Lake (Walters lake on older USGS Quad-
rangles). However, for the purpose of this report, it will be referred to as the Pigeon River.
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GEOLOGIC CONSIDERATIONS

The stratigraphy and structure of the southern Appalachian region have been the topic of many
investigations and professional papers. In addition to previous observations by Law Engineer-
ing and Hatcher, MESCO personnel documented rock types and structure within the vicinity
of the proposed landfill site. These observations were used in conjunction with extensive field
-reconnaissance performed by Hadley and Goldsmith to construct a geologic map outlining struc-
tures and lithologies within and surrounding the proposed site.[%) The derived geologic map and

accompanying field notes are presented in Plate 2.

Regional Geology

Regionally the site lies near Ocoee series rocks that include both the older Snowbird Group and
younger Great Smoky Group. The site itself overlies the Precambrian age basement complex that
consists of metamorphosed plutonic rocks and the Carolina Gneiss.[®) Both units have experienced
various degrees of polymetamorphism in both the Precambrian and Paleozoic where the original
structure of the rocks was massively deformed, if not completely destroyed. The plutonic rocks,
as described by Hadley and Goldsmith, stratigraphically overlie the Carolina Gneiss and are
described as massive, often coarse textured rocks with varying textures and compositions. The
composition of these meta-crystalline plutonic rocks (orthogneisses) suggests the parent materials
were felsic igneous intrusions, namely granite and granodiorite. Though the underlying Carolina
Gneiss is similar in texture and appearance, its composition suggests it was derived from very old
meta-sedimentary units.[¥) A non-conformity exists between the plutonic rocks of the basement
complex and the overlying Thunderhead Sandstone that outcrops to the west and south of the

site.

Structurally, the site is located very near the Cataloochee Divide Syncline between the kyanite
and staurolite isograds. The degree of metamorphism increases to the south-southeast.[® The
Cataloochee Anticlinorium, located to the northwest of the site, is bounded by the Greenbrier

Fault and bisected by the Cold Springs Fault. Located north-northwest of the site are small, high
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angle reverse faults that roughly parallel the Cold Springs Fault. However, the lateral continuity
of these faults is not established across the Pigeon River. Ridgeline orientation typically parallels

structural features which trend northeast/southwest.

A stream trace analysis was performed within a 1 mile radius of the site. Structurally controlled
features were traced from USGS 7.5 min Cove Creek Gap and Fines Creek Quadrangles. Dominant
stream trends in the region are N6W to N25W aﬁd N35W to N45W, and minor trends are N5E
to N3OE and N75E to N85E. Field reconnaissance reveals major foliations trend N5W to N20W
paralleling one of the dominant stream traces. Major joints trend N20W to N40W paralleling
major stream traces. Other major foliation orientations (N9E to N20E) and joint orientations
(N10E to N20E) parallel the minor stream traces. Stream traces do not appear to vary greatly
between rock types, however, east of the Pigeon River stream traces trend N75W to east/west
to N75E. This indicates a difference in fracturing on the opposite side of the Pigeon River which
is likely following a major fracture system. Stream traces are presented on Plate 3. The Rose
diagram on Plate 3B summarized the orientations of approximate straight line stream and drainage

segments.

The site lies within a seismic impact zone defined as an area having greater than 10 percent
probability that the maximum expected horizontal acceleration expressed as a percentage of the
earth’s gravitational pull (g) will exceed 0.10 g in 250 years.[!! There are no Holocene faults present

within 200 feet of the landfill site.[!?]

Site Specific Geology

Rock outcrop and core samples support the boundaries outlined by Hadley and Goldsmith.[!
Most of the core samples are layered, coarse-grained gneiss with varied degrees of fracturing and
weathering. Some samples display granitic texture and good relict crystalline structure with only
slight secondary orientation. Other samples show a typically gneissic texture that is massively

foliated with interlayers of biotite mica and coarse-grained plagioclase and quartz. Although
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changes in texture and composition are observed, the rocks underlying and outcropping within

and directly adjacent to the site are classified as Precambrian plutonic basement rocks.

The most abundant on-site locations of rock outcrops are on the steep slopes that rise from the
Pigeon River along the eastern and northern boundary of the site. Qutcrop locations observed by
Hatcher and Law Engineering were confirmed in the field by MESCO personnel. On-site outcrops
consist of Precambrian basement granitoid gneiss with varying degrees of foliation. No faults are

evident on site.

Small boulders of fine grained, white sandstone are found on the head of the slope where aban-
doned borehole P-8 is located. These are likely relicts of the overlying Thunderhead Sandstone.
Soils weathered from the sandstone unit are not present in any borehole within the proposed site
nor are there any sandstone outcrops within the site boundaries. The reported contact between
the Thunderhead Sandstone and the basement complex lies west and south of the site as mapped
by Hadley and Goldsmith.[! The location of this contact was confirmed in the field by MESCO

personnel.

FIELD INVESTIGATION

MESCO installed twenty-one borings for the site hydrogeologic study from March through May
1998, and nine borings from December 1999 through January 2000. Piezometers were installed
in all borings that reached the water table and their locations were surveyed by MESCO in
accordance with 15A NCAC 13B.1632. Boring B-8 reached neither the surface of intact rock
nor the water table and was terminated and abandoned at a depth of 120 feet. Borings were
drilled to provide both extended groundwater readings and subsurface data necessary for site
characterization. Elevations from both the piezometers and monitoring wells will be used to define
the potentiometric surface and groundwater flow characteristics. The locations of all borings and"
monitoring wells are provided on Plate 1. Water elevations and pertinent bore-hole and monitoring

well depths are presented on Table 1.
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Under the supervision of a MESCO geologist, Gré,ham and Currie Well Drilling Company installed

twenty temporary piezometers (P-1 through P-7, P-9 through P-19, P2-1 and P2-2) using a CME-
850 truck mounted drill rig. Additionally, Engineering Tectonics installed piezometers P-18, P-
25/D, P-35/D, P-4S, P-65/D and GWM-11D. Borings were augered with 4 1/4-inch ID hollow
stem augers. Those borings extending below auger refusal were enlarged with 6 1/4-inch ID
hollow stem augers to install a 4” casing for support of overburden soils during coring and/or air
hammering. Piezometers screened in rock with two inch diameter PVC (P-1, P-2D, P-3, P-3D,
P-5, P-6, P-6D, P-7, P-9, P-17, P-19 and GWM-11D) were installed with a 3 3/8-inch air hammer.
Core samples were taken from ten borings (P-1, P-2D, P-3D, P-4, P-6D, P-9, P-14, P-18, P-19
and GWM-11D) using a 2-inch diameter core barrel. Borings P-4, P-14, and P-18 were installed
with one inch diameter PVC in the core hole. Standard split-barrel samples of subsurface soils
were taken at five foot intervals. Standard penetration tests were conducted in conjunction with
split-barrel sampling in accordance with ASTM Test Procedure D 1586-84 using a 2-inch OD
split-barrel sampler. Shelby tube samples were obtained of select cohesive soils for laboratory
classification and in situ permeability testing. MESCO conducted slug tests in the field on July

6-8, 1998 and September 1, 1999 to measure hydraulic conductivity of select lithologic units.

Borings were logged in the field by a MESCO geologist and/or engineer according to the Unified
Soil Classification System and sealed in containers for laboratory testing. Water levels were
~ determined while drilling and were taken periodically after the piezometers were installed in each
completed boring. Appendix A contains all relevant borings logs and construction records. The
soil depths on the boring logs and depths of materials on the construction records are referenced

by depth below existing ground surface.

SUBSURFACE CONDITIONS

Textural distinctions occur throughout the saprolite within the upper aquifer. Even though these
variations are indicated on the boring logs, they do not imply the vertical or lateral extent of

lithologies. The boring logs are divided into different soil lithologies only to add insight to the
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type and gradation of soils to be encountered. Divisions on the logs are made based on expected
hydrogeologic implications and how such variations are expected to influence the vertical and/or

horizontal migration of groundwater.

The subsurface conditions at this particular site are best divided into three hydrogeologically

distinct units. Boundaries for these units are made based on field inspection during installation,

visual and laboratory sample analysis, and surrounding subsurface conditions. The uppermost
portion of the site consists of saprolite defined as in situ chemically weathered crystalline rock. In
this zone, a dense soil is found that grades slightly in composition, size, and degree of weathering
depending on zonal variations in parent bedrock. Small scale structures are found in the saprolite
that, upon visual inspection, are similar to underlying gneissic bedrock. Relict structures include
foliations, thin fractures with iron-stains and clay replacement, broken quartz intrusions, phyllitic
texture, and weathered crystals. Because the extent of chemical weathering of a rock depends
largely upon the ease of access of water to the rock, a thick overburden (saprolite) layer can be an
indication that the rock from which it is derived is abundantly fractured or has interstices of some
type through which water can flow. A thick saprolite unit which is generally porous although not

necessarily very permeable, serves as a reservoir to feed water into fractures.!4

The second distinct unit is a zone of partially weathered rock (PWR). The PWR is highly fractured
and stained with a large amount of soil filled fractures. This unit is often expected directly above
bedrock as a transition zone between the overlying saprolite and underlying bedrock. In addition,
however, the PWR unit in the mid-slope area is often found suspended in saprolite as a result
of fracturing and weathering differences in the parent material. The presence of this material
is indicated by slow advancement of the auger, abundant rock fragments in split spoon samples
and auger cuttings, and blow counts approaching refusal. PWR produces low recovery (REC)
and rock quality designation values (RQD) in core samples. In some instances, soil directly above
zones of partially weathered rock becomes moist which may indicate the ability of PWR to inhibit

vertical migration of groundwater and create a small, localized perched water table.
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The third distinct unit is the underlying fractured gneissic bedrock. This unit, as previously
described, is composed of meta-crystalline plutonic rocks. These orthogneisses vary in composi-
tion, texture, and structure. Fractures commonly parallel gneissic foliation at approximately 45
to 65° in core sample. The abundance of fractures within bedrock is often dependent on rock
type. Strongly metamorphosed rock, such as that underlying the Haywood County site, develops
planes of cleavage owing to the growth of micaceous minerals. Cleavage planes provide openings
along which water may enter and flow.!'! Degree of fracturing is evident in an examination of
core recovery (REC) and rock quality designation (RQD) values. The borings on ridgelines and
toward the top of slopes (P-1, P-4, P-19 and GMW-11D) show higher average REC and RQD
values. P-1, located on a broad ridgeline, has REC of 96% and RQD of 73%. REC and RQD
values from P-4, which is located on a narrow ridge with steep slopes on either side, are 89%
and 69% respectively. P-19 is located near the top of the steep slope rising from the Pigeon
River. The average REC is 90% and average RQD is 71%. These high REC’s and RQD’s are
an indication of intact and moderately fractured rock. Such high values can also provide reason
for the existence of ridgelines, steep topography, and abundant outcrop in certain areas on-site.
Conversely, borings located in valleys and toward the bottom of shallow slopes (P-9 and P2-1)
display a decrease in REC and RQD values. REC and RQD values from P2-1, which was located
midslope (before previous grading), are 84% and 48% respectively. P-9 is located very near a

drainage feature. The average REC is 65% and the average RQD is 21%.

Along with supplying soil sample, standard penetration tests (SPT’s) provide information to
determine the relative in situ density of the saprolite unit. This information, when viewed in
conjunction with other subsurface data, can help define weathering patterns and the presence of
relict structures. A plot of average blows per foot (bpf) versus depth ratio of borings (Chart
1) indicates blow counts increase only slightly from ground surface through the majority of the
boring.t Average standard penetration values of saprolite fall between 10 and 40 bpf. However,
toward auger refusal (80% to 100% depth), the standard penetration values increase rapidly. This

sudden rise in in situ densities indicate an extensively and uniformly weathered overburden soil.

!Data from P-1S, P-2S/D, P-3S/D, P-4S and P-6S/D are not included in the calculation of the average bpf.
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Variations in the plot might account for zones of resistance such as partially weathered rock and

broken quartz veins.

Groundwater was initially encountered in all three distinct units. Due to the general absence
of subsurface structure that might influence groundwater movement (horizontal displacement,
unweathered intrusions efc.), water elevations are largely a function of overlying topography.
Water was initially encountered in saprolite in borings P-2S, P-3S/D, P-4S, P-6S/D, P-10, P-
11, P-12, P-13, P-14, P-16 and GMW-11D. Groundwater was encountered initially in partially
weathered rock in P-2, P-4, P-15, and P-18; and initial water elevations occurred in rock in the
remaining borings (P-1, P-1S, P-3, P-5, P-6, P-7, P-9, P-17, P-19, P2-1, and P2-2). Of these,
water in P-6, P2-1, and P2-2 was found just below the soil/rock interface as defined by auger
refusal. Once allowed to stabilize after piezometer installation, the head in P-1S, P-2S/D, P-3S/D,
P-48, P-6, P-6S/D, P-9, P-10, P-11, P-12, P-13, P-15, P-16, and P-19 increased. Boring P-6 rose
to the saprolite portion of the upper aquifer just above the soil/rock interface. Similarly, the head
in P-1, P-2, P-4, P-14, and P-18 fell after stabilization. After installation, P-14 fell below the
soil/rock interface. The remaining borings (P-3, P-5, P-7, P-17, P2-1, and P2-2) stabilized to
levels comparable to those recorded while drilling. Stabilized water levels across the site indicate

groundwater levels fall within 10 feet above or below the soil/rock interface.

Cross-sections are presented on Plates 5A through 5E. These sections display subsurface soil,
rock, and groundwater conditions. The cross-sections show a somewhat uniform rock surface that
generally follows the topography. Bedrock data were not available from all borings, therefore the
bedrock surface under and between certain boreholes (B-8, P-10, P-13, and P-15) is interpretive.
PWR occurs directly over the bedrock surface in most areas. It is most abundant on ridges and
hills where it can be found in thick units on top of the rock surface as well as suspended in the
saprolite unit. This is a result of reduced joints and fractures on the resistant hills and ridges.
The saprolite remains thick, with larger zones of PWR. In the valleys and draws, saprolite tends

to be thin, while the PWR unit often pinches out on either side of the draw.
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The estimated long term seasonal high water table is presented on all cross-sections. The seasonal
high surface generally occurs in the saprolite or PWR and tends to follow topographic and bedrock
surface contours. Proposed subgrade elevations are also included on the cross-sections to show
the four foot separation between the seasonal high water table elevations and subgrade elevations.
The general profile presented on Plate 6 show sections B-B’ and D-D’ all the way to the river.
The water table line shown on these is the single day line. The general profile shows the extreme
topographic relief on-site as well as general hydrogeologic conditions. Cross-sections 5A-5E are

more detailed and do not extend to the Pigeon River.

Hydraulic conductivities were determined using the Bouwer and Rice method.3 This slug test
method was developed as a bail-down test; that is, the water level is lowered by bailing so that
the water flows from the aquifer into the well. The method can also be used when water is added
to the well and heads in the casing fall, provided that the static level is above the well screen or
open borehole.[f It should be noted that Bouwer mentioned the occurrence of so-called “double
straight line effect” when the water level is lowered below the top of the open section.[] In case of
such occurrence, two or more lines were drawn to fit the drawdown curve, and the line that best
represents the aquifer characteristics in the vicinity of the piezometers was determined and used
to compute the hydraulic conductivity. In some piezometers, the water level was initially above
the top of the open section, and was lowered so far that it crossed the upper boundary of the
open section. For those piezometers, multiple lines were expected, and the appropriate line for
the determination of hydraulic conductivity was selected. A total of fourteen slug tests provided
data to determine the hydraulic conductivities of the three distinct lithologic units comprising

the uppermost aquifer.

Slug tests were performed on P-10, P-11, P-12, P-13, and P-16 which are screened in the saprolite
portion of the upper aquifer. The average hydraulic conductivity for these wells is 1.50 x 10~*
cm/sec. This average value includes permeability tests run on five Shelby tubes taken from varying
zones within the saprolite unit. Slug tests run on P-2 and P-15, which are screened in partially

weathered rock, yield an average hydraulic conductivity of 6.81 x 10™5 cm/sec. Piezometers P-1,
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P-5, P-6, P-7, P-17, and P-19 are screened in fractured gneissic bedrock. The average for this unit

is 1.49 x 10~* cm/sec.! A hydraulic consideration table and calculations are included in Appendix

B.

LABORATORY RESULTS

Selected soil samples were tested in the laboratory in accordance with ASTM Standards to assist
in classification and the estimation of engineering parameters. Laboratory tests included analy-
sis of specific gravity, particle size through sieve analysis and hydrometer, and Atterberg limits.
Tests on Shelby tube samples from P-8, P-9, P2-1, and P2-2 determined in situ hydraulic con-
ductivities. Particle size plotted on textual classification triangles determined effective porosities
for the overburden soils. Total and effective porosity values used in calculating flow rates are
presented in Table 2. Table 3 summarizes the laboratory results and Appendix B includes all

related documentation.

Atterberg limits (ASTM D-4318) were determined for twelve samples representative of variations
within the saprolite unit. Liquid Limits ranged from 37% to 55% with an average of 44%. Plastic
Limits ranged from 27% to 48% with an average of 35%. Plasticity Index ranged from 0 to 26%
with an average of 11%. Test results for natural moisture content indicate an average of 23.6%
with a range from 13.4% to 30.4%. By Unified Soil Classification System parameters, these soils

are low plasticity inorganic silts and fine sands and slightly plastic clayey silts.

GROUNDWATER CONSIDERATIONS

Regionally, the upper aquifer occurs in regolith overlying fractured crystalline bedrock. Regolith is
inclusive of all unconsolidated material that overlies intact bedrock. Most groundwater storage is
located in the regolith because it has a higher porosity than fractured bedrock.!'!] The approximate

range in porosity for the saprolite and bedrock is shown in the following table.

$Values for P-9, P2-1 and P2-2 are not included in this calculation due to the unavailability of their revised slug
test data. The wells P2-1 and P2-2 were abandoned during the construction of Cell 4. The value from the well P-9
is not included since a desirable amount of initial head change was not achieved during the slug test.
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Rock type | Porosity (%) K (ft/day)
Saprolite | 20-30 1-20
Bedrock 0.1-1 1-20

* K denotes hydraulic conductivity.

The above values suggest that the principal difference between saprolite and bedrock is in water-

storage capacity.[10]

Infiltration occurs when precipitation reaches the land surface and penetrates the unsaturated
soil. Water then moves laterally and downward through a temporary saturated zone. Ultimately,
water will move into bedrock and be transported along interconnected fractures to points of

discharge.[1]

On-site groundwater mainly occurs near the bedrock surface except on the crests of broad ridges
underlain by thick saprolite and in deep draws, where the groundwater occurs in the saprolite.
Plate 4 provides a single day potentiometric map generated from August 17, 1998 water level

elevations. Groundwater flow is toward the main discharge feature, the Pigeon River.

There are several spring relief drains underneath the landfill. These drains were installed to remove
spring water that was present at the time of construction. This drainage system was designed in
such a way that all drained water travels to a drainage basin located to the north of the leachate
pond. This drainage basin, however, stays dry to slightly moist throughout the seasons, indicating
that water is rarely present along the drainage network. Hence it can be inferred that the water
table stays mostly below these drains, and that the effect of “drainage” on levels of water table

is marginal. The locations and elevations of the drainage pipes are provided in Plate 1.

Recharge areas occur on the tops of the largest ridges on the property (P-13, P-1, and B-8).
Groundwater on the extreme southern portion of the site flows south and southeast from the

proposed Phase 1 area.

As discussed above, the hydraulic conductivities for all three distinct units are very comparable.
This is evidence to the fact that a change from saprolite or PWR to rock does not greatly affect

flow within the aquifer. Groundwater is preferentially flowing along relict fractures and foliation
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in the saprolite. Because fractures in core samples and outcrops parallel foliations, foliations are
a zone of preferential groundwater flow in both the rock and the saprolite. Major stream traces

also follow foliation and joint orientations observed in outcrop.

Groundwater flow rates for each distinct lithology are calculated using permeability and effective
porosity data from Table 2 and vertical and horizontal gradients generated from potentiometric
data. Saprolite and PWR generally have the lowest flow rates. This is largely because they have
a higher effective porosity than gneiss. For two hydrogeologic units with the similar hydraulic
conductivity, flow rate is controlled by effective porosity. In the flow rate equation, effective
porosity is inversely proportional to flow rate; the lower the effective porosity, the higher the flow
rate.Y The average flow rate in saprolite is 145.57 ft /yr with a maximum of 233.04 ft/yr and
minimum 8.01 ft/yr. Flow rates in the saprolite are greater than 200 ft/yr at P-12, GWM-1A,
and GWM-8, all of which are located in draws. The minimum occurs at P-13 located on top of a
ridge. Flow rates in PWR average 113.01 ft/yr, with the maximum of 200.00 ft/yr on a slope at
P-18. The minimum flow rate (15.78 ft/yr) occurs on a ridge at P-15. Fractured gneiss contains
higher flow rates averaging 544.82 ft/yr. The maximum flow rate for gneiss is 1905.52 ft/yr at

P-6 on a ridge, while the minimum rate is 68.49 ft/yr at P-7 on a slope.

Vertical flow rates at five well nest locations GWM-2/2A, GWM-3/3D, GWM-5A/5D, GWM-
7/7D, and TWD-10/10D are calculated from their hydraulic conductivities and effective porosi-
ties provided in Appendix B. For GWM-2/2A, GWM3/3D, GWM-5/5D and GWM-7/7D, the
effective porosity and hydraulic conductivity of bedrock (n, = 0.05 and K = 1.49 x 10™* cm/sec,
respectively) are used. For TWD-10/10D, the values for the saprolite unit (n = 0.114 and
K = 1.50 x 10™%) are used for the calculation. The results are provided in Appendix B. Most no-
table is the GWM-3 nest which yields the average vertical flow rate of —1413.80 ft/yr, as opposed

IFlow. rate, a.k.a. average linear velocity, is defined by the equation

_Kdn
Ve = e dl

where
v; = average linear velocity (L/T)

K = hydraulic conductivity (L/T)
ne = effective porosity
dh/dl = hydraulic gradient (L/L){"]
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to the average horizontal flow rate of 100.83 ft/yr at the same location. The GWM-2 nest, on the
other hand, yields the average rate of 62.61 ft/yr, indicating an upward migration of groundwater.

All other locations show slight to moderate amounts of downward flow gradient into the bedrock.

Plate 7 is an aerial photograph showing houses with wells within 2,000 feet of the landfill boundary.
The nearest supply wells are located just south of the property. The wells are across a groundwater
divide which occurs form P-14 to P-13 through TWD-10. Phase 1 limits cross this divide in the
southeastern portion of Phase 1. The majority of groundwater under proposed waste cells will
flow north toward the Pigeon River and discharge into the River or local streams which feed the
river. A minimal amount of groundwater flows toward the supply wells south of the property.
This localized southern flow can be easily monitored with monitoring wells. There is also a group
of wells west of the site. Based on topography and the location of local streams, groundwater will
flow north to northeast in the area of these wells, that is, groundwater will be flowing from these
wells toward the landfill. Supply wells are also located north of the property, however, these wells
are north of the Pigeon River and will not be affected by groundwater originating in the landfill

area.

Effect of Pigeon River on Water Table

Water table fluctuations both at the monitoring points within the property and at the Pigeon
River were obtained and evaluated for comparison. The lowest water table elevation within the
property was recorded in the piezometer P-19 with the average elevation of 2407.82 feet over the
period between 6/9/98 and 6/21/99 with the standard deviation!! of 2.85 feet. The average river

elevation is 2252.06 feet over the same time period with the standard deviation of 6.12 feet.

”By definition, standard deviation is the square of variance, and used to measure how spread out the individual
values are around their mean value. It’s defined by the equation
n
G
S.D. = —_
Z n—1
=1
n = total number of measurements
z; = value of the ith measurement

T = mean value of all measurements

where
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Elevations at each piezometer location were plotted against the river elevations to visualize the
extent of linear correlations. A quick evaluation of the plots reveals little correlation between the
river levels and the levels of water table in the landfill, which is also indicated by their low R?

values (Appendix D). A summary of the computed R? values and Pearson correlation coefficients

against the river levels is given in the table below.

*

R

R2

Pigeon River
P-1
P-2
P-3
P-4
P-5
P-6
P-7
P-9

P-10
P-11
P-12
P-13
P-14
P-15
P-16
P-17
P-18
P-19

1.0000
—-0.0902
0.3993
0.1823
-0.2059
0.1097
0.0218
—0.1965
0.0427
0.1843
—0.0014
—0.3298
—0.4454
—-0.4418
—0.3640
—0.1401
—0.1524
0.4624
—0.0499

1.0000
0.0081
0.1595
0.0332
0.0424
0.0120
0.0005
0.0386
0.0018
0.0340
0.0000
0.1088
0.1984
0.1952
0.1325
0.0196
0.0232
0.2138
0.0025

* R denotes correlation coefficient.

By definition, the R? value is the square of correlation coefficient. It represents the percentage of

the dependent variable that is explained by the independent variable, and is symmetrical i.e. the
value is not influenced by flipping the dependent and independent variables. In this instance,
the independent variable is the river level, and the dependent variable is the level of water table
at each monitoring point. Correlation coefficient is the extent of linear relationship between two
compared variables, and ranges from —1 to 1. If there is no linear relationship between the two
variables, the correlation coefficient is close to 0. A negative value indicates the correlation is

inversely linear.

The above presented evidence indicates that the effect of the river level changes on the water

table elevations at the site is marginal. In addition, even the lowest recorded level at the site is
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higher than the highest river elevation by at least 100 feet. This difference should be sufficient to

encompass any future elevation changes.

Groundwater Flow in Fractured Bedrock

Observed hydraulic heads at four well nest locations were evaluated to characterize the downward
component of groundwater flow within the site. The well nest GWM-2/2A, located directly off
the gravel road on the east side of the property, shows a constant upward flow in this part of the
aquifer. This confirms the initial speculation that groundwater discharges to the stream located
directly downslope of the nest. The well nest GWM-3/3D, located to the north of the leachate
lagoon, shows downward flow indicated by the head difference averaging 8 ft. over the observation
period. Downward gradient is also present at the GWM-5/5D well nest location. The average
head difference, however, is only 0.72 ft. over the 22-foot vertical separation, indicating that the
downward flow is relatively minor in this portion of the aquifer. The well nest GWM-7/7D has a

downward flow component similar to that at the GWM-5/5D nest.

Since each of the well nests consists of one well screened in the overburden saprolite and another
screened in the bedrock, the presence of vertical flow between these depths suggests that those two
lithologically distinct units are hydraulically connected. For each well nest, heads in the shallow
well were plotted against those in the deep well to visualize the linear relationship between the
trends of head changes at these two depth levels (Appendix D). Each plot was accompanied by a
linear fit curve and the corresponding R? values are provided in the table below.

Well Nest R? Value
GWM-2/2A 0.7244
GWM-3/3D 0.9126
GWM-5A/5D 0.9553
GWM-7/7D 0.6234

These large R? values indicate the similarities of head behaviors, which typically occurs when the

compared measurement points are in the same hydraulic domain. Given that this trend is present

over the entire property, it is apparent that the hydraulic systems both in the saprolite and the
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bedrock are mutually dependent; changes in hydraulic potential in one system will likely affect

the other.

Due to the complex nature of groundwater flow mechanisms in fractured rock media, it is not
possible to determine precisely what paths groundwater takes from recharge to discharge. Less
research has been done on this topic because of the complexity of solute transport in fractured
media.l”] The requirement of having to determine the precise locations and characteristics of all
fractures prohibits the development of fracture models.!? Present approaches to describe flow and

transport in fractured rock systems are:
1. fractured rock system as an equivalent porous medium (EPM), or

2. discrete fracture approach where channels are represented as channels with parallel sides

and individual fractures are combined into fracture networks.[*]

Berkowitz et al. mentioned that application of an equivalent porous medium model was effective
in the case of the formation possessing smaller fracture spacing, higher fracture connectivity, and
higher block porosity, and that for sufficiently high fracture density, a single continuum concep-
tualization may, in fact, be sufficient for modeling contaminant transport problems of practical
interest.2l Schwartz and Smith also took a similar approach in characterization of groundwater
flow in fractured media.'¥) In their study, the average behavior of groundwater flow and mass
transport in irregularly spaced fractures of finite length was successfully modeled based on the
analytic model of de Josselin de Jong and Way, which was originall