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1 PURPOSE AND SCOPE OF STUDY

This study was undertaken to define, with borings, piezometers and laboratory testing, the soil
and rock types, conditions, and the uppermost aquifer regime at the Phase 2 part of the White
Oak Landfill, Haywood County. Field information collected for this study was used to determine
hydrogeologic and engineering properties of subsurface soils and rocks with appropriate field and
laboratory tests, and perform evaluations of hydrogeologic and geologic conditions, and engineer-
ing analyses. Data, conclusions, and recommendations for hydrologic and geologic conditions
are provided to fulfill the requirements for the Design Hydrogeologic Study as described in the
North Carolina Department of Environment, Health, and Natural Resources, Division of Waste

Management, Solid Waste Management Rules 15A NCAC 13B, .1623(b).

2 SITE DESCRIPTION

The proposed Phase 2 site of the Haywood County MSWLF is located on a portion of 263 acres
that includes the existing White Oak Landfill (Plate 1). The Phase 2 site will occupy 10.26 acres

west and adjacent to the existing Phase 1 part of the Landfill. The site is located 12 miles north

of Waynesville at the Fines Creek Exit (Exit 15) of Interstate 40.

The site lies within the Blu!e Ridge physiographic province characterized by mountainous topog-
raphy. The overall property has a relief of approximately 450 feet. However, the Phase 2 part
has a relief of approximately 110 feet. On site slopes average 20% with grades ranging from 38%
along the boundary ridges to less than 10% along the central drainage feature. As shown on Plate
1, the site is bounded: on ‘he south and west by ridges; on the east by the Phase 1 part of the
landfill; and the north boundary is an arbitrary boundary that cuts across the topography and
marks the southern boundary of the proposed Phase 3 portion of the landfill. An ephemeral to
intermittent stream flows through the center of the site. Some wétlands are located adjacent to

this drainage feature. The water from this drainage feature flows northward to the Pigeon River.

‘The immediate subsurface of the Phase 2 site is primarily composed of saprolite of sandy silts

and silty sands. The site has historically been used for pasture and farmland with more recent
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use being for a soil and cover borrow area for the Phase 1 part of the landfill. Access to the site

for light vehicles can be obtained by either way of trails or existing roads.

3 FIELD INVESTIGATION

MESCO installed thirteen borings for the Phase 2 Design Hydrogeologic Study in March and
April 1999. This is in addition to the thirty borings installed for the site study. Piezometers
were installed in all borings that intersected the water table and their locations were surveyed by'
MESCO in accordance with 15A NCAC 13B .1632. The borings were drilled to provide subsurface
and extended groundwater level data necessary for site and design characterization. Elevations
from both the piezometers and existing Groundwater Monitoring wells are utilized to define the
potentiometric surface and groundwater flow characteristics. The locations of all borings and
monitoring wells that lie within and/or immediately adjacent to the Phase 2 site are shown on
Plate 1. Water elevations and pertinent bore-hole and monitoring well depths are presented on

Table 1.

Under the supervision of a MESCO geologist, Engineering Tectonics installed 13 temporary
piezometers (P1-1S through P1-8D) in the borings using 2 inch diameter screens. The borings
were air rotaried with either a 5 7/8 or 7 7/8 inch tricone bit to refusal. Those boring;s extending
below refusal were installed with a 4 inch casing for support of overburden soils during either cor-
ing and/or air hammering. Coring of the rock was undertaken using a 2 inch diameter core barrel
in borings P1-1D, P1-2D, P1-3, P1-4, P1-53/5D, and P1-8D. These borings were subsequently
enlarged using a 3 1/2 inch air hammer prior to installation of the 2 inch diameter PVC screens.
Standard split-barrel samples of subsurface soils were taken at ﬁve foot intervals. Standard pen-
etration tests were conducted in conjunction with the split-barrel sampling in accordance with

ASTM Test Procedure D 1586-84 using a 2 inch OD split-barrel sampler.

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 de-

termined while drilling and taken periodically after the piezometers were installed. Appendix A
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contains the relevant boring logs and construction records from both the site and design investi-
gations. The soil depths on the boring logs and depths of materials on the construction records

are referenced by depth below existing ground surface.

4 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 1n 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.l®] The derived geologic map and

accompanying field notes are presented in Plate 2.

4.1 Regional Geology

Regionally the site lies near Ocoee series rocks that include both the older Snowbifd 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
deséribed 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 appearancé, 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 oveflying Thunderhead Sandstone that crops out to the west and south of the

site.
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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—so{itheast.[ﬁl 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
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 N5W to N25W and N35W to N45W, and minor trends are NoE
to N30E and N75E to N85E. Field reconnaissance reveals major foliations trend N6W 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 fraicturing 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 pércent
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.[l There are no Holocene faults present

within 200 feet of the landfill site. !
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4.2 Site Specific Geology

Rock outcrop and core samples on the overall property 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 tex-
ture that is massively foliated with interlayers of biotite mica and coarse-grained plagioclase and
quartz. A summary of the rock coring is presented in Table 2. Although changes in texture and
composition are observed, the rocks underlying and outcropping within and directly adjacent to

the overall property are classified as Precambrian plutonic basement rocks.

No rock outcrops were located within the Phase 2 site. The most abundant locatiélls of rock
outcrops are outside the site on the steep slopes that rise from the Pigeon River along the eastern
and northern boundary of the overall property. Outcrop locations observed by Hatcher and
Law Engineering were confirmed in the field by MESCO personnel. These outcrops consist of
Precambrian basement granitoid gneiss with varying degrees of foliation. No faults are evident

on the Phase 2 site and overall property.

5 SUBSURFACE CONDITIONS

The soils encountered in the borings ranged from clay in the upper two to four feet of the boring
that is generally underlain by silt that grades downward to silty sand and/or sand. Relict min-
eralogical lﬁyering, foliation and fractures, indicative of saprolite, could be recognized in the silts
and sands. Partially weathered rock (PWR), defined by the blow counts per foot exceeding 100,
was sometimes encountered both directly above the fractured bedrock and as zones within the

‘saprolite.

Textural distinctions that occur throughout the saprolite are indicated on the boring logs. The
“boring logs are divided into different soil lithologies to add insight to the type and gradation of soils

to be encountered. Divisions on the logs are made based on expected hydrogeologic implications
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and how such variations are expected to influence the vertical and/or horizontal migration of

groundwater.

The subsurface conditions at this particular site can be divided into three potential hydrogeologic
units. Boundaries for these units are made based on field inspection during installation of the
boring, visual and laboratory sample analysis, and surrounding subsurface conditions. The up-
permost 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 (sapro-
lite) layer can be an indication that the rock from which it is derived 1s abundantly fractured
or has interstices of some type through which water can flow. A thick saprolite unit which is
generally porous aithough not necessarily very permeable, serves as a reservoir to feed water into

fractures.[!!

The second 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 suspénded in saprolite as a result
of fracturing and-weathering differences in the pz;,rent 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 when éoring is attempted. 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 unit is the underlying fractured gneissic bedrock. This unit, as previously described,
is composed of meta-crystalline plutonic rocks. These orthogneisses vary in composition, tex-
ture, and structure. Fractures commonly parallel gneissic foliation at approximately 45 to 70° in
the core samples. 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.111] Degree of fracturing is evident in an examination of core re-

covery (REC) and rock quality designation (RQD) values. The relationship between topography
and degree of fracturing observed in the site study is not as obvious from the borings obtained
for this study. The borings on ridgelines and toward the top of slopes (P1-1D, P1-2D, P1-4 and
P1-5D) show higher average REC and RQD values. P1-1D, located on a ridgeline, has REC of
94% and RQD of 28%. This low RQD is probably the result of only the upper 3.5 feet of rock
being cored. The REC values for the other borings vary from 75 to 100%, while the RQD values
range from 70 to 92%. These high REC’s and RQD’s are an indication of intact and moderately
fractured rock. These high values also suggest the reason for the existence of ridgelines and steep
topography on the property. Conversely, borings located in valleys and toward the bottom of
shallow slopes (P1-3, P1-8 and P2-1) display a slight 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. P1-8D is located very near a drainage feature. The average REC is 87% and
the average RQD is 60%. The REC value for P1-3 is 64%, while the RQD value 1s 24%. This

boring was located midslope near the head of a draw (Table 2).

Along with supplying soil samples, 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
the various hydrogeologic units. A review of blows per foot (bpf) versus depth in the borings
indicates blow counts increase only slightly from ground surface through the majority of the
boring. Average standard penetration values of saprolite fall between 10 and 40 bpf. However,

toward refusal (80% to 100% depth), the standard penetration values increase rapidly. This
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sudden rise in in situ densities 1nd1cate an extensively and umformly weathered overburden soil.
Variations in the blows per foot for the saprohte interval are the result of zones of resistance such

as partially weathered rock and broken quartz veins.

Groundwater was initially encountered in all three units. Due to the general absence of subsurface
structure that might influence groundwater movement (horizontal displacement, unweathered
intrusions etc.), water elevations:are Jargely a function of overlying topography. Water was initially
encountered in saprolite in borings P1-25/D, P1-4, P1-6, P1-85/D, P-10, and P-12/12D; initially
in partially weathered rock in P1-1S/D, P1-3, and P1-55 /D; and initial water elevations occurred
in rock in the remaining borings (P1-78/7D, P2-1 and P2-2). Of these, water in 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-10, P-12, P1-25/D, and P1-7S/D increased. The head
in P1-1S/D, P1-5D and P1-6 fell after stabilization. The remaining borings (P-12D, P1-3, P1-4,

P1-5S, P1-8 and P1-8D) stabilized to levels comparable to those recorded while drilling.

. A top of rock contour map was constructed and is presented on Plate 4. Bedrock data were not
" available from all borings, therefore the bedrock surface under and between certain boreholes is

interpretive. Cross-sections are presented on Plates A and 5B. These sections display subsurface

soil, rock, and groundwater conditions. The cross-sections and top of rock contours show a

somewhat uniform rock surface that generally follows the topography. PWR occurs directly over
the bedrock surface in some 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. Thisis 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.

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 at
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least a four foot separation between subgrade elevations, the seasonal high water table elevations,

and top of rock elevations.

Hydraulic conductivities were determined using the Bouwer and Rice or Hvorslev method.*?)
These slug test methods were developed as bail-down tests; that is, the water level is lowered by
bailing so that the water flows from the aquifer into the well. The Bouwer and Rice 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.l 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.3! 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 piezometer
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 was selected for the determination of hydraulic conductivity. A total of nine

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-12, P-13, P1-2S, P1-6 and P1-8S which are screened in the
saprolite/PWR portion of the upper aquifer. The average hydraulic conductivity for these wells
is 2.64 x 10~* cm/sec. Piezometers P1-2D, P1-4 and P1-8D are screened in fractured gneissic
bedrock. The average for this unit is 7.24 x 1072 cm/sec. A summary of the hydrologic properties
of the lithologic units comprising the aquifer are presented on Table 4, while the calculations are

included in Appendix B.

6 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 analysis of

specific gravity, particle size through sieve analysis and hydrometer, and Atterberg limits. Particle
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size plotted on textual classification triangles determined effective porosities for the overburden
soils. Total and effective porosity values used in calculating fiow rates are presented in Table 4.

Table 3 summarizes the laboratory results and Appendix B includes all related documentations.

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 20%. Test results for natural moisture content indicate an average of 23.6%
with a range from 14.4% to 32.3%. By Unified Soil Classification System parameters, these soils

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

7 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.

Rock type | n. (%)* K (ft/day)®
Saprolite 20-30 1-20
Bedrock 0.1-1 1-20

2 n. denotes effective porosity.

b K denotes hydraulic conductivity.

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

storage capacity.(’)

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.[g]

On-site groundwater generally occurs within 10 feet of the highly fractured bedrock surface, except
where the topography is underlain by thick saprolite such as on the crests of ridges and/or in

draws. Where the saprolite unit is thick, the water table may lie up to 40 feet above the top
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of rock surface. Groundwater flow is generally northward toward the regional discharge feature,
the Pigeon River. However, the central drainage feature also appears to be an intermittent local
discharge feature in the vicinity of proposed Phases 3 and 4. This local discharge feature could
influence groundwater flow direction during those high groundwater level times when discharge
to the intermittent stream occurs. This influence probably results in some east or westward flow
component toward the discharge feature. A groundwater divide is located south of the Phase 2
site and this same area is also part of the recharge area. The Site Hydrogeologic Study and the
data collected for this study indicated that this divide does not move significantly regardless of
groundwater level time of year, and that groundwater flow in the Phase 2 site should always be
northward from this divide toward the Pigeon River and/or the local discharge feature. There
are two other divides present near the Phase 2 site. A smaller divide is located along ;che western
boundary of the Phase 2 site and the other is located northwest of the site in the vicinity of the
Phase 3 , 4 and 6 area. These two divides tend to redirect the general northward groundwater
flow eastward and southeastward toward the central drainage feature. Plate 6 provides a single

- day potentiometric map generated from water level elevations obtained on March 14, 2000.

Activities on or adjacent to the Phase 2 site that could influence groundwater flow, besides normal
recharge from precipitation, include the following: spring relief drains installed under the existing

landfill and seasonal adjustments to the normal pool level in the Pigeon River reservoir.

There are several spring relief drains located underneath the existing landfill. As discussed in
the Site Hydrogeologic Study, the effect of these spring relief drains on water table levels appears

to be marginal and should not impact the water levels underneath the Phase 2 site. Seasonal

adjustments in pool levels in the Pigeon River reservoir should not have an effect on groundwater

levels in the Phase 2 site, based on the analysis discussed in the Site Hydrogeologic Study.

As discussed in the Site Hydrogeologic Study and the results from this study indicate that the
hydraulic conductivities for the three lithologic units comprising the aquifer are comparable. This
is evidenced by the fact that the groundwater flow does not appear to be greatly affected by the

change from silty sand saprolite to PWR to highly fractured rock. Consequently, grouridwater is
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probably preferentially flowing along relict fractures and foliation in the saprolite and PWR as
it does in the highly fractured gneiss. Flow in the saprolite and PWR is also occurring between
the fractures in the interstices between the soil grains. This would result in the slightly higher
hydraulic conductivity observed for these two units as compared to the fractured gneiss. The
apparent partial control on flow by fractures and foliation means that zones of preferential flow
can be identified by the presence of major stream traces, since these major traces also follow

foliation and fracture orientations observed in outcrop.

Horizontal groundwater flow rates for the upper saprolite unit were calculated using hydraulic
conductivity and effective porosity data presented in Table 4, and the horizontal hydraulic gradi-
ents determined from the single-day potentiometric map (Plate 6). The average effective porosity
value of 16.8% was used for all boring locations. For wells on which the slug test was performed,
the derived hydraulic conductivity value was used for the calculation of flow rates. For all other

wells, the average hydraulic conductivity value was used. Flow rate is primarily controlled by

two factors: effective porosity and hydraulic conductivity. As evident in the flow rate equation,

hydraulic conductivity and effective porosity are proportional, and inversely proportional to flow
rate, respectively.” The highest flow rate is 275 ft/yr, which occurs at P1-8S location in the draw,
while the lowest is 15 ft/yr at P1-2S on the slope immediately west of the draw. Although the
map suggests the head difference at P1-8S location is greater than that at P1-2S, the flow rate
is greater at P1-85 due to hydraulic conductivity at this location greater than that at P1-2 by a

factdr of 10.

The nearest supply wells are individual house water wells located just south of the property. The

wells are across a groundwater divide which occurs from P-1S to G-115/D, P-4S, between P-6S/D

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

_ Kdh

Vs = L dl

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

K = hydraulic conductivity (L/T)
ne = effective porosity
dh/dl = hydraulic gradient (LY
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and TWD-10. All the groundwater under proposed Phase 2 will flow north toward the Pigeon
River and discharge into the River or local streams which feed the river. It is anticipated that no
groundwater flow in Phase 2 will be toward the supply wells south of the property. 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.f

7.1 Groundwater Flow in Fractured Bedrock

Vertical flow rates were calculated at ten nested piezometers /monitoring wells locations within,
and in the vicinity of the proposed Phase 2 site. The results are summarized in Table 5. All
measured locations show indications of downward flow, with the exception of P-6S/D nest, which
suggests a slight upward migration of groundwater over two measurement periods. The two highest
flow rates were recorded at P1-2S/D and P1-7S/D nest locations both of which are located on
slopes. The lowest is recorded at TWD-10/10D. At this location, ‘_(the groundwater rarely shows
any vertical migration throughout the measurement period. Relatively low vertical flow rates were
recorded at P1-1S/D, P1-85/D and P-12/12D nest locations. P1-1S/D are located on hilltop on
the west end of the proposed Phase 2 site. Both P1-85/D and P-12/12D are located in the draw.
At P1-1S/D location, both horizontal and vertical flow are shown to be marginal. At P1-835 /D
location, on the other hand, the majority of flow seems to occur laterally rather than ver%cically.
This may be attributed to the facts that groundwater migrating from two different hydraulic
domains converge at this location, resulting in greater momentum of flow, and that part of the

water discharges to the surface thereby reducing the downward momentum of flow.

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

tThe Site Hydrogeologic Study found 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 higher than the highest river elevation
by at least 100 feet. This difference should be sufficient to encompass any future elevation changes.
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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 B). Each plot was accompanied by a
linear fit curve and the corresponding R? values are provided in the table below.

Well Nest | R? Value

P-12/12D 0.9786
P1-1S/D 0.8981
P1-2S/D 0.9927
P1-55/D 0.9795
P1-7S/D 0.1418
P1-8S/D 0.7366
GWM-7/7D 0.7013
TWD-10/10D 0.9701

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
bedrock are mutually dependent; changes in hydraulic potential in one system will likely affect

the other.

The aquifer in the Haywood landfill site consists of three major lithologic units. The upper most
aquifer occurs in the saprolite unit, which sits on top of a zone of highly fractured crystalline
bedrock. A zone of partially weathered rock (PWR) may exist between these two units as a
transition zone. The overburden saprolite is typically derived from the underlying parent bedrock
by weathering, and has mineral compositions similar to those of the bedrock. As mentioned
carlier, a thick overburden saprolite layer may well indicate the presence of abundant fractures in
the parent rock from which it is derived. In fact, boring logs for all installed piezometers suggest
moderate to high degrees of fractures present in the bedrock. Since the occurrence of single,
isolated fractures is mainly associated with faults, and no faults have been observed within the
property, it is highly probable that the bedrock unit underneath the property contain moderate

to high degrees of fracture networks.

Based on the discussion and evidence presented in the site study and the confirming results ob-

tained from this study, it is concluded that the layers of upper saprolite unit and underlying highly




(G98010.6 Page 15
Design Hydrogeologic Study, Phase 2 — White Oak Landfill, Haywood County June 21, 2000

fractured bedrock unit are hydraulically connected, and that the average hydraulic gradients in

both units follow the overall trend of head distribution.

7.2 Local Precipitation

Precipitation data from stations 319147 in Waynesville and 311564 in Cataloochee were evaluated
in order to infer expected precipitation amounts at the site. Both stations showed the same
vear and 30 year trend though the Cataloochee station showed slightly more a:bundant rainfall.
Averages for a 30 year period from 1961 to 1990 are included as well as monfchly data for the
vears 1993-1998. The 5-year data set closely follows the thirty year trend except for increased

June precipitation amounts in the short term for both stations.

From 1961 through 1990, both areas experienced the highest average precipitation in March with
the second highest in August. Lowest average precipitation occurred in October. All data were
made available by the National Climatic Data Center and is expressed in tabular and graphical

format in Appendix D.

7.3 Observation Well Data

Data from local USGS observation wells were used to track natural fluctuations in the regional
water table. NC-40 is the closest currently maintained observation well. It is located approxi-
mately 20 miles to the southeast of the site along US 276. The well is 18-feet deep and is screened
in saprolite of Precambrian gneiss. This is similar to the saprolite a;t the White Oak Landfill.
The highest water level recorded during the 1998 water year was 2.13 feet below land surface in
February. The low occurred in September, 1997 at 6.45 feet below land surface for a difference
of 4.32 feet. Observation well NC-40 is a climatic effects well located in a valley. The maximum
fluctuation recorded in this well is approximately 4 feet. A review of this observation well data
does not indicate any significant upward or downward trend for either the high or low elevations.
This suggests that the seasonal fluctuation, although variable, remains relatively constant. The

observation well location and data are provided in Appendix D.
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Data available for groundwater fluctuations at the landfill site from the temporary piezometers
were obtained for a varying period, but elevations were taken during a sufficient time span to cover
the normal temporal high and low periods of time according to the USGS observation well data.
The temporal highs and lows for each piezometer were determined. The fluctuation data was
then compiled according to the topographic location of the piezometer (Ridge, Slope and Draw).
An average fluctuation for each topographic location group was determined and rounded up to
the nearest foot. In order to determine a conservative estimate for the seasonal high, the rounded
average fluctuation for each topographic setting was added to the highest recorded elevation for a
piezometer based on its topographic location. These rounded averages are: ridge—4 feet, slope—3
feet. and draw—2 feet. The seasonal high estimation is summarized in Table 6, and potentiometric

contours are shown on Plate 7. All calculations and documentation are included in Appendix D.

8 WATER QUALITY MONITORING PLAN

Croundwater in the Phase 2 area generally flows north along the central draw. Nested piezometers

indicate that groundwater flow is downward throughout the site.

Two monitoring well locations and one surface water location, in conjunction with the use of
the existing background groundwater monitoring wells GWM-11S and GWM-11D, are proposed
to monitor the ground and surface water quality in the Phase 2 area. Monitoring wells will
be designated GWM-12, GWM-135 and GWM-13D. In addition to the proposed groundwater
monitoring wells, it also proposed that all the piezometers installed on the property outside the
foot print of the Phase 2 site be retained along with installing one nested piezometer set to assist
in determining water level elevations. The new piezometer set will be designated PZ-1S and PZ-
1D. The previously installed piezometers will retain their original boring numbers. The ground

and surface water monitoring and piezometer locations are presented on Plate A.

The existing background monitoring wells QWM-11S and GWM-11D will be utilized as back-

ground wells for the Phase 2 site as well as the existing landfill. Monitoring wells GWM-12,
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QWM-13S and GWM-13D will be installed down gradient from the Phase 2 site, but within 150

feet of the waste boundary.

Monitoring well GWM-12 is proposed as a down-gradient well located on the east side of the
central draw area. It is proposed to replace GWM-6A that will have to be abandoned due to
its close proximity to the Phase 2 waste boundary. The purpose of GWM-12 is to monitor
groundwater quality from the water flowing on the east side of and under Phase 2 and from the
west side of the existing landfill. A 15 foot screen will be installed in the saprolite part of the
upper aquifer, because it is anticipated that grou’ndwater'will be present in this portion of the

upper aquifer during both estimated seasonal high and low periods.

Monitoring wells GWM-13S and 13D are proposed as a nested well pair to be installed on the west
side of the central draw and down-gradient of the Phase 2 site. Although it is anticipated that
groundwater will be present in the saprolite portion of the upper aquifer during both estimated
seasonal high and low periods at this site, a nested pair is proposed to properly monitor the
groundwater flowing from under the Phase 2 Lined Landfill. GWM-13S will be installed with a

15 foot screen in the sapr;)lite part of the upper aquifer.

GWM-13D will be installed with a 10 foot screen in the highly fractured rock part of the up-
per aquifer. Estimated flow paths and current groundwater data suggest a downward gradient
throughout the Phase 2 area toward the central draw. This deeper well is designed to detect
potential contaminants that might result from a leak in the central or up-gradient part of the
Phase 2 area. These potential contaminants might migrate downward and northward along the

central draw so that they might not be detected in proposed GWM-138.

The wells should be installed according to regulations. Plate B shows a typical monitoring well
schematic as recommended by the State of North Carolina. The ground&ater monitoring wells
and piezometers should be constructed approximately to the elevations and conditions listed in
Table 7. These estimated depths are based on the seasonal high groundwater potentiometric map

(Plate 7) and the boring logs. The actual depths for screen installation in these wells is dependent
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on the actual depth at which water is first encountered or rock is encountered and how this level
compares to seasonal groundwater cycle. The screen should be installed at completion depth if
possible, however hole conditions may preclude this. One surface water monitoring site SW-5 is
proposed to be located downstream from the Phase 2 and Phase 1 sites. This location will replace

SW-4 which is currently located within the footprint of the Phase 2 site.

All groundwater monitoring wells and piezometers must be tagged, labeled, locked, have vent
caps, and their locations surveyed. A permanent mark should be placed at the location where
the surface water sample should be taken. Testing of the ground and surface water should be

performed in accordance with and using the methods set forth in North Carolina regulations for

subtitle D landfills.

Wells are planned to be installed in areas not subject to flooding. These monitoring wells GWM-

12, GWM-13S and 13D will have to be abandoned prior to construction of Phase 3.

Monitoring wells, new and existing, surface water locations, and the leachate from the lagoon
should be tested semi-annually for Appendix I chemical constituents. The leachate should also
be tested for biochemical oxygen demand (BOD), chemical oxygen demand (COD), phosphor{ﬂs,

sulfate, nitrate, nitrite, and pH. The sampling and analysis plan is included in Appendix E.

In summary, it is proposed that the following be undertaken to provide groundwater, surface

water and leachate monitoring:

1. Utilize the existing background monitoring wells GWM-11S and -11D as background wells.

. Install three downgradient compliance monitoring wells (GWM-12, GWM-13S, and GWM-
13D)

. Use the existing monitoring wells GWM-4A and GWM-8 as the upgradient wells and GWM-
3 and GWM-3D as the downgradient wells for the leachate lagoon.

. Surface water SW-5 will be taken at the location shown on Plate A.

. Leachate will be sampled from the inflow pipe at the lagoon.
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9 CLOSURE

This report completes the requirements for the geological and hydrological features for the Design

Hydrogeologic Report as described in Rule .1623(b). Geological and hydrological data, informa-

tion, and conclusions contained herein and in reports of adjacent studies indicate no hindrance to
the development and monitoring of the described Phase 2. The ground and surface water moni-
toring plan is designed to be effective in the early detection of any possible release of hazardous
constituents from the White Oak Landfill Phase 2 MSWLF unit or leachate surface impoundment

to the uppermost aquifer.

All temporary piezometers installed during subsurface exploration and not converted to perma-
nent monitoring wells or piezometers will be abandoned in accordance with the procedures for

permanent abandonment of wells as described in 15A NCAC 2C Rule .0113(a)(2).

Respectfully submitted,
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.

WAL/

Kohei Yoshida
Hydrogeologist
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Edward S. Custer, Jr., Ph.D., P.G.
Professional Geologist
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Table 6. Seasonal High Summary

Piezometer Temporal Temporal . Estimated Topographic
Number High Low Fluctuation Seasonal High Setting

P-10 2534.05 2528.20 5.85 2538.05 Ridge
P-11 2536.23 2535.22 1.01 2538.23 Draw
P-12 2549.52 2546.85 2.67 2551.52 Draw
P-12D 2546.68 2546.07 0.61 2548.68 Draw
P-13/GMW-118 2601.31 2595.68 5.63 2605.31 Ridge
P1-18 2559.27 2558.17 1.10 2563.27 Ridge
P1-1D 2558.69 2557.28 1.41 2562.69 Ridge
P1-2S 2569.91 2567.66 2.25 2572.91 Slope
P1-2D 2565.90 2564.26 1.64 2568.90 Slope
P1-3 2589.46 2586.65 2.81 2592.46 Slope
P14 2576.13 2575.47 0.66 2579.13 Siope
P1-5S 2583.78 2581.22 2.56 2587.78 Ridge
P1-5D 2582.36 2580.18 2.18 2586.36 Ridge
P1-6 2554.00 2551.83 2.17 2557.00 Siope
P1-7S 2544.82 2544.30 0.52 2547.82 Slope
P1-7D ‘ 2543.62 2542.47 1.16 2546.62 Slope
P1-8S 2532.81 2532.01 0.80 2534.81 Draw
P1-8D 2531.50 2530.83 0.67 2533.50 Draw
GWM-6A 2523.90 2521.92 1.98 2525.90 Draw
GWM-7 2581.92 2576.94 4.98 2585.92 Ridge
GWM-7D 2579.80 2574.92 4.88 2583.80 Ridge
TWD-10 2588.21 2581.00 7.21 2592.21 Ridge
TWD-10D 2588.00 2580.93 7.07 2592.00 Ridge
P-6 2538.80 2536.72 2.08 2542.80 Ridge
P-6S 2563.99 2563.47 0.52 2567.99 Ridge
P-6D 2564.92 2564.41 0.51 2568.92 Ridge
GWM-5A 2501.35 2496.09 5.26 2503.35 Draw
GWM-5D 2500.87 2495.68 5.19 2502.87 Draw

Design Hydrogeologic Study - Haywood County White Oak Landfill
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OUTCROP LOCATIONS IN THE WHITE OAK AREA,
HAYWOOD COUNTY

Hatcher’s Observations

H1. Strongly foliated feldspar-quartz-biotite gneiss. Rocks are strongly isoclinally folded with
fold axial surfaces parallel to the dominant foliation. Foliation N11E/36SE. Unfilled Joints
N68W/69SW, N67E/75NW. Fracture density is low (2-3 ft spacing)

H2. Massive, coarse grained feldspar-quartz-biotite orthogneiss. Foliation NS59E/32SE.
Unfilled Joint N61E/32NW.

H3. Massive, exfoliated coarse-grained feldspar-quartz-biotite orthogneiss. Garnet and
orthopyroxine metacrysts up to 0.5 c¢m in some parts of €xposure, oriented parallel to
compositional banding. Almost no fractures. Joint spacing 20-30 ft. Unfilled Joints
N32E/79NW, N56W/77SW.

H4. Strongly foliated and lineated feldspar-quartz-biotite orthogneiss. Foliation N9E/32SE.
Unfilled Joints (spacing 0.5-1 ft) N45E/76NW, N70E/80SE.

HS. Strongly fractured feldspar-quartz-biotite orthogneiss. Foliation N67E/32SE. Dominant
closely spaced (lin to 3 in) fracture set (N38W/77NW) approximately parallel to valley
orientation.

H6. Medium-grained annealed mylonite derived from feldspar-quartz-biotite orthogneiss. No
measurements taken because is a large block, probably locally derived (within <100ft of present
location) but out of place.

H7. Strongly foliated feldspar-quartz-amphibole gneiss along Walters Lake. Foliation
N66E/22SE. Unfilled joint NAOW/69W.

HS8. Large cliff exposure of coarse grained feldspar-quartz-biotite orthogneiss. Rock mass is
moderately fractured, with a zone of intense fracturing (spacing <1-2 ft) in part of the exposure.
Foliation N33E/24SE. Unfilled Joints N33W/86NE, N41W/81NE, N47W/68SW, N23E/vertical,
N43E/vertical.

Law Engineering Observations

L1. Foliations N6OE/65SE, N70E/62SE, N70E/63SE
Joint N75W/80SW

L2. Foliations N10E/38SE, N12E/30SE, N58E/78SE
Fault N15E/90

L3. Foliation N33E/62SE
Joint N20E/26SE

LA4. Foliation N38E/48SE
Joint N15E/48SE, N55W/75SW




L5. Foliation N22E/48SE, N34E/58SE
Fault N3OW/7SW_ N30E/90

Municipal Engineering Observations

M1. Biotite Gneiss, with quartz and plagioclase (preCambrian basement) - Fractures N15E/90,
N70E/75SE

M2. Boulders of garnet schist in road cut. (Thunderhead Sandstone Unit)

M3. Garnet schist (Thunderhead Sandstone Unit), fractures parallel to foliation N20W/66NE,
Fractures N75E/64NW, N38E/30SE

M4. Gamet schist Foliation NSW/85NE

MS5. Pink, feldspathic quartzite,
Fractures N11E/53SE, N75E/60NW

-M6. Boulders of biotite gneiss with quartz and plagioclase.
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OUTER CASING WITH CAP AND LOCK
2.5" PLUS/MINUS ABOVE GROUND ————————}—

) PVC VENTED CAP, NO LESS THAN
12" ABOVE GROUND SURFACE

/ L R
/// i Y <« - 4 c2
. . RN . a . N ’

L 4 ‘ - : o L <1
. / - s a4
2 x 2 CONCRETE COLLAR, NOT
TO EXCEED 1° IN ORDER TO
DIMINISH EFFECTS OF EROSION
AROUND CONCRETE COLLAR
b GROUT BACKFILL, NEAT CEMENT

< 5% BENTONITE POWDER BY VOLUME

2" (LD.) SCHEDULE 40 PVC

FILTER PACK SHOULD EXTEND £
A MIN. OF 1" ABOVE THE 1" MIN. BENTONITE PELLETS

SCREEN AND NO MORE THAN
2" ABOVE

SAND BACKFILL
(NC #2'S)

——— SCREEN INTERVAL
NOT TO EXCEED 15’

0.01” SLOTTED SCREEN, PVC

. ‘ END CAP, PVC

NOTE:
T o T TYPICAL MONITORING WELL 1
AND BENTONITE. PLATE B

MAX. 1" FILTER PACK
BELOW SCREEN




LOG OF BORING: P-10

Project; Haywood County Dritling Contractor: Graham & Currie Surface Elevation: 2579.49ft
Project No. 698010.5 Registration Number: 537 Top of Casing: 258186t
_.-ISA SS .
g
S0 E | g
= & 2 *DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
i £ o |a
Q o
]
5 SILT (ML), pink-brown, firm, with sand and clay, trace wica,
] refict structure
s 1 7 X ~grades with weathered zones of biotite
1 SANDY SILT (ML), olive green to brown, medium dense, fine to
1 2 LIl X coarse sand, relict structure, weathered relict crystals, some
10 14 || [wica

J

SlLT (ML); brown to white, very stiff,trace fine sand and rock
fragments, layers of mica

]
|
[><]

SANDY SILT (ML); red to brown, medium dense, sand medium
grained, zones of muscovite

N
o
i .
[><]

26
] g
L J 8
: 5 )
. . . o
1 32 11 X -grades brown, dense, fine sand, rock fragments, iron stained, ) :5:
25 1.1'].{ T Jrelict gneissic fayering c Q
T 2 p
bt 3
a1 I . X -grades brown to rust colored, poorly sorted sand, rock N
30 || 1] |1 | fragments relict structure
1 34 |1} X -grades with rock fragments
35 1t
4 5074 {'].1']. & ~grades very dense, relict gneissic structure, rust staining
38 | ‘ X ~grades moist, dense, gneissic structure, trace coarse sand,
457 11| 1| some mica
18 |.1'1.1'1IX]|-grades medium dense, with mica and trace clay, iron stained
. relict fracture ‘
Completion Depth: 73.0 ft Depth to Water: 52 ft WD
DATE: 3/18/98

2

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. ,_]f/ﬁé % é m/
1 acknowledge that this record is true to the best of my knowledge: -




LOG OF BORING: P-10

DATE: 3/19/98

Project: Haywood County Driting Contractor: Graham & Currie Surface Elevation: 2579.49(t
Project No. 698010.5 Registration Number: 537 Top of Casing: 2581.86ft
B_‘SA S5 :
-
= 8
= w ] w
a Q w
T ¢ 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
a 2 o |a
o S
@®
TTT I
1L 3 .
2t 1Lt .X—gades wet - g
55— 11 @ o
i8S 2 8 z
d1.11 S © o
1 25 11 -grades with more clay 2
60_— - . . . o i:
] _T__ .
(-]
) o
b . B Q
1 5074 |-l 1] X -grades very dense, relict foliation near vertical i
- g 3
| J111 ° ' ©
. . o
" 1 50/ 111 Z —-grades with black and white relict layering 5 o
- . . >
: =
® l :
i 11 5
. End of Boring at 73.0 feet Y
75
80
85—
90—
95—
Completion Depth: 73.0 ft Depth to Water: 52 ft WO

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. : Z é \ % é {
1 acknowledge that this record is true to the best of my knowledge: = o




LOG OF BORING: P-11

Oriling Contractor: Graham & Currie
Registration Number: 537

Surface Elevation: 2551871t
Top of Casing: 2553.87ft

DESCRIPTION OF MATERIAL

PIEZOMETER DIAGRAM

Project: Haywood County
Project No. 698010.5
_T‘HSA.SS
-
= 8
£ w a2 |o
= | &5 |2 |z
& g » |&
S | 3
m
) 4
] S
1, X
5.._
1 X
10
154 6 X
204 son |||
25 ref/3
30
35—
40—
45—

SILTY CLAY (CL); Medium brown, moist, soft, with medium to

e 0 e s e e o " -~ —— - — - - - =

CLAYEY SILT (ML), Brown, moist, soft, some root debris, trace
coarse sand and mica

SILT (ML), dark brown, stiff, saprofitic, with mica and fine sand
layers, some clay, rust stained relict foliation

SANDY SILT (ML); black/white gneissic banding, moist, very
stiff, saprolitic, some coarse quartz grains

-grades dark brown with tan and orange layers, saturated,
very dense, micaceous

"} = -grades with few rock fragments, some coarse grains, trace

mica

entonite

e———— gravel pack —-b‘tl:{.;—— cement grout ——»

“|End of Boring at Auger Refusal 25.0 feet

+

0 slotted screen

"
|
2" sch40 PVC O

2" sch40 PVC casing

]

Completion Depth: 25.0 ft
DATE: 3/18/98

Depth to Water: 17.5 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.

I acknowledge that this record is true to the best of my knowledge:




LOG OF BORING: P-12
Project: Haywood County Driling Contractor: Graham & Currie Surface Elevation: 2555.38ft
Project No. 638010.5 Registration Number: 537 Top of Casing: 2557.62ft
| Tyfsass
= | 8
> w - 4]
@ o W
= & 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |a
o S -
o = 2
= 3
A sirv car L vark brown, danp, fim, some coarse sand, {5 | 8
A trace fine mica § 4
\ ___________________________________________ a.
SILT (ML) Tan to brown, moist, stiff, faint relict structure, a S
54 ‘r___) 5
some fine mica and coarse sand, trace clay - -
4
1 8 X -grades medium to dark brown, satwated, firm, with medium b4
10 and coarse sand, I* layer of gravel at 8 3 z
3t B petatete b DL L DR L DL LR R D D ettt i a 3
] SILTY SAND (SM); brown with yellow-orange motties, [ 8
1 satwated, stiff, relict gneissic banding, coarse grained S c
15—_ l c%)
o
<
. S
o] End of Boring at Auger Refusal 18.0 feet s
2 — N
25—
30
35—
i
| 4
40—
45—
Completion Depth: 18.0 ft Depth to Water: 8.0 ft WD
DATE: 3/13/98
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.
1 acknowledge that this record is true to the best of my knowledge: > ST Y A




LOG OF BORING: P-12D
Project: Haywood County Driling Contractor: Engineering Tectonics ~ Surface Elevation: 2554.58f
Project No. 698010.6 Registration Number: 835 Top of Casing: 2555.83ft
L Ll
-
= 8
= (T8 -t 0w
« o u
= by 2 I DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |@ __
o 9 .
[
7 SILTY CLAY (CL); Dark brown, damp, firm, some coarse sand,
] A | trace fine mica
5] X SILT (ML) Tan to brown, moist, stiff, faint relict structure, g_’
12 some fine mica and coarse sand, trace clay hi
> 2
1 =8 X -grades medium to dark brown, saturated, firm, with medium g § §
10 and coarse sand, T" layer of gravel at 8 feet = ° £
. e e e e e e e e e e mem— e ————————— Q a P
SILTY SAND (SM): brown with yellow-orange mottles, 8 g =
1 saturated, stiff, relict gneissic banding, coarse grained @
15— &
i Anr Rotary Bit Refusal at 17.0 feet
e GNEISS, meta-granitic texture, slightly weathered, some iron %
20~ deposit on surface 2
: “-A/JH irregular, saprolite and weathered fracture zone & —f—
o =
] —3 3
25—_ -A/H irregular, saprolite and weathered fracture zone §
5 g
] [
hiy =
b Q “‘—D
30 o o
4 o (&)
g
S
] Y 5
35— >
1 End of Boring at 35.0 feet o~
40—
45+
Completion Depth: 35.0 ft Depth to Water: 8.0 ft WD
DATE: 4/6/99
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. /
I acknowledge that this record is true to the best of my knowledge: ‘w 5 -




LOG OF BORING: P-13
Project; Haywood County Drilling Contractor: Graham & Currie Surface Elevation: 2671.66ft
Project No. G98010.5 Registration Number: 537 Top of Casing: 2675.69ft
_I.HSA SS
-
= 8
= : a 18
= o i DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
-8 0 > <
w = » [
e S
[+]
1 o SILT (ML), req, stiff, with mica, relict iron mineralization
1 2 X -red to purple, relict foliation, trace mica and fine to medium
54 sand
104 3 X -grades with white mottles, relict foliation
154 8 X -grades with black mottles, very stiff
204 30 X -grades with zones of orange coarse sand
1 (=]
=
. o B 6 B DO 3 @
] |1 1-] L SANDY SILT (ML) tan to pink, black and white rock e o
254 .6 |11l X fragnents, medum dense = g
' 1 g
1.1 (3] 3
- ’ - ’ . : iv
304 44 1|} X -grades dense, with coarse grains and small rock fragments
] SILT (ML); purple to brownish red, hard, saprolite, some mica
351 34 X
] T U sy SILT (ML) dark red with white and black mottes,
404 4 IlT X—' ------------------------------------------
1 11 saprolite, medium to coarse grained sand, iron mineralization
11111 |on relict foliation
454 30 ||| X -grades with mica, rust staining on mica surfaces
¢! -
Completion Depth: 96.0 ft Depth to Water: 84.0 ft WD
DATE: 4/21/98
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. - ¢
1 acknowledge that this record is true to the best of ay knowledge: = YUTE o




Project: Haywood County
Project No. G98010.5

LOG OF BORING: P-13
Drilling Contractor: Graham & Currie

Surface Elevation: 2671.66ft

Registration Number: 537 Top of Casing: 2675.69ft
_T.-ISA SS
’—
= 8
= po 3 |&
. & 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& | g o |3
e S
-] . . d
T grades-with-quartz-fragments-and-coarse-sand
554 20 |[||] X -grades with fine sand and rust stained schistose layers
604 g8 | ) X ~grades with medium grained sand and biotite, relict foliation
| EkE 5 o
654 o1 ||| X -grades with fine grained sand and trace coarse sand ;.:: o
] g1 o
] 1111 >
1 SERRE =4
704 20 |I1I X ~grades dark brown with trace clay S
1 3 'L} X -grades with fine sand, less clay, lighter color, relict foliation
80— &9 ||/|7 X— ------------------------------------------- —t
1 11.1'1 | -grades darker with coarse sand, micaceous I'a;—_-‘—
1 . ) . ) R g c
85—_ 53 |ILL X -grades wet, micaceous, relict foliation g ¥ §
. . 0 g A 8
i 11 a 3
90— g8 ||| X -grades to gray and black gneissic banding, wet s o
O
] . z
1 5072 - o
95— . pA
1 a
End of Boring at 96.0 feet ~
_Completion Depth: 96.0 ft Depth to Water: 84.0 ft WD
DATE: 4/21/98

MUNICIPAL ENGINEERING SERVICES COMPANY, P.

1 acknowiedge that this record is true to the best of my knowledge:

A. 222 ;é 'é’/
ature o nt




LOG OF BORING: P-6S

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2612.40ft
Project No. 698010.5 Registration Number: Top of Casing: 2615.15ft
@) rsare
-
= 3
- RER
= ¢ g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
a. »n ; =
a 3
a -5
54 24 Z SAPROLITE; orange-red silt w/some sand, micaceous, ferrous
] stains. Moist.
10~ 23 H A ---=---==-=s-memmmmmm—mo—emeemmmmeeoe-
1 SAPROLITE; orange-brown sandy silt, micaceous, ferrous
stains. Moist.
15+ g5 1 Z SAPROLITE; orange-brown-gray sandy silt, micaceous, ferrous o
] stains & PR fragments at the bottom of the sample. 3 E:
. 5 o
: 11 = z
204 5074 {'|.I']. Z SAPROLITE; orange-gray-brown sandy micaceous silt w/PKR £ =
. ) : ‘T fragments. Moist. Ferrous stains in last 6" of the sample at e §
& the angle of 45 degrees. -
251 38 MRt ---------=--=--sssss-ssoooo—o-oocoooe-eoo--
1 SAPROLITE; gray-white-brown mottied silt w/some small black
] stained spots & mica. Moist. Some ferrous stained material in
] the middie of the sample.
307 35 XJSame as the last sample. Bedding observed at angle of 45
degrees. Moist.
1 2
354 50/5¢ SAPROLITE; brown-tan micaceous siit w/some sand, £
] iron/ferrous stains. Moist. €
2 —y—
1 r
40— s50/3" 2 SAPROLITE; brown-black or gray micaceous silt w/stains. —¥
1 Moist.
~ Hard drilling starts. c
4 o o
45 5076 | SAPROLITE; brown, baick, tan micaceous sit w/sand & stains. | 8 5
1 Moist.
- Kater first observed while drilling.
-1 50/5"

25/0"
Completion Depth: 54.5 ft
DATE: 12/20/1399

Depth to Water: 49.1 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.

1 acknowledge that this record is true to the best of my knowledge:

A. 2%; ;z é é?/




Project: Haywood County
Project No. G98010.5

LOG OF BORING: P-6S

Driting Contractor: Engineering Tectonics
Registration Number:

Surface Elevation; 2612.40ft
Top of Casing: 2615.5ft

_T_.HSA RB

2| 2] gls
= & ¢ Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
i e o |&
m
Brown, black, orange sandy silt w/mica & PWR fragments. Wet. L S

1 4 i
557 End of Boring at Auger Refusal 54.5 feet
60
65—
70—
75—
80—
85—
80—
95—

Completion Depth: 54.5 ft
DATE: 12/20/1999

Depth to Water: 40.1 ft WO

MUNICIPAL ENGINEERING SERVICES COMPANY, P.

1 acknowledge that this record is true to the best of my knowledge:

A. Zéé‘ %41/




LOG OF BORING: P-6D
Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2613.21ft
Project No. G98010.5 Registration Number: Top of Casing: 2615.72ft
HSA RB
-
= 8
= L a2 |8
£ i ? Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& ® o |&
e = -5
Air drilled w/o any sampling
5—
10
15—
20 o
1 £
@ . :
o (&)
- ‘o-, n>_
] € p
[ ] O
O "
&
30
35—
40
45—
Completion Depth; 77.17 ft Depth to Water: 49.1 ft WO
DATE: 1/6/2000 )
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. o /
1 acknowledge that this record is true to the best of my knowledge: 3T S




LOG OF BORING: P-6D
Project: Haywood County Dribing Contractor: Engineering Tectonics  Surface Elevation: 2613.21ft
Project No. 698010.5 Registration Number: Top of Casing: 2615.72ft
1@ *
—
= 8
> w '} (2]
o« o uw
= ¢ g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
Bl g | =P
]
55— 1L 3 g
' LI [Hit rock at 57.47 ft. 5 ©
7 N € O
] ' REC=01.875%, RA0=14.16X Gneiss, quartz, muscovite, biotite & z
60— | foliation. 40 degree dip increasing quartz content downward. o =4
] {Breaks along foliation. Iron stained. © g
/ Slightly weathered from 57.2 to 647 ft. s &
c
E [ V]
%-- REC=01.875%, RG0=46.25% Gneiss, same as above. T ——
70 /
E v c
o : :
. / - 5
" / l |
End of Boring at 77.17 feet
80—
85—
90+
95+
Completion Depth: 7717 ft ~ Depth to Water: 49.1 ft WD
DATE: 1/6/2000
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. . /
1 acknowledge that this record is true to the best of my knowledge: - L




LOG OF BORING: Pi-1S

DATE: 3/30/99

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2626.20ft
Project No. G98010.6 Registration Number: 835 Top of Casing: 2628.07ft
_‘ AIRAMHSS :
=] 8
€l : | g @
z & - DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |&
a S
©
6 7// CLAY (CL), red-brown, trace silt and sand, micaceous, some
] 4 " root debris and topsoil
5_: " Z SILT (ML); pink, with sand, relict structure, rust and iron
staining, micaceous
10;: 6 Z -grades light brown to pink, relict structure, iron and rust
] staining on thin fractures, micaceous
15_. 23 X -grades red, with zones of orange and yeliow, some sand,
1 trace clay, relict foliations
20.: 35 Z -grades tan to light red, weathered gneissic structure o
1 £
o ] = S
(=] (8]
] 5 >
254 18 Z -grades dark, trace sand, schistose structure, ron stained = p
1 fracture & p!
O 8 8
] SILTY SAND (SM}; brown to reddish orange, relict foliation at N
304 19 30 degrees, white mottles
35_- 64 Z ~grades dark brown with rust staining, zones of white silt,
] relict gneissic structure
] [sanD (su) with silt, gray, relict structure
0L B & A i L
] 3 'PARTIALLY WEATHERED ROCK; refict structure, hard driling
7 -grades light tan, coarse sand and rock fragments, feisic
45— ref/5.5 g' boh g
] gneiss
1 s0/4 -weathered gneiss, rust stained zones, coarse sand,
fetacrystaliine-strieture - wet
Completion Depth: 68.0 ft Depth to Water: 50.0 ft WO

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. % é % é_ ;
1 acknowledge that this record is true to the best of my knowledge: £ 5




LOG OF BORING: P1-1S
Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2626.20ft
Project No. G98010.6 Registration Number: 835 Top of Casing: 2628.07ft

_‘ A/RAJHSS

DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM

DEPTH (ft)
BLOWS PER FOO

T

~dark brown, heavily weathered mica zone, iron and rust
staining, relict foliation

T

fine mica, refict structure

0 slotted screen

-gray and white weathered gneissic structure, quartz vein

le———— grave! pack

2" sch40 PVC .OT

End of Boring at 68.0

Completion Depth: 68.0 ft Depth to Water: 50.0 ft WO
DATE: 3/30/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2 z é % é {
1 acknowledge that this record is true to the best of my knowledge: c 5 oen




Project; Haywood County
Project No. 698010.6

LOG OF BORING: P1-1D
Driling Contractor: Engineering Tectonics
Registration Number: 835

Surface Elevation: 2625.52ft
Top of Casing: 2627.68ft

Completion Depth: 100.0 ft
DATE: 3/31/99

l‘A/R.A/H,NX/NG,SS
-
= 8
El | g |4
= g ¢ I3 DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |&
Q o
@ .
{1 6 /, CLAY (CL); red-brown, trace silt and sand, micaceous, some
"/
] 4 3| root debris and topsoil
S—j " X SILT (ML), pink, with sand, relict structure, rust and iron
] staining, micaceous
10_- 6 X -grades light brown to pink, relict structure, iron and rust
] staining on thin fractures, micaceous
15; 23 Z ~grades red, with zones of orange and yellow, some sand,
] trace ciay, relict foliations
20_' 35 Z -grades tan to light red, weathered gneissic structure o
1 £
[} 5 3
4 E S
1 . . . & >
2564 18 Z -grades dark, trace sand, schistose structure, iron stained « Py
- fracture & p
O 8 °
] SILTY SAND (SM); brown to reddish orange, relict foliation at &
304 19 30 degrees, white motties
35_- 64 Z -grades dark brown with rust staining, zones of white silt,
] relict gneissic structure
404 77
] PARTIALLY WEATHERED ROCK; relict structure, hard drilling
A - li , Coar , felsic
45 ret/s.5 gédes ight tan, coarse sand and rock fragments, felsi
] gneiss
1 50/4 -weathered gneiss, rust stained zones, coarse sand,

metacrystatine-structurewet

Depth to Water: 50.0 ft WD

o

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowledge that this record is true to the best of my knowledge:

A zzé ;é %




LOG OF BORING: P1-1D

DATE: 3/31/99

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2625.52ft
Project No. G98010.6 Registralion Number: 835 Top of Casing: 2627.68ft
_‘ A/RAJHNX/NG,SS
= | B8
- RER
L ¢ g Ig DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |a
e S
m
p
55 50/5 -dark brown, heavily weathered mica zone, iron and rust
1 staining, relict foliation
2 e e e e e e e e e e e e e e e e ercccc e ————————————
) A LI SILTY SAND (SM); orange, white and black mottles, zones of
60+ 38 fine mica, relict structure =
4 o =4
(5} £
5 3
-+ E [ %4
85— 20 -gray and white weathered gneissic structure, quartz vein o a
] 3
4
] Air Rotary Bit Refusal at 70 feet ~
70 I e
' ] REC=04.3% RQD=28.8%, Gneiss, light-colored, foliated [
] meta-granitic structure, zonal variation, highly fractured w/ é
75 iron deposit 01 —t—
._%__
80- —+
T 2
90— 5 3
1 [&]
a
(=]
1 <
95+ §
Completion Depth: 100.0 ft Depth to Water: 50.0 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2% é % étg
1 acknowledge that this record is true to the best of my knowledge: = 0' n




Project: Haywood County
Project No. 698010.6

_‘A/R.A/H.SS

LOG OF BORING: P1-2S
Driling Contractor: Engineering Tectonics
Registration Number: 835

Surface Elevation: 2602.48ft
Top of Casing: 2604.01ft

Lnd nf Darina A0 L fandl

.—
= 8
£ © 2 e
z i g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |&
o o
@ —
e | 1/\[Sandy Siit (ML), FILL MATERIAL, medium brown, no structure,
] 11 11] [few fragments
° 21T 1] -FILL MATERIAL
1 s |} Z —FILL MATERIAL
‘0_ . . . : -
1 || K] -FIL MaTERIAL .
15 d1 Z 3 2
- i . ] . | 5 8
F - (8]
] 11 g 9
] q1. _ L] o
ol B I Z FILL MATERIAL 8 2
i 1l 2
@ ||l 4
1 w111 -FILL MATERIAL
1 9 ) ) TVI-FILL MATERIAL
304 ® ||l Z
- . . 2
J . . E ..E
] 1 [ TS -Fiu waTERIAL 3 —fF—
s © [HHE ;]
- SILT (ML), dark brown to black, some root debris, original S
] . ground elevation — &
40— Y-medium brown, little structure, wet x 9
] H-rocky zone from 40-41 feet _2_1 5
[ 1]
] o pi
1 s S S o
45-: E
J I At o
‘|| |SANDY SILT (ML); brown to gray, faint structure, abundant Pt
\ust staining, small vertical fracture, some dark mica, wet @
— EN

Completion Depth: 48.5 ft
DATE: 4/7/99

=12\ Vl Wl"’s VI LT

Depth to Water: 40.0 ft WO

o

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowiedge that this record is true to the best of my knowledge:




Project: Haywood County

Project No. 698010.6
‘A/R.A/H.NX/ NG,SS

LOG OF BORING: P1-2D

Driling Contractor: Engineering Tectonics
Registration Number: 835

Swrface Elevation: 2603.00ft
Top of Casing: 2604.98ft

DEPTH (ff)
BLOWS PER FOOT

DESCRIPTION OF MATERIAL

PIEZOMETER DIAGRAM

<

Sandy Silt {ML), FILL MATERIAL, medium brown, no structure,

few fragments
-FILL MATERIAL

~FILL MATERIAL

~FILL MATERIAL

-FILL MATERIAL

-FILL MATERIAL

-FILL MATERIAL, moist

-FILL MATERIAL

SILT {ML), dark brown to black, some root debxis, original
ground elevation

12

&

medium brown, little structure, wet

SANDY SILT (ML); brown to gray, faint structure, abundant
rust staining, small vertical fracture, some dark mica, wet

cement grout

3

TI1T
ISR EENREN]

IREREERERES

" 0
T Ty

T
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IS EEREE IRV NNV ARER NSRS E R R

T YT
NN DEEN

Tt

NSNS SNBSS NN
Ty

1T
T rITT

D090 1 030 O O 0 O S

T
10 S

IANAEEENA RN RN NN

T

NSRRI S AN R AN RN

ImAm TTITITIY
P NNANENS NN AESERE NN D

11
I

Tt 1 1
WSS
IR R

2" sch40 PVC casing

4" sch40 outer casing with grout

Completion Depth: 79.25 ft
DATE: 4/1/99

Depth to Water: 39.0 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowledge that this record is true to the best of my knowledge:

A 2%& é % 5 f
- - «
ure o gent




LOG OF BORING: P1-2D

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2603.09ft
Project No. G98010.6 Registration Number: 835 Top of Casing: 2604.98ft
_T_.A/R.A/H.NXING.SS
= 8
El s |38
= ¥ 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
5| ¢ | & |3
o S
[ ]

24 |||l Z -red-brown to gray, thinly layered weathered gneiss, some . B G
55 11 .. . , . ge 2 0 =
> SHEREN heavy rust staining, fine mica foliations g HH o I
: 111 Yrrocky zone t  HH 3 2
4 . . Y N 0
. . . E HH O [
) 11 S HH z 9
o] B 1D v HE o &
] T T 3
1L HHH 5 °
1 HH 8 o
: L i N2
. . . ang Q
1 7 [N o E . hy
o . . . H H 0 .ns
A Ry B R e | T Rty 4+t
70 REC=75.0% RQD=73.0% Gneiss; white, meta-granitic structure, 3
‘ ] weathered toward top, angled foliation = 3
4 g »
] i . v s
75 / zone of weathered saprolite, brown to yellow - :
] 5 S
i o
_ // l 2
| | .
_ 80-: End of Boring at 79.25 feet &
85
90—
95—
Completion Depth: 79.25 ft Depth to Water: 39.0 ft WD
DATE: 4/7/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. -/2%4 % g VZ
I acknowledge that this record is true to the best of my knowledge: : u; 3 et




LOG OF BORING: P{-3

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2609.67ft
Proiect No. 688010.6 Registration Number: 835 Top of Casing: 2612.35ft
A/RA/HNX/NG,SS ,

DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM

SAMPLES

& | BLOWS PER FOOT

CLAYEY SILT (ML); medium brown-red, relict structure, some
" root debris and mica, few rock fragments

X|SANOY SILT (SMi; an and pink, zones of medium-grained
mica, thinly layered, saprolite of metacrystalline parent
material

-thickly layered mica and white sand-silt, heavy iron staining,
some rust staining

-faint layering, trace mica, relict fractures with good iron
staining. rust staining abundant

cement grout

PARTIALLY WNEATHERED ROCK; dark gray-green weathered
1s0/5.5" schist, red clay and iron staining on relict foliations and
7] fractures

2" sch40 PVC casing

1 s0/2- -layered mica, saturated

entonite

Lol

T

slotted screen

REC-64.0% RAD=24.0%, Gneiss, 10 degree foliation and
“ fractures, grades to massive green w/gray meta-crystaliine.

—noticeable weathering

~fracture perpendicular to foliation w/iron staining

le———— gravel pack

2"sch40 PVC .OI)

End of Boring at 47.5 feet

Completion Depth: 47.5 ft Depth to Water: 24 ft WD
DATE: 4/13/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2%£ _ % é/
1 acknowledge that this record is true to the best of my knowledge: -




Project: Haywood County

LOG OF BORING: Pi—-4
Orilling Contractor: Engineering Tectonics

Surface Elevation: 2610.78ft

DATE: 4/12/99

Project No. 638010.6 Registration Number: 835 Top of Casing: 2613.42ft
_‘ A/RA/HNX/NQ,SS-
[
= 8
= [T - [72]
x o w
E & 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
a 0 > <
85 °
a N
4 SILT (ML) medium to dark brown, some medium and coarse
A 111~ sand, faint gneissic structure
s] " 1. 2 SANDY SILT (SM); tan to gray, some coarse sand, banded
] 11T [with white silt and fine sand, faint relict structure
1 40 ||| DX]-tan to white, thin tracture with iron staining, zones of
10— ‘1 I'|| [weathered mica schist
i 49 A1 Z ~dark brown, fine to medium sand, near vertical relict
15 1.1 [fractures with rust staining, weathered schist texture
] 28 11 Z -weathered massive metacrystalline, faint layering
20— g1 o
y . c
] 11 5
® ||| . :
i 46 11 Z —-thick layered schist with iron and rust stains, zones of white 5 :>J.
25— 111 |medium sand and silt, moist = o
] ' ] !
. o [} [54
- o ,n
{ 60 g1 Z -some coarse sand, trace clay, moist o
30 J1
{ s4 1 Z ~less layering, moist
35— 11
{ o7 1.0 X ’
40— i ‘
1 =rocky zone from 40-4t feet
1 retran |- || = ~few fragments, weathered gneiss
45
Completion Depth: 72.0 ft Depth to Water: 39.0 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowledge that this record is true to the best of my knowledge:

Ut} g




LOG OF BORING: P1—4

Project: Haywood County Driing Contractor: Engineering Tectonics  Surface Elevation: 2610.78ft
Project ;40 (;980136 Registration Number: 835 Top of Casing: 2613.42ft
‘A R,AZHNX/NQ,SS :
—
= 8
= bt a &
Z ¢ g g DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
@
1 3
1 5 g
L s 3
=1 § 8 2
) ' . ) . ‘c" o
- RERE ‘”1 + E
60_ . . . . | i\‘
] LI L A Rty B el e - l -
) i REC=100X RQD=70.0% gneiss; light-colored meta-granitic o S
6 5_‘ \| structwe, 45 degree micaceous foliation, mixture of lateral § ®
] {and angled fractures @ 3
. i . . " @ -«
\[weathering w/trace amount of iron staining 5 5
. b =
] / high-angled fracture w/iron staining J' 2
70— <
] . 8
"
‘ . : End of Boring at 72.0 feet b
75—
80
85—+
90—
95—
Completi;m }Jeptlr 72.0 ft Depth to Water: 39.0 ft WO
DATE: 4/12/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.

I acknowiedge that this record is true to the best of my knowledge:




Project: Haywood County
Project No. 698010.6

_.: A/RA/HSS

LOG OF BORING: P1-8S

Drilling Contractor: Engineering Tectonics

Registration Number: 835

Surface Elevation: 2633.21ft
Top of Casing: 2636.071t

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowiedge that this record is true to the best of my knowledge:

0 gen

-
= 8
= p a |&
£ & g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& ¢ 7 P
o (=}
3 3 I
5 //// CLAY (CL), red, with sit, some root debris, no structure
A L e o e e e e e o e > Y 2 4 . T o ———— - - -
] o SILT (ML), pink and white, with fine sand, trace clay, very
5— Y| faint relict structure
1 —hard drilling, rock fragments of metacrystalline and white
quaftz
10-] 10 sano (SM)white and gray, fine to medium grained, trace
. coarse, rust stained pits, faint gneissic structure
] 20 -grades with white sand, relict vein apparent, no structure
15
-hard drilling from 18-20 feet, rock fragments of
20 metacrystalline and thick, fractured quartz § %»
] & 3
[ B g o
{ 2 Z ~white-yellow, medium to coarse grained, with trace rock § g
25— fragments, grades to brown sand and silt with relict P
] schistosity .
<~
{ o -relict foliations at 30 to 45 degrees
30
1 SILT (ML); dark brown to yeliow, rust staining throughout,
1 1 faint relict structure, relcit fracture at 45 degrees with iron
35— and rust staining
1 M ¥ -quartz vein from 39-41 feet
40— W ¢
] < <
1 27 e
45— @
J v
e
°
] 50/5 = -white to gray, dense, trace mica and fine sand, faint —5— o
a \| structure, wet i =
¥
' -Air Roary Bit Refusal at 51.0 feet Q
Completion Depth: 58.0 ft Depth to Water: 49.0 ft WO &
DATE: 3/25/99 . E-
0




LOG OF BORING: P1-5S
Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2633.21ft
Prgect No. 638010.6 Registration Number: 835 Top of Casing: 2636.071t
T A/R,A/H,SS . '

DESCRIPTION OF MATERIAL PIEZOMETER OIAGRAM

DEPTH (ft)
BLOWS PER FOOT

e e o n s " - = = - -

—PWR, A/H irregular

slotted gcreen

-competent rock, A/H constant

€~ gravel pack —

End of Boring at 58.0 feet

sch40 PVC 0.01

Completion Depth: 58.0 ft Depth to Water: 49.0 ft WD
DATE: 3/25/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2%4 ; é é%ﬁ
1 acknowledge that this record is true to the best of my knowledge: 1 2 i

2




LOG OF BORING: P1-5D
Project: Haywood County Drilling Contractor: Engineering Tectonics  Surface Elevation: 2633.21ft
Proiect No. 698010.6 Registration Number: 835 Top of Casing: 2635.45ft
TRPA/R A/HNX/NQ,SS '
-
= 8
£ “ 2 |a
E & 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |
° = —5—
5 // / CLAY (CL); red, with silt, some root debris, no structure
1 Z SILT (ML), pink and white, with fine sand, trace clay, very
5 ® faint relict structure
1 SAND (SM); white and gray, fine to medium grained, trace
1 10 coarse, rust stained pits, faint gneissic structure
10—
{ 20 -grades with white sand, relict vein apparent, no structure
15—
1 ~hard drilling from 18-20 feet, rock fragments of
i metacrystalline and thick, fractured quartz
20 o
] £
[ ) !
1 . . . . 3 (&)
{ 2 Z -white to yeliow, medium to coarse grained, with trace rock 5 >
25+ fragments, grades to brown sand and silt with relict E Q
] schistosity g z
Pz "
relict foliations at 30 to 45 degrees &
{1 o
30
SILT (ML), dark brown to yellow, rust staining throughout,
1 X faint relict structure, relict fracture at 45 degrees with iron
35 and rust staining
; 1N o=\ ~quartz vein from 39-41 feet
o] " e
} oz N
45—
1 s0/5* Z ~white to gray, dense, trace mica and fine sand, faint
_‘: . — structure, wet
Completion Depth: 78.5 ft Depth to Water: 49.0 ft WD
DATE: 3/24/99 .
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. ) /
1 acknowiedge that this record is true to the best of my knowledge: ST Sent




Project: Haywood County
Praject No. 698010.6
TYEPA/R A/HNX/NG,SS

LOG OF BORING: P1-5D

Driling Contractor: Engineering Tectonics
Registration Number: 835

Surface Elevation: 2633.21ft
Top of Casing: 2635.45ft

[
= 8
= [re - (7
@ [=] u
s ¢ g |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 4 o |a
o S
-]
~| Arr Rotary Bit Refusal at 510 feet
-PWR, A/H irregular
55— -compentent rock, A/H constant 3 2
; 4 g
z 3
-PWR, A/H irregular, with rust stained quart fragments & 2,
J @ a
60— . o
1 ~competent rock, A/H constant Z £
(=] N
€ &
< o
65 L >
] -quartz vein with rust staining c
F N B 2 251 & & Sbutahehuheintehshubatfutetebeiaibetathaedesin bttt v 3
1 , | REC=45.0% RGD=42.0% Gneiss; white and black mica layers, 45 —5 ]
70~ | degree fractures. 3 9
‘ ] —dark-colored, zone of schist and gneiss w/thin foliation s 3
] & —2
76 | REC=100.0% ROD=74.0% grades to more massive with few white N =
1 layers. ‘|' %
m (=4
p:!
80 End of Boring at 78.50 feet 2
85—
80—
96—

Completion Depth: 78.5 ft
DATE: 3/24/99

Depth to Water: 49.0 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.

1 acknowledge that this record is true to the best of my knowledge:

o ALl




Project: Haywood County

3& No. 698010.6
. A/RAMH,SS

LOG OF BORING: P1-6

Drilling Contractor: Engineering Tectonics
Registration Number: 835

Surface Elevation: 2589.77ft
Top of Casing: 2592.18ft

SAMPLES

DESCRIPTION OF MATERIAL

PIEZOMETER DIAGRAM

DEPTH (ft)
~4 | BLOWS PER FOOT

SANDY SILT (SM); medium brown, some coarse grains, trace
clay, no apparent structure, FILL MATERIAL

-FILL MATERIAL

~FILL MATERIAL

-dark brown to black, no structure, root debris apparent,
original land surface

SILT (ML), red-brown, with sand, medium and fine-grained
mica, weathered massive texture, relict foliations, abundant
rust staining

SILTY SAND (SM); brown, some fine mica, metacrystalline
texture, zone of white siit and coarse quartz sand, relict
crystals, rust staining

-more zonal variation, gneissic texture

-weathered crystals replaced with fine, brown mica, wet

cement grout

entonite

\I‘
’|‘

e——— gravel pack ——)‘-—[-b

2" sch40 PVC casing

1

sch40 PVC 0.010" slotted screen

L,

@

End of Boring at 45.0 feet

Completion Depth: 45.0 ft
DATE: 4/9/99

Depth to Water: 34.5 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowledge that this record is true to the best of my knowledge:

Al




LOG OF BORING: P1-7S

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2575.00ft
Proj t,N:'.A(/?;QBOIO.S Registration Number: 835 Top of Casing: 2576.76ft
T H,SS
= | 8
k=3 w '} 2]
« 8 u
= ¢ g |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
a Ny N
6 /// CLAY (CLJ; red-brown ciay, with sitt and fine sand, very faint
] aacei relict structure, trace root debris
5_‘ 0o | ‘ Z SANDY SILT (SM); medium brown to orange, micaceous, refict
J 11111 |erstals, good refict structure, saprolite of layered schist and
1 111 (aneiss
1, 1.1|-| kA—hard driling 7.5 to 85 feet
10 || || [ 1-weathered metacrystaline texture, some rust and iron
. 1 11 || staining ”
T o
: 77 7| A Rotary Bit Refusal at 13.0 feet 5 s
15- GNEISS, A/H constant, fractured gniessic boulder g §
1 -A/H irreguiar, brown soil and rock fragments 8 § ,
y
- -A/H constant S
20— 5,
‘< -A/H irregular
1 WL -A/H constant c
25— 50/4 W o
7 [ ] 3
% : 3
] §—— 3
30—- % ~fracture il R 5
=
o
[ &)
1 / ‘ I
7] - g
_ / 9 E
(=% -
1 / | -fracture % “j
40 5
- / -water bearing fracture set l
I
45— End of Boring at 44.0 feet
Completion Depth: 44.0 ft Depth to Water: 410 ft WD

DATE: 3/31/99

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowiedge that this record is true to the best of my knowledge:

A Zéé %é/
atur e nt




Project: Haywood County

Tt No. 698010.6
! A/RA/M,SS

LOG OF BORING: P1-7D

Driling Contractor: Engineering Tectonics
Registration Number: 835

Surface Elevation: 2575.001t
Top of Casing: 2675.97ft

SAMPLES

DESCRIPTION OF MATERIAL

PIEZOMETER DIAGRAM

DEPTH {ft)
@ | BLOWS PER FOOT

#

CLAY (CL); red-brown clay, with silt and fine sand, very faint
relict structure, trace root debris

SANDY SILT (SM); medium brown to orange, micaceous, relict
crstals, good relict structure, saprolite of layered schist and
gneiss

~t-hard driling 7.5 to 85 feet

—weathered metacrystalline texture, some rust and iron
staining

‘-Au Rotary Bit Refusal at 13.0 feet

GNEISS, A/H constant, fractured gneissic boulder
-A/H irregular, brown soil and rock fragments

-A/H constant

~A/M irregular

r:

~A/H constant

~fracture

~fracture

-water bearing fracture set

~fracture set

-fracture

cement grout

=

gravel pack

bentonite

2" sch40 PVC casing

Completion Depth: 54.0 ft
DATE: 4/5/99

Depth to Water: 41.0 ft WD

2" sch40 0.010'T slotted screen

MUNICIPAL ENGINEERING SERVICES COMPANY, P

I acknowledge that this record is true to the best of my knowledge:

A ) Zé o/ g/




LOG OF BORING: P1-7D
Project: Haywood County Drilling Contractor: Engineering Tectonics  Surface Eievation: 2575.00ft
Proiact No. G98010.6 Registration Number: 835 Top of Casing: 2575.97ft
T /RA/M,SS

DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM

DEPTH (ft)
BLOWS PER FOOT
SAMPLES

siotted screen

gravel pack

End of Boring at 54.0 feet

2" sch40 0.010°

Completion Depth: 54.0 ft Depth to Water: 41.0 ft WD
DATE: 4/5/99 '

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2 é é ) gé é /
1 acknowledge that this record is true to the best of my knowledge: - A




LOG OF BORING: P1-8S

Driling Contractor: Engineering Tectonics
Registration Number: 835

Project: Haywood County
Prodact No. 698010.6
THPA/RA/H,SS

Surface Elevation: 2534.02ft
Top of Casing: 2536.11ft

-
= 8
E i 2 la
z u [ DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 2 o |a
o (=]
@ L)
{1 5 SILT (ML), dark brown, some organics, with sand, few 3 £
] 411 .| fragments of weathered metagranite o 2 3
. e R e e e L L L bbb DD Db bt bbbt e c o
1 3 1 X SANDY SILT {SM); orange to gray, weathered metacrystalline § % z
5] 11 k, wet g __© =4
il = 0
1 4 11 Z -good refict metacrystalline structure, abundant rust staining, o A I £ o
10— 1|1 [trace fine mica § —T’
] T
J 1l o
{ & [|'lll Z -yellow-white with gray micaceous weathered crystals, iron @ l l
15— and rust staining throughout, saturated X @
End of Boring at 15.0 feet @
] 3
20— L=
®
; o
< o
E o
<
254 §
30
354
40—
45—

Completion Depth: 15.0 ft
DATE: 4/5/99

Depth to Water: 2.5 ft WD

<

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. g; 2 é % Q
I acknowledge that this record is true to the best of my knowledge: 74 Font




LOG OF BORING: P1-8D

REC=88.0X% RQD=34.0%, Gneiss, highly weathered, 30 degree
iron stained fractures with foliation.
HREC=87.0% RQD=69.0%, Gneiss, 60 degree foliation and

fractures, grades to less gneissic structure and more
..... L { meta-crystalline.

AP

Project: Haywood County Driling Contractor: Engineering Tectonics ~ Surface Elevation: 2533.52ft
Prgject No. 698010.6 Registration Number: 835 Top of Casing: 2534.65ft
A/RA/HNX/NG,SS
= | 8
= po a |&
T ¢ g |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
o 2 o |&
e = —5—
5 SILT (ML) dark brown, some organics, with sand, few
] 1 .| fragments of weathered metagranite
5 3 SANDY SILT (SM); orange to gray, weathered metacrystaline
] rock, wet
a I 'Z-good relict metacrystalline structure, abundant rust staining,
10— 11111 |trace fine mica
1 6 | : Z -yellow to white with gray micaceous weathered crystals, iron ‘g
15— A 1111 |and rust staining throughout, saturated 2 2
; 11FL c F
E (4]
1 3 LI Z ~dark brown and black, relict structure highly weathered z
20 1 LEH Taneiss and schist, zones of weathered quartz, saturated g
@ 1 :
1 4 1L X ~tan to gray, micaceous, zones of white weathered quartz,
25+ 1| |']] |medium sand, trace coarse, faint refict foliation,
1 18 | ' Z -little recovery, quartz with rust staining
] 41111 |-no sample taken due to collapsing annular é
354 AEREE a
h . ) . ) a ‘
40— 11 x
' 1.I'1.]1 {Air Rotary Bit Refusal at 42.0 feet §
3 // """"""""""""""""""""""""""""" 3
i B ©
45 %'i S
5%

2" sch40 0.010'T slotted screen

_“ :-brown to yellow, weathered saprolite to heavily fractured
Completion Depth: 520 ft ;eSS wheondeposit Depth to Water: 25 ft WD
DATE: 4/6/99 Annular space collapsed up to 49.0 feet . .

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.

1 acknowledge that this record is true to the best of my knowledge:




LOG OF BORING: P1-8D

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2533.52ft
Project No. 698010.6 Registration Number: 835 Top of Casing: 2534.65ft
THEPA/R.A/HNX/NG,SS
.—

= 8

s ps a3 14

= s g |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM

Blg |5

]
~yellowish heavily weathered saprolite ¥t d
r // y vily sap sis’s
End of Boring at 52 feet

55—

60—

65

70

75—

80—

85—

90

95—

Completion Depth: 52.0 ft Depth to Water: 2.5 ft WD
DATE: 4/6/99 3

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. %é % é /
1 acknowledge that this record is true to the best of my knowiedge: AT -




LOG OF BORING: P2-1

DATE: 5/21/98 B )

Project: Haywood County - Drilling Contractor: Graham & Currie Surface Elevation: 2572.74ft
Praject No. 698010.5 Registration Number: 537 Top of Casing; 2575.83ft
T SA SS NQ AH :
-
= 8
= u - 0
« =1 w
= ¥ g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
gl g |5 —y—
@
{ & HEEUX|SILTY SAND (SM); brown to dark brown, some clay, root
] debris
1 7
5 X -brown, with medium grained sand, some mica and trace clay,
j 4 | some root debris
1 HX|-grades stiff, with medium to coarse grained sand and mica =
10
. A &
: - £
2 E
1 bt o 2
15— 24 ] X -red to brown, very stiff, grades with more coarse grained & E: ©
4 1 . - € o o
] 1] sand, relict foliations, zones of clayey sand o o
] : =
. o
r ‘.:‘, .: g g
204 26 [ A -grades with less sand, trace clay § &
‘ ] 1:1:1-H-grades olive brown, sity, sone clay & I
] Eo X
254 39 Hofil X -salt and pepper color, dense, medium to coarse grained,
] 1| some gravel, near vertical clay-filled fracture, saprolite o
L .- E
I il £ _y
30 s7 }:': ] X -grades very dense, rock fragments, gneissic structure, | >
] S1i4q] | grades to orange weathered rock, quartz grains with sand and
] LA | i, biotite layer ‘
35 7 Z1THAuger Refusal at 34.0 feet
] / T GNEISS; quartz, plagiociase, and mafic minerals, faint banding '
o] ! fractures at 30 degrees, REC=92%, RAD=T9% —+
3
40 / | 1-highly weathered zone, REC=59%, RAD=0% S
Q
1 / -REC=85%, RAD=52% 7]
] ®
J / >
. 11 -slightly weathered, fractures parallel to banding at 30
45 % degrees REC=100%, ROD=92%
h // ............
Completion Depth: 52.5 ft Depth to Water: 37 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. 2% ) % é '/
I acknowledge that this record is true to the best of my knowledge: TS -




LOG OF BORING: P2-1

Project: Haywood County Drilling Contractor: Graham & Currie Surface Elevation: 2572.74ft
Project No. 688010.5 Registration Number: 537 Top of Casing: 2575.93ft
T SA SSNQ AH ‘
B -
= 8
Sl e | 3|8
= o 2 |z DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
o £ o |&
o S -
o O
o N =1
] End of Boring at 52.5 feet ©
55—
60
65—
70+
75—
80
85—
90
95—

Completion Depth: 52.5 ft
DATE: 5/21/98

Depth to Water: 37 ft WD

a

1 acknowiedge that this record is true to the best of my knowledge:

MUNICIPAL ENGINEERING SERVICES COMPANY, P.




LOG OF BORING: P2-2

P

Project: Haywood County Oriling Contractor: Graham & Currie Surface Elevation: 2573.66ft
Project No. 698010.5 Registration Number: 537 Top of Casing: 2574.13ft
T 15A SS AH
'—
= 8
= uw -] [72]
« o w
= ¥ g Iz DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
| 2| & |3
o S y S
0
{ s SILT (ML, tan to brown, firm, with medium to coarse grained
] sand, root debris HH :
5] SILTY SAND (SM); olive brown to brown, little clay
1 1 SAND (SP); black/white, medium dense, fine to coarse grained; -
) T/ rock fragments, relict foliation, with quartz and biotite; iron 3
o VN stains it ; 5
o I B B € Bttt ettt ittt 3 HE H £ o
1 [SANDY SILT (MLJ; tan-orange, medium dense, fine sand with 5 HH i B G
‘5_: AL Z some coarse grains, refict foliation, vertical fracture with iron < HH H o ©
1 24 {'|-{'|-| ¥ mineralization, micaceous S HE o 3
11 ©  HA i < ©
] 5 | O H H & ¢
] SILTY SAND (SM); dark brown and black, medium dense, rust H : =
20 5o staining, highly weathered quartz grains, relict foliatioin at 45 HH : T
1 degrees with iron staining : @
L J : | -
254 o9 -grades black and white with yellow stains, coarse quartz @
1 grains micaceous iron staining, relict foliation S i :
------------------------------------------- < y HH :
] SAND (SP); white-yellow, very dense, medium to coarse 1‘” I :::
30+ sos5 }iiiin]X|grained, with gravel, relict foliation ‘ sas :
] // "FAuger Refusal at 310 feet ' )
1 R —
] GNEISS @
35 / 3
N O
x >
/ o 3
] ° »
40 / : g
- / 5 .
Q.
/ :
b
1 =
45+ / e
J / &~
i< ;
End of Boring at 47.3 feet

Completion Depth: 47.3 ft
DATE; 5/21/98

Depth to Water: 33 ft WO

2N

MUNICIPAL ENGINEERING SERVICES COMPANY, P

1 acknowledge that this record is true to the best of my knowledge:

A 224 % _é/
nature eld Agen




LOG OF BORING: GMW-11D

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2672.01ft
Project No. 688010.5 Registration Number: Top of Casing: 2675.21ft
_‘ HSA RB .
-
= 8
= w -4 L2}
' o w
£ & g |z DESCRIPTION OF MATERIAL PIEZOME TER DIAGRAM
& 2 o @
Q [=]
@ .
1 Air drilled w/o any sampling to 98
5.-
10—
15—
20—- g
. = ®
25— = S
- m v
~
30
354
40
45—

Completion Depth: 127.6 ft
DATE: 12/27/1999

Depth to Water: 98.0 ft WD

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A.

1 acknowledge that this record is true to the best of my knowledge:




LOG OF BORING: GMW-11D

Project: Haywood County Driling Contractor: Engineering Tectonics  Surface Elevation: 2672.01ft
Project No. 698010.5 Registration Number; Top of Casing: 2675.21ft
g
-
= 8
= w = 0n
' o w
= & b DESCRIPTION OF MATERIAL PIEZOMETER DIAGRAM
& 4 o |&
e S
m
55—
60
65—
70
] g
- 6) g
75—: z §
] 3 5
I b
80—
85—
80
1 - Hard drilling starts.
95 |
1 1111 |- Cuttings from borehole wet.
) Highly fractured rock
i pd

Completion Depth: 127.6 ft Depth to Water: 8.0 ft WD
DATE: 12/27/1999 .

MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. : % é ; % é f
1 acknowledge that this record is true to the best of my knowledge: = . S— 9




LOG OF BORING: GMW-11D
Project: Haywood County Drilling Contractor: Engineering Tectonics ~ Surface Elevation: 2672.01ft
Project No. 698010.5 Registration Number: Top of Casing: 2675.21ft
Ll
.—
= 8
Sl s | 3|8
= & g |z DESCRIPTION OF MATERIAL PIEZOME TER DIAGRAM
Elg |5
@
7/
105 / § o
- / 5 F
/ 1 REC=97.1%, RGD=20.8% Gneiss, quartz, muscovite, biotite é 8
1 foliation. 40 to 50 degree dip of foliation. Breaks along o g
110 | / foliation. 2
] < 3
g :
1 - 70 degree iron stained fracture that crosses foliation from | 3
1] / 141 to 4.4 ft, T
/ - REC=100%, RGD=63.8% Gneiss, same as above. 4%
L B / 5
125 /
7 |
j End of Boring at 127.6 feet
130
135
140
145
Completion Depth: 127.6 ft Depth to Water: 98.0 ft WD
DATE: 12/27/1999
MUNICIPAL ENGINEERING SERVICES COMPANY, P.A. /
I acknowledge that this record is true to the best of my knowledge: - AT TR Agent
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Average Flow Rates and Etfective Porosities for Lithologies Units
. Haywood County White Oak Landfill

Effective Porosity (%)

Saprolite Fractured Gneiss

P1-8S Default
P1-1S

P1-6

P1-4 (1)

P1-4 (2)

P1-4 (3)

P2-1 (1)

P2-1(2)

P2-2

Hydraulic Conductivity (cm/sec)

Saprolite Fractured Gneiss

P1-2S 2.42E-05 8.50E-05
P1-6 5.21E-05 2.82E-05
P1-8S 9.85E-04 1.04E-04
P-10 2.82E-04
P-12 2.35E-04
P-13 (GWM-11S) 7.12E-06

Mean: 2.64E-04 Mean: 7.24E-05
Std. Dev.: 3.71E-04 Std. Dev.: 3.94E-05

Design Hydrogeologic Study — Haywood County White Oak Landfill Appendix B




P1-2S

Drawdown Test for P1-2S
Haywood County White Oak Landfill

Initial depth to water table (ft.) 3423
Initial head change (ft.) 7.77
. . Elapsed Time Depth to Water
Time Time (sec.) (sec.) (ft) dh (ft.) Log of dh

15:08:05 54485 7 41.95 7.72 0.8876173
15:08:13 54493 15 41.90 7.67 0.884795364
15:08:21 54501 23 41.85 7.62 0.881954971
15:08:27 54507 29 41.80 7.57 0.87909588
15:08:34 54514 36 41.75 7.52 0.876217841
15:08:41 54521 43 41.70 7.47 0.873320602
15:08:48 54528 50 41.65 7.42 0.870403905
15:08:55 54535 57 41.60 7.37 0.867467488
15:09:03 54543 65 41.55 7.32 0.864511081
15:09:10 54550 72 41.50 7.27 0.861534411
15:09:17 54557 79 41.45 7.22 0.858537198
15:09:24 54564 86 41.40 7.47 0.855519156
15:09:31 54571 93 41.35 7.12 0.852479994
15:09:39 54579 101 41.30 7.07 0.849419414
15:09:48 54588 110 41.25 7.02 0.846337112
15:09:56 54596 118 41.20 6.97 0.843232778
15:10:04 54604 126 4115 6.92 0.840106094
‘ 16:10:13 54613 135 41.10 6.87 0.836956737
15:10:22 54622 144 41.05 6.82 0.833784375
15:10:31 54631 153 41.00 6.77 0.830588669
15:10:39 - 54639 161 40.95 6.72 0.827369273
15:10:46 54646 168 40.90 6.67 0.824125834

15:10:55 54655 177 40.85 6.62 0.820857989

16:11:13 54673 195 40.75 6.52 0

15:11:23 54683 205 40.70 6.47 0.810904281
15:11:34 54694 216 40.65 6.42 0.807535028
16:11:44 54704 226 40.60 6.37 0.804139432
16:11:55 54715 237 40.55 6.32 0.800717078
15:12:07 54727 249 40.50 6.27 0.797267541
15:12:21 54741 263 40.45 6.22 0.793790385
16:12:35 54755 277 40.40 6.17 0.790285164
15:12:49 54769 291 40.35 6.12 0.786751422
16:12:57 54777: 299 40.30 6.07 0.783188691
15:13:47 54827 349 39.75 5.52 0.741939078
15:13:52 54832 354 39.70 5.47 0.737987326
15:13:58 54838 360 39.65 5.42 0.733999287
15:14:25 54865 387 39.40 5.17 0.713490543
15:14:31 54871 393 39.35 5.12 0.709269961
16:14:37 54877 399 39.30 5.07 0.705007959
15:14:43 54883 405 39.25 5.02 0.700703717
15:14:49 54889 411 39.20 497 0.696356389
15:14:65 54895 417 39.15 4.92 0.691965103
‘ 15:15:01 54901 423 39.10 4.87 0.687528961
15:156:14 54914 436 39.00 4.77 0.678518379
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‘ . . Elapsed Time Depth to Water
Time Time (sec.) (sec.) (ft) dh (ft.) Log of dh

15:15:27 54927 449 38.90 467 0.669316881
15:15:40 54940 462 38.80 4.57 0.6599162

15:15:55 54955 477 38.70 4.47 0.650307523
15:16:08 54968 490 38.60 4.37 0.640481437
15:16:23 54983 505 38.50 427 0.630427875
15:16:39 54999 521 38.40 4.17 0.620136055
15:16:54 55014 536 38.30 407 0.609594409
15:17:11 55031 553 38.20 397 0.598790507
15:17:28 55048 570 38.10 3.87 0.587710965
15:17:44 55064 586 38.00 3.77 0.57634135
15:18:01 55081 603 37.90 3.67 0.564666064
15:18:17 55097 619 37.80 3.57 0.552668216
15:18:38 55118 640 37.70 347 0.540329475
15:18:57 55137 659 37.60 3.37 0.527629901
15:19:18 55158 680 37.50 3.27 0.514547753
15:19:39 55179 701 37.40 3.17 0.501059262
15:19:59 55199 721 37.30 3.07 0.487138375
15:20:22 55222 744 37.20 2.97 0.472756449
15:20:48 55248 770 37.10 2.87 0.457881897
15:21:13 55273 795 37.00 277 0.442479769
15:21:38 55298 820 36.90 267 0.426511261
15:22:06 55326 848 36.80 2,57 0.409933123
15:22:35 55355 877 36.70 247 0.392696953
15:23:05 55385 907 36.60 237 0.374748346
15:23:36 55416 938 36.50 227 0.356025857
15:24:09 55449 971 36.40 217 0.336459734
15:24:43 55483 1005 36.30 2,07 0.315970345
15:25:20 55520 1042 36.20 1.97 0.294466226
15:26:01 55561 1083 36.10 1.87 0.271841607
15:26:41 55601 1123 36.00 1.77 0.247973266
15:27:25 55645 1167 35.90 1.67 0.222716471
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‘Drawdown Test for P1-2S
Haywood County White Oak Landfill

Slug Test by Bouwer and Rice
Initial depth to water table from top of pipe:
Initial Drawdown:
Total well length:

Radius of well casing (r;):

Radius of gravel pack (r,):

Length of open section (L,):
Drawdown at time = 0 (yo):
Drawdown at time = t (y,):

Elapsed Time between y, and y, (t):
A (dimentionless):

B (dimentionless):

Initial water column in well (L,,):

In(R/ry,) =
K=
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P1-2D

Drawdown Test for P1-2D
Haywood County White Oak Landfill

Initial depth to water table (ft.) 39.29
initial head change (ft.) 9.91
. " Elapsed Time Depth to Water
Time Time (sec.) (sec.) (ft) dh (ft) h/h0 Log of h/h0

14:42:52 52972 0 49.20 9.91 1.00 0.00000
14:42:59 52979 7 49.10 9.81 0.99 -0.00440
14:43:04 52984 12 49.00 9.71 0.98 -0.00885
14:43:10 52990 18 48.90 9.61 0.97 -0.01335
14:43:16 52996 24 48.80 9.51 0.96 -0.01789
14:43:23 . 53003 31 48.70 9.41 0.95 -0.02248
14:43:29 53009 37 48.60 9.31 0.94 -0.02712
14:43:35 53015 43 48.50 9.21 0.93 -0.03181
14:43:42 53022 50 48.40 9.11 0.92 -0.03656
14:43:48 53028 56 48.30 9.01 0.91 -0.04135
14:43:54 53034 62 48.20 8.91 0.90 -0.04620
14:44:01 53041 69 48.10 8.81 0.89 -0.05110
14:44:07 53047 75 48.00 8.71 0.88 -0.05606
14:44:14 53054 82 47.90 8.61 0.87 -0.06107
14:44:20 53060 88 47.80 8.51 0.86 -0.06614
14:44:27 53067 95 47.70 8.41 0.85 -0.07128
14:44:34 53074 102 47.60 8.31 0.84 -0.07647
14:44:41 53081 109 47.50 8.21 0.83 -0.08173
‘ 14:44:48 53088 116 47.40 8.11 0.82 -0.08705
14:44:55 53095 123 47.30 8.01 0.81 -0.09244
14:45:02 53102 130 47.20 7.91 0.80 -0.09790
14:45:09 53109 137 47.10 - 7.81 0.79 -0.10342
14:45:17 53117 145 47.00 7.71 0.78 -0.10902
14:45:24 53124 152 46.90 7.61 0.77 -0.11469
14:45:31 53131 159 46.80 7.51 0.76 -0.12043
14:45:39 53139 167 46.70 7.41 0.75 -0.12626
14:45:47 53147 175 46.60 7.31 0.74 -0.13216
14:45:55 53155 183 46.50 7.21 0.73 -0.13814
14:46:02 53162 190 46.40 7.11 0.72 -0.14420
14:46:10 53170 198 46.30 7.01 0.71 -0.15036
14:46:18 53178 206 46.20 6.91 0.70 -0.15660
14:46:26 53186 214 46.10 6.81 0.69 -0.16293
14:46:34 53194 222 46.00 6.71 0.68 -0.16935
14:46:42 53202 230 45.90 6.61 0.67 -0.17587
14:46:51 53211 239 45.80 6.51 0.66 -0.18249
14:47:00 53220 248 45.70 6.41 0.65 -0.18922
14:47:08 53228 256 45.60 6.31 0.64 -0.19604
14:47:16 53236 264 45.50 6.21 0.63 -0.20298
14:47:26 53246 274 45.40 6.11 0.62 -0.21003
14:47:34 53254 282 45.30 6.01 0.61 -0.21720
14:47:43 53263 291 45.20 5.91 0.60 -0.22449
14:47:52 53272 300 45.10 5.81 0.59 -0.23190
14:48:02 53282 310 45.00 5.71 0.58 -0.23944
14:48:10 53290 318 44.90 5.61 0.57 -0.24711
‘ 14:48:20 53300 328 44.80 5.51 0.56 -0.25492
14:48:30 53310 338 44.70 5.41 0.55 -0.26288
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' . Elapsed Time Depth to Water
Time Time (sec.) (sec.) (ft) dh (ft.) h/ho Log of h/h0

14:48:40 53320 348 44.60 5.31 0.54 -0.27098
14:48:50 53330 358 44.50 5.21 0.53 -0.27924
14:49:00 53340 368 44.40 5.11 0.52 -0.28765
14:49:10 53350 378 44.30 5.01 0.51 -0.29624
14:49:20 53360 388 44.20 491 0.50 -0.30499
14:49:31 53371 399 4410 4.81 0.49 -0.31393
14:49:42 53382 410 44.00 4.71 0.48 -0.32305
14:49:52 53392 420 43.90 4.61 0.47 -0.33237
14:50:04 53404 432 43.80 4.51 0.46 -0.34190
14:50:15 53415 443 43.70 4.41 0.45 -0.35164
14:50:27 53427 455 43.60 4.31 0.43 -0.36160
14:50:38 53438 466 43.50 4.21 0.42 -0.37179
14:50:51 53451 479 43.40 4.11 0.41 -0.38223
14:51:03 53463 491 43.30 4.01 0.40 -0.39293
14:51:16 53476 504 43.20 3.91 0.39 -0.40390
14:51:29 53489 517 43.10 3.81 0.38 -0.41515
- 525.46 - - - -0.43180
14:51:42 53502 530 43.00 3.71 0.37 -0.42670
14:51:55 53515 543 42.90 3.61 0.36 -0.43857
14:52:09 53529 557 42.80 3.51 0.35 -0.45077
14:52:23 53543 571 42.70 3.41 0.34 -0.46332
14:52:37 53557 585 42.60 3.31 0.33 -0.47625
14:52:53 53573 601 42.50 3.21 0.32 -0.48957
14:53:07 53587 615 42.40 3.1 0.31 -0.50331
14:53:23 53603 631 42.30 3.01 0.30 -0.51751
14:53:38 53618 646 42.20 2.91 0.29 -0.53218
14:53:54 53634 662 42.10 2.81 0.28 -0.564737
14:54:11 53651 : 679 42.00 2.71 0.27 -0.56310
14:54:29 53669 697 41.90 2.61 0.26 -0.57943
14:54:47 53687 715 41.80 2.51 0.25 -0.59640
14:55:05 53705 733 41.70 2.41 0.24 -0.61406
14:55:25 53725 753 41.60 2.31 0.23 -0.63246
14:55:45 53745 773 41.50 2.21 0.22 -0.65168
14:56:06 53766 794 41.40 2.1 0.21 -0.67179
14:56:27 53787 815 41.30 2.01 0.20 -0.69288
14:56:49 53809 837 41.20 1.91 0.19 -0.71504
14:57:13 53833 861 41.10 1.81 0.18 -0.73840
14:57:37 53857 885 41.00 1.71 0.17 -0.76308
14:58:05 53885 913 40.90 1.61 0.16 -0.78925
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Drawdown Test for P1-2D
Haywood County White Oak Landfill

Slug Test by Hvorslev
Initial depth to water table from top of pipe: 39.29 ft
Initial Drawdown: 991 ft
Total well length: 81.14 ft
Radius of the well casing (r): 0.0833 ft
Radius of the gravel pack (R): 0.1458 ft
Length of the well screen (L): 100 ft
Time it takes for the water level to rise or fall to 37% of the initial change (To): 525.46 sec.
K= 2.79E-06 ft./sec.
88.10 ft.iyr.
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Drawdown Test for P14
Haywood County White Oak Landfill

Initial depth to water table (ft.)
Initial head change (ft.)

37.67

8.73

Elapsed Time Depth to Water

Time Time (sec.) (sec.) (ft) dh (ft.) h/h0 Log of h/h0
13:47:36 49656 0 46.40 8.73 1.00 0.00000
13:47:43 49663 7 46.35 8.68 0.99 -0.00249
13:47:56 49676 20 46.30 8.63 0.99 -0.00500
13:48:04 49684 28 46.25 8.58 0.98 -0.00753
13:48:12 49692 36 46.20 8.53 0.98 -0.01007
13:48:20 49700 44 46.15 8.48 0.97 -0.01262
13:48:28 49708 52 46.10 8.43 0.97 -0.01519
13:48:36 49716 60 46.05 8.38 0.96 -0.01777
13:48:44 49724 68 46.00 8.33 0.95 -0.02037
13:48:54 49734 78 45.95 8.28 0.95 -0.02298
13:49:00 49740 84 45.90 8.23 0.94 -0.02561
13:49:09 49749 93 45.85 8.18 0.94 -0.02826
13:49:18 49758 102 45.80 8.13 0.93 -0.03092
13:49:26 49766 110 4575 8.08 0.93 -0.03360
13:49:36 49776 120 45.70 8.03 0.92 -0.03630
13:49:45 49785 129 45.65 7.98 0.91 -0.03901
13:49:54 49794 138 45.60 7.93 0.91 -0.04174
13:50:03 49803 147 4555 7.88 0.90 -0.04449
13:50:12 49812 156 45.50 7.83 0.90 -0.04725
13:50:21 49821 165 45.45 7.78 0.89 -0.05003
13:50:31 49831 175 45.40 7.73 0.89 -0.05283

© 13:50:42 49842 186 45.35 7.68 0.88 -0.05565
13:50:51 49851 195 45.30 7.63 0.87 -0.05849
13:51:01 49861 205 45.25 7.58 0.87 -0.06135
13:51:10 49870 214 45.20 7.53 0.86 -0.06422
13:51:20 49880 224 45.15 7.48 0.86 -0.06711
13:51:29 49889 233 45.10 7.43 0.85 -0.07003
13:51:40 49900 244 45.05 7.38 0.85 -0.07296
13:51:51 49911 255 45.00 7.33 0.84 -0.07591
13:51:59 49919 263 44.95 7.28 0.83 -0.07888
13:52:11 49931 275 44.90 7.23 0.83 -0.08188
13:52:20 49940 284 44.85 7.18 0.82 -0.08489
13:52:30 49950 294 44.80 7.13 0.82 -0.08792
13:52:43 49963 307 44.75 7.08 0.81 -0.09098
13:52:54 49974 . 318 44,70 7.03 0.81 -0.09406
13:53:04 49984 328 4465 6.98 0.80 -0.09716
13:53:16 49996 340 44.60 6.93 0.79 -0.10028
13:53:27 50007 351 4455 6.88 0.79 -0.10343
13:53:38 50018 362 44.50 6.83 0.78 -0.10659
13:53:49 50029 373 44.45 6.78 0.78 -0.10978
13:54:00 50040 384 44.40 6.73 0.77 -0.11300
13:54:12 50052 396 44.35 6.68 0.77 -0.11624
13:54:23 50063 407 44.30 6.63 0.76 -0.11950
13:54:36 50076 420 44.25 6.58 0.75 -0.12279
13:54:47 50087 431 44.20 6.53 0.75 -0.12610
13:55:00 50100 444 44.15 6.48 0.74 -0.12944
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P1-4

Elapsed Time Depth to Water

Time Time (sec.) (sec.) (ft) dh (ft.) 7 h/ho Log of h/h0
13:55:12 50112 456 44.10 6.43 0.74 -0.13280
13:565:23 50123 467 44.05 6.38 0.73 -0.13619
13:55:35 50135 479 44.00 6.33 0.73 -0.13961
13:55:50 50150 494 43.95 6.28 0.72 -0.14305
13:56:01 50161 505 43.90 6.23 0.71 -0.14653
13:56:14 50174 518 43.85 6.18 0.71 -0.15003
13:56:27 50187 531 43.80 6.13 0.70 -0.15355
13:56:40 50200 544 43.75 6.08 0.70 -0.15711
13:56:54 50214 558 43.70 6.03 0.69 -0.16070
13:57.07 50227 571 43.65 5.98 0.68 -0.16431
13:57:21 50241 585 43.60 5.93 0.68 -0.16796
13:57:33 50253 597 43.55 5.88 0.67 -0.17164
13:57.48 50268 612 43.50 5.83 0.67 -0.17535
13:58:02 50282 626 43.45 5.78 0.66 -0.17909
13:58:16 50296 640 43.40 5.73 0.66 -0.18286
13:58:30 50310 654 43.35 5.68 0.65 -0.18667
13:58:44 50324 668 43.30 5.63 0.64 -0.19051
13:58:59 50339 683 43.25 558 . 0.64 -0.19438
13:59:13 50353 697 43.20 5.53 0.63 -0.19829
13:59:29 50369 713 43.15 5.48 0.63 -0.20223
13:59:43 50383 727 43.10 5.43 0.62 -0.20621
13:59:59 50399 743 43.05 5.38 0.62 -0.21023
14:00:14 50414 758 43.00 5.33 0.61 -0.21429
14:00:30 50430 774 42.95 5.28 0.60 -0.21838

‘ 14:00:44 50444 788 42.90 5.23 0.60 -0.22251
14:01:00 50460 804 42.85 5.18 0.59 -0.22668

14:01:16 50476 820 42.80 5.13 0.59 -0.23090

14:01:32 50492 836 4275 5.08 0.58 -0.23515

14:01:50 50510 854 42.70 5.03 0.58 -0.23945

14:02:05 50525 869 4265 4.98 0.57 -0.24378

- - 1587.04 - - - -0.43180

14:25:39 51939 2283 39.95 2.28 0.26 -0.58308
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Drawdown Test for P14
Haywood County White Oak Landfill

Slug Test by Hvorslev

Initial depth to water table from top of pipe:
Initial Drawdown:
Total well length:

Radius of the well casing (r):

Radius of the gravel pack (R):

Length of the well screen (L.):

Time it takes for the water level to rise or fall to 37% of the initial change (Ty):

K=

37.67
8.73
74.64

0.0833
0.1458
10.0
1587.04

9.25E-07
29.17
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P1-6
Drawdown Test for P1-6
Haywood County White Oak Landfill

Initial depth to water table (ft.) 38.36
Initial head change (ft.) 2.34

Elapsed Time Depth to Water
(sec.) (ft.)

Time Time (sec.) dh (ft.) Log of dh

1 7 40.65 2.29 0.359835482

14:12:08 51128 17 40.60 224 0.350248018
14:12:17 51137 26 40.55 2.19 0.340444115
14:12:27 51147 36 40.50 2.14 0.330413773
14:12:38 51158 47 40.45 2.09 0.320146286
14:12:50 51170 59 40.40 2.04 0.309630167
14:13:03 51183 72 40.35 1.99 0.298853076
14:13:15 51195 84 40.30 1.94 0.28780173
14:13:27 51207 96 40.25 1.89 0.276461804
14:13:40 51220 109 40.20 1.84 0.264817823
14:13:54 51234 123 40.15 1.79 0.252853031
14:14:08 51248 137 40.10 1.74 0.240549248
141421 51261 150 40.05 1.69 0.227886705

; ot : i ]
14:14:51 5129ﬂ1®%§ 180 39.95 1.59 0.201397124
14:15:07 51307 196 39.90 1.54 0.187520721
14:15:27 51327 216 39.85 1.49 0.173186268
‘ 14:15:44 51344 233 39.80 1.44 0.158362492
14:16:04 51364 253 39.75 1.39 0.1430148
14:16:23 51383 272 39.70 1.34 0.127104798
14:16:46 51406 295 39.65 1.29 0.11058971
14:17:09 51429 318 39.60 1.24 0.093421685
14:17:30 51450 339 39.55 1.19 0.075546961
14:17:53 51473 362 39.50 1.14 0.056904851
14:18:17 51497 386 39.45 1.09 0.037426498
14:18:43 51623 412 39.40 1.04 0.017033339
14:19:06 51546 435 39.35 0.99 -0.004364805
14:19:36 51576 465 39.30 094 -0.026872146
14:20:06 51606 495 39.25 0.89 -0.050609993
14:20:35 51635 524 39.20 0.84 -0.075720714
14:21:06 51666 555 39.15 0.79 -0.102372909
14:21:35 51695 584 39.10 0.74 -0.13076828
14:22:10 51730 619 39.05 0.69 -0.161150909
14:22:45 51765 ¢ 654 39.00 0.64 -0.193820026
14:28:03 52083 972 38.70 0.34 -0.468521083
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Drawdown Test for P1-6
Haywood County White Oak Landfill

Slug Test by Bouwer and Rice
Initial depth to water table from top of pipe: 38.36
Initial Drawdown: 234
Total well length: 47.41

Radius of well casing (r.): 0.0833

Radius of gravel pack (r,): 0.2448

Length of open section (L,): 10
Drawdown at time = 0 (y,): 2.34
Drawdown at time = t (y,): 1.64

Elapsed Time between y, and v, (t): 165
A (dimentionless): 2,78

B (dimentionless): 0.44

Initial water column in well (L,): 9.05

In(R/r,) = 2.29
K= 1.71E-06
53.93
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‘ Drawdown Test for P1-8S
Haywood County White Oak Landfill

Initiai depth to water table (ft.) 3.70
Initial head change (ft.) 1.80

Elapsed Time Depth to Water

Time Time (sec.) (sec.) (ft)

dh (ft.) Log of dh

15:22:13 .

15:22:20 0.11394
15:22:24 0.07918
15:22:26 0.04139
15:22:33 0.00000

16:22:47 -0.09691
15:22:56 -0.15490
156:23:05 -0.22185
15:23:18 -0.30103
15:23:38 -0.39794
15:24:14 -0.52288
15:24:41 -0.60206
165:25:22 -0.69897

®
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Drawdown Test for P1-8S
Haywood County White Oak Landfill

Slug Test by Bouwer and Rice
Initial depth to water table from top of pipe: 3.70
Initial Drawdown: 1.80
Total well length: 17.09

Radius of well casing (r.): 0.0833

Radius of gravel pack (r,): 0.2448

Length of open section (L,): 5
Drawdown at time = 0 (yo): 1.80
Drawdown at time =t (y,): 0.90

Elapsed Time between yg and y, (t): 31
A (dimentionless): 2.28

B (dimentionless): 0.32

initial water column in well (L,): 13.39

In(RJr,,) = 2.08
K=  3.23E-05
1019.10
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Drawdown Test for P1-8D
Haywood County White Oak Landfill

Initial depth to water table (ft.) 3.25
Initial head change (ft.) 12.05

Elapsed Time Depth to Water
(sec.) (ft.)

145755 53875 0 1530 12.05 7.00 0.00000
14:58:02 53882 7 15.10 11.85 0.98 -0.00727
14:58:13 53893 18 14.80 11.55 0.96 -0.01841
14:58:21 53901 26 14.60 11.35 0.94 -0.02599
14:58:24 53904 29 14.50 11.25 0.93 -0.02983
14:58:29 53909 34 14.40 11.15 0.93 -0.03371
14:58:36 53916 41 14.20 10.95 0.91 -0.04157
14:58:44 53924 49 14.00 10.75 0.89 -0.04958
14:58:52 53932 57 13.80 10.55 0.88 0.05773
14:59:00 53040 65 13.60 10.35 0.86 -0.06605
14:59:08 53948 73 13.40 10.15 0.84 -0.07452
14:59:17 53957 82 13.20 9.95 0.83 -0.08316
14:59:26 53966 91 13.00 9.75 0.81 -0.09198
14:50:35 53975 12.80 9.55 0.79 -0.10098
14:59:44 53984 12.60 9.35 0.78 -0.11018
14:50:53 53993 12.40 9.15 0.76 -0.11957
15:00:03 54003 12.20 8.95 0.74 -0.12916
15:00:12 54012 12.00 8.75 0.73 -0.13898
15:00:17 54017 11.90 8.65 0.72 -0.14397
15:00:22 54022 11.80 8.55 0.71 -0.14902
15:00:28 54028 11.70 8.45 0.70 -0.15413
15:00:32 54032 1160 - 8.35 0.69 -0.15930
15:00:38 54038 11.50 8.25 0.68 -0.16453
15:00:43 54043 11.40 8.15 0.68 -0.16983
15:00:48 54048 11.30 8.05 0.67 0.17519
15:00:53 54053 11.20 7.95 0.66 -0.18062
15:00:59 54059 11.10 7.85 0.65 -0.18612
15:01:04 54064 11.00 7.75 0.64 -0.19169
15:01:10 54070 10.90 7.65 0.63 -0.19733
15:01:16 54076 10.80 7.55 0.63 -0.20304
15:01:21 54081 10.70 7.45 0.62 -0.20883
15:01:28 54088 10.60 7.35 0.61 -0.21470
15:01:33 54003 10.50 7.25 0.60 -0.22065
15:01:39 54009 10.40 7.15 0.59 -0.22668
15:01:45 54105 10.30 7.05 0.59 -0.23280
15:01:52 54112 10.20 6.95 0.58 -0.23900
15:01:58 54118 10.10 6.85 0.57 -0.24530
15:02:04 54124 10.00 6.75 0.56 -0.25168
15:02:10 54130 9.90 6.65 0.55 -0.25817
15:02:17 54137 9.80 6.55 0.54 -0.26475
15:02:24 54144 9.70 6.45 0.54 0.27143
15:02:30 54150 9.60 6.35 0.53 0.27821
15:02:38 54158 9.50 6.25 0.52 -0.28511
15:02:45 54165 9.40 6.15 0.51 0.29211

‘ 15:02:52 54172 9.30 6.05 0.50 -0.29923
15:02:59 54179 9.20 5.95 0.49 -0.30647

Time Time (sec.) dh (ft.) h/ho Log of h/h0
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Elapsed Time Depth to Water
(sec.) (ft.)

15:03:06 54186 311 9.10 5.85 0.49 -0.31383
15:03:13 54193 318 9.00 5.75 0.48 -0.32132
15:03:21 54201 326 8.90 5.65 0.47 -0.32894
15:03:30 54210 335 8.80 5.55 0.46 -0.33669
15:03:36 54216 341 8.70 5.45 0.45 -0.34459
15:03:45 54225 350 8.60 5.35 0.44 -0.35263
15:03:53 54233 358 8.50 5.25 0.44 -0.36083
15:04:01 54241 366 8.40 5.15 0.43 -0.36918
15:04:10 54250 375 8.30 5.05 0.42 -0.37770
15:04:19 54259 384 8.20 4.95 0.41 -0.38638
15:04:28 54268 393 8.10 4.85 0.40 -0.39525
15:04:37 54277 402 8.00 4.75 0.39 -0.40429
15:04:45 54285 410 7.90 4.65 0.39 -0.41353
15:04:56 54296 421 7.80 4.55 0.38 -0.42298
15:05:05 54305 430 7.70 4.45 0.37 -0.43263

- - 430.44 - - -0.43180
15:05:16 54315 440 7.60 4.35 0.36 -0.44250
15:05:26 54326 451 7.50 4.25 0.35 -0.45260
15:05:36 54336 461 7.40 4.15 0.34 -0.46294
15:05:46 54346 471 7.30 4.05 0.34 -0.47353
15:05:57 54357 482 7.20 3.95 0.33 -0.48439
15:06:08 54368 493 7.10 3.85 0.32 -0.49553
15:06:20 54380 505 7.00 3.75 0.31 -0.50696
15:06:31 54391 516 6.90 3.65 0.30 -0.51869
15:06:43 54403 528 6.80 3.55 0.29 -0.53076
15:06:57 54417 542 6.70 3.45 0.29 -0.54317
15:07:09 54429 554 6.60 3.35 0.28 -0.55594
15:07:22 54442 567 6.50 3.25 0.27 - -0.56910
15:08:10 54490 615 6.20 2,95 0.24 -0.61117
15:08:24 54504 629 6.00 275 0.23 -0.64165
15:08:54 54534 659 5.90 265 0.22 -0.65774
15:09:11 54551 676 5.80 255 0.21 -0.67445
15:09:29 54569 694 5.70 2.45 0.20 -0.69182
15:09:48 54588 713 5.60 2.35 0.20 -0.70992
15:10:07 54607 732 5.50 225 0.19 -0.72880
15:10:28 54628 753 5.40 2.15 0.18 -0.74855
15:10:50 54650 775 5.30 2.05 0.17 -0.76923

Time Time (sec.) dh (ft.) h/h0 Log of h/h0
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‘ Drawdown Test for P1-8D
Haywood County White Oak Landfill

Slug Test by Hvorslev

Initial depth to water table from top of pipe:
Initial Drawdown:
Total well length:

Radius of the well casing (r):

Radius of the gravel pack (R):

Length of the well screen (L,):

Time it takes for the water level to rise or fall to 37% of the initial change (T,):

K=

3.25
12.05
50.13

0.0833
0.1458

10.0
430.44

3.41E-06
107.55

Design Hydrogeologic Study - Haywood County White Oak Landfill

Appendix B




g xipuaddy IUPUET O SNUM Aunod poomAeH - Apnig d160j0aboipAH ubiseq

(-o9s) swy| pasdelg
00S (1]0)4

-
O
«Q
(=]
-
=2
=9
3
o

ds-ld 10} 1s91 umopmeuq




“(M1/2Y) uj Jo uonejnojed Joy Mi/27 4o
uoljouny e se D pue ‘g 'y sielaweued ssajuoisuswi(qg ¢ "B14

M
1/ 99
000S 000! 00§ 001 0§ ; Ol S

011 ~‘<_._._ N _~«~_—.~«~.q- —\u—_‘—_.~<~< ~_——_—._<_~_ T

L

1

L

1|

1

11;!1'

'lfIVIVIVIYIVIv]YTI

A S S B

{

i

'O S |

| S O BT S Lo bbb a1 JEE IR TS S [N U W AU ST S S Y




“(M1/2Y) uj o uonenojed oy Mi/87 o
uonouny e se P pue ‘g ‘v sielawesed ssajuolsuswiq g "bi4

M
1739
000§ 000! 00§ 00l  OSo3 Ol S

ryrr ¥ --ﬂ—._<~._ ¥ [Yrrrir [yyrryrrTTr T

v

' T

1

I

N BRSNS BT S AT BN

|

1

P BT |

v
ledla o 4o | R U T AR OO AT S Lyt Ll o1t Loat v bana 1 1

or




Calculations of Vertical Flow Rates
Haywood County White Oak Landfill

P-12 P-12D Vz (ftlyr) Descriptive Statistics

04/28/99 2547.42 2546.68 -86.03 Mean: -90.87
06/21/99 2546.85 2546.07 -90.68 Standard Error: 1.60
07/27/99 2547.29 2546.53 -88.35 Median: -90.68
08/10/99 2546.97 2546.18 -91.84 Mode: -90.68
02/11/00 2547.19 2546.41 -90.68 Standard Deviation: 3.92
03/14/00 2547.27 2546.43 -97.65 Sample Variance: 15.36
Kurtosis: 1.77843
Skewness: -0.91246
Range: 11.63
Minimum: 97.65
Maximum: -86.03
Sum: -545.22
Count; 6

di =
average dh =
averagei=

P1-1S P1-1D Descriptive Statistics

04/28/99 2559.27 2558.69 Mean: -43.87
06/21/99 2558.63 2558.13 Standard Error: 5.53
07/27/99 2558.43 2557.93 Median: -37.08
08/10/99 2558.44 2557.91 Mode: -33.40
02/11/00 2558.22 2557.28 Standard Deviation: 13.55
03/14/00 2558.17 2557.28 Sample Variance: 183.63
Kurtosis: -1.74104
Skewness: -0.90849
Range: 29.39
Minimum: -62.80
Maximum: -33.40
Sum: -263.21
Count: 6

di=
average dh =
average i=
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P1-28 P1-2D Descriptive Statistics

04/28/99 2569.86 2565.73 Mean: -252.54
06/21/99 2569.80 2565.64 Standard Error: 9.94
07/27/99 2569.89 2565.90 Median: -265.28
08/10/99 2569.91 2565.78 Mode: -269.86
02/11/00 2567.66 2564.26 Standard Deviation: 24,35
03/14/00 2567.66 2564.28 Sample Variance: 593.07
) Kurtosis: -1.90530
Skewness: 0.86793
Range: 50.97
Minimum: -271.82
Maximum: -220.85
Sum: -1515.26
Count: 6

di=
average dh =

average i=

P1-5S P1-5D Descriptive Statistics

04/28/99 2583.16 2581.48 Mean: -130.20
06/21/99 2583.57 2582.02 Standard Error: 10.30
07/27/99 2583.76 2582.30 Median: -137.19
08/10/99 2583.78 2582.36 Mode: #N/A
02/11/00 2581.50 2580.45 Standard Deviation: 2522
03/14/00 2581.22 2580.18 Sample Variance: 635.95
Kurtosis: -1.64513
Skewness: 0.46462
Range: 60.97
Minimum: -160.05
Maximum: -99.08
Sum: -781.22
Count: 6

dl =
average dh =
average i =
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P1-78 P1-7D Descriptive Statistics

04/28/99 2544.82 2542.64 Mean: -311.18
06/21/99 2544.45 2542.92 Standard Error: 32.86
07/27/99 2544.74 2543.62 Median: -320.30
08/10/99 2544 .45 2543.30 Mode: #N/A
02/11/00 2544.30 2542.47 Standard Deviation: 80.49
03/14/00 2544 41 2542.66 Sample Variance: 6479.38
Kurtosis: -1.13028
Skewness: -0.10962
Range: 207.02
Minimum: -425.76
Maximum: -218.74
Sum: -1867.11
Count: 6

dl= 10.00
average dh = -1.59
average i = -0.16

P1-8S P1.8D Vz (ftiyr) Descriptive Statistics

04/28/99 2532.61 2531.24 -70.54 Mean: -64.44
06/21/99 2532.01 2530.83 -60.75 Standard Error: 287
07/27/99 2532.41 2531.40 -52.00 Median: -66.68
08/10/99 2532.41 2531.13 -65.90 Mode: #N/A
02/11/00 2532.50 2531.14 -70.02 Standard Deviation: 7.04
03/14/00 2532.81 2531.50 -67.45 Sample Variance: 49.56
Kurtosis: 1.32601
Skewness: 1.32984
Range: 18.54
Minimum: -70.54
Maximum: -52.00
Sum: -386.67
Count: 6

di=
average dh =
average i =
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. . P-6S P-6D Descriptive Statistics

02/11/00 2563.99 2564.92 Mean: 74.96
03/14/00 2563.47 2564.41 Standard Error: 0.40
Median: 74.96

Mode: #N/A

Standard Deviation: 0.57
Sample Variance: 0.32
Kurtosis: #DIV/0!
Skewness: #DIV/0!

Range: 0.80

Minimum: 74.56
Maximum: 75.36

Sum: 149.93

Count: 2

di = 24.36
average dh = 0.93
average i = 0.04

GWM-7 GWM-7D Vz (ft/yr) Descriptive Statistics

06/09/98 2581.50 2579.62 -144.56 Mean: -123.08
07/07/98 2581.92 2579.80 -163.01 Standard Error: 18.29
08/17/98 2581.37 2579.39 -1562.24 Median: -152.25
09/25/98 2580.67 2578.67 -153.78 Mode: -162.25
10/27/98 2579.18 2578.19 -76.12 Standard Deviation: 68.43
12/02/98 2579.48 2577.50 -152.24 Sample Variance: 4683.30
01/13/99 2578.81 2577.10 -131.48 Kurtosis: 0.83907
02/11/99 2578.64 2576.62 -155.32 Skewness: 1.02261
04/28/99 2578.04 2577.03 -77.66 Range: 245.28
06/21/99 2577.98 2578.15 13.07 Minimum: -232.21
07/27/99 2577.96 2578.12 12.30 Maximum: 13.07
08/10/99 2580.14 2577.12 -232.21 Sum: -1723.14
02/11/00 2577.34 2575.33 -154.55 Count: 14
03/14/00 2576.94 2574.92 -15656.32

di= 25.40
average dh = -1.6
average i = -0.06
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. TWD-10 TWD-10D dh vz (ftlyr) | Descriptive Statistics

06/09/98 2588.21 2588.00 -0.21 -17.97 ‘ Mean: -16.83
07/07/98 2587.74 2587.57 -0.17 -1455 | Standard Error: 9.56
08/17/98 2586.48 2586.33 -0.15 -12.84 Median: -11.12
09/25/98 2585.17 2585.04 -0.13 1112 | Mode: -11.12
10/27/98 2584.20 2584.08 -0.12 -10.27 Standard Deviation: 33.10
01/13/99 2584.74 2583.41 -1.33 -113.81 Sample Variance: 1095.90
02/11/99 2582.86 2582.78 -0.08 -6.85 Kurtosis: 8.20656
04/28/99 2585.15 2584.91 -0.24 -20.54 Skewness: -2.42317
06/21/99 2584.06 2584.41 0.35 29.95 Range: 143.76
08/10/99 2584.06 2583.83 -0.13 -11.12 Minimum: -113.81
02/11/00 2581.00 2580.93 -0.07 -5.99 Maximum: 29.95
03/14/00 2581.26 2581.18 -0.08 -6.85 Sum: -201.95
Count: 12

< di=  19.00

l average dh = -0.2

averagei= -0.01

GWM-5A GWM-5D dh vz (ftlyr) | Descriptive Statistics

06/09/98 2497.70 2496.62 -1.08 -112.80 Mean: -74.07
07/07/98 2497.04 2496.23 -0.81 -84.60 Standard Error: 8.31
08/17/98 2496.76 2496.07 -0.69 -72.06 Median: -72.06
09/25/98 2496.43 2495.80 -0.53 -55.35 Mode: -84.60
. 10/27/98 2496.36 2495.88 -0.48 -50.13 Standard Deviation: 28.77
12/02/98 2496.15 2495.68 -0.47 -49.09 Sample Variance: 827.90
01/13/98 2496.09 2495.75 -0.34 -35.51 Kurtosis: 0.18136
02/11/99 2497.76 2496.48 -1.28 -133.68 Skewness: -0.77223
06/21/99 2496.51 2495.82 -0.69 -72.06 Range: 98.17
08/10/99 2496.80 2495.99 -0.81 -84.60 Minimum: -133.68
02/11/00 2501.35 2500.87 -0.48 -50.13 Maximum: -35.51
03/14/00 2496.71 2495.86 -0.85 -88.77 Sum: -888.79
Count: 12

di= 18.70

average dh = -0.71

average i = -0.04
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Well parameters used in vertical flow rate calculations
{All parameters are expressed in feet.) .
Well Ground Depth Elevation
Elevation T. of Sc. B. of Sc. T. of Sc. B. of Sc. M. Pt
P-12 2555.38 8.00 18.00 2547.38 2537.38 2542.38
P-12D 2554.58 24.00 34.00 2530.58 2520.58 2525.58
P1-1S - 2626.20 58.00 68.00 2568.20 2558.20 2563.20
P1-1D 2625.52 80.00 100.00 2545.52 2525.52 2535.52
P1-25 2602.48 38.50 48.50 2563.98 2553.98 2558.98
P1-2D 2603.09 69.00 79.00 2534.09 2524.09 2529.09
P1-5S 2633.21 48.00 58.00 2585.21 2575.21 2580.21
P1-5D 2633.21 68.50 78.50 2564.71 2554.71 2559.71
P1-78 2575.00 34.00 44.00 2541.00 2531.00 2536.00
P1-7D 2575.00 44.00 54.00 2531.00 2521.00 2526.00
P1-8S 2534.02 10.00 15.00 2524.02 2519.02 2521.52
P1-8D 2533.52 39.00 49.00 2494.52 2484.52 2489.52
P-6S 2612.40 39.50 54.50 2572.90 2557.90 2565.40
P-6D 2613.21 67.17 7717 2546.04 2536.04 2541.04
GWM-7 2643.56 62.30 82.30 2581.26 2561.26 2571.26
GWM-7D 2643.56 92.70 102.70 2550.86 2540.86 2545.86
TWD-10 2614.39 25.00 35.00 2589.39 2579.39 2584.39
TWD-10D 2614.39 39.00 59.00 2575.39 2555.39 2565.39
GWM-5A 2502.47 4.50 19.50 2497.97 2482.97 2490.47
GWM-5D 2502.47 25.70 35.70 2476.77 2466.77 2471.77

* V_ denotes vertical flow rate, and is defined by the equation

K dh
Vesud

V= vertical flow rate (ft/yr)

K = hydraulic conductivity (cm/sec)
n, = effective porosity (%)

dh = head difference (ft.)

dl = vertical separation (ft.)

Since all shallow wells are installed directly on top of bedrock and are screened in the upper saprolite unit, and ail
deep wells are screened in the bedrock unit, the average hydraulic conductivity was calculated for each well nest, and
was used in the calculation.

t Negative dh values indicate downward flow gradient.
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Water Table Elevation Charts
' Haywood County White Oak Landfill

2548 s

2547 4+

Water Table Elevation (feet)

03/31/99  05/20/99 07/09/99  08/28/99  10/17/99  12/06/99  01/25/00  03/15/00  05/04/00
Date
[<+—P-12 = P-12D

2546.8

2546.6
=
1]
&
o
NN
1:' i
a
£ 2546.4
=
L
L
[\
>
2
i 1

2546.2 4

2546.8 2547 2547.2 2547.4 2547 .6
. Elevation in P-12 (feet)
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Water Table Elevation (feet)

03/31/99  05/20/09  07/09/99  08/28/99  10/17/9  12/06/99  01/25/00  03/15/00  05/04/00

Date
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>
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2559
Elevation in P1-1S (feet)

Design Hydrogeologic Study - Haywood County White Oak Landfill Appendix B




Water Table Elevation (feet)

03/31/99  05/20/99  07/09/99  08/28/99  10/17/99  12/06/93  01/25/00  03/15/00 - 05/04/00
Date

——P1-2S —+-P1-2D |

=
@
e
Q
o
-
o
£
c
S
S
©
>
K
w

2569
Elevation in P1-2S (feet)
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‘ 2545

2544 4

2543 1

Water Table Elevation (feet)

03/31/99 05/20/99 07/09/99 08/28/99 10/17/99 12/06/99 01/25/00 03/15/00 05/04/00

Date

[=—P1-75 —a—P1-7D

°

25436

25432 -

Elevation in P1-7D (feet)

2542.8

2542.4 e =
2544 2544.4 2544.8 2545.2

Elevation in P1-7S (feet)
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‘ 2533

2532

2531

Water Table Elevation (feet)

2530
03/31/99 05/20/99 07/09/99 08/28/99 10/17/99 12/06/99 01/25/00 03/15/00 05/04/00

Date

[——P1-85 -=-P1-8D |

. 2531.6

25314
2531.2

2531

Elevation in P1-8D (feet)

2530.8 -

2531.8 2532 25322 25324 2532.6

Elevation in P1-8S (feet)

2532.8 2533
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Water Table Elevation (feet)

Elevation in GWM 7D (feet)

2584 s

2582 4

258

2578 -

2576

2574 - S
04/15/98 07/24/98 11/01/98 02/09/99 05/20/99 08/28/99 12/06/99 03/15/00  06/23/00

Date

—— GWM-7 -=- GWM-7D

2582 -

2580

2578

2576

2574 e
2576 2578 2580 2582 2584

Elevation in GWM-7 (feet)
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Water Table Elevation (feet)

2580 : =
04/15/98  07/24/98  11/01/98  02/09/99  05/20/99  08/28/99  12/06/99  03/15/00  06/23/00

Date
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=
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2584 2586
Elevation in TWD-10 (feet)
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AN DERHORST

HAYWOOD COUNTY LANDFILL
VNC-99-010.006

Laboratory Testing Summary

P15

Test Method 99-174 99-175 99-176 99-177 99-178 99-179 99-180
(P1-8s@ (PL-4@ (PL-1@ | (W@ | (PL-6@ (PL4@ (PL-4@
13-14") 28-29.5") | 29-30.59) 0-1.5") 33.5-35") | 13-14.5") | 33-34.5)
Natural Moisture Content
(ASTM D-2216) 32.3% 17.8% 17.2% 28.9% 22.2% 14.4% 21.2%
Atterberg Limits
(ASTM D-4318)
LL NV NV NV 52 NV NV NV
PL NP NP NP 31 NP NP NP
Pl NP NP NP 21 NP NP NP
Grain-size Analysis
(ASTM D-442)
% Gravel 1.5 0.0 0.0 2.5 0.6 34 0.2
% Sand 59.7 51.2 514 382 61.9 57.0 443
.‘ % Silt 29.0 35.6 36.1 17.3 27.0 29.6 443
% Clay 9.8 13.2 12.5 42.0 10.5 10.0 11.2
Specific Gravity
(ASTM D-854) 2.69 2.72 2.74 2.64 2.64 2.78 2.74
USCS Soil Classification SM SM SM MH | SM SM ML

Note: All atterberg samples were prepared using the wet method.

VYNC-99-010.006
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1
GRAIN SIZE - mm

0.001

% COBBLES

% GRAVEL

% SAND

% SILT

% CLAY

0.0

1.5

59.7

29.0

9.8

SIEVE
SIZE

PERCENT

FINER

SPEC."
PERCENT

PASS?
(X=NO}

Sin.
2540,
#4
#10
#20
#40
#60
#100
#200

PL= NP

Dgs= 0.928
D3p= 0.0353
Cy= 43.54

USCS=  SM

Soil Description

Brown Micaceous Silty SAND

Atterberg Limits
LL= NV

Pl=

Coefficients
Dgo= 0.226
D45= 0.0101
Cc= 1.06

Classification
AASHTO=

Remarks

99-174 - PI-8s 13.0-14.0°

NP

* {no specification provided)

Sample No.:

99-174

Source of Sample:

Location: Haywood, NC

Piezometer samples

Date:
Elev./Depth:

05/05/99
13.0 ft

VAN DER HORST ENGINEERING

Project No: VNC-99-010

Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL

Plate




Pl~¢ & 280 —27.5

Particle Size Distribution Report

N:

PERCENT FINER

10

1 .
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT

0.0 0.0 51.2 35.6

SIEVE PERCENT SPEC. Soil Description
SIZE FINER PERCENT Brown Micaceous Silty SAND

#4 100.0
#10 99.1
#20 94.8

#40 85.9 ..
H#60 753 Atterberg Limits

4100 39 PL= NP LL= NV Pl= NP
#200 438

Coefficients
Dgs= 0.404 Dgo= 0.128 Dsgg= 0.0810
D3p= 0.0232 D15= 0.0066 D1po= 0.0031
Cy= 41.81 Cco= 138

Classification
USCS= SM AASHTO=

Remarks
99-175 - PL-4,28.0-29:5'

* (no specification provided)

‘ Sample No.: 99-175 Source of Sample: Piezometer samples : Date: 05/05/99
l.ocation: Haywood, NC Elev./Depth: 28.0 ft

Client: MUNICIPAL ENGINEERING, Co.
VAN DER HORST ENGINEERING Project: HAYWOOD COUNTY LANDFILL

Project No: VNC-99-010 Plate
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® 29.0- 305

Particle Size Distribution Report
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500 100 10 1 01 0.01 0.001
. GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 0.0 514 36.1 12.5
SIEVE PERCENT SPEC." PASS? Soil Description
SIZE FINER PERCENT | (X=NO) Reddish Brown Micaecious Silty SAND
#4 100.0
#10 97.7
#20 91.0
#40 85.0 Atterberg Limits
#60 77.2 - N poy -
ﬁlOO 651 PlL= NP LL= NV Pl= NP
#200 48.6 Coefficients
Dgs= 0.425 Dgo= 0.125 Dgg= 0.0828
D30= 0.0235 D15= 0.0066 D10= 0.0028
Cy= 45.16 Ce= 1.59 ‘
Classification
USCS= SM AASHTO=
Remarks
99-176 - PL-1s, 29.0-30.5
" (no specification provided)
‘ Sample No.: 99-176 Source of Sample: Piezometer samples Date: 05/05/99
Location: Haywood, NC Elev./Depth: 29.0 ft
Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL
VAN DER HORST ENGINEERING !
Project No:  VNC-99-010 Plate
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Particle Size Distribution Report
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500 100 10 1 0.1 0.0k 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 2.5 38.2 17.3 42.0
SIEVE PERCENT SPEC." PASS? Soil Description
SIZE FINER | PERCENT | (X=NO) Reddish Brown Micaceous Sandy SILT
Sin. 100.0
25 in. 98.2
#4 97.5
#10 93.8 Atterberg Limits
#20 85.6 - — 5
440 776 PL= 31 LL= 52 pPi= 21
#?88 Zég Coefficients
#200 593 Dgs= 0.807 Dgo= 0.0854 Dgp= 0.0131
D3p= 0.0014 D15= D10=
u= Ce=
Classification
USCS= MH AASHTO=
Remarks
99-177 - PL-750.0-1.5°
* (no specification provided)
' Sample No.: 99-177 Source of Sample: Piezometer samples Date: 05/06/99
Location: Haywood, NC Elev./Dépth: 0.0 ft
I Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL
VAN DER HORST ENGINEERING !
Project No: VNC-99-010 Plate
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Particle Size Distribution Report
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GRAIN.SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 0.6 61.9 27.0 10.5
SIEVE PERCENT SPEC.” PASS? Soil Description
SIZE FINER PERCENT | (X=NO) Light Brown Micaceous Silty SAND
5in. 100.0
25 in. 99.8
4 99.4
'ﬁ _1) 8 ggg Atterberg Limits
TS . = = = N
#60 33.3 Coefficients
#100 459 a7 -
; 375 Dgs= 1.06 Dgo= 0.371 Dsp= 0.200
2 85= ! 60 50
#200 37.3 D3g= 00357  Dq5= 0.0095 D1g= 0.0047
C= 19.77 Ce= 0.74
Classification
USCS= SM AASHTO=
Remarks
99-178 - PL-633.5-35.0"
* (o specification provided)
Sample No.: 99-178 Source of Sample: Piezometer samples Date: 05/06/99
Location: Haywood, NC Elev./Depth: 335 ft
Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL
VAN DER HORST ENGINEERING !
Project No: VNC-99-010 Plate
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Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 34 57.0 29.6 10.0
: SIEVE PERCENT SPEC.” PASS? Soil Description
SIZE FINER PERCENT | (X=NO) Olive Brown Micaceous Silty SAND
S5 in. 100.0
25i0n. 97.6
#4 96.6
#10 94.6 Atterberg Limits
#20 94.0 - ~ N
440 90.2 PL= NP LL= NV Pl= NP
#60 79.2 .
z;og §0.2 Dgs= 0.311 gg%ifrz)cﬁgts Dgp= 0.110
0 396 D3g= 0.0478  D15= 0.0100 D10= 0.0050
C= 29.67 Cc= 3.04
Classification
UsCsS= SM AASHTO=
Remarks
99-179 - PL-4 13.0-14.5
' * (no specification provided)
. Sample No.: 99-179 Source of Sample: Piezometer samples Date: 05/06/99
Location: Haywood, NC Elev./Depth: 13.0ft
Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL
VAN DER HORST ENGINEERING !
Project No: VNC-99-010 Plate




Particle Size Distribution Report
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PERCENT FINER

|
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{

500 10

1 :

GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT
0.0 34 57.0 29.6

SIEVE PERCENT SPEC." Soil Description

SIZE FINER PERCENT Olive Brown Micaceous Silty SAND
.Sin.
25in.
#4

#10 . -
#20 Atterberg Limits

40 : PL= NP L= NV Pl= NP
#60

Coefficients
Dgs= 0.311 Dgo= 0.149 Dgg= 0.110
D3p= 0.0478 D15= 0.0100 D1g= 0.0050
Cy= 29.67 Ce= 3.04

Classification
UsSCSsS= SM AASHTO=

Remarks
99-179 - PL-4 13.0-14.5

* (no specification provided)

Sample No.: 99-179 Source of Sample: Piezometer samples Date: 05/06/99
Location: Haywood, NC Elev./Depth: 13.0ft

Client: MUNICIPAL ENGINEERING, Co.
VAN DER HORST ENGINEERING Project: HAYWOOD COUNTY LANDFILL

Project No: VNC-99-010
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Particle Size

Distribution Report
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GRAIN SIZE - mm ]
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 0.2 443 44.3 11.2
SIEVE | PERCENT SPEC.” PASS? Soil Description
SIZE FINER PERCENT | (X=NO) Brown Micaceous Sandy SILT
25 4n. 100.0
#4 99.8
#10 98.7
ﬁig g%z Atterberg Limits
260 80:6 Pi= NP LL= NV Pi= NP
;;88 ggg Coefficients
- ’ Dgs= 0.348 Dgo= 0.0901 Dgo= 0.0617
D3p= 00226  D15= 0.0069 D1g= 0.0044
Cy= 2057 Ce= 1.30
Classification
UsSCS= ML AASHTO=
Remarks
99-180 - PL-4 33.0-34.5'
" (no specification provided)
Sample No.: 99-180 Source of Sample: Piezometer samples Date: 05/06/99
‘ Location: Haywood, NC Elev./Depth: 33.0 ft
-
§ Client: MUNICIPAL ENGINEERING, Co.
Project: HAYWOOD COUNTY LANDFILL
| VAN DER HORST ENGINEERING d
; Project No:  VNC-99-010 Plate




LIQUID AND PLASTIC LIMITS TEST REPORT

/

Dashed line indicates the approximate )

upper limit boundary for natural soils

v

PLASTICITY INDEX

LR MHoZrOH

50 30
LIQUID LIMIT

MATERIAL DESCRIPTION PL %<#200
Reddish Brown Micaceous Sandy SILT 31 2 59.3

Project No. VNC-99-010 Client: MUNICIPAL ENGINEERING, Co. Remarks:
Project: HAYWOOD COUNTY LANDFILL ©99-177 - PL-7s 0.0-1.5

& | ocation: Haywood, NC

LIQUID AND PLASTIC LIMITS TEST REPORT

VAN DER HORST ENGINEERING




HAYWOOD COUNTY LANDFILL
VNC-98-018.001

Laboratory Testing Summary

Test Method 98-173 98-174 98-175 98-176 98-177
P2-1@ | (P2-1@ P22@ | (P2-1@ P2-1@
10-12") 21-23") 3-4") 1-5") 6-10")
Natural Moisture Content
(ASTM D-2216) 22.1% 30.4% 21.5% 24.0% 22.9%
Atterberg Limits
(ASTM D-4318)
LL 39 37 44 55 48
PL 40 NP 34 29 27
PI NP - 10 26 21
Grain-size Analysis
(ASTM D-442)
% Gravel 1.6 0.3 8.4 2.4 3.5
% Sand 57.0 39.5 47.6 43.5 45.1
% Silt -23.5 36.2 28.2 26.4 24.6
% Clay 17.9 24.0 15.8 27.1 26.8
Specific Gravity (ASTM D-854) 2.71 2.72 2.75 2.71 2.69
USCS Soil Classification SM ML SM CH CL
Shelby Tube Permeability
(ASTM D-5084) .
Dry Density (pcf) 90.4 84.6 95.9 -- -
Moisture (%) 31.6 30.4 26.6 -- -
Permeability (cm/sec) 22x10% | 1.3x10° | 2.0x107 - --

Note: The atterberg for sample 98-174 was prep
were prepared using the wet method. The

16 to 18 inches of weak weathered rock.

ared using th
bottom of the shelby tube for sample 9

e dry method all other atterberg samples

8-174 contained




LIQUID AND PLASTIC LIMITS TEST REPORT

60

PLASTICITY INDEX

HATCHED
AREA IS5
ML-CL

W4 O " or 0

10 20 30 % 50 60 98

LIQUID LIMIT

b'Location + Description LL PL PI ASTM D 2487-94@

® 88-173 SM, Silty sand
SHELBY TUBE P2-1 @ 1P-12’ 39 40 -1

88-174 . ML, Saendy silt
SHELBY TUBE P2~1 @ 21-23°7

98-175 SM, Silty sand
SHELBY TUBE P2-2 @ 3-4’

88-176 CH, Sandy fat clay
DRILL CUTTINGS P2-1 @1-57

X 98-177 CL, Sandy lean clay
DRILL CUTTINGS P2-1 @
6-10’

NP - Non-Plastic

Pro ject MNo.: VNC~98-018 Remarks:
PPOjECt: HQYNOOD COUNTY LQNDFILL SQMPLES TAKEN FROM

Client: MUNICIPAL ENGINEERING SHELBY TUBES AND DRILL
Location: HQYNOOD, NORTH CQROLINQ CUTTINGS DELIVERED T0

VANDERHORST ON B5-/84-98.
ate: B5-13/98

LIQUID AND PLASTIC LIMITS TEST REPORT

VAN DER HORST ENGINEERING




VAN DER HORST ENGINEERING
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200 188 19.0 2 1.0 0.1 9.01 0.001
GRAIN SIZE - mm :
Test|% +3" % GRAVEL % SAND v SILT % CLAY
o| 4 0.9 2.4 43.5 26.4 27.7
LL PI Dgs Deo Dsp D3p Dys Dip Ce Cu
] 55 26 1.15 B.13 0.04 P.BB6 )
MATERIAL DESCRIPTION USCS AASHTO
e BROWN TO DARK BROWN SILTY SAND SOME CLAY. CH
Project No.: VNC-98-B18 -98-176 Remarks:
e Location: HAYWOOD, NORTH CAROLINA
p2-1 @ 1~-5’, DELIVERED
TO VANDERHORST ON
Date: 85-/13/98 PS-/B4-98.
GRAIN SIZE DISTRIBUTION TEST REPORT

Figure No. 176

L

i



DISTRIBUTION TEST REPORT
. o

© @
- Enl -
e - -

“11-172 in

qzﬁ?”

N

PERCENT FINER

10.0 2 1.8 8.1
GRAIN SIZE - mm

GRAVEL - Y% SAND
3.5 45.1

MATERIAL DESCRIPTION
® BROWN SILTY SAND SOME CLAY.

Pro ject No.: VNC-98-818 /98-177 Remarks:

e Location: HAYWOOD, NORTH CAROLINA
pp-1 @ 6-187, DELIVERED

J T0 VANDERHORST ON
Date: 85/13/98 pS-p4/98. .

4

GRAIN SIZE DISTRIBUTION TEST REPORT

VAN DER HORST ENGINEERING Figure No. 177
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GRAIN SIZE - mm
Testix +3" " Y% GRAVEL % SAND % SILT % CLAY
® 1 .0 1.6 57.0 23.5 17.S
LL Pl Dgs Dep Dsp D3p Dis Dig Ce Cy
) 338 NF 1.57 B.34 B.15 P.020 {B.8B35
MATERIAL DESCRIPTION Uscs AASHTO
e OLIVE BROWN TO BROWN SILTY SAND LITTLE CLAY. SM
Pro ject No.: VNC-38-018 /98-173 Remarks:
e Location: HAYWOOD, NORTH CAROLINA
. p2-1 @ iB-12’, DELIVERED
“ TO VANDERHORST ON
ate: 95713798 . pS/R4/98. S
GRAIN SIZE DISTRIBUTION TEST REPORT
VAN DER HORST ENGINEERING Figure No. 173




ate: BS-/13/58

GRAIN SIZE DISTRIBUTION TEST REPORT

VAN DER HORST ENGINEERING

. o . EF
L £ £ fe no ® © © ® g 8
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% e,
w 40 \
0-
392 n \
R 2
2o N, 2. {7
18 N
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. 200 198 106.0 1.0 9.1 0.91 .01
GRAIN SIZE — mm
Test{%x +3° % GRAVEL % SAND % .SILT. % CLAY
| C 0.0 0.3 39.5 36.2 24.9
LL PI Dgs Dep Dsp D3p Dys Dip Cc Cy
® 37 NP B.39 9.04 p.0B7 |B.00819
MATERIAL DESCRIPTION UsCs ARSHTO
& OLIVE BROWN TO BROWN SANDY SILT SOME CLAY. ML
Pro ject No.: VNC-98-P18 -98-174 Remarks:
e lLocation: HAYWOOD, NORTH CAROLINA
p2-1 @ 21-237, DELIVERED

TO VANDERHORST ON

P5-84-/98.

Figure No.

174




GRAIN SIZE DISTRIBUTION TEST REPORT
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PERCENT FINER
N
O

38
el %) o\
4 21/~
f WE ; ﬁ T adl
2 : : : . : : : i1,
. 200 100 18.0 1.0 2.1 p.01 P.0981
GRAIN SIZE — mm
Test|% +3° % GRAVEL %- SAND % SILT % CLAY
| 3 9.0 B.4 47 .6 c8.2 15.8
LL PI1 Dgs Dep Dsp D3p Dis Dip Ce Cu
] 44 10 1.70 9.18 .11 ?.019 |B.vBR45 |0.BB15 1.35 117.8
MATERIAL DESCRIPTION Uscs AARSHTO
® OLIVE BROWN TO BROWN SILTY SAND LITTLE CLAY. SM
Pro ject No.: VNC-98~-P18 ~398-175 Remarks:
‘Project: HAYWOOD COUNTY LANDFILL SHELBY TUBE SAMPLE
@ Location: HAYWOOD, NORTH CARROLINR
p2-2 @ 3-4’, DELIVERED
TO VYANDERHORST ON
!‘3’“’—’: 85,1398 95/04,98.
' GRAIN SIZE DISTRIBUTION TEST REPORT
VAN DER HORST ENGINEERING Figure No. 175




Pl-8S @ 130 - I40 -

Sand, = 62 . ] A
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APPENDICES

APPENDIX 14

Absolute density and absolute viscosity of water

631

Temperature Density Density Viscosity
Q) (kg/m?>) (g/cm’) (g/s'cm)
0 999.841 0.999841 0.017921
1 999.900 0.999900 0.017313
2 999.941 0.999941 0.016728
3 999.965 0.999965 0.016191
4 999.973 0.999973 0.015674
5 999.965 0.999965 0.015188
6 999.941 0.999941 0.014728
7 999.902 0.999902 0.014284
8 999.849 0.999849 0.013860
9 999.781 0.999781 0.013462
10 999.700 0.999700 0.013077
11 999.605 0.999605 0.012713
12 999.498 0.999498 0.012363
13 999.377 0.999377 0.012028
14 999.244 0.999244 0.011709
15 999.099 0.999099 0.011404
16 998.943 0.998943 0.011111
17 998.774 0.998774 0.010828
18 998.595 0.998595 0.010559
19 998.405 0.998405 0.010299
20 998.203 0.998203 0.010050
21 997.992 0.997992 0.009810
22 997.770 0.997770 0.009579
23 997.538 0.997538 0.009358
24 997.296 0.997296 0.009142
25 997.044 0.997044 0.008937
26 996.783 0.996783 0.008737
27 996.512 0.996512 0.008545
28 996.232 0.996232 0.008360
29 995.944 0.995944 0.008180
30 995.646 0.995646 0.008007
35 994.029 0.994029 0.007225
40 992.214 0.992214 0.006560
45 990.212 0.990212 0.005988
50 988.047 0.988047 0.005494

Source: Handbook of Chemistry and Physics (Cleveland, Ohio: CRC Publishing Company, 1986).
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‘ Water Table and Precipitation Data
Haywood County White Oak Landfill
Date Depth (ft.) T Elev. (ft.) Precip. (in.) * Min. Temp. (F)" Mean Temp. (F)"*

10/01/94 5.88 3143.38 0.00 43.0 61.5
10/02/94 5.94 3143.32 0.00 49.0 65.0
10/03/94 5.95 3143.31 0.71 59.0 66.0
10/04/94 5.93 3143.33 0.00 54.0 62.0
10/05/94 5.94 3143.32 0.00 38.0 53.0
10/06/94 5.96 3143.30 0.00 39.0° 65.5
10/07/94 5.97 3143.29 0.00 39.0 57.0
10/08/94 5.95 3143.31 0.00 41.0 56.5
10/09/94 5.97 3143.29 0.62 53.0 60.0
10/10/94 5.89 3143.37 0.23 47.0 54.0
10/11/94 5.82 3143.44 0.00 37.0 49.0
10/12/94 - 5.77 3143.49 0.00 410 560.5
10/13/94 4.80 3144.46 0.80 44.0 50.5
10/14/94 4.40 3144.86 0.55 §1.0 65.5
10/15/94 4.61 3144.65 0.21 §0.0 68.5
10/16/94 4.88 3144.38 0.00 34.0 §3.0
10/17/94 5.06 3144.20 0.00 34.0 53.0
10/18/94 5.19 3144.07 0.00 34.0 53.0
10/19/94 5.30 3143.96 0.00 41.0 56.0
10/20/94 5.38 3143.88 0.14 420 55.0
10/21/94 5.43 3143.83 0.05 380 65.0
‘ 10/22/94 5.47 3143.79 0.04 40.0 §7.0
10/23/94 6.52 3143.74 0.33 54.0 61.0
10/24/94 5.54 3143.72 0.00 33.0 62.5
10/25/94 5.56 3143.70 0.00 35.0 63.5
10/26/94 5.68 3143.68 0.08 38.0 49.0
10/27/94 5.60 3143.66 0.00 24.0 415
10/28/94 5.62 3143.64 0.00 25.0 43.5
10/29/94 5.64 3143.62 0.00 23.0 475
10/30/94 5.65 3143.61 0.03 420 56.0
10/31/94 5.65 3143.61 0.00 47.0 59.5
11/01/94 5.65 3143.61 0.05 41.0 54.5
11/02/94 567 3143.59 0.00 26.0 48.5
11/03/94 5.68 3143.58 0.00 28.0 52.5
11/04/94 5.69 3143.57 0.00 29.0 54.0
11/05/94 5.69 3143.57 0.00 49.0 60.0
11/06/94 5.70 3143.56 0.08 55.0 64.5
11/07/94 - 871 3143.55 0.00 33.0 50.5
11/08/94 5.72 3143.54 0.00 28.0 51.0
11/09/94 672 3143.54 0.00 35.0 54.0
11/10/94 5.72 3143.54 0.55 48.0 57.5
11/11/94 5.68 3143.58 0.06 38.0 50.0
11/12/94 5.68 3143.58 0.00 29.0 48.0
11/13/94 5.68 3143.58 0.00 280 50.5
11/14/94 5.70 3143.56 0.00 26.0 50.5
11/15/94 5.71 3143.55 : 0.00 28.0 49.0
11/16/94 5.71 3143.55 0.00 32.0 48.0
. 11/17/94 672 3143.54 0.00 31.0 45.5
11/18/94 573 3143.53 0.05 50.0 §9.0

Design Hydrogeologic Study - Haywood County White Oak Landfill Appendix D
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‘ Date Depth (ft) T Elev. (ft) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)*

11/19/94 5.74 3143.52 0.00 33.0 52.0
11/20/94 5.75 3143.51 0.00 32.0 49.5
11/21/94 5.59 3143.67 0.15 43.0 57.0
11/22/94 5.50 3143.76 0.00 30.0 46.5
11/23/94 5.52 3143.74 0.00 23.0 37.0
11/24/94 5.55 3143.71 0.00 18.0 375
11/25/94 5.58 3143.68 0.00 20.0 38.5
11/26/94 5.62 3143.64 0.10 35.0 42.5
11/27/94 5.63 3143.63 0.95 37.0 420
11/28/94 5.36 3143.90 0.95 36.0 49.0
11/29/94 5.27 3143.99 0.04 23.0 395
11/30/94 5.35 3143.91 0.00 21.0 35.0
12/01/94 5.42 3143.84 0.00 17.0 36.0
12/02/94 5.48 3143.78 0.00 18.0 39.0
12/03/94 5.53 3143.73 0.00 26.0 45.0
12/04/94 5.44 3143.82 0.59 45.0 52.5
12/05/94 4.90 3144.36 0.10 52.0 59.5
12/06/94 5.06 3144.20 0.00 40.0 65.5
12/07/94 5.18 3144.08 0.00 370 52.5
12/08/94 5.29 3143.97 0.00 37.0 52.0
12/09/94 5.36 3143.90 0.00 34.0 49.5
12/10/94 5.39 3143.87 0.91 39.0 49.5
12/11/94 5.32 3143.94 0.38 26.0 40.5
12/12/94 5.34 3143.92 0.00 15.0 30.5
12/13/94 5.38 3143.88 0.00 27.0 : 39.0
12/14/94 5.42 3143.84 0.00 37.0 445
12/15/94 5.45 3143.81 0.00 36.0 44.0
12/16/94 5.48 3143.78 0.02 37.0 43.0
12/17/94 5.49 3143.77 0.00 40.0 49.0
12/18/94 5.50 3143.76 0.00 20.0 36.5
12/19/94 5.52 3143.74 0.00 22.0 35.5
12/20/94 5.53 3143.73 0.00 16.0 345
12/21/94 5.54 3143.72 0.00 200 345
12/22/94 5.51 3143.75 0.65 38.0 42.5
12/23/94 5.38 3143.88 0.27 38.0 41.5
12/24/94 5.35 3143.91 0.00 26.0 345
12/25/94 5.37 3143.89 0.00 31.0 36.5
12/26/94 5.39 3143.87 0.00 21.0 410
12/27/94 5.42 3143.84 0.00 21.0 41.0
12/28/94 5.43 3143.83 0.00 21.0 41.0
12/29/94 < 545 3143.81 0.00 28.0 40.5
12/30/94 5.46 3143.80 0.00 33.0 43.0
12/31/94 5.46 3143.80 0.13 31.0 40.5
01/01/95 5.44 3143.82 0.00 39.0 51.0
01/02/95 5.43 3143.83 0.00 21.0 40.0
01/03/95 5.43 3143.83 0.02 16.0 30.5
01/04/95 5.44 3143.82 0.00 20.0 29.5
01/05/95 5.44 3143.82 0.00 40 215
01/06/95 5.38 3143.88 0.62 15.0 34.0
01/07/95 4.99 3144.27 1.06 320 44.5
‘ 01/08/95 5.09 3144.17 0.02 240 350
01/09/95 5.15 3144.11 0.00 28.0 38.0

Design Hydrogeologic Study - Haywood County White Oak Landfill Appendix D
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Date Depth (ft.) T Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)*

01/10/95 5.21 3144.05 0.00 21.0 40.0
01/11/95 5.25 3144.01 0.18 34.0 44.0
01/12/95 5.25 3144.01 0.19 44.0 50.5
01/13/95 5.26 3144.00 0.00 42.0 51.5
01/14/95 3.60 3145.66 1.63 49.0 56.0
01/15/95 2.81 3146.45 1.30 42.0 51.0
01/16/95 3f 3145.85 0.00 39.0 44.5
01/17/95 3.72 3145.54 0.00 29.0 47.0
01/18/95 3.89 3145.37 0.00 29.0 47.0
01/19/95 3.83 3145.43 0.37 32.0 45.0
01/20/95 3.54 3145.72 0.16 27.0 39.0
01/21/95 3.56 3145.70 0.00 25.0 350
01/22/95 3.46 3145.80 0.00 15.0 31.0
01/23/95 3.33 3145.93 0.00 27.0 340
01/24/95 3.25 3146.01 0.00 12.0 26.5
01/25/95 3.20 3146.06 0.00 12.0 31.0
01/26/95 317 3146.09 0.00 20.0 ) 345
01/27/95 3.16 3146.10 0.00 16.0 33.0
01/28/95 3.15 3146.11 0.24 39.0 48.0
01/29/95 3.17 3146.09 0.30 340 46.0
01/30/95 3.20 3146.06 0.10 27.0 325
01/31/95 3.25 3146.01 0.00 25.0 33.5
02/01/95 3.30 3145.96 0.00 16.0 345
02/02/95 3.35 3145.91 0.04 34.0 46.0
02/03/95 3.40 3145.86 0.06 26.0 415
02/04/95 343 3145.83 0.33 250 40.0
02/05/95 3.49 3145.77 0.00 12.0 19.5
02/06/95 3.55 : 3145.71 0.00 4.0 17.0
02/07/95 3.61 3145.65 0.00 10.0 225
02/08/95 3.67 3145.59 0.00 8.0 19.0
02/09/95 3.74 3145.52 0.00 20 20.5
02/10/95 3.78 3145.48 0.13 27.0 37.5
02/11/95 3.83 3145.43 0.02 32.0 39.5
02/12/95 3.90 3145.36 0.05 13.0 24.0
02/13/95 3.96 3145.30 0.00 15.0 26.5
02/14/95 4.02 3145.24 0.00 31.0 365
02/15/95 4.04 3145.22 0.52 36.0 445
02/16/95 3.36 3145.90 3.35 39.0 49.5
02/17/195 3.43 3145.83 0.44 450 52.0
02/18/95 3.69 3145.57 0.23 41.0 50.0
02/19/95 - 3.82 3145.44 0.00 40.0 49.5
02/20/95 3.92 3145.34 0.00 340 445
02/21/95 4.00 3145.26 0.17 31.0 43.0
02/22/95 4.08 3145.18 0.00 19.0 39.5
02/23/95 4.13 3145.13 0.00 33.0 49.0
02/24/95 4.18 3145.08 0.00 36.0 50.5
02/25/95 4.22 3145.04 0.00 20.0 39.0
02/26/95 4.26 3145.00 0.00 31.0 49.0
02/27/95 4.27 3144.99 0.14 39.0 51.0
02/28/95 4.14 3145.12 0.51 48.0 53.5
‘ 03/01/95 4.00 3145.26 0.61 42,0 48.5
03/02/95 4.07 3145.19 0.03 33.0 39.5
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‘ Date Depth (ft.) | Elev. (ft.) Precip. (in.) * Min. Temp. (F)*  Mean Temp. (F}"

03/03/95 4.15 3145.11 0.12 35.0 395
03/04/95 4.20 3145.06 0.09 35.0 445
03/05/95 4.24 3145.02 0.12 38.0 455
03/06/95 4.25 3145.01 0.09 44.0 56.0
03/07/95 4.27 3144.99 0.00 49.0 58.0
03/08/95 3.69 3145.57 1.62 31.0 47.5
03/09/95 3.71 3145.55 0.00 21.0 275
03/10/95 3.89 3145.37 0.00 17.0 38.0
03/11/95 3.97 3145.29 0.00 22.0 445
03/12/95 4.02 3145.24 0.00 23.0 455
03/13/95 4.04 3145.22 0.00 27.0 48.5
03/14/95 4.05 3145.21 0.00 29.0 49.0
03/15/95 4.05 3145.21 0.00 29.0 49.0
03/16/95 4.05 3145.21 0.00 32.0 62.5
03/17/95 4.04 31456.22 0.00 35.0 63.5
03/18/95 4.03 3145.23 0.00 320 515
03/19/95 4.03 3145.23 0.00 27.0 47.5
03/20/95 4.02 3145.24 0.00 36.0 62.5
03/21/95 4.00 3145.26 0.53 40.0 63.0
03/22/95 4.00 3145.26 0.00 39.0 66.5
03/23/95 4.00 3145.26 0.00 65.0 66.5
03/24/95 4.02 3145.24 0.00 41.0 58.0
03/25/95 4.04 3145.22 0.00 21.0 425
03/26/95 4.05 3145.21 0.00 25.0 49.0
03/27/95 4.06 3145.20 0.40 43.0 68.0
03/28/95 4.08 3145.18 0.00 34.0 50.5
03/29/95 4.11 3145.15 0.00 29.0 455
03/30/95 4.14 3145.12 0.00 31.0 46.0
03/31/95 4.16 3145.10 0.00 30.0 44.0
04/01/95 4.19 3145.07 0.00 23.0 40.0
04/02/95 4.22 3145.04 0.00 20.0 39.0
04/03/95 4.25 3145.01 0.00 23.0 46.5
04/04/95 4.27 3144.99 0.00 37.0 63.0
04/05/95 430 3144.96 0.00 28.0 46.0
04/06/95 4.32 3144.94 0.00 35.0 51.5
04/07/95 4.35 3144.91 0.00 30.0 52.0
04/08/95 4.38 3144.88 0.00 34.0 55.0
04/09/95 4.40 3144.86 0.00 41.0 61.0
04/10/95 4.43 3144.83 0.00 43.0 65.0
04/11/95 4.46 3144.80 0.00 54.0 68.5
04/12/95 < 443 3144.83 0.10 52.0 60.0
04/13/95 4.45 3144.81 0.00 42.0 63.5
04/14/95 4.49 3144.77 0.00 40.0 515
04/15/95 4.53 3144.73 0.00 30.0 51.0
04/16/95 4.56 3144.70 0.00 36.0 67.5
04/17/95 4.59 3144.67 0.22 44.0 60.5
04/18/95 4.62 3144.64 0.02 49.0 66.0
04/19/95 4.64 3144.62 0.00 66.0 69.5
04/20/95 4.67 3144.59 0.00 65.0 66.5
04/21/95 4.68 3144.58 0.70 60.0 67.5
‘ 04/22/95 4.70 3144.56 0.00 42.0 59.0
04/23/95 4.71 3144.55 0.30 48.0 §9.0

Design Hydrogeologic Study - Haywood County White Oak Landfill Appendix D




Page 5 of 29

Date

Depth (ft) f

Elev. (ft.)

Precip. (in.) "

Min. Temp. (F)"

Mean Temp. (F)"

04124/95
04/25/95
04/26/95
04/27/95
04/28/95
04/29/95
04/30/95
05/01/95
05/02/95
05/03/95
05/04/95
05/05/95
05/06/95
05/07/95
05/08/95
05/09/95
05/10/95
05/11/95
05/12/95
05/13/95
05/14/95
05/15/95
05/16/95
05/17/95
05/18/95
05/19/95
05/20/95
05/21/95
05/22/95
05/23/95
05/24/95
05/25/95
05/26/95
05/27/95
05/28/95
05/29/95
05/30/95
05/31/95
06/01/95
06/02/95
06/03/95
06/04/95
06/05/95
06/06/95
06/07/95
06/08/95
06/09/95
06/10/95
06/11/95
06/12/95
06/13/95
06/14/95

4.72
475
4.78
4.80
4.83
4.85
4.88
4.89
4.82
4.86
4.89
4.93
4.96
4.98
5.01
5.03
5.02
5.04
5.07
5.09
5.09
5.09
512
5.16
519
5.19
5.20
5.22
5.24
5.26
5.28
5.30
5.31
5.30
5.24
5.24
5.27
5.31
5.18
4.58
T 4.74
4.94
5.05
5.13
5.21
5.28
5.33
5.36
5.39
5.36
5.34
5.38

3144.54
3144.51
314448
3144.46
3144.43
3144.41
3144.38
314437
3144.44
3144.40
3144.37
314433
3144.30
3144.28
3144.25
3144.23
3144.24
314422
3144.19
314417
314417
314417
3144.14
3144.10
3144.07
3144.07
3144.06
3144.04
3144.02
3144.00
3143.98
3143.96
3143.95
3143.96
3144.02
3144.02
3143.99
3143.95
3144.08
3144.68
3144.52
3144.32
3144.21
314413
3144.05
3143.98
3143.93
3143.90
3143.87
3143.90
3143.92
3143.88

0.66
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.49
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.15
0.36
0.00
0.00
1.05
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.14
0.20
0.00
0.00
0.00
0.18
0.52
0.43
0.00
0.00
0.23
0.13
0.00
0.00
0.00
0.00
1.02
0.09
0.00
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420
37.0
320
38.0
43.0
31.0
45.0
45.0
46.0
320
440
52.0
33.0
35.0
41.0
45.0
520
57.0
47.0
41.0
61.0
58.0
45.0
58.0
56.0
60.0
36.0
40.0
44.0
49.0
49.0
49.0
51.0
57.0
61.0
58.0
56.0
46.0
60.0
59.0
54.0
50.0
58.0
61.0
56.0
55.0
58.0
59.0
59.0
60.0
51.0
39.0

47.0
50.0
49.5
54.0
55.5
54.0
58.5
58.5
57.0
50.5
56.0
58.5
51.0
54.5
60.5
60.0
65.5
68.5
61.0
56.5
68.5
69.0
64.0
70.0
70.0
69.0
54.0
58.0
60.5
64.5
65.5
65.5
67.0
68.5
69.5
70.0
67.5
61.0
69.5
69.5
68.0
67.0
68.5
70.0
68.0
71.0
74.0
72.5
71.5
715
57.5
56.0
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. Date Depth (ft) T Elev. (ft.) Precip. (in.) Min. Temp. (F)* Mean Temp. (F)*

06/15/95 5.42 3143.84 0.00 450 61.5
06/16/95 5.45 3143.81 0.00 47.0 63.0
06/17/95 5.48 3143.78 0.16 48.0 62.5
06/18/95 5.51 3143.75 0.00 50.0 64.0
06/19/95 5.51 3143.75 0.15 53.0 65.0
06/20/95 5.61 3143.75 0.58 53.0 62.5
06/21/95 5.53 3143.73 0.08 §3.0 64.0
06/22/95 5.52 3143.74 0.32 56.0 67.0
06/23/95 5.53 3143.73 0.00 55.0 66.0
06/24/95 5.53 3143.73 0.00 5§9.0 70.0
06/25/95 5.52 3143.74 0.13 60.0 70.5
06/26/95 5.51 3143.75 0.00 60.0 73.0
06/27/95 5.62 3143.74 0.15 58.0 71.0
06/28/95 5.54 3143.72 0.00 52.0 68.0
06/29/95 5.65 3143.71 0.57 55.0 68.5
06/30/95 5.51 3143.75 0.04 60.0 71.0
07/01/95 5.50 3143.76 0.25 61.0 705
07/02/95 5.63 314373 0.00 58.0 69.5
07/03/95 5.57 3143.69 0.00 55.0 69.0
07/04/95 5.69 3143.67 0.05 60.0 71.0
07/05/95 5.62 3143.64 0.00 60.0 745
07/06/95 5.65 3143.61 0.00 62.0 75.5
07/07/95 5.67 3143.59 0.00 55.0 69.5
07/08/95 5.70 3143.56 0.00 54.0 67.0
07/09/95 5.73 3143.53 0.00 49.0 66.5
07/10/95 5.74 3143.52 0.02 54.0 70.5
07/11/95 5.74 3143.52 0.05 57.0 73.0
07/12/95 5.77 314349 - 0.00 55.0 71.5
07/13/95 5.78 3143.48 0.00 56.0 725
07/14/95 5.80 3143.46 0.00 61.0 75.0
07/15/95 5.81 3143.45 0.00 60.0 74.5
07/16/95 5.81 3143.45 1.55 66.0 77.0
07/17/95 5.81 3143.45 0.00 64.0 76.0
07/18/95 5.81 3143.45 0.00 59.0 73.0
07/19/95 5.83 3143.43 0.00 55.0 70.5
07/20/95 5.84 3143.42 0.00 60.0 73.5
07/21/95 5.86 3143.40 0.00 63.0 74.0
07/22/95 5.86 3143.40 0.00 60.0 72.5
07/23/95 5.88 3143.38 0.00 62.0 75.5
07/24/95 5.90 3143.36 0.00 57.0 73.5
07/25/95 © 6,92 3143.34 0.00 60.0 75.5
07/26/95 5.94 3143.32 0.10 58.0 74.0
07/27/95 5.94 3143.32 0.06 64.0 75.0
07/28/95 5.90 3143.36 0.74 62.0 73.5
07/29/95 5.90 3143.36 0.00 60.0 73.0
07/30/95 5.92 3143.34 0.06 69.0 74.0
07/31/95 5.95 3143.31 0.72 58.0 73.5
08/01/95 5.93 3143.33 0.15 60.0 73.0
08/02/95 5.94 3143.32 0.00 60.0 72.5
) 08/03/95 5.96 3143.30 0.00 61.0 71.5
. 08/04/95 5.91 3143.35 0.05 62.0 72.0
08/05/95 5.88 3143.38 0.14 63.0 725
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. Date Depth (ft.) f Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)"
08/06/95 5.89 3143.37 0.25 63.0 725
08/07/95 5.84 3143.42 0.64 65.0 73.0
08/08/95 563 3143.63 0.00 63.0 71.5
08/09/95 5.64 3143.62 0.00 62.0 72.0
08/10/95 5.71 3143.55 0.00 60.0 710
08/11/95 5.78 3143.48 0.00 63.0 74.0
08/12/95 5.85 3143.41 0.00 61.0 74.5
08/13/95 5.90 3143.36 0.00 62.0 76.0
08/14/95 5.93 3143.33 0.00 64.0 78.0
08/15/95 5.96 3143.30 0.00 61.0 77.5
08/16/95 6.00 3143.26 0.00 62.0 77.0
08/17/95 6.03 3143.23 0.00 60.0 76.0
08/18/95 6.05 3143.21 0.00 61.0 76.5
08/19/95 6.06 3143.20 0.83 65.0 78.0
08/20/95 6.07 3143.19 0.29 63.0 71.0
08/21/95 6.08 3143.18 0.00 62.0 73.0
08/22/95 6.10 3143.16 0.32 63.0 74.0
08/23/95 6.12 3143.14 0.00 59.0 71.0
08/24/95 6.12 3143.14 0.00 59.0 715
08/25/95 6.11 3143.15 0.00 60.0 725
08/26/95 5.14 3144.12 1.50 67.0 73.0
08/27/95 3.20 3146.06 3.90 65.0 69.0
08/28/95 4.08 3145.18 0.13 59.0 71.5
08/29/95 4.70 3144.56 0.00 58.0 71.5

. 08/30/95 5.02 3144.24 0.00 60.0 735
08/31/95 5.22 3144.04 0.00 64.0 75.0
09/01/95 5.36 3143.90 0.49 59.0 725
09/02/95 5.47 3143.79 0.00 55.0 65.5
09/03/95 5.58 3143.68 0.00 46.0 62.0
09/04/95 5.67 3143.59 0.00 49.0 64.0
09/05/95 572 3143.54 0.00 47.0 64.5
09/06/95 5.76 3143.50 0.00 52.0 65.5
09/07/95 579 3143.47 0.00 480 65.0
09/08/95 5.82 3143.44 0.00 47.0 65.0
09/09/95 5.85 3143.41 0.00 52.0 67.0
09/10/95 5.87 3143.39 0.08 53.0 68.0
09/11/95 5.86 3143.40 0.74 60.0 68.5
09/12/95 5.79 3143.47 0.00 58.0 68.5
09/13/95 5.80 3143.46 0.00 54.0 68.5
09/14/95 5.82 3143.44 0.49 61.0 71.5
09/15/95 ¢ 5.83 3143.43 0.00 56.0 66.5
09/16/95 5.83 3143.43 0.29 60.0 67.5
09/17/95 5.82 3143.44 0.20 63.0 69.0
09/18/95 583 3143.43 0.00 52.0 63.0
09/19/95 5.84 3143.42 0.00 49.0 63.0
09/20/95 5.86 3143.40 0.00 48.0 62.5
09/21/95 5.88 3143.38 0.02 61.0 67.0
09/22/95 5.89 3143.37 0.35 54.0 63.5
09/23/95 5.88 3143.38 0.15 50.0 53.0
09/24/95 5.88 3143.38 0.03 49.0 59.5

. 09/25/95 5.89 3143.37 0.00 52.0 64.0
09/26/95 - 5.91 3143.35 0.02 57.0 66.0
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. Date Depth (ft.) ¥ Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)*

09/27/95 5.92 3143.34 0.00 50.0 61.5
09/28/95 5.94 3143.32 0.00 52.0 63.5
09/29/95 5.96 3143.30 0.00 44.0 58.5
09/30/95 5.98 3143.28 0.00 40.0 66.5
10/01/95 6.00 3143.26 0.00 43.0 60.0
10/02/95 6.01 3143.25 0.00 46.0 63.0
10/03/95 6.01 3143.25 0.05 54.0 64.0
10/04/95 4.79 3144.47 3.58 58.0 62.0
10/05/95 2.48 3146.78 3.88 57.0 66.5
10/06/95 3.60 3145.66 0.00 54.0 66.0
10/07/95 417 3145.09 0.00 45.0 62.5
10/08/95 4.49 314477 0.00 40.0 56.5
10/09/95 4.70 3144.56 0.00 40.0 57.5
10/10/95 4.83 3144.43 0.00 44.0 60.5
10/11/95 4.92 3144.34 0.00 47.0 62.0
10/12/95 4.97 3144.29 0.00 47.0 62.0
10/13/95 4.98 3144.28 0.00 57.0 66.0
10/14/95 4.91 3144.35 0.00 59.0 61.5
10/15/95 4.82 3144.44 0.00 35.0 49.0
10/16/95 4.82 3144.44 0.00 34.0 49.5
10/17/95 4.82 3144.44 0.00 29.0 49.0
10/18/95 4.80 3144.46 0.00 30.0 50.0
10/19/95 4.78 3144.48 0.00 34.0 53.0
10/20/95 4.75 3144.51 0.02 32.0 51.0
10/21/95 4.72 3144.54 0.00 26.0 440
10/22/95 4.70 3144.56 0.00 250 47.5
10/23/95 4.68 3144.58 0.00 26.0 51.5
10/24/95 4.65 3144.61 0.00 45.0 60.0
10/25/95 4.62 3144.64 0.00 29.0 ‘ 49.5
10/26/95 4.59 3144.67 0.00 34.0 54.5
10/27/95 4.57 3144.69 0.38 45.0 58.0
10/28/95 4.55 3144.71 0.26 38.0 47.5
10/29/95 4.55 3144.71 0.00 30.0 425
10/30/95 4.51 314475 0.00 25.0 46.0
10/31/95 4.56 314470 0.07 45.0 50.5
11/01/95 4.57 3144.69 0.02 47.0 57.0
11/02/95 4.52 3144.74 1.03 55.0 61.0
11/03/95 4.49 314477 0.10 46.0 53.5
11/04/95 4.53 314473 0.00 240 36.0
11/05/95 4.56 3144.70 0.00 18.0 315
11/06/95 © 458 3144.68 0.00 22.0 410
11/07/95 4.43 3144.83 1.45 43.0 50.5
11/08/95 4.34 3144.92 0.00 35.0 44.0
11/09/95 4.45 3144.81 0.00 18.0 35.5
11/10/95 4.53 3144.73 0.00 240 43.0
11/11/95 3.96 3145.30 1.40 38.0 50.0
11/12/95 3.92 3145.34 0.03 21.0 345
11/13/95 4.14 3145.12 0.00 27.0 40.5
11/14/95 427 3144.99 0.05 30.0 37.5
. 11/15/95 4.39 3144.87 0.00 17.0 32.0

11/16/95 4.48 3144.78 0.00 13.0 30.5
11/17/95 4.56 3144.70 0.00 20.0 40.0
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‘ Date Depth (ft.) t Elev. (ft.) Precip. (in.) " Min. Temp. (F)* Mean Temp. (F)"
11/18/95 4.61 3144.65 0.00 26.0 43.0
11/19/95 4.65 3144.61 0.00 26.0 44.0
11/20/95 468 3144.58 0.00 24.0 455
11/21/95 4.70 3144.56 0.00 28.0 46.0
11/22/95 473 3144.53 0.00 15.0 325
11/23/95 475 3144.51 0.00 22.0 38.5
11/24/95 4.77 3144 .49 0.02 39.0 440
11/25/95 4.78 3144.48 0.00 28.0 420
11/26/95 4.80 3144.46 0.00 220 44.5
11/27/95 4.80 3144.46 0.00 35.0 49.5
11/28/95 4.82 3144.44 0.04 55.0 58.5
11/29/95 4.82 3144.44 0.23 39.0 51.0
11/30/95 4.83 3144.43 0.00 30.0 440
12/01/95 4.84 3144.42 0.00 27.0 45.0
12/02/95 4.86 3144.40 0.00 240 46.5
12/03/95 4.87 314439 0.00 28.0 475
12/04/95 4.88 3144.38 0.00 440 63.0
12/05/95 4.89 314437 0.00 41.0 48.0
12/06/95 4.90 3144.36 0.00 25.0 41.0
12/07/95 4.90 3144.36 0.31 30.0 420
12/08/95 4.91 3144.35 0.00 15.0 300
12/09/95 4.76 3144.50 0.47 22.0 325
12/10/95 4.77 3144.49 0.00 5.0 17.0
12/11/95 4.81 3144.45 0.00 10.0 23.0

‘ 12/12/95 4.85 3144.41 0.00 15.0 30.0
12/13/95 4.88 3144.38 0.00 24.0 39.0
12/14/95 4.90 3144.36 0.00 32.0 46.0
12/15/95 4.93 314433 0.00 450 56.5
12/16/95 4.94 3144.32 0.02 41.0 52.0
12/17/195 4.96 3144.30 0.06 220 38.5
12/18/95 4.97 3144.29 0.24 40.0 45.0
12/19/95 4.82 3144.44 0.47 40.0 51.5
12/20/95 4.78 3144.48 0.03 220 38.0
12/21/95 4.84 3144.42 0.00 12.0 23.0
12/22/95 4.89 314437 0.00 20.0 27.0
12/23/95 4.92 3144.34 0.00 19.0 235
12/24/95 4.95 3144.31 0.02 12.0 20.5
12/25/95 4.98 3144.28 0.00 8.0 220
12/26/95 5.00 3144.26 0.00 8.0 215
12/27/95 5.03 3144.23 0.00 12.0 235
12/28/95 " 5.06 3144.20 - 19.0 25.5
12/29/95 5.08 3144.18 0.00 9.0 31.5
12/30/95 5.09 314417 0.00 10.0 315
12/31/95 5.09 314417 0.02 30.0 44.0
01/01/96 5.10 3144.16 0.35 39.0 46.0
01/02/96 5.08 3144.18 0.44 41.0 52.0
01/03/96 5.06 3144.20 0.23 27.0 43.5
01/04/96 5.07 3144.19 0.00 17.0 31.0
01/05/96 5.09 314417 0.00 19.0 320
01/06/96 5.10 3144.16 0.42 30.0 36.0

‘ 01/07/96 5.10 3144.16 0.85 11.0 220
01/08/96 512 314414 0.04 9.0 215
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‘ Date Depth (ft.) t Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)"
01/09/96 5.13 3144.13 0.00 -5.0 20.5
01/10/96 5.14 3144.12 0.00 26.0 36.0
01/11/96 5.15 3144.11 0.00 12.0 27.0
01/12/96 5.15 3144.11 0.35 20.0 28.5
01/13/96 5.17 3144.09 0.00 21.0 355
01/14/96 5.18 3144.08 0.00 14.0 36.5
01/15/96 5.19 3144.07 0.00 220 38.5
01/16/96 5.19 3144.07 0.00 30.0 425
01/17/96 5.13 3144.13 0.00 340 46.0
01/18/96 3.87 3145.39 0.10 46.0 54.5
01/19/96 3.03 3146.23 1.78 20.0 420
01/20/96 3.82 3145.44 0.00 10.0 275
01/21/96 4.16 3145.10 0.00 19.0 29.5
01/22/96 4.34 3144.92 0.00 14.0 33.0
01/23/96 4.46 3144.80 0.00 250 435
01/24/96 4.37 3144.89 0.68 39.0 49.5
01/25/96 4.37 3144.89 0.00 17.0 33.0
01/26/96 412 314514 0.25 21.0 320
01/27/96 2,78 3146.48 3.78 34.0 43.5
01/28/96 3.4 3145.85 0.00 14.0 295
01/29/96 3.54 3145.72 0.02 220 32.0
01/30/96 3.53 3145.73 0.03 35.0 440
01/31/96 343 3145.83 0.14 26.0 39.0
02/01/96 3.32 3145.94 0.00 25.0 335

‘ 02/02/96 2.74 3146.52 1.68 28.0 35.0
02/03/96 272 3146.54 0.66 11.0 21.0
02/04/96 2.84 3146.42 0.00 6.0 4.0
02/05/96 2.87 3146.39 0.00 -13.0 7.5
02/06/96 2.88 3146.38 0.00 3.0 21.0
02/07/96 2.90 3146.36 0.00 28.0 35.0
02/08/96 2.88 3146.38 0.25 34.0 415
02/09/96 2.87 3146.39 0.33 40.0 47.5
02/10/96 293 3146.33 0.00 23.0 440
02/11/96 2.96 3146.30 0.00 47.0 54.0
02/12/96 3.01 3146.25 0.05 220 345
02/13/96 3.06 3146.20 0.02 11.0 28.0
02/14/96 3.09 3146.17 0.00 31.0 415
02/15/96 3.14 3146.12 0.00 35.0 435
02/16/96 3.19 3146.07 0.02 220 325
02/17/196 3.25 3146.01 0.03 1.0 20.0
02/18/96 © 3.3 3145.95 0.00 17.0 315
02/19/96 3.36 3145.90 0.00 31.0 44.0
02/20/96 3.14 3146.12 0.00 40.0 49.0
02/21/96 3.29 3145.97 0.00 31.0 48.0
02/22/96 3.39 3145.87 0.00 340 51.5
02/23/96 3.46 3145.80 0.00 34.0 56.5
02/24/96 3.53 3145.73 0.00 43.0 59.0
02/25/96 3.60 3145.66 0.00 20.0 46.0
02/26/96 3.64 3145.62 0.00 41.0 57.0
02/27/96 3.69 3145.57 0.00 440 59.5

‘ 02/28/96 3.73 314553 0.23 50.0 61.0
02/29/96 3.78 3145.48 0.00 20.0 36.0
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Temp. (F)* Mean Temp. (F)"*

Date Depth (ft) Elev. (ft.) Precip. (in.) * Min.
03/01/96 3.83 3145.43 0.00 22.0 33.0
03/02/96 3.86 3145.40 0.00 22.0 34.5
03/03/96 3.91 3145.35 0.00 28.0 35.0
03/04/96 3.96 3145.30 0.00 18.0 315
03/05/96 3.99 3145.27 0.17 23.0 40.5
03/06/96 3.86 3145.40 0.94 48.0 58.0
03/07/96 3.85 3145.41 0.71 46.0 56.5
03/08/96 3.90 3145.36 0.01 10.0 32.0
03/09/96 3.99 3145.27 0.00 3.0 15.0
03/10/96 405 3145.21 0.00 6.0 22.0
03/11/96 4.09 3145.17 0.00 8.0 29.0
03/12/96 412 3145.14 0.00 13.0 35.0
03/13/96 415 3145.11 0.00 18.0 415
03/14/96 418 3145.08 0.00 28.0 485
03/15/96 419 314507 0.02 46.0 55.5
03/16/96 419 3145.07 0.76 39.0 495
03/17/96 419 3145.07 0.17 39.0 53.0
03/18/96 4.21 3145.05 0.00 32.0 49.0
03/19/96 3.92 3145.34 0.59 35.0 48.5
03/20/96 4.00 3145.26 0.07 24.0 ~ 35.0
03/21/96 4.10 3145.16 0.00 23.0 27.0
03/22/96 4.16 3145.10 0.00 16.0 24.5
03/23/96 4.20 3145.06 0.00 16.0 31.0
03/24/96 424 3145.02 0.00 20.0 375
03/25/96 425 3145.01 0.00 33.0 51.0
03/26/96 4.27 3144.99 0.39 32.0 47.0
03/27/96 429 3144.97 0.00 36.0 46.5
03/28/96 413 3145.13 0.52 37.0 44.5
03/29/96 4.12 3145.14 0.21 39.0 46.0
03/30/96 419 3145.07 0.00 43.0 50.5
03/31/96 4.22 3145.04 0.11 45.0 52.0
04/01/96 4.25 3145.01 0.10 440 48.0
04/02/96 428 3144.98 0.04 25.0 36.5
04/03/96 4.30 3144.96 0.00 25.0 425
04/04/96 4.31 3144.95 0.00 37.0 56.0
04/05/96 4.33 3144.93 0.02 36.0 545
04/06/96 4.34 3144.92 0.03 38.0 48.0
04/07/96 4.36 3144.90 0.00 21.0 325
04/08/96 4.37 3144.89 0.22 33.0 40.0
04/09/96 4.38 3144.88 0.16 31.0 36.5
04/10/96 " 4.40 3144.86 0.00 28.0 36.0
04/11/96 4.41 3144.85 0.00 23.0 37.0
04/12/96 4.42 3144.84 0.00 25.0 50.5
04/13/96 4.43 3144.83 0.00 360" 57.0
04/14/96 4.45 3144.81 0.10 38.0 51.5
04/15/96 4.46 3144.80 0.04 50.0 63.0
04/16/96 4.48 3144.78 0.18 35.0 51.0
04/17/96 4.50 3144.76 0.00 30.0 44.0
04/18/96 452 3144.74 0.00 32.0 50.0
04/19/96 4.53 3144.73 0.00 35.0 54.5
04/20/96 4.54 3144.72 0.05 55.0 61.5
04/21/96 4.55 3144.71 0.86 51.0 61.0
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. Date Depth (ft) T Elev. {ft.) Precip. (in.) " Min. Temp. (F)* Mean Temp. (F)*

04/22/96 4.57 3144.69 0.00 47.0 60.5
04/23/96 4.58 3144.68 0.00 50.0 64.0
04/24/96 4.61 3144.65 0.18 29.0 63.0
04/25/96 4.63 314463 0.00 33.0 49.0
04/26/96 4.61 3144.65 0.80 36.0 55.0
04/27/96 4.62 314464 0.24 33.0 52.5
04/28/96 4.65 314461 0.00 34.0 54.0
04/29/96 4.67 3144.59 0.00 42.0 57.5
04/30/96 4.61 3144.65 1.01 46.0 63.0
05/01/96 4.62 3144.64 0.00 29.0 43.0
05/02/96 4.66 3144.60 0.00 35.0 52.5
05/03/96 4.70 3144.56 0.00 42.0 58.5
05/04/96 4.73 3144.53 0.00 50.0 65.5
05/05/96 4.76 3144.50 0.00 53.0 69.0
05/06/96 4.78 3144.48 0.08 60.0 73.0
05/07/96 4.78 3144.48 0.65 52.0 67.0
05/08/96 4.81 3144.45 0.00 55.0 64.0
05/09/96 4.83 3144.43 0.00 51.0 65.5
05/10/96 4.85 3144.41 0.00 50.0 66.0
05/11/96 4.87 3144.39 0.00 63.0 67.5
05/12/96 4.89 3144.37 0.37 44.0 59.0
05/13/96 4.91 3144.35 0.00 37.0 55.0
05/14/96 4.93 3144.33 0.04 41.0 48.0
05/15/96 4.96 3144.30 0.33 450 55.0
05/16/96 4.97 3144.29 0.04 49.0 55.0
05/17/96 4.99 3144.27 0.00 48.0 62.5
05/18/96 5.01 3144.25 0.00 49.0 67.5
05/19/96 5.04 3144.22 0.00 50.0 68.5
05/20/96 5.06 3144.20 0.00 54.0 73.0
05/21/96 5.08 3144.18 0.00 54.0 72.0
05/22/96 511 3144.15 0.00 57.0 72.0
05/23/96 5.13 314413 0.00 47.0 62.5
05/24/96 5.14 3144.12 0.00 55.0 69.5
05/25/96 5.13 314413 0.49 54.0 70.5
05/26/96 5.13 314413 0.00 56.0 69.5
05/27/96 5.10 3144.16 0.72 57.0 66.0
05/28/96 5.11 3144.15 0.57 59.0 70.0
05/29/96 5.13 3144.13 0.05 55.0 67.5
05/30/96 5.15 3144.11 0.02 54.0 67.0
05/31/96 5.17 3144.09 0.00 42.0 57.0
06/01/86 © 521 3144.05 0.00 41.0 56.5
06/02/96 5.23 3144.03 0.00 45.0 59.5
06/03/96 5.25 3144.01 0.00 58.0 66.5
06/04/96 5.28 3143.98 0.00 50.0 64.0
06/05/96 5.30 3143.96 0.12 43.0 59.0
06/06/96 5.32 3143.94 0.00 44.0 60.5
06/07/96 6.33 3143.93 0.00 50.0 67.0
06/08/96 5.30 3143.96 0.10 54.0 68.5
06/09/96 4.61 3144.65 1.26 60.0 67.5
06/10/96 4.74 3144.52 0.55 49.0 63.0
. 06/11/96 4.87 3144.39 0.23 53.0 64.0
06/12/96 4.96 3144.30 0.00 56.0 65.0
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‘ Date Depth (ft.) i Elev. (ft.) Precip. (in.) * Min. Temp. (F)" Mean Temp. (F)~
06/13/96 5.05 3144.21 0.10 53.0 63.5
06/14/96 5.13 3144.13 0.00 56.0 68.0
06/15/96 5.21 3144.05 0.00 57.0 69.5
06/16/96 5.27 3143.99 0.00 56.0 69.5
06/17/96 5.30 3143.96 0.00 58.0 72.0
06/18/96 5.32 3143.94 0.37 60.0 725
06/19/96 5.35 3143.91 0.00 62.0 72.0
06/20/96 5.37 3143.89 0.00 59.0 72.0
06/21/96 5.41 3143.85 0.20 61.0 72,5
06/22/96 5.45 3143.81 0.00 58.0 72.0
06/23/96 5.48 3143.78 0.00 58.0 725
06/24/96 5.51 3143.75 0.00 62.0 77.0
06/25/96 5.53 3143.73 0.37 62.0 75.5
06/26/96 5.55 3143.71 0.00 58.0 70.0
06/27/96 5.56 3143.70 0.00 59.0 70.5
06/28/96 5.58 3143.68 0.00 58.0 70.0
06/29/96 5.60 3143.66 0.00 57.0 71.0
06/30/96 5.62 3143.64 0.00 59.0 73.5
07/01/96 5.64 3143.62 0.00 57.0 72.0
07/02/96 5.66 3143.60 0.00 62.0 75.0
07/03/96 5.67 3143.59 0.24 61.0 74.5
07/04/96 5.69 3143.57 0.00 46.0 63.0
07/05/96 5.71 3143.55 0.00 52.0 64.0
07/06/96 5.72 3143.54 0.00 54.0 69.5

‘ 07/07/96 5.74 3143.52 0.00 60.0 72,5
07/08/96 5.74 3143.52 0.03 63.0 75.0
07/09/96 5.75 3143.51 0.00 63.0 71.5
07/10/96 5.76 3143.50 0.04 56.0 70.5
07/11/96 5.76 3143.50 0.00 48.0 63.5
07/12/96 5.75 3143.51 0.00 54.0 65.0
07/13/96 5.76 3143.50 0.00 54.0 67.5
07/14/96 8.77 3143.49 0.00 61.0 72.5
07/15/96 5.73 3143.53 0.41 65.0 76.5
07/16/96 5.72 3143.54 0.17 59.0 68.0
07/17/96 5.75 3143.51 0.00 58.0 725
07/18/96 5.78 3143.48 0.00 60.0 73.0
07/19/96 5.81 3143.45 0.00 62.0 75.0
07/20/96 5.84 3143.42 0.00 69.0 77.5
07/21/96 5.85 3143.41 0.00 65.0 74.0
07/22/96 5.83 3143.43 0.06 65.0 75.0
07/23/96 ¢ 584 3143.42 0.01 64.0 75.5
07/24/96 5.86 3143.40 0.91 61.0 73.0
07/25/96 5.88 3143.38 0.20 61.0 73.0
07/26/96 5.87 3143.39 0.65 54.0 67.0
07/27/96 5.90 3143.36 0.00 53.0 66.0
07/28/96 5.91 3143.35 0.08 55.0 68.5
07/29/96 5.91 3143.35 0.23 58.0 69.0
07/30/96 5.93 3143.33 0.05 60.0 70.0
07/31/96 5.91 3143.35 0.48 61.0 66.5
08/01/96 5.90 3143.36 0.82 61.0 66.5

‘ 08/02/96 5.92 3143.34 0.01 55.0 67.0
08/03/96 5.94 3143.32 0.00 56.0 68.0
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‘ Date Depth (ft.) T Elev. (ft.) Precip. (in.) * Min. Temp. (F)*  Mean Temp. (F)*
08/04/96 5.96 3143.30 0.00 60.0 72.0
08/05/96 5.95 3143.31 0.00 60.0 71.0
08/06/96 5.95 3143.31 0.41 61.0 71.5
08/07/96 5.96 3143.30 0.03 61.0 72.5
08/08/96 5.99 3143.27 0.00 60.0 72.5
08/09/96 6.01 3143.25 0.44 62.0 73.0
08/10/96 6.02 3143.24 0.00 59.0 69.5
08/11/96 6.01 3143.25 0.00 61.0 725
08/12/96 5.56 3143.70 0.45 57.0 69.5
08/13/96 5.52 3143.74 0.51 59.0 65.5
08/14/96 560 3143.66 0.00 57.0 66.0
08/15/96 5.69 3143.57 0.00 56.0 68.0
08/16/96 5.77 3143.49 0.00 56.0 69.0
08/17/96 5.83 3143.43 0.00 56.0 70.0
08/18/96 5.87 3143.39 0.00 56.0 68.0
08/19/96 5.91 3143.35 0.00 59.0 71.0
08/20/96 5.88 3143.38 0.07 60.0 72.5
08/21/96 5.90 3143.36 0.00 58.0 71.0
08/22/96 5.93 3143.33 0.00 57.0 71.0
08/23/96 5.97 3143.29 0.1 58.0 71.5
08/24/96 5.98 3143.28 0.07 57.0 72.0
08/25/96 5.99 3143.27 0.00 58.0 70.5
08/26/96 6.00 3143.26 0.12 60.0 69.5
08/27/96 6.00 3143.26 0.40 60.0 70.5

‘ 08/28/96 5.96 3143.30 0.30 61.0 70.5
08/29/96 595 3143.31 0.00 56.0 68.5
08/30/96 5.98 3143.28 0.08 57.0 68.5
08/31/96 6.02 3143.24 0.00 60.0 71.0
09/01/96 6.08 3143.18 0.00 56.0 67.0
09/02/96 6.10 3143.16 0.00 58.0 68.0
09/03/96 5.88 3143.38 0.13 60.0 65.0
09/04/96 4.98 3144.28 1.70 57.0 67.5
09/05/96 4.84 3144.42 0.56 58.0 69.0
09/06/96 5.09 3144.17 0.03 57.0 66.0
09/07/96 5.31 3143.95 0.00 54.0 68.0
09/08/96 5.45 3143.81 0.12 58.0 71.0
09/09/96 5.56 3143.70 0.00 59.0 70.0
09/10/96 5.65 3143.61 0.00 58.0 70.0
09/11/96 5.75 3143.51 1.01 57.0 66.0
09/12/96 5.84 3143.42 0.00 55.0 67.0
09/13/96 " 5.90 3143.36 0.00 49.0 64.5
09/14/96 5.96 3143.30 0.00 38.0 52.0
09/15/96 6.02 3143.24 0.00 38.0 53.5
09/16/96 6.04 3143.22 0.15 41.0 59.0
09/17/96 5.95 3143.31 0.74 58.0 64.0
09/18/96 5.94 3143.32 0.00 48.0 59.0
09/19/96 5.94 3143.32 0.00 42.0 55.0
09/20/96 5.96 3143.30 0.00 41.0 55.5
09/21/96 5.99 3143.27 0.00 41.0 56.0
09/22/96 6.01 3143.25 0.32 46.0 57.0

‘ 09/23/96 6.06 3143.20 0.00 45.0 57.5
09/24/96 6.07 3143.19 0.00 45.0 60.5
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‘ Date Depth (ft.) T Elev. (ft) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)*
09/25/96 6.09 3143.17 0.00 450 60.0
09/26/96 6.11 3143.15 0.00 50.0 64.0
09/27/96 6.12 3143.14 0.06 53.0 64.0
09/28/96 4.69 3144.57 0.71 61.0 68.0
09/29/96 4.55 3144.71 1.70 42.0 55.5
09/30/96 5.00 3144.26 0.15 42.0 55.0
10/01/96 5.18 3144.08 0.14 50.0 57.5
10/02/96 5.30 3143.96 0.02 54.0 62.0
10/03/96 5.38 3143.88 0.54 59.0 68.0
10/04/96 546 3143.80 0.00 50.0 61.0
10/05/96 5.54 3143.72 0.00 34.0 50.0
10/06/96 5.61 3143.65 0.00 34.0 485
10/07/96 5.67 3143.59 0.00 35.0 495
10/08/96 572 3143.54 0.06 48.0 55.0
10/09/96 577 3143.49 0.00 46.0 55.0
10/10/96 5.81 3143.45 0.00 30.0 47.0
10/11/96 5.84 3143.42 0.10 320 46.0
10/12/96 5.87 3143.39 0.00 30.0 475
10/13/96 5.89 3143.37 0.00 320 48.0
10/14/96 5.92 3143.34 0.00 33.0 52.0
10/15/96 5.94 3143.32 0.00 35.0 55.5
10/16/96 5.95 3143.31 0.00 35.0 57.0
10/17/96 597 3143.29 0.00 41.0 59.0
10/18/96 5.98 3143.28 0.00 41.0 59.5

‘ 10/19/96 5.99 3143.27 0.24 33.0 475
10/20/96 6.00 3143.26 0.00 23.0 37.0
10/21/96 6.02 3143.24 0.00 28.0 44.0
10/22/96 6.02 3143.24 0.00 33.0 525
10/23/96 6.03 3143.23 0.28 43.0 60.0
10/24/96 6.03 3143.23 0.00 30.0 50.0
10/25/96 6.04 3143.22 0.00 33.0 51.0
10/26/96 6.04 3143.22 0.00 36.0 54.5
10/27/96 6.04 3143.22 0.25 48.0 57.5
10/28/96 6.03 3143.23 0.00 52.0 64.5
10/29/96 6.03 3143.23 0.03 52.0 64.0
10/30/96 6.04 3143.22 0.01 54.0 66.0
10/31/96 6.04 3143.22 0.00 34.0 55.5
11/01/96 6.04 3143.22 0.00 37.0 56.0
11/02/96 6.02 3143.24 0.78 35.0 47.0
11/03/96 6.01 3143.25 0.00 19.0 32.0
11/04/96 ¢ 6.02 3143.24 0.00 22.0 36.0
11/05/96 6.02 3143.24 0.00 24.0 425
11/06/96 6.03 3143.23 0.00 41.0 56.5
11/07/96 5.98 3143.28 0.00 46.0 59.0
11/08/96 3.44 3145.82 1,20 50.0 60.5
11/09/96 4.24 3145.02 0.08 30.0 41.0
11/10/96 4.69 3144.57 0.08 22.0 30.0
11/11/96 4.95 3144.31 -- 18.0 275
11/12/96 5.14 3144.12 0.00 17.0 28.0
11/13/96 5.28 3143.98 0.00 18.0 315

‘ 11/14/96 5.37 3143.89 0.05 27.0 36.0
11/15/96 544 3143.82 0.03 29.0 38.0
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' Date Depth (ft.) | Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)"
11/16/96 5.48 3143.78 0.00 18.0 32.0
11/17/96 552 3143.74 0.00 27.0 41.0
11/18/96 5.53 3143.73 0.08 43.0 51.5
11/19/96 5.54 3143.72 0.12 40.0 48.5
11/20/96 5.54 3143.72 0.00 33.0 46.5
11/21/96 5.55 3143.71 0.02 35.0 48.0
11/22/96 5.55 3143.71 0.35 30.0 44.0
11/23/96 5.56 3143.70 0.00 19.0 30.5
11/24/96 5.56 3143.70 0.00 23.0 40.0
11/25/96 5.55 3143.71 0.00 27.0 47.0
11/26/96 5.22 3144.04 0.55 44.0 54.0
11/27/96 5.28 3143.98 0.00 16.0 305
11/28/96 5.33 3143.93 0.00 15.0 32.0
11/29/86 5.38 3143.88 0.00 20.0 375
11/30/96 5.29 3143.97 0.22 25.0 375
12/01/96 3.35 3145.91 1.94 45.0 53.0
12/02/96 3.7 3145.55 0.28 28.0 46.0
12/03/96 417 3145.09 0.00 240 37.0
12/04/96 4.41 3144.85 0.00 22.0 39.5
12/05/96 4.56 314470 0.00 22.0 37.0
12/06/96 4.63 3144.63 0.20 21.0 35.0
12/07/96 4.67 3144.59 0.20 22.0 40.0
12/08/96 4.70 3144.56 0.34 21.0 345
12/09/96 4.70 3144.56 0.00 19.0 32.0

' 12/10/96 4.67 3144.59 0.00 18.0 28.0
12/11/96 462 3144.64 0.00 24.0 420
12/12/96 4,54 3144.72 0.01 52.0 59.0
12/13/96 4.36 3144.90 0.79 36.0 49.5
12/14/96 4.28 3144.98 0.00 22.0 34.0
12/15/96 423 3145.03 0.00 220 41.5
12/16/96 417 3145.09 0.00 24.0 420
12/17/96 4.09 314517 0.23 25.0 415
12/18/96 4.04 3145.22 0.00 29.0 42.5
12/19/96 4.03 3145.23 0.10 20.0 29.0
12/20/96 4.06 3145.20 0.00 4.0 15.0
12/21/96 4.09 314517 0.00 4.0 16.5
12/22/96 413 3145.13 0.00 8.0 240
12/23/96 4.16 3145.10 0.00 26.0 39.0
12/24/96 4.19 3145.07 0.16 35.0 48.5
12/25/96 4.22 3145.04 0.13 14.0 33.5
12/26/96 © 4,24 3145.02 0.00 17.0 30.0
12/27/96 4.27 3144.99 0.19 20.0 335
12/28/96 4.30 3144.96 0.00 40.0 52.5
12/29/96 4.27 3144.99 0.44 51.0 57.0
12/30/96 4.27 3144.99 0.00 41.0 54.5
12/31/96 4.32 3144.94 0.00 45.0 55.0
01/01/97 4.37 3144.89 0.09 41.0 51.0
01/02/97 4.41 3144.85 0.00 45.0 52.5
01/03/97 4.46 3144.80 0.00 44.0 54.5
01/04/97 4.50 3144.76 0.00 39.0 53.5

' 01/05/97 443 3144.83 0.44 41.0 54.5
01/06/97 443 3144.83 0.00 29.0 45.5
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Date Depth (ft.) | Elev. (ft) Precip. (in.) * Min. Temp. (F)*  Mean Temp. (F)*
01/07/97 4.49 314477 0.00 29.0 38.0
01/08/97 4.54 3144.72 0.00 20.0 29.0
01/09/97 4.15 3145.11 1.25 29.0 33.5
01/10/97 4.15 3145.11 0.04 26.0 35.0
01/11/97 4.33 3144.93 0.17 6.0 23.0
01/12/97 4.44 3144.82 0.00 6.0 17.5
01/13/97 4.51 314475 0.00 9.0 215
01/14/97 4.56 3144.70 0.00 8.0 21.5
01/15/97 4.59 3144 .67 0.00 10.0 28.5
01/16/97 434 3144.92 0.72 24.0 39.0
01/17/97 4.42 3144.84 0.00 4.0 22.0
01/18/97 4.50 3144.76 0.00 5.0 14.0
01/19/97 4,56 314470 0.00 12.0 20.0
01/20/97 4.61 3144.65 0.00 12.0 23.0
01/21/97 4.64 3144.62 0.00 16.0 340
01/22/97 4.65 3144.61 0.00 24.0 44.5
01/23/97 466 3144.60 0.34 38.0 47.0
01/24/97 4.45 3144.81 0.10 34.0 44.5
01/25/97 412 3145.14 1.05 31.0 39.0
01/26/97 427 314499 0.00 17.0 36.5
01/27/97 436 3144.90 0.00 17.0 30.5
01/28/97 422 3145.04 0.85 37.0 445
01/29/97 4.24 3145.02 0.00 20.0 33.5
01/30/97 4.31 3144.95 0.00 23.0 36.0

‘ "01/31/97 435 3144.91 0.00 22.0 38.5
02/01/97 4.38 3144.88 0.00 24.0 40.5
02/02/97 4.40 3144.86 0.00 27.0 455
02/03/97 4.41 3144.85 0.00 29.0 48.0
02/04/97 4.30 3144.96 0.21 29.0 46.5
02/05/97 4.08 3145.18 0.04 41.0 495
02/06/97 414 3145.12 0.00 27.0 37.5
02/07/97 419 3145.07 0.00 27.0 40.5
02/08/97 411 3145.15 0.40 38.0 50.0
02/09/97 410 3145.16 0.07 28.0 35.5
02/10/97 414 3145.12 0.00 25.0 35.0
02/11/97 4.16 3145.10 0.11 23.0 30.5
02/12/97 417 3145.09 0.00 18.0 28.0
02/13/97 417 3145.09 0.03 20.0 31.0
02/14/97 4,16 3145.10 0.37 22.0 28.0
02/15/97 3.97 3145.29 0.39 30.0 39.5
02/16/97 '+ 3.98 3145.28 0.00 14.0 30.5
02/17/197 4.02 3145.24 0.00 20.0 36.0
02/18/97 4.04 3145.22 0.00 21.0 40.0
02/19/97 4.06 3145.20 0.00 32.0 48.5
02/20/97 4.08 3145.18 0.00 32.0 48.0
02/21/97 3.96 3145.30 0.00 36.0 51.5
02/22/97 3.83 3145.43 1.00 31.0 49.0
02/23/97 3.94 3145.32 0.00 18.0 37.5
02/24/97 3.98 3145.28 0.00 19.0 335

‘ 02/25/97 4.01 3145.25 0.00 22.0 37.0
02/26/97 4,02 3145.24 0.00 31.0 445
02/27/197 4.02 3145.24 0.04 45.0 55.0
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Date

Depth (ft.)

Elev. (ft.)

Precip. (in.) *

Min. Temp. (F)*

Mean Temp. (F)"

02/28/97
03/01/97
03/02/97
03/03/97
03/04/97
03/05/97
03/06/97
03/07/97
03/08/97
03/09/97
03/10/97
03/11/97
03/12/97
03/13/97
03/14/97
03/15/97
03/16/97
03/17/97
03/18/97
03/19/97
03/20/97
03/21/97
03/22/197
03/23/97
03/24/97
03/25/97
03/26/97
03/27/97
03/28/97
03/29/97
03/30/97
03/31/97
04/01/97
04/02/97
04/03/97
04/04/97
04/05/97
04/06/97
04/07/97
04/08/97
04/09/97
04/10/97
04/11/97
04/12/97
04/13/97
04/14/97
04/15/97
04/16/97
04/17/97
04/18/97
04/19/97
04/20/97

3.67
366
3.75
3.56
3.62
3.70
3.70
373
3.74
3.74
373
3.72
3.71
3.58
2.71
3.10
3.20
3.24
3.26
3.04
3.03
3.06
3.07
3.09
3.11
3.12
3.11
3.14
3.16
3.18
3.23
3.26
3.31
337
3.42
3.47
3.51
3.46
3.50
3.58
" 3.64
3.70
3.75
3.56
3.64
3.75
3.81
3.85
3.89
3.93
3.95
3.99

3145.59
3145.60
3145.51
3145.70
3145.64
3145.56
3145.56
3145.53
3145.52
3145.52
3145.53
3145.54
3145.55
3145.68
3146.55
3146.16
3146.06
3146.02
3146.00
3146.22
3146.23
3146.20
3146.19
3146.17
3146.15
3146.14
3146.15
3146.12
3146.10
3146.08
3146.03
3146.00
3145.95
3145.89
3145.84
3145.79
3145.75
3145.80
3145.76
3145.68
3145.62
3145.56
3145.51
3145.70
3145.62
3145.51
3145.45
3145.41
3145.37
3145.33
3145.31
3145.27

212
1.05
0.00
0.96
0.34
0.00
0.84
0.00
0.00
0.00
0.10
0.00
0.00
0.00
1.1
0.00
0.00
0.00
0.00
1.68
0.25
0.00
0.00
0.00
0.00
0.00
0.65
0.00
0.00
1.22
0.00
0.16
0.06
0.00
0.00
0.00
0.00
0.65
0.37
0.00
0.00
0.00
0.00
0.39
0.08
0.00
0.00
0.00
0.02
0.00
0.08
0.00
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55.0
53.0
62.0
53.0
35.0
36.0
30.0
31.0
34.0
27.0
36.0
36.0
30.0
33.0
41.0
25.0
17.0
23.0
34.0
49.0
420
30.0
36.0
28.0
24.0
32.0
47.0
25.0
35.0
45.0
33.0
33.0
27.0
21.0
25.0
30.0
41.0
§5.0
41.0
25.0
27.0
20.0
21.0
34.0
41.0
28.0
25.0
26.0
29.0
30.0
30.0
33.0

60.5
59.0
69.0
60.5
52.5
55.0
525
39.0
46.0
46.0
51.5
52.0
48.5
51.5
51.5
45.0
30.0
36.5
48.0
56.0
50.5
45.5
54.5
47.0
39.5
48.5
57.5
425
54.5
53.5
52.5
53.0
38.0
38.0
45.0
50.0
58.0
64.5
56.5
42.5
43.5
375
42.5
52.5
§5.0
41.5
415
45.0
49.5
415
41.5
45.5
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Date bepth ()t Elev. (ft.) Precip. (in.) * Min. Temp. (F)*  Mean Temp. (F)*

04/21/97 4.01 3145.25 0.01 37.0 51.0
04/22/97 4.00 3145.26 0.41 42.0 57.0
04/23/97 3.86 3145.40 0.81 45.0 5§9.5
04/24/97 3.93 3145.33 0.03 33.0 41.5
04/25/97 3.99 3145.27 0.00 30.0 45.0
04/26/97 4.04 3145.22 0.00 30.0 46.0
04/27/97 4.06 3145.20 0.00 40.0 47.0
04/28/97 3.98 3145.28 0.27 47.0 51.6
04/29/97 3.90 3145.36 0.84 46.0 59.0
04/30/97 3.98 3145.28 0.00 42.0 56.0
05/01/97 4.03 3145.23 0.00 45.0 62.0
05/02/97 4.08 3145.18 0.00 32.0 52.5
05/03/97 3.92 314534 1.86 37.0 56.0
05/04/97 3.95 31456.31 0.00 420 65.5
05/05/97 4.03 3145.23 0.00 29.0 44.0
05/06/97 4.07 3145.19 0.00 34.0 52.0
05/07/97 4.1 3145.15 0.00 33.0 53.5
05/08/97 412 3145.14 0.00 37.0 §5.0
05/09/97 4.14 3145.12 0.05 40.0 57.0
05/10/97 4.16 3145.10 0.05 41.0 65.5
05/11/97 4.17 3145.09 0.00 29.0 45.0
05/12/97 4.18 3145.08 0.00 35.0 63.0
05/13/97 4.19 3145.07 0.01 40.0 57.0
05/14/97 4.20 3145.06 0.00 31.0 48.0
05/15/97 4.22 3145.04 0.09 32,0 63.5
05/16/97 4.24 3145.02 0.00 27.0 48.0
05/17/97 4.25 3145.01 0.00 28.0 46.5
05/18/97 4.27 3144.99 0.00 35.0 56.0
05/19/97 4.29 3144.97 0.00 44.0 64.0
05/20/97 4.31 3144.95 0.23 60.0 70.5
05/21/97 4.34 3144.92 0.00 40.0 69.0
05/22/97 4.36 3144.90 0.00 34.0 562.5
05/23/97 4.39 3144.87 0.00 38.0 55.0
05/24/97 4.41 3144.85 0.00 44.0 61.0
05/25/97 4.43 3144.83 0.02 48.0 63.0
05/26/97 4.46 -3144.80 0.15 53.0 63.5
05/27/97 4.49 3144.77 0.00 54.0 69.0
05/28/97 4.48 3144.78 0.43 49.0 56.0
05/29/97 4.50 3144.76 0.13 45.0 §5.0
05/30/97 4.52 3144.74 0.12 48.0 54.0
05/31/97 * 4.54 3144.72 0.10 54.0 60.0
06/01/97 4.08 3145.18 0.64 58.0 66.0
06/02/97 4.19 3145.07 0.23 51.0 63.5
06/03/97 4.20 3145.06 1.60 51.0 63.0
06/04/97 4.19 3145.07 0.91 49.0 60.5
06/05/97 4.31 3144.95 0.02 49.0 58.0
06/06/97 4.41 3144.85 0.00 42.0 51.0
06/07/97 4.48 3144.78 0.01 49.0 5§7.5
06/08/97 4.53 3144.73 0.00 51.0 65.5
‘ 06/09/97 4.58 3144.68 0.00 52.0 60.5
06/10/97 4.64 3144.62 0.04 49.0 54.5
06/11/97 4.69 3144.57 0.00 §3.0 64.0
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Date Depth (ft) ¥ Elev. (ft.) Precip. (in.) * Min. Temp. (F)* Mean Temp. (F)*

06/12/97 4.7 3144.55 0.01 57.0 64.5
06/13/97 4.73 314453 0.45 58.0 69.0
06/14/97 4.67 3144.59 1.74 58.0 70.5
06/15/97 4.57 3144.69 0.12 55.0 67.0
06/16/97 4.66 3144.60 0.00 53.0 67.0
06/17/197 4.72 3144.54 0.00 58.0 68.5
06/18/97 477 3144.49 0.05 63.0 71.5
06/19/97 4.83 3144.43 0.02 52.0 65.5
06/20/97 4.85 3144.41 0.00 53.0 67.5
06/21/97 4.87 3144.39 0.00 55.0 70.0
06/22/97 4.89 3144.37 0.00 55.0 69.5
06/23/97 4.93 3144.33 0.00 57.0 69.0
06/24/97 4.94 3144.32 0.00 57.0 71.0
06/25/97 4.77 3144.49 0.22 58.0 69.5
06/26/97 4.65 3144.61 0.12 62.0 73.5
06/27/197 4.71 3144.55 0.45 63.0 73.0
06/28/97 4.75 3144.51 0.00 61.0 68.5
06/29/97 4.82 3144.44 0.00 62.0 68.5
06/30/97 4.88 3144.38 0.00 57.0 68.0
07/01/97 4.91 3144.35 0.07 60.0 71.0
07/02/97 495 314431 0.05 55.0 67.5
07/03/97 5.00 3144.26 0.00 58.0 725
07/04/97 5.05 3144.21 0.00 52.0 71.0
07/05/97 5.07 3144.19 0.03 55.0 72.5
07/06/97 5.09 314417 0.00 50.0 65.5
07/07/97 5.12 3144.14 0.00 51.0 67.5
07/08/97 5.13 3144.13 0.00 52.0 67.0
07/09/97 513 314413 0.00 55.0 70.0
07/10/97 5.14 314412 0.48 57.0 71.0
07/11/97 513 314413 0.23 60.0 72.0
07/12/97 5.15 3144.11 0.00 56.0 65.0
07/13/97 5.16 3144.10 0.00 59.0 71.0
07/14/97 517 3144.09 0.00 58.0 71.5
07/15/97 5.19 3144.07 0.00 60.0 75.0
07/16/97 513 3144.13 0.00 60.0 74.5
Q717197 4.98 3144.28 0.00 58.0 725
07/18/97 5.06 3144.20 0.00 53.0 68.5
07/19/97 5.12 3144.14 0.00 55.0 69.0
07/20/97 5.15 3144.11 0.00 58.0 72.0
07/21/97 5.17 3144.09 0.46 64.0 76.0
07/22/197 ¢ 522 3144.04 0.00 61.0 73.0
07/23/97 5.19 3144.07 0.00 65.0 76.5
07/24/97 5.05 3144.21 0.97 62.0 68.0
07/25/197 5.12 3144.14 0.00 60.0 72.5
07/26/197 5.19 3144.07 0.00 61.0 73.0
07/27197 5.23 3144.03 0.00 59.0 72.5
07/28/97 5.25 3144.01 0.02 61.0 73.5
07/29/97 5.28 3143.98 0.13 59.0 74.5
07/30/97 5.29 3143.97 0.09 62.0 72.0
07/31/97 5.31 3143.95 0.41 56.0 65.0
. 08/01/97 5.34 3143.92 0.00 43.0 60.0
08/02/97 5.37 3143.89 0.00 44.0 62.0
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’ Date Depth (ft.) ¥ Elev. (ft.) Precip. (in.) Min. Temp. (F)* Mean Temp. (F)”

08/03/97 5.40 3143.86 0.00 50.0 67.5
08/04/97 5.42 3143.84 0.00 63.0 68.0
08/05/97 5.44 3143.82 0.03 55.0 70.5
08/06/97 5.44 3143.82 0.06 51.0 65.5
08/07/97 5.45 3143.81 0.00 62.0 65.0
08/08/97 545 3143.81 0.23 65.0 66.5
08/09/97 5.47 3143.79 0.00 54.0 65.0
08/10/97 5.47 3143.79 0.08 66.0 65.0
08/11/97 5.48 3143.78 0.05 59.0 69.5
08/12/97 6.51 3143.75 0.15 60.0 71.0
08/13/97 553 3143.73 0.00 60.0 73.5
08/14/97 5.55 3143.71 0.00 61.0 72.0
08/15/97 5.57 3143.69 0.02 67.0 71.0
08/16/97 5.59 3143.67 0.00 §9.0 73.5
08/17/97 5.61 3143.65 0.00 58.0 73.5
08/18/97 5.62 3143.64 0.23 65.0 77.5
08/19/97 5.63 3143.63 0.00 §7.0 70.0
08/20/97 6.65 3143.61 0.00 58.0 72.5
08/21/97 5.66 3143.60 0.00 56.0 68.0
08/22/97 567 3143.59 0.00 44.0 60.5
08/23/97 5.68 3143.58 0.00 42.0 56.5
08/24/97 5.69 3143.57 0.00 420 58.5
08/25/97 56.71 3143.55 0.00 47.0 63.5
08/26/97 5.72 3143.54 0.00 49.0 64.0
08/27/97 573 3143.53 0.00 63.0 68.0
08/28/97 5.74 3143.52 0.00 65.0 70.0
08/29/97 5.76 3143.50 0.00 52.0 68.5
" 08/30/97 5.77 3143.49 0.00 53.0 68.5
08/31/97 5.78 3143.48 0.00 53.0 69.0
09/01/97 5.74 3143.52 0.05 66.0 71.5
09/02/97 5.69 3143.57 0.00 68.0 72.5
09/03/97 5.53 3143.73 0.00 §7.0 72.0
09/04/97 5.58 3143.68 0.00 41.0 60.5
09/05/97 5.66 3143.60 0.00 34.0 54.5
09/06/97 5.71 3143.55 0.00 35.0 575
09/07/97 5.75 3143.51 0.00 44.0 63.0
09/08/97 5.77 3143.49 0.00 47.0 64.0
09/09/97 5.77 3143.49 0.00 50.0 66.5
09/10/97 5.73 3143.53 0.54 56.0 65.0
09/11/97 571 3143.55 0.10 62.0 65.0
09/12/97 © 5.72 3143.54 0.00 50.0 64.0
09/13/97 573 3143.53 0.00 50.0 64.5
09/14/97 5.76 3143.50 0.00 51.0 66.5
09/15/97 5.78 3143.48 0.00 50.0 65.0
09/16/97 5.81 3143.45 0.00 47.0 63.5
09/17197 5.83 3143.43 0.00 48.0 65.5
09/18/97 5.87 3143.39 0.18 50.0 67.5
09/19/97 5.90 3143.36 0.00 50.0 67.5
09/20/97 5.92 3143.34 0.00 49.0 67.5
’ 09/21/97 5.92 3143.34 0.22 562.0 67.0
09/22/97 5.94 3143.32 0.14 54.0 61.0
09/23/97 5.94 3143.32 0.00 55.0 62.5
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‘ Date Depth (ft) | Elev. (ft.) Precip. (in.) * Min. Temp. (F)" Mean Temp. (F)*
09/24/97 573 3143.83 1.78 56.0 68.0
09/25/97 5.38 3143.88 278 52.0 58.0
09/26/97 540 3143.86 0.02 54.0 64.5
09/27/97 . 550 3143.76 0.00 41.0 555
09/28/97 532 3143.94 0.12 41.0 57.0
09/29/97 4.99 3144.27 0.60 45.0 555
09/30/97 5.28 3143.98 0.00 45.0 59.0
10/01/97 543 3143.83 0.00 42.0 -, 59.0
10/02/97 5.52 3143.74 0.00 35.0 _ + 50.0
10/03/97 5.60 3143.66 0.00 39.0 / 675
10/04/97 5.69 3143.57 0.00 39.0 z 57.0
10/05/97 5.77 3143.49 0.00 37.0 57.0
10/06/97 5.81 3143.45 0.00 - 38.0 59.0
10/07/97 584 3143.42 0.00 45.0 62.5
10/08/97 5.88 3143.38 0.00 50.0 65.0
10/09/97 5.90 3143.36 0.00 46.0 63.0
10/10/97 5.92 3143.34 0.00 47.0 63.5
10/11/97 5.94 3143.32 0.00 49.0 63.5
10/12/97 5.95 3143.31 0.00 50.0 63.0
10/13/97 5.98 3143.28 0.00 50.0 63.0
10/14/97 6.00 3143.26 0.01 45.0 61.5
10/15/97 6.02 3143.24 0.11 37.0 52.0
10/16/97 6.03 3143.23 0.00 34.0 50.0
10/17/97 6.04 3143.22 0.05 33.0 50.5

‘ 10/18/97 6.04 3143.22 0.00 45.0 53.5
10/19/97 5.93 3143.33 0.77 46.0 53.0
10/20/97 5.89 3143.37 0.03 32.0 43.5
10/21/97 5.89 3143.37 0.00 32.0 46.5
10/22/97 5.90 3143.36 0.09 35.0 47.5
10/23/97 5.92 3143.34 0.00 22.0 38.0
10/24/97 5.93 3143.33 0.00 240 43.5
10/25/97 5.88 3143.38 0.45 48.0 53.0
10/26/97 522 3144.04 1.30 51.0 59.5
10/27/97 4.97 3144 .29 1.20 41.0 53.0
10/28/97 5.23 3144.03 0.00 26.0 355
10/29/97 5.39 3143.87 0.00 26.0 435
10/30/97 5.50 3143.76 0.00 23.0 445
10/31/97 5.59 3143.67 0.00 26.0 45.5
11/01/97 5.67 3143.59 0.12 31.0 49.0
11/02/97 5.72 3143.54 0.63 34.0 47.5
11/03/97 ¢ 576 3143.50 0.00 36.0 455
11/04/97 5.80 3143.46 0.04 28.0 40.5
11/05/97 5.84 3143.42 0.00 23.0 . 36.0
11/06/97 5.88 3143.38 0.00 25.0 41.0
11/07/97 5.91 3143.35 0.08 31.0 38.0
11/08/97 5.93 3143.33 0.00 29.0 40.0
11/09/97 5.95 3143.31 0.00 29.0 36.5
11/10/97 597 3143.29 0.00 26.0 35.5
11/11/97 597 3143.29 0.00 29.0 38.5

‘ 11/12/97 5.98 3143.28 0.00 30.0 40.0
11/13/97 5.98 3143.28 0.24 32.0 37.5
11/14/97 5.96 3143.30 0.09 37.0 41.0
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Date Depth (ft.) | Elev. (ft) Precip. (in.) " Min. Temp. (F)*  Mean Temp. (N
1115197 5.95 3143.31 0.00 23.0 385
11/16/97 5.95 3143.31 0.00 17.0 31.0
1117197 5.95 3143.31 0.00 18.0 29.0
11/18/97 5.97 3143.29 0.00 15.0 325
11/19/97 5.99 3143.27 0.00 16.0 340
11/20/97 6.00 3143.26 0.00 17.0 34.5
11/21/97 6.01 3143.25 0.00 18.0 39.0
11/22/97 6.02 3143.24 0.47 40.0 48.0
11/23/97 6.03 3143.23 0.00 40.0 52.0
11/24197 6.05 3143.21 0.00 24.0 375
11/25/97 6.06 3143.20 0.00 15.0 29.0
11/26/97 6.06 3143.20 0.00 20.0 39.5
11/27197 6.07 3143.19 0.00 19.0 36.5
11/28/97 6.07 3143.19 0.00 26.0 455
11/29/97 6.08 3143.18 0.00 32.0 47.5
11/30/97 6.08 3143.18 0.04 38.0 46.5
12/01/97 6.08 3143.18 0.35 39.0 50.5
12/02/97 6.07 3143.19 0.00 22.0 345
12/03/97 6.06 3143.20 0.00 24.0 43.0
12/04/97 6.00 3143.26 0.54 37.0 47.0
12/05/97 5.96 3143.30 0.02 32.0 435
12/06/97 5.95 3143.31 0.00 19.0 26.5
12/07/97 5.98 3143.28 0.00 14.0 215
12/08/97 6.00 3143.26 0.00 17.0 26.0
12/09/97 6.03 3143.23 0.22 20.0 32.0
12/10/97 6.04 3143.22 0.22 30.0 440
12/11/97 6.03 3143.23 0.00 28.0 43.5
12/12/97 6.03 3143.23 © 0.00 30.0 36.5
12/13/97 6.04 3143.22 0.00 25.0 30.5
12/14/97 6.05 3143.21 0.00 26.0 33.0
12/15/197 6.07 3143.19 0.00 13.0 26.5
12/16/97 6.08 3143.18 0.00 14.0 33.0
12/17/197 6.09 3143.17 0.00 14.0 37.0
12/18/97 6.11 3143.15 0.00 18.0 375
12/19/97 6.12 3143.14 0.00 18.0 37.0
12/20/97 6.13 3143.13 0.00 18.0 40.5
12/21/97 6.14 3143.12 0.00 22.0 425
12/22/97 6.11 3143.15 0.56 26.0 39.0
12/23/97 6.06 3143.20 0.00 28.0 43.0
12/24/197 - 592 3143.34 0.24 31.0 43.0
12/25/197 ' 564 3143.62 0.64 40.0 46.0
12/26/97 5.68 3143.58 0.00 26.0 42.5
12/27/197 573 3143.53 0.47 32.0 45.5
12/28/97 577 3143.49 0.10 15.0 25.0
12/29/97 5.81 3143.45 0.00 12.0 26.5
12/30/97 5.86 3143.40 0.06 21.0 28.5
12131197 5.91 3143.35 0.25 20.0 26.5
01/01/98 5.96 3143.30 0.00 0.0 17.0
01/02/98 5.99 . 3143.27 0.00 15.0 31.0
01/03/98 6.02 3143.24 0.50 21.0 38.5
01/04/98 6.06 3143.20 0.00 26.0 42.0
01/05/98 6.08 3143.18 0.00 29.0 46.5
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Date Depth (ft.) T Elev. (ft.) Precip. (in.) " Min. Temp. (F)°  Mean Temp. (F)”

01/06/98 5.94 3143.32 0.00 42.0 52.0
01/07/98 3.81 3145.45 0.52 51.0 58.0
01/08/98 265 3146.61 2.95 57.0 62.5
01/09/98 3.62 3145.64 0.22 40.0 63.5
01/10/98 4.13 3145.13 0.00 29.0 39.0
01/11/98 4.45 3144.81 0.00 26.0 42,0
01/12/98 4.67 3144.59 0.00 30.0 40.0
01/13/98 4.84 3144.42 0.05 43.0 50.5
01/14/98 4.96 3144.30 0.00 35.0 47.0
01/15/98 4.86 3144.40 0.58 35.0 46.5
01/16/98 4.68 3144.58 0.40 37.0 400
01/17/98 4.69 3144.57 2.06 32.0 38.5
01/18/98 4.83 3144.43 0.00 23.0 36.5
01/19/98 4.89 3144.37 0.28 . 240 350
01/20/98 4.93 3144.33 0.00 25.0 325
01/21/98 4.95 314431 0.00 240 345
01/22/98 4.86 3144.40 0.00 26.0 380
01/23/98 4.30 3144.96 0.46 38.0 445
01/24/98 4.46 3144.80 0.00 34.0 43.0
01/25/98 4.55 3144.71 0.02 26.0 31.5
01/26/98 4.58 3144.68 0.00 210 345
01/27/98 4.55 3144.71 043 20 36.5
01/28/98 4.51 314475 1.55 28.0 31.5
01/29/98 448 3144.78 0.00 11.0 27.5
01/30/98 4.42 3144.84 0.00 15.0 36.0
01/31/98 4.36 3144.90 0.00 19.0 32,0
02/01/98 4.31 3144.95 0.00 11.0 28.0
02/02/98 4.25 3145.01 0.00 12.0 31.0
02/03/98 3.19 3146.07 1.18 30.0 36.5
02/04/98 2.55 3146.71 2.60 33.0 39.0
02/05/98 2.97 3146.29 0.27 29.0 32.0
02/06/98 3.07 3146.19 0.00 29.0 32.0
02/07/98 3.03 3146.23 0.00 30.0 345
02/08/98 2.96 3146.30 0.00 33.0 375
02/09/98 2.87 3146.39 0.08 34.0 39.0
02/10/98 2.82 3146.44 0.00 25.0 39.5
02/11/98 2.66 3146.60 0.00 37.0 48.5
02/12/98 265 3146.61 0.44 40.0 46.0
02/13/98 274 3146.52 0.00 34.0 39.0
02/14/98 . 2.81 3146.45 0.00 32.0 39.5
02/15/98 288 3146.38 0.00 19.0 33.0
02/16/98 2.51 3146.75 0.24 25.0 37.5
02/17/98 213 3147.13 0.92 400 46.5
02/18/98 239 3146.87 0.75 420 49.0
02/19/98 2.51 3146.75 0.00 32.0 41.0
02/20/98 2.56 3146.70 0.00 36.0 47.0
02/21/98 2.59 3146.67 0.00 36.0 43.0
02/22/98 261 3146.65 0.00 23.0 36.5
02/23/98 244 3146.82 0.63 29.0 38.5
02/24/98 2.54 3146.72 0.02 30.0 37.5
02/25/98 2.60 3146.66 0.00 27.0 41.0
02/26/98 267 3146.59 0.00 27.0 46.5
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Date Depth (fit) |
02/27/98 2.68
02/28/98 2.77
03/01/98 2.85
03/02/98 2.91
03/03/98 2.99
03/04/98 3.06
03/05/98 3.14
03/06/98 3.21
03/07/98 3.27
03/08/98 2.98
03/09/98 2.70
03/10/98 3.02
03/11/98 3.16
03/12/98 3.27
03/13/98 3.34
03/14/98 3.40
03/15/98 3.44
03/16/98 3.47
03/17/98 3.50
03/18/98 3.42
03/19/98 3.31
03/20/98 3.16
03/21/98 3.23
03/22/98 3.35
03/23/98 3.42
03/24/98 3.47
03/25/98 3.53
03/26/98 3.56
03/27/98 3.58
03/28/98 3.60
03/29/98 3.62
03/30/98 3.64
03/31/98 3.66
04/01/98 3.62
04/02/98 3.66
04/03/98 3.65
04/04/98 3.59
04/05/98 3.68
04/06/98 3.73
04/07/98 3.75
04/08/98 3.78
04/09/98 3.71
04/10/98 3.74
04/11/98 3.81
04/12/98 3.86
04/13/98 3.90
04/14/98 3.93
04/15/98 3.96
04/16/98 3.98
04/17/98 3.60
04/18/98 3.78
04/19/98 3.50

Elev. (ft.) Precip. (in.}*
3146.58 0.18
3146.49 0.00
3146.41 0.00
3146.35 0.00
3146.27 0.12
3146.20 0.00
3146.12 0.00
3146.05 0.08
3145.99 0.00
3146.28 0.80
3146.56 0.34
3146.24 0.00
3146.10 0.00
3145.99 0.01
3145.92 0.00
3145.86 0.00
3145.82 0.00
3145.79 0.10
3145.76 0.00
3145.84 0.20
3145.95 0.78
3146.10 0.33
3146.03 0.15
3145.91 0.00
3145.84 0.00
314579 0.07
3145.73 0.00
3145.70 0.00
3145.68 0.00
3145.66 0.00
3145.64 0.00
3145.62 0.00
3145.60 0.00
3145.64 0.88
3145.60 0.02
3145.61 0.00
3145.67 1.20
3145.58 0.02
3145.53 0.00
3145.51 0.00
3145.48 0.00
3145.55 0.99
3145.52 0.03
3145.45 0.00
3145.40 0.00
3145.36 0.00
3145.33 0.20
3145.30 0.02
3145.28 0.00
3145.66 2.05
3145.48 0.15
3145.76 0.35
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Min. Temp. (F)*

30.0
36.0
35.0
29.0
24.0
27.0
31.0
35.0
40.0
43.0
42.0
22.0
14.0
10.0
11.0
19.0
23.0
37.0
37.0
38.0
410
48.0
33.0
31.0
230
240
29.0
340
46.0
54.0
42.0
42.0
52.0
58.0
46.0
35.0
42.0
32.0
25.0
26.0
36.0
55.0
420
33.0
25.0
30.0
31.0
37.0
41.0
58.0
53.0
52.0

Mean Temp. (F)*

49.5
52.0
50.0
43.0
35.5
32.0
395
45.0
46.0
50.5
52.5
36.0
225
225
210
325
420
48.0
425
42.5
47.5
60.0
48.0
345
34.0
355
420

5615 -

60.5
65.5
58.5
61.0
67.0
65.0
58.0
55.0
51.0
425
43.0
49.0
55.0
68.0
54.0
38.5
41.5
49.5
49.0
53.5
58.5
63.0
63.0
58.5
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Date Depth (ft.) T Elev. (ft) Precip. (in.) * Min. Temp. (F)*  Mean Temp. (F)”
04/20/98 3.46 3145.80 1.00 42.0 51.0
04/21/98 3.64 3145.62 0.00 33.0 48.0
04/22/98 3.60 3145.66 0.51 38.0 50.0
04/23/98 3.57 3145.69 0.89 41.0 48.0
04/24/98 3.63 3145.63 0.10 35.0 46.0
04/25/98 3.66 3145.60 0.00 31.0 47.0
04/26/98 3.68 3145.58 0.00 33.0 52.5
04/27/98 3.68 3145.58 0.00 42.0 59.0
04/28/98 3.67 3145.59 0.13 45.0 57.0
04/29/98 3.67 3145.59 0.00 41.0 51.5
04/30/98 3.63 3145.63 0.10 36.0 563.5
05/01/98 3.57 3145.69 0.40 52.0 56.5
05/02/98 3.57 3145.69 0.03 44.0 57.0
05/03/98 3.59 3145.67 0.00 41.0 53.5
05/04/98 3.61 3145.65 0.13 45.0 56.5
05/05/98 3.63 314563 0.13 40.0 52.5
05/06/98 3.66 3145.60 0.00 38.0 52.5
05/07/98 3.67 3145.59 0.18 43.0 59.5
05/08/98 3.68 3145.58 0.38 45.0 59.0
05/09/98 3.72 3145.54 0.00 56.0 64.0
05/10/98 3.74 3145.52 0.00 56.0 65.0
05/11/98 3.71 3145.55 1.36 55.0 60.0
05/12/98 3.78 3145.48 0.00 40.0 55.0
05/13/98 3.84 3145.42 0.00 42.0 56.5
056/14/98 3.90 3145.36 0.00 47.0 63.5
05/15/98 3.95 3145.31 0.00 50.0 67.0
05/16/98 3.99 3145.27 0.00 54.0 69.5
06/17/98 4.03 3145.23 0.00 60.0 70.0
05/18/98 4.06 3145.20 0.00 45.0 62.5
05/19/98 4.10 3145.16 0.00 45.0 64.0
05/20/98 412 3145.14 0.00 53.0 70.5
05/21/98 4.02 3145.24 0.00 55.0 71.0
05/22/98 3.94 3145.32 0.09 58.0 71.5
05/23/98 3.93 3145.33 0.00 59.0 70.0
05/24/98 3.97 3145.29 0.00 59.0 72.0
05/25/98 4.09 3145.17 0.00 54.0 70.0
05/26/98 423 3145.03 0.01 56.0 71.5
05/27/98 4.31 3144 .95 0.00 62.0 74.0
05/28/98 4,37 3144.89 0.00 57.0 70.0
05/29/98 4.42 3144.84 0.00 59.0 72.0
05/30/98 ‘ 4.46 3144.80 0.00 62.0 74.5
05/31/98 4.51 3144.75 0.00 55.0 69.0
06/01/98 4,55 3144.71 0.32 63.0 74.5
06/02/98 4.54 314472 0.95 53.0 69.0
06/03/98 4.57 3144.69 0.00 60.0 73.0
06/04/98 4,57 3144.69 0.00 69.0 78.5
06/05/98 428 3144.98 1.17 59.0 70.0
06/06/98 4.23 3145.03 1.15 58.0 705
06/07/98 4.31 3144.95 0.23 39.0 52.0
06/08/98 442 3144.84 0.00 39.0 52.0
06/09/98 4.51 3144.75 0.00 40.0 56.0
06/10/98 4.56 3144.70 0.40 56.0 63.0
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Date  Depth(ft)t  Elev.(ft) Precip. (in) * Min. Temp. (F)*  Mean Temp. (F)"

06/11/98 4.55 3144.71 0.35 57.0 69.0
06/12/98 4.64 3144.62 0.00 60.0 725
06/13/98 4.74 3144.52 0.00 66.0 755
06/14/98 4.80 3144.46 0.00 63.0 68.0
06/15/98 4.83 3144.43 0.26 61.0 70.5
06/16/98 4.89 314437 0.00 67.0 75.0
06/17/98 4.92 3144 .34 0.33 51.0 65.5
06/18/98 4.96 3144.30 0.00 50.0 65.0
06/19/98 498 3144.28 0.00 56.0 71.5
06/20/98 5.00 3144.26 0.15 51.0 63.5
06/21/98 5.05 314421 0.00 55.0 69.5
06/22/98 5.06 3144.20 0.15 59.0 71.5
06/23/98 5.00 3144.26 0.90 57.0 71.5
06/24/98 5.03 314423 0.00 60.0 74.0
06/25/98 5.08 3144.18 0.15 56.0 72.0
06/26/98 5.12 314414 0.00 60.0 75.5
06/27/98 5.16 314410 0.00 60.0 75.0
06/28/98 5.19 3144.07 0.00 60.0 74.0
06/29/98 5.21 3144.05 0.00 62.0 76.0
06/30/98 5.24 3144.02 0.00 66.0 76.0
07/01/98 5.25 3144.01 0.03 57.0 720
07/02/98 6.27 3143.99 0.00 55.0 67.5
07/03/98 6.31 3143.95 0.00 - 55.0 69.5
07/04/98 5.33 3143.93 0.00 57.0 70.5
07/05/98 5.33 3143.93 0.43 61.0 73.0
07/06/98 5.37 3143.89 0.00 61.0 73.0
07/07/98 5.38 3143.88 0.06 59.0 72.0
07/08/98 6.39 3143.87 0.00 62.0 74.0
07/09/98 541 3143.85 0.18 63.0 73.0
07/10/98 5.44 3143.82 0.03 64.0 75.0
07/11/98 5.45 3143.81 0.00 §7.0 70.0
07/12/98 - 545 3143.81 0.00 57.0 69.5
07/13/98 5.48 3143.78 0.00 61.0 715
07/14/98 6.50 3143.76 0.00 62.0 73.5
07/15/98 6.52 3143.74 0.00 65.0 66.0
07/16/98 6.51 314375 0.00 60.0 73.0
07/17/98 6.50 3143.76 0.00 65.0 75.5
07/18/98 5.54 3143.72 0.00 68.0 71.0
07/19/98 6.85 3143.71 0.00 §6.0 71.0
07/20/98 6.57 3143.69 0.36 59.0 74.0
07/21/98 ' 5.58 3143.68 0.00 58.0 73.5
07/22/98 5.56 3143.70 0.00 60.0 75.0
07/23/98 5.58 3143.68 0.05 64.0 76.0
07/24/98 5.60 3143.66 0.03 60.0 72.5
07/25/98 - 561 3143.65 0.00 63.0 73.0
07/26/98 5.61 3143.65 0.04 58.0 69.5
07/27/98 5.63 3143.63 0.00 62.0 720
07/28/98 5.65 3143.61 0.18 64.0 69.5
07/29/98 5.69 3143.57 0.03 58.0 71.5
07/30/98 5.71 3143.55 0.00 58.0 72.0
07/31/98 6.73 3143.53 0.00 60.0 72.5
08/01/98 5.75 3143.61 0.00 62.0 71.0
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Date Depth (ft) ' Elev. (ft.) Precip. (in.) * Min. Temp. (F)°  Mean Temp. (F)”

08/02/98 5.78 3143.48 0.00 51.0 66.0
08/03/98 5.80 3143.46 0.00 46.0 63.0
08/04/98 5.82 3143.44 0.00 44.0 63.0
08/05/98 5.84 3143.42 0.00 50.0 67.5
08/06/98 5.86 3143.40 0.00 50.0 65.5
08/07/98 5.88 3143.38 0.00 52.0 69.5
08/08/98 5.89 3143.37 0.09 53.0 68.0
08/09/98 5.90 3143.36 0.00 60.0 73.0
08/10/98 5.91 3143.35 0.10 63.0 74.0
08/11/98 5.92 3143.34 0.02 57.0 70.0
08/12/98 5.94 3143.32 0.00 57.0 70.5
08/13/98 5.95 3143.31 0.00 65.0 71.0
08/14/98 5.95 3143.31 0.00 59.0 720
08/15/98 5.92 3143.34 0.00 60.0 70.0
08/16/98 5.87 3143.39 0.95 64.0 73.0
08/17/98 5.88 3143.38 0.00 65.0 74.0
08/18/98 6.91 3143.35 0.00 §7.0 70.5
08/19/98 5.93 3143.33 0.00 69.0 720
08/20/98 5.96 3143.30 0.00 59.0 72.0
08/21/98 5.99 3143.27 0.00 63.0 69.5
08/22/98 6.02 3143.24 0.00 54.0 70.5
08/23/98 6.04 3143.22 0.00 56.0 72.5
08/24/98 6.06 3143.20 0.27 76.5
08/25/98 6.08 3143.18 0.00 75.0
08/26/98 6.11 3143.15 0.00 75.5
08/27/98 6.13 3143.13 0.00 735
08/28/98 6.15 3143.11 0.00 725
08/29/98 6.17 3143.09 0.00 . 73.0
08/30/98 6.18 3143.08 0.00 73.5
08/31/98 6.19 3143.07 0.00 73.0
09/01/98 6.22 3143.04 0.00 69.0
09/02/98 6.22 3143.04 0.00 67.5
09/03/98 6.22 3143.04 0.00 . 70.5
09/04/98 6.23 3143.03 0.00 67.5
09/05/98 6.28 3142.98 0.00 69.5
09/06/98 6.29 3142.97 0.00 72.0
09/07/98 6.30 3142.96 0.00 70.5
09/08/98 6.32 3142.94 0.00 735
09/09/98 6.33 3142.93 0.24 56.5
09/10/98 6.34 3142.92 0.00 . 54.5
09/11/98 " 633 3142.93 0.00 . 57.0
09/12/98 6.34 3142.92 0.00 62.0
09/13/98 6.36 3142.90 0.00 69.0
09/14/98 6.37 3142.89 0.00 , 70.0
09/15/98 6.37 3142.89 0.00 70.0
09/16/98 6.37 3142.89 0.00 71.0
09/17/98 6.37 3142.89 0.00 720
09/18/98 6.39 3142.87 0.00 71.0
09/19/98 6.41 3142.85 0.00 71.0
‘ 09/20/98 6.42 3142.84 0.00 69.5
09/21/98 6.40 3142.86 0.10 71.5
09/22/98 6.33 3142.93 0.43 68.5
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‘ Date Depth (ft.) T Elev. (ft.) Precip. (in.) * Min. Temp. (F)" Mean Temp. (F)*

09/23/98 6.35 3142.91 0.00 59.0 71.5
09/24/98 6.38 3142.88 0.00 56.0 67.0
09/25/98 6.40 3142.86 0.00 50.0 64.5
09/26/98 6.42 3142.84 0.00 51.0 67.0
09/27/98 6.44 3142.82 0.00 47.0 67.0
09/28/98 6.45 3142.81 0.00 48.0 68.0
09/29/98 6.41 3142.85 0.90 60.0 74.0
09/30/98 6.36 3142.90 0.32 60.0 67.5

« The precipitation, minimum temperature and mean temperature were provided by the State Climate Office of
North Carolina at NC State University.
t The data was imported from USGS Water Resources Data 1995-1998.
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WELL DESCRIPTIONS AND WATER-LEVEL MEASUREMENTS

HAYWOOD COUNTY

352315082484401. Local number, NC-40.

LOCATION.--Lat 35°23'15", long 82°48'44", Hydrologic Unit 06010106, 2 mi south of Cruso on U.S. Highway 276 at Camp
Hope. Owner: Champion International Corporation.

AQUIFER .--Unconfined saprolite derived from muscovite-biotite gneiss of Precambrian age.

WELL CHARACTERISTICS.--Dug observation well, depth 18.5 ft, diameter 12 in., cased to 18.5 ft, open end, backfilled
with gravel from 4 to 18.5 ft.

INSTRUMENTATION.--Digital recorder with a 60-minute punch interval.

DATUM.--Land-surface datum is 3,148.26 ft above sea level. Measuring point: Top of casing, 1.00 ft above land-surface
datum, '

REMARKS.--Well is part of climatic-effects network.
PERIOD OF RECORD.--December 1955 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level recorded, 1.24 ft below land-surface datum, Mar. 12, 1977;
lowest water level recorded, 6.90 ft below land-surface datum, Oct. 7, 8, and 9, 1986.

WATER LEVEL, IN FEET BELOW LAND SURFACE DATUM, WATER YEAR OCTOBER 1994 TO SEPTEMBER 1995
DAILY MEAN VALUES
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WELL DESCRIPTIONS AND WATER-LEVEL MEASUREMENTS

HAYWOOD COUNTY

352315082484401. Local number, NC-40.

LOCATION.--Lat 35°23'15", long 82°48'44", Hydrologic Unit 06010106, 2 mi south of Cruso on U.S. Highway 276 at Camp
Hope. Owner: Champion International Corporation.

AQUIFER.--Unconfined saprolite derived from muscovite-biotite gneiss of Precambrian age.

WELL CHARACTERISTICS.--Dug observation well, depth 18.5 ft, diameter 12 in., cased to 18.5 ft, open end, backfilled
with gravel from 4 to 18.5 ft.

INSTRUMENTATION.--Digital recorder with a 60-minute punch interval.

DATUM.--Land-surface datum is 3,148.26 ft above sea level. Measuring point: Top of casing, 1.00 ft above land-surface
datum.

REMARKS.--Well is part of climatic-effects network.
PERIOD OF RECORD.--December 1955 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level recorded, 1.24 ft below land-surface datum, Mar. 12, 1977;
lowest water level recorded, 6.90 ft below land-surface datum, Oct. 7, 8, and 9, 1986.

WATER LEVEL, IN FEET BELOW LAND SURFACE DATUM, WATER YEAR OCTOBER 1995 TO SEPTEMBER 1996

DAILY MEAN VALUES

oCcT

[
4

FEB MAR APR

6.00
6.01
6.01
4.79
2.48

.10
.08
.06
.07
.09

.32 3.83
.74 3.86
.72 3.91
.84 3.96
.87 3.99

.25
.28
.30
.31
.33

4 4. 5
4 4. 5
4 4. 5
4 4. 5
4 4. 5

NN W
o N
[S, NS, NV, WO, V|
[ =S, I N0 )

.60
.17
.49
.70
.83

.10
.10
.12
.13
.14

.88
.90
.88
.87
.93

.86
.85
.90
.99
.05

34
.36
.37
.38
.40

oo W
b b b b
b Db
vty
NN
B www W
PN
Wb,
[ RGN RV, R

.92
.97
.98
.91
.82

.15
.15
.17
.18
.19

.96
.01
.06
.09
.14

.09
.12
.15
.18
.19

.41
.42
.43
.45
.46

D
oo b W W
Db D
uuuuum
wWwwWwiN
B
P
[, S, ¥,
aunuuu

.82
.82
.80
.78
.75

.19
.13
.87
.03
.82

.19
.25
.31
.36
.14

.19
.19
.21
.92
.00

.48
.50
.52
.53

[ [ -

PN
A N
b D
wwwuwm
wWwwiww
[P
(G, NS, NV, =
(SN, N RV R
[G RO NV, o)

.72
.70
.68
.65
.62

.16
.34
.46
.37
.37

.29
.39
.46

.10 4.55
.16
.20
.24
.25

b B
[
[
[ S
wWwwiww
[
[S, N, N, RO, NV,
oo an

.59
.57
.55
.55
.56
.56

.12 . 4.27
.78 4.29
.41 4.13
.54 4.12
.53 4.19
.43 4.22

O e
W W Wk
[N RE RV RV

WTR YR 1996 HIGH 2.48L OW 6.12




WELL DESCRIPTIONS AND WATER-LEVEL MEASUREMENTS

HAYWOOD COUNTY

352315082484401. Local number, NC-40.

LOCATION.--Lat 35°23'15", long 82°48'44", Hydrologic Unit 06010106, 2 mi south of Cruso on U.S. Highway 276 at Camp
Hope. Owner: Champion International Corporation.

AQUIFER .--Unconfined saprolite derived from muscovite-biotite gneiss of Precambrian age.

WELL CHARACTERISTICS.--Dug observation well, depth 18.5 ft, diameter 12 in., cased to 18.5 ft, open end, backfilled
with gravel from 4 to 18.5 ft.

INSTRUMENTATION.--Digital recorder with a 60-minute punch interval. Digital recorder replaced with electronic data
logger on July 14, 1997.

DATUM.--Land-surface datum is 3,148.26 ft above sea level. Measuring point: Top of casing, 1.00 ft above land-surface
datum.

REMARKS.--Well is part of climatic-effects network.
PERIOD OF RECORD.--December 1955 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level recorded, 1.24 ft below land-surface datum, Mar. 12, 1977;
lowest water level recorded, 6.90 ft below land-surface datum, Oct. 7, 8, and 9, 1986.

WATER LEVEL, IN FEET BELOW LAND SURFACE DATUM, WATER YEAR OCTOBER 1996 TO SEPTEMBER 1997

DAILY MEAN VALUES
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114 WELL DESCRIPTIONS AND WATER-LEVEL MEASUREMENTS

HAYWOOD COUNTY

352315082484401. Local number, NC-40.

LOCATION.--Lat 35°23'15", long 82°48'44", Hydrologic Unit 06010106, 2 mi south of Cruso on U.S. Highway 276 at Camp
Hope. Owner: Champion International Corporation.

AQUIFER.--Unconfined saprolite derived from muscovite-biotite gneiss of Precambrian age.

WELL CHARACTERISTICS.--Dug observation well, depth 18.5 ft, diameter 12 in., cased to 18.5 ft, open end, backfilled
with gravel from 4 to 18.5 ft.

INSTRUMENTATION.--Digital recorder with a 60-minute punch interval. Digital recorder replaced with electronic data
logger on July 14, 1997. "

DATUM.--Land-surface datum is 3,148.26 ft above sea level. Measuring point: Top of casing, 1.00 ft above land-surface
datum.

REMARKS.--Well is part of climatic-effects network.
PERIOD OF RECORD.--December 1955 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level recorded, 1.24 ft below land-surface datum, Mar. 12,1977,
lowest water level recorded, 6.90 ft below land-surface datum, Oct. 7, 8, and 9, 1986.

WATER LEVEL, IN FEET BELOW LAND SURFACE DATUM, WATER YEAR OCTOBER 1997 TO SEPTEMBER 1998

DAILY MEAN VALUES
. DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 5.43 5.67 6.08 5.96 4.31 2.85 3.62 3.57 4.55 5.25 5.75 6.22
2 5.52 5.72 6.07 5.99 4.25 2.91 3.66 3.57 4.54 5.27 5.78 6.22
3 5.60 5.76 6.06 6.02 3.19 2.99 3.65 3.59 4.57 5.31 5.80 6.22
4 5.69 5.80 6.00 6.06 2.55 3.06 3.59 3.61 4.57 5.33 5.82 6.23
5 5.77 5.84 5.96 6.08 2.97 3.14 3.68 3.63 4.28 5.33 5.84 6.28
6 5.81 5.88 5.95 5.94 3.07 3.21 3.73 3.66 4.23 5.37 5.86 6.29
7 5.84 5.91 5.98 3.81 3.03 3.27 3.75 3.67 4.31 5.38 5.88 6.30
8 5.88 5.93 6.00 2.65 2.96 2.98 3.78 3.68 4.42 5.39 5.89 6.32
9 5.90 5.95 6.03 3.62 2.87 2.70 3.71 3.72 4.51 5.41 5.90 6.33
10 5.92 5.97 6.04 4.13 2.82 3.02 3.74 3.74 4.56 5.44 5.91 6.34
11 5.94 5.97 6.03 4.45 2.66 3.16 3.81 3.71 4.55 5.45 5.92 6.33
12 5.95 5.98 6.03 4.67 2.65 3.27 3.86 3.78 4.64 5.45 5.94 6.34
13 5.98 5.98 6.04 4.84 2.74 3.34 3.90 3.84 4.74 5.48 5.95 6.36
14 6.00 5.96 6.05 4.956 2.81 3.40 3.93 3.90 4.80 5.50 5.95 6.37
15 6.02 5.95 6.07 4.86 2.88 3.44 3.96 3.95 4.83 5.52 5.92 6.37
16 6.03 5.95 6.08 4.68 2.51 3.47 3.98 3.99 4.89 5.51 5.87 6.37
17 6.04 5.95 6.09 4.69 2.13 3.50 3.60 4.03 4.92 5.50 5.88 6.37
18 6.04 5.97 6.11 4.83 2.39 3.42 3.78 4.06 4.96 5.54 5.91 6.39
19 5.93 5.99 .6.12 4.89 2.51 3.31 3.50 4.10 4.98 5.55 5.93 6.41
20 5.89 6.00 1 6.13 4.93 2.56 3.16 3.46 4.12 5.00 5.57 5.96 6.42
21 5.89 6.01 6.14 4.95 2.59 3.23 3.64 4.02 5.05 5.58 5.99 6.40
22 5.90 6.02 6.11 4.86 2.61 3.35 3.60 3.94 5.06 5.56 6.02 6.33
23 5.92 6.03 6.06 4.30 2.44 3.42 3.57 3.93 5.00 5.58 6.04 6.35
24 5.93 6.05 5.92 4.46 2.54 3.47 3.63 3.97 5.03 5.60 6.06 6.38
25 5.88 6.06 5.64 4.55 2.60 3.53 3.66 4.09 5.08 5.61 6.08 6.40
26 5.22 6.06 5.68 4.58 2.67 3.56 3.68 4.23 5.12 5.61 6.11 6.42
27 4.97 6.07 5.73 4.55 2.68 3.58 3.68 4.31 5.16 5.63 6.13 6.44
28 5.23 6.07 5.77 4.51 2.77 3.60 3.67 4.37 5.19 5.65 6.15 6.45
29 5.39 6.08 5.81 4.48 --- 3.62 3.67 4.42 5.21 5.69 6.17 6.41
30 5.50 6.08 5.86 4.42 --- 3.64 3.63 4.46 5.24 5.71 6.18 6.36
31 5.59 --- 5.91 4.36 --- 3.66 --- 4.51 -—= 5.73 6.19 -

WTR YR 1998 MEAN 4.92 HIGH 2.13 LOW 6.45




Municipal Engineering

Services Company, P.A.

Garner, N.C. N Boone, N.C.

(GROUND AND SURFACE WATER
SAMPLING AND ANALYSIS PLAN

INCLUSION FOR

HAYywoOD CouNnTy WHITE OAK
LANDFILL, PHASE 2

Haywoop COUNTY
NORTH CAROLINA

G98010.6




G98010.6
Sampling and Analysis Plan — Haywood County White Oak Landfill, Phase 2

Page i
June 20, 2000

CONTENTS

1 Ground and Surface Water Sampling and Analysis Plan
1.1 Water Quality Monitoring Summary
1.2 Sampling Equipment
1.3 Sample Containers
1.4 Groundwater Sampling
1.5 Surface Water Sampling
1.6 Leachate Sampling
1.7 Sample Transport and Chain-of-Custody
1.8 Groundwater, Surface Water, and Leachate Analysis

LIST OF TABLE AND PLATES

Table E-1: Ground and Surface Water Analyses Methodology
Plate A: Proposed Monitoring Well Locations
Plate B: Typical Monitoring Well Schematic




(98010.6 Page 1
Sampling and Analysis Plan — Haywood County White Qak Landfill, Phase 2 June 20, 2000

1 GROUND AND SURFAFE WATER SAMPLING AND ANALYSIS PLAN

The objective of the ground and surface water Sampling and Analysis Plan is to provide clear
guidelines and procedures to be followed by field and laboratory personnel when obtaining and
testing ground and surface water samples. Monitoring wells and surface water will be sampled

prior to acceptance of waste to provide background information on water quality.

Four independent sampling events will be placed within six months after the date the Permit to
Construct is issued with at least one sampling event occurring prior to issuance of the Permit
to Operate. Monitoring wells, surface water locations, and the leachate lagoon will be sampled
semi-annually thereafter for the Appendix I list of constituents. In addition to the Appendix I
list of constituents, the leachate lagoon will be sampled semi-annually for biocherﬁical oxygen

demand, chemical oxygen demand, nitrate, nitrite, sulfate, total phosphorus, and pH.

1.1 Water Quality Monitoring Summary

The locations for three monitoring wells (GWM-12, and GWM-13S/D), one surface water mon-
itoring point (SW-5), and 26 piezometers (P-1, P-2, P-3, P-4, P-5, P-6, P-7, P-9, P-11, P-14,
P-15, P-16, P-17, P-18, P-19, P1-3, P-1S, P-2S/D, P-3S/D, P-4S, P-6S/D, and PZ-1S/D) are
shown on Plate A. The three mbnitoring wells GWM-12, GWM-13S and GWM-13D are located
immediately to the north of the Phase 2 area, which is hydraulically downgradient. The surface
water monitoring point SW-5 is located to the north of the Phase 4 site in the vicinity of the

wetland area.

These monitoring locations (three monitoring wells and one surface water location) are to be
sampled in conjunction with monitoring wells and surface water monitoring points for the Phase
1 portion of the existing landfill. Upon sampling, depths to groundwater are to be measured in
the aforementioned ﬁiezometers located throughout the property. These piezometers are for the

sole purpose of measuring groundwater depths, and are not to be sampled.

The goal of the sampling plan is to obtain the desired sample while neither adding nor subtracting

any constituent to or from the sample or the monitoring well. The plan details described below,
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when followed, are considered adequate to eliminate any cross-contamination or contamination

i

from external sources of the wells sampled. These guidelines are drawn, in part, directly from

and are intended to be used in conjunction with the N.C. Water Quality Monitoring Guidance
Document for Solid Waste Facilities (Guidance Document); a copy is included at the end of the

Sampling and Analysis Plan.

Sampling procedures will be completed by guidelines set forth in the Water Quality Monitoring
Plan.
1.2 Sampling Equipment

Groundwater samples will be obtained in the field using a laboratory-cleaned, stainless steel bailer.
Each bailer will be cleaned in a laboratory controlled environment prior to sampling in accordance

with the following steps.
1. Completely disassemble bailer.
. Phosphate-free, laboratory grade soap and organic-free, distilled wéter wash.
. Organvic—free, deionized water rinse.
. Isopropyl alcohol rinse.
. Organic-free, deionized water rinse.
. Air dfy.
.- Wrap bailer in aluminum foil, shiny side out.
. Wrap bailer in plastic.

In addition to a laboratory cleaned bailer for each well sampled, standard equipment necessary to
conduct the sampling include: sample containers (including trip blanks and equipment blanks),
a wide-mouth container, at least two 600-ft spools of -inch nylon rope, at least two boxes of

latex gloves, one box of large plastic bags, temperature indicator, pH indicator, conductivity
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indicator, water level indicator, storage coolers, and ice. In case of emergency, supplies to clean
bailers as deécribed above may also be brought to the site. If the total depth of all wells to be
sampled exceeds 1200 feet, additional spools of rope will be obtained to complete the sampling.
If the number of wells to be sampled exceeds one third of the number of pairs of gloves in stock,
additional boxes of gloves will be obtained. The bailers, wrapped in foil and plastic, will be
transported between pieces of peaked foam rubber to prevent damage to the wrappings. Other
equipment subject to damage and contamination will be transported in sealed, plastic bags. The
water level indicator will be cleaned in accordance with Steps 2 and 3 described above prior to

placement in a clean plastic bag.

1.3 Sample Containers

Ground and surface water monitoring will include organic and inorganic analyses as described in
more detail below. Samples will be collected for the various analyses in the containers described

below in the order listed.

1. Each sample container will be labeled providing the following information: site name and
county location, well identification number, parameters to be analyzed, preservative added,

date and time of sampling, and initials of the sampler.

2. Samples to be analyzed for organic content will be collected in four 40-ml glass vials with

Teflon caps. The sample vials will be completely filled with no air left in the vials.

3. Samples to be analyzed for inorganic contamination will be collected next in a -quart/1-liter

polyethylene container.

All sample containers will be obtained from an independent laboratory in a sterilized condition.
Some of the containers will have a pre-measured amount of preservative in them as necessary. -
In this event, care will be taken not to rinse the container or allow the preservative to wash out

during sampling.
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1.4 Groundwater Sampling

Wells will be sampled from upgradient to downgradient or, when previous analytical data is

available, from least contaminated to the most contaminated.

Preparation A clean sheet of plastic should be placed around the well to provide a clean surface
for sampling equipment. The depth to water will be determined using the water level indicator.
Before storage and/or reuse, the water level indicator will be cleaned in accordance with Steps 2

and 3 described above and replaced in a clean plastic bag.

The total well depth read from the well tag and the measured depth to water will be used to
compute the depth of water in the well. The total well depth will be measured and compared
to the depth indicated on the well tag as a check for siltation or blockage at depth. Using the
chart on Plate C, the volume of water in the well will be determined. For example, if a two-inch
well is 29 feet deep and has a measured depth to water of 10 feet, there are 19 feet of standing
water or 3.3 gallons in the well. Each well will be purged three to five well volumes (quantity of
water in the well), or until dry, prior to sampling. In the example, 10 gallons would be adequate.
Purged water will be measured in 5-gallon buckets until the required amount is purged. Care will

be taken not to bring the bailer into contact with the bucket during purging.

The EPA recommends that in addition to wells being purged a minimum of three (3) well volumes,
the indicator parameters for temperature, specific conductance, and pH must have stabilized. The
indicator parameters of pH, specific conductance, and temperature will be measured on purged
and recovered monitoring wells before collecting samples. When three consecutive measurements
are within 10%, temperature and specific conductance are considered stable and when three

consecutive measurements are within 0.2 units, pH is considered stable.

All of the above information will be recorded on a field data sheet or a field log book and copies

submitted to the Division of Waste Management with the analytical results.

All meters will be calibrated immediately prior to purging and sampling and those readings

recorded in a field logbook. The meters should be recalibrated at the end of each sampling
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event and those readings recorded in the log also. Entries will always include pre- and post-
calibration readings as well as the model and serial number of the equipment and the date, time,
and person performing the calibration(s). Two standards which bracket the average or suspected

measurements for pH and specific conductance will be used at the site.

Based on the number of wells to be sampled and their proximity to each other, all the wells may
be purged one after another with sampling to follow. In this manner. if a well is purged dry, it

may be allowed to recharge prior to sampling.

Purging After the amount of water to be purged from a well is determined, the equipment
necessary for purging will be assembled at the well including rope, 3-gallon bucket, .bailer, and
gloves. With the wrapped bailer maintained in a stable, upright position, the top portion of
aluminum foil will be pulled away exposing only the eyelet used for securing the rope to the bailer.
After the rope has been secured to the bailer with gloved hands, the bailer will be suspended as
the aluminum foil and plastic are removed. The gloved hand used to remove the aluminum foil
and plastic will be considered contaminated and may not come into contact with the bailer or
rope. The bailer will be lowered slowly into the well using the uncontaminated gloved hand that
suspended the bailer, until the bailer contacts the bottom of the well. The rope will be cut to an
adequate length and secured to prevent losing the bailer in the well. The gloves will be discarded

and a new pair used during the purging.

In order not to allow the rope to touch the ground during purging, the rope will be gathered
when raising the bailer either by gathering in loops in one hand or by the wind mill method. The
wind mill method requires hooking the rope with alternating thumbs as the rope is pulled from
the well. When purging deep wells (in excess of 40 feet), the ground around the well head may
be c;)vered with a clean plastic bag or sheet of plastic with a slit cut to allow the plastic to slide
over the well head. This will be a separate sheet of plastic from the one used for the sampling

equipment. The plastic will be placed over the sampler’s boots to allow the rope to fall onto the

plastic without contamination. Alternatively, the rope may be lowered into an open bag placed in
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a 5-gallon bucket beside the well head. In any case, the rope will not contact anything considered

contaminated including ground, boots, dirtied plastic, etc.

If purging and sampling of a well is performed at separate times, the bailer will be left suspended
in the well above the water table and the rope secured. The remaining rope will be doubled and
grasped in a tight loop in one hand. With the free hand, the glove on the hand holding the rope
will be removed by pulling it away from the hand and over the rope in an inside-out position until
rope is encased in the glove. The rope will be transferred to the opposite hand and the procedure
repeated to cover any portion of rope remaining uncovered. The glove-encased rope will be set on
top of the well head until time to sample. Alternatively, the rope remaining after securing may be
gathered in a tight loop and pushed into the 2-inch PVC well pipe and left. Even when sampling

immediately follows purging, new gloves will be necessary.

Equipment Blank Prior to sampling the wells, when using non-disposable bailers, an equip-
ment blank will be prepared using a representative bailer. This procedure entails removing the
top and bottom portions of the aluminum foil while sustaining the bailer in one hand, removing
the lid of the bailer, filling the bailer with distilled water, and replacing the lid. The distilled wa-
ter is then dispensed through the holes at the bottom of the bailer into the appropriately labeled

equipment blank containers.

Sampling Prior to sampling the wells, the necessary equipment will be assembled at the wells,
including sampling jars, pH, conductivity, and temperature indicators, a thoroughly cleansed wide

mouthed container, and a box of latex gloves.

With gloves on, the bailer will be lowered into the well slowly. To avoid releasing ‘any volatiles

from the groundwater, care will be exercised while the bailer is lowered so that it does not splash
or smack the water surface. Once full, the bailer will be retrieved and containers filled in the
order described above. The containers will be filled by emptying the water through the hole at.
the bottom of the bailer. The VOCs will be topped off by collecting some of the groundwater in

the cap and pouring it onto the samples contents to acquire the needed meniscus to eliminate air
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bubbles. The polyethylene containers will be filled and sealed with the cap, leaving an airspace
at the top of about 1/2 inch. In addition to collecting the samples, water will be collected
in the wide-mouth container for pH, temperature, and conductivity measurements. The pH,
temperature, and conductivity indicators, and wide-mouth container will be rinsed with organic-
free, deionized water after sampling each well and will be cleaned in accordance with Steps 2 and

3 described above at the completion of the project.

Following completion of the sampling, the containers placed in sealed plastic bags, including the
equipment blank and trip blank, will be stored and transported on ice. The used latex gloves and

rope will be discarded.

1.5 Surface Water Sampling

Surface water samples will be obtained from the location on Plate A. Actual sampling at the
designated location for surface water samples will be done with consideration given to minimizing

turbulence and aeration.

Surface water sample containers will be handled with gloves on, one hand near the base. When
collecting surface water samples, sample containers will be dipped at location points with extreme
caution in order to avoid contamination at the mouth of the container. The container will be
pushed rapidly at an angle into the water, mouth up, and tilted towards the stream current
to fill, so as not to lose any of the preservative into the surrounding water. If there is little
current movement, the container will be moved slowly through the water laterally. During times

of drought, if the water is not deep enough to allow filling of the container, a pool may be

scooped out of the bottom of the stream to obtain a sample. The pool will be allowed to clear

before sampling. Glass vial containers collected for organic analyses will be filled completely
as described above. The VOCs will be topped off by collecting some of the surface water in
the cap and pouring it onto the samples contents to acquire the needed meniscus to eliminate
air bubbles. The polyethylene containers will be lifted from the water and sealed with the cap,

leaving an airspace at the top of about inch. The samples will be sealed in plastic bags, stored
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and transported on ice. In addition to collecting the samples, water will be collected in the wide-
mouth container for pH, temperature, and conductivity measurements. The pH, temperature,
and conductivity indicators, and wide-mouth container will be rinsed with organic-free, deionized

water after sampling.

1.6 Leachate Sampling

Leachate will be obtained from the inflow pipe at the lagoon on Plate A. Leachate sample con-
tainers will be handled with gloves on. When collecting leachate samples, sample containers will
be handled with extreme caution in order to avoid contamination at the mouth of the container.
Containers will be filled by holding them in the leachate flowing out of the pipe. The polyethylene
containers will be sealed with the cap, leaving an airspace at the top of about 1/2 inch. Glass vial
containers collected for organic analyses will be filled completely as described above. The VOCs
will be topped off by collecting some of the leachate in the cap and pouring it onto the samples
contents to acquire the needed meniscus to eliminate air bubbles. The samples will be sealed in

plastic bags, stored and transported on ice.

1.7 Sample Transport and Chain-of-Custody

Sample containers will be clearly labeled as the samples are obtained and stored on ice along
with the equipment blanks and trip blanks. Trip blanks will remain in the condition they are
received from the laboratory and will not be opened or tampered with during the sampling. A
chain-of-custody record will be completed for each day’s samples, indicating the date and time,
sample location, sample matrix (soil, water, etc.), and laboratory analyses to be conducted. In
addition, a field sampling data sheet will be completed indicating the depth to water measured

in each well sampled and the pH, temperature, and specific conductivity of the sample measured

in the field.
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1.8 Groundwater, Surface Water, and Leachate Analysis

Water samples obtained in the field will be maintained in the sample containers on ice and
transported to an approved laboratory for analysis. If the individual transporting the samples
is different from the individual that did the sampling, the chain of custody forms will be used
to document the transfer of custody from the water sampler to the water transporter. When
the water samples reach the laboratory, they will be transferred to a sample custodian who will
sign the chain of custody documentation for receipt of the samples. Internal control of the water
samples in the laboratory will be in accordance with QA /QC procedures for the laboratory. Copies

of QA/QC manuals for approved laboratories are on file at the Division of Solid Waste.

Groundwater, surface water, and leachate samples will be analyzed for the list of chémical con-
stituents in Table E-1. In addition, practical quantitation limits for each of the constituents and a
list of the equipment that will be used in the laboratory testing are presented in Table 1. QA /QC
procedures utilized during the testing will be in conformance with laboratory QA/QC manual.
Leachate samples will also be analyzed for biochemical oxygen demand (BOD), chemical oxygen

demand (COD), phosphate, nitrate, nitrite, sulfate, and pH.
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Table E-1: Ground and Surface Water Analyses Methodology*

Constituent CAS Number? Test Method Equipment PQL (ug/ 1)3
Antimony (Total) EPA 7041  GF/AA® 30
Arsenic (Total) EPA 7060  GF/AA 10
Barium (Total) EPA 6010 ICP® 20
Beryllium (Total) EPA 7091 GF/AA 2
Cadmium (Total) EPA 7131 GF/AA 1
Chromium (Total) EPA 7191 GF/AA 10
Cobalt (Total) EPA 7201 GF/AA 10
Copper (Total) EPA 6010  ICP 60
Lead (Total) EPA 7421  GF/AA 10
Nickel (Total) EPA 6010 ICP 150
Selenium (Total) EPA 7740 GF/AA 20
Silver (Total) EPA 7761  GF/AA 10
Thallium (Total) EPA 7841  GF/AA 10
Vanadium (Total) EPA 7911 GF/AA 40
Zinc (Total) EPA 6010 ICP 20
Acetone 67-64-1 EPA 8260 GC/MS’ 100
Acrylonitrile 107-13-1 EPA 8260  GC/MS 200
Benzene 71-43-2 EPA 8260  GC/MS 5
Bromochloromethane 74-97-5 EPA 8260 GC/MS 5
Bromodichloromethane 75-27-4 EPA 8260 GC/MS . 5
Bromoform 75-25-2  EPA 8260 GC/MS - 5
Carbon disulfide 75-15-0 EPA 8260 GC/MS ' 100
Carbon tetrachloride 56-23-5 EPA 8260 GC/MS 10
Chlorobenzene 108-90-7 EPA 8260 GC/MS 5
Chloroethane 75-00-3 EPA 8260 GC/MS 10
Chloroform 67-66-3 EPA 8260 GC/MS 5
Dibromochloromethane 124-48-1 EPA 8260 GC/MS 5
1,2-Dibromo-3-chloropropane 96-12-8 EPA 8260 GC/MS 25
1,2-Dibromoethane 106-93-4 EPA 8260 GC/MS 5
1,2-Dichlorobenzene 95-50-1 EPA 8260 GC/MS 5
1,4-Dichlorobenzene 106-46-7 EPA 8260 GC/MS 5
trans-1,4-Dichloro-2-butene 110-57-6 EPA 8260 GC/MS 4 100
1,1-Dichloroethane : 75-34-3 EPA 8260 GC/MS 5
1,2-Dichloroethane 107-06-2 EPA 8260 GC/MS 5
1,1-Dichloroethylene 75-35-4 EPA 8260 GC/MS 5
cis-1,2-Dichloroethylene 156-59-2 EPA 8260 GC/MS 5
trans-1,2-Dichloroethylene 156-60-5 EPA 8260 GC/MS 5
1,2-Dichloropropane 78-87-5 EPA 8260 GC/MS 5
cis-1,3-Dichloropropene 10061-01-5 EPA 8260 GC/MS 10
trans-1,3-Dichloropropene 10061-02-6 EPA 8260 GC/MS - 10

(continued on next page)
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Constituent CAS Number Test Method Equipment PQL (ug/l)
Ethylbenzene 100-41-4 EPA 8260 GC/MS 5
2-Hexanone 591-78-6 EPA 8260 GC/MS 50
Methyl bromide 74-83-9 EPA 8260 GC/MS 10
Methyl chloride 74-87-3 EPA 8260 GC/MS 10
Methylene bromide 74-95-3 EPA 8260 GC/MS 10
Methylene chloride 75-09-2 EPA 8260 GC/MS 10
Methyl ethyl ketone 78-93-3 EPA 8260 GC/MS 100
Methyl iodide 74-88-4 EPA 8260 GC/MS 10
4-Methyl-2-pentanone 108-10-1 EPA 8260  GC/MS 100
Styrene 100-42-5 EPA 8260 GC/MS 10
1,1,1,2-Tetrachloroethane 630-20-6 EPA 8260 GC/MS 5
1,1,2,2-Tetrachloroethane 79-34-5 EPA 8260 GC/MS 5
Tetrachloroethylene 127-18-4 EPA 8260 GC/MS 5
Toluene 108-88-3 EPA 8260 GC/MS 5
1.1,1-Trichloroethane 71-55-6 EPA 8260 GC/MS 5
1,1,2-Trichloroethane 79-00-5 EPA 8260 GC/MS 5
Trichloroethylene 79-01-6 EPA 8260 GC/MS 5
Trichlorofluoromethane 75-69-4 EPA 8260 GC/MS 5
1,2,3-Trichloropropane E 96-18-4 EPA 8260 GC/MS 15
Vinyl acetate 108-05-4 EPA 8260 GC/MS 50
Vinyl chloride 75-01-4 EPA 8260 GC/MS 10
Xylenes (Total) EPA 8260  GC/MS 5

IExcerpted from “40 CFR Ch. I (7-1-98 edition), Part 258, App. II".

2Chemical Abstracts Service registry number. Where “Total” is entered. all species in the groundwater that
contain this element are included.

3Practical Quantitation Limits (PQLSs) are the lowest concentrations of analytes in ground waters that can
be reliably determined within specified limits of precision and accuracy by the indicated methods under
routine laboratory operating conditions.

1Suggested methods refer to analytical procedure numbers used in EPA Report SW-846 “Test Methods for
Evaluating Solid Waste”, third edition, November 1986, as revised, December 1987.

®Graphite Furnace - Atomic Absorption Spectrophotometer

%Inductively Coupled Plasma - Atomic Emission Spectrophotometer

"Gas Chromatograph - Mass Spectrometer
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Introduction :

It is important to understand the difference between a ground water monitoring well and a
water supply well. This distinction is obvious when comparing well construction techniques
characteristic of various formations:throughout the State. For instance, the western part of North
Carolina is dormnated by a series of crystalline metamorphic rocks. Subsequently, water supply
wells in these reglons are typically constructed by drilling through the saprolite (weathered rock)
and into very hard resistant rock below the tiue water table. Because of the resistant lithologic
character of these units, well drillers often feel that it is unnecessary to case a well drilled in rock.
This rationale may hold truefor dnnkmc water supply wells but it is unacceptable for ground
water monitoring purposes-due-to’ contammatlon problems associated with uncased or partially

cased wells. Subsequently the Solid Waste Section requires completely cased boreholes for all
ground water monitoring wells.

The Section strongly urges all contractors and consultants to become familiar with well
construction techniques and specifications of monitoring wells as illustrated by the ground water
monitoring well schematic (figure 1). Monitoring well construction standards must conform to
requirements cited in 15A NCAC 2C "Well Construction Standards Criteria and Standards
Applicable to Water Supply and Certain Other Wells".

A. Specific Monitoring Well COI)SIIuCthIl Requirements ._____.
Because the location and design of ground water monitoring wells at landfills is one of the
most critical phases of site development, the importance of a thorough hydrogeologic evaluation

which clearly delineates ground water elevation and flow characteristics is of highest
significance. In order to assure consistent and proper installation techniques which are in
accordance with EPA regulations, all deviations to the following methods, or ‘questions regarding
maternials, monitoring well locations or other techniques, should be directed to the Solid Waste
Section Hydrogeologist at (919) 733-0692, c.o. the Solid Waste Section, P.O. Box 27687,
Raleigh, N.C. 27611-7687. The Solid Waste Section reserves the night to evaluate in the ﬁe‘a

the actual well installation techniques and procedures.

Proper installation of monitoring wells and placement of well screens is critical to assure that
the ground water sample represents the portion of the aquifer where contaminants.may migrate.
The maximum length of the well screen is 15 feet. Well screens should be placed at depths based
on hydrogeologic data collected during previous site investigations. Well sorted sand to be used
as a pre-screening filter pack of influent ground water should be washed to rémove all fines in
order to prevent clogging of the well screen. In connecting well casing sections threaded pipe

fittings are required as opppsed to various types of glues or other cements which have the
potential for contaminating ground water samples.

Various casing types and sizes are available and acceptable for installation of monitoring
wells. Generally, 2" inside diameter PVC casing is used. Under certain circumstances stainless
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s. . or Teflon well casings are preferred, however, Teflon casings are relatively malleable and.
may not hold-up under stressed conditions.

The most common size bore holes include those which are drilled with.an:8" hollow-stem
auger. These will accommodate 2" and 4" I.D. casings. The Solid Waste Section recommends the
use of 2" 1.D. casings for wells drilled 100" or less. Monitoring wells drilled to depths exceeding
100" such as wells designed to monitor water quality through possible fracture patterns may be
cased with 4" 1.D. casings to allow for the use of pumps to purge the wells.

A typical monitoring well schematic is shown in figure 1. In general all Type II monitoring

wells used for detection monitoring should conform to the construction design specifications
indicated.

Because accidental or natural events may influence the condition of monitoring wells, an on-
going well inspection and maintenance program should be conducted by landfill personnel. Some
of the items which should be regularly maintained by facility personnel include: 1) insuring that
all wells are locked at all times, 2) insuring that all casings have a secure cap, 3) insuring that the
outer casing is upright and undamaged by equipment or vehicles, 4) insuring that each well
location is clearly marked and an unobstructed path exists, free of dense vegetation. These
maintenance factor_s~ are cnncal for helpmg insure proper ground water momtonng

B. Ground water Momtonng

Because a tremendous liability is associated with water quality data obtained from analytical
Jaboratory results, it is of the utmost importance to insure the validity and integrity of sampling
techniques and rnethodology Two distinct monitoring systems exist which may be used to purge

and sample a monitoring well. These two systems are the portable monitoring system and the
dedicated monitoring system. : "

Portable Monitorning

1. Bailers

The portable monitoring system is by far the most common method used to collect samples w0
monitor ground water quality. The most popular portable purging and sampling device is the
Teflon bailer. Teflon is considered to be a preferred material to use for ground water monitoring -
because of its relatively inert chemical character. Stainless steel bailers are also acceptable but
are not used as frequently. Because of the possibility of an interaction between the Sample and

bailer components, the use of high density polyethylene (HDPE) bailers or PVC bailers is
generally not allowed for collecting samples for analysis of ground water quality .

The bailer line that attaches to bailers should consist of either 1) nylon rope, 2) Teflon coated
w...¢g, 3) single stranded stainless steel wire, or 4) some other monofilament line. A new segment

2
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of line should always be used for each well. Unused line should be protected from contamination
as much as possible.

2. Pumps

A number of types of submersible electric pumps are available with stainless steel and Teflon
components that are allowed to be used in certain circumstances (ie. deep wells with large

diameter casings) for purging of wells prior to sampling. Purge rates must be carefully controlled
or the resulting agitation within the well may change the sample chemistry.

Electric pumps designed to remain outside the well on the gTomd surface with an intake pipe
inside the well can also be used for purging. However, intake tubing placed in the well must be

composed of Teflon and properly decontaminated prior to use. Sampling is discouraged with this
system because of the obvious problem with flow control rate.

Hand pumps are useful for purging wells in a relatively short period of time, but
unfortunately, are usuzally unsuitable for sampling. The primary reasons being the possibility of
contamination and lack of availability of Teflon or stainless hand-pumps in the commercial

. market. In addition, the regulation of flow rate, which is very important for most sampling
- .~situdtions=is-difficult-to control. Proper cleaning and decontamination can be a problem in the
field if a pump is used ior more than one well.

Dedicated Moniton'nﬂ

So far previous discussions have focused on equipment related to portable monitoring
svstems. A short overview of dedicated systems is in order. Dedicated well monitoring differs
from portable monitering primarily by the permanency of the set-up. Because portable systems
require the use of much of the same equipment from well to well, great care must be exercised to
avoid cross contamination. Dedicated systems, however, require no between-well cleaning
procedures. These svsiems offer permanently affixed down-well and well-head components that

are capped afier initial set-up. All dedicated monitoring systems must be approved by the Solid
Waste Section before installation.

Most dedicated monitoring systems are comprised of an in-well submersible bladder pump,
with air supply and sample discharge tubing, and an above-ground driver/controller for
regulation of flow rates and volumes. The pump and all tubing housed within the well should be
composed of Teflon or stainless steel components. This includes seals inside the pump, the pump
body and fittings used to connect tubing to the pump. Because ground water will not be in

. contact with incompatible constituents and because the well is sealed from the surface, virtually

no contamination is possible from intrinsic sources during sampling and between sampling
intervals. '

Flow rate during sample collection is very important when using any type of pump system.
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Oha s in sample pH, sample chemistry and volatilization of organic constituents are possible
with mgh flow rates during purging and sample collection. Flow rates as low as 100ml/ min. are
necessary when collecting samples.

In contrast to the above described system, occasionally individuals are under the false
impression that bailers which are initially cleaned in a laboratory and permanently placed in
monitoring wells are considered dedicated systems and subsequently are acceptable for
monitoring purposes. While it is permissible to assign a particular bailer to an individual well,
the bailer should always be decontaminated between sampling events and never stored inside the

well. A separate laboratory cleaned Teflon or stainless steel bailer is required for each monitoring
well during each sampling episode.

Equipment Cleaning Procedures

The preferred setting for cleaning all equipment coming in contact with samples or ground
water inside a monitoring well is within an established and properly equipped laboratory. In
general, field cleaning of sampling equipment such as bailers is not allowed. With detection
limits of parts per million or even parts per billion for various sample constituents, extreme care
should be taken to insure that all sampling equipment is properly cleaned before use.

The following procedures have been established by EPA Region [V &s SmATm T

cle: g equipment for sample collection for RCRA based programs. ___ _

Teflon bailers, etc.:

Phosphate-free soap and tap water wash

Tap water rinse ;

10% nitric acid or 10% hydrochloric acid soak:
Deionized or distilled water rinse

Isopropyl alcohol rinse

Deionized or distilled water rinse

Alr drv

Alumninum foil wrap with shiny side out

RN o

Stainless steel bailers, etc.:

1.
2.
A

6.

Phosphate-free soap and tap water wash
Tap water rinse

Deionized or distilled water rinse
Isopropyl alcohol rinse

Deionized or distilled water rinse

Alr dry

8]uminum foil wrap with shiny side out




N

DRAFT

Szmple Collection

Of primary importance in the collection of monitoring well samples is the need to collect a
s"amnle that is as representative of the ground water ‘as possible. It 1s very important not to add to,
delete from, or cause any change in the sample being collected. The use of properly
decontzminated equipment with acceptable sampling and sample handling technique cannot be
over-emphasized. Nothing should be placed inside the well casing that has not been
decontaminated and decontaminated equipment should never be handled without the use of new
clean disposable gloves. Once the well cap is removed from the casing all equipment and all
sampling procedures should be performed while wearing gloves. Extreme care should always be

taken to prevent bailers, bailing line, and open sample containers from coming in contact with
anything other than the well contents.

Ezch monitoring well should be treated as a separate entity. All disposable equipment, such as -
gloves and bailer line, should be discarded after being used at each well. Never use the same
eoum'“ﬂ"' between wells unless it has been properly deconiaminated. Each sampling episode
shouid nave enough laboratory cleaned supplies available for one-time use for each well.

1. Purgzing Methods

The primary purpose of pu:gmo a momtonnO well is to remove staonant water wnhm the

casing and surrounding filter pack, thereby helping insure that the sample collected will closely o

represezi actual ground water in the vicinity of the well. The accepted standard is to purge 3 to 5
well volumés or until the well is dry once before sampling. Purging may need to be continued
bevond 3 to 5 well volumes if the pH and specific conductivity have not stabilized. At no time

should purge rates cause cascading of recharge water inside the casing because of the possibility

of increzsed loss of volatile compounds

In some instances, dependent upon the hydrogeologic setting, the recharge rate may be

exceptionally slow after purging and sampling may not be poss1ble until the next day. However,
efforis should be made to sample all wells within 24 hours after purging.

As 2 rule, the water level in all wells is measured and sianding volumes are calculated before
anv well purging begins. The most accurate method of determining water level is with the use of
an eleconic indicator. Measurements should always be recorded to the nearest 0.01 foot. The
use of carpenter's measuring tapes, monofilament lines, lead pipe "plopers", etc. is-not
recommended. Water level indicator cables and probes should always be decontaminated before

and berween well usage, and stored and transported in such a manner as to prevent contarnination
from outside sources.

2. Sample Containers

Beczuse samples are analyzed for various parameters, several tvpes of containers are required
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f  complete sampling scheme. All sample containers must be properly decontaminated before
use. The number of containers for sample collection and the use of acid for preservation of
samples is dependent upon the protocol required by the laboratory performing the analyses. As a
rule, samples for organics analyses are collected in glass containers, and samples for metals

analyses are collected in plastic containers. If containers have a pre-measured amount of acid, no
rinsing should be done prior to the addition of the sample.

3. Sampling Order

Samples should always be collected in the order of parzmeter volatilization sensitivity. A
preferred collection order for some parameters is as follows:

* Volatile Organic Compounds (VOCs)

* Total Organic Halogens (TOX)

* Total Organic Carbon (TOC)

* Extractable Organic Compounds (Semi-volatiles)

* Total Metals

* Cations and Anions

4. Field Filtering of Samples

EPA regulations for analyses of samples from RCRAF2sed Frograms requiré an analvsis for

t . analyte concentrations. As a result, field filtration of monitoring samples to be evaluated for
compliance purposes is not allowed. The 3030C preparation method required by the Division of
Environmental Management is not allowed for solid waste management facilities.

3. Transport and Storage of Samples

Upon completion of sample collection, all samples shouid be stored and transported on ice or
in a refrigerated state to the laboratory performing the analvses. Samples should be stored in such
a manner as to prohibit breakage or accidental spillage. Unless unusual circumstances prevent
otherwise, all samples should be delivered to the laboratory on the same day as collected.

6. Administrative Procedures

- A chain-of-custody record should be completed and accompany each sample to the
laboratory. The record should contain the following information:
Sample number

Signature of collector
Date and time of collection
Sample type
Well identification
* Tota! number of containers
Signzrure of person(s) involved in chain-of-possession

6
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* Inclusive dates of possession
7. Quality Assurance/Quality, Control

All sampling events should include provisions for qualiry assurance and quality control to
belp insure the reliability and validity of the sampling data. Ata minimum, one trip blank and
one equipment blank must be included for each sampling episode.

Analvtical Procedures

1. Detection Monitoring Requirements

The detection monitoring program for each Municipal Solid Waste Landfill MSWLF)
receiving solid waste after April 9, 1994 is required 10 comply with Solid Waste Management
Rules 15A NCAC 13B .1630 through .1633. Generally, all monitoring well and surface water
samples should be analyzed for the constituents listed in Appendix I of CFR Part 258 (Table 1).
After the initial 4 independent sampling events to esizblish background water quality, sampling
should be on a semi-annual basis unless otherwise specified by the Solid Waste Section. Field
measurements for temperature, pH, specific conductivity, and the determination of rate and
direction of ground water flow mustalso be-included Tor éach well at €ach sampling event.
All analytical monitoring well data from the above referenced landfills must be evaluated
siztistically for compliance purposes. Surface water data does not have to be statistically

analyzed. Acceptable statistical methods are listed under Rule .1632(g) of the North Carolina
Soiid Waste Management Rules 15A NCAC 13B.

Construction and Demolition (C&D) Landfills are also required to be monitored semi-
annually. Ata minimum C&D landfill monitoring should be done for RCRA metals and volatile
orzanic compounds (EPA Method 8240 or 8260), specific conductance, pH, and temperature.

Determination of ground water flow rate and direction is not required during each sampling
erisode of C&D landfills. ;

Landfills that stopped receiving solid waste before April 9, 1994 or landfills that do not have
to comply with the Subtitle D monitoring requirements should sample and analyze for the
parameters listed in Tables 1 and 2, unless otherwise directed by the Solid Waste Section. A
stztistical analvsis of the monitoring well data is not required.

Monitoring data, quality assurance/quality contrel date, statistical analyses, chain of custody
rzcords and any other required information should be submitted to the Solid Waste Section

within 13 days of receipt by the facility owner/operator.

“Z. Laboratory Certification
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'l monitoring samples should be analyzed by a laboratory certified under the Division of
Environmental Management (DEM) Certification program. Tables 1 and 2 list lab certification

>

. requirements, sampling analytical methods, reporting limits and methodologies for analvses for

the various sample parameters.

C. Surface Water Monitoring

Landfill sites which contain or border smal] rivers, streams or branches should include surface
water sampling as part of the detection monitoring program for each sampling event. A simple
procedure for selecting surface water monitoring sites is to locate a point on a stream where
drainage leaves the site. This provides detection of contamination through, and possibly
downstream, of site via discharge of surface waters. The sampling points selected should be

downstream from any waste areas. An upstream sample should be obtained in order to determine
water-quality upstream of the influence of the landfill.

The following procedure is recommended regarding sample collection of surface waters. Prior
to collecting the sample, specific collection points should be determined. Samples should be
collected in areas with minimal turbulence and aeration. Because sample containers may be
dipped by hand into the stream, caution must be taken in avoiding contamination of the mouth of
the container. The following procedure is recommended- ‘

Hold the container near the base with one hand, and with he other hand remove the cap.

2. Rinse the sample container with the water to be sampled prior to filling the container
unless it has a pre-measured amount of preservatives such as acid for metals samples.

3. Push the sample container rapidly into the water (mouth down) and tilt upwards toward the

curent to fill. A depth of about 6 inches is satisfactory. Do not breach the water surface while
filling the container.

4. During times of little current flow, move the container laterally slowly through the water.
5. During times of drought when stream water depths are too shallow to allow submersion of

the container, a pool may be scooped out of the channel bottom and allowed to clear prior
to sampling.

6. Lift the container from the water and leave one-half inch of air space and place the cap on
container. Volatile organic samples should have no head space. ’

the

7. Place the samples on ice and transport to the laboratory with completed paperwork.
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Summary of Important Sampling Requirements

1. Monitoring requirements for MSWLF units must comply with Solid Waste Management
Rules 15A NCAC 13B .1630 through .1633.

2. All monitoring wells that are part of the detection monitoring system must be sampled semi-
annually unless otherwise specified by the Solid Waste Section.

3. All sampling equipment should be properly decontaminated before use according to EPA
Region IV protocol. Once equipment has been cleaned it should be protected from
contamination. This includes bailers, bailer line, water level indicator cable and probe.
Equipment should not be transported unprotected from possible contamination sources.

4. Field cleaning of bailers and most other equipment is not allowed. A sufficient number of
laboratory cleaned bailers should be available to provide a separate bailer for each monitoring
well for a sampling episode. Water level indicator cable and probe should be cleaned and
protected from contamination after usage between each well. When taking measurements at more

_than one well during a sampling event, a minimum cleaning for water level indicator probes and

cables should be a thorough rinse with distilled or deionized water.

5. Always use clean disposable gloves when sampling or handling any sampling equipment.

Frequent glove changes will lesson the possibility of cross-contamination between wells and
equipment.

6. If bailers are used to sample monitoring wells, only bailers composed of Teflon or stainless
steel are allowed. If disposable Teflon bailers are used, documentation of proper cleaning
protocol must be provided. HDPE and PVC bailers may not be used.

7. Wells should be purged a minimum of 3 well volumes or to dryness at least once before
being sampled.

8. Ifa well is not immediately sampled after purging and bailers are used as the sampling
device, the bailer and line may be secured and temporarily stored inside the well casing above

the water level until the well is sampled. However the well should be sampled as soon as
recharge is sufficient.

9. Monitoring well samples should be collected in the foliowing order:
a. Volatile organics

b. Semi-volatile organics
c. Metals

d. Cations and anions (ie. chlordes, sulfates, etc.)

9
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e. Indicator parameters (ie. BOD, COD, etc.)
f. Other parameters (ie. TDS, etc.)

10. If pumps are used for sampling, flow rates should not exceed 100 ml/min.

11. Field filtration of ground water samples used for compliance monitoring is not permitted.

Samples must be analyzed for total concentrations of all parameters unless otherwise specified
by the Solid Waste Section.

12. QA/QC samples should be a part of each sampling episode.
13. Chain-of-Custody must be maintained for all samples.

14. Samples must be analyzed by laboratories mesting DEM certification requirements for each
parameter using the methods approved by the Solid Waste Section.
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E neter

Certification

by DEM

PQL in ppb

(1) Antimcny

,i
st

Grcu

30

(2) Arsenic

Group

(3) Barium

(20}

(4) Beryllium

Group

Cadmium

Chromium

Group

(7} Cobalt

Group

(8}

Copoer

Greup I
level

———aTgrznégaz=::£17“

"Group I

Nickel

Group I
level

Crcup I

Grecup

level

Group I

Vanzadium

Metzls,
level

Group I

Zinc

Metzals,

regular

Group
level

shall be report
In addition. to sam
ing should also i
ceonductivity.

Nc

CcCn

testing of pH,

D
<

racticzl Quantitation Limit
ituents referenced above,
temperature, anc

f samples is allowed.

The 3030C

is not allowed.

Recular ICP (Method 6010)is not approved for analysis of constituents
for which low-level certification is required.
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Table 2

VOLATILE ORGANIC COMPOUNDS

1GANIC
)NSTITUENT

ORGANIC
CONSTITUENT

e ——————————

5 ACETONE

(40) T-1,3-DICHLOROPROPENE

7) ACRYLONITRILE

(41) ETHYLBENZENE

1) BENZENE

(42) METHYL BUTYL KETONE

) BROMOCHLOROMETHANE

(43) METHYL BROMIDE

) BROMODICHLOROMETHANE

(44) METHYL CHLORIDE

1) BROMOFORM

(45) METHYLENE BROMIDE

2) CARBON DISULFIDE

(46) METHYLENE CHLORIDE

3) CARBON TETRACHLORIDE

(47) MEK; 2-BUTANONE

4) CHLOROBENZENE

(48) METHYL IODIDE

'5) CHLOROETHANE

(49) METHYL ISOBUTYL KETONE

'6)-CHLOROFORM ™

(50) STYRENE

*7) CHLORODIBROMOMETHANE

(51) 1,1,1,2-TETRACHLOROETHANE

:8) DBCP

(52) 1,1,2,2-TETRACHLOROETHANE

19) ETHYLENE DIBROMIDE

(53) TETRACHLOROETHYLENE

i0) O-DICHLOROBENZENE

(54) TOLUENE

31) P-DICHLOROBENZENE

(55) 1,1,1,-TRICHLOROETHANE

32) T-1,4-DICHLORO-2-BUTENE

(56) 1,1,2-TRICHLOROETHANE

33) 1,1-DICHLOROETHANE

(57) TRICHLOROETHYLENE

14) ETHYLENE DICHLORIDE

(58) CFC-11

35) VINYLIDENE CHLORIDE

(59) 1,2,3-TRICHLOROPROPANE

36) CIS-1,2-DICHLOROETHENE

(60) VINYL ACETATE

37) T-1,2-DICHLOROETHENE

(61y VINYL CHLORIDE

38) PROPYLENE DICHLORIDE

5 .

(62) XYLENES

39) CIS-1,3-DICHLOROPROPENE

10

ALSO KNOWN AS: (21)-TRIBROMOMETHANE, (25)-ETHYL CHLORIDE, (26)-TRICHLOROMETHANE,
(27)-DIBROMOCHLOROMETHANE, (28)-1,2-DIBROMO-3-CHLOROPROPANE, (29)-1,2-DIBROMOETHANE.
(30)-1,2-DICHLOROBENZENE, (31)-1,4-DICHLOROBENZENE, (33)-ETHYLIDENE CHLORIDE,
(34)-1,2-DICHLOROETHANE, (35)-1,1-DICHLOROETHENE (ETHYLENE), (36)-CIS-1,2-DICHLOROETHYLENE,
(37)-TRANS-1,2-DICHLOROETHYLENE, (38)-1,2-DICHLOROPROPANE, (42)-2-HEXANONE, (43)-
BROMOMETHANE,

(44)-CHLOROMETHANE, (45)-DIBROMOMETHANE, (46)-DICHLOROMETHANE, (47)-METHYL ETHYL KETONE,
(48)-IODOMETHANE, (49)-4+METHYL-2-PENTANONE, (53)-TETRACHLOROETHENE, PERCHLOROETHYLENE,
(55-METHYLCHLOROFORM, (57)-TRICHLOROETHENE, (58)-TRICHLOROFLUOROMETHANE
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A MIN. OF 1" ABOVE THE 1" MIN. BENTONITE PELLETS
SCREEN AND NO MORE THAN g E.
2’ ABOVE -

SAND BACKFILL
(NC 42 )

—— SCREEN INTERVAL
NOT TO EXCEED 15°

0.01” SLOTTED SCREEN, PVC

. END CAP, PVC

MAX. 1" FILTER PACK
BELOW SCREEN

NOTE: SHALLOW WELLS REQUIRE A MINIMUM
OF 5 COMBINED THICKNESS OF GROUT TYPICAL MONITORING WELL
AND BENTONITE. PLATE B
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TOP OF ROCK
2526.87
2537.38
2537.58
- 2555.52
2533.84
2562.00
2562.00
2491.52
2509.38
2560.76

- 2558.56
2536.19
2557.90
2556.04
2482.37
2482.47
2538.74

20

DEPTH
2506.49
2526.87
2537.38
2519.58
0575.66
2525.52 -
2553.98
252384
2562.17
2538.78
2575.21
2554.71
2544.77
2531.00
2521.00
2519.02
2481.52
2509.38
2560.76
2540.36
2579.39
2555.39 |
2526.69
2557.90
2536.04
2482.37
2466.27
2520.24
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2558.
ISTING LANDFILL

COMPLE TION

X

Ty

GROUND
ELEVATION

2579.49
2551.87
2555.36
2554.58

2671.66
2626.20
2625.52
2602.48
2603.09
2609.67
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2633.21
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