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Executive Summary

This Design Hydrogeological Study was performed to assess the local and regional geologic,
hydrogeologic and hydrologic characteristics of the uppermost aquifer regime at the proposed
Area 2 expansion of the Halifax County Construction and Demolition (C&D) Debris Landfill.
Requirements for the Design Hydrogeologic Study are described in Rule 15A NCAC 13B .0538
(b).

The Halifax C&D Landfill is located at 921 Liles Road in Littleton, North Carolina, approximately
twelve miles south of Roanoke Rapids, NC and one mile north of the intersection of NC 48 and
SR 1001 at Aurelian Springs, in the Butterwood Township. The land area for the proposed Area
2 is currently undeveloped. The surrounding area is undeveloped property and agricultural.
There is no residential or commercial/industrial development in the vicinity. The site is located
in the Eastern Piedmont Province of North Carolina in the Tar-Pamlico drainage basin.

The approximately +6 acre Area 2 area was investigated utilizing 16 historic soil borings,
advanced to depths of up to 50 feet below ground surface (bgs). The site stratigraphy is based
more on the in-situ weathering pattern than actual depositional units. The upper soils are stiff,
reddish-orange clayey silt and silty clay, extending to depths of 10 to 15 feet bgs. The borings
generally did not encounter bedrock or partially weathered rock; however, test boring BP-1
encountered partially weathered rock and auger refusal on bedrock at 36 feet bgs.

Ground water conditions have been characterized using 16 piezometers and permanent wells
located in and around the C&D Area 2 footprint. The uppermost, unconfined aquifer is located
at an approximate elevation of 210 feet to 275 feet amsl; determined using the approximate
bedrock depth and average groundwater elevation as the upper and lower boundaries.
Generally, groundwater flows through the unconsolidated sediments in a northwesterly
direction toward the local discharge feature, an unnamed tributary of Brewers Creek. These
fine-grained sediments yield moderate hydraulic conductivities and groundwater flow rates.
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1.0

INTRODUCTION

1.1 Study Purpose and Scope

This Design Hydrogeological Study was performed to assess the local and regional
geologic, hydrogeologic and hydrologic characteristics of the uppermost aquifer regime
at the proposed Area 2 expansion of the Halifax Construction and Demolition (C&D)
Landfill. Collected field information was used to determine subsurface hydrogeologic
and engineering properties, to evaluate hydrogeologic and geologic conditions, to
identify base grade elevations for compliance with vertical separation requirements and
to design effective monitoring plans for early detection of a potential release into
groundwater and potential landfill gas migration. Data, conclusions and
recommendations for hydrologic and geologic conditions are provided to fulfill the
requirements for the Design Hydrogeologic Study described in Rule 15A NCAC 13B,
.0538 (b).

1.2 Site Background

The proposed Area 2 expansion will operate under NC Solid Waste Permit 42-04. The
Halifax landfill facility includes a municipal solid waste (MSW] unit closed December 31,
1997, the existing C&D landfill (Phase 1), an Ash Monofill unit, woodwaste processing,
animal waste and white goods disposal. The planned Area 2 C&D landfill area covers
approximately 6 acres within the existing permitted boundary and will be located east of
the closed MSW landfill and Phase 1 C&D landfill. Historically, the land has been forest
and was most recently used as a soil borrow area.

The facility meets the applicable location requirements of 15A NCAC 13B .0503. This
document and its attachments meet the hydrogeological report requirements outlined in
Rule.0538 (a) and (b). Design submittal requirements of .0535, including a Facility Plan,
Engineering Plan, Construction Quality Assurance (CQA) Plan, Closure/Post Closure
Plan, and Operations Plan, are addressed elsewhere in the permit application. This
document also includes a certified Water Quality Monitoring Plan (WQMP) and Landfill
Gas Monitoring Plan in accordance with Rule .0544. Current development plans for the
site will observe the buffer requirements in accordance with 15A NCAC13B .0540.

A regional topographic map showing the 2-mile radius around the facility is provided as
Figure 1. Figure 2 presents the local conditions with a 2000 foot radius.

1.3 Site and facility description

131  Locationand Area Use

The Halifax C&D Landfill is located at 921 Liles Road in Littleton, North Carolina,
approximately twelve miles south of Roanoke Rapids, NC and one mile north of

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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the intersection of NC 48 and SR 1001 at Aurelian Springs, in the Butterwood
Township. The permitted facility is bound on the north by SR 1417 and in all
other directions by private property. The surrounding land is currently mixed
forest and agricultural. The closest residence is approximately 1800 feet from
the proposed C&D landfill (Area 2). The site topography for the northern portion
of the site is on the Thelma U.S5.G.S topographic map and the southern portion of
the site is on the Aurelian Springs U.S.G.S topographic map. Figure 3 shows an
aerial photograph of the site and surrounding area. An Area 2 site map is
included as Figure 4.

The land area for the proposed Area 2 is currently undeveloped. The
surrounding area is undeveloped property and agricultural. There is no
residential or commercial/industrial development in the vicinity. Most
development is located along the main roads. Public road haul routes are shown
on Figure 1.

An on-site easement for a North Carolina Power Company overhead power line
runs along SR 1417 at the north end of the site. No other utilities or easements
are known within the property boundary.

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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2.0

GEOLOGY AND GROUNDWATER CHARACTERISTICS

2.1 Surface Topography and Drainage

The site is located in the Eastern Piedmont Province of North Carolina in the Tar-
Pamlico drainage basin. The existing topography, including the closed MSW and active
C&D landfills, ranges from 220 to 340 feet above mean sea level (amsl].

The uppermost aquifer is clayey silt and silty clay. Groundwater occurs from
approximately 10 to 40 feet bgs. Brewers Creek runs along the western property
boundary, with one of its tributaries bisecting the facility. Locally, groundwater from the
C&D Area 1 and proposed Area 2, flows northwest toward an unnamed tributary of
Brewers Creek.

2.2 Site Investigation Methodology

The approximately +6 acre Area 2 area was investigated utilizing 16 historic soil borings,
advanced to depths up to 50 feet bgs. Investigation locations were based on
topographical and geologic features, access and existing site knowledge. BP-1 through
BP-6 were advanced December 1995. BP-7 through BP-14 were advanced in April 1997.
GY-1, GY-2, GY-3, MW-15 and MW-15R were installed 1994. Field work was performed
under the supervision of a North Carolina licensed geologist. To provide a
comprehensive subsurface representation, boring logs and information from past
investigations are included in Appendix A. Figure 4 illustrates boring locations.

Most borings were sampled using the standard penetration test (ASTM D1586).
Representative split spoon samples, undisturbed (Shelby tube) samples and bulk soil
samples from the auger cuttings were procured for laboratory testing. Laboratory
testing was performed in accordance with appropriate ASTM test procedures.
Geotechnical laboratory data is included in Appendix B.

Groundwater levels were measured in select piezometers from January 1996 until

January 1998, from September 2005 until August 2009 and in February 2011 and
September 2012.

2.3 Soil Characteristics

According to the USDA web soil survey?', soils within Area 2 are generally classified as
Wedowee Sandy Loam with some Loamy Udorthents and Pacolte Sandy Loam. The
Wedowee Sandy Loam is a well drained soil with a very moderately high to high capacity
to transmit water; slopes range from two to ten percent. The Pacolet Sandy Loam and

TWeb Soil Survey, US Dept. of Agriculture, Natural Resource Conservation Service.
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
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Loamy Udorthents are also well drained soils with capacity to transmit water that
ranges from moderately high to high; slopes range from zero to six percent.

The site stratigraphy is based more on the in-situ weathering patterns than actual
depositional units. The upper soils are stiff, reddish-orange clayey silt and silty clay,
extending to depths of 10 to 15 feet bgs. These soils are moist and often exhibit
mottling. Occasional dark brown iron and/or manganese staining along joint surfaces,
noted in the boring logs, provide evidence of water movement through the soils.

The upper soils are underlain by a pink-white and gray sandy silt that exhibits relic
texture derived from the parent bedrock (saprolite), resembling the nearby granite
outcrops. These soils grade with depth to a coarse-grained silty sand, often containing
angular quartz or feldspar gravel and mica. Weathered soil and saprolite eventually
transition into weathered rock and bedrock. The test borings and piezometers used for
this design study were constructed in upper soils with SPT values less than 100 blows
per foot (bpf).

2.4 Regional and Site Geology

2.4. Regional Geologic Characteristics

Geologic mapping? indicate that the proposed C&D landfill site situated on the
eastern edge of the Eastern Piedmont Physiographic Province, just west of the
Coastal Plain overlap. Western Halifax County is underlain by early to late
Paleozoic age, felsic to intermediate crystalline igneous and metamorphic rocks.

Eastern Piedmont® rocks exhibit a northeast strike and gently dip eastward
resulting from regional metamorphism and folding that produced a broad
plunging anticline. The area was simultaneously intruded by a number of felsic
(granite) plutons. The rock formation underlying the subject site is a granitic
pluton, identified as the Butterwood Creek intrusive.

A few miles east of the site, the crystalline Piedmont rocks plunge beneath
unconsolidated fluvial and deep-marine Coastal Plain* deposits. During the late
Tertiary, portions of the eastern Piedmont were over washed by deltaic streams
and shallow seas, resulting in a thin clayey sand and rounded quartz gravel
veneer still visible along the site uplands. The deeper souls are chiefly in-situ
weathering products of granitic origin.

2 Generalized Geologic Map of North Carolina, 1991.

3 Maher, Harmon D. Jr,, Sacks, Paul E, and Secor, Donald T. Jr. The Eastern Piedmont in North Carolina,
Geology of the Carolinas, Horton and Zullo, University of Tennessee Press, p79.

4Sohl, Norman F, and Owens, James P. Cretaceous Stratigraphy of the Coastal Plain, The Geology of the
Carolinas, Horton and Zullo, University of Tennessee Press, 1991, p191.
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Primary lineaments observed in area topographic mapping are defined by the
northeast-southwest orientation of Bear Swamp and the main ridge occupied by
SR 1417. This northwest-southeast orientation aligns with the regional strike of
mapped geologic formations. Secondary topographic lineaments noted
throughout the region include sub-parallel ridges and north-south oriented
drainage features. These secondary features align with prominent topographic
features within the study area and are believed to reflect regional jointing.

Granite outcrops were observed along the creek bottom north of the study area,
south of the ash monofill site. The granite exhibits a coarse porphyritic texture,
with one- to two-inch diameter potassic feldspar crystals embedded in a fine
matrix of feldspar, quartz, mica and accessory minerals. The outcrops exhibit
surficial exfoliation (near horizontal convex fracturing] and differential
weathering along widely spaced, steeply dipping joint sets, resulting in rounded
surface exposures. The joint surfaces are generally too weathered to obtain
reliable strike and dip measurements. No rock outcrops were observed in the
planned C&D landfill Area 2 footprint; nor was bedrock encountered during
drilling which extended to a maximum depth of 50 feet bgs.

242  Site Geologic Characteristics

A test boring investigation for the C&D Area 2 site was performed. Test borings
BP-1 through BP-6 were installed in December 1995. Test borings BP-7 through
BP-14 extending to depths of 6 to 50 feet, were installed in April-May 1997. Test
boring elevations and construction details are summarized on Table 1. Figure 4
illustrates test borings and ground water level observation point locations.

All but three BP- series borings (BP-1, BP-2 and BP-5) were converted to
piezometers for long-term ground water level observation. Three earlier
piezometers, GY-1 through GY-3, and three ground water monitoring wells, MW-
11, MW-15 and MW-15A provide supplemental hydrogeologic data. There are 16
ground water piezometers within and near the proposed C&D Area 2 footprint.

The soils in the upper 10 feet are generally classified as low to medium plasticity
clayey and/or sandy silt (ML) and high plasticity silt (MH]) with occasional silty
sand (SM]. The borings generally did not encounter bedrock or partially
weathered rock. The deeper soils are more granular and exhibit a relic rock-like
texture, generally classified as coarse silty sand (SM]. Test boring BP-1
encountered partially weathered rock and auger refusal on bedrock at 36 feet
bgs.

243  laboratory Analyses

The soil test borings were sampled with standard penetration test techniques
(ASTM D-1586). Soil samples were visually classified by an experienced soils

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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technician and laboratory testing was performed on representative samples to
confirm the field classifications.

Shelby tube samples were obtained from within the facility boundary during the
site study for the lined MSWLF unit. The samples were tested for triaxial
permeability. Permeability values ranged from 10 to 10¢ cm/sec. Visual
observation and laboratory classification indicate these samples are
representative of the soils within the planned Area 2 C&D site. Density, moisture
and porosity were also analyzed.

Representative bulk samples were procured from the upper 20 feet of soils in the
C&D Phase 2 study area. Remolded samples were subjected to laboratory
triaxial permeability tests and had values in the range of 107 to 10® cm/sec.

These bulk samples are considered representative of shallower site soils.

Laboratory testing results are presented on Table 2. Test boring logs are
presented in Appendix A with geotechnical laboratory data in Appendix B.

2.5 Site Hydrogeology

251  General

Ground water conditions have been characterized using 16 temporary and
permanent wells located in and around the C&D Area 2 footprint. The
uppermost, unconfined aquifer is located at an approximate elevation of 210 feet
to 275 feet amsl; determined using the approximate bedrock depth® and the
average water level as the upper and lower boundaries. The resulting aquifer
thickness for Phase 2 ranges between 60 to 90 feet. Table 3 presents
groundwater elevation data over time.

Generally, groundwater flows through the unconsolidated sediments northwest
toward an unnamed tributary of Brewers Creek. These fine-grained sediments
yield moderate hydraulic conductivities and groundwater flow rates.

25.2  Aguifer Slug Testing and Analysis

Aquifer slug tests have been performed on piezometers in and around Area 2.
Data from these aquifer tests were analyzed using the Bouwer and Rice (1976)
method. The Bouwer and Rice (1976) method (as modified by Bouwer, 1989) was
developed for partially penetrating wells in an unconfined (or semi-confined)
aquifer. Hydraulic conductivity (K] is determined using the following equation:

5 Corrective Action Plan, March 29, 2009, Richardson Smith Gardner and Associates, Inc. Figure 4.
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Where:
L = the screened interval length
Yo = the initial rise in water level from the introduction of the slug
re = the effective radius through which Yo is dissipated
rw = the horizontal distance from the well center to the aquifer
rc = the well casing radius of the well casing and t is time.

The variable, Yo, is determined from semi-logarithmic plots of drawdown versus
time. The variable, Yt, is the drawdown (recovery) at any specific time t. The
variable, ln(re/rw), is determined using the following equation:

l T, 1
n—=
Tw 11 A+pm2=1
S »
2L L
n(rw) "

Where:
D = total aquifer thickness
H = the portion of the aquifer tapped by the well
A and B = constants derived from curves relating coefficients
A and B to L/rw (Bouwer and Rice, 1976).

A total aquifer thickness (D) for the water-table aquifer was estimated to be
between 60 and 90 feet based on historic groundwater measurements and
varying bedrock depths and weathering characteristics.

The aquifer slug test data and calculated hydraulic conductivities are included in
Appendix C.

Hydraulic conductivities for the study area ranged from 3.56 x 10 cm/sec to 6.76

x 104 cm/sec and averaged 4.62 x 104 Conductivity and groundwater velocity
data is summarized in Table 4.

253  Potentiometric Surface and Ground Water Gradients

The potentiometric surface reflects a subdued expression of the surface
topography, which is typical of the Piedmont, and indicates a generally northwest
ground water flow pattern, toward the unnamed tributary. Based on test boring
data, the uppermost aquifer varies from 60 to 90 feet in thickness, measured
between the historic upper saturation point (water table] and the estimated
competent bedrock depth below ground surface (bgs). There are no obvious

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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confining layers and PWR or bedrock were not encountered in the test borings.
Bedrock depth was estimated from the Corrective Action Plan cross-sections
created for the C&D over closed MSW. Observed composite high water levels
(Table 3) vary from depths of 1 foot bgs within the low lying drainage features to
45 feet (or more) bgs at the higher study area elevations.

Based on groundwater data, high ground water levels primarily occur in April or
May. Low ground water levels have generally occurred in September or
November but have been reported throughout the year at various well locations.
A ground water potentiometric surface map prepared from September 2012
piezometer and monitoring well data is presented as Figure 5.

The potentiometric data (Table 3) and aquifer “slug” testing data (Appendix C)
are suitable to identify recharge and discharge zones, determine flow directions
and gradients, and estimate ground water flow velocities. Calculated horizontal
ground water gradients for Area 2 (units are ft/ft) vary from 0.023 in BP-1to 1.12
in BP-7 with an average of 0.059.

Ground water velocities were calculated using slug test data by the equation:

V =Ki/n
Where:
V = Ground Water Velocity
K = Hydraulic Conductivity (from rising head tests)
i = Hydraulic Gradient (from water table elevations)
n = Porosity (based on referenced values).

A calculated ground water velocity and gradient summary is provided as Table 4.

Ground water velocities range from 0.03 ft/day in BP-1 to 12.70 ft/day in BP-7
with an average of 3.58 ft/day.

254  Ground Water Recharge/Discharée

Site conditions are typical of a piedmont terrane with recharge occurring over
most of the site from the non-saturated surface soils with some downward
recharge into the deeper, bedrock fractures. Discharge occurs to the
north/northwest along the perennial unnamed tributary of Brewers Creek.

In general, groundwater recharge occurs outside the C&D Area 2 footprint, in the
southeastern portion of the facility. Groundwater discharge occurs in the
unnamed tributary north and northwest of the landfill units.

The uppermost aquifer for Area 2 appears to exhibit lateral flow with
potentiometric surfaces that reflect a subdued expression of the surface
topography.

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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255  Potential Natural or Man-Made Influences on Ground Water Levels

Potential natural influences on long-term water table fluctuations include
existing low-yield sediments and rocks located within the Area 2 footprint. The
landfill facility would constitute a man-made influence on water table fluctuation;
and the reduced stormwater infiltration in the landfill footprint will potentially
reduce water table elevations over time.

256  Long Term and Short Term Seasaonal High Ground Water Trends

Ground water is influenced through rainfall, evapotranspiration, surface run-off
and infiltration. Historical rainfall data from 1972 - 2012 indicate that highest
cumulative rainfall amounts typically occur in July through September. Peak
rainfall amounts typically occur during the summer months; however, these are
also times of elevated evapotranspiration. Table 4 and the associated
hydrograph, present a precipitation study for the area.

Table 3 indicates ground water elevations across the site are relatively stable.
Select piezometers were monitored from January 1996 until January 1998, from
September 2005 until August 2009 and in February 2011 and September 2012.
Piezometer data indicates the highest water levels were generally found in the
spring, from March to May.

Using composite high water level measurements from the historic piezometers,
a long term-seasonal high water level map was constructed (Figure 6). The
potentiometric surface, water level data and flow directions are consistent over
the course of this investigation.

2.5.7  Aguifer Characteristic Summary

Stratigraphy shown on the hydrogeologic cross-sections (Figures 7A and 7B)
and described in the test boring records (Appendix A) indicates the uppermost
aquifer for Area 2 is generally unconfined, stiff, unconsolidated clayey silt and
silty clays.

The single-day potentiometric map (Figure 5) and the Long-Term Composite
High Potentiometric Surface Map (Figure 6] indicate groundwater flows
generally to the west and northwest. The upgradient portion of the site is located
to the southeast of proposed Area 2. Groundwater discharges to the perennial
unnamed tributaries of Bear Swamp Creek.

The information presented in this section has been used to prepare both the
Water Quality Monitoring Plan (Attachment I) and the Landfill Gas Monitoring
Plan (Attachment J] for the site.

Halifax County C60 Landfill - Area 2 Design Hydrogeologic Report
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3.0  WATER QUALITY MONITORING PLAN

The water quality monitoring system is designed to effectively detect a hazardous constituent
release into the uppermost aquifer. The Water Quality Monitoring Plan (WQMP] is included as
Attachment | to this report. This section summarizes that proposed plan.

Three groundwater monitoring wells (CDMW-1, CDMW-2 and CDMW-3) and two surface water
monitoring locations (CDSW-1and CDSW-2) are proposed. Monitoring network details
incorporated into the Water Quality Monitoring Plan are presented in Attachment I.

In summary, the following actions are proposed for the Area 2 C&D water quality monitoring
plan.

1. Properly abandon piezometers in the C&D Area 2 footprint. (BP-8, BP-9, BP-10, BP-11,
BP-12 & GY-2).

Utilize BP-7 as up-gradient monitoring well CDOMW-1

Advance two new monitoring locations, CDOMW-2 and CDMW-3 into the monitoring plan.
Maintain MW-11, BP-3, BP-4, BP-6 and BP-13 for water level monitoring only.

Properly abandon GY-1, GY-3 and BP-14 due to dry or invalid water level data.

Monitor C&D Phase 2 monitoring wells semi-annually in conjunction with other Halifax
County Water Quality Monitoring.

7. Add surface water monitoring locations CDSW-1 and CDSW-2.

ook~ LN
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4.0  LANDFILL GAS MONITORING PLAN

The landfill gas monitoring system is designed to effectively detect potential landfill gas
migration in the subsurface. The Landfill Gas Monitoring Plan is included as Attachment J to
this report. This section summarizes that proposed plan.

The existing landfill gas network monitors the closed MSW and active Phase 1 C&D landfill.
Two landfill gas monitoring wells GM-6 and GM-7 will be installed to monitor for landfill gas
from the Phase 2 C&D landfill. The Landfill Gas Monitoring Plan showing existing and proposed
landfill gas monitoring wells is presented in Attachment J.

The following actions are proposed for landfill gas monitoring at the site:
1. Continue monitoring the existing system around the closed MSW and Phase 1 C&D.
2. Install landfill gas monitoring wells near the property line east and south of the Phase 2
C&D unit.
3. Perform quarterly monitoring.

Due to the stream located north of the landfill, as well as the animal waste and borrow areas
between the two landfill units, additional landfill gas wells are not deemed necessary in these
areas. Further discussion regarding the rationale for the landfill gas monitoring network is
included in the landfill gas plan. This plan meets the requirements of the November 2010
NCDENR Landfill Gas Monitoring Guidance Document and 15A NCAC 13B .0544 (d).
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Table 1

Test Boring Data and Piezometer Construction Details
Halifax County C&D Landfill - Phase 2

Elevation Data Geotechnical Data Piezometer Construction Data
Boring Install Ground | PVC Pipe Boring PWR Refusal | Top of Sceen | Top of Screen | Bot. of Screen | Bottom of Screen
Number Date | Elevation| Elevation [ Depth, ft | Depth, ft.| Depth, ft. Depth, ft. Elevation Depth, ft. Elevation
BP-3* 12/6/95 313.7 300.5 50 NE NE 38 275.7 48 265.7
BP-4 12/6/95 310.8 313.16 48 NE NE 38 272.8 48 262.8
BP-6 12/5/95 315 317.28 25 NE NE 15 300.0 25 290.0
BP-7 4/29/97 301.1 303.91 20 NE NE 15 286.1 20 281.1
BP-8 4/29/97 299.8 303.07 30 NE NE 24 276.3 28.5 271.3
BP-9 4/28/97 302.1 303.48 36 NE NE 26 276.1 36 266.1
BP-10 4/30/97 284.4 286.4 15 NE NE 10 274.4 15 269.4
BP-11 5/1/97 280 284.83 6 NE NE 1 279.0 6 274.0
BP-12 4/30/97 294.4 295.97 26 NE NE 21 273.4 26 268.4
BP-13 4/30/97 286.1 288.5 20 NE NE 15 271.1 20 266.1
BP-14 5/1/97 269.7 274.03 6 NE NE 1 268.7 6 263.7
GY-1 -- 291.2 292.51 30 NE NE -- -- -- --
GY-2 -- 297.9 299.99 20 NE NE -- -- -- --
GY-3 - 304.2 304.2 50 NE NE - -- - -
MW-11 - -- 265.96 - NE NE -- -- - --
MW-15 | 9/21/94 307.1 309.09 20 NE NE 35 272.6 49 258.1
Notes: 1. No data exists for GY series borings, advanced by others ca. 1994.

2. Boring record not located for MW-11, advanced by others ca. 1994.

3. No 7-day ground water levels were obtained

4. Piezometer BP-3 is located in an area where the ground has been excavated and the piezometer lowered.
Hence the TOC elevation is currently lower than the original grade elevation.

5. NE= Not Encountered

By: JAS
Date: 8/19/1997
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Table 2
Geotechincal Laboratory Data
Halifax County C&D Landfill - Phase 2

Sample Sample Sample Grain Size Distribution and Soil Classification Natural
Number | Depth, ft. Type % > 3" % Gravel % Sand % Silt % Clay Liquid Plasticity USCS Moisture
>75 mm 75 mm> 4.5 mm> 0.075 mm> | 0.005 mm> Limit Index Class. %
BP-1 0-1.5 Jar 0 0 29 18 53 59 27 MH -
BP-3 0-1.5 jar 0 0 30 20 50 57 29 CH --
BP-3 3.0-5.0 Bulk 0 0 59 40* - 37 10 SM 13.8
BP-6 (1) 0-1.5 Jar 0 0 20 35 45 58 12 MH --
BP-6(2) 3.5-5.0 jar 0 0 47 32 21 59 7 MH -
BP-6 15-20 Bulk 0 0 48 52* -- 49 15 ML 34.2
BP-7 1.0-10.1 Jar 0 0 39 39 22 43 15 ML 36.7
BP-8 1.0-10.0 Bulk 0 0 37 10 53 49 15 ML 25.1
BP-9 15-20 Bulk 0 0 48 34 18 45 6 ML 31.8
BP-12 0-1.5 Jar 0 0 18 65 17 72 13 MH 72
BP-13 0-1.5 Jar 0 0 20 62 18 70 16 MH 57.8
Sample Sample Sample Remolded Moisture-Density Data Hydraulic Coductivity Data
Number | Depth, ft. Type Max. Dry Optimum Natural Total** Rem. Dry | Remolded [Ksat @ 5 psi
Densiyt, pcf | Moisture, % | Moisture, % | Porosity, % | Density, pcf | Moisture, %| cm/sec
BP-3 3.0-5.0 Bulk 107.5 19 13.8 40.3 102.5 22 3.97E-08
BP-6 15.0-20.2 Bulk 102.6 21.5 34.2 43.2 97.6 24.5 1.45E-07
BP-8 1.0-10.0 Bulk 98.1 24 25.1 45.9 92.9 24.4 2.96E-07

Thr following Undisturbed Samples were collected during Nov-Dec 1995 for MSW permiting report and considered representative:

Sample Sample Sample In-Situ Moisture-Density and Hydraulic Conductivity Data
Number | Depth, ft. Type Dry Wet Natural Total Ksat @ 5 psi
Density, pcf |Density, pcf | Moisture, % | Porosity, % cm/sec
B-4 1.0-3.0 Tube 110.6 129.8 17.3 35.6 4.66E-06
B-8 5.0-7.0 Tube 99.5 123.2 23.8 42 1.62E-05

Note to Above :

Moisture Contents are Dry Unit Weight Based

* Represents silt and clay fractions combined (<200 sieve wash)

** Total Porosity values are backcalculated from Void Ratios

Falling head triaxial permeability tests were run with 1 to 2 psi
with differential pressure across sample, hydraulic gradient of 12

Samples tested by Geotechnologies, Inc.

By: JAS
Date:8/19/1997
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Table 3

Halifax County C&D Landfill - Phase 2
Long-Term Water Level Summary

Date:9/18/2012

By: MG

** Test boring data not available. Borings performed ca. 1994.
--Test Results (Water Depth & Ground water elevation) are not available
----Test Results shows no water i.e. dry piezometer.
For date before 9/30/05,ground water elevation is measured with previous TOC data.

Piezometer | D3t€ | Ground | Stick-Up | Top of Casing | Previous | Time of | 24-hour |, >\ o96 | 4/56/1996 | 2/26/1996 | 312011996 | 4/23/1996
Installed | Elevation Height Elevation TOC Boring readings
BP-3 12/6/1995 | — | — 300.50 31539 | 268.19 268.48 _ 268.33 | 269.28 | 269.94 | 270.14
BP-4 12/6/1995 | 310.8 2.36 313.16 313.16 | 2725 274.55 ~ 27372 | 27493 | 27526 | 27567
BP-6 12/5/1995 | 315.0 2.28 317.28 317.08 | 298.36 299.06 _ 299.39 | 30397 | 30348 | 303.67
BP-7 4/29/1997 | 30L.1 2.81 303.91 30391 | 300.1 297.84 _ _ _ _ _
BP-8 4/29/1997 | 299.8 3.27 303.07 303.07 | 2781 285.37 _ _ _ _ _
BP9 4/28/1997 | 302.1 1.38 303.48 30548 | 283.7 283.22 ~ - ~ ~ -
BP-10 4/30/1997 | 284.4 2.00 286.40 286.40 | 2796 278.54 _ _ ~ ~ _
BP-11 5/1/1997 | 280.0 483 284.83 284.83 | 2795 277.95 _ _ _ _ _
BP-12 4130/1997 | 294.4 157 295.97 29597 | 2731 287.43 _ _ _ _ _
BP-13 4/30/1997 | 286.1 2.40 288.50 28850 | 2703 278.78 ~ - ~ ~ -
BP-14 5/1/1997 | 269.7 433 274.03 274.03 | 267.2 267.1 _ _ ~ ~ -
GY-1 & 291.0 131 292 51 29251 _ N N I [ — —
GY-2 & 297.9 2.09 299.99 299.99 _ _ 278.36 _ 27835 | 27835 | 27834
GY-3 * ~ ~ 304.2 304.20 ~ ~ 265.07 ~ 265.10 | 26552 | 265.81
MW-15 & ~ ~ 309.09 309.09 _ _ ~ _ 26653 | 266.46
MW-15R & _ ~ 299.78 265.6 264.95 _ _ _ _ _
NOTE:
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Table 3
Halifax County C&D Landfill - Phase 2
Long-Term Water Level Summary

By: MG
Date:9/18/2012

Piezometer | 5/22/1996 | 6/25/1996 | 7/31/1996 | 8/27/1996 | 10/2/1996 | 10/29/1996 | 11/27/1996 | 12/31/1996 | 1/31/1997 | 2/25/1997 | 3/28/1997 | 5/1/1997
BP-3 270.48 | 27041 | 27051 | 27055 | 270.50 | 270.89 270.79 271.10 272.02 | 271.93 | 272.26 | 272.24
BP-4 275.88 | 27521 | 27455 | 274.68 | 275.18 | 275.87 275.64 276.66 277.05 | 27723 | 27719 | 276.77
BP-6 302.89 | 298.93 | 298.80 | 298.92 | 298.86 | 302.03 301.34 301.50 299.79 | 304.80 | 30421 | 303.08
BP-7 - - - - - - - - - - - 300.59
BP-8 - - - - - - - - - - - 289.12
BP-9 - - - - - - - - - - - 286.82
BP-10 - - - - - - - - - - - 280.54
BP-11 - - - - - - - - - - - 278.78
BP-12 - - - - - - - - - - - 289.00
BP-13 - - - - - - - - - - - 281.18
BP-14 - - - - - - - - - - - 267.34
oY1 | = | = | = | = = = T T ==

GY-2 27832 | - 278.32 | 278.33 | 278.32 | 278.27 278.25 278.24 27828 | - | = | -

GY-3 266.10 | 266.18 | 266.33 | 26640 | 266.40 | 266.61 266.48 267.00 267.29 | 26735 | 267.68 | 267.64
MW-15 266.95 | 267.06 | 267.32 | 267.47 | 267.13 | 267.53 267.39 268.19 26852 | 268.48 | 268.79 | 268.86
MW-15R - - - - - - - - - - - -
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Table 3
Halifax County C&D Landfill - Phase 2
Long-Term Water Level Summary

By: MG

Date:9/18/2012

Piezometer | 6/30/1997 | 7/17/1997 | 8/28/1997 | 9/30/1997 | 11/4/1997 | 1/2/1998 | 9/30/2005 | 10/25/2005 | 11/28/2005 | 12/28/2005 | 1/26/2006 | 2/23/2006 | 5/19/2006
BP-3 271.48 271.12 270.35 269.72 268.85 268.43 268.71 268.28 267.90 268.95 269.89 268.00 269.13
BP-4 275.39 274.71 273.63 272.71 271.78 271.89 271.15 270.41 270.00 271.14 272.36 272.94 271.38
BP-6 298.26 296.40 294.77 293.72 293.02 295.93 293.85 294.33 294.03 297.79 299.03 298.50 294.80
BP-7 294.61 293.27 291.59 290.33 289.33 292.61 289.89 286.96 285.61 285.39 285.35 295.99 293.15
BP-8 285.49 284.25 282.24 280.78 - 281.81 280.94 275.98 275.98 276.07 283.35 281.04 281.42
BP-9 283.93 282.92 281.50 280.30 279.50 280.38 276.26 275.55 275.28 273.70 274.68 274.56 277.10
BP-10 276.58 276.03 275.54 275.73 275.53 277.49 R e e D D 275.60
BP-11 Y e D e N e e e e e e -

BP-12 280.26 277.77 276.11 275.74 275.88 279.80 A e e e e 279.60
BP-13 274.94 273.26 272.47 266.39 273.15 276.87 270.83 272.20 273.15 267.28 269.91 269.98 275.48
BP-14 265.86 264.97 264.78 265.37 265.68 266.88 264.51 264.49 264.50 264.43 264.48 264.45 265.81
O O e e e e -- 261.99 261.99 262.01 262.01 262.03 261.99 261.96
Gy-2 | - | - e e e -- 278.27 278.28 278.27 278.27 278.27 278.26 278.24
GY-3 267.17 -- -- -- Destroyed | Destroyed | Destroyed | Destroyed | Destroyed | Destroyed | Destroyed | Destroyed | Destroyed
MW-15 268.16 267.92 267.34 266.87 266.02 replaced | replaced | replaced replaced replaced | replaced | replaced | replaced
MW-15R -- - - -- - -- 267.30 266.83 266.58 267.29 268.20 268.57 267.06
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Table 3
Halifax County C&D Landfill - Phase 2
Long-Term Water Level Summary

By: MG
Date:9/18/2012

Piezometer | 8/7/2006 | 9/17/2006 | 10/16/2006 | 11/29/2006 | 12/19/2006 | 2/20/2007 | 3/14/2007 | 8/10/2007 |10/11/2007|12/12/2007 [ 1/18/2008 | 5/9/2008 | 6/27/2008
BP-3 272.15 273.25 274.05 276.50 275.00 274.85 274.20 272.30 268.92 267.60 270.00 277.30 272.13
BP-4 272.36 271.86 272.43 274.48 275.01 276.16 275.98 272.01 269.46 268.16 268.26 272.91 273.61
BP-6 297.05 296.63 297.00 300.48 299.43 300.56 300.53 293.28 29013 | - | - 296.18 295.23
BP-7 293.51 292.61 292.73 298.91 297.56 298.81 298.03 289.96 286.41 284.99 285.36 294.36 292.76
BP-8 281.67 280.02 280.57 280.57 284.92 286.27 275.95 279.47 27652 | - | - 282.42 281.92
BP-9 277.16 276.26 276.53 279.23 279.38 281.08 273.38 275.93 273.03 271.88 271.98 275.23 278.03
BP-10 275.40 275.70 276.20 278.95 277.90 279.00 - 273.20 270.30 271.15 272.35 277.05 275.05
BP-11 - - 275.56 278.38 27583 | ----- S e e e 277.08 |  -----
BP-12 279.59 278.42 278.87 285.72 28462 | - - 274.77 271.47 272.57 273.47 283.97 278.07
BP-13 275.30 275.00 275.62 279.55 278.50 279.75 265.70 271.25 268.40 270.15 270.65 278.10 273.65
BP-14 265.23 265.85 266.05 266.08 266.58 267.23 264.38 26463 | - | - 264.53 266.38 265.03
GY-1 261.99 262.01 262.01 261.96 261.96 262.01 262.01 262.01 260.96 261.99 261.96 262.01 262.01
GY-2 278.24 278.24 278.24 278.24 278.24 278.26 278.26 278.24 278.24 278.24 278.24 278.24 278.24
GY-3 Destroyed| Destroyed | Destroyed | Destroyed | Destroyed | Destroyed| Destroyed| Destroyed| Destroyed | Destroyed | Destroyed| Destroyed| Destroyed
MW-15 replaced | replaced | replaced replaced replaced | replaced | replaced | replaced | replaced | replaced | replaced | replaced | replaced
MW-15R 269.58 270.40 271.63 273.68 273.18 272.95 272.48 270.28 267.83 266.43 267.38 272.98 270.48




SMITH+GARDNER Table3 By: MG
Halifax County C&D Landfill - Phase 2 Date:9/18/2012

Long-Term Water Level Summary

Piezometer |8/22/2008 | 10/6/2008 |11/20/2008| 2/13/2009 | 5/18/2009 | 8/17/2009 | 2/16/2011 | 9/21/2012 | Maximum | Minimum |Difference
BP-3 273.80 272.55 270.55 271.30 270.50 267.90 268.25 275.00 277.30 267.60 9.70
BP-4 271.46 270.16 268.96 269.61 271.41 268.56 267.66 271.86 277.23 267.66 9.57
BP-6 291.88 289.98 |  ----- 290.48 294.53 289.78 |  ----- 293.18 304.80 289.78 15.02
BP-7 288.01 285.81 284.51 285.81 292.61 286.01 285.66 292.51 300.59 284.51 16.08
BP-8 277.72 275.87 275.67 275.87 280.27 27527 | - 276.57 289.12 275.27 13.85
BP-9 273.73 272.18 271.28 272.18 275.68 272.08 271.63 273.88 286.82 271.28 15.54
BP-10 27140 | ----- 271.15 272.60 275.10 269.80 272.55 275.50 280.54 269.80 10.74
BP-11 | - | e [ e ] e 27538 | - | - 276.13 278.78 275.38 3.40
BP-12 273.67 272.27 272.17 275.97 280.42 271.97 274.97 272.87 289.00 271.47 17.53
BP-13 270.50 269.70 270.00 273.35 275.50 269.25 272.65 275.90 281.18 265.70 15.48
BP-14 264.53 264.53 264.53 264.53 266.13 264.53 264.78 264.63 267.34 264.38 2.96
GY-1 262.01 262.01 262.06 262.01 262.06 262.01 261.06 262.31 262.31 260.96 1.35
GY-2 278.24 278.24 278.24 278.24 278.24 278.29 278.19 278.29 278.36 278.19 0.17
GY-3 Destroyed| Destroyed| Destroyed | Destroyed | Destroyed | Destroyed| Destroyed| Destroyed| 267.68 265.07 2.61
MW-15 replaced | replaced | replaced | replaced | replaced | replaced | replaced | replaced | 268.86 266.02 2.84
MW-15R 272.13 270.78 268.98 269.78 269.23 266.88 265.95 274.28 274.28 265.95 8.33
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Table 4
Horizontal Gradient and Velocity Calculations
Halifax County C&D Landfill - Phase 2

Hydraulic Hydraulic Effective Ground Water
Well No. | Conductivity (k) | Gradient (i) [ Porosity (n) Velocity (V)

BP-3 0.29 0.023 0.2 0.03
BP-4 2.21 0.040 0.2 0.44
BP-6 10.8 0.070 0.2 3.78
BP-7 22.84 0.112 0.2 12.70
BP-8 3.2 0.050 0.2 0.80
BP-9 3.45 0.030 0.2 0.52
BP-10 27.92 0.060 0.2 8.38
BP-12 4.74 0.050 0.2 1.19
BP-13 9.46 0.093 0.2 4.40
Notes: Ground Water Velocity Calculated from Equation:

V=Ki/n

Hydraulic Coductivity in ft/day
Hydraulic Gradient in ft/ft
Effective Porosity in ft/ft
Ground Water Velocity in ft/day

Effective Porosity values from published lieterature.
Hydralic Conductivity values form aquifer slug testing
Hyraulic Gradient values calculated from hydraulic gradient map

By: JAS
Date: 8/19/1997
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Table 5

Historical Precipitation Data (1972-2012)

Halifax C12/14/2012 Landfill, Phase 2

MITU. CADNNELCD
MIIIITTTURNUNLIN
1972 1973
Month | Value (in) Month |Value (in)
1 1.94 1 2.15
2 4.89 2 3.63
3 3.3 3 3.74
4 2.38 4 3.80
5 5.37 5 3.48
6 5.36 6 8.76
7 3.25 7 5.18
8 1.37 8 8.55
9 5.51 9 1.24
10 7.01 10 1.64
11 5.48 11 1.45
12 4.83 12 6.81
Total 50.69 Total 50.43
1976 1977
Month |Value (in) Month | Value (in)
1 4.29 1 2.99
2 191 2 2.86
3 2.2 3 4.94
4 0.77 4 211
5 3.15 5 4.79
6 3.61 6 3.05
7 4.34 7 2.67
8 4.55 8 5.99
9 4.98 9 4.64
10 5.58 10 9.53
11 1.85 11 6.67
12 3.35 12 3.43
Total 40.58 Total 53.67
1980 1981
Month | Value (in) Month | Value (in)
1 4.96 1 0.66
2 1.42 2 2.89
3 4 3 2.48
4 2.37 4 1.14
5 2.88 5 4.62
6 14 6 1.96
7 1.87 7 1.83
8 0.4 8 5.75
9 2.43 9 2.71
10 5.98 10 2.31
11 2.05 11 1.75
12 1.8 12 4.74
Total 31.56 Total 32.84

1974
Month | Value (in)
1 4.21
2 2.67
3 3.67
4 0.98
5 6.87
6 3.09
7 2.43
8 7.75
9 4.13
10 1.54
11 1.19
12 3.84
Total 42.37
1978
Month |Value (in)
1 6.21
2 0.83
3 4.47
4 5.49
5 4.00
6 351
7 4.74
8 4.05
9 1.72
10 1.35
11 5.24
12 3.28
Total 44.89
1982
Month | Value (in)
1 4.98
2 5.67
3 2.64
4 2.86
5 3.52
6 4.63
7 3.19
8 2.23
9 2.39
10 4.88
11 241
12 3.54
Total 42.94

By: MG
Date: 3/13/2012
1975
Month | Value (in)
1 5.74
2 4.60
3 7.21
4 1.28
5 2.35
6 1.32
7 12.22
8 0.87
9 11.31
10 1.31
11 3.64
12 3.39
Total 55.24
1979
Month | Value (in)
1 6.38
2 3.24
3 3.52
4 4.43
5 6.35
6 2.31
7 2.19
8 1.21
9 10.04
10 1.85
11 5.87
12 1.11
Total 48.5
1983
Month | Value (in)
1 2.26
2 5.50
3 5.08
4 6.64
5 5.15
6 1.97
7 0.88
8 2.03
9 6.87
10 3.60
11 3.93
12 6.07
Total 49.98
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Table 5

Historical Precipitation Data (1972-2012)

Halifax C12/14/2012 Landfill, Phase 2

MITU. CADNNELCD
MIIIITTTURNUNLIN
1984 1985
Month | Value (in) Month |Value (in)
1 3.89 1 4.24
2 5.99 2 4.41
3 3.96 3 1.17
4 5.89 4 0.55
5 6.93 5 3.98
6 1.16 6 4.17
7 7.67 7 6.65
8 3.86 8 5.26
9 2.06 9 3.78
10 1.35 10 3.19
11 2.43 11 10.31
12 2.52 12 1.65
Total 47.71 Total 49.36
1988 1989
Month |Value (in) Month | Value (in)
1 2.97 1 2.05
2 3.48 2 5.53
3 1.55 3 8.21
4 4.42 4 7.87
5 3.26 5 4.69
6 4.95 6 7.78
7 3.67 7 2.18
8 3.10 8 4.85
9 1.86 9 2.36
10 3.01 10 4.84
11 4.31 11 3.69
12 0.77 12 3.24
Total 37.35 Total 57.29
1992 1993
Month | Value (in) Month | Value (in)
1 4.29 1 5.05
2 2.14 2 1.77
3 3.68 3 7.53
4 2.72 4 3.35
5 3.94 5 3.03
6 6.63 6 3.22
7 3.02 7 1.64
8 6.69 8 0.81
9 1.89 9 4.84
10 341 10 3.40
11 4.47 11 3.27
12 2.54 12 4.10
Total 45.42 Total 42.01

1986
Month | Value (in)
1 2.03
2 1.82
3 2.81
4 1.29
5 1.97
6 0.1
7 1.9
8 12.92
9 0.91
10 1.8
11 2.07
12 4.97
Total 34.59
1990
Month |Value (in)
1 4.16
2 4.15
3 3.70
4 3.80
5 6.49
6 1.01
7 2.92
8 6.49
9 0.43
10 3.14
11 1.35
12 2.78
Total 40.42
1994
Month | Value (in)
1 3.39
2 3.66
3 7.27
4 1.49
5 7.03
6 7.26
7 3.88
8 3.74
9 1.65
10 3.22
11 0.74
12 1.27
Total 44.6

By: MG
Date: 3/13/2012
1987
Month | Value (in)
1 7.40
2 3.74
3 5.33
4 7.54
5 1.80
6 2.60
7 3.91
8 2.57
9 6.19
10 2.13
11 2.52
12 3.82
Total 49.55
1991
Month | Value (in)
1 4.60
2 0.88
3 4.86
4 2.85
5 1.35
6 3.84
7 6.81
8 6.64
9 3.97
10 2.96
11 1.23
12 2.78
Total 42.77
1995
Month | Value (in)
1 3.31
2 3.18
3 5.47
4 1.17
5 4.63
6 5.91
7 6.08
8 3.86
9 2.55
10 6.51
11 3.93
12 1.93
Total 48.53
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Table 5

Historical Precipitation Data (1972-2012)

Halifax C12/14/2012 Landfill, Phase 2

MITU. CADNNELCD
MIIIITTTURNUNLIN
1996 1997
Month | Value (in) Month |Value (in)
1 5.85 1 2.88
2 3.44 2 2.8
3 3.04 3 3.17
4 3.76 4 4.62
5 5.29 5 0.73
6 NR 6 2.49
7 NR 7 7.35
8 6.19 8 1.06
9 7.88 9 3.66
10 4.87 10 2.17
11 3.58 11 3.8
12 4.27 12 3.54
Total 48.17 Total 38.27
2000 2001
Month |Value (in) Month | Value (in)
1 4.46 1 1.44
2 1.08 2 2.64
3 2.31 3 4.39
4 4.25 4 2.15
5 4.73 5 2.67
6 4.14 6 12.48
7 9.71 7 3.04
8 7.07 8 4.09
9 6.43 9 2.21
10 0.00 10 1.11
11 2.20 11 1.22
12 1.33 12 1.76
Total 47.71 Total 39.2
2004 2005
Month | Value (in) Month  Value (in)
1 1.75 1 2.88
2 3 2 2.27
3 1.62 3 4.20
4 4.1 4 2.30
5 3.1 5 3.68
6 4.43 6 1.64
7 7.71 7 5.16
8 12.4 8 2.14
9 3.95 9 1.60
10 3.21 10 5.32
11 4.62 11 4.01
12 3.02 12 5.82
Total 52.91 Total 41.02

1998

Month | Value (in)
1 6.30
2 4.79
3 6.67
4 3.17
5 NR
6 4.13
7 5.40
8 3.08
9 3.31
10 1.56
11 1.74
12 5.33

Total 45.48
2002

Month Value (in)

1 4.96
2 1.15
3 4.15
4 2.98
5 2.59
6 1.63
7 2.67
8 7.72
9 2.17
10 5.8
11 4.18
12 4.05

Total 44.05
2006

Month Value (in)

1 2.28
2 1.33
3 0.64
4 291
5 2.96
6 8.85
7 8.88
8 2.13
9 9.09
10 6.01
11 6.88
12 2.61

Total 54.57

By: MG
Date: 3/13/2012
1999
Month | Value (in)
1 6.17
2 1.58
3 3.42
4 3.64
5 1.00
6 2.61
7 6.73
8 3.54
9 21.57
10 4.63
11 1.99
12 2.09
Total 58.97
2003
Month Value (in)
1 2.26
2 4.80
3 4.83
4 6.41
5 6.22
6 5.80
7 5.17
8 5.03
9 9.48
10 2.74
11 2.50
12 4.54
Total 59.78
2007
Month Value (in)
1 2.50
2 2.07
3 1.89
4 3.23
5 1.49
6 2.65
7 3.52
8 4.23
9 0.91
10 4.75
11 0.61
12 4.22
Total 32.07




CAMITU.PADNNED Table 5
JIVIITITT"TURNRNUNLN Historical Precipitation Data (1972-2012)
Halifax C12/14/2012 Landfill, Phase 2
2008 2009 2010
Month Value (in) Month Value (in) Month Value (in)
1 0.85 1 2.61 1 4.59
2 3.3 2 0.84 2 2.94
3 4.05 3 9.07 3 4.66
4 8.28 4 0.61 4 1.27
5 2.77 5 3.89 5 6.41
6 2.91 6 3.50 6 0.58
7 5.49 7 3.78 7 2.90
8 1.42 8 4.99 8 4.46
9 5 9 2.83 9 5.22
10 0.94 10 1.14 10 3.37
11 3.01 11 7.90 11 0.94
12 3.62 12 5.58 12 2.32
Total 41.64 Total 46.74 Total 39.66
2012
Month Value (in)
1 1.69 NOTE:
2 8.97 NR = Not Reported
3 2.84 * = incomplete data
4 3.44 DATA from station COOP 317319
5 5.85
6 4.61
7 457
8 18.92
9 5.91
10* 2.63
11
12
Total* 59.43

By: MG
Date: 3/13/2012
2011
Month Value (in)
1 2.19
2 1.16
3 54
4 2.63
5 1.49
6 4.09
7 6.33
8 13.67
9 5.33
10 2.52
11 4.04
12 1.21
Total 50.06
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Appendix A

Boring Logs

Design Hydrogeologic Report
Halifax County C&D Landfill - Area 2
Halifax County, North Carolina
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

BP—1

PROJECT NUMBER: HALIFAX-S
PROJECT NAME: HALIFAX COUNTY
LOCATION: HALIF

RIG TYPE & NUMBER: CME «4SD
DRILLING METHOD:
WEATHER: CLOUDY, 45
FIELD PARTY: L.

AX, NORTH CAROLINA
BRILLING COMPANY: BORE AND CORE

HOLLOH STEM AUGER
DEBREEB

TOF OF CASING ELEVATION: ~
TOTAL DEPTH: 36.0 FT
GROUND SURFACE ELEVATION: =

SHEET : 1

OF: 1

STATIC WATER LEVEL (BLS)

Depthi{ft]

HD=While Orilling AB=AFter Boripng |
m.. -

GEOLOGIST: §. MILLB Lz = =
DATE BEGUN: 12/6/95 DATE _COMPLETED: 12/6/95
1ELRBHE .| B

EEFEHHHHF R s s8] 4
1.0 _L 1071
0.0 ,_ 4 |58 |81 | g'n—:
zo - Frgg 0 to ?Pgufeéf. Jor =0 ane
3.0 1 g |Ss| sz 18" S'D_.
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gi 11 sondy s11t; abundont Feid#%mgy 4

1 mico.
5.0 T
0 ]
8.0 1 s |Ss| =3 an
e
0.0 +
o 1
12.0 T
IS S R P i SILTY SAND: Yellow ton Fine silty
W4l e sond; ry; Felsic; troce
o 1 g mica.
0 4
1.0 —_
80 1 a4 |58 | 85 18"
e
20.0 ':
2.0 1
2.0 —
RN I sl [T STightly clayey siTt
#ne 11 57 sond; RICOCeoUS; cugrse gu%d / 0]
25.0 1 WB! 25 5.0:
| 2.0
oo ] -
S { 10 |Ss | e7 8- m'u:.
9.0 4 | 50/ 29.0

T SILTY SAND: Relict granite; ver 1
0.0 1 felsic; iron fs’rmnegmn 3|J¥1d .01
o - ond micg; ouger refusal at 36' e
2.0 -- 2.0+
%.0 1 sos 353 | a8 3 .0
H.0 1 3‘10:
H.0 1 xB.H
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

‘ BP-2
PROJECT NUMBER: HALIFAX-5 TOP OF GASING ELEVATION: -
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 40.0 FT
LOCATION: HALIFAX, NORTH GAROLINA GROUND SURFACE ELEVATION: -
DRILLING COMPANY: BORE AND CORE SHEET: 1 OF: 2

RIG TYPE & NUMBER: MOBILE DRILL CME 450

DRILLING METHOD: HOLLOW STEM AUBER

WEATHER: CLOUDY, <95 DEGREEB

STATIC WATER LEVEL (BLS)

WO=khile Dril ling AB=AFter Borlnq

T L —
DATE BEGUN: 12/5/95 DATE CONPLETED: 12/5/95 flore. 16/5/% -

2 e B .
£ laz |2|2|&|8|g| 2| LITHOLOGY DESCRIPTION =12 4E
H |8 |515|8|R 5|8 B|H| §a

20 207 __

10 104

0n 2 55 S1 12" “B: d = —
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a i topsol uhove it; | \ Ol O
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W 7 7 |Ss|sz| D 167 S'B__: : g g
wi| o SHOY TAYY SILT Urm{e A
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' S [ [0
5.0 g 0 K2
N[O [
L N o] KO
i 30 [
80 5 |Ss|ea| D 14¥ Ko K&
9p 1| 8 S [0 [
| 1 =y O] K
0o+ Y [0 [
| 3 O] KO
17 IR O 2
12.0 : : e By O &
SHDY STLT: Pink to shite to ton sondy =112 9
BB o loslan| 8] | silt; relict gronite structure visible; B =10 O
uo 4| o suwle con’mms Feldspar nic o quortz; o} |— 1 g. g

8 b e I
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FIELD BOREHOLE LOG

BOREHOLE NUMBER

BP-2
PROJECT NUMBER HALIFAX-5 TOP OF CASING ELEVATION -
PROJECT NAME HALIFAX COUNTY TOTAL DEPTH 4D.0 FT
LOCATION HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION -
DRILLING CCMPANY BORE AND CORE SHEET 2 or 2

RIG TYPE & NUMBER- MOBILE DRILL CME 450
DRILLING METHOD HOLLOW STEM AUGER
WEATHER - CLOUDY, 45 DEGREES

FIELD PARTY L. FOSKEY
GEOLOGIST 6. MILLS
DATE BEGUN 12/5/95

STATIC WATER LEVEL (BLS)

WO=While Drilling AB=AFter Boring

DepthlFt]

Time

Tot
DATE COMPLETED 12/5/95 AL

£ ls=|2|2(&|2|2|2 LIHIL0GY DESCRIPTION =18 SE

a0 - ; ; &0 7Y

- SBNDY SILT: Pink to white to ton sondy i

40 7 silt; relict gronite structwre visibles, 29 )

e < somples contoin Feldspor, mico d quortz, 24 =

1 wet ot 289 I 2

B0 A Bk b

7 |55 |ss| M 16" 1 e
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1 14 i SEle)

s0 T oo o
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70 AR ég%
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FIELD BOREHOLE LOG

BOREHOLE NUMBER

BP -3
PRDJECT NUMBER HALIFAX-5 TOP OF CASING ELEVATION 315 39
PROJECT NAME  HALIFAX COUNTY TOTAL DEPTH 50.0 FT
LOCATION HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION  313.70
DRILLING COMPANY BORE AND CORE SHEET - 1 OF 2

RIG TYPE & NUMBER CME 450
ORILLING METHOD HOLLOW STEM AUGER

WEATHER CLOUDY, 495 DEGREES

STATIC WATER LEVEL (BLS)

Wi=Hhile Deiliing AB=AFter Boring

FIELD PARTY L. FOSKEY Depth (1) 155 ibyes
GEOLOGIST 6. MILLS Line [ Bl af 21
DATE BEGUN 12/5/95 DATE COMPLETED 12/6/35 Hote sedbi e
a -
| x =
o ® > | 3|8 &
22| |E|E2|E . 5
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FIELD BOREHOLE LOG BOREHOLE NUMBER

BP—-3
PROJEGT NUMBER HALIFAX-5 TOP OF CASING ELEVATION.  315.39
PROJECT NAME HALIFAX COUNTY TOTAL DEPTH 50 0O FT
LOCATIDN HALIFAX, NORTH CARODLINA GROUND SURFACE ELEVATION: 313.70
ORILLING COMPANY BORE AND CORE SHEET 2 oF 2
RIG TYPE & NUMBER CHME 450
ORILLING METHOD HOLLOW STEM AUGER T HATER LEVEL (BLS1
WEATHER CLOUDY, 45 DEGREES Oeoth (FE) - h e
FIELD PARTY L. FOSKEY e S A
GEOLOGIST 6. MILLS Date 1276795 12777795
DATE BEGUN 12/5/95 DATE COMPLETED 12/6/95
= —
Zls S| g =
== o282 =]
g|ZlwiEiE) b 3 =
o — (o] = o L (e | R
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FIELD BOREHOLE LOG

BOREHOLE NUMBER :

BP-4
PROJECT NUMBER: HALIFAX-S TOP OF CASING ELEVATION: 313.16
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 98.0 FT
LOCATION: HHI_TFF)X, NORTH CARDLINA GROUND SURFACE ELEVATION: 310.8
DRILLING COMPANY: BORE AND CODRE SHEET : 1 aF: 2
RIG TYPE & NUMBER: CME 45D
DRILLING METHOD: HOLLOW STEM AUSER e ,jg:_ﬁ?jgﬁg;iig éi';ﬂq
WEATHER: BOME CLOUDS, 39 DEGREES Bepth(Ft) % 30 36 25
FIELD PARTY: L. FOBKEY Tine 4:00 _pm 4:00 pm
GEOLOGIST: 6, MILLE Date: 12-6-95 12-7-95
DATE BEGUN: 12/6/95 DATE COMPLETED: 12/6/95
8| Bl -
CIE|L|E|E|E . =
n | Flw|S|E|lwl® b= é
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FIELD BOREHOLE LOG BOREHOLE NUMBER:

BP—<
ROJECT NUMBER: HALIFAX-5 TOP OF CASING ELEVATION: 313.16
ROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: €8.0 FT

LOCATION: HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION: 310.B
DRILLING COMPANY: BORE AND GORE SHEET: 2 oF: 2

RIG TTPE & NUMBER: CME <50
DRILLING METHOD: HOLLOW STEM AUGER
HEATHER: SOME CLOUDS, 39 DEGREES

STATIC WATER LEVEL (BLS)
WD=While Drilling AB=AFter Boring

Depth(F1) 38.30 36.25
FIELD PARTY: L. FOSKEY Tine 4:00 pm 9:00 pm
BGEOLOGIST: G. MILLB Dote: 12-5-95 172-7-95
DATE BEGUN: 12/6/95 DATE COMPLETED: 12/6/95
% s = % 2 =
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

BP-5

PROJECT NUMBER: HALIFAX-5
PROJECT NAME: HALIFAX COUNTY
LOCATION: HALTFAX, NORTH CAROLINA
DRILLING COMPANY: BORE AND CORE
RIG TYPE & NUMBER: CME 450
ORILLING METHOD: HOLLOW STEM AUSER

WEATHER: CLOUDY, 45 DEGREES

FIELD PARTY: L. FODSKEY
GEOLOGIST: 6. MILLS
DATE BEGUN: 12/5/95

DATE COMPLETED: 12/5/95

TOP OF CASING ELEVATION: -
TOTAL DEPTH: 4D.0 FT

GROUND SURFACE ELEVATION: -
BHEET: 1 oF:2

STATIC WATER LEVEL [BLS)

Wo=khile Drilling AB=AFter Boring

Depth(Ft) 21 =
Time - -
Date: 12/5/9 .

£ la %"‘ § § § °:£ § 2 LITHOLOGY DESCRIPTION 5 % ag
2 3 20
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BOREHOLE NUMBER':

FIELD BOREHOLE LOG
, BP-5
ROJECT NUMBER: HALIFAX-5 TOP OF CASING ELEVATION: ——
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 40.0 FT
LOCATION: HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION: -—-
DRILLING COMPANY: BORE AND CORE SHEET: 2 OF-2

RIG TYPE & NUMBER: CME 450

STATIC WATER LEVEL (BLS)
DRILLING METHOD: HOLLOW STEM AUGER L T =
WEATHER: SOME CLOUDS, 34 DEGREES Depfﬁfﬁff"e Drilling AB=ATrer Soring
FIELD PARTY: L. FOSKEY e = —
GEOLOGIST: G. MILLS S = =
DATE BEGUN: 12/5/95 DATE COMPLETED: 12/5/95
= o—

A 2 £
= = -1 o | = = | :'L: (=} <
MEHHHEHHE L ITHOLOGY DESCRIPTION EIE| g&

- s |Gs|ss| M 19v . : T e
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I moist to wet, pink to gray with =T

20 7 i ] o . 20.01 | =]
! weathered ron and Mh Staining. =]

a.0 7 aer |
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FIELD BOREHOLE LOG BOREHOLE NUMBER

BP-b
PROJECT NUMBER HALIFAX-5 TOP OF CASING ELEVATION 317.28
PROJECT NAME  HALIFAX COUNTY TOTAL DEPTH 25.0 FT
LOCATION HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION 315.0
DRILLING COMPANY BORE AND CORE SHLCET 1 oF 1
RIG TYPE & NUMBER- CME 450
DRILLING METHOD HOLLDOW STEM AUGER 01 |esgir]‘:ﬁ:'iarﬁg;;§\iit éE‘L_S‘;
WEATHER CLOUDY, 45 DEGREES Depth [F1) 16 qu 15 gqu
GE0L06K6T 5. HILLS fuoe 355 on 145 on
DATE BEGUN 12/5/95 DATE COMPLETED 12/5/95 Pk 183 /a3
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I N
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

BP—7

PROJECT NUMBER: HALIFAX-8
PROJECT NAME: HALIFAX COUNTY
LOCATION: HALIFAX, NDRTH CAROLINA

TOP OF GABING ELEVATION: NA
TOTAL DEPTH: 20.0 FT
GROUND SURFACE ELEVATION: NA

I o
LG T (LK St e el i
FIELD PARTY: L. FOBKEY T 500 om =
GEOLOGIST: P. MAY Tates 37275y 4,%5?,
DATE BEGUN: 4/29/97 DATE COMPLETED: 4/29/97
. |2 % y| £ § : 1
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FIELD BOREHOLE L.OG BOREHOLE NUMBER :

BP—-8

PROJECT NUMBER: HALIFAX~8

PROJECT NAME: HALIFAX COUNTY
LOCATION: HALIFAX, NORTH CAROLINA
ORILLING COMPANY: BORE AND CORE
RIG TYPE & NUMBER: CME €50
DRILLING METHOD: HOLLOW BTEM AUBER

TOP OF CASING ELEVATION: NA
TOTAL DEPTH: 30.0 FT

GROUND SURFACE ELEVATION: NA
SHEET : 1 OF:1

STATIC WATER LEVEL (BLS)

WO=While Drilling AB=AFter Boring

WEATHER: CLOUDY, RAIN 5O DEEREES
FIELD PARTY: L. FOBKEY L?ﬁ:hrr“n m{'? _1_.:,43
gg%ﬁgég;ﬂfa :P-i/z"gzg'r DATE CONPLETED: 4/29/97 Dot 5 ”‘i 5%

g 5 E [=1 =
AEIMEHE 5| 8
E g E; 2 é g § g LITHOLOGY DESCRIPTION E g 35
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1| ¢ SILTY SANDY CLAY: 6" of topsoi TESY FA B
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07 sondy clayey silt; ML e Ne
0 S [O] [O
80 - J KO K
&k 105 |s3| D 14" —0 —o
e = 1Y o] o
0.0 T . . o P O
1 GANDY STLT: Red-purple moist Fine s 11=1 1
| 5111; troce cluyl;)u;?wcm; = ney | — % %
2.0 " oy | =7 LS S
130 1 4 |Ss|s4] N 16" ’ Bnt :: —O Y_}i
U mor | =1 O O
] 1i—=d [ [C
o | e =l
mo - uoter ot 18 feet; wl =118 18
1 bonds of white fel at 19-20 Feet; =1 B
BY Tl ¢ |ss|es| | [ Mogpe ts‘friu‘uons starting ot =115 =
8.0 ! ~oU Feet. B |4 B
i 1z T i 4 O i
2.0 + B e (O 8
20 ¢ asr | — 1 [0 [O)
Z0 zot | — ]
B0 1 s |5s |ss|VH 1B 330— :: 8:8(
| - 0t | = ] -
. st finetgime s
il zop | =7 OO
2.0 1 s |Ss|s7{VN 14 EB(F E: OO
BoTl Y o N
oo _ |~ Boring terninated ot 30.0 Feet. \ma] |




FIELD BOREHOLE LOG

BOREHDLE NUMBER:

BP-9
PROJECT NUMBER: HALIFAX-B TOP OF CASING ELEVATION: NA
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 35.0 FT
LOCATION: HALIFAX. NORTH CAROLINA GROUND SURFACE ELEVATION: NA
DRILLING COMPANY: BORE AND CORE SHEET: 1 aF: 2

RIG TYPE & NUMBER: CME <450

STATIC WATER LEVEL (BLS)

DRILLING METHOD: HOLLOW STEM AUSER

WO=While Drilling AB=AFter Boring

WEATHER: CLOUDY, RAIN BD DEGREES DepthlFt] 18.4 18.98
FIELD PHHTY= L. FDBKEY Time g 12:30
DATE BEGUN.: 4/28087 DATE_COMPLETED: 4/28/97 . et Vs
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

BR=9
W0JECT NUMBER: HALIFAX-B TOP OF CABING ELEVATION: NA
AOJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 35.0 FT
LOCATION: HALIFAX, NORTH CAROLINA BROUND SURFACE ELEVATION: NA

DRILLING COMPANY :

BORE AND CORE

RIG TYPE & NUMBER: CME 4950
DRILLING METHOD: HOLLOW STEM AUGER

WEATHER: CLDUDY, RAIN B0 DEGREEB

BHEET :

4

OF: 2

STATIC WATER LEVEL (BLS)

WD=While Drilling AB=AFter

Borihg

Depth(F+t} 18.4 18.88
. . KE -
CECLOGTaT. P, HAY o pine. & 20757 30
DATE BEGUN: 4A/Z2B/97 DATE COMPLETED: 4/28/97
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FIELD BOREHOLE LOG BOREHOLE NUMBER:

BFP—10
PROJECT NUMBER: HALIFAX-B TOP OF CABING ELEVATION: NA
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 15.0 FT
LOCATION: HALIFAX, NORTH CARODLINA GROUND SURFACE ELEVATION: N
DORILLING COMPANY: BORE AND CORE SHEET: 1 OF:1

RIG TYPE & NUMBER: CME 450
DRILLING METHOD: HOLLON STEM AUBER
WEATHER: CLOUDY, RAIN B0 DEGREEB

STATIC WATER LEVEL (BLS)
WO=Hhile Orilling AB=AFter Boring

FIELD PARTY: L.’ FOSKEY Jepinlfe) g;:’,, = 35
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FIELD BOREHOLE LOG

BOREHOLE NUMBER:

BP—-11
PROJECT NUMBER: HALIFAX-B TOP OF CASING ELEVATION: NA
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 6.0 FT
LOCATION: HALIFAX, NORTH CARDLINA GROUND SURFACE ELEVATION: NA
DRILLING COMPANY: BNRA 8HEET: 1 OF: 1

RIG TYPE & NUMBER: NA
DRILLING HETHOD: HAND AUGER
WEATHER: BUNNY 70 DEGREESB

STATIC WATER LEVEL (BLS)

WO=bhile Drilling AB=AFter Boring

Depthift) 0.5 2.05
PARTY: P, MA T 7 "
Sl P.l:m' Y T gjg.,"" é,ﬁgg'
DATE BEGUN: 5/1/97 DATE. QONPLETED: 5/1/97
B
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FIELD BOREHOLE

LOG

BOREHOLE NUMBER:

BP—-12

PROJECT MUMBER: HALIFAX-B
PROJECT NAME: HALIFAX COUNTY
LOCATION: HALIFAX NORTH CAROLINA

DRILLING COMPANY: BORE AND CORE

RIG TYPE & NUMBER: CME 45D
DRILLING METHOD: HOLLDW STEM AUSER

TOP OF CASING ELEVATION: NA
TOTAL DEPTH: 25.0 FT
GROUND SURFACE ELEVATION: NA

SHEET - 1

OF:1

STATIC WATER LEVEL (BLS)

HO=While Orilling AB=AFter Boring

FIELD pARTY. L. POBKEY Depthirtl Te1a _ X
GEDLOGIST: P. MAY Tate: 730797 57
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FIELD BOREHOLE LOG BOREHILE NYEER:

BP—14
PROJECT NUMBER: HALIFAX-8 TOP OF CASING ELEVATION: NA
PROJECT NAME: HALIFAX COUNTY TOTAL DEPTH: 6.0 FT
LOCATION: HALIFAX, NORTH CAROLINA GROUND SURFACE ELEVATION: NA
ORILLING COMPANY: GNRA SHEET: 1 OF: 1

RIG TYPE & NUMBER: NA STATIC WATER LEVEL (BLS)
DRILLING METHOD: HAND AUGER WD=hhile Ocilling AB=AFter Boring
WEATHER: BUNNY, 70 DEGREEB Depth(Ft} 2.5 B.50
FIELD PARTY: P. MAY Tine 11:00 om 123:9%
GEOLOGIST: P. =
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Civil & Environmental Consultants, Inc.

Cincinnati, OH Pittsburgh, PA
(513) 489-0200 o (B0O) T50-5614  (412) §21-4302 o (BOO) 385-2324

Hazen & Sawyer
Hallfax County Landfill

Halifax, NC

JOB NO.: 94521

LOG OF MW-15

Sheet 1 of 2

LOGGED BY: J. Barnard

GROUND SURFACE ELEVATION: 307.1 FT.MSL

DRILLER: Parratt-wWoltt

TOP OF CASING ELEVATION: 308.10 FT. MSL

DATE DRILLED: 9/21/94 INITIAL WATER LEYEL: 41.5 ' BGS DATE: §/21/94
DRILL METHOD: 4 1/4" 1D Hollow Stem Auger STATIC WATER LEVEL: 42.15 °BGS DATE: 9/28/94
- _
— ._E n 73] o
[3 — 'E = 3 e . " H
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-~ b &) 2 az | £ e— Locking
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Hazen & Sawyer

JOB NO.: 9452|

MHW-15
Civil & Envirenmental Consultants, Inc. | Hallfax County Lanafill LOG OF
Clncinnati, Pittsburgh, PA
(513) 480-0200 o taogr?sn-sm (412) 921-4302 © (B00) 365-2324| Hailifax, NC Sheet 2 of 2
= £ @ @ 2
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Appendix B

Geotechnical Laboratory Data

Design Hydrogeologic Report
Halifax County C&D Landfill - Area 2
Halifax County, North Carolina
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GeoTechnologies, Inc., P.A.

3200 Wellington Court, Suite G
Raleigh, North Carolina 27615
Phone: (919) 954-1514 Fax: (919) 954-1428

5/20/97

G.N. Richardson & Associates
417 North Boylan Avenue
Raleigh, NC 27603

Attention:  Project Manager

Attached for your review are the results of construction material testing performed on the
G.N. Richardson & Assoc. Lab Services project which is located in Raleigh, North
Carolina.

Very truly yours,

Technologies, Inc.
/?* ‘3 I:“"Q _;—' L AT

R. Sherwood Core, CET Edward B. Hearn, P.E.
Construction Services Manager President

Project No. 1-95-0084-CA
RSC-EBH/fgo
Enclosures

C:



GeoTechnologies, Inc.

PERMEABILITY TEST
Job Number: 1-96-0084 CA Job Name: G N RICHARDSON
Date: 5/19/97 Sample I.D. BP -8 Depth:

Soil Description:

TAN SANDY SILT

SAMPLE DATA

type standard proctor
remolded (X)) Max. Dry Density 98.1 Ibs/cu.ft.
undisturbed {) Moisture Content 24 %
Compaction 94.7 %
Moisture Content 244 %
inches cm. Wet Density 115.5 Ibs./cu.ft.
Length 3.013 7.653 Dry Density 92.9 Ibs./cu.ft.
Diameter 2.869 7.287 Initial Saturation 79.1 %
Area 6.465 41.708 Final Saturation 100.0 %
Volume 19.478 319.191 Initial Void Ratio 0.8
Wet Mass 1.302 590.64 grams Porosity 45.9
Dry Mass 1.0467 474.8 grams Specific Gravity 2.75 apparent'
TEST DATA
L = 7.65 cm. length of sample
hi = inflow burette A = 41.708 sq.cm. area of sample
ho = outflow burette a 0.852 sq.cm. area of burettes
t = time h1 = head loss across specimen at t1
h2 = head loss across specimen at t2
t1 t2 ho1 hi1 h1 ho2 hi2 h2
0 2400 94 0.7 93.3 93.6 1.2 92.4
0 3120 93.6 1.2 92.4 93 1.6 91.4
0 2580 93 1.6 91.4 92.5 2.1 90.4
0 4320 92.5 2.1 90.4 91.8 2.7 89.1
ASTM D 5084

Average

k = {{aaL/{At{a+a)))*In{h1/h2)

B wWN

~ KX X KX

3.16E-07
2.73E-07
3.33E-07
2.62E-07

2.96E-07 cm/sec




60

/ 1
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P /
L /
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s 40
T e
|
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L v
v /
|
N 20 /]
D /
E X
X / > *| o
10
7 @ e
0
0 20 40 60 80 100
LIQUID LIMIT (LL)
Specimen ldentification| LL | PL Pl |Fines| Classification
® BP-12 72 59 13 Orange Brown Clayey SILT (MH)
X BP-13 70 54 16 Light Green Yellow Sandy SILT {MH)
> BP-7 43 28 15 Light Brown Fine Sandy Slightly Clayey SILT (ML)
* BP-8 49 34 15 Orange Brown Slightly Clayey SILT {ML)
bid BP-9 45 39 6 Tan Brown Sandy SILT (ML)
PROJECT G.N. Richardson & Associates Lab Services - JOB NO. _1-95-0084 CA

Raleigh, North Carolina

DATE 5/19/97

\_

ATTERBERG LIMITS' RESULTS

GeoTechnologies, Inc.
Raleigh, North Carolina
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135 : [V/ G e olechnologies, Inc.
5
N\
\ \ Job No: _1-95-0084 CA Date: 5/19/97
130 AL \ Job Name: G.N. Richardson & Associates Lab Services
\ T\ Job Location: Raleigh, North Carolina
\ \ Boring No:
; \\ \\ Sample No: BP-8
125 ¥ Depth:
: \ \\ TEST RESULTS
HINAY Method of Test:  ASTM D 698
\
129 \ \ Maximum Dry Density: 98.1 PCF
\ \ \ Optimum Moisture Content: 24.0%
_ \ \\ \ Natural Moisture Content: %
,§1 18 \ Atterberg Limits: __ LL __ 49.0 Pl 15.0
\
é 5 Soil Description: _Qrange Brown Slightly
Q
5 l \ <\ | Clavey SILT (L)
»110
s ; TN
2 [ ]
a
z s \
2105 ! g I\\
a I :
- : .
= , ] 3 \\
i AN
. \
- |
. ' M N CURVES OF 100% SATURATION
95 - \\ FOR SPECIFIC GRAVITY EQUAL TO:
i T\ 2.80
- A 270
i N 2.60
‘ ]
85 ‘ ' ‘ ‘
: f N
! ! 1 . ‘\\
s ™
80 [ ' AN
i . \\
| N
T
75 f !
0 10 15 20 25 30 35 40 45

WATER CONTENT (Percent Dry Weight)

MOISTURE-DENSITY RELATIONSHIP

GeoTechnologies, Inc.
Raleigh, North Carolina
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3200 Wellington Court, Suite G
Raleigh, North Carclina 27615

January 3, 1996 919-954-1514
Fax 919-954-1428

Ge olechnologies,Inc. .

G.N. Richardson & Associates
317 North Boylan Avenue
Raleigh, NC 27603

Attention: Mr. Gregg Richardson

Reference:  Natural Moisture, Atterberg Limits, &
Permeability Test Results
Halifax - 6
Halifax, North Carolina
GeoTechnologies Project No. 1-95-1181-CA

Gentlemen:

GeoTechnologies, Inc. has completed laboratory testing on the two samples
received in our laboratory on December 14, 1995. As requested, natural moisture,
Atterberg limits, sieve analysis, and permeability (remolded) tests were performed.
Presented in the following attachment are results of the tests.

GeoTechnologies, Inc. appreciates the opportunity to have provided you with
our services on this phase of the project. Please contact us if you should have
questions regarding this information or if we may be of any further assistance.

Very truly yours,
GeoTechnologies, Inc.

\ M Ds)/’ Wﬁm

. Sherwood Core, CET- ward B. Hearn, P.E.
Construction Services Manager President S

RSC/fgo .
Attachments

Geotechnical and Construction Materials Testing Services



GeoTechnologies, Inc.

PERMEABILITY TEST
Job Number: 1-85-1181 CA Job Name: HALIFAX -6
Date: 12/23/95 sample1D. PF 3 Depth: 3-5'

Soil Description: ORANGE BROWN SILTY SAND

SAMPLE DATA
type
remolded ()
undisturbed (X)

standard proctor
Max. Dry Density
Moisture Content
Compaction

Moisture Content

107.5 Ibs/cu.ft.
19 %
954 %

22 %

inches cm. Wet Density 125.1 Ibs./cu.ft.
Length 2.861 7.267 Dry Density 102.5 Ibs./cu.ft.
Diameter 2,852 7.244 Initial Saturation 89.7 %
Area 6.388 41.214 Final Saturation 100.0 %
Volume 18.277 299.504 Initial Void Ratio 0.7
Wet Mass 1.323 600.16 grams Porosity 40.3 %
Dry Mass 1.0845 491.9 grams Specific Gravity 2.75 apparent
TEST DATA
L= 7.27 cm. length of sample
hi = inflow burette A= 41.214 sqg.cm. area of sample
ho = outflow burette a= 0.852 sg.cm. area of burettes
t=time h1 = head loss across specimen at t1
h2 = head loss across specimen at t2
t1 t2 ho1 hi1 h1 ho2 hi2 h2
0 5460 94.3 1.5 92.8 94.1 1.6 92,5
0 3800 94.1 1.6 92.5 94 1.7 92.3
0 4440 94 1.7 92.3 93.9 1.8 92.1
74400 93.9 18 92.1 92.3 3.4 88.9

ASTM D 5084
k = ((aaL/(At(a+a)))*In{h1/h2)

1 k= 4.45E-08

2 k= 4. 17E-08

3 k= 3.67E-08

4 k= 3.57E-08
Average k= 3.97E-08 cm/sec




GeoTechnologies, Inc.

PERMEAB

Job Number; 1-95-1181 CA

Job Name:

ILITY TEST

HALIFAX -8

Date: 12/23/95

Sample 1.D. ¥ 6

Depth: 15

Soil Description:

RED ORANGE SANDY SILT

SAMPLE DATA
type

remolded

()

standard proctor

Max. Dry Density 102.6 Ibs/cu.ft.

undisturbed ( X) Moisture Content 21.5 %
Compaction 95.1 %
Moisture Content 24,5 %
inches cm. Wet Density 121.5 Ibs./cu.ft.
Length 2.936 7.457 Dry Density 97.6 Ibs./cu.ft.
Diameter 2.863 7.272 Initial Saturation 88.8 %
Area 6.438 41.534 Final Saturation 100.0 %
Volume  18.901  309.735 Initial Void Ratio 0.8
Wet Mass 1.329 602.85 grams Porosity 43.2 %
Dry Mass 1.0675 484.2 grams Specific Gravity 2.75 apparent
TEST DATA
L= 7.46 cm. length of sample
hi = inflow burette A= 41.534 sq.cm. area of sample
ho = outflow burette a= 0.852 sq.cm. area of burettes
t=time h1 = head loss across specimen at t1
h2 = head loss across specimen at t2
t1 t2 ho1 hi1 h1 ho2 hi2 h2
0 5700 93.9 0.9 93 93.4 1.4 92
0 3900 93.4 1.4 92 93.1 1.8 91.3
0 4500 93.1 1.8 91.3 92.7 2.1 90.6
74400 927 [© 21 90.6 86.5 8.5 78

ASTM D 5084
k = ((aaL/(At(a+a)))*In(h1/h2)

W N =

Average

1.45E-07
1.50E-07
1.31E-07
1.64E-07

1.45E-07 cm/sec




60 //
50 !
P /
L
A
s 40 pd
7 -
c /
+ 809 -
Y /
|
N 20 A
D
E / X
X
10 /
7T @@
0
0 20 40 60 80 100
LIQUID LIMIT (LL)
Specimen ldentification| LL | PL Pl |Fines| Classification
[ 3 g? #3 3.0-5.0" 37 27 10| 40.4 | Brown-Orange Silty SAND [SM)
X gp #6 15.0° 49 34 15 | 52.8 | Red Orange Sandy SILT (ML)
PROJECT Halifax-6 - Halifax, North Carolina JOB NO. 1-95-1181-CA
DATE 1/2/96

ATTERBERG LIMITS® RESULTS

Geotechnologies, Inc.
Raleigh, North Carolina
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135 [ G colethnologies, Inc
WA\
AL\
\ Job No: 1-95-1181-CA Date: 1/2/96
130 \ Job Name: Halifax-6
Job Location: Halifax, North Caralina
\ Boring No:
Sample No: B-P #6
125 \ Depth: 15.0’
TEST RESULTS
\ \\’ Method of Test:_ ASTM D 698
=8 \ Maximum Dry Density: 102.6 PCF
& \ Optimum Moisture Content: 21.5%
- \\ LY Natural Moisture Content: 34.2%
8115 Atterberg Limits: _LL _49.3 Pl 15.4
:‘-ﬁ \ Soil Description;_Red Orange Sandy SILT
5 . (ML)
%110 <
T
3 VA
g %
E NEAN \\
[22]
5105 N\
a
% Py
/ WA
100 / \ \
N
/ N\ CURVES OF 100% SATURATION
95 % N\ FOR SPECIFIC GRAVITY EQUAL TO:
N
SN N 2.80
N 5\—//2‘70
20 RN
<\ 2.60
]
™, \
85 i ‘\\
AN
\\
\\\
80 \\
\\
75
0 10 15 20 25 30 3b 40 45

WATER CONTENT (Percent Dry Weight)

MOISTURE-DENSITY RELATIONSHIP

Geotechnologies, Inc.
Raleigh, North Carolina
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135 1\ [% G colechnologies, Inc
\\ \ \\
X Job No: 1-95-1181-CA Data: 1/2/96
130 \ Job Name: Halifax-6
\ Y \ Job Location: Halifax, North Carolina
\ Boring No:
; \\ \‘ Sample No: tP- #3
125 5 \ Depth: 3.0-5.0°
. \\ TEST RESULTS
; \ \\ Method of Test: ASTM D 698
120 \\ Maximum Dry Density: 107.5 PCF
& \ \ Optimum Moisture Content: 19.0%
_ X VA Natural Moisture Content: 13.8%
§115 l\ Atterberg Limits: _ LL _ 37.1 Pl 10.3
%‘ A Soil Description:_Brown-Orange Silty SAND
5 \ \\ (SM)
%110 X
B
3 NA
4 A\
> A NN \\
w x
§105 \
5
5
NN\
100 \ \
\
N\ |\ N\ CURVES OF 100% SATURATION
95 IA N FOR SPECIFIC GRAVITY EQUAL TO:
4 A\
<\ 2.80
N
%0 < 270
NN
\ 2.60
‘\:_——
NCLN
85 - \
AN
NN
N \\
80 N\
\\\
™
75
0 5 10 15 20 25 30 35 40 45

WATER CONTENT {Percent Dry Weight)

MOISTURE-DENSITY RELATIONSHIP

Geotechnologies, Inc.
Raleigh, North Carolina




‘g'P #6-2 3.5-5.0"

60 //
50
P /
L
A pd
s 40
F e
1
c /
I
r 30 X
Y /
|
N 20 A
D
E /
X / -
10
7T | ®|®
0
0] 20 40 60 80 100
LIQUID LIMIT (LL)
Specimen Identification | LL | PL Pl |Fines| Classification
[ ] ‘6?#1 -1 0-1.5° 59 33 27 Tan Slightly Sandy CLAY (MH)
X 5? #2, | 0-1.5° 57 28 29 Tan-Orange Slightly Sandy CLAY (CH)
> .ﬁf#s-‘l 0-1.5 58 46 12 Brown Orange Slightly Fine Sandy SILT (MH)
* 59 53 7 Brown Micaceous Slightly Clayey SILT {(MH)

PROJECT Halifax-6 - Halifax, North Carolina

JOB NO. _1-95-1181-CA

DATE 1/2/96

\_

ATTERBERG LIMITS’ RESULTS

Geotechnologies, Inc.
Raleigh, North Carolina
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GeoTechnologies, Inc.

PERMEABILITY TEST

Job Number: 1-95-1181 CB Job Name: HALIFAX - 5
Date: 3/25/96 Sample I.D. B-4 Depth:
Soil Description: RED ORANGE CLAYEY SILT
SAMPLE DATA
type standard proctor
remolded {) Max. Dry Density Ibs/cu.ft.
undisturbed ( X)) Moisture Content %
Compaction #DIV/O! %
Moisture Content 17.3 %
inches cm. Wet Density 129.8 Ibs./cu.ft.
Length 6.007 15.258 Dry Density 110.6 Ibs./cu.ft.
Diameter 2.896 7.356 Initial Saturation 86.2 %
Area 6.587 42.497 Final Saturation 100.0 %
Volume 39.568 648.404 Initial Void Ratio 0.6
Wet Mass 2.971 1347.69 grams Porosity 35.6
Dry Mass 2.5329 1148.9 grams Specific Gravity 2.75 apparent
TEST DATA
L = 15.26 cm. length of sample
hi = inflow burette A= 42.497 sqg.cm. area of sample
ho = outflow burette a = 0.852 sqg.cm. area of burettes
t = time h1 = head loss across specimen at t1
h2 = head loss across specimen at t2
t1 t2 ho1 hi1l h1 ho2 hi2 h2
0 1860 91.3 3.3 88 86.7 7.9 78.8
0 1440 86.7 7.9 78.8 85.5 ] 76.5
0 2760 85.5 9 76.5 83.3 11.1 72.2
0 2640 83.3 11.1 72.2 81.4 13.1 68.3
ASTM D 5084

k = {{aaL/{At(a+a)))*In(h1/h2)

W NN -
x & =

Average

9.08E-06
3.15E-06
3.21E-06
3.22E-06

4.66E-06 cm/sec

Dk, B 2.1410°°




GeoTechnologies, Inc.

PERMEABILITY TEST

Job Number: 1-95-1181 CB Job Name: HALIFAX - 5
Date: 3/25/96 Sample L.D, B-8 Depth:
Soil Description: RED ORANGE CLAYEY SILT
SAMPLE DATA
type standard proctor
remolded () Max. Dry Density Ibs/cu.ft.
undisturbed ( X ) Moisture Content %
Compaction #DIV/O! %
Moisture Content 23.8 %
inches cm. Wet Density 123.2 Ibs./cu.ft.
Length 5.949 15.110 Dry Density 99.5 Ibs./cu.ft,
Diameter 2.869 7.287 Initial Saturation 90.3 %
Area 6.465 41.708 Final Saturation 100.0 %
Volume 38.459 630.226 Initial Void Ratio 0.7
Wet Mass 2.743 1244.07 grams Porosity 42.0
Dry Mass 2.2154 1004.9 grams Specific Gravity 2.75 apparent
TEST DATA
L = 15.11 cm. length of sample
hi = inflow burette A= 41.708 sqg.cm. area of sample
ho = outflow burette a= 0.852 sg.cm. area of burettes
t = time h1 = head loss across specimen at t1
h2 = head loss across specimen at t2
t1 t2 ho1 hi1 h1 ho2 hi2 h2
0 1800 94.5 0.5 94 87.1 7.6 79.5
0 1440 87.1 7.6 79.5 81.5 13.2 68.3
0 2700 81.5 13.2 68.3 71.9 23 48.9
0 2700 94.5 0.8 93.7 83.7 11.5 72,2
ASTM b 5084

k = ((aaL/{Atla+a)))*In{h1/h2)

W N =
x x & x

Average

1.44E-05
1.63E-05
1.91E-05
1.49E-05

1.62E-05 cm/sec




TOTAL EFFECTIVE o P O i
C, ksf 0.33 0.19 ok S 4 i
$. deg 27.8 32.4 ,‘;;/,/ ——
. TAN b 0.53 0.63 5" g
4] P
X 6.00 | e //
] P . N
8 // . /
L
\q__) : ,/ / ]
P i
4t N
72} . g - ""F":"':--
L -, i \
S B.ob 4 =
[% . /z.’.7... T
,// r 4 3 . : ol o =
! \ ; .
///;{—% £ \ \
“ 1. B S S - ‘\
Ie} il I i i )
0 3.00 6.00 9.00 12.00 15.00 18.00
Total Normal Stress, ksf
Effective Normal Stress, ksf e
12.00
SAMPLE NO. 1 2
WATER CONTENT, % 1455 4 5
10.C0 % |DRY DENSITY, pcf 115.8 119.7
— |SATURATION, % 88.3 99.2
" lvoiDp RATIO 0.429 0.382
o 8 00 Z IDIAMETER, in 2.79 2.79
4 ’ HEIGHT, in 555 5.37
@ //// WATER CONTENT, % 14.9 14.5
®  6.00 5 [DRY DENSITY, pcf 118, 5 T19.7
- W [SATURATION, % 99.9 100.5
P P lvoiD0 rRATIO 0.396 0.382
= % IDIAMETER. in 2.77 2.79
g #.00 HEIGHT, in 5.51 5.37
= Strain rote, %/min 0.120 0.120
P BACK PRESSURE, ksf 10.48 10.47
= ’ CELL PRESSURE, ksf 11.48 14.47
FAILURE STRESS, ksf 2.38 8.08
0 ' PORE PRESSURE. ksf 10.71 11.23
0 5 10 15 20 |ULTIMATE STRESS, ksf 2.33 8.08
Axial Chrain, % PORE PRESSURE, ksf 10.71 11.23
G1 FAILURE, ksf 3.14 11.32
TYPE OF TEST: =z
, J1FAILURE, ksf 0.76 3.24
CU with pore pressures
SAMPLE TYPE: UNDISTURBED TUBE CLIENT: RICHARDSON AND ASSOCIATES
DESCRIPTION: RED QORANGE CLAYEY
SILT PROJECT: HALIFAX - 5
LL= 31.0 PL= 17.0 Pl= 14.0
SPECIFIC GRAVITY= 2.55 SAMPLE LOCATION: B - 4
REMARKS :
PROJ. NO.: 1-95-1181CB DATE: 4-4-98
TRIAXIAL SHEAR TEST REPORT
. GEOTECHNOLOGIES, INC., P.A.




10

| KN =
) 8
w //-
3 B
1)}
0 /
v @ 6
- 0 o
a =
o N x
e 4
o -
& .2
o 2
o 3 23—~ e
0 ’ -4
x O f Tl
Ll o
O -——
5% 107% 15% 20% 5% 10% 15% 20%
: 10
|l 3 4
@ 8
L
@
0
8 3 6
a = y
v VI x
2o 4
& 2
o 2
o 2 2
=
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0
5% 10% 15% 207% 5% 10% 15% 20%
4 50 Stress Path legend: Total Effective ———-- End -
Peak Strength Total Effective P
o= 0.22 ksf  0.33 ksf /////,/,4:
x = 25.6 deg 27 .2 deg |7
tan o« = 0.48 T 51 5 /
3 .00 =
-7 :
/" s
E AT
X i /
/
o 1.50 - /
// I
X 2 /
o AP !
e P /
e / /
O
o] .50 3.00 4 .50 6.00 7 5% 9.00 16.50
p, ksf
Client: RICHARDSON AND ASSOCIATES
Project: HALIFAX - 5
Location: B - 4
File: HPL Project No.: 1-95-1181CB Page 2/2 Fig. No R




TOTAL EFFECTIVE
C, ksf 0.40 0.11
b, deg 24 .4 28.3
# TAN b 0.45 0.54
X  4.00
o
0
Q
.
L .
wn s -
5 //[
é 2.00 I 4 /|
0 / /
w ! ﬁ " 4
AL A N
/ [
/L? . ) ! /-\
s / \
s p§ N1 A
0 i
0 2.00 4.00 6.00 8.00 10.00 12.00
Total Normal Stress, ksf
Effective Normal Stress, ksf - — =
9.00
SAMPLE NO. 1 2
WATER CONTENT, % DFL T 2T 7
7 .50 Z |BRY DENSITY. pcf 88.3 99.7
) | — — |SATURATION, % 7t.7 95.0
o E lvoID RATIO 0.874 0.660
b= 800 Z |DIAMETER, in 2.88 2.87
x ’ HEIGHT, in 5. 41 5.95
0 WATER CONTENT, % 30.3 23.5
©  4.50 F [DRY DENSITY, pcf 91.9 102.1
ol L |SATURATION, % 100.4 100.2
N = lvoiD RATIO 0.799 0.620
. 7 |[DIAMETER, in 2.84 4.85
o 3.00 / HEIGHT, in 6.32 5.90
= ////// Strain rate, %/min 0.120 0.120
3 1 80 : BACK PRESSURE, ksf 9.99 11.06
= ' CELL PRESSURE, ksf 10.99 15.06
FAILURE STRESS, ksf 2.76  7.01
o PORE PRESSURE, ksf 9.18 11.40
s 5 10 15 20 |ULT IMATE STRESS, ksf 2.76  7.01
Axial Strain. % PORE PRESSURE, ksf 9.16 11.40
Sy FATLUR ksf 4.58 10,66
TYPE OF TEST: 1 LURE, ks 6
: T3 FAILURE, ksf 1.83 3.56
CU with pore pressures
SAMPLE TYPE: UNDISTURBED TUBE CLIENT: G.N. RICHARDSON & ASSQC
DESCRIPTION: RED ORANGE CLAYEY
SILT PROJECT: HALIFAX 5
LL= 50.0 PL= 22.0 Pl= 28.0
SPECIFIC GRAVITY= 2.65 SAMPLE LOCATION: B - 8
REMARKS :
PROJ. NO.: 1-95-1181CB DATE: 4-4-96
TRIAXIAL SHEAR TEST REPORT
—_— GEOTECHNOLOGIES, INC., P.A.
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o = 22.7 deg 25.0 deg
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[
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!
\
\
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3.00 4.50 6.00 7.50 9.00 10.50
P, ksf
Client: G.N. RICHARDSON & ASSQOC
Project: HALIFAX 5
Location: B - 8
File: HAL4 Project No.: 1-95-1181CB Page 2/2 Fig. No. oy




GeoTechnologies, Inc.

CONSOLIDATION TEST

Job Name: HALIFAX 5 Date: 4/16/96
Job Number: 1-95-1181 CB
Sample |.D. B-4 Depth: 1 - 3’
Soil Description: RED ORANGE CLAYEY SILT
Notes: PRELOAD 500\ SATURATED \ UNDISTURBED
RING PROPERTIES SOIL PROPERTIES
Diameter 2.5]inches Init. Moisture 17.4 %
Height 1linches Soil Weight. 147.2 grams
Volume 0.00284|cu.ft. Wet Density 114.2 Ibs./cu.ft.
Weight 110.48|grams Dry Density 97.3 Ibs./cu.ft.
Ring + Soil 257.63|grams Specific Gravity 2.68 Apparent
Final Moisture 19.1 %
Initial Reading .0000
Preload Rebound Reading .0294
LOAD / psf RO R6 R100 T50 R50
100 .0000 .0036 .0040
500 .0040 0277 .0294
100 .0294 .0262 .0254
500 .0254 .0326 .0347
1000 .0347 .0548 .0576 0.9 0.0461
2000 .0676 .0856 .0883 1.35 0.0729
4000 .0883 .1215 .1241 0.45 0.1062
8000 .1241 .1549 .1599 0.675 0.142
LOAD / pst %E Con. Coef. %IC
100 0.4 90.0
500 2.9 93.3
100 2.5 80.0
500 3.5 77.4
1000 5.8 4.979 87.8
2000 8.8 3.136 91.2
4000 12.4 8.743 92.7
8000 16.0 5.371 86.0
16000
NOTE: Consolidation Coefficient in Square Feet Per Day
Initial Void Ratio 0.720
Final Void Ratio 0.445
Initial Saturation, % 64.8
Final Saturation, % 109.9
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GeoTechnologies, Inc.

CONSOLIDATION TEST

Job Name: HALIFAX 5 Date: 4/16/96
Job Number: 1-95-1181 CB
Sample 1.D. B-8-1 Depth: 5 - 7'
Soil Description: RED ORANGE CLAYEY SAND
Notes: PRELOAD 500\ SATURATED \ UNDISTURBED
RING PROPERTIES SOIL PROPERTIES
Diameter 2.5|inches Init. Moisture 23.0 %
Height 1linches Soil Weight. 151.9 grams
Volume 0.00284|cu.ft. Wet Density 117.9 Ibs./cu.ft.
Weight 110.48|grams Dry Density 95.8 Ibs./cu.ft.
Ring + Soil 262.34|grams Specific Gravity 2.68 Apparent
Final Moisture 24.9 %
Initial Reading .0000
Preload Rebound Reading .0032
LOAD / psf RO R6 R100 T50 R50
100 .0000 .0004 .0005
500 .0005 .0030 .0032
100 .0032 .0008 .0006
500 .0006 .0029 .0030
1000 .0030 .0060 .0064 0.9 0.0047
2000 .0064 .0142 .0151 0.45 0.01075
4000 .0151 .0269 .0285 0.9 0.0218
8000 .0285 .0457 0479 0.45 0.0382
LOAD / psf %E Con. Coef. %IC
100 0.1 80.0
500 0.3 92.6
100 0.1 92.3
500 0.3 95.8
1000 0.6 5.421 88.2
2000 1.5 10.710 89.7
4000 2.9 5.236 88.1
8000 4.8 10.124 88.7
16000
NOTE: Ceonsolidation Coefficient in Square Feet Per Day
Initial Void Ratio 0.746
Final Void Ratio 0.662
initial Saturation, % 82.6
Final Saturation, % 97.0




Consolidation Test
B-8, 5'-7
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' Specimen Identification| LL | PL| Pl |Fines| Classification
° B-4 31| 17| 14! 13.8| Red Oraféa"@?yé‘fﬁf'r-ésagu/m,)
Be B-8-1 50| 22 | 28 48.8 | Red Orange Clayey e SANECSM/OL_)
> G-2-A 68 31 } 37 i 43.8 | Very Gravelly Reddish Brown Silty CLAY (CH)
* G-6-A 71| 28| 43| 43.2| Orange Slightly Sandy Silty CLAY (CH)
' T |
: |
| f
|
]
Z | i
: !
‘ , ;
| —
3 ?
| ! :
i i i ]
I | ! !
| |
’% L
i ]
] |
i ? :
I i
PROJECT Halifax-5 - Halifax, North Carolina JOB NO. 1-95-1181-CB
DATE 4/16/96

ATTERBERG LIMITS" RESULTS

Raleigh, North Carolina
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Appendix C

Aquifer Slug Test Data

Design Hydrogeologic Report
Halifax County C&D Landfill - Area 2
Halifax County, North Carolina




This page intentionally left blank.



G. N. Richardson & Assoc., Inc. _ Slug Test Aiwlysls Repotl,
14 N. Boylan Avenue Project: Halifax
Raleigh, North Carolina Number:;
919-828-0577 Client:
BP-3 [Bouw er & Rice]
Time [min]
0 1 2 3 4 5 ®BR3
b ! '3 I . L 1 4 I Il : - . '
g ;
=]
]
i
]
B
[}
|
|
]
(]
o ]
i )
.
]
.. LN
L®
‘_
[
W]
[}
-]
= %
Slug Test: BP-3
Analysis Method: Bouwer & Rice
Analysis Results; Conductivity: 6.48E-4 [ft/min)
Test parameters: Test Well; BP-3 Aquifer Thickness: 80 [ft]
Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25
Screen length: 4.7 [ft]
Boring radius: 0.167 [ft]
r(eff): 0.110 [ft)
Comments:
Evaluaied by: JAS
Evaluation Dale: 1/18/2006




G. N. Richardson & Assoc., Inc. | Slug Test Data Report
14 N. Boylan Avenue Project: Halifax -
Raleigh, North Carolina Number: i
919-828-0577 Client: _ i Page 2
Test Well: BP-3 Slug Test: BP-3
o Test Well: BP-3
Depth to Static WL: 43.3 [f] Casing radius: 0.083 [f]
Location:  C&DLandill Boring radius: 0.167 [f] -
Recorded by: 7 - Screeg Iength___ 477 [ft}m_-
Date: 17182006 Aquifer Thickness: 80 [f{] -
Time [min] Depth to WL [ft] | Drawdown [ft]
a2 35 43.44 0.14
33 4 4344 014
4 45 4343 013
3 | 5 Y R Y P




v

G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

* | Raleigh, North Carolina _Numbe_r:_ - - -
919-828-0577 Client; | Page 1
Test Well: BP-3 Slug Test: BP-3
- - Test Well: BP-3 N
Depth to Static WL: 433 (1] N Casing radius: 10.083 [ft] o
Location: N C&DLiandﬁll - o Boring radius: 0.167 [ft] 7 _
Recorded byrzr . Screen Iengthf 4.7 [f]
Date: 1182006 | AquferThickness: 8o
! Time [min] ! Depth to WL [f] ' Drawdown [ft]
1 \ 0.033 | 44,16 | 0.86
2 005 4210 | 0.80 _
3 0.067 44.02 0.72
4 0.083 i 4398 068
5 "i"_— 01 i 43.93 063
6 | 0.117 i 43.92 0.62
T 0.133 ) - 43.87 | 057
8 0.15 43.82 | 0.52
9 0.167 43.78 5 0.48
10 0.183 R TR | 0.45
EETH |— 02 _ Jl 43.72 ‘ 0.42
12| 0.217 i 43.70 0.40
13 | 0.233 4367 0.37
T 0.25 43.65 0.35
15 0.283 43.61 0.31 B
16 0.3 ) 4359 | " 0.29
BT 0.317 ' 43.58 ' 0.28
18 0.333 . 4357 0.27 N
19 0.417 - sas 0.24
20 | 0.5 43.53 0.23
21 | 0.583 4352 0.22
22 | 0.667 43.51 0.21 o
25 | 0.75 43.50 0.20
24 0.833 43.50 0.20
25 1 ____ 0917 1 4349 ) 0.19
26 oy 43.49 0.19
27 1.083 43.49 0.19
28 | o 1333 43.48 0.18
29 | 1.667 43.47 0.17
30 1.833 43.46 0.16
3t | 2.5 43.45 0.15




G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

- Project: Halifax

Slug Test Analysis Report

1E+0

h/hO

Slug Test:

Raleigh, North Carolina Number:
919-828-0577 Client:
BP-4 [Bouw er & Rice]
Time [min]
1 2 3 4 5 ®BRd

-9\7; .

BP-4

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 6.24E-5 [ft/min]
Test parameters: Test Well; BP-4 Aquifer Thickness: 80 [ft]

Casing radius: 0.083 [ff] Gravel Pack Porosity (%) 25

Screen length: 10 [ft]

Boring radius: 0.1667 [ft]

r(eff): 0.110 [ft]
Comments:

Evaluated by:

Evaluation Dale: 1118/2008




G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

Raleigh, North Carolina Number:
919-828-0577 " Client: Page 1
Test Well: BP-4 Slug Test: BP-4

i 7 - : B Test Well: BP-4 o -

" Depth to Static WL: 35.93[ff] _ | Casingradius:  0.083[ft] T
Location: . C&D Landgfl 'Wéc;nﬁg'r;dius: 671 667 [ft) R -
Recorded by: . . o 7Screen Ieng;;th: 10 [ft] o 7 )
Date: 1/18/2006  Aquifer Thickness: 80 [ft]

Time [min] Depth to WL [ft] Drawdown [ft]
1 0.013 37.93 2.0
2 oot7 37.06 | 113
N 002 S 36.73 o 0.80 7
4 0.023 - 3677 T o
;5” ‘[ o027 36.75 0.82

6 | 0.03 36.74 0.81
71 0.033 | 36,74 R 0.8 o
s | 0.05 ‘ 36.75 0.82
9 0.067 , 36.73 08
0 0433 B | 36.73 ) 0.80 i
1 0.183 P 36.72 079 o
15—i— 0.2 _; | a B 0.79 o
13 | 0.25 i 36.72 0.79
1 0.283 | 3872 Y
15 0.3 | 36.70 0.77
16 0.417 | 36.71 0.78
17 0.583 | 36.70 077 ]
18 0.75 | 36.70 0.77
19 0833 T 3669 0.76
20 1 36.68 0.75
21 1167 B 36.68 0.75
22 1.25 36.67 0.74
23 1417 36.66 0.73
24 1,667 36.65 0.72

25 1.917 36.65 0.72
26 | I 2664 0.71
27 | 25 : 36.62 0.69

28 | 3 ! 36.61 0.68
29 35 36.59 0.66

30 4 ‘ 36.57 0.64
31 | 45 36.55 0.62




v

G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

Slug Test Data Report

_-Project: Halifax

5

36.54

0.61

* Raleigh, North Carolina _N_LinP_er S o
919-828-0577 Client: Page 2
Test Well: BP-4 Slug Test: BP-4
- B - TestWell: BP-4
" Depth to Static WL: 35,93 [fi] Casing radius: 0.083 [ft]
'Lo_c;_ti{;n:"m C&Dil_iai;\a]"i’llw S Boring radius: 0.1667 [ﬁ]_ o
VRecordec] by‘. 777777777 - Screen length: 10 [ft] o o
Date: 1M1 8/27006'7 o Aquﬁer Thickness: - 80 [ft] 7
| Time [min] Depth to WL [ft] Drawdown [ft]
32 ‘




G. N. Richardson & Assoc,, Inc. Slug Tesf Analysis Report

14 N. Boylan Avenue Project: Halifax

Raleigh, North Carolina B T S —
919-828-0577 Client: o o

BP-6 [Bouw er & Rice]

Time [min]
2 3 4 5 & BRS
! !
i |
2
e
S A
A
AAA
A
a
A
A
\ A
Slug Test: BP-6
Analysis Methed: Bouwer & Rice
Analysis Results: Conductivity: 4.40E-4 [ft/min]
Test parameters: Test Well; BP-6 Aquifer Thickness: 80 {ft]
Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25
Screen length: 10 [ff]
Boring radius: 0.1667 [ft]
r(eff): 0.110 [fi]

Comments:

Evaluated by:
Evaluation Date: 1/18/2006




G. N. Richardson & Assoc,, Inc. | Slug Test Data Report
14 N. Boylan Avenue Project: Halifax ) -
Raleigh, North Carolina Number: -
919-828-0577 | Client: i Page 1
Test Well: BP-6 Slug Test: BP-6
’ ' TestWel:  BP&
Depth to Static WL: 14.47 [f] - Casing radius: 0.083 [fi]
Location;  C&D Landfll 7 Boring radius:  0.1667 [f]
Recbrd;a br - - Screen Eength 10 [ﬁ] - - N o
Date: 1/18/2006 | Aquifer Thickness: 80 [f] )
! Time [min] ] Depth to WL [ft] ‘ Drawdown [fi]
B 0.007 ’ 16.52 2.05
7 ot 1646 1.99
3 0013 N e . 1in_
e 0.017 15.75 1.28
5| N 002 1550 ) 1.12
6 | 0.023 16.38 1.91
7 0.027 15.43 7 1 096
8 0.03 15.62 1.15
9 0.033 15.66 _ 119 :
10 | 0.05 . 15.54 o 107
"o 0.067 | sst 104 ]
12 0083 | B 15.48 101
s | 0.1 1546 099 :
14 0.117 15.45 0.98 )
15 o133 15.43 . | ' 0.96
16 0.15 15.41 L 094
e ] 0 I
18 0.183 | 15.38 0.91
T T e 15.37 0.90
20 | 0217 ] 15.36 . 0.89 _f
21 0.233 15.35 0.88
22 0.25 15.34 0.87
23 0.267 15.33 0.86
24 0.283 15.32 0.85
25 0.3 15.31 N 0.84
26 0317 15.30 0.83
27 0.333 15.30 0.83 -
28 R 0.417 15.26 079
29 0.5 15.23 0.76
30 0.583 15.20 0.73
31 0.667 15.17 0.70




14 N. Boylan Avenue

G. N. Richardson & Assoc., Inc.

Slug Test Data Report

—lgrgject: Halifax

Raleigh, North Carolina Number:
| 919-828-0577 Clent | Page2
Test Well: BP-6 Slug Test: BP-6
- o | Test wel: BP-6
Depth to Static WL: 14.47 [f] | Casingradius:  0.083[ff]
Location: C8&D Landfill ) Boring radius:  0.1667 [ft]
7 Eeéc;rided by: o N Screen length: 10 [ft] : N
Date:  1/18/2006 Aquifer Thickness: 80 [f]
! Time [min] Depth to WL [ft] Drawdown [ft]
32 0.75 15.15 0.68
33 0.833 15.13 T 0.66
¥ 0017 B 0.64
35 1 1 509 o2
36 1.083 1507 - 060
a7 1.167 ; 15.06 0.59
N 1.25 i 15.04 - i 0.57 .
”59777 133 | 1503 06
| o : ) o
w0 1417 | 15.01 0.54
a 15 15.00 0.53
2 P 14.98 ) 0.51 7 B
43 T | 1497 0.50
a4 17 0 14.96 0.49
45 1833 14.95 0.48
46 1.917 14.94 0.47
a7 2 1493 0.48
48 N 25 14.87 0.40
49 3 14.83 0.36
50 35 14.79 0.32
51 4 14.76 029 E
52 45 14.73 0.26
53 s 14.71 - 0.24




G. N. Richardson & Assoc,, Inc.

14 N. Boylan Avenue
Raleigh, North Carolina
919-828-0577

Slug Test Analysis Report

7Number?-

Project: Halifax

Client:

BP-7 [Bouw er & Rice)

Time [min]
4 5 v BP-7
[}
L
2
v
Slug Test: BP-7
Analysis Method: Bouwer & Rice
Analysis Results: Conductivity: 6.46E-4 [f/min]
Test parameters: Test Well BP-7 Aquifer Thickness: 80 [ft]
Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25
Screen length: 5 [ft]
Boring radius: 0.1667 [ft]
r(eff): 0.110 [ft]

Comments:

Evaluated by:
Evaluation Dale: 1/18/2006
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G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue

Slug Test Data Report

A Project; Halifax

* Raleigh, North Carolina Number: - ____—__ ) S
919-828-0577 Client: ' Page 1
Test Well: BP-7 Slug Test: BP-7
| Testwell: ‘BP-7 - .
Depth lo Static WL: 564 (] Casing radius: 0,083 [ff] -
Location: © C&D Landfil Boring radius: 0.1667 [f] -
Recorded by: Screenlength: 5[ o
Date: 111812006 Aquifer Thickness: 80 [f{]
Time [min] ' Depth to WL [ft] Drawdown [ft]
____1__4%_ R 8.03 2.39
2 0.017 7.26 1.62
g L 0.02 | 7.74 | 2.10 -
4 ’ 0.023 | 7.0 L 1.36 E
5 | o027 | 710 N 1.46 a
6 0.03 | 7.16 1,52
% 4 0033 715 b 151
8 0.05 T 712 148
9 0.067 R 710 146
0 0.083 L 707 ___‘__' 1.43
" B e ]
12 | 0.117 ! 7.03 1 1.39
3 0.133 ! _ 7.01 ] 137
. R SO i B e
14 | 0.15 7.00 1.36
15 l 0167 J 6.98 1.34
6 1 o183 6.97 o 133
n 02 | 6.96 o 1.32
18 | 0.217 6.95 1.31
19 | 0.233 6.94 1.30
20 0.25 6.93 1.29 ]
21 | 0.267 6.93 128
2 | 0.283 6.93 1.29 o
23 03 6.91 5
24 | 0317 777; j 7 6.90 1.26 N
% | 0.333 680 125
26 0.417 6.85 1.21
27 0.5 682 | 1.18 i
| 28 } 0583 6.78 1.14
29 | 0.667 6.74 110
30 i 075 e 1.07
31 | 0.833 6.68 1.04




\/

G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue

Slug Test Data Report

_i:"-l)'ajéct: Halifax

* Raleigh, North Carolina | Number: - .
919-828-0577 Client: Page 2
Test Well: BP-7 Slug Test: BP-7
' Test Well: BP-7
wfi_)epth to Static WL: 5.64 [ft] Casing radius: 0.083 [ft]
Location: C&D Landfil Boring radius:  0.1667 [f] -
Recorded by: - " Screen length: 50
Date: 1/18/2006 | Aquifer Thickness: 80 [ft] -
o Time [min] Depth to WL [f] Drawdown [f]
2 0.917 6.65 1.01 -
a3, T - 6.62 T oem
34 7| 1083 | 6.5 - . 095 a
3B T 6.56 | 0.92
B | 125 R 653 0.80 -
a7 1333 I 6.51 ! 0.87 -
B a7 48 F 0.84 N
a 15 - e 0.82 B
40 1,583 643 Y
a1 | 1,667 641 o o —
42 175 o 6.39 0.75
43 1.833 _ 636 0.72
44 1917 6.34 i 0.70 o
45 2 6.32 T 08
e 25 ' 6.21 L 0.57 R
47 3 | 6.12 ] 0.48
T 35 J  so4 R 0.40
49 ] 4 ' 5.98 034
50 ! 45 5.92 0.28
51 588 0.24




[} G. N. Richardson & Assoc., Inc. Slug Test Analysis Report
14 N. Boylan Avenue Project: Halifax
. E> Raleigh, North Carolina Number:
919-828-0577 Client:
BP-8 [Bouw er & Rice]
Time [min]
0 1 2 3 4 5 +BR8
1E+0
1._
o -
2
.H_.
.Jr_
ﬂ,
N:u\\
\_ .
\ + I
T~ + |
Slug Test: BP-8
Analysis Method: Bouwer & Rice
Analysis Results: Conductivity: 5.57E-5 [ft/min]
Test parameters:  Test Well: BP-8 Aquifer Thickness; 80 [ft]
Casing radius: 0.083 [fi] Gravel Pack Porosity (%) 25
Screen length: 5 [ft]
Boring radius: 0.1667 [ft]
r(eff): 0.110 [ft]

Comments:

Evaluated by:

Evaluation Date: 2/2/2006




\/

G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

* Raleigh, North Carolina j 7N1}mb.er:
919-828-0577 Client: Page 1
Test Well: BP-8 Slug Test: BP-8
' - - ) Test Well:  BP-8 _ 7
Depth to Static WL: 16.68 [ff] Casing radius: 0.083 [f] o )
Location: o C&D Lan"d.ﬁilmi Boring radius: 0.1667 [ft] 7 _
Réééréé& By o Scréén length: 5 [l;f] :
‘Date;  1/18/2006  Aquifer Thickness: 80 [f] -
Time [min] 1 Depth to WL [ff] I Drawdown [ft]
I T A R
N ) SN 759 N ta
3 | 0.027 ‘ 17.75 ! 1.07
i . _ NS
4 0.03 17.71 i 1.03
5 0.05 17.71 1.03 B
6 0.083 1760 1.01 N
B L S - S a0
8 ‘ 0.133 J 17.68 | 10
9 0.15 ! 17.67 i 0.99
0 02 _ | 17.67 0.99
11 o 025 j_ 17.67 ) 0.99
12 | 0.3 | 1766 0.98
13 | 0.5 17.66 0.98
T 0.75 17.65 0.97 i
15 . 1 : 17.65 0.97
16 1.083 17.64 0.96 R
7o 1.5 17.63 0.95 N
18 2 17.62 R 0.94 -
19 25 17.62 0.94
20 7 3 N 17.61 0.93 .
21 7 35 17.60 0.92
2 4 E 17,59 o 0.91 N
23 7 45 ) 17.58 0.90 _
24 5 17.57 0.89




.' G. N. Richardson & Assoc., Inc. Slug Test Analysis Report ]
14 N. Boylan Avenue Project: Halifax
* Raleigh, North Carolina Number:
919-828-0577 " Client: _ _
BP-8 [Bouw er & Rice]
Tire [min]
0 1 2 3 4 5 > BP-9
1E+0 4
< i
L ;
o
= %%X
M}g
%)%\ -
S
X
X
\ X
Slug Test: BP-9

Analysis Method:

Bouwer & Rice

Analysis Results:

Test parameters:

Test Well:
Casing radius:
Screen length:

Boring radius:

r(eff):

Conductivity: 1.04E-4 [ft/min]
BP-9 Aquifer Thickness: 80 [ft]
0.083 [ft] Gravel Pack Porosity (%) 25
10 [ft]
0.1667 [ft]
0.110 [ft]

Comments:

Evalualed by:

Evalualion Dale: 21212006




G, N. Richardson & Assoc., Inc.

14 N. Boylan Avenue
Raleigh, North Carolina
919-828-0577

Slug Test Analysis Report

Project; Halifax

Number;

] Client:

1E+0

BP-9 [Bouw er & Rice]

Time [min]

2 3 4 5 X BP9

h/ho

X

g

~

Slug Test:

BP-9

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 1.04E-4 [ft/min]
Test parameters: Test Well: BP-9 Aquifer Thickness: 80 [ft]

Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25

Screen length: 10 [ft]

Boring radius: 0.1667 [ft]

r(eff): 0.110 [ft)

Comments:

Evalualed by;
Evaluation Date: 2/2/2006




G. N. Richardson & Assoc., Inc. | Slug Test Analysis Report

14 N. Boylan Avenue Project: Halifax
Raleigh, North Carolina Number:;
919-828-0577 Client:

BP-9 [Bouw er & Rice]

Time [min]
0 1 2 3 4 5 > BP-8
TEHO -t : - s : e ’
3
o
&
>
><><><X
X
X
\ «
Slug Test: BP-9

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 1.04E-4 [ft/min]
Test parameters: Test Well: BP-9 Aquifer Thickness: 80 [ft]

Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25

Screen length: 10 [ft]

Boring radius: 0.1667 [ft]

r(eff); 0.110 [ft]
Comments:

Evaluated by
Evaluation Date: 21212006




G. N. Richardson & Assoc,, Inc. | Slug Test Data Report
14 N. Boylan Avenue mﬁ?oj?cf:_%_li_fax -
Raleigh, North Carolina Number:
919-828-0577 Client: o o " Page1
BP-9 Slug Test: BP-9
S | Testwel: BP9
‘Depth to Static WL: 18.98 [f{] | casingradius:  0.083[f]
Location:  G&D Landfill | Boring radius: 01667 [f]
. Record;dby . - B _-“S_creen length: 10[&]7 .
Date: 21212006 | Aquifer Thickness: 80 [f] o
Time [min] ' Depth to WL [ft] ! Drawdown [ft]
1 0.017 21.45 ; 247
2 0.02 2126 ! 228
Bl 0.023 B ,,!l,, 2102 | 2.04
4 - 003 ; B 21.02 J 2.04
5 | 0.05 20.57 | 1.59
s 0067 2053 1.55 -
e 0083 X L 153 o
PR TR T 2050 | 152
9 0.117 ) 20,49 I 151
10 _;L____ 015 | 2048 150
" 02 B 20.47 L 149
12 0217 20.46 1.48
13 To02s 2045 | ' 147 -
14 - 0.333 2043 ' 145
s 0417 2042 144 N
16 05 . 20.41 - 1.43
17 0.583 7 20.40 142
8 | 0.667 20.39 1.41 B
19 0.75 20.38 1.40
20 0.833 20.37 1.39 -
21 | 0.917 _ , 20.36 138
22 1 20.35 137
23 1.083 20.34 1.36
24 1.167 - 20.33 13
25 1.25 o 20.32 - 1.34 o
26 1,333 2031 133
27 1.417 20.30 1:32 -
28 | 15 20.29 E 1.31
29 - 1667 20.28 - 1.30 N
30 1.75 20.27 1.29 )
31 1,833 20.26 1.28




G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

Raleigh, North Carolina " Number:
919-828-0577 Client: ’ . | Page2
Test Well; BP-8 Slug Test: BP-9
TestWell: BP-9 i -
Depth to Static WL: 18.08 [ft] . Casing radius: 0.083 [ft}
Location: C&D Landfil Boring radius: 0.1667 [ft] -
Régozaea by: o - N ' Viscreen Ienéfh: __1_0{&1
Date:  2/2/2006 _ Aquifer Thickness: 80 [f{]
Time [min] Depth to WL [it] ! Drawdown [fl]
az 1.817 20.25 | ) 1.27
a3 2 _ 20.24 o | 126 -
34 : 25 T 20.20 ‘ 12
35 ‘W” 3 044 _ _— 14
6 | ; _ 20.15 I 117 o
! S o I
37 35 | 20.11 1.13
a8 I - w07 | 109 N
T 45 e 20.03 ‘ 1.05
0 s ‘ 00 1.02 N




G. N. Richardson & Assoc., Inc. Slug Test Analysis Report

14 N. Boylan Avenue Project: Halifax
Raleigh, North Carolina Number:
919-828-0577 Client:

1 E+Q - et

h/ho

1E-1

Slug Test:

BP-10 [Bouw er & Rice]

Time [min]

0 1 2 3 4 5 > BP10
1 i n . 4 3 . 1 L . . L
|

BP-10

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 7.56E-4 [ft/min]
Test parameters: Test Well; BP-10 Aquifer Thickness: 80 [ft]

Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25

Screen length: 5 [ft]

Boring radius: 0.1667 [ft]

r(eff): 0.110 [ft]
Comments:

Evaluated by:

Evaluation Dale: 21212006




\/

G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

mpd| Raleigh, North Carolina  Number: -
919-828-0577 Client: | Page1
Test Well: BP-10 Slug Test: BP-10
I - | Testwell:  BP-10
‘Depthto Static WL: 81717 | casing radius: 0.083[f]
Location: ~ C&DLlandfl | Boringradius:  0A667[f] _
Recorded by “ : o *Screen length: _-5 [ft] -
‘Date:  2/2/2006 | Aquifer Thickness: 8o
Time [min] Depth to WL [ft] ; Drawdown [f)
1 0.013 9.75 ‘ 1.65
KN L T S AR
3 0.03 : 9.15 | 1.05
a4 0.033 ' 9.08 B | ~ 0s8
5 0.05 9.10 1.00
6 7 0.067 9.08 1 0.98
B 0.083 . 007 - 097
8 | __jfo;t o __ 9.06 _‘L o 0.96 o
9 0.117 | 9.06 i 0.96
10 o33 ki  9.05 08 _
o 015 004 0.94 -
12 0.167 | 9.03 0.93
13 02 k 9.02 02
14 0.217 - 9.01 0.91 o
15 025 9.00 0.90
IRTH 0.267 7 8.99 0.89 o
47 0.283 8.98 ) 0.88
18 0.3 7 898 0.88 o
19 0.317 Yy - 0.87 -
20 0.333 8.96 0.86 7
21 0417 8.93 0.83
22 0.5 8.90 00
23 0.583 8.87 0.77
24 0.667 8.85 0.75
25 0.75 8.82 0.72 j
% | 0.833 e 8.79 069
27 1 8.75 065
28 1.083 8.72 0.62 ‘
29 1.167 8.70 0.60
30 125 8.68 058
31 1.333 8.66 0.56




14 N. Boylan Avenue

G. N. Richardson & Assoc., Inc.

Project: Halifax

Slug Test Data Report

E> Raleigh, North Carolina Number;
919-828-0577 Client: - | Page2
Test Well: BP-10 Slug Test: BP-10
o ' Test Well ~ BP-10
Depth to Static WL: 8.1 [ft] Casing radius: 0.083 [ft] a

Location: C&D Landfill N | Boring radius: 0.1667 [f]
‘Recorded by: - Screenlength: 5[] -
Date: 2/2/2006 Aquifer Thickness: 80 [fi]
Time [min] ‘ Depth to WL [ft] Drawdown [f{] -
B . . N St | v )
3 15 | 8.62 - 052 )
34 | 1,583 | 8.60 ' 0.50
s 1667 I 858 e
N 178 I 856 o4
37 1,833 | 8.55 , 0.45 B
38 | _ 1_.5_1__'7_ ‘ 853 : | _ 0.43
3 2 | 8.51 | - 041
a0 | 24 843 o3
o 3 o 8.36 0.26
42 f 3.5 8.31 0.21
43 | 4 826 o1
44 45 8.23 ) 013
15 ) 010




G. N. Richardson & Assoc,, Inc.

14 N. Boylan Avenue
Raleigh, North Carolina
919-828-0577

Project: Halifax

MCIient;

Slug Test Analysis Report

BP-12 [Bouw er & Rice]

Time [min)
0 1 2 3 4 5 @ BP12
1E+0-t5
Q
F=
B
B
& ;
T
Slug Test: BP-12
Analysis Method: Bouwer & Rice
Analysis Results: Conductivity: 1.32E-4 [ft/min]
Test parameters:  Test Well: BP-12 Aquifer Thickness: 80 [ft]
Casing radius: 0.083 [fi] Gravel Pack Porosity (%) 25
Screen length: 5[ft)
Boring radius: 0.1667 [ft]
r(eff): 0.110 [ft]
Comments:
Evalualed by:
Evaluation Date: 22120086




G. N. Richardson & Assoc., Inc. | Slug Test Data Report
14 N. Boylan Avenue Project: Haiifax‘“m
Raleigh, North Carolina Number: - -
919-828-0577 Client: _ Page 1
Test Well: BP-12 Slug Test: BP-12
| Test el BP-12

" Depth to Static WL: 12.02 [f{] i | Casingradius:  0.083[f]

“Location: © C&D Landfil | Boring radius: 01667 [f] -
Re(-)c;;j;(—:i .t—)y: o Screen length: 5[ft] o 7 7 7
Date: 2122006 o | Aquifer Thickness: 80 [ft] 7

Time [min] | Depth to WL [fi] Drawdown [ft]

1 0.013 | 14.04 | 2.02

2 002 !_ 1283 I R -

3 0.023 - 1305 - 103

4 oo | 12.89 L e

5 ‘ 0.03 T 12.89 - o8t

6 0033 1290 0.88

7 005 12.87 085
e 0.067 I 12.87 ) Y -

9 0083 _ 1286 E 084

10 0.1 1 12.86 R 084 ]

11 0.117 1285 0.83

12 0133 7 12.85 o 083

13 0.15 O 1285 0.83 -

" 42 _ L 28 | - .7_0_1%3;,, -

15 | 0.217 12.84 0.82

16 ‘ 0.25 1284 R 082

7| 0.333 1283 0.81 :
18 rif -~ ose3 12.82 0.80 -
T 1 ! 12.82 T 0.80 -

20 1.083 R 12.81 0.79

21 | 125 1281 0.79

2 | " 15 12.81  ore

23 | 1583 12.80 0.78

24 1.833 12.80 0.78

25 1917 12,79 0.77 -

26 2 12.79 ) 0.77

27 25 12.78 0.76

28 3 12.78 - 0.76 o

29 - 35 12,77 0.75

30 4 12.76 0.74 o

31 45 12.76 | - o4




G. N. Richardson & Assoc., Inc. | Slug Test Data Report

14 N. Boylan Avenue

Project: Halifax

12.76 0.73

Raleigh, North Carolina Nanber:
919-828-0577 Client: - Page 2
Test Well: BP-12 Slug Test: BP-12
Test Well: BP-12 o
_-E)-epth to Static WL: 12.02 [ft] " 7 méésing radius: 0083[ft] -
Location: C&D Landfil Boring radius: 01667 [f]
Recorded by: Screen Ieng-th: 5 [ft]
Date: 21212006 Aquifer Thickness: 80 [f] )
‘ Time [min) Depth to WL [ff] Drawdown [ft]
32 5




\/

G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue
Raleigh, North Carolina
919-828-0577

Slug Test Analysis Report

Project:

Halifax

Client;

Number:

1E+0

BP-13 [Bouw er & Rice]

Timme [min]

4 5 © BP13

e
=
]
? e
Slug Test: BP-13
Analysis Method: Bouwer & Rice
Analysis Results: Conductivity: 1.55E-4 [ft/min]
Test paramefers: Test Well: BP-13 Aquifer Thickness: 80 [ft]
Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25
Screen length: 5 [ft]
Boring radius: 0.1667 [ft]
r(eff): 0.110 [ft]

Comments:

Evaluated by:

Evaluation Date: 21212006




\/

G. N. Richardson & Assoc., Inc.
14 N, Boylan Avenue

Project: Halifax

Slug Test Data Report

* Raleigh, North Carolina E_u_m__b;:__ ___ _ ,,7 - 7?:" .
919-828-0577 Client: Page 1
Test Well: BP-13 Slug Test: BP-13
N - o Test Well: BP-13
~ Depth to Static WL: 11 [f] Casing radius: 0.083 [ft] . B
Location: - C&D Landfill Boring radius: 0.1667 [f] o -
Recor&%ﬁyrzi - 7 Screen length: 5[ft] o

B é-.;2!2006 o

Date: hAquifE;riTthvircRness: BOIﬂ] N
i Time [min] Depth to WL [ft] ‘ Drawdown [ft]
1 0.01 12.93 1.93
T2 | 0013 1274 R
e - o027 12.21 o121
4 . 003 1208 o 108
el oo me L e
6 0.05 12.07 1.07
ER 0067 12.06 T e 7
R C O b SRR S = s i I -
g | 0.083 | 12.05 1.05
9 0.1 12,06 105
0 o7 12.04 104
Mo o3 12.04 _ 104
12 015 1204 1.04 _
13 o167 | 12.03 ’ 103
4 0.183 12.03 103
15 | 0.217 R 12,02 1 1.02
6 0.25 1 12.02 : 1.02
7 0.283 o 12.01 101
18 0.3 1201 1.01 S
19 0333 12.01 1.01 i
20 0.417 12.00 1.00 ;
21 05 11.99 098
22 ) 0.583 1198 0.98
23 0.667 11.98 o 0.98
24 075 11.97 0.97
25 0.833 g7 o097 N
26 0.917 1196 0.96
27 1 11.95 0.95
28 1.083 11.95 0.95
29 1.167 11.94 0.94
30 125 11.94 0.94
31 1.333 11.93 | 093




G. N. Richardson & Assoc., Inc.
14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

Raleigh, North Carolina Number:
919-828-0577 Client: | Page2
Test Well: BP-13 Slug Test: BP-13
’ Test Well BP-13
| Depth to Static WL: 11 [ff] - | Casingradius:  0.083[f] S
Location:  C&DlLandfil | Boring radius: 0.1667 [
._F?eaj_eg_t;;:m N o - Screen length: - __5 [f] - o
Date: 21212006 1 Aquifer Thickness: 80 [ft]
Time [min] Depth to WL [ft] Drawdown [ft]
32 1.417 11.93 093
33 15 11.92 0.92
34 1583 _ R e
35 1667 0 1191 0.91
36 175 119 0.91
el 1.833 11.91 | - 0.01 B
w | wen e o=
39 | 2 - S 10 0w -
40 25 11.87 | 0.87
41 3 5N e 085
42 | o 35 T 11,83 0.83 -
745'”;7 4 77;? et 081
44 45 \ 11.79 0.7% -
45 | 5 1 11.77 ! 0.77




G. N. Richardson & Assoc,, Inc.

Slug Test Analysis Report

14 N. Boylan Avenue Project: Halifax

Raleigh, North Carolina Number:

919-828-0577 Client:

GY -3 [Bouw er & Rice]

Time [min]
0 1 2 3 4 5 4 GY-3
L'
: |4
=
‘”&,_w
Adya
Adyy
AdD,
A A
A
A
1E-1
R -

Slug Test: GY-3
Analysis Method: Bouwer & Rice
Analysis Results: Conductivity: 8.52E-4 [ft/min]
Test parameters:  Test Well: GY-3 Aquifer Thickness: 40 [ft]

Casing radius: 0.083 [ft] Gravel Pack Porosity (%) 25

Screen length: 5 [ft]

Boring radius: 0.167 [ft]

r(eff): 0.110 [ft]

Comments:

Evalualed by:
Evaluation Dale: 3/9/2006




G. N. Richardson & Assoc., Inc.

14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

Raleigh, North Carolina Number:
919-828-0577 Client: - Page 1
Test Well: GY-3 Slug Test: GY-3
Test Well: GY-3
Depth to Static WL: 36.38 [ft] o | Ccasing radius: 0.083 [fl]
Location: C&D Landfil Boring radius:  o.467[f n
E&J—rded by - o Screen Iengthf:w “S[ﬂ] -
Date: 3/9/2006 Aquifer Thickness: 40 [ft] o 7
j Time [min] Depth to WL [ft] Drawdown [ft]
1 0 38.87 2.49
2 0.027 38.56 R 218
—"-.-37 | 0.03 37.44 a ) -1 .06
4 0.033 | 38.42 o 2.04 -
5 005 37.80 1.42
6 0.067 a 37.73 1:35
7 0.083 37.67 - : 1.29
7 8 0.1 37.62 _ 1.24 .
9 o7 37.56 118
——_1(—)" v 0.133 37:51 1.13
k! 0.15 o 37.43 1.05 )
12 | o7 37.40 - 1.02
13 0183 37.34 0.96
14 0.2 37.30 . 0.92
15 0.217 37.25 ) 0.87
16 0.233 37.21 0.83
17 0.25 37.16 0.78 .
e 0267 37.12 0.74
19 0.283 37.08 070
20 0.3 37.05 Y
21 0.317 37.01 - 0.63
22 0.333 36.98 0.60
23 0.417 36.88 0.50
24 0.5 36.84 0.46
25 0.583 36.82 0.44
26 0.667 36.80 0.42
27 0.75 36.79 0.41
28 0.833 36.78 0.40 -
29 0.917 36.77 0.39
30 1 36.76 0.38
31 1.083 36.75 0.37




\/

G. N. Richardson & Assoc,, Inc.

14 N. Boylan Avenue

Slug Test Data Report

Project: Halifax

* Raleigh, North Carolina Numbe:_r: 777777777 B
919-828-0577 Client: | Page?
Test Well: GY-3 Slug Test: GY-3
o Test Well: GY-3 7 o
Depth to Static WL: 36.38 [f] Casing radius: 0.083[f] -
Location: C&D Landfil Boring radius: 0167 [f]
Recorded by: - Screen Ienétﬁ: - 5 [ft] - S
mDate: o 3)9')’72606 -_}id-ﬁifer Thickness: 40[_&] o
i Time [min] Depth to WL [ft] Drawdown [ft]
32 | 1.167 36.75 0.37
33 125 3674 . 036 7
34 1.333 36.74 o 0.36
35 B 1.417 373 035 T
36 15 3673 0.35
37 1.583 36.72 0.34
T3 | 1.667 672 034
39 175 671 H 033
40 | 1.833 36.71 v 033 B
41 1917 36.71 7 0.33
42 2 36.70 0.32 g
43 25 36.68 0.30
4 | 3 N 36.67 029
45 3.5 36.65 _ 0.27
46 4 36.64 0.26 -
47 B 45 36.63 0.25
48 5 36.61 0.23
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