




BLEINC. 
BUNNELL-LAMMONS ENGINEERING, INC. 

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS 

 

6004 PONDERS COURT  PHONE   (864) 288-1265 
GREENVILLE, SOUTH CAROLINA 29615  FAX         (864) 288-4430 

 

February 27, 2009 
 
 
McGill Associates, P.A. 
55 Broad Street 
Asheville, North Carolina 28801 
 
Attention: Mr. Jeffrey Bishop, P.E. 
 
Subject:  Revisions to the Design Hydrogeologic Report and Environmental Monitoring 

Plan, Phases 3 & 4 to address NCSWS Technical Review Comments dated 
February 9, 2009 – Doc ID 6606 

  White Oak Landfill (MSWLF – Phase 3 & 4) 
  Haywood County, North Carolina 
  Permit 44-07 
  BLE Project Number J07-1957-02 
 
 
Dear Mr. Bishop: 
 
The North Carolina Solid Waste Section (NCSWS) has completed their technical review of the 
Design Hydrogeologic Report (DHR) dated July 11, 2008, and Environmental Monitoring Plan  
(EMP), dated July 11, 2008 for the proposed Phase 3 & 4 areas at the White Oak MSW Landfill 
prepared by Bunnell-Lammons Engineering, Inc. (BLE).  The NCSWS technical review comments 
were outlined in a letter from the NCSWS dated February 9, 2009.  This letter addresses the 
NCSWS review comments and provides supplemental and revised information where requested.  
Additionally, a revised copy of the DHR is attached which incorporates the changes mentioned in 
this letter. 
 
 

BACKGROUND INFORMATION 
 
The White Oak Landfill is located in Haywood County, North Carolina approximately 12 miles 
north of Waynesville at the Fines Creek Exit (Exit 15) off of Interstate 40.  The facility consists of 
four active or proposed waste units including:  
 

1) MSWLF (Phases 1 & 2), 
2) Proposed MSWLF Expansions (Phases 3 & 4), 
3) C&D Landfill (Phase 1), and 
4) an LCID Landfill. 

 
The landfill is owned and operated by Haywood County.  Currently, the Phase 1 and 2 areas have 
been developed.  Haywood County now plans to develop the Phase 3 and 4 areas. 
 
A DHR and EMP for the Phase 3 & 4 areas both dated July 11, 2008 were prepared by BLE (Job 
Number J07-1957-02) and submitted to the NCSWS.  The DHR addressed the geological, 
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hydrogeological, and geotechnical investigation required for the site permitting and design process 
under applicable North Carolina Rules for Solid Waste Management 15A NCAC 13B .1623 (b).  
The EMP addressed the water monitoring requirements required for the site permitting and design 
process under applicable North Carolina Rules for Solid Waste Management 15A NCAC 13B 
.1631. 
 
Mr. Zinith Barbee of the NCSWS reviewed the DHR and EMP and conveyed questions and 
comments in a letter dated February 9, 2009.  The information provided below addresses Mr. 
Barbee’s comments and has been incorporated into the attached revised DHR. 

 

RESPONSE TO REVIEW COMMENTS BY THE NCSWS 
 
NCSWS Item No. 1: 
1.0  Clarify what is to be constructed. Consistent use of the proper terminology as defined in 
Regulation .1619(c) is required throughout the application. 
 
Supplemental Information:  
We concur with the NCSWS comment and the text of the DHR has been revised to eliminate the use 
of the term “cell” where the term “phase” would be appropriate. 
 
NCSWS Item No. 2: 
2.1  Correct what is stated in the regulation cited in the study. Regulation .1623 (b) specifies 
borings per acre of “area of investigation”, not a cell within a phase, nor does it specify “150 
feet downgradient of cells.” 
 
Supplemental Information:  
We concur with the NCSWS comment and the text of the DHR has been revised to use the phrase 
“area of investigation” where appropriate. 
 
NCSWS Item No. 3: 
2.2  Base seasonal high groundwater elevation on data collected for a year. 
 
Supplemental Information:  
Regulation .1623 (a)(7)(B) requires the “Tabulations of stabilized water table elevations over time in 
order to develop an understanding of seasonal fluctuation in the tater table.”  These data are 
presented in the DHR.  No changes have been made to the DHR except those presented in the 
supplemental information for NCSWS Item No. 26 shown below. 
 
NCSWS Item No. 4: 
2.4  Include the fracture trace analysis and Rose diagrams to which this section refers. 
 
Supplemental Information:  
We concur with the NCSWS comment and the pertinent text from the referenced report has been 
copied and is included as Appendix J (new) of the revised DHR.  We understand that Plate 3 
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(Stream Traces) and Plate 3B (Rose Diagram) have not been located by Haywood County and were 
not provided to BLE. 
 
NCSWS Item No. 5: 
3.3  In the explanation of ponds and ravines, include what appears to be an unidentified pond or 
basin east of PZ-9. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to include discussion of 
the subject feature.  The feature has been identified as an existing sedimentation pond which receives 
stormwater runoff from the Phase 2 perimeter access road. 
 
NCSWS Item No. 6: 
3.4.1.3  Identify which borings shown in Figure 3 are used to establish bedrock. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to include a reference to 
the subject borings.  Those borings are identified as BLE-7D, BLE-9, P-4, and MW-2D in the text. 
 
NCSWS Item No. 7: 
3.4.2  See comment for Section 2.4. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text includes a reference to the newly included 
Appendix J. 
 
NCSWS Item No. 8: 
3.4.3 Include information about the “upper 10 feet of bedrock” pursuant to Regulation .1623 
(b)(2)(D). Also, include the value for hydraulic conductivity for partially-weathered rock and 
bedrock. 
 
Supplemental Information:  
Information on the “upper 10 feet of bedrock” is provided in Section 3.4.1.3 of the DHR and on the 
boring logs in Appendix C.  Please note that we have added the boring log for MW-2D to Appendix 
C for reference.  Information on the “hydraulic conductivity of partially-weathered rock and 
bedrock” is provided in Section 3.5.5.1 and on Table 8 of the DHR.  No changes have been made to 
the DHR. 
 
NCSWS Item No. 9: 
3.5.2.1  See comment for Section 2.2. 
 
Supplemental Information:  
The data required by Regulation .1623 (a)(7)(B) and Regulation .1623 (a)(7)(C) has been provided 
in the DHR.  No changes have been made to the DHR except those presented in the supplemental 
information for NCSWS Item No. 26 shown below. 
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NCSWS Item No. 10: 
3.5.2.2  See comment for Section 2.2. 
 
Supplemental Information:  
The data required by Regulation .1623 (a)(7)(B) and Regulation .1623 (a)(7)(C) has been provided 
in the DHR.  No changes have been made to the DHR except those presented in the supplemental 
information for NCSWS Item No. 26 shown below. 
 
NCSWS Item No. 11: 
3.5.4  Two revisions are necessary. One, see comment for Section 3.3 to account for all the 
locations where the reported groundwater mounding will occur. Two, correct the final sentence 
to convey that groundwater receptors—two buffered streams—exist downgradient of proposed 
Phase 3. The current sentence appears to refer to “cell construction” of existing Phase 1, which 
consists of four cells in another drainage basin. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to include references to 
the subject features. 
 
NCSWS Item No. 12: 
3.5.6  In the table included in the text,  replace “Phase 4” with “Phase 3” and replace “PZ-“ 
with “BLE-“ to reflect what is shown in Table 9. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to correct the 
typographical errors and well location descriptions. 
 
NCSWS Item No. 13: 
3.6.1  Correct the reference to Horton and Zullo to reflect what they reported about faults near 
the site. Explain what is a “Holocene fault” and cite where in the reference the authors defined 
and discussed it. Regulation .1622(4)(a) specifies “a fault that has had displacement in 
Holocene time”, which the USGS reported occurred in an earthquake near the site in December 
2008. In Regulation .1622(4)(a)(b)(iii) Holocene is defined as “extending from the “Pleistocene 
Epoch to the present.” 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to correct the reference to 
the cited publication.  Additionally, we understand from the NCSWS letter that an earthquake was 
reported near the site (approximately 2 miles northeast) in December 2008; approximately 6 months 
after the DHR was submitted.  On February 16, 2009, we mobilized a North Carolina Licensed 
Geologist from our staff to the site to conduct an on-site reconnaissance for evidence of faulting on 
the site.  The geologist conducted the reconnaissance on foot and investigated the site within the 
Phase 3 and 4 areas and within 200 feet of the Phase boundaries.  No evidence of seismically 
induced features (faults, sloughs, escarpments, etc.) were observed at that time.  The results of that 
investigation are included in the revised DHR text. 
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NCSWS Item No. 14: 
3.6.5 Two revisions are necessary. One, see comment for Section 3.4.1.3, which address 
locations of corings. Two, explain and show how groundwater flow will be altered by the deep 
excavation in Phase 4. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to include references to 
the corings and to describe possible changes to groundwater flow related to the excavation of soils in 
Phase 4.  We conclude that the groundwater elevations in the Phase 4 area will generally be lowered 
over time; however, groundwater flow directions should not significantly change. 
 
NCSWS Item No. 15: 
3.6.6  This section is topically about engineered fill, but excavation in Phase 3 is actually 
described. Mentioned is “an apparent existing storm water control feature” about which more 
information is required pursuant to .1623(b)(2)(A), which refers to specifications in 
.1623(a)(12). In addition, explain the “existing fill soil near BLE-3”, which is located in the 
groundwater discharge feature shown in drawings. 
 
Supplemental Information:  
We concur with the NCSWS comment and the DHR text has been revised to include a discussion of 
the physical features and fill soils in Phase 3.  This section now describes the previously constructed 
north-south trending stormwater control feature through the center of the Phase 3 area.  The feature 
includes two retention basins separated by a small dam (roughly located between the BLE-3 and 
BLE-4 borings).  The feature was dry during the design hydrogeologic investigation.  The feature is 
partially filled with sediment which has appeared to accumulate from stormwater runoff.  These 
sediments are shown on the boring logs and in the cross sections in the DHR.  Sections 3.6.5 and 
3.6.6 of the DHR describe the presence of these soils and the procedures to remove and replace the 
soils with engineered fill. 
 
NCSWS Item No. 16: 
Table 3  Show seasonal high for the year instead of the highest groundwater elevation measured 
during the seasonal low. 
 
Supplemental Information:  
Table 3 shows seasonal high groundwater elevations as required by Regulation .1623 (a)(7)(B) and 
Regulation .1623 (a)(7)(C).  No changes have been made to the DHR except those presented in the 
supplemental information for NCSWS Item No. 26 shown below. 
 
NCSWS Item No. 17: 
Figure 2  Include the state hydrogeologic map, which more relevant to the report. 
 
Supplemental Information:  
We have included Figure 5 and Table 1 from the Preliminary Hydrogeologic Assessment and Study 
Plan for a Regional Ground-Water Resource Investigation of the Blue Ridge Piedmont Provinces 
of North Carolina (USGS Water-Resources Investigation Report 02-4105) in the DHR.  The 
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documents have been included in Appendix K (new).  The state geologic map is still included in the 
DHR as Figure 2. 
 
NCSWS Item No. 18: 
Figure 3  Identify what appears to be an unlabeled basin or pond located east of PZ-9. 
 
Supplemental Information:  
We concur with the NCSWS comment and Figure 3 has been revised to include a label for the 
feature in question. 
 
NCSWS Item No. 19a (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section AA’ to show the following corrections. One, correct the 
groundwater elevation at BLE-16. 
 
Supplemental Information:  
We have reviewed the groundwater elevation at BLE-16 and it is displayed correctly on Figure 4.  
No changes have been made. 
 
NCSWS Item No. 19b (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section AA’ to show the following corrections. Two, show that bedrock 
depths are inferred. Boring logs used to depict the cross section do not show depths to bedrock. 
 
Supplemental Information:  
We concur with the NCSWS comment and Figure 4 has been revised to show a dashed (bedrock) 
line between borings BLE-11 and BLE-16. 
 
NCSWS Item No. 19c (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section AA’ to show the following corrections. Three, either end the cross 
section at BLE-3, or show only what is logged for BLE-4. The boring for BLE-4 terminated at 
2.5 feet. 
 
Supplemental Information:  
There is a footnote on the BLE-4 boring log (Appendix C) that explains that the BLE-4 boring 
refused on boulders in fill soil and not on bedrock.  These boulders and fill soils were discovered in 
test pits performed by McGill Associates on June 4, 2008 (as documented on the BLE-4 boring log). 
 Therefore, the cross section A-A’ accurately depicts the subsurface geology at the A’ termination 
point and has not been changed. 
 
NCSWS Item No. 19d (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section BB’ to show the following corrections. One, correct groundwater 
elevations between BLE-1 and BLE-2. 
 
Supplemental Information:  
We have reviewed the groundwater elevations between BLE-1 and BLE-2 and they are correct as 
shown.  No changes have been made. 
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NCSWS Item No. 19e (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section BB’ to show the following corrections. Two, show where bedrock 
depths are inferred. 
 
Supplemental Information:  
We concur with the NCSWS comment and Figure 4 has been revised to show a dashed (bedrock) 
line between borings BLE-1 and BLE-5. 
 
NCSWS Item No. 19e (these comments refer to Figure 4 in the DHR): 
Figure 4  Revise cross section BB’ to show the following corrections. Three, either end the cross 
section at BLE-7D, or show only what is logged for BLE-8. The boring for BLE-4{sic BLE-8} 
terminated at 3 feet. 
 
Supplemental Information:  
We concur with the NCSWS comment and the boring logs for BLE-8 (Appendix B and C) have 
been revised to show the geology encountered.  The B-B’ transect is terminated at BLE-8 in 
accordance with the geology observed in the boring.  No changes have been made to Figure 4. 
 
The next 6 items refer to the NCSWS review comments for the EMP 
 
NCSWS Item No. 20 (EMP comment): 
The SWS evaluated groundwater monitoring plans for Phase 3 and 4. For Phase 3 include an 
upgradient monitoring well at the relevant point of compliance. Pursuant to Regulation .1631 
(a)(2)(A) the relevant point of compliance is “established no more than 250 feet from a waste 
boundary.” 
 
Supplemental Information:  
The cited regulation specifies the requirements for the location of compliance points and not for the 
location of background/upgradient wells which is specified in .1631 (a)(1)(A-C).  Please note that 
the upgradient wells MW-11S and MW-11D have been established as background points for the 
facility in compliance with the regulation.  No changes have been made to the EMP. 
 
NCSWS Item No. 21 (EMP comment): 
Locate the groundwater monitoring system for Phase 4 away from areas of excavation, fill, 
stockpile, and road construction, and locate the system at the point of relevant compliance. 
 
Supplemental Information:  
The proposed monitoring well locations for Phase 4 are located within the limits specified in the 
regulations.  Please note that the proposed wells are to be installed along the outer perimeter of the 
proposed access road in areas graded for drill rig access.  Due to steep topography in the areas 
around Phase 4, drill rig access is very limited.  We understand that the cost of grading to install 
monitoring wells at greater distances from the perimeter road would be very high.  We request that 
the monitoring well locations be approved as proposed. 
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NCSWS Item No. 22 (EMP comment): 
In the areas of excavation, fill, road construction, and sediment basins proposed for Phases 3, 
show where existing downgradient groundwater monitoring wells for Phase 1 will be relocated. 
 
Supplemental Information:  
We understand that none of the monitoring wells in this area (MW-3, MW-3D, MW-4A, & MW-8) 
are to be abandoned as part of the construction of Phase 3.  In areas where fill soils will be placed, 
we understand that these wells will be extended to the ground surface during grading and that new 
well heads (pads and protective covers) will be installed upon completion of grading.  We request 
that the existing monitoring wells be approved as they are currently installed.  In areas where waste 
cells will be constructed within Phase 3, the existing monitoring wells MW-5A, MW-5D, MW-12, 
MW-13S, and MW-13D will be abandoned and not replaced as specified in the EMP. 
 
NCSWS Item No. 23 (EMP comment): 
3.1 See comment in Section 2.2 for the Design Hydrogeologic Report, which is relevant to 
determining depths and screen depths for groundwater monitoring wells for both Phase 3 and  
Phase 4. 
 
Supplemental Information:  
As specified in the EMP, all groundwater monitoring wells are to be installed with a 15-foot long 
screened section.  The wells will be installed so that the screen brackets the water table at the time of 
well installation.  This type of well construction allows water table fluctuations in either direction 
(rise or fall).  Our projected well depths are based on actual water table elevations observed on 
February 14, 2008 as shown on Figure 3, on proposed design grade elevations at the well locations, 
and in accordance with the proposed well construction described above.  Please note that field-
specific conditions encountered during drilling/well installation are the primary factors for 
determining well installation depth.  We request that the proposed well depths be approved as 
described. 
 
NCSWS Item No. 24 (EMP comment): 
3.2 Specify where the relevant point of compliance for both Phase 3 and 4 are located pursuant 
to .1631 (a)(2). 
 
Supplemental Information:  
The regulations specify that the relevant point of compliance will be approved by the Division based 
on consideration of several factors specified therein.  Those data are provided in the DHR and EMP 
and were used by BLE to select the proposed groundwater monitoring well locations shown in the 
EMP.  Therefore, ipso facto, the proposed relevant point(s) of compliance for Phase 3 and 4 are the 
proposed well locations and existing surface water sampling locations themselves.  No changes have 
been made to the EMP. 
 



BLEINC. 
 
WOLF – BLE Comments for DHR Tech. Review February 27, 2009 
Haywood County, North Carolina BLE Project Number J07-1957-02 

9 

NCSWS Item No. 25 (EMP comment): 
3.4  Without a sufficiently characterized seasonal high groundwater table pursuant to 
Regulation .1624 (b)(7),  proposed well depths cannot be evaluated. 
 
Supplemental Information:  
Please refer to the supplemental information provided for NCSWS Item No. 23 above.  Please also 
note that Regulation .1624 (b)(7) refers to geotechnical analysis of landfill subgrades and is not 
applicable to proposed well depths. 
 
The next 2 items refer to the NCSWS review comments for the DHR 
 
NCSWS Item No. 26 (DHR comment): 
3.5.2.1. Use the historical data accumulated at the site to determine when seasonal high 
groundwater occurs. Data from the National Oceanic and Atmosphere Administration (NOAA) 
does not reflect local variation within Haywood County. 
 
Supplemental Information:  
We have evaluated the historical groundwater elevation data shown on Table 3 for wells monitored 
prior to and during the September 20, 2007 through February 14, 2008 DHR monitoring period to 
establish when seasonal high groundwater elevations may occur at the site.  The majority of the data 
consists of April and October measurements with no other measurements collected during the year.  
With only two points per year there is not sufficient data to determine the time frame during which 
the average seasonal high occurs.  However, the April groundwater elevations were higher than the 
October groundwater elevations. 
 
To determine when seasonal high groundwater elevations occur in Haywood County, we downloaded 
groundwater level monitoring data from the North Carolina Division of Water Resources – Water 
Data Retrieval site (http://www.ncwater.org/wrisars/).  There are four groundwater wells (M 90T1, 
M 90T2, M 90U1, M 90U2) in Haywood County which DWR personnel measured water levels 
from approximately June 1985 through December 1990.  These wells are located approximately 12 
miles east-southeast of the subject site.  We have prepared time series plots for each well and have 
included them in Appendix E of the DHR.  The plots show that the average seasonal high 
groundwater elevations occur in (or near) April each year. 
 
Since the monitoring period at the subject site ended in February 2008, we have prepared an 
additional table (Table 3B) for inclusion in the DHR to project a new seasonal high for April 2008.  
Table 3B calculates a difference between the highest April groundwater elevation (from either 2005, 
2006, or 2007) and the measured seasonal high for monitoring wells MW-5A, MW-5D, MW-12, 
MW-13S and MW-13D from the 2007-2008 DHR monitoring period.  These wells are within the 
Phase 3 area and have sufficient water level data history.  An average head difference of 1.35 feet 
(range of 0.83 to 1.69 feet) was calculated for these wells.  The 1.35 foot correction factor was 
added to the previously measured seasonal high to estimate a new projected seasonal high (April 
2008) for each piezometer and well (Table 3B).  Figure 7 (in the DHR) has been revised to show the 
projected seasonal high for April 2008.  McGill Associates has incorporated the new April 2008 
projected seasonal high groundwater levels in their subgrade design. 
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Post-settlement separation between bottom of clay liner and seasonal high groundwater (September 
2007 through February 2008) were calculated by BLE and presented in Appendix I (Geotechnical 
Calculations) of the DHR.  The post settlement liner-groundwater separations range from 6.95 feet 
at the P-6 location to 43.27 feet at the BLE-17 location.  Since the revised seasonal high 
groundwater elevation has been increased 1.35 feet the resulting revised post-settlement separation 
from the water table to the bottom of the clay liner would range from 5.6 feet to 41.92 feet.  The 
revised separations continue to exceed the 4 foot minimum specification in the regulations. 
 
Haywood County is included in NOAA NC Division 1 and that data is routinely used as a 
representative measure for estimation of local precipitation and other atmospheric phenomenon. 
 
NCSWS Item No. 27 (DHR comment): 
3.5.3.  Delete the sentence where groundwater is described as flowing “to the north.” In the 
sentence before it, groundwater reportedly “flows in a radial patern {sic}”, which occurs in the 
upper aquifer before reaching fractures oriented north and south in the deeper aquifer. 
 
Supplemental Information:  
The text in this section accurately describes the groundwater flow at the subject site.  No changes 
have been made to the DHR text. 
 
 

CLOSING 
 
We appreciate the opportunity to serve as your hydrogeological and geotechnical consultant at this 
site.  If you have any questions, please do not hesitate contacting us at (864) 288-1265. 
 
 
Sincerely, 
BUNNELL-LAMMONS ENGINEERING, INC. 

                                      
Andrew W. Alexander, P.G.    Mark S. Preddy, P.G. 
Senior Hydrogeologist     Senior Hydrogeologist 
 
 
Attachments: Revised DHR 
 
 
 
c:\awa\active projects\mcgill\haywood county lf\1957-02 dhr and emp review comments\dhr ble review comments wolf 
j07-1957-02.doc 
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Gentlemen:

Mr. Jeffrey Bishop, P.E.

Design Hydrogeologic Report
Phases 3 & 4
White Oak MSW Landfill
Haywood County, North Carolina
BLE Project Number J07-1957-02

Bunnell-Lammons Engineering, Inc. (BLE) has completed the Design Hydrogeologic Study for
Phases 3 & 4 at the WhiteOak MSW Landfill. This report addresses the relevant site application
requirements as outlined in the North Carolina Rules for Solid Waste Management, 15A NCAC
l3B .1623 (b). The attached report describes the work performed and presents the results obtained.

We appreciate the opportunity to serve as your geological and geotechnical consultant on this
.project and look forward to continue working with you at the White Oak MSW Landfill. If you
have any questions, please contact us at (864) 288-1265.
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1.0 PROJECT INFORMATION

The existing 286-acre White Oak Municipal Solid Waste (MSW) Landfill facility is located in
Haywood County, North Carolina, approximately 12 miles north of Waynesville at the Fines Creek
Exit (Exit 15) off of Interstate 40 (Figure 1). The landfill is owned and operated by Haywood
County. Currently, Phase 1 and 2 areas have been developed. Haywood County now plans to
develop the Phase 3 and 4 areas. The existing and proposed waste cell layout is provided on Figure
3.

The landfill development is being implemented in phases as new solid waste units are needed. This
Design Hydrogeologic Report (DHR) addresses the geological and geotechnical investigation
required for the construction permitting process. The investigation was performed in accordance
with the applicable North Carolina Rules for Solid Waste Management (l5A NCAC l3B .1623
(b». Data from previously performed investigations are compiled into this report, as is relevant to
the Phase 3 and 4 areas. The previous investigations include the following:

• Project Design Manual, White Oak Sanitary Landfill, Tribble & Richardson, Inc, dated March
1992.

• Permit Renewal, Landfill Expansion, Design Hydrogeologic Report, White Oak Sanitary
Landfill, Steffen, Robertson, and Kirsten, Inc. Project Number 83507, dated September, 1997.

• Permit Renewal, Landfill Expansion, Design Hydrogeologic Report (REV 1), White Oak
Sanitary Landfill, Steffen, Robertson, and Kirsten, Inc. Project Number 83507, dated July,
1998.

• Site Hydrogeologic Report, White Oak Subtitle D Landfill, Municipal Engineering Project
Number G9801O.5, dated February 8, 2000.

-000-
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2.0 FIELD INVESTIGATION

The field investigation of the Phase 3 and 4 areas was conducted during July 2007 through
February 2008, and February 2009. Taken together, the investigation of the Phase 3 and 4 areas
has included:

• performing soil test borings and rock coring;
• installing permanent groundwater monitoring wells and temporary piezometers;
• measuring water levels;
• performing hydraulic testing on piezometers;
• performing soil laboratory testing;
• performing settlement and slope stability evaluations; and
• evaluating location restrictions as outlined in the applicable solid waste regulations.

A discussion of the investigative methodologies used in the site evaluation is provided below. The
field activities reported below were performed under the direction of a North Carolina-licensed
geologist or engineer. A North Carolina-licensed driller performed the borings, piezometer
installation, and monitoring well installation. The boring locations/piezometers were surveyed for
horizontal and vertical control, by McGill Associates, Inc. of Asheville, North Carolina, after
completion of the drilling activities.

2.1 TEST BORING AND SOIL SAMPLING

The North Carolina Department of Environment and Natural Resources (DENR) requires that
Design Hydrogeologic Studies include the performance of one boring per acre in the area of
investigation. The area of Phases 3 and 4 is approximately 19.9 acres. Including previous phases
of work and this project, 26 borings have been performed in the Phase 3 and 4 areas, which include
24 piezometers/wells. Eight of the borings were pre-existing and 18 new borings were performed
during this phase of work.

The new soil test boring locations and depths were selected to comply with the applicable
NCDENR rules and were performed in general accordance with ASTM D 1586. Soil samples were
obtained from the soil test borings at 2.5-foot intervals within the upper ten feet below the ground
surface, and at five-foot intervals deeper than ten feet below the ground surface. Drilling
techniques consisted of hollow-stem augering and rock coring. Refer to Appendix A for discussion
of the various drilling techniques used.

Soil test boring logs were produced in the field by a geologist (Appendix B). The soil descriptions
on the field logs were based on visual examination and grain-size estimations in accordance with
the Unified Soil Classification System (USCS). Upon completion of laboratory grain-size and
Atterberg Limit analyses, the preliminary field classifications were adjusted accordingly on the
final boring logs. The final boring log records are included in Appendix C.

2.2 GROUNDWATERINVESTIGATION

Nineteen piezometers were installed to monitor water table elevations and further characterize the
study area hydrogeology. The piezometers supplement the five monitoring wells installed by
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others during previous phases of work in the Phase 3 and 4 areas. Piezometer installation records
are included with the boring logs in Appendix C, and field installation procedures are described in
Appendix D. Survey information for the piezometers and monitoring wells is presented on Table
1, and well/piezometer construction details are summarized on Table 2.

Groundwater elevations were measured in the new piezometers at the time of boring and after 24
hours. Measurements were taken in the piezometers and monitoring wells during the period from
September 2007 to February 2008 to determine the seasonal groundwater trends. The historical
water level data is included on Table 3 and 3B, which includes available water level information
from the monitoring wells from June 1998 to April 2007. Historical precipitation data and
groundwater levels for the Haywood County region are included in Appendix E.

Field permeability (slug) tests were performed in six piezometers in the study area to measure the
in situ hydraulic conductivity of different units of the water table aquifer. Slug test field
procedures and data plots are presented in Appendix F and a summary of the results are presented
on Table 4.

The piezometers are intended only for investigation use, were not constructed as permanent
monitoring wells, and will not be part of the permanent groundwater monitoring system. Prior to
construction activities, the piezometers will be abandoned in accordance with 15A NCAC 2C, Rule
.01 13(a) (2) by drilling them out and filling the resulting boreholes with a grout mixture.

2.3 LABORATORY TESTING

Laboratory tests were conducted to confirm the field classifications and quantify pertinent
engineering soil properties. Soil samples were collected using split-spoon samplers, Shelby tubes
(undisturbed), and from the auger cuttings (bulk samples). The laboratory tests were performed in
general accordance with applicable ASTM specifications, where available. Brief descriptions of
the test procedures are included in Appendix G. Soil laboratory testing results are included in
Appendix H and are summarized on Tables 5 and 6, which include laboratory results from tests
performed during this phase of work.

2.4 FRACTURE TRACE ANALYSIS

The fracture trace analysis consisted of evaluating exposed rock outcrops and topographic fracture
traces and lineaments as discussed below. The data was included in the Site Hydrogeologic Report,
{SHR} White Oak Subtitle D Landfill, Municipal Engineering Project Number G9801O.5, dated
February 8, 2000. The text of the SHR which describes the results of the analysis is included in
Appendix J. We understand that Plate 3 (Stream Traces) and Plate 3B (Rose Diagram) referenced
in the SHR have not been located by Haywood County and were not provided to BLE. A general
description of the work performed for the SHR is provided below and in Section 3.4.2.

Exposed Rock Outcrops: Using a Brunton compass, the orientations of exposed bedrock fractures
(open joints, open foliation, open bedding planes) were measured. The field measurements were
plotted on a Schmidt lower hemisphere equal-area stereonet and Rose diagrams.

Topographic Fracture Traces and Lineaments: Regionally, pronounced depressions typically
develop along zones of weakness in the bedrock where fractures induce preferential weathering.
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This preferential weathering along the bedrock fractures is ultimately expressed topographically as
linear valleys. The trend of fracture traces and lineaments greater than 1,000 feet in length within a
I-mile radius of the site were measured from topographic maps and plotted as data on Rose
diagrams.

2.5 FIELD RECONNAISSANCE

As described in the DHR text, the study area was traversed to map rock outcrops and surface
drainage features. This investigation was conducted by Municipal Engineering in 2000 and/or
others in prior years.

We understand from a NCSWS letter dated February 9, 2009, that an earthquake was reported near
the site (approximately 2 miles northeast) in December 2008; approximately 6 months after the
original DHR was submitted. On February 16, 2009, we mobilized a North Carolina Licensed
Geologist from our staff to the site to conduct an on-site reconnaissance for evidence of faulting on
the site. The geologist conducted the reconnaissance on foot and investigated the site within the
Phase 3 and 4 areas and within 200 feet of the Phase boundaries. No evidence of seismically
induced features (faults, sloughs, escarpments, etc,) were observed at that time.

-000-
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3.0 RESULTS OF INVESTIGATION

3.1 REGIONAL GEOLOGY

The subject site is located within the Blue Ridge Belt (Figure 2). The crystalline rocks of the Blue
Ridge occur in generally northeast-southwest trending geologic belts in the Carolinas and Virginia.
Precambrian-age (Proterozoic) basement complexes of metamorphosed igneous and sedimentary
rocks underlie the region (Hadley and Goldsmith, 1963; Horton and Zullo, 1991). The site is
underlain by the Middle to Late Proterozoic-aged Spring Creek Granitoid Gneiss, which are
metamorphosed-igneous rocks. The multiple metamorphic deformations of the igneous rocks have
resulted in biotite granitic gneiss interlayered with biotite granodiorite gneiss, tonalitic gneiss,
quartz monzodiorite gneiss, amphibolite, biotite gneiss, and biotite schist (Carter and Weiner,
1999). Late Proterozoic-aged Great Smoky Group has been mapped southeast of the facility
boundary, which are metamorphosed-sedimentary rocks. The multiple metamorphic deformations
of the sedimentary rocks have resulted in metagraywache, with lesser amounts of .locally
interbedded kyanite-gamet~mica schist, gamet-mica schist, and calc-silicate granofels (Carter and
Weiner, 1999). In the vicinity of the site, bedding and foliation generally strike northeast-
southwest and dips moderately to the southeast. Structurally, the contact between the Spring Creek
Granitoid Gneiss and the Great Smoky Graywacke is mapped as a thrust fault in which the Great
Smokey formation overlies the Spring Creek formation (Carter and Weiner, 1999).

Holocene and younger age faults were not indicated on site or within 200 feet of the site from the
literature review or from the field reconnaissance.

The typical residual soil profile consists of clayey soils near the surface, where soil weathering is
more advanced, underlain by sandy silts and silty sands. Residual soil zones develop by the in situ
chemical weathering of bedrock, and are commonly referred to as "saprolite." Saprolite usually
consists of silt with lessor amounts of sand, clay, and large rock fragments. The thickness of the
saprolite in the Piedmont ranges from a few feet to more than 100 feet. The boundary between soil
and rock is not sharply defmed.

A transitional zone of partially weathered rock is normally found overlying the parent bedrock.
Partially weathered rock is defined, for engineering purposes, as residual material with standard
penetration resistance in excess of 100 blows per foot (bpi). Fractures, joints, and the presence of
less resistant rock types facilitate weathering. Consequently, the profile of the partially weathered
rock and hard rock is quite irregular and erratic, even over short horizontal distances. Also, it is not
unusual to fmd lenses and boulders of hard rock and zones of partially weathered rock within the
soil mantle, well above the general bedrock level. Often during construction, this material can be
excavated using conventional earth moving equipment.

3.2 REGIONAL HYDROGEOLOGY

The uppermost groundwater in the Blue Ridge in the vIClruty of the site usually occurs as
unconfined, water table aquifers in three primary geologic zones: 1) residual soil; 2) partially
weathered rock; and 3) fractured bedrock. These zones are typically interconnected through open
fractures and pore spaces. The configuration of the water table generally resembles the local
topography. The USGS Water-Resources Investigations Report 02-4105 Preliminary
Hydrogeologic Assessment and Study Plan for a Regional Ground- Water Resource Investigation of
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the Blue Ridge and Piedmont Provinces of North Carolina (Daniel and Dahlen, 2002) maps the
area of investigation in the Gneiss, felsic hydrogeologic unit which consists mainly of grantitic
gneiss (Appendix K). This classification is in general consensus with our field observations.

In the residual soil and partially weathered rock zone, groundwater is stored within the pore spaces
and is released to the underlying bedrock through gravity drainage. Groundwater within the
bedrock zones occurs primarily in fracture voids. Generally, fractures within the bedrock are very
small but may extend to several hundred feet. '

Infiltration of precipitation to recharge the water table aquifer is primarily affected by rainfall
intensity and duration, pre-existing soil moisture conditions, temperature (evaporation), and plant
uptake (transpiration). Seasonal high-water tables are typically observed during the late winter and
early spring months of the year when maximum infiltration efficiency occurs due to lower
temperatures and less plant uptake (i.e., many plants are dormant). Seasonal low-water tables are
typically observed during the summer and fall months when niinirnum infiltration efficiency occurs
due to higher temperatures and greater plant uptake of water.

3.3 STUDY AREA PHYSIOGRAPHY AND TOPOGRAPHY

The landfill is located in Haywood County, North Carolina, as shown in Figure 1. The Phase 3 and
4 areas are located to the north and west of existing Phases 1 and 2.

Topographically, the Phase 3 and 4 areas consist of a hill with radial topography in Phase 4, and a
north-northeast trending drainage ravine in Phase 3. The upland portion of the hill in Phase 4 has
been used as borrow soils for landfill activities is relatively flat. A portion of the drainage ravine in
Phase 3 has been used as a temporary surface water sediment pond. The highest elevation in the
proposed cell area is approximately 2620 feet above mean sea level (MSL) in the western portion
of Phase 4, and the lowest elevation is approximately 2488 feet MSL in the northern portion of
Phase 3 along the drainage ravine. The relief across Phases 3 and 4 is approximately 132 feet.
Steep topography on the hillsides and side slopes of the ravines are common in Phases 3 and 4.

The surface drainage is radial around the upland portion of Phase 4 and converges towards the
north-northeast trending ravine in Phase 3 and the northwest trending ravine south of Phase 4. An
existing sedimentation pond which receives stormwater runoff from the Phase 2 perimeter access
road is present east of the PZ-9 boring (southeast of the Phase 4 area). These drainage ravines
ultimately converge with the Pigeon River at the facility's northern property boundary. A
topographic map/site plan is provided as Figure 3.

3.4 STUDY AREA SUBSURFACE CONDITIONS

Twenty-six borings (twenty-three soil test borings and three auger borings) have been performed in
the Phase. 3 and 4 areas, and rock coring was performed at four of these locations. The geologic
conditions encountered while drilling were often variable with boulders and seams of partially
weathered rock occurring throughout the subsurface soil overburden profile. In general, three zones
were encountered: 1) the residual soils from weathered gneiss, 2) the partially weathered rock, 3)
the fractured gneiss bedrock. Subsurface geology at the site is shown on two cross sections
designated A-A', and B-B' (Figure 4). The subsurface conditions encountered in the Phase 3 and 4
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areas are generally consistent with previous evaluations at the site (Section 1.0). A description of
the subsurface materials encountered is provided below.

3.4.1 Geologic Unit Description

3.4.1.1 Residual Soil

Residual soils are the result of in-place weathering of gneiss bedrock. The residual soil profile
below the topsoil consists of two identifiable components based on the USCS.

The upper soil component consists of brown and gray, sandy clayey silt and sandy silty clay and
was encountered in four soil test borings in the Phase 3 and 4 areas. Where encountered, the
thickness of this component varies, and generally ranging from 2.5 to 13.5 feet below ground
surface, with an average thickness of 5.5 feet. USCS classifications of these soils are ML-CL, ML,
and MH. Standard penetration resistance values (N-values) range from 4 to 19 with an average
value of 10, indicating a stiff average consistency.

The upper soil component grades with depth into a coarser grained, less plastic, gray and brown
micaceous, sandy silt and silty sand which extends to the depth of the partially weathered rock
and/or auger refusal. Where encountered, the thickness of this component ranges from 3 to greater
than 98 feet, with an average thickness of 49.3 feet. USCS classifications of these soils are ML and
SM. N-values range from 3 to 91 with an average of 27, indicating a very firm average
consistency.

Float rock (small boulders) was present in some locations at the ground surface and within the
residual soil zone above the partially weathered rock level.

3.4.1.2 Partially Weathered Rock

The transition between soil and rock at the site is irregular and consists of partially weathered rock
overlying the parent bedrock. Where encountered, this zone ranges in thickness from 0.5 to 12.5
feet in the Phase 3 and 4 areas.

A map of the approximate bedrock surface (auger refusal) is shown as Figure 5. Auger refusal
depths may represent competent bedrock or possibly boulders of hard rock within the residual soil
and partially weathered rock units. The depth to auger refusal can vary even over short horizontal
distances due to boulders, fractures, joints, and the presence of less resistant rock types. Therefore,
the actual depth to continuous bedrock will vary somewhat from that presented on Figure 5 and
may actually be deeper than indicated.

3.4.1.3 Fractured Bedrock

Bedrock coring has been performed at four different locations for a total of 76.4 feet in the area of
investigation. These bedrock coring locations include BLE-7D, BLE-9, P-4, and MW-2D
(Appendix C). The upper bedrock profile consists of well-foliated, moderately weathered to fresh,
quartz-biotite-feldspar gneiss, which is part of the Spring Creek Granitoid Gneiss Formation. The
bedrock core had generally "good" recovery (range of 42 to 100 percent; average of 88 percent)
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and "good" RQD (range of 25 to 100 percent; average of 76 percent). In general, the bedrock
becomes more competent with depth.

3.4.2 Fracture Trace Analysis

A fracture trace analysis was performed and reported along with the data plots as part of Site
Hydrogeologic Report, White Oak Subtitle D Landfill, Municipal Engineering Project Number
G98010.5, dated February 8, 2000 (Appendix J). A summary of the fracture trace analysis is
provided below.

The trend of topographic fracture traces and lineaments within one mile of the site were measured
from the Cove Creek Gap and Fines Creek USGS topographic maps. Two primary trends were
observed: N5°-25°W and N35°-45°W. Two secondary trends were observed: N5°-300E and N75°-
85°E.

The primary foliation trends are N5°-200W and N9°-20°E. The primary joint trends are N200-
400W and N100-20°E.

Results of the fracture trace analysis indicate that from local lineament trends, and bedrock joint
and foliation orientations that the prevailing fracture trends are northwest. The primary north-
northeast lineament trend was observed in the bedrock foliation pattern. The primary northwest
lineament trend was observed in the bedrock joint pattern.

3.4.3 Laboratory Testing Results

A list of the soil laboratory tests performed in the Phase 3 and 4 areas is provided in the table below.
The laboratory test results are summarized in Tables 5 and 6. Laboratory data sheets are in Appendix
H.

SAMPLE ANALYSES SPLIT SPOON SHELBY TUBE REMOLDED BAG
SAMPLES TESTED SAMPLES TESTED SAMPLES TESTED

Grain-Size Analysis 10 8 3
Natural Moisture Content 10 8 -
Atterberg Limits 10 8 3
Total Porosity 10 8 -

Effective Porosity 10 8 -

In Situ Saturated permeability* - 8 -
Triaxial Shear - 1 -
Consolidation - 1 -

Standard Proctor - - 3
Remolded permeability - - 3

* Hydraulic Conductivity
Ten split-spoon samples, eight undisturbed Shelby Tube samples, and three bulk samples were
collected and tested in the laboratory to measure natural soil conditions in the Phase 3 and 4 areas.
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Testing results of the sample collected from the upper residual soil component consisted of:
• Natural moisture content values ranging from 20.2 to 35.4 percent;
• with Liquid Limits (LL) values ranging from 52 to 59;
• Plasticity Index (PD values ranging from 13 to 18;
• Average gravel, sand, silt, and clay contents of 0.1, 38.7,44.6, and 16.6 percent, respectively;
• In-situ hydraulic conductivity values ranging from 1.1 x 10-5 to 2.6 x 10-4ern/sec;
• Total porosity values ranging from 47.9 to 52.5 percent;
• Effective porosity values ranging from 3.5 to 21.0 percent;
• Standard Proctor results with optimum moisture contents of 23.8 and 25.7 percent and

maximum dry densities (MDD) of94.7 and 94.3 pcf; and
• Remolded hydraulic conductivity values of 4.8 x 10-7 and 8.8 x 10-8 ern/sec (at 7.2 and 5.4

percent wet of optimum and 95.1 and 95.0 percent of the MDD).

Testing results of the samples collected from the deeper residual soil component consisted of:
• Natural moisture content values ranging from 14.4 to 31.6 percent;
• LL values ranging from 34 to 55;
• PI values ranging from 4 to 13;
• Average gravel, sand, silt, and clay contents of 4.7,54.8,33.0, and 7.5 percent, respectively;
• In-situ hydraulic conductivity values ranging from 2.4 x 10-5 to 2.2 X 10-4 crn/sec;
• Total porosity values ranging from 39.4 to 52.5 percent;
• Effective porosity values ranging from 10.5 to 32.0 percent;
• Triaxial testing of an in-situ sample indicated total and effective cohesive strength (C) of 0.063

and 0.064 kips per square foot (ksf), respectively, and a total and effective Phi (<I» angle of
18.80 and 36.73 degrees, respectively;

• Consolidation testing of an in-situ sample indicated a preconsolidation pressure (Pp) of 8.06
ksf, a virgin slope (cc) of 0.12, and a void ratio (eo) of 0.760;

• A Standard Proctor result with an optimum moisture content of 22.4 percent and a MDD of
97.9 pcf; and

• A remolded hydraulic conductivity value of 2.9 x 10-7 (at 5.6 percent wet of optimum and 95.0
percent of the MDD).

Testing results of the sample collected from the partially weathered rock component consisted of:
• Natural moisture content values of 12.6 and 13.7 percent;
• LL values of 29 and 30;
• PI values of 3 to 8;
• Average gravel, sand, silt, and clay contents of 1.1,64.8,29.3, and 4.8 percent, respectively;
• Total porosity values of 49.0 and 49.5 percent; and
• Effective porosity values of 23.5 and 30~5percent.

3.5 STUDY AREA HYDROGEOLOGY

Nineteen piezometers and five monitoring wells have been installed in, or close to, the Phase 3 and
4 areas. Groundwater is present above the bedrock surface in the lower elevation areas, but at or
below the bedrock surface in higher elevation areas. The water-table aquifer consists of the
residual soil, partially weathered rock, and fractured bedrock. These three units are hydraulically
connected and thus comprise a single unconfined aquifer, although recharge rates, flow rates and
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storativity differ between the units based on the unique geologic conditions of each zone. The
generalized configuration of the water table surface is a subdued replica of the ground surface.
Generally, shallow groundwater flows to the north towards the Pigeon River. There is also a
southwestward component of flow on the southern side of Phase 3. The hydrogeologic conditions
encountered in the Phase 3 and 4 areas are generally consistent with the conditions encountered
during previous phases of work at the landfill. A description of the hydrogeologic conditions in the
study area is provided below.

3.5.1 Piezometer and Monitoring Wells

The piezometers and monitoring wells are set to intersect the groundwater in the deep residuum,
partially weathered rock, or bedrock as indicated on Table 2. Piezometer and monitoring well
installation diagrams are included in Appendix C and installation procedures are included in
AppendixD.

3.5.2 Groundwater Elevations

3.5.2.1 Seasonal High Groundwater Elevations

Historical NOAA monthly precipitation data were obtained from Division 1, North Carolina.
Haywood County is included in NOAA NC Division 1 and that data is routinely used as a
representative measure for estimation of local precipitation and other atmospheric phenomenon.
The data are summarized seasonally such that January-March represents winter, April~June
represents spring, July-September represents summer, and October-December represents fall
(Appendix E).

Historically in the Haywood County region, summer months will experience the most precipitation.
However, the effects of evapotranspiration offset the contribution of this precipitation to recharge
of the uppermost aquifer. Significant precipitation also occurs in the spring and winter months
when evapotranspiration is limited .. Because of these natural trends, the amount of groundwater
recharge, and subsequent increase in water table level is typically greatest during winter and spring
seasons.

Monthly water levels were collected from the piezometers and monitoring wells on site from
September 2007 to February 2008 (DHR monitoring period). Those data are shown on Table 3.
We have evaluated the historical groundwater elevation data shown on Table 3 for wells monitored
prior to and during the DHR monitoring period to establish when seasonal high groundwater
elevations may occur at the site. The majority of the data consists of April and October
measurements with no other measurements collected during the year. With only two points per
year there is not sufficient data to determine the time frame during which the average seasonal high
occurs. However, the April groundwater elevations were higher than the October groundwater
elevations.

To determine when seasonal high groundwater elevations occur in Haywood County, we
downloaded groundwater level monitoring data from the North Carolina Division of Water
Resources - Water Data Retrieval site (http://www.ncwater.org/wrisars/). There are four
groundwater wells (M 90Tl, M 90T2, M 90Ul, M 90U2) in Haywood County which DWR
personnel measured water levels from approximately June 1985 through December 1990. These
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wells are located approximately 12 miles east-southeast of the subject site. We have prepared time
series plots for each well and have included them in Appendix E. The plots show that the average
seasonal high groundwater elevations occur in (or near) April each year.

Since the DHR monitoring period at the subject site ended in February 2008, we have prepared
Table 3B to project a seasonal high for April 2008. Table 3B calculates a difference between the
highest April groundwater elevation (from either 2005, 2006, or 2007) and the measured 2007-
2008 seasonal high for monitoring wells MW-5A, MW-5D, MW-12, MW-13S and MW-13D.
These wells are within the Phase 3 area and have sufficient water level data history. An average
head difference of 1.35 feet (range of 0.83 to 1.69 feet) was calculated for these wells. The 1.35
foot correction factor was added to the measured seasonal high (Table 3) to estimate a new
projected seasonal high (April 2008) for each piezometer and well (Table 3B).

Post-settlement separation between bottom of clay liner and measured seasonal high groundwater
(September 2007 through February 2008) were calculated by BLE and presented in Appendix I
(Geotechnical Calculations). The post settlement liner-groundwater separations range from 6.95
feet at the P-6 location to 43.27 feet at the BLE-17 location. Since the projected seasonal high
groundwater elevation has been increased 135 feet the resulting revised post-settlement separation
from the water table to the bottom of the clay liner would range from 5.6 feet to 41.92 feet. The
revised separations continue to exceed the 4 foot minimum specification in the regulations.

Figure 7 represents the projected seasonal high water table for April 2008 in each piezometer/well
as shown on Table 3B.

3.5.2.2 Estimated Long-Term Seasonal High Groundwater Elevations

Groundwater levels were periodically recorded in piezometers and monitoring wells at the site
between June 1998 and February 2008 (Table 3). On the average, the groundwater levels in the
pre-existing monitoring wells and piezometer have typically varied on the average of 3.61 feet
between the historical highest water level elevations and the 2007-2008 seasonal high levels (Table
3). Based on these water level trends, an estimated long-term seasonal high water table elevation
contour map was prepared (Figure 8). This map is a composite water table contour map using: 1)
the historical highest water level elevation in the pre-existing monitoring wells and piezometers;
and 2) adding 3.61 feet to the maximum observed water level in each of the newly installed
piezometer in the Phase 3 and 4 areas.

3.5.3 Groundwater Flow Direction

Groundwater at the site flows in a radial pattern around the upland areas, and has a configuration
similar to topography. Flow' beneath the Phase 3 and 4 areas is predominantly to the north towards
the Pigeon River. There is also a southwestward component of flow on the southern side of Phase
3. Groundwater flow is through the soil matrix, the weathered fracture openings, and the bedrock
fractures. Recharge to the unconfined aquifer occurs at the higher elevations. Groundwater
discharge is to the northeastward trending drainage features on the northern side of Phases 3 and 4,
and to the northwestward trending drainage feature located south of Phase 3.
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Man-made features that could influence groundwater levels at the site include existing and
proposed lined waste cells, and existing and proposed sediment ponds.

Currently, Phases 1 and 2 have been constructed in the upland (recharge) area in the central portion
of the site. As construction proceeds, groundwater infiltration and recharge of the water table
aquifer will be limited, resulting in lower groundwater levels in the vicinity of the waste unit.

A previously constructed north-south trending stormwater control feature is present through the
center of the Phase 3 area. The feature includes two retention basins separated by a small darn
(roughly located between the BLE-3 and BLE-4 borings). The feature was dry during the design
hydrogeologic investigation and did not appear to influence groundwater levels. The feature is
partially filled with sediment which has appeared to accumulate from stormwater runoff. This feature
will be removed upon construction of Phase 3 and will not influence groundwater levels. The small
sediment basin southwest of Phase 4 was also dry at the time of the investigation and did not
appear to influence groundwater levels.

One sediment basin and one leachate lagoon have been constructed north of Phase 1 and one small
sediment basin has been constructed southwest of Phase 4. The small sediment basin southwest of
Phase 4 will be abandoned and replaced with larger basin as shown on Figure 3. Four additional
sediment basins are proposed to be constructed during the development of Phases 3 and 4 (two
north and one northeast of Phases 3 and 4, and one southwest of Phase 4; Figure 3). It is our
understanding that the leachate lagoon has a liner system, and the sediment ponds do not have liner
systems. As a result, the groundwater table may be slightly mounded in the vicinity of the existing
and proposed sediment ponds.

There are two buffered streams located between the proposed location of Phase 3 construction and
the Pigeon River, which is the downgradient groundwater discharge area at the site.

3.5.5 Hydraulic Coefficients and Groundwater Flow Velocity

The velocity of groundwater flow is derived from the equation:

Where
V is the flow velocity
K is the hydraulic conductivity
i is the hydraulic gradient; and
ne is the effective porosity.

Estimated values for these parameters are provided below and summarized on Tables 4, 5, and 8.
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Hydraulic conductivity is defmed as the ability of the aquifer material to conduct water under a
hydraulic gradient. Six slug tests have been performed in the Phase 3 and 4 areas to measure the in
situ hydraulic conductivity of the different zones of the water-table aquifer. The slug test results
were evaluated using the Bouwer and Rice Method for partially-penetrating wells in an unconfmed
aquifer. The slug tests performed at the site include:

• Three tests performed in piezometers set in the deep residual soil;
• One test in a piezometer set in the partially weathered rock; and
• Two tests performed in piezometers set in the bedrock.

The water table was encountered below the upper residual soil; therefore, hydraulic conductivity in
the unsaturated zone was detennined by laboratory testing four undisturbed soil samples (Section
3.4.3 and Table 5). Based on the slug tests conducted in the Phase 3 and 4 areas, the range of
hydraulic conductivity values is as follows:

• 1.1 X 10-5 cm/sec (BLE-l1) to 4.7 x 10-4cm/sec (BLE-3) in deep residuum;
• 2.6 x 10-5 cm/sec (BLE-14) in partially weathered rock; and
• 1.9 x 10-6 cm/sec (BLE-9) to 2.0 x 10-4cm/sec (BLE-7D) in the bedrock.

3.5.5.2 Hydraulic Gradient

The hydraulic gradient is detennined by dividing the difference in groundwater elevations at two
locations by the horizontal distance between those locations along the direction of groundwater
flow. Hydraulic gradients in the Phase 3 and 4 areas range from about 0.222 in the northern
portion of proposed Phase 4, to about 0.0435 in the central portion of proposed Phase 3. The
average hydraulic gradient across the study areas is 0.133 (Table 7).

3.5.5.3 Effective Porosity and Specific Yield

Effective porosity is the volume of void spaces through which water or other fluids can travel in
soil divided by the total volume of the soil. Effective porosity can be assumed to be approximately
equalto specific yield. Specific yield is defined as the ratio of the volume of water that drains from
saturated sediment owing to the attraction of gravity to the total volume of sediment. The
laboratory grain size analyses were used to derive values for specific yield and effective porosity
(Fetter, 1994).

Based on grain size analyses (Tables 5 and 8), effective porosity measurements in the study area
range from about:

• 3.5 to 21.0% (average = 15.3%) in the upper residuum;
• 10.5 to 32.0% (average = 23.4%) in the deep residuum;
• 23.5% to 30.5% (average = 27.0%) in the partially weathered rock;
• the effective porosity can be expected to range from about 5% to lO% for fractured

crystalline bedrock (average = 7.5%) according to Krusemah and deRidder (1989).
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The velocity of groundwater movement (V) is a function of existing hydraulic gradient (i), the
hydraulic conductivity (K), and the effective porosity (Ile), in the equation V = Ki/Ile in the deep
residuum, partially weathered rock, and bedrock. Based on these parameters and the data provided
above, the horizontal movement of groundwater across Phase 3 and 4, summarized on Table 7, is
approximately:

• 0.068 to 0.74 feet/day in the deep residual soil zone,
• 0.011 to 0.070 feet/day in the partially weathered rock zone, and
• 0.024 to 0.99 feet/day in the bedrock zone.

3.5.6 Vertical Flow Gradients

Vertical flow gradients were evaluated at four locations in the Phase 3 and 4 areas. Based on
groundwater level measurements on February 14, 2008 from the piezometers and wells, the
following vertical gradients were observed:

PIEZOMETER
PAIR

11VV-S~VV-SI>

BLE-7SIBLE-7I>

LOCATION
DESCRIPTION

Located on the western flanks of the Phase 1
boundary and upgradient of the BLE-7S/BLE-
7I> well pair in Proposed Phase 3.
Topographically low area along the northern
boundary of Proposed Phase 3 (downgradient of
11VV-SAI11VV-SI».

RECHARGE
GRADIENT

X

DISCHARGE
GRADIENT

X

The vertical gradients observed at the site are typical for unconfined aquifers in this portion of the
Blue Ridge. Groundwater recharge occurs in the upland areas in Phases 3 and 4. Discharge occurs
to drainage feature in the central portion of Phase 3 and the drainage feature south of Phase 4,
which both flow towards the Pigeon River north of the site. Vertical flow gradients are
summarized on Table 9.

3.6 GEOTECHNICAL CONSIDERATIONS

An evaluatIOn of the potentIal Impact from faults, seIsrmc zones and unstable areas, as required by
15A NCAC13B.1622 subsections (4), (5), and (6), was previously prepared by others for the
current landfill site and documented as part of prior SHR and DHR projects (Section 1.0). These
items were briefly reviewed to provide a background for our geotechnical evaluation. The results
of our update to these items are provided below.

3.6.1 Fault Areas

No Holocene faults are documented in the Geology of the Carolinas (Horton and Zullo, 1991)
which are located in or near the area of investigation. Faults of this age are only documented in the
coastal regions of South Carolina. The USGS Map MF-916 Young Faults in the United States as a
Guide to Possible Fault Activity, (Howard and Others, 1978) does not document the presence of
faults with Holocene age displacement in the area of investigation.
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Additionally, as documented in Section 2.5 of this report, no evidence of seismically induced
features (faults, sloughs, escarpments, etc,) were observed on February 16, 2009 by our geologist
either within the Phase 3 and 4 areas or within 200 feet of the Phase boundaries.

3.6.2 Seismic Impact Zones

According to the defInition of seismic impact zones in 15A NCAC 13B.1622 (5), this site is in a
seismic impact zone. The maximum horizontal acceleration expressed as a percentage of the
earth's gravity (g) in rock is 0.176g with a 2% probability of being exceeded in 50 years (equal to
10% probability in 250 years; USGS, 2006). The design of the landfIll considered the seismic
condition. BLE has performed a seismic stability analysis for the design of Phases 3 and 4. The
results of the analysis are provided in Appendix Iand indicate the landfIll is stable under both static
and seismic conditions.

3.6.3 Unstable Areas

An unstable area according to 15ANCAC 13B.1622 (6) is defIned as a location that is susceptible
to natural or human induced events or forces capable of impairing the integrity of some or all of the
landfIll structural components responsible for preventing releases from a landfIll. Unstable areas
could include poor foundation conditions, areas susceptible to mass movements, and karst terrains.
Site and subsurface data obtained was evaluated to determine if unstable site areas exist. The site
is not in a karst area. No unstable conditions were present. BLE evaluated specifIc sub grade
settlement and slope stability conditions for Phases 3 and 4. The analyses results are provided in
Appendix I. The resulting settlements will be well within tolerable limits. Slope stability analysis
indicates the planned subgrade, structural fIll slopes, waste mound, and cap are stable.

3.6.4 Permeability of Potential On-Site Soils for Liner and Cover Construction

The permeability of selected potential on-site borrow soils were determined as indicated in Section
3.4.3 titled Laboratory Testing Results. Three bag samples of soil were collected (two of the upper
residuum and one of the deeper residuum). The samples were compacted at varying percents of the
Standard Proctor maximum dry density, and at varying moisture contents of the Standard Proctor
optimum moisture content. Hydraulic conductivity values of the upper residuum were 4.8 x 10,7
and 8.8 x 10,8cm/sec.

The near surface soils at the site consist of three general soil types based on topographic position.
The near surface soils in the higher elevation areas, including the upper portions of the hill side-
slopes, consist of reddish-brown silty clay and clayey silt. These soils generally transition to light
brown clayey silt along the lower elevations of the hill side-slopes.

The red-brown silty clay and clayey silts along the higher portions of the site present the most
favorable materials for use as compacted clay liner, soil liner, or closure cap soils. The plasticity of
these soils fall generally well below the "A" line. The clayey soils are found immediately below
the topsoil to depths of 2 to 4 feet in limited quantity. Soils that could be used as compacted soil
liner can be found over a limited portion of the site. During site clearing and stripping activities,
these soils should be carefully delineated and stockpiled for later use.
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The in situ moistures of the silty clay will vary based on recent rainfall; however, they should be
found at moisture contents within a few points of the standard Proctor optimum moisture content.
Some modification of moisture will be required during soil liner or cap construction.

3.6.5 Excavation

Excavation of the residual soils can be accomplished using conventional earth moving equipment.
Historical excavation of the site has typically employed track excavators, dozers, and trucks. Some
excavation has been performed using tractor scrapers. An estimated bedrock elevation (auger
refusal) contour map was developed as Figure 5 which is based on auger refusal depths in the soil
borings drilled at this site. Materials sufficiently hard to cause refusal to the mechanical drill
augers may result from continuous bedrock, boulders, lenses, ledges, or layers of relatively hard
rock or residual soil. Coring was performed at four locations in the area of investigation where
refusal to augering occurred (BLE-7D, BLE-9, P-4, and MW-2D). Continuous rock was found
with varying recovery and Rock Quality Designation (RQD) as discussed above in Section 3.4.1.3.
Due to its typically varying surface, the actual occurrence of hard rock during site grading may
vary somewhat from that presented in Figure 5.

There is usually no sharp distinction between soil and rock in residual soil areas as at this site.
Typically, the degree of weathering simply decreases with greater depth until solid rock is
eventually reached. The partially weathered rock, as well as the soil above, may also contain
boulders, lenses or ledges of hard rock. The mechanical auger used in this exploration could
penetrate some of the partially weathered rock of the transitional zone. The ease of excavation will
depend on the geologic structure of the material itself, such as the direction of bedding, planes or
weakness and spacing between discontinuities. Weathered rock or rock that cannot be penetrated
by the mechanical drill auger will likely require heavy excavating equipment with ripping tools or
other methods for removal, if desired.

Significant volumes of soils are planned for excavation from the Phase 4 area for construction of the
proposed waste units. We conclude that as the result of the soil removal, the groundwater elevations
in the Phase 4 area will generally be lowered over time; however, groundwater flow directions should
not significantly change.

3.6.6 Engineered Fill

The residual soils that will be excavated from the cell areas to achieve the design subgrade
elevations are suitable for use as structural fill. Some moisture modification (wetting or drying)
may be required depending on the particular area of excavation. The existing fill soils near BLE-3,
which form an apparent existing storm water control feature and potential surface sediment
deposits in the central lower areas in Phase NO.3, should be evaluated for reuse as fill at the time
of excavation by the geotechnical engineer. Conventional compaction equipment and methods
should be appropriate.

Fill used for raising site grades should be uniformly compacted to at least 95 percent of the
standard Proctor maximum dry density (ASTM D 698). Prior to fill placement, the areas to receive
structural fill should be stripped of topsoil and vegetation and proofrolled using a loaded dump
truck or similar equipment. The proofrolling should be observed by the geotechnicaVCQA
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engineer or his representative. Any areas which undergo rutting or excessive degradation should
be excavated to fIrm soils .

.Partially weathered rock may be mixed with the soil borrow materials provided it can be broken
down by the excavation and compaction equipment into particles with a maximum dimension of 6
inches. Larger boulders or rock pieces may be used in the lower portions of the deeper fIlls if the
boulders are placed individually and soil compacted around and over each boulder. Sufficient
quantities of soil should be mixed with the partially weathered rock so that voids do not result
between the pieces of partially weathered rock and the fIll meets the compaction requirements.

Before fIlling operations begin, representative samples of each proposed fIll materials should be
collected and tested to determine the compaction and classifIcation characteristics. The maximum
dry density and optimum moisture content should be determined. Once compaction begins, a
sufficient number of density tests should be performed to measure the degree of compaction being
obtained.

Earthwork cut or fill slopes can be constructed as steep as 2H: 1V (horizontal:vertical). Structural
fill slopes at the 2H: 1V inclination should initially be constructed at two to three feet beyond the
design slope due to difficulty of compacting the edge of slopes, then trimmed to final grade leaving
the exposed face well compacted. Slopes of 3H: 1V or flatter, can be compacted in place without
overfIlling. Cut and fill slope surfaces outside the cell area should be protected from erosion by
grassing or other means. Where the cell embankment is to be constructed on natural slopes steeper
than 4H: 1V, we recommend that the fill soils be keyed into the slopes using horizontal benches
(stair-step fashion) to facilitate placement and compaction of structural fIll and to prevent
formation of a potential slip surface.

The surface of compacted subgrade soils can deteriorate and lose its support capabilities when
exposed to environmental changes and construction activity. Deterioration can occur in the form of
freezing, formation of erosion gullies, extreme drying, exposure for a long period of time, or rutting
by construction traffic. We recommend that if the fill soils within the cell become deteriorated or
softened, they be proofrolled, scarified and recompacted (and additional fill placed, if necessary)
prior to construction of the compacted soil liner. Additionally, any excavations through the cell
embankments (such as leachate collection line trenches) should be properly backfilled in
compacted lifts. Recompaction of subgrade surfaces and compaction of backfill should be checked
with a sufficient number of density tests to determine if adequate compaction is being achieved.

-000-
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4.0 CONCLUSIONS

The proposed Phase 3 cell location is along a northeast trending drainage feature west of existing
Phase 1. The proposed Phase 4 cell location is on a hill west of proposed Phase 3. The Phase 3
and 4 areas' subsurface geology and hydrogeology are typical of Blue Ridge terrain in this vicinity
of North Carolina with deeply weathered biotite gneiss. No unusual or unexpected geologic
features were observed in the Phase 3 and 4 areas.

Groundwater flow beneath the Phase 3 and 4 areas is predominantly to the north towards the
Pigeon River. There is also a southwestward component of flow on the southern side of Phase 4.
Groundwater flow is through the soil matrix, the weathered fracture openings, and the bedrock
fractures. Recharge to the unconfined aquifer occurs at the higher elevations. Groundwater
discharge is to the northeastward trending drainage features on the northern side of Phases 3 and 4,
and to the northwestward trending drainage feature located south of Phase 3. Other than these
natural features, there are no groundwater receptors to this landfill phase.

The site is favorable for landfill development considering geotechnical aspects. The site is in a
seismic impact zone, but the landfill structural components have been designed, using conventional
construction, to resist the seismic magnitude. The existing residuum and the planned structural fill
will form a stable foundation for the landfill. Anticipated subgrade total and differential
settlements of the completed waste cells are expected to be well within acceptable limits of the
structural components and leachate collection system of a MSW landfill. The on-site residual soils
are suitable for use as structural fill. The residual soils and the planned new engineered fill will
form stable slopes and provide acceptable interface friction with the base and cap liner systems.
The planned structural fill and waste mound slopes will' be stable under static and seismic
conditions. Low permeability surficial soils that could be used to construct a base clay liner (K :::;
1.0 x 10-7 em/sec) or final cover cap (K :::;1.0 x 10-5 em/sec) are present on site in limited quantities.
Careful selection and use of these clayey soils will be required during waste cell development.

This Design Hydrogeologic Report was prepared to satisfy the requirements specified in the North
Carolina Title 15A NCAC l3B .1623 (b). Based on the results of field and laboratory testing, it is
our opinion that the study area is geologically, hydrogeologically, and geotechnically suitable for
municipal solid waste landfill cell development. This Design Hydrogeologic Report, while
specifically addressing Phases 3 and 4, also considers the potential expanded landfill footprint and
grades shown in the Facility Plan.

-000-
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GROUNDWATER ELEVATION MEASUREMENTS Sept '07 to Feb '08 Apr '05 to Apr '07 Elevation Projected April '08
GROUND TOC 1998 2004 2005 2006 2007 2008 Seasonal High Maximum Difference Seasonal High 

WELL ELEV. ELEV. TOB 24-Hr 6/9/98 7/7/98 8/17/98 9/25/98 10/27/98 10/21/04 4/18/05 10/13/05 4/25/06 10/20/06 4/26/07 9/20/07 10/25/07 11/30/07 12/14/07 1/16/08 2/14/08 Elev. Historical Elev. (Feet) Elev.
BLE-1 2574.23 2577.77 2526.23 2531.73 NP NP NP NP NP NP NP NP NP NP NP 2531.12 2530.75 2530.36 2530.22 2529.85 2529.64 2531.12 - - 2532.47
BLE-2 2525.68 2529.57 2508.58 2513.23 NP NP NP NP NP NP NP NP NP NP NP 2512.97 2513.07 2513.04 2513.10 2513.42 2513.76 2513.76 - - 2515.11
BLE-3 2519.77 2523.43 2500.27 2501.33 NP NP NP NP NP NP NP NP NP NP NP 2500.95 2501.17 2501.25 2501.34 2501.58 2501.87 2501.87 - - 2503.22
BLE-5 2497.10 2500.99 2485.80 2492.50 NP NP NP NP NP NP NP NP NP NP NP 2491.98 2492.64 2492.48 2492.81 2493.11 2493.33 2493.33 - - 2494.68
BLE-6 2532.96 2536.67 2488.31 2488.25 NP NP NP NP NP NP NP NP NP NP NP 2488.24 2488.16 2488.47 2488.54 2488.77 2488.93 2488.93 - - 2490.28
BLE-7S 2492.12 2495.30 2481.82 2484.32 NP NP NP NP NP NP NP NP NP NP NP 2483.72 2483.31 2483.76 2483.99 2484.69 2484.83 2484.83 - - 2486.18
BLE-7D 2491.92 2495.70 2483.62 2483.52 NP NP NP NP NP NP NP NP NP NP NP 2484.41 2484.73 2484.47 2484.65 2485.05 2485.24 2485.24 - - 2486.59
BLE-9 2552.54 2556.63 2509.84 2509.54 NP NP NP NP NP NP NP NP NP NP NP 2509.28 2506.28 2505.73 2505.60 2505.39 2505.11 2509.28 - - 2510.63
BLE-10 2612.97 2615.73 2551.47 NM NP NP NP NP NP NP NP NP NP NP NP 2551.22 2551.03 2550.45 2544.28 2543.80 2543.41 2551.22 - - 2552.57
BLE-11 2630.61 2634.27 2540.91 2546.01 NP NP NP NP NP NP NP NP NP NP NP 2540.95 2540.75 2540.17 2540.12 2539.57 2539.21 2540.95 - - 2542.30
BLE-12 2620.95 2624.50 2545.05 2545.05 NP NP NP NP NP NP NP NP NP NP NP 2545.19 2544.94 2544.35 2544.27 2543.73 2543.30 2545.19 - - 2546.54
BLE-13 2609.39 2612.66 2540.39 2541.89 NP NP NP NP NP NP NP NP NP NP NP 2542.44 2542.40 2542.07 2541.98 2541.60 2541.19 2542.44 - - 2543.79
BLE-14 2610.41 2613.65 2551.31 2551.21 NP NP NP NP NP NP NP NP NP NP NP 2551.21 2551.10 2550.60 2550.49 2549.97 2549.46 2551.21 - - 2552.56
BLE-15 2584.11 2587.90 2526.36 2527.01 NP NP NP NP NP NP NP NP NP NP NP 2527.18 2526.87 2526.49 2526.43 2526.24 2526.53 2527.18 - - 2528.53
BLE-16 2614.70 2618.50 2546.20 2552.49 NP NP NP NP NP NP NP NP NP NP NP 2555.63 2555.25 2554.55 2554.42 2553.80 2553.34 2555.63 - - 2556.98
BLE-17 2611.46 2615.91 2523.86 2538.05 NP NP NP NP NP NP NP NP NP NP NP 2521.72 2537.59 2537.00 2536.94 2536.32 2535.88 2537.59 - - 2538.94
MW-1A 2517.97 2520.02 UK UK 2503.77 2503.33 2502.69 2502.39 2502.14 2502.30 2502.97 2501.58 2502.47 2500.81 2500.65 2496.12 2495.46 2495.06 2494.94 2495.33 2496.07 2496.12 - - 2497.47
MW-2 2494.43 2496.71 UK UK 2467.35 2466.91 2466.14 2465.61 2465.53 2466.65 2467.78 2466.00 2467.47 2465.84 2466.68 2465.36 2465.26 2465.15 2465.20 2465.44 2466.10 2466.10 - - 2467.45
MW-2D 2494.69 2496.89 UK UK NM NM NM NM NM 2466.89 2468.06 2466.26 2467.71 2466.03 2466.89 2465.55 2465.39 2465.35 2465.34 2465.64 2466.25 2466.25 - - 2467.60
MW-3 2435.06 2437.28 UK UK 2429.72 2429.20 2428.03 2426.93 2426.51 2428.99 2430.58 2428.38 2430.60 2428.07 2428.93 2427.02 2426.70 2426.39 2426.51 2427.17 2428.01 2428.01 - - 2429.36
MW-3D 2434.17 2436.94 UK UK NM NM NM NM NM 2420.62 2421.37 2420.13 2421.17 2420.23 2420.24 2419.58 2419.45 2419.30 2419.31 2419.57 2419.89 2419.89 - - 2421.24
MW-4A 2496.19 2498.54 UK UK 2459.44 2463.46 2462.80 2456.35 2460.26 2451.96 2451.41 2450.77 2448.97 2447.77 2447.46 2448.14 2448.14 2448.27 2448.19 2448.07 2448.08 2448.27 - - 2449.62
MW-5A 2502.29 2503.58 UK UK 2497.22 2496.56 2496.28 2495.95 2495.88 2497.43 2498.48 2497.49 2499.28 NM 2498.08 2496.80 2497.12 2497.06 2497.14 2497.34 2497.59 2497.59 2499.28 1.69 2498.94
MW-5D 2502.18 2502.90 UK UK 2496.24 2495.85 2495.69 2495.52 2495.50 2496.25 2496.92 2496.30 2497.58 NM 2496.72 2495.82 2496.14 2496.31 2496.38 2496.55 2496.75 2496.75 2497.58 0.83 2498.10
MW-8 2474.84 2477.33 UK UK NM NM NM NM NM 2446.80 2447.63 2446.30 2447.37 2445.96 2446.59 2445.30 2445.00 2444.77 2444.79 2445.05 2445.63 2445.63 - - 2446.98
MW-9 UK 2430.15 UK UK NM NM NM NM NM 2420.90 2421.02 2420.83 2420.99 2421.09 2420.87 NM NM NM NM NM NM - - - -
MW-11S UK 2674.58 UK UK NM NM NM NM NM 2590.86 2592.08 2593.90 2594.94 2595.11 2593.96 NM NM NM NM NM NM - - - -
MW-11D 2672.01 2674.89 UK UK NM NM NM NM NM 2590.52 2591.74 2593.52 2594.30 2594.57 2593.35 NM NM NM NM NM NM - - - -
MW-12 2526.93 2529.63 UK UK NM NM NM NM NM 2517.33 2518.09 2517.43 2518.63 2517.51 2517.73 2517.03 2516.86 2516.89 2516.93 2517.20 2517.40 2517.40 2518.63 1.23 2518.75
MW-13S 2529.67 2532.20 UK UK NM NM NM NM NM 2519.53 2520.35 2519.88 2520.50 2519.41 2519.82 2518.68 2518.44 2518.36 2518.34 2518.57 2518.84 2518.84 2520.50 1.66 2520.19
MW-13D 2528.11 2530.86 UK UK NM NM NM NM NM 2518.22 2519.03 2518.55 2519.10 2518.23 2518.50 2517.64 2517.46 2517.34 2517.29 2517.53 2517.76 2517.76 2519.10 1.34 2519.11
MW-14 UK 2711.69 UK UK NM NM NM NM NM 2612.36 2613.19 2613.51 2612.41 2611.74 2610.50 NM NM NM NM NM NM - - - -
MW-15 UK 2547.41 UK UK NM NM NM NM NM 2538.49 2538.70 2538.39 2538.71 2538.33 2538.33 NM NM NM NM NM NM - - - -
P-4 2571.25 2573.14 UK UK 2503.85 2504.56 2504.34 2504.73 2503.73 NM NM NM NM NM NM 2496.95 2496.69 2496.44 2496.33 2496.06 2495.85 2496.95 - - 2498.30
P-5 2485.02 2487.78 UK UK 2462.73 2461.36 2460.35 2459.62 2459.15 NM NM NM NM NM NM 2456.34 2455.93 2455.73 2455.67 2456.55 2458.26 2458.26 - - 2459.61
P-6 2594.13 2597.74 UK UK 2538.68 2538.83 2538.71 2538.57 2538.23 NM NM NM NM NM NM 2536.05 2535.87 2535.59 2535.50 2535.27 2535.05 2536.05 - - 2537.40

AVG (Avg Diff) 1.35

DEPTH TO WATER BELOW GROUND SURFACE Notes:
GROUND TOC 1998 2004 2005 2006 2007 2008

WELL ELEV. ELEV. TOB 24-Hr 6/9/98 7/7/98 8/17/98 9/25/98 10/27/98 10/21/04 4/18/05 10/13/05 4/25/06 10/20/06 4/26/07 9/20/07 10/25/07 11/30/07 12/14/07 1/16/08 2/14/08 1.  TOB = Time Of Boring
BLE-1 2574.23 2577.77 48.00 42.50 NP NP NP NP NP NP NP NP NP NP NP 43.11 43.48 43.87 44.01 44.38 44.59 2.  TOC = Top Of Casing
BLE-2 2525.68 2529.57 17.10 12.45 NP NP NP NP NP NP NP NP NP NP NP 12.71 12.61 12.64 12.58 12.26 11.92 3.  NP = Not Present  at time of measurement
BLE-3 2519.77 2523.43 19.50 18.44 NP NP NP NP NP NP NP NP NP NP NP 18.82 18.60 18.52 18.43 18.19 17.90 4.  NM = Not Measured
BLE-5 2497.10 2500.99 11.30 4.60 NP NP NP NP NP NP NP NP NP NP NP 5.12 4.46 4.62 4.29 3.99 3.77 5.  UK= unknown
BLE-6 2532.96 2536.67 44.65 44.71 NP NP NP NP NP NP NP NP NP NP NP 44.72 44.80 44.49 44.42 44.19 44.03 6.  Measurements are in feet; elevations are relative to mean sea level.
BLE-7S 2492.12 2495.30 10.30 7.80 NP NP NP NP NP NP NP NP NP NP NP 8.40 8.81 8.36 8.13 7.43 7.29 7.  Bold elevations represent highest observed elevations between
BLE-7D 2491.92 2495.70 8.30 8.40 NP NP NP NP NP NP NP NP NP NP NP 7.51 7.19 7.45 7.27 6.87 6.68      6/9/98 to 2/14/08.
BLE-9 2552.54 2556.63 42.70 43.00 NP NP NP NP NP NP NP NP NP NP NP 43.26 46.26 46.81 46.94 47.15 47.43
BLE-10 2612.97 2615.73 61.50 NM NP NP NP NP NP NP NP NP NP NP NP 61.75 61.94 62.52 68.69 69.17 69.56
BLE-11 2630.61 2634.27 89.70 84.60 NP NP NP NP NP NP NP NP NP NP NP 89.66 89.86 90.44 90.49 91.04 91.40
BLE-12 2620.95 2624.50 75.90 75.90 NP NP NP NP NP NP NP NP NP NP NP 75.76 76.01 76.60 76.68 77.22 77.65
BLE-13 2609.39 2612.66 69.00 67.50 NP NP NP NP NP NP NP NP NP NP NP 66.95 66.99 67.32 67.41 67.79 68.20
BLE-14 2610.41 2613.65 59.10 59.20 NP NP NP NP NP NP NP NP NP NP NP 59.20 59.31 59.81 59.92 60.44 60.95
BLE-15 2584.11 2587.90 57.75 57.10 NP NP NP NP NP NP NP NP NP NP NP 56.93 57.24 57.62 57.68 57.87 57.58
BLE-16 2614.70 2618.50 68.50 62.21 NP NP NP NP NP NP NP NP NP NP NP 59.07 59.45 60.15 60.28 60.90 61.36
BLE-17 2611.46 2615.91 87.60 73.41 NP NP NP NP NP NP NP NP NP NP NP 89.74 73.87 74.46 74.52 75.14 75.58
MW-1A 2517.97 2520.02 UK UK 14.20 14.64 15.28 15.58 15.83 15.67 15.00 16.39 15.50 17.16 17.32 21.85 22.51 22.91 23.03 22.64 21.90
MW-2 2494.43 2496.71 UK UK 27.08 27.52 28.29 28.82 28.90 27.78 26.65 28.43 26.96 28.59 27.75 29.07 29.17 29.28 29.23 28.99 28.33
MW-2D 2494.69 2496.89 UK UK NM NM NM NM NM 27.80 26.63 28.43 26.98 28.66 27.80 29.14 29.30 29.34 29.35 29.05 28.44
MW-3 2435.06 2437.28 UK UK Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
MW-3D 2434.17 2436.94 UK UK NM NM NM NM NM 13.55 12.80 14.04 13.00 13.94 13.93 14.59 14.72 14.87 14.86 14.60 14.28
MW-4A 2496.19 2498.54 UK UK 36.75 32.73 33.39 39.84 35.93 44.23 44.78 45.42 47.22 48.42 48.73 48.05 48.05 47.92 48.00 48.12 48.11
MW-5A 2502.29 2503.58 UK UK 5.07 5.73 6.01 6.34 6.41 4.86 3.81 4.80 3.01 NM 4.21 5.49 5.17 5.23 5.15 4.95 4.70
MW-5D 2502.18 2502.90 UK UK 5.94 6.33 6.49 6.66 6.68 5.93 5.26 5.88 4.60 NM 5.46 6.36 6.04 5.87 5.80 5.63 5.43
MW-8 2474.84 2477.33 UK UK NM NM NM NM NM 28.04 27.21 28.54 27.47 28.88 28.25 29.54 29.84 30.07 30.05 29.79 29.21
MW-9 UK 2430.15 UK UK NM NM NM NM NM UK UK UK UK UK UK NM NM NM NM NM NM
MW-11S UK 2674.58 UK UK NM NM NM NM NM UK UK UK UK UK UK NM NM NM NM NM NM
MW-11D 2672.01 2674.89 UK UK NM NM NM NM NM 81.49 80.27 78.49 77.71 77.44 78.66 NM NM NM NM NM NM
MW-12 2526.93 2529.63 UK UK NM NM NM NM NM 9.60 8.84 9.50 8.30 9.42 9.20 9.90 10.07 10.04 10.00 9.73 9.53
MW-13S 2529.67 2532.20 UK UK NM NM NM NM NM 10.14 9.32 9.79 9.17 10.26 9.85 10.99 11.23 11.31 11.33 11.10 10.83
MW-13D 2528.11 2530.86 UK UK NM NM NM NM NM 9.89 9.08 9.56 9.01 9.88 9.61 10.47 10.65 10.77 10.82 10.58 10.35
MW-14 UK 2711.69 UK UK NM NM NM NM NM UK UK UK UK UK UK NM NM NM NM NM NM
MW-15 UK 2547.41 UK UK NM NM NM NM NM UK UK UK UK UK UK NM NM NM NM NM NM
P-4 2571.25 2573.14 UK UK 67.40 66.69 66.91 66.52 67.52 NM NM NM NM NM NM 74.30 74.56 74.81 74.92 75.19 75.40
P-5 2485.02 2487.78 UK UK 22.29 23.66 24.67 25.40 25.87 NM NM NM NM NM NM 28.68 29.09 29.29 29.35 28.47 26.76
P-6 2594.13 2597.74 UK UK 55.45 55.30 55.42 55.56 55.90 NM NM NM NM NM NM 58.08 58.26 58.54 58.63 58.86 59.08

TABLE 3B

BLE Project Number J07-1957-02
Haywood County, North Carolina

White Oak MSW Landfill - Phase 3 & 4 DHR
PROJECTED SEASONAL HIGH GROUNDWATER ELEVATIONS FOR APRIL 2008

Phase II Table 3B
White Oak 1957-02 Seasonal WL Analysis Table 3B.xls
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Time Series Plot of Well M 90T1 Groundwater Elevations
Latitude: 35.60361° N

Longitude: 82.84361° W
Haywood County, NC
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Time Series Plot of Well M 90T2 Groundwater Elevations
Latitude: 35.60333° N

Longitude: 82.84306° W
Haywood County, NC
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Time Series Plot of Well M 90U1 Groundwater Elevations
Latitude: 35.59389° N

Longitude: 82.84694° W
Haywood County, NC
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Time Series Plot of Well M 90U2 Groundwater Elevations
Latitude: 35.59417° N

Longitude: 82.84667° W
Haywood County, NC
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APPENDIXJ

REGIONAL AND SITE SPECIFIC GEOLOGY TEXT FROM THE FEBRUARY 2000 SHR











APPENDIXK

USGS WATER-RESOURCES INVESTIGATIONS REPORT 02-4105 (PARTIAL)
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