Golder Associates Inc.

3730 Chamblee Tucker Road
Atflanta, GA USA 30341
Telephone (770) 494-1893

Fax (770) 934-9476

REPORT ON

CRITICAL ELEMENTS ANALYSIS
PINEWOOD FACILITY
SUMTER, SOUTH CAROLINA

Submitted to:

Kestrel Horizons as Trustee for the Pinewood Site Custodial Trust
20-B Creekview Court
Greenville, SC 29615

Submitted by:

Golder Associates Inc
3730 Chamblee Tucker Road
Atlanta, Georgia 30341

DISTRIBUTION:

5 copies — Kestrel Horizons, LL.C
3 copies - Golder Associates Inc.

April 2007

063-3496A

OFFICES ACROSS AFRICA, ASIA, AUSTRALIA, EUROPE, NORTH AMERICA AND SOUTH AMERICA



Golder Associates Inc. . @

3730 Chamblee Tucker Road E

ATIc:nTG,UGn;\ USA 30341 ?A £ GOldQI'
Telephone (770) 496-1893 Iy JAssociates
Fax (770) 934-9476

April 30, 2007 063-3496A
Kestrel Horizons, LLC

20-B Creekview Court
Greenville, SC 29615

Attn:  William A. Stephens, P.E.
Principal
RE: CRITICAL ELEMENTS ANALYSIS
PINEWOOD FACILITY, SUMTER, SOUTH CAROLINA

Dear Mr. Stephens:

Attached is Golder Associates Inc’s (Golder’s) Critical Elements Analysis report for the
Pinewood Facility. Golder continues to appreciate the opportunity to work with Kestrel Horizons
on this interesting project. If you have any questions about the report, please call.

Very truly yours,

GO ASSOCIATES INC.

)

Claudia M. Moeller,

Senior Engineer

Principal and Practice/Program Leader

CMM/GHC

XAClients\Kestrel_Horizons\Repori\f'inal_Repori\Pinewood Report_Final_Cover Letter.doc

OFFICES ACROSS AFRICA, ASIA, AUSTRALIA, EUROPE, NORTH AMERICA AND SOUTH AMERICA



Pinewood Landfill April 2007

Revision 0 -i- 063-3496A
TABLE OF CONTENTS
COVER LETTER
TABLE OF CONTENTS .cieiiiieiiiitiriiieiicisusecesaserssasssnssessssssssssernsscasasssessassscnsassssms i
EXECUTIVE SUMMARY  .eieiiiiuieiattetesitiecesacssasasasssnssasssscsescssasssasasssssossssscnssnsen ES-1
SECTION PAGE
1.0 INTRODUCTION 1
1.1 Purpose and SCOPE ....c.ceveruiiiiririniiiiiiitciene sttt 1
1.2 BACKZIOUN .....oviiiiiiieri ettt st s r s e et a et es 2
1.2.1 Geological SEHMZ ....covc ittt ettt s s b s 2
1.2.2 Section I DeSCriPtion.......cccieeerirneeeinercnrenieniiiiiie e st ae s eneen 2
1.2.3  Section IT DesCriPLiOn. ......cccceevieierererseneeereieseesiesiesnisse s seisessrsssresseensessnesnseenes 4
1.2.4 Section IIT DeSCIIPLiON .....ccueecreirerertcrereeriecenieiiiessiss s st eresssnesessressenns 6
2.0 ANALYSES 9
2.1 Sump Pumping RAes ......c.ccccevemiiiiiiniiniiiiiiiiicciicie et 9
2,101 GENETAL ...ttt e s eh e e b e 9
2.1.2 Summary Plots of Pumping Rates........c..ccovceiniiiiiiiiiniiiiiiiiieenesires i 9
2.1.3 Section I Leachate Pumping Rates.......c.cccoccvrviiviiniininiinniic e, 10
2.1.4 Section IT Sumps Pumping Rates .........cccoccevieeiiciriniiiiciene s 11
2.1.4.1 GENETAL..uviviirireeiereieeee ettt et 11
2.1.4.2 Section I LCRS Pumping Rates.......cccccoceeevceiiiniininniniieirccneeceenenns 12
2.1.4.3 Section IT Secondary LDS Pumping Rates .........ccocovvvivievevininniiinnnnn, 13
2.1.5 Section III Sump Pumping Rates .......cc.cococevimmiiiiiiiiniiiniiieeeecee e 13
2.1.5.1 GEMETAL.....oeveeeeiiereieieectete et srss et e 13
2.1.5.2 Section I Primary LCRS Pumping Rates.........coovuvrvinininnnieininennneen, 13
2.1.5.3 Section III LDS Pumping Rates.......ccccevvcviriiinnniniininiinnescneeeenn, 14
2.2 Groundwater Flow info the Sumps ........ccccovcenniiniiiinircresee e 15
2.2.1 GENETAL ..couvviiiee ettt ettt a s s e b eane 15
2.2.1 Section I Groundwater INflow ..o, 16
2.2.2 Section II Groundwater INflow .......c.ccoccorncrccccnniiiiiiiir e 17
2.2.3 Section III Groundwater INflow ......c.cccocorivecviniinniii e, 18
2.3 Stormwater Conveyance SyStem ASSESSINEINL.....c...evcurrircerririiiiisiiisinesiesrieeiessrssensees 19
2.3.1 Section I Surface Water DIrainage ........ccveereeneereerrerierecnreerisiencesinieresnsssssnens 20
2.3.2 Section II Surface Water Drainage..........ccovvsinmiinininnenninineeieese e sesnenees 21
2.3.1 Section ITT SUIfAace WaLeT ......ccccceevrerriirrercrciecre st 22
3.0  DISCUSSION 23
3.1 GENERAL BACKGROUND........cccovitirierecterene sttt srens s e snens 23
3.1.1 Liner Systems Performance ..........cc.cccvveerieriiicriciiiciiinininin e nies e e ssennens 23
3.1.2 Cover systems Performance and HELP Analysis .......cccccoeveviiniiniiiiviniinnneenennes 24
3.1.3 Leachate Production Rates .........ccccvuerieriinicrieeeienrecicrcie s ssss st s eneeanas 25
3.1.4 Groundwater INFlOW ......cccoeeiiieiiinienee ettt e 26
3.1.5 Stormwater Management ..........ccoceceeerrreiiniiiiniisineii e teres e sasesssrsssnnsans 27
3.2 SECHOM L .eeiiiiiieeiieeie ettt ettt e s be e st bbb e s s e an s 28
3.2.1 Section I Liners, Covers and Leachate..........c.ccconiviniiiinninininieineeneeceeeinne, 28
3.2.2 Section I StOTMWALET .......cciiveriieerieeeteere ettt sessts e sne s ressabe e sesnnanes 30

W@

Paldar Acoanmintac



Pinewood Landfill April 2007
Revision 0 -i1- 063-3496A
TABLE OF CONTENTS (cont'd)

SECTION PAGE

3.2.3 Section I Leachate Release CONCEIMS.......uuvviveurverreereinirisisesisireesereererresrreersmnnnn 31

3.3 SECHOM Ittt ettt e e e e ettr e e s e e e s e s sarsetntesesserssssreasssesassasnnrsasssessasrsnansnsren 32
3.3.1 Section Il Liners, Covers and Leachate.............cooovieveirvirieeiirecneereieeseresensnnens 32

3.3.2  Section I StOIMIWALET .......cuvviviviieirirerierrirrisrerristaesesensanassraraaresrrrsensrrnnrsrsrniaaseeses 35

3.3.3 Section II Leachate Release CONCEINS ......ceeeviieiiieieeieieieeeresisesreseiseesssessensseseneeees 36

B4 SECHOMN IML...oeeiiieeiieieiieieeiieceeteteteste et e s s sssssssssassssssssssassnnnnnsnnsnnsssssnnssssernes 37
3.4.1 Section III Liners, Covers and Leachate ...........ccccooveveveeveereievivirnrreeecirisereeseennes 37

3.4.2 Section III STOTTIIWALET .......oevveveireieeireeieetieeeirririsnrannsnsssssasssssssssasssssssessnnneeseses 39

4.0 SUMMARY AND RECOMMENDATIONS 41
AT GEDETAL...ueeeeeeeeeeirieiriireteeee et e aassassasssssnsssssanssssnssssssssssrsrsnsnsnssnsnsnssnssssssssasssesenens 4]
4.2 SECHION Lo et s e e e eses s es e st reseeenereneaeeeesaseseseneaeseseesesseenesensesnereensesnes 44
G TN Y<To% o o B 1 USSR UTRRTTRRIN 46
< To3 5 10 ) 1 1 1 1 USRI 48
In Order

Following

Page 50

Figure 1-1
Figure 2-1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 2-9
Figure 2-10
Figure 2-11

Appendix A
Appendix A-1

Appendix A-2

FIGURES

Generalized Stratigraphic Column of the Pinewood Site

Total Primary and Secondary Sumps Flow Rates, Sections I, II and III

Primary Sumps Flow Rates, Sections I, I and III
Secondary Sumps Flow Rates, Sections II and Il
Primary Sumps Flow Rates, Section I, All Sumps
Primary Sumps Flow Rates, Section II, All Sumps
Primary Sumps Flow Rates, Section III, All Sumps
Secondary Sumps Flow Rates, Section II, All Sumps
Secondary Sumps Flow Rates, Section III, All Sumps
Section I General Storm Water Flow Direction
Section II General Storm Water Flow Direction
Section IIT General Storm Water Flow Direction

APPENDICES

Plotted Leachate Pumping Rates

Primary Leachate Collection and Removal System
Section I
Section II
Section IIT

Secondary Leachate Detection System
Section II
Section III

Raldar Acoamminiane



Pinewood Landfill April 2007

Revision 0 -iii- 063-3496A
Appendix B Groundwater Flow Evaluation

Appendix C HELP Run

Appendix D Select Reference Figures

Appendix D-1 Section I
Appendix D-3 Section II
Appendix D-3 Section III

Caldar Acenmriatac



Critical Element Analysis April 2007
Revision 0 -ES -1- 063-3496A

EXECUTIVE SUMMARY

General Conclusions

>
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One of the more significant factors noted for most all of the landfill Section cells is that
their bottoms (floors) have been constructed below the groundwater table. This creates
inward hydraulic pressure (gradient) over most of the Secondary liners and over the
Section I Primary liner. These inward gradients significantly inhibit advective migration
of leachate from the landfills. However, over the long term, they will likely add to the
volume of leachate, particularly in Section I because it has what is likely the least robust
lining system of the three landfill Sections.

The November 2006 topographic map provides evidence of low areas on the cover
surfaces of each of the Pinewood Landfills where water may not drain properly.

Section I — Specific Conclusions

»

Average leachate production rates are more than twice those in Section II. Because it
was constructed, operated and closed between 22 and 29 years ago, Section I does not
appear to be performing as well as Section II, but is likely performing as well as might
be expected given the components and methods used in its construction, operation and
closure. The higher leachate rates are ascribed to the lower effectiveness of the cover
system in reducing rainfall infiltration and to inflow of groundwater.

A new cover system could be constructed on Section I and this would-potentially reduce
leachate production in half. However, this is financially sound only if the cost of
treating or disposing of the Section I leachate increases to at least two (2) times the
current amounts (refer to Leachate Treatment Evaluation Report).

The likelihood for leachate migration along the northwest side of Cell 1A into the sand
lenses of the Opaline Claystone is considered low. Leachate would preferentially drain
down in the inside of the landfill side slope rather than flow sideways through the liner
with little lateral driving head.

Section II- Specific Conclusions

>

v

Section II appears to be performing as would be expected for a landfill constructed to
relatively modern standards that has been closed for 15 to 20 years.

Cells 2A and 2B only have a Primary liner and LCRS. Cells 2C through 2G include
Primary and Secondary composite liner systems using HDPE geomembranes with a
Primary LCRS and a Secondary LDS.

The final cover system constructed on Section II includes low permeability soil and a
HDPE geomembrane. There is no internal drainage layer in the cover system on Cells
2A and half of Area 2B, but the remaining Section II cover includes one. This drainage
layer does not have an outlet to effectively discharge the water that is collected within
the layer, and water will tend to collect at the toe of the slopes and can back-up and
saturate the overlying soil well up the side slopes. This increases the potential for
infiltration through the cover and results in wet areas near the slope toes that can become
damaged during routine maintenance of the cover.

Golder Associates
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The total average Primary LCRS pumping rates are comparable to the published rates for
other closed landfill cells in the southeast. The flows in the secondary system of Section
IT are also comparable to the rates noted by EPA for most cells containing hazardous
waste in the southeast closed more than six years. Both the Primary and Secondary
pumping rates show decreases over time, which is also consistent with the EPA data.

The likelihood for leachate migration from Section II through the southern slope of Cell
2A and the east and west slopes of Cell 2B into the sand lenses of the Opaline Claystone
is considered remote for the same reasons as discussed for Section 1.

There are no monitoring wells screened in the upper zone of the Opaline Claystone along
the southern slope of Cell 2A and the east and west slopes of Cell 2B, therefore a release
from these cells would not be detected.

Section III- Specific Conclusions

»

v
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Performance of Section III cannot be precisely evaluated because of operating conditions
during the Safety Kleen bankruptcy and because it was recently closed, but the leachate
rates are decreasing rapidly and the components used to construct the liner and cover
system would be expected to yield performance equal to, and perhaps better than,
Section IL.

The cover system includes a composite liner and a drainage layer, but, as in Section II,
this layer has no outlet. :

The total Primary LCRS pumping rates from before to immediately after the recent
closure of Section III fluctuate widely. These wide fluctuations and high pumping rates
are ascribed to operation and closure activities during the bankruptcy period beginning in
2000 and the filling and closure activities of Cell 3B Extension and Cell 3C that began in
2005 and that were completed in early 2006.

The leachate pumping rates are what should have been expected given the operating and
closure practices. The pumping rates have been decreasing and are expected to continue
to decrease over the next several years. Based on EPA reported data, it may take five
years or more for the rates to stabilize.

The potential for surface water infiltration through the anchor trenches was evaluated.
The perimeter ditch and the anchor trench along the toe of the Closure Cell cover system
are at approximately the same elevation and are in close proximity, and the Primary and
Secondary liners are not welded together at Section III.  If water is allowed to pond
continuously along the Cell 3C perimeter ditch, infiltration may occur.

Around the remainder of Section III, the anchor trench and the bottom of the ditches are
separated both vertically and horizontally by earth fill, therefore it is not expected that
infiltration of ponded water in the ditches will be a source of liquids in the Secondary
Systems of Cells 3A and 3B.

Golder Associates
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Recommendations Applicable To All Areas
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The leachate pumping rate data provides excellent input to the performance of the
landfill cover and liner systems. Accurate leachate data should continue to be collected
and should be evaluated at least annually.

The data reviewed for this analysis indicates numerous spikes for all of the Sections. A
significant spike could be an indication of a broken seal between the sump and the cover,
and therefore the connection between the sump and the cover ggomembrane should be
inspected for leaks.

It appears that the leachate in some sumps has become more viscous, described as being
“gummy” or “stringy”. This is known to be caused by the release of carbon dioxide
(CO,) as leachate enters the sump, which in turn increases the pH. With the pH change
and in the presence of oxygen, the leachate becomes more viscous. The solution is to
eliminate the oxygen (air) by installing a “P” trap in the riser from the sump pump and
by installing a top on the outer casing and sealing the top to the sides of the outer casing,
along with any penetrations of the top or the outer casing. If viscous leachate residue
has built up in the sump, Glycholic acid can be introduced to break it down into a

pumpable liquid.

The cover surface topography should be regularly reviewed to identify and repair any
depressions so that water does not pond.

Flat ditches along the toe of the landfills need be re-designed or modified to the degree
practicable, to reduce the potential to pond water.

In those locations where ditches are near-horizontal or do not drain properly, it may be
possible to redesign the roads such that the inside ditch is filled, the road is raised
vertically and cross-sloped toward the outside of the road, and the outside ditch is
enlarged and regarded to properly drain. This may require that the stormwater
conveyance systems at and around the toes of the landfill cover slopes (including the
existing culverts and drop inlets) be evaluated in detail and possibly redesigned.
Specific locations of these conditions are discussed in the report.

There appears to be some uncertainty that drop inlets along the northern boundary of the
site route stormwater to Pond B. This should be confirmed.

The drawings for Sections I and II are not of the quality and accuracy as the drawings for
Section III. Also, the drawings are on different coordinate systems. All drawings should
be produced in the same coordinate system and properly scaled, and the waste limit,
anchor trenches locations, limits of the cover system, and the location of structures be
identified and located.

Recommendations Specific to Section I

‘)}

Because reliable pumping rates are available only since about the second quarter of
2005, and because some of the individual sump rates have wide fluctuations compared to
others, it is recommended that the reliable rates be monitored for two to three years
before using the data to pursue an evaluation of the financial viability of a new cover.

Golder Associaies
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Groundwater monitoring along the northwest boundary of Cell 1A (between Cell 1A and
the FFB Channel) is appropriate for detecting a leachate release. However, the existing
300-foot monitoring wells spacing may be too wide to adequately monitor the area and
the spacing should be evaluated by the Pinewood groundwater team.

Consideration should be given to redirecting the stormwater from the top of the slopes
that bound the landfill along the south and southeast sides. This stormwater could be
diverted along the road at the top of the slope, instead of directing it towards Section I
and along the toe of the cover system.

Recommendations Specific to Section IT

};

v

The installation of a toe drain for the Section II cover system is recommended. The
installed cost of a two-inch PVC pipe placed in a shallow a gravel trench and surrounded
with a geotextile fabric is estimated to be on the order of $30.00 per foot. The perimeter
of the cover in Section II is about 5,200 feet, therefore the cost of this drain would be on
the order of $156,000.

It is recommended that monitoring wells be considered to monitor the shallow Opaline
Claystone along the southern slope of Cell 2A and the east and west slopes of Cell 2B
with the spacing between wells evaluated as recommended for Section 1.

Stormwater from the southern portion of the cover is routed to an area between the south
access road and Pond A. At this location the water does not drain. This area needs to be
regraded, and a ditch designed to direct flow to Pond A. «

Recommendations Specific to Section III

»>
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The installation of a toe drain for the Section IIT cover system is recommended. The
perimeter of the cover in Section III, about 4,000 feet, would be approximately
$120,000.

It is noted in the November 2006 aerial photograph that portions of the cover directly on
Area 3C, the Closure Cell, are not vegetated. To avoid erosion of the cover soils, this
area needs to be stabilized with grass or erosion control mats.

To avoid surface water infiltration into the Secondary LDS, the perimeter ditches should
be maintained so that they properly drain. However, if in the future it is found that this
infiltration mechanism becomes a chronic source of liquids into the Secondary LDS, the
run-on (flat) area of the anchor trenches can be exposed and the top of the Primary
geomembrane can be cut and the cut edge welded to the Secondary geomembrane.

Golder Associates
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1.0 INTRODUCTION

1.1 Purpose and Scope
In December 2003, the Pinewood Site Custodial Trust was formed and Kestrel Horizons, LLC

(Kestrel) of Greenville, South Carolina, as approved by the South Carolina Department of Health and
Environmental Control (SCDHEC), became the Trustee. The Primary mission of Kestrel as Trustee
is to insure the responsible use of Trust funds in carrying out the activities required to complete
closure of the Pinewood Facility (Pinewood) and to care for and monitor the Site in accordance with
the applicable laws, regulations, permits and agreements. As Trustee, Kestrel is responsible to
oversee consultants, contractors and suppliers who provide services in study, design, construction,

remediation, operation, maintenance, transportation, disposal, and monitoring for the Pinewood Site.

In the third quarter of 2006, Kestrel retained Golder Associates Inc. (Golder) to carry out a Critical
Element Analysis of the landfills, known as Sectioné I, II and IIl, and a Leachate Treatment
Evaluation. The Critical Element Analysis is a design and post-closure maintenance review to
1Dentify critical elements of post-closure operations and maintenance (O&M) to achieve, to the
degree practicable, continued performance of the landfill liner and cover systems in accordance with
the original design intent and construction. In addition, the Critical Elements Analysis has considered
potential mechanisms for leachate release from the landfill cells to the upper sand layers of the
Opaline Claystone, and potential options for either addressing those releases should they be detected
or installing corrective measures in advance that can be activated to control/capture such releases
should they occur. The Leachate Treatment Evaluation is a study to evaluate the potential for on-Site
treatment of leachate with the goal of reducing future post-closure operations costs. The Leachate

Treatment Evaluation report is submitted under separate cover.

Based on discussions with Kesirei and Goider’s participation in the September 2006 Green Team
Review, the Critical Elements Analysis has focused on the following:
e Interaction of surface water with the cover and liner systems and review of Site surface water
drainage to determine ways to mitigate adverse interactions;
» Review of leachate pumping records to determine if there is evidence of ingress of surface
water of groundwater into the leachate collection and detection systems and if so, suggest

ways to reduce that ingress; and

Golder Associates



Pinewood Landfill April 2007
Revision 0 -2- 063-3496A

® Provide conceptual approaches, and discuss the pros and cons, of preventing or curing
potential releases of leachate from the landfills through and/or above the shallow

groundwater that might enter the deeper surface water ditches.

To perform its Critical Elements Analysis, Golder used information provided by Kestrel, including
the as-build drawings of the covers, liners and leachate collection systems; 2006 topographic
mapping; and the leachate pumping data. In its analysis, Golder is relying on Kestrel’s and DHEC’s
understandings of the landfill systems and of the hydrogeologic regime and groundwater monitoring
system. Golder’s scope does not include an evaluation of the hydrologic system or the groundwater

monitoring or leachate chemistry data.

1.2 Background

1.2.1 Geological Setting

A generalized stratigraphic column of the geology at Pinewood is shown on Figure 1-1. The upper

formation is the Lang Syne which is underlain by the Sawdust Landing and Upper Black Creek
formations. The Lang Syne is about 60 feet thick at Pinewood and the upper part of the formation is
known as the massive Opaline Claystone. The landfill sections are constructed within the Opaline

Claystone.

Groundwater occurs in the Lang Syne under water table conditions within the undifferentiated
sediments in the fractured upper part of the Opaline Claystone unit that locally contains sand lenses.
The Transitional Lang Syne is considered the uppermost aquifer. The Primary and Secondary
Sawdust Landing units are the second and third aquifers, respectively. The Black Creek formation is

the fourth aquifer. Groundwater monitoring wells are located within each of the water bearing units.

1.2.2  Section I Description
The Section I landfill consists of five disposal cells (Cell 1A through 1E) that occupy between 2.5 and

6.6 acres each, for a total of approximately 19 acres. Section I is the oldest landfill at the Pinewood,
having been constructed and operated between 1978 and 1984 and closed between 1980 and 1985.
The maximum thickness of waste placed in Section I was on the order of 45 feet. Hazardous wastes
disposed in Section I included liquids, which were later banned by the United States Environmental

Protection Agency (EPA) from land disposal.

Golder Associates
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A French drain was built along the perimeter of Cell 1E to control groundwater seepage during
construction. The French drain consists of a gravel trench and pipe (with intermediate manholes)
installed along the top of the Opaline Claystone, beginning in the northernmost corner of Cell 1E
with a bottom level at about 117 feet mean seal level (MSL) and extending along the southern and
western sides of Cell 1E down to approximate elevation 100 feet MSL. The Section I French drain
connects to a site-wide French drain that collects shallow groundwater from sand lenses within the

upper Opaline Claystone and directs the collected water to Pond A.

Section I was excavated to a depth approximately 20 feet below the top of the massive Opaline
Claystone, with elevations ranging from approximately 80 to 82 feet MSL. The containment system
of Section I consists of a compacted clay liner placed to a reported minimum permeability of 1x107
centimeters per second (cm/sec), overlain by a 30-mil thick chlorosulphonated polyethylene (CSPE)
geomembrane (trade named Hypalon®). The Hypalon® extended along the bases and the slopes of
the disposal areas and was anchored in one-foot deep by one-foot wide anchor trenches. The clay
liner is five feet thick on the bottom and the side slopes of the disposal areas. In the upper portion of
the Cell 1E side slopes, where the upper Opaline Claystone contained sand lenses, the slope was
laterally over-excavated and replaced by a 10-foot thick clay liner segment. The available as-built
drawings for Cell 1B, 1C, and 1D do not indicate that the upper Opaline Claystone was over
excavated and replaced with a thickened clay segment. There are apparently no as-built drawings for

Cell 1A.

A two-foot thick layer of sand was placed on the Hypalon® as a protective cover layer and a Primary
leachate collection and removal system (LCRS) was installed within the protective cover layer. The
Primary LCRS reportedly consists of gravel surrounding eight-inch corrugated high density
polyethylene (HDPE) pipes to carry leachate to sumps constructed in the center of the disposal cells.
Each disposal cell contains three or four low sump areas, for a total of 16 sumps in Section I.
Leachate from each Primary LCRS sump is removed by pumps placed inside 48-inch diameter

vertical concrete riser pipes.
The cover system of Section I consists of the following layers, from top to bottom:

e  Six-inch thick topsoil layer;

® Two-foot thick (minimum) protective soil layer;

Golder Associates
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e Two-foot thick clay cover layer (with a maximum hydraulic conductivity of 1x107¢
cm/sec);

¢ 20-mil thick polyvinyl chloride (PVC) geomembrane that was spliced to the bottom
Hypalon® liner, and

®  One-foot thick sandy clay layer directly over the waste.

The Section I cover was constructed to slope upwards at a five percent slope from the perimeter
toward the center. Stormwater flows from the cover to a perimeter ditch that directs runoff to Pond

A. Section I is currently well vegetated.

1.2.3  Section II Description

The Section IT landfill consists of seven disposal cells (Cell 2A through 2G) ranging from 4.4 to 8.5
acres in size, for a total of approximately 41 acres. Section IT was constructed between 1985 and
1991 and the Cells were closed between 1986 and 1993. The maximum thickness of waste placed in
Section II is about 75 feet. Similar to Section I, the Section II disposal Cells were excavated 10 to 20

feet below the surface of the massive Opaline Claystone.

The first two cells, Cells 2A and 2B, of Section II were constructed with a single composite liner
overlain by a Primary LCRS. The liner system for Cells 2A and 2B included a compacted clay liner
overlain by an 80-mil thick HDPE geomembrane. As in Cell 1E of Section I, the clay liner is five (5)
feet thick on the bottom of the disposal areas and on the lower portions of the side slopes, and ten (10)
feet thick in the upper portion of the side slopes where the upper Opaline Claystone contained sand
lenses. The Primary LCRS consists of a one-foot foot thick sand layer above the 80-mil HDPE liner.
Slotted four-inch diameter corrugated HDPE pipes were placed in gravel trenches within the sand
layer. Hazardous waste disposed of in Cells 2A and 2B included drummed liquids that were later

banned from land disposal by EPA.

In response to changes in the Resource Conservation and Recovery Act (RCRA), and state
regulations, Cells 2C through 2G were constructed with double composite liner systems. The upper
system is the Primary leachate collection and removal system (Primary LCRS). The lower is the
Secondary leak detection system (Secondary LDS). The combined liner/leachate systems include the
following components, from top to bottom:

e Primary LCRS:

Golder Associates
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o One-foot thick sandy clay protective cover layer;

o One-foot thick gravel drainage layer;

o Cushion geotextile (to protect the geomembrane from being punctured by the overlaying
gravel)

o 80-mil thick HDPE geomembrane; and

o Five-foot thick compacted Primary clay liner with a minimum permeability of 1x107
cm/sec;

e  Secondary L.DS:

o One-foot thick gravel layer across the base of the landfill Areas and a geocomposite on
the side slopes (the LDS);

o  80-mil thick HDPE Secondary geomembrane; and

o Three-foot thick compacted Secondary clay liner with a minimum permeability of 1x107
cm/sec. In Cells 2C and 2D the Secondary clay liner is 8.5 and 7.0 feet thick,

respectively, along the western slopes and above the massive Opaline Clay);

The Primary and Secondary HDPE geomembranes were connected by a flap at the top of the interior

side slopes (known as a "cut-off strip").

The bases of the Cells of Section II are graded to direct leachate towards leachate sumps. Leachate
from each Primary LCRS sump is removed by pumps placed inside 48-inch diameter vertical
concrete riser pipes. In Cells 2C to 2G, the Secondary LDS sumps are located below the Primary

LCRS sumps.

Cell 2B, which was single lined, and Cell 2C, which was the first double-lined area at Pinewood,
were separated by a compacted soil layer built on top of the sloped surface of waste that had been
placed in Cell 2B. The Secondary liner and LDS of Cell 2C were then constructed over top of this
soil layer. Thus, part of Cell 2C overlies part of Cell 2B.

The cover system constructed on Cells 2A and 2B consists of the following layers, beginning with the
uppermost layer:

e Six inches of topsoil (vegetated);

e Two feet of sandy clay;

e 20 mil polyethylene (PE) vapor layer (overlapped, not welded);
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e Two feet of clay with a minimum permeability of 1x107 cm/sec;
e 40 mil thick HDPE geomembrane, which was welded to the Primary 80 mil HDPE
geomembrane liner; and

e Two feet of intermediate cover.

The cover system constructed on Cells 2C through 2G is slightly different from the cover built on
Cells 2A and 2B, and consists of the following layers beginning with the uppermost layer:

e  Six inches of topsoil (vegetated);

18 inches of protective soil/drainage layer;

¢ A single sided geocomposite drain;

® 20 mil thick HDPE or very low density polyethylene (VLDPE) vapor barrier (leistered but
not welded);

e Two feet of clay with a minimum permeability of 1x107 cm/sec; and

e 30 mil thick HDPE geomembrane welded to the cut-off flap that was previously welded to

the HDPE geomembrane of the Primary and Secondary liner systems.

The cover of Section II is currently vegetated and generally drains towards perimeter ditches. Runoff
from the northern half of Section I drains to ditches that direct flow to Pond B. Runoff from the
southern half of Section II drains to a portion of the perimeter ditch that generally directs flow to

Pond A.

1.2.4  Section III Description
Section III consists of four disposal cells, (Cells 3A, 3B, 3B Extension and 3C), ranging from about 6

to 11.4 acres in size, for a total area of about 23 acres. Section I of Pinewood was operated for
disposal of non-hazardous and hazardous waste until 2000, when the owner (Safety Kleen) went
bankrupt. At that time, disposal Cells 3A and 3B had been constructed and closed, and Cell 3B

Extension was open and partially filled with waste.

In 2005 the cell east of Cell 3B, known as Cell 3B Extension, which had been partially filled, and the
future cell south of Cells 3A and 3B, known as Cell 3C or the Closure Cell, were filled with soil and
closed. Before filling, a double composite liner, similar to that already in place in Cells3A, and 3B,
and 3B Extension was installed in the Closure Cell. The Closure Cell and the upper portion of Cell

3B Extension were filled with approximately 750,000 cubic yards of soil, including more than
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100,000 cubic yards of remediated soil that had been affected by oil recycling operations in the
1970’s not related to the hazardous waste landfil] operation. These soils were required to meet strict
standards before being placed in the landfill, as no materials defined as solid waste (hazardous or non-

hazardous) were allowed to be placed in the landfill during closure.

The bottom of Section IIT was constructed to elevations lower than those of Sections I and II. The
bottom elevations in Section III range from 55 to 64 feet MSL. The liners and leachate systems
consist of the following layers (from top to bottom):
® Primary liner and LCRS System:
©  On the bottom, a one-foot thick protective cover soil layer underlain by a geotextile filter
over top of a one-foot thick gravel drain layer underlain by a geotextile, with 6-inch
diameter HDPE collection pipes;
o On the side slopes, a two-foot thick protective cover soil layer underlain by a
geocomposite drain layer that drains into the gravel layer of the bottom;
o 80 mil thick HDPE geomembrane liner, and

o Five-foot thick compacted clay liner with a minimum permeability of 1 x 107 cm/sec.

e Secondary liner and LDS:
©  On the bottom, a one-foot thick gravel drain layer underlain by a geotextile filter, with 6-
inch diameter HDPE collection pipes
©  On the side slopes, a geocomposite drain layer;
o 80 mil thick HDPE geomembrane liner; and

o Three-foot thick compacted clay liner with a minimum permeability of 1 x 107 crm/sec.

The Primary and Secondary geomembrane liners were anchored at the top of the slope in side-by-side

trenches, two feet deep and one foot wide. The two liners are not welded together.

Once the disposal areas of Section ITI had been brought to final grade, the cover system was
completed with the following layers (from top down):

e  Six inches of topsoil;

¢ 18 inches of protective soil cover/drainage layer;

® Double-sided geocomposite drain layer;

® 60 mil thick texture HDPE geomembrane (welded to the Primary geomembrane); and
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e Two-foot thick compacted clay with a minimum permeability of 1 x 10”7 cm/sec.

Surface water runoff from the northern portion of Section I drains to perimeter ditches that direct
the flow to a storm sewer that discharges to Pond B. Runoff from the eastern and southern portions

drains to the First Flush Basin.
The closure of Section III of the landfill was completed in the first quarter of 2006. As of November

2006, the cover over Cells 3A, 3B and 3B Extension were vegetated. However, a portion of the

Closure Cell (Cell 3C) was bare at that time.
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2.0 ANALYSES
2.1 Sump Pumping Rates

2.1.1 General
Golder used the flow data available for Sections I, II, and III, including pumping data from the LDS

sumps in Sections II and III, to generally assess the potential effectiveness of the existing final cover
systems in minimizing rainfall infiltration into the waste mass and becoming leachate. ~Golder points
out that there is no means to accurately determine the amount of water from surface or groundwater
infiltration contributing to the total leachate volume. Furthermore, calculation estimates of the
contribution to leachate from these sources (excepting the obvious when the landfill bottom is above
groundwater levels) is approximate at best, and heavily influenced by assumptions made in the
calculations for permeability of the various cover and liner materials. The groundwater inflow
calculations should be viewed to indicate whether groundwater flow is inward to the landfill and, if
so, that there is likely a measurable contribution from groundwater in the leachate. Consequently,
comparison of pumping rates from landfill to landfill and to published data from other sites has been

used for the assessment.

2.1.2  Summary Plots of Pumping Rates

Using Pinewood records, the quarterly average Primary Leachate Collection and Removal System
(LCRS) and Secondary Leachate Detection System (LDS) pumping rates for the five year period
between the fourth quarter of 2001 and September 2006, normalized to a gallon per acre per day
(gpad) basis, were plotted for each Section, Cell and individual Sump. Section I and Cells 2A and 2B
of Section II have no Secondary LDS because they pre-date federal and state regulations requiring a
Secondary LDS. Kestrel Horizons has indicated that there were calibration errors of the reported
pumping volumes for Section I prior to about the second quarter of 2005, but the amount of error has

not been quantified. Therefore, the pumping data for Section I are presented as reported.

Summary plots of the pumping data are presented on the following figures:
e Figure 2-1 Total Primary and Secondary Sumps Flow Rates, Sections I, II and III
e Figure 2-2 Primary Sumps Flow Rates, Sections I, IT and III
e Figure 2-3 Secondary Sumps Flow Rates, Sections II and III
e Figure 2-4 Primary Sumps Flow Rates, Section I, All Sumps
e Figure 2-5 Primary Sumps Flow Rates, Section I, All Sumps
e Figure 2-6 Primary Sumps Flow Rates, Section III, All Sumps
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¢ Figure 2-7 Secondary Sumps Flow Rates, Section II, All Sumps
e Figure 2-8 Secondary Sumps Flow Rates, Section III, All Sumps

In addition to the summaries listed above, the data and plots for each sump are provided in Appendix
A. For comparison of the data between Sumps, Cells and Sections, the scale is kept the same to the
degree practicable on the summary plots on Figures 2-1 through 2-8. For the summary plots of total
LCRS flow rates in Sections I, IT and III on Figures 2-1, 2-2 and 2-3 the vertical scale extends to 300
gpad. This same scale is used for the LCRS sump flow rates for Sections I and II and for the LDS
sump flow rates for Sections II and III (Figures 2-4, 2-5, 2-7, and 2-8). Because of the higher LCRS
volumes in Section ITI, the LCRS scale extends to 900 gpad on Figure 2-6.

A similar scale convention is used for the individual sump plots, but the scales are different. For the
LCRS sumps in Sections I and II, the scale extends to 150 gpad. Because of the higher LCRS flow
rates in Section III, the LCRS scale for the individual sump plots extends to 1,500 gpad. The scale
for the Secondary LDS flow rates for individual sumps in both Sections II and III extends to 150

gpad.

For reference, monthly rainfall is included on each plot in inches. For the period the fourth quarter of
2001 through September 2003 the rainfall was obtained from records at the nearby Shaw Air Force
Base airport. For the period the fourth quarter of 2003 through September 2006 the rainfall data is

from Pinewood on-site records.

Monthly rainfall volume was also used to estimate the average volume (in gallons per year) of
leachate that is produced from direct rainfall into the open top of the Primary leachate collection

System riser pipes.

2.1.3  Section I Leachate Pumping Rates

The Section I landfill is the oldest of the three landfill sections and was closed between 1980 and
1985. The quarterly average LCRS pumping rates for Section I are shown on Figures 2-1 and 2-2 and

the individual sump flow rates are summarized on Figure 2-4.

Beginning in the spring of 2005, the quarterly average total pumping rate for Section I appears higher

than for previous periods (see Figure 2-1), which is also reflected in the records for most of the
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individual sumps (see Figure 2-4 and Appendix A-1). Prior to the second quarter of 2005 the average
pumping rate was between about 12 and 25 gpad (between about 0.17 and 0.34 inches of leachate per
year per unit area) and after the second quarter of 2005 the rate is between about 25 and 38 gpad
between about 0.34 and 0.51 inches of leachate per year per unit area). . Kestrel Horizons has
indicated that this apparent increase was due to calibration errors of the reported pumping volumes
prior to about the second quarter of 2005. Consequently, the pumping records cannot be used to infer
that there was an occurrence, such as increased infiltration, that caused the apparent increase. The
rates since the second quarter of 2005 are considered to be more representative of the rates for the

entire period.

Even when considering the calibration errors of the pumping rates measured, the reported sump rates
are relatively steady over the five-year period, with most being below 50 gpad. The pumping rate of
six of the sixteen sumps is occasionally over 50 gpad, however, Sumps 1D2P and 1D3P have flow
rates that fluctuate considerably over most of the period. There is no obvious explanation for these
fluctuations and they do not appear to follow rainfall patterns that would suggest leakage into the
sumps from the surface. Also, there are no obvious surface depressions around the sump riser pipe

locations.

The volume of leachate from direct rainfall into the open top of the vertical riser pipes was estimated
to range from 0.02 gallons per sump per day to 1.23 gallons per sump per day. In Section I, where
there are sixteen (16) risers, the estimated volume of leachate from rainfall was approximately 4,000
gallons in 2002, 6,000 gallons in 2003, 4,400 gallons in 2004, 4,700 gallons in 2005, and 5,000
gallons in 2006.

2.1.4  Section II Sumps Pumping Rates

2.1.4.1 General
The quarterly average total LCRS pumping rates for Section II are shown on Figures 2-1 and 2-2. On
Figure 2-2, the LCRS pumping rates for Cells A and B are plotted separately from those of Cells C

through G.
The total LDS flow rates for Cells C through G are shown on Figures 2-1 and 2-3. As noted in

Section II.1.2, Cells A and B have no LDS because they were constructed before the federal and state

regulations required it.
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Individual LCRS sump flow rates are summarized on Figure 2-5 and presented for the individual
sumps in Appendix A-1. Secondary LDS sump flow rates are summarized on Figure 2-7 and

presented in Appendix A-2.

2.1.4.2 Section II LCRS Pumping Rates

The total LCRS pumping rates for Section II are shown on Figures 2-1 and 2-2 and individual sump
flow rates are shown on Figure 2-5. Overall, the total LCRS pumping rates are less than about 15
gpad (about 0.20 inches of leachate per year per unit area) and show a slight decreasing trend over

time.

In contrast to most of the sump flow rates, the pumping rates for Sumps 2G2P and 2G3P show
slightly increasing trends beginning in the first quarter of 2004 for Sump 2G2P and the third quarter

of 2005 for Sump 2G3P. There are no obvious explanations for these slight increases.

With the exception of a few short periods, the pumping rates for all but two of the sumps are below
25 gpad for each quarter over the last five-year period (see Figure 2-5). The exceptions are Sumps
2B2P and 2F3P. The pumping rates for these two sumps are generally above 25 gpad with 2F3P
reporting between about 50 and 70 gpad for several periods. The elevated pumping rates for these
two sumps do not appear to follow rainfall patterns that would suggest leakage into the sumps from
the surface. Furthermore, Sump 2B2P is in the center of Section II and lies beneath the area where
Cell C overlies Cell B, which should yield a low flow to the sump rather than a high flow. There is

no obvious explanation for the pumping rate fluctuations at these two sumps.

The total quarterly flow rate from LCRS sumps in Cells A and B is slightly higher than the total
quarterly flow rate from Cells C thru G, but lower than the total flow rate of Section I. The total
LCRS quarterly pumping rate ranges from a low of 8 gpad (2™ quarter 2006) to a high of 16 gpad (2™
quarter 2003) for Areas A and B. Conversely, the total LCRS quarterly pumping rate ranges from a
low of 5.5 gpad (1* quarter 2006) to a high of 13.5 gpad (2™ quarter 2003) for Cells C to G.

In Section II, where there are twenty-one (21) risers, the estimated volume of leachate from direct

rainfall into the risers was approximately 5,200 gallons in 2002, 8,100 gallons in 2003, 5,800 gallons
in 2004, 6,200 gallons in 2005, and 6,500 gallons in 2006.
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2.1.4.3 Section Il Secondary LDS Pumping Rates

The total LDS pumping rates for Section II are shown on Figures 2-1 and 2-3 and individual sump
flow rates are shown on Figure 2-7. Overall, the total LDS sump flow rates are less than about 6 gpad
(about 0.08 inches of leachate per year per unit area) and show' a slight decreasing trend over time

similar to the rates for the Primary LCRS.

For the quarterly periods, most of the pumping rates for the individual LDS sumps are lower than
about 10 gpad, with many being near zero (see Figure 2-7). The notable exceptions are Sumps 2G1S
and 2G3S. Quarterly pumping rates for these two sumps fluctuate from near zero to as high as about
38 gpad. However, both sumps appear to have reduced pumping rates more in line with the average
for the other sumps since the fourth quarter of 2004 for Sump 2G1S and since the fourth quarter of
2005 for Sump 2G3S. The pattern of the earlier pumping fluctuations does not appear to directly
follow rainfall patterns. Furthermore, the pumping fluctuation patterns do not follow the pumping

patterns of the overlying Primary LCRS Sumps 2G1P and 2G3P.

2.1.5 Section IIl Sump Pumping Rates

2.1.5.1 General

The quarterly average total Primary LCRS pumping rates for Section III are shown on Figures 2-1
and 2-2. The total Secondary LDS flow rates are shown on Figures 2-1 and 2-3. Individual Primary
LCRS sump flow rates are summarized on Figure 2-6 and presented in Appendix A-1. Secondary

LDS sump flow rates are summarized on Figure 2-8 and presented in Appendix A-2.

2.1.5.2 Section IIl Primary LCRS Pumping Rates
As shown on Figures 2-1 and 2-2, the total LCRS pumping rates fluctuate widely from just under 100
gpad to over 270 gpad (about 1.4 to 3.7 inches of leachate per year per unit area). These are flow

rates from before to immediately after the recent closure of Section III.

Section III has eight LCRS sumps. Of these, Sumps 3C1P and 3C2P were constructed during the
closure of Cell 3B Extension and 3C, and pumping rate records begin in the first quarter of 2005. The
- records for these two sumps indicate that pumping rates have been decreasing since the second
quarter of 2005 when the closure of Section III was initiated. In the second quarter of 2005 the Sump
3CI1P rate was about 530 gpad and Sump 3C2P had a rate of about 900 gpad. These rates both
dropped to about 125 gpad by the third quarter of 2006.
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The other six sumps in Section III have pumping records for the last five years. Of these six sumps,
Sumps 3A1P, 3A2P and 3B2P indicate fairly low pumping rates compared to the other sumps in
Section ITI. With few exceptions, the quarterly rates for these three sumps are below 125 gpad.
These comparatively low rates are understandable for Sump 3A2P, but not for Sumps 3A1P and
3B2P. Sumps 3A1P and 3B2P are near what was the exposed waste face that existed at the time of
the Safety Kleen bankruptcy, whereas Sump 3A2P is near the area of Section III that had been
partially covered at the time. Higher rates of infiltration would have occurred through the exposed

waste face than through the covered area.

The pumping rates for the remaining three sumps in Section III, Sumps 3A3P, 3B3P and 3B1P have
very different patterns. The rate for Sump 3B3P increased from about 100 gpad to about 440 gpad
from the fourth quarter of 2001 to the third quarter of 2003, and has since decreased to about 30 gpad.
The rate for Sump 3A3P was similar, but delayed about a year, being near zero until the third quarter
of 2003 (it may not have been pumped or rates measured), increasing to 550 gpad in the third quarter
of 2004 and then decreasing to just below 250 gpad in third quarter of 2006. The rate for Sump 3B1P
peaked at 1,785 gpad in the second quarter of 2002, dropped to about 95 gpad the third quarter of
2002, increased again to 1,140 gpad in the third quarter of 2003, and then decreased to below about
125 gpad since the second quarter of 2004.

The wide fluctuations and high pumping rates in Section III are ascribed to operation and closure
activities, or lack thereof, during the bankruptcy period beginning in 2000 and the filling and closure
activities of Cell 3B Extension and Cell C that began in 2005 and that were completed in early 2006.

In Section III, where there are eight (8) risers, the estimated volume of leachate from direct rainfall

into the risers was approximately 2,400 gallons in 2005, and 2,500 gallons in 2006.

2.1.5.3 Section IIl LDS Pumping Rates

Overall, the total LDS pumping rates in Section III are below about 6 gpad (about 0.08 inches of
leachate per year per unit area). However, high pumping rates were reported at three of the sumps.
Pumping rates for Sump 3A1S have ranged from about 4 to 18 gpad over the five-year period, with

1o apparent correlation to rainfall or fluctuations in Primary Sump 3A1P.
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Pumping rate records for Sumps 3C1S and 3C2S begin in the first quarter of 2005 corresponding to
closure activities. The pumping rates for these two Secondary LDS sumps increase to peaks of 69
gpad at Sump 3C1S and 181 gpad at 3C2S in the third quarter of 2005. Kestrel has indicated that it
suspects that surface water entered the Secondary system during the construction and filling period,
possibly because the anchor trenches were not under final cover at the time. This explanation is
reasonable since the pumping rates in these sumps dropped to about 7 gpad in the third quarter of

2006, which are more in line with the other sumps. .

2.2 Groundwater Flow into the Sumps

221 General
The Pinewood landfill bottoms have been constructed at or below the groundwater levels in the
geologic units. Consequently, depending on groundwater level fluctuations, there may be an inward

gradient from the groundwater regime into the landfill.

The potential for groundwater flow into the different landfill Section areas has been evaluated based
on available construction as-built information and groundwater level elevations as reported in the
2005 Annual Groundwater Detection Monitoring Report. The calculations are presented in Appendix
B. The calculations are based on the average elevation of the Primary liner for Section I and Cells 2A
and 2B of Section II and the Secondary liner for the remainder of Section II and for Section III (i.e.,
the calculations assume that the gravel drain layer is empty). The calculations are based on the
average elevation of the top of the gravel layer of the LCRS or LDS across the floor of the landfill
areas, using the Primary LCRS elevations for Section I and Cells 2A and 2B of Section II and the
Secondary LDS for the remainder of Section II and for Section III (i.e., the calculations assume that
the lowest gravel drain layer is full of liquid). The groundwater levels were the lowest and highest
levels recorded from the nearest monitoring wells over the past five years. The groundwater levels
were generally those from monitoring wells in the upper aquifer (Transitional Lang Sine) or upper

water bearing unit (Opaline Claystone).

The magnitude of groundwater inflow is highly dependent on the permeability of the clay and
geomembrane components of the of the bottom liner. The clay liners for all of the landfills were
reportedly placed at a maximum permeability of 1x10” cm/sec. With this as a maximum placement
value, the average placement value would have been statistically lower and a value of 5x10® cm/sec

is considered a reasonable estimate for that average. Also, the clay liner has likely consolidated under
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load of the waste since placement, further decreasing its permeability. Consequently, a permeability

of 1x10® cr/sec has been selected for the inflow estimate calculations.

The geomembrane liners for the various landfill Sections vary. Section I has a 30-mil thick
Hypalon®, which would not be used in a modern landfill. Sections II and III have 80-mil thick
HDPE liners that would be appropriate for modern landfills. Permeability estimates for
geomembrane materials range from about 1x107* to 1x10™, depending on the type of material and its
thickness. However, for estimating the potential for flow through geomembranes, the material
permeability is usually increased to provide an allowance for less than perfect installation (e.g.,
seaming irregularities, pinholes, etc.). For the calculations, a liner permeability of 1x10™'° cm/sec has
been selected as reasonable for the Section I Hypalon®, and 1x10™"" cm/sec for the Section II and III
HDPE.  Golder points out that arguments can be made for varying the selected clay and
geomembrane permeabilities, potentially by orders of magnitude either higher or lower. Furthermore,
the calculations cannot account for unknown mounding of liquids in the landfills, and assume there is
none. Consequently, the results of the calculations should be viewed as representing the order of

magnitude of potential groundwater inflow and not as accurate estimates of actual inflows.

2.2.1  Section I Groundwater Inflow

The groundwater in the sand lenses of the upper portion of the Opaline Claystone is intercepted by a
French drain that is parallel to the boundary of Cell 1E of Section I. The site-wide French drain also
intercepts the groundwater along the southwestern boundary of Section I. The bottom elevation of
these French drains range from about 117 feet MSL to about 100 feet MSL. Groundwater collected

in these drains flows by gravity to Pond A.

Groundwater levels from the Transitional Lang Syne (TLS) are higher than the base of Section I (See
Calculation in Appendix B), but are lower than the levels in the Opaline Claystone. Consequently,
the groundwater levels in the Opaline Claystone are used to calculate the potential for groundwater

inflow.
Groundwater levels in wells screened in the Opaline Claystone surrounding Section I have ranged

from about 93 to 111 feet MSL over the last five years. The average floor elevation of the Section I

areas is about 88 to 89 feet MSL.. Therefore, the calculations indicate that there is an inward gradient
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at, and consequent potential for groundwater flow into, the Primary LCRS of Section I. The potential

groundwater flow rate is estimated to range from about 9 gpad to as much as 39 gpad.

2.2.2  Section I Groundwater Inflow

Along the northern boundary of Section II, the groundwater in the sand lenses of the upper portion of

the Opaline Claystone is intercepted by the site-wide French drain installed parallel to the property
line. The bottom elevation of the French drain ranges from about 107 feet MSL on the northeast
corner of Section IT to about 90 feet MSL at the northwestern end of the drain. Groundwater

collected in these drains flows by gravity towards Pond B.

There is only one monitoring well screened in the Opaline Claystone close to the boundary of Section
II. This well is west of Cells 2D and 2E, and the reported groundwater levels range from 102 to 107
feet MSL in the last five years. Other water levels used in the calculations were obtained from wells
screened in the TLS unit and the water level elevations range from 78 to 108 feet MSL. The average
elevation of the Primary LCRS gravel in Cells 2A and B and the Secondary LDS in the remaining
cells in Section II ranges from 86 to 101 feet MSL.

The calculations indicate that with the high TLS groundwater levels there is an inward gradient at,
and consequent potential for groundwater flow into, nearly all of Section II. The exceptions are sump
cells (sump cells meaning the area of the landfill draining to a particular sump) 2A3P and 2B3P
where there is no inward gradient. With the low TLS groundwater levels, the gradient varies for the
individual sump cells.

Groundwater flows into the Primary LCRS of Cells 2A and 2B were estimated to range from about 9
gpad to as much as 13 gpad. Groundwater flows into the Secondary LDS of Cells 2C and 2G were

estimated to range from about 2 gpad to as much as 21 gpad.

Given that the above inflow estimates are based on the TLS groundwater levels and that the levels in
the overlying Opaline Claystone and sediments are expected to be higher based on comparable levels
elsewhere at the site, it is likely that the Secondary liner of nearly all of Section II is under an inward
gradient most of the year. Thus, the inflow pressure and flow may be more persistent than indicated

by the calculations.
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A summary of the estimated gradient directions for the high and low TLS groundwater levels are

summarized in the table shown below:

Section II Inward Gradient for High and Low TLS Groundwater Levels

Sump Cell High TLS Low TLS
2A1P Yes No
2A2P Yes No
2A3P No No
2B1P Yes No
2B2P Yes No
2B3P No No
2C1S Yes Yes
2C28 Yes Yes
2C3S Yes Yes
2D1S Yes Yes
2D2S Yes Yes
2D38 Yes Yes
2E1S Yes No
2E2S Yes No
2E3S Yes No
2F1S Yes No
2F2S Yes No
2F3S Yes Yes
2G1S Yes Yes
2G2S Yes No
2G3S Yes No

2.2.3  Section III Groundwater Inflow

Similar to Section II, the groundwater in the sand lenses of the upper portion of the Opaline Claystone

is intercepted by the site-wide French drain installed parallel to the property line north of Section III.
The bottom elevation of the French drain ranges from about 112 feet MSL at the northeast corner to
about 107 feet MSL at the northwest corner of Section III. Groundwater collected in these drains

flows by gravity towards Pond B.

There are no wells screened in the Opaline Claystone close to the boundary of Section III, thus the
water levels used in the calculations for Section III were obtained from wells screened in the TLS unit
with reported water level elevations that range from 78 to 90 feet MSL. The average Secondary LDS

gravel elevation of the Section III cells ranges from 59 to 83 feet MSL.
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The calculations indicate that with the low and high reported groundwater levels in the TLS there is
an inward gradient within all areas, except for Cell 3C with the reported low groundwater level.
Groundwater inflows into the Secondary LDS in Section IIT were estimated to range from about 9

gpad to as much as 25 gpad.

Given that the above inflow estimates are based on the TLS groundwater levels and that the levels in
the overlying Opaline Claystone and sediments are expected to be higher based on comparable levels
elsewhere at the site, it is likely that the inflow gradient is higher than estimated for Section ITI. Thus,

the inflow pressure and flow may be more persistent than indicated by the calculations.

2.3 Stormwater Conveyance System Assessment

One of the main functions of stormwater management at a landfill facility is to minimize infiltration,
(and thus leachate production) into the disposal areas. To the degree practicable, surface water should
be directed away from the disposal areas and not allowed to pond on the covers or in the perimeter

ditches surrounding the disposal areas.

At Pinewood, the potential interaction between the stormwater conveyance system on and around the
landfills with the cover and liner systems has been assessed by evaluating the current topography of
the site to determine the direction of stormwater runoff from the cover systems and from the

perimeter ditches.

There are locations on site where, because of the near-horizontal topography, water does not drain
properly, and thus has the potential to infiltrate into the ground and into the sand lenses within the
upper portion of the Opaline Claystone. In these areas, the potential for surface water to travel
horizontally into the LCRS or the LDS of the landfills has been estimated by comparing the locations

of the ditch bottoms with respect to the liner anchor trenches and the existing French drains.

The information used for this evaluation consisted of site drawings, both “as-built” and design
drawings, available for the landfill sections in different formats. Most of the available drawings for
Sections I and II and portions of Section III are scanned figures provided in Adobe electronic files.
Information about Section 3B Extension and the Closure Cell, and the existing stormwater
conveyance piping (culverts, drop inlets, storm sewers) was provided in AutoCAD electronic files, as

was the topographic map of the site as it existed in November 2006.
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Due to the scale distortions that result when drawings are scanned, and inconsistencies in the
coordinate system used in the different drawings, the exact location of the anchor trenches for each
Section could not be defined with certainty. The AutoCAD drawing that included the stormwater
- conveyance system did not exactly match the AutoCAD drawing of the existing topography of the

site, and some interpretation of the system had to be made.
Despite the variations in available drawings, and applying judgment to estimate the relative location
of trenches and ditches, a sufficient understanding of the system has been obtained and is described in

the following sections and further discussed in Section 3.0.

2.3.1  Section I Surface Water Drainage

Stormwater from Section I flows to a perimeter ditch that discharges to Pond A. Figure 2-9 illustrates
the general flow direction as interpreted to exist in November 2006. On the west and on the south
sides, Section I is bounded by a 20 to 25 foot high slope. Stormwater runoff from areas above this

slope flows towards the perimeter ditches of Section I.

The bottom of the ditches constructed along the perimeter of Section I and the geomembrane anchor
trenches appear to be generally at about the same elevations, but separated horizontally by the width

of the clay side-slope liner built on the side slopes of Section 1.

A road to access the sump risers has been built on the surface of the Section I cover. There are also
five earthen berms that cover the pipes that carry leachate from the sump risers to the leachate storage

tanks.

The November 2006 topographic map shows that there are at least six locations on the cover of
Section I where drainage is poor. Five of these locations are adjacent to sump riser pipes (Sumps
1B1, 1B2, 1C1, 1D1, and 1E1). There is also a near-horizontal area in the southeastern corner of the

Section I cover, which appears to be poorly drained.

There are three areas along the eastern ditch of Cell 1D and 1E (on both sides of the road) where the
topographic map indicates culverts in low areas, but the topographic map also indicates standing

water in these areas (See Figure 2-9).
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2.3.2  Section II Surface Water Drainage

Stormwater drains from the Section II cover to perimeter ditches that direct the flow to Ponds A and

B. Figure 2-10 illustrates the general flow direction as interpreted to exist as of November 2006.

The bottoms of the ditches constructed along the southern perimeter of Cell 2A and the geomembrane
anchor trench appear to be vertically separated by about five feet of fill (i.e., the anchor trench is five
feet below the bottom of the southern perimeter ditch). Around the rest of Section II, the ditch and
the anchor trenches are generally at the same elevation, but offset laterally. Similar to Section I, the
western slope of Section II has a thickened clay liner along the upper side slopes (10 feet thick in
Cells 2A and 2B, 8.5 feet thick Secondary clay liner in Cell 2C, and 7 feet thick Secondary clay liner
in Cell 2D), constructed to detain seepage from the sand lenses in the upper portion of the Opaline
Claystone. The surface water ditches appear to be located outside of the limits of the thickened side-

slope liners.

Roads have been built on the surface of Section II to access the sump risers. Earthen berms cover the
pipes that carry leachate from the sump risers to the leachate storage tanks. The November 2006
topographic map shows that there are at least fourteen locations on the cover of Section II where
water may not be properly drainaing due to depressions in the cover surface. Five of these locations

are adjacent to Primary sump riser pipes (Sumps 2A1, 2C3, 2C1, 2E2, and 2F2).

The topographic map also indicates poor drainage along portions of the northern, western and
southern perimeter ditches. The three Secondary sumps of Cells 2D, 2E, and 2F, and the two
northernmost Secondary sumps of Cell 2G are located adjacent to ditches were the topographic map
indicates poor drainage. There is a short ditch crossing built at each Secondary sump riser location
for access purposes. There are culverts installed under these crossings, however, the topographic map

indicates poor drainage in these areas.

There is a near-horizontal area shown on the topographic map south of Section II between the access
road and a soil stockpile (See Figure 2-10). There appears to be no drainage structure in this area to

divert stormwater.
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2.3.1  Section II Surface Water

Stormwater drains from Section IIl to a perimeter ditches that discharge to the First Flush Basin, as

well as to Ponds B and Pond A. Figure 2-11 illustrates the general flow direction as interpreted to

exist as of November 2006.

The ditches around Cells 3A and 3B (including the 3B Extension) along the northern and eastern
boundaries of Section III were built on fill placed to construct the cover system and are located about
five feet higher than, and about 35 feet horizontally from, the geomembrane anchor trenches. Around
Cell 3A, the perimeter ditches were built on natural ground approximately seven feet away from the

liner anchor trenches.

Similar to the other two landfills, roads have been built on the surface of the Section III to access the
sump risers. Earthen berms cover the pipes that carry leachate from the sumps to the leachate storage
tanks. The November 2006 topographic map shows that there are at least three locations on the cover
of Section III where water may not drain. These locations are adjacent to Primary sump risers 3A3,

3B2, and 3C2.

The topographic map also indicates poor drainage along portions of the northern, eastern and southern
perimeter ditches. The three Secondary sump risers of Cell 3B and the two Secondary sump risers of
Cell 3C are located adjacent to ditches were the topographic map indicates areas of poor or no
drainage. As in Section II, there is a short ditch crossing built at each Secondary sump riser location
for access. There are culverts installed under these crossings, however, the topographic map indicates

that water may not be draining properly at these locations.
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3.0 DISCUSSION
31 GENERAL BACKGROUND

3.1.1 Liner Systems Performance

The integrity of the individual components and the effectiveness of the bottom liner systems in a
landfill can only be assessed through the continuing evaluation of their intended performance. The
sole purpose of composite liner systems is the collection of leachate within the landfill and removal of
the leachate before it builds up on the liner. The less leachate head on the liner, the lower the

likelihood that leachate may migrate through the liner system to the environment.

Composite liners can leak as a result of several factors. For example, geomembranes can be damaged
during manufacturing (pinholes), during installation (damaged by installation personnel or machinery,
or inadequate seams) or during placement of the layers above the geomembrane (by construction
equipment). After a 10-year long study of the rates of deterioration of HDPE geomembranes, Hsuan
and Koerner (GRI White Paper No. 6 dated June 7, 2005), report that the lifetime of a buried
geomembrane may be in the range 270 to 450 years, as a result of the breakdown of the polymers
within the geomembrane. However, even before polymer deterioration begins, studies have shown
that various types of organic solvents, such as the chlorinated solvents, benzene, TCE and its
degradation products such as vinyl chloride, etc., can permeate through a geomembrane in a shorter
period of time by diffusion. This process does not damage the liner and the amount of material
transported by diffusion is extremely small. Research on the longevity of liners other than HDPE
geomembrane has not been done and for disposal of hazardous wastes, HDPE has become the
standard material selected for liner use. Material other than HDPE has been used in landfill covers

and for non-landfill purposes.

Compacted clay liners are commonly constructed to have a permeability equal to or less than 1 x 107
cm/sec at the time of construction. After construction and during filling of the landfill cells, the
permeability of compacted clay liners generally decrease due to the consolidation of the clay as it is
loaded by the waste placed on it. Even though the permeability of compacted clay liners is low,

liquids can flow through the liners, although at low volumetric rates (flux).
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3.1.2 Cover Systems Performance and HELP Analysis

There is a significant amount of information regarding the performance of landfill cover systems,

mostly because the behavior and performance of these systems can be more readily observed than for
liner systems. In landfills designed under RCRA Subtitle C regulations, the final covers generally
include a compacted clay/geomembrane layer constructed on top of the final layer of waste, to
minimize the potential for moisture to infiltrate into the landfill and generating leachate. Also a
drainage layer and a protective/vegetative cover layer are placed above the composite low-
permeability layer to remove water that has infiltrated through the upper soil layer. The purpose of
the drainage layer is to reduce the potential for water head build-up on the clay/geomembrane layer

and thus reduce the potential for infiltration into the landfill.

The effectiveness of cover systems is influenced by several factors. Similar to liner systems,
geomembranes can be damaged during manufacturing, during installation, or during placement of the
layers above the geomembrane. Vegetation with deep roots may also clog drainage layers and

penetrate geomembranes.

The compacted clay portion of a cover system can be affected by differential settlement or by
desiccation if it is not covered by a thick soil cover or a ggomembrane. Albright, Benson, Gee, et al.
(November 2006) recently completed a study of an eighteen-inch thick clay cover constructed in
southern Georgia for a period of four years to evaluate its hydraulic performance. Field and
laboratory permeability tests conducted immediately after construction and four years later indicated
that the permeability of the layer had increased three orders of magnitude, i.e. from 107 cm/sec to 10™
cm/sec. Other studies also suggest that the low permeabilities of soil covers are affected by wet/dry

cycles, freeze/thaw cycles and animal burrowing.

Drainage layers are generally installed on cover systems to remove water that infiltrates into the upper
soil/vegetative layers. The water collected in the drainage layer is generally drained from the layer at
the toe of the cover slope or at intermediate points along the cover. If a drainage layer within a cover
system clogs due to soil or root intrusion or, its drainage capacity is under-designed, the upper layers
of the system can become saturated and slide on the geosynthetics. Water build-up in the drain layer
increases the hydraulic head on the composite liner and thus the potential for water infiltration into

the waste.
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As an additional point of reference, an analysis of potential infiltration through a cover was
performed using the Hydrologic Evaluation of Landfill Performance (HELP) model using a
theoretical cover system that would meet the current requirements of RCRA Subtitle C under weather
conditions representative of the Sumter County area. The results of this analyses is included in
Appendix C and indicates that about 17 gpad (about 0.23 inches of water per day per unit area) would
infiltrate such a cover system. Thus, if the Pinewood landfill covers were all built to current
standards, this is the order of magnitude of water that, according to the HELP model, would infiltrate

and eventually become leachate.

3.1.3 Leachate Production Rates

EPA’s publication titled “Assessment and Recommendations for Improving the Performance of
Waste Containment Systems,” December 2002, reports leachate flow volumes obtained from studies
of several closed hazardous waste disposal cells located in the southeastern United States, all having
both Primary and Secondary liner and leachate systems. Based on the results of the studies, the report
indicates that leachate generation rates decrease after the final cover system is placed on the waste.
Published studies report that flow rates decrease by approximately one to three orders or magnitude
within one year after closure and by up to two orders of magnitude after ten years of closure. Six
years after closure, LCRS flow rates in these cells reportedly ranged from almost zero up to 88 gpad,
with most reporting less than 20 gpad. Six years and longer after closure, the data is limited to six
cells from a single facility, but the trend of decreasing LCRS flow rate continued, and the flow rates
became almost negligible after nine years post-closure. The studies do not indicate whether the

bottom of these cells might be subject to groundwater inflow.

The published data for Secondary LDS flows for hazardous waste landfills located in the southeast
indicates that the flows range from less than 1 gpad up to about 34 gpad. Most of the reported flows
showed decreasing trends with time, as might be expected as the consolidation and construction water
are permanently removed from the system. Most of the Secondary LDS flows from cells that had
been closed for more than six years generally reported flows below 10 gpad. The published data does
not indicate if the cells might be subject to groundwater inflow and the potential source of liquids into

each of the Secondary LDS is not discussed.
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EPA also reports that liner and cover systems that were constructed without third party CQA report
higher leakage rates than those that were built under the observation of a third-party CQA

professional.

During the Green Team Meeting, it was noted that the leachate in some sumps has become more
viscous, described as being gummy or stringy. Specific sumps were not 1Dentified and this condition
has not been accounted for in the leachate pumping record evaluation, but a possible solution is
provided for whichever sumps have been impacted. In Golder’s experience, this is caused by the
release of carbon dioxide (CO,) as leachate enters the sump, which in turn increases the pH. With the
pH change and in the presence of oxygen, the leachate becomes more viscous. The cure is to first
eliminate the oxygen (air). This can be done by installing a “P” trap in the riser from the sump pump
and by installing a top on the outer casing and sealing the top to the sides of the outer casing, along
with sealing any penetrations of the top or the outer casing. Over time, the leachate in the sumps
should stay more liquid. If viscous, gummy leachate residue has built-up in the sump, Glycholic acid

can be introduced to break it down into a pumpable liquid.

3.1.4 Groundwater Inflow

The shallow groundwater levels at Pinewood have been affected by construction of a several French

drains, ponds or basins, and, of course by the landfills. However, most of the landfill areas were
constructed with their lower bottom drainage systems at or below recorded high groundwater levels
that have been reported in monitoring wells located around the perimeter of the landfill areas and
screened in the upper hydrogeologic units underlying the site. When the groundwater levels are
above the liners, either the Secondary liner or the Primary liner for landfill areas having no Secondary
liner, there is an inward hydraulic gradient. An inward gradient retards, or can even prevent, outward
migration of leachate from the landfill. However, with an inward gradient there is the potential for
groundwater inflow into the lowest liner collection system, thus creating liquid in the lowest system
that has to be removed. At Pinewood, it should be expected that groundwater inflow will perpetually
generate leachate in the Primary LCRS in Section I and most of Cells 2A and 2B, and liquids in the
Secondary LDS of portions of Section II and most of Section III.

Because of groundwater inflows, the presence of liquid in the Secondary LDS does not necessarily

indicate a leak in the overlying Primary liner. Chemical analysis is required to determine if liquid in

the Secondary LDS might be from the Primary system. Also, because at Pinewood there is historic
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evidence of organic chemicals in the shallow groundwater from prior operations, even low
concentrations of man-made organic chemicals detected in the Secondary LDS may not be evidence

of a leak in the Primary liner.

3.1.5 Stormwater Management

Stormwater conveyance at Pinewood is challenging due to the lack of topographic relief across the
site. Because the potential for infiltration into a landfill increases when water becomes ponded on or
in close proximity to the landfill, it is important that a low-maintenance, effective stormwater control

system be put in place to direct runoff away from the landfill areas.

The November 2006 topographic map indicates low areas and/or poor drainage on the cover and
around all three of the landfills. The low areas on the covers appear to be mostly at the toes of the
berms that cover the leachate header lines, and most of these areas appear to have outlets in the form
of culverts. Low areas on the cover are relatively easy to remedy, and should be remedied, by adding
fill and/or regrading the affected areas. Depressions will likely continue to develop on the cover
surface of the landfills with long-term compression of the underlying waste. The cover surface
topography should be regularly reviewed to 1Dentify and repair any depressions so that water drains
away from the landfill. Since these conditions apply to three landfills, it is not discussed in detail for

individual Sections.

As shown on Figures 2-9 to 2-11, there are several areas around the landfills that are lower than the
surrounding areas with no surface drainage outlet, and most appear to have either a culvert or a drop
inlet that, if functioning properly, should drain the affected area. Examples are locations where
culverts have been installed to access the Secondary LDS sump risers from the perimeter access
roads, or to access the Primary sump risers on the landfill cover. If water ponds behind these
structures, it is an indication that they are either not sized properly, do not have the proper grades, the
ditches are deeper than the inlets to the culverts, or the culverts are clogged. These conditions should

be easy to remedy, and should be remedied, on a case-by-case basis.

Currently, all of the landfills have ditches running along both sides of the perimeter access roads. The
original design drawings for some of the landfills show the roadside ditches as planned only along the
outer side of these access roads. In those locations where ditches are near-horizontal or for other

reasons do not drain properly, it may be possible to redesign the roads such that the inside ditch is
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filled, the road is raised vertically and cross-sloped toward the outside of the road, and the outside
ditch is enlarged and regarded to drain properly . This may require that the stormwater conveyance
systems at and around the toes of the landfill cover slopes (including the existing culverts and drop
inlets) be evaluated in detail and possibly redesigned. Specific locations of these conditions are

discussed in the following sections for each landfill section.

3.2 Section I

3.2.1 Section I Liners, Covers and Leachate

Because the Section I landfill was built before the Hazardous and Solid Waste Amendments (HSWA)

of the RCRA regulations went into effect, there is no Secondary LDS in Section I. The Primary
LCRS consists of a single composite liner that on the floor of the landfill includes a five-foot thick
clay liner overlain by a 30-mil Hypalon® geomembrane. There is limited information about the
actual construction methods used to install the Section I liner system. However, placement and
compaction of clay soil was a well-known technology at the time of construction and existing records
indicate that the soil liner was placed and compacted in a manner conducive to obtaining a low
permeability layer. Unlike the soil liner, it is more likely that the quality of the Hypalon® installation
was low in comparison to current industry standards and it may not meet the expected low
permeability. The relevance of the integrity of the liner in Section I relates to the potential for

migration of leachate out of the landfill and migration of groundwater into the landfill.

The final cover system constructed on Section I is unconventional compared to modern standards in
that it was designed and built with the 20-mil thick PVC geomembrane placed beneath, rather than
above, the low permeability clay layer. Records available documenting the construction of the cover
system on Section I indicate that the clay soil was classified as a CH (Unified Soil Classification
System) with liquid limits on the order of 52, and a plasticity index about 28. The soil was reportedly
placed in 12-inch thick loose lifts, compacted, and its density tested with a Nuclear gauge. Shelby

tubes were pushed into each lift to obtain samples for laboratory for permeability testing.

The construction activity of compacting a clay soil layer above a geomembrane increases the
likelihood of damaging the geomembrane. This is one reason why the clay layers are usually built
below the geomembranes. Also, if pushed too far, the Shelby tubes and Nuclear gauge rods pushed
into the clay for testing the initial layer could have penetrated the geomembrane. For these reasons,

the integrity of the PVC cap on Section I is questionable.
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Given that the clay liner is not overlain by a geomembrane (or a vapor barrier), it is expected that the
clay soil component of the Section I cover has not retained its as-constructed permeability. As such,
the permeability of the existing clay soil layer is probably higher than as-constructed. Consequently,
infiltration through the cover is likely more than might be inferred by having a traditional low
permeability cover. This provides additional reasons to develop good drainage of stormwater off of

the Section I cover.

As discussed in Section 2.1.3, the total average Primary LCRS leachate production rate for Section I,
using the more representative data since the second quarter of 2005, is between about 25 and 38 gpad
(between about 0.34 and 0.51 inches of leachate per year per unit area) and there is no apparent trend
in the rate. Thus, the pumping records cannot be used to infer that there was an occurrence, such as
increased infiltration, that caused the apparent increase. Consequently, the rates since the second
quarter of 2005 are considered to be more representative of the rates for the entire period. The
reported leachate pumping records from individual Section I sumps indicate that six of the sumps
produce more than 50 gpad (see Section 2.1.3). While there is no obvious explanation for these

higher rates, the surface water seal between the cover and the riser pipes should be checked.

The groundwater infiltration analysis for Section I suggests that the inward hydraulic gradient could
create groundwater inflow rates range from about 9 gpad to as much as 39 gpad, which are
comparable to the reported leachate pumping rates. This result should not be interpreted as indicating
that the leachate in Section I is entirely from groundwater inflow. As noted in Section 2.1.1, the
calculated estimates of the contribution to leachate from groundwater is approximate at best and
heavily influenced by assumptions made in the calculations of the permeability of the liner materials.
Even though the accuracy of the calculation results are indeterminable, the results indicate that
groundwater flow is inward to the landfill and given the materials used in constructing the Section 1
liner system, there is likely a measurable contribution to the leachate from groundwater inflow. As
long as the Primary LCRS is pumped, groundwater inflow is expected. Even though the inward
gradient contributes to the volume of leachate, it also significantly inhibits the potential for advective

migration of leachate into the groundwater system.
In comparison to Section I, the total average Section Il Primary LCRS pumping rates are less than

about 15 gpad and the total Secondary LDS pumping rates are less than about 6 gpad, a total of about

21 gpad, and both are showing a slight decreasing trend over time (see Section 2.1.4). Given that
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both landfill Sections are exposed to the same weather and generally the same groundwater regime,
the difference in leachate production between these two landfills on a per-acre basis are ascribed to
the differences in the cover and liner of Section I compared to the more modern cover and liners of
Section II. These differences include the fact that the Section I cover has no internal drainage layer,
and with the relatively low angle slopes of the surface of the cover, the hydraulic head infiltration of
into the soil would be higher than for Section II. This condition would create a higher hydraulic head

on the Section I cover that increases the potential for infiltration and leachate.

Given that Section I has been closed for over 20 years, the magnitude of future leachate production
rates are not expected to decrease significantly, and could increase with very long-term deterioration
of the cover and/or liner systems. Since it is impracticable to improve the liner system, the practical
approach to reduce the potential for future leachate production is to improve the cover system. The
order of magnitude costs of a modern geosynthetic composite cover with an internal drainage layer,
such as the cover on Section III, is estimated to cost in the range of $130,000 to $180,000/acre in
2007 dollars, which would be between about $2.5 and $3 million. The cost would be quite dependent
on the price of locally available clay and protective layer soil for the cover and it may be cost
effective to strip the present cover and reclaim some of the material. The estimated cost of a new
cover should be compared to the estimated future cost of leachate treatment and disposal to determine
its financial viability. Because reliable pumping rates are available only since about the second
quarter of 2005, and because some of the individual sump rates have wide fluctuations compared to
others, it is recommended that the reliable rates be monitored for two to three years before using the

data to decide on the financial viability of a new cover.

3.2.2 Section I Stormwater

Even though stormwater drainage is poor along the ditches, infiltration through the anchor trenches
into the landfill is unlikely because the anchor trench is built within the clay liner and the cover and
liner geomembranes were designed to be connected. However, the water poorly drained from the
southern ditch running parallel to the access road is in very close proximity to the Section I French
drain, and thus surface water may be infiltrating into the drain. This may only be a concern if, for
instance, stormwater runoff carries materials such as fertilizer or oil that leaked form a piece of
equipment into the drain. If these were to be 1Dentified in a water sample obtained from the French

drain, it may be wrongly inferred that there is leak in the liner of Section I. It appears that there is a
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drop inlet or culvert in the lowest part of this area, so it is possible that some regrading, together with

the potential relocation or reconstruction of some culverts may be sufficient to improve drainage.

It may also be advantageous to divert stormwater that is currently directed towards the landfill from
areas above the slopes located around the southeastern boundary of the landfill. This would reduce

the volume of water that, because of its proximity to the landfill, has the potential to infiltrate.

3.2.3 Section I Leachate Release Concerns

Kestrel expressed questions about the potential for a leachate release from Section I along the upper
portion of the side slopes where the slopes intersect the upper portion of the Opaline Claystone which
contains horizontal sand lenses. The question was expressed for the potential for leachate to migrate
laterally within a cell, and then through the side-slope liner system and to the environment through
the sand lenses, particularly from the northwest side of Section I at Cell 1A and the southwest side of
Section I along Cells 1A through 1D because there is no surrounding drain that captures water from
the sand lenses. The outer sides of Section I Cell 1E are surrounded by the French Drain and the
upper portion of the Opaline Claystone at Cell 1E was over-excavated such that the clay liner is 10
feet thick through the upper portion of the Opaline Claystone. Groundwater along the remainder of
the northeast side of Section I, at Cells 1A through 1D, flows toward and is collected in the First
Flush Basin as indicated by the January 2007 potentiometric water table map. Although there are
pipes from the Section I Cell E French Drain and the perimeter French drain, along the southwest side
of Section I at Cells 1A through 1D, the pipes associated with these two drains at this location are
conveyance pipes; they are not perforated and the gravel bedding extends only about a foot above the
pipes with the remaining trench backfill apparently being material that was excavated during
installation of the trenches. There is also no drain along the northwest side of Section I at Cell 1A.
Currently there are several Opaline Claystone monitoring wells along the southwest sides of Cells 1A
through 1D and along the access road between Cell 1A and the large stormwater channel, and these

wells are spaced about 300 feet apart.

The likelihood that leachate would migrate to the groundwater through the upper part of the side
slopes of Section I as described above is considered low. Leachate would preferentially drain down
in the inside of the landfill side slope rather than flow sideways through the liner with little lateral
driving head (somewhat analogous to surface water infiltration being much greater on near-horizontal

surfaces compared to steeply sloped surfaces). This same mechanism applies even to perched
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leachate within the waste mass. Consequently, the likelihood of this leachate mi gration mechanism is
considered low. The likelihood would increase if the leachate level in the landfill would rise high
enough to impart an outward gradient across the upper part of the side slope. However, significant
decreases in leachate pumping rates would be expected (i.e., the system is clogged) for leachate to
rise to such a level and monitoring the pumping rates is recommended as an indicator of such
clogging. Groundwater monitoring in this area is appropriate for detecting such a release. However,
it is suspected that the existing 300-foot monitoring well spacing may be too wide to adequately
monitor the area and Kestrel should have the spacing evaluated by the Pinewood groundwater team.

In the event of a release along the northwest side of Cell 1A as described above, it is likely that there
would be sufficient time to install corrective measures before the release became a threat to human
health and the environment. However, Kestrel should verify this with the Pinewood groundwater
team. Appropriate remedial measures might include a permeable trench to collect the groundwater so
it can be removed for on-site or off-site treatment or a slurry wall to reduce the potential for

migration.

33 Section IT

3.3.1 Section IT Liners, Covers and Leachate

The Primary composite liner and LCRS of Section II was built to more modern standards than that of
Section I, and included an 80-mil HDPE geomembrane rather than the 30-mil Hypalon®
geomembrane. The clay soil component is ten (10) feet thick in the upper portion of the Cells 2A and
2B side slopes, and five (5) feet thick in the lower portion of the side slopes and across the bottom. In
response to HSWA of RCRA, Cells 2C to 2G were constructed with a Secondary composite liner and
LDS below the Primary liner system as described in Section 1.2.3. The relevance of the integrity of
the liner in Section II relates to the potential for migration of leachate out of the landfill and migration

of groundwater into the landfill.

The final cover system constructed on Section II includes more modern 30 (Cells 2C through 2G) and
40-mil (Cells 2A and 2B) thick HDPE geomembranes rather than the 20-mil thick PVC
geomembrane used for Section I. However, it was also unconventional compared to modern
standards in that it was designed and built with the HDPE geomembrane beneath rather than above
the compacted low permeability clay layer. The composite cover system on Section II also includes a
20-mil thick PE (Cells 2A and 2B) or HDPE (Cells 2C through 2G) geomembrane that was laid on

top of the clay component as a vapor barrier. Records available documenting the construction of the
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Section II cover system indicate that the clay soil was placed in 12-inch thick loose lifts, compacted,
and its density tested with a Nuclear gauge. Shelby tubes were pushed into each lift to obtain samples

for laboratory for permeability testing.

As discussed for Section I, placing and compacting the clay on a geomembrane, as well pushing
Shelby tubes and Nuclear gauge rods into the initial lift of clay for testing could have damaged the
underlying HDPE geomembrane. For these reasons, the integrity of the HDPE cap on Section II may
be suspect, but it is likely better than the cap on Section I because of the different geomembrane
materials and thicknesses, as well as the likelihood that all parties involved in the installation were

more experienced.

The vapor barrier placed above the clay layer of the Section II cover, even though the seams were
lapped and not sealed, may have allowed the clay layer to retain its moisture better than the clay layer
on Section I. Although the clay soil component of the Section II cover may have undergone some
desiccation and may not have retained its as-constructed permeability, it likely has a lower
permeability than the clay layer on the Section I cover. Thus, infiltration through the Section II cover
is likely closer to that inferred by the HELP analysis discussed in Section 2.2.1 than for Section I.

Even so, good drainage of stormwater off of the Section II cover should be maintained.

There is no internal drainage layer in the cover system on Cells 2A and half of Cell 2B, but the
remaining Section II cover includes one. However, this drainage layer does not have an outlet to
effectively discharge the water that is collected in the layer. Without an outlet (generally consisting
of a gravel toe drain with a permeability higher than that of the drainage layer), water tends to collect
at the toe of the slopes and can back-up and saturate the overlying soil well up the side slopes. From
a practical point of view, these areas are probably wet for long periods and could easily be damaged
when the surface of the cover is being mowed or accessed by vehicles or equipment. Also, the wet
soils promote the development of deeper vegetation roots, which in turn, can clog the drainage layer.
In these areas, the hydraulic head on the cover components is not effectively dissipated and also tends
to remain high. At other facilities, this condition has resulted in cover instability and sliding failures.

However, the slopes at those other facilities have been steeper than the side slopes at Pinewood.

As discussed in Section 2.1.4, the total average Section II Primary LCRS pumping rates are less than

about 15 gpad and show a slight decreasing trend over time. This average Primary rate is comparable
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to the published flow rates for other closed landfill cells in the southeast (see Section 3.1.3). Also, the

published data indicates that the Primary flow rates decreased over time, as have the Section II rates.

As noted in Section 2.1.4, with the exception of a few short periods, the pumping rates for all but two
of the Section II Primary sumps are below 25 gpad for each quarter over the last five-year period.
The exceptions are Sumps 2B2P and 2F3P with pumping rates generally above 25 gpad and with
2F3P reporting rates between about 50 and 70 gpad for several periods. Sump 2B2P is in the center
of Section II and lies beneath the area where Cell 2C overlies Cell 2B, which should yield a low flow
to the sump rather than a high flow. The elevated pumping rates for these two sumps do not appear to
follow rainfall patterns that would suggest leakage into the sumps from the surface. Although there is
no obvious explanation for these higher rates and they do not appear to follow rainfall patterns, the

surface water seal between the cover and the riser pipes should be checked.

The flows in the secondary system of Section II are generally below 6 gpad and also show a decrease
over time. This average Secondary rate is also comparable to the EPA published rates for most cells
in the southeast closed more than six years. Also, the published data indicates that the Primary flow
rates decreased over time, as have the Section II rates. As noted in Section 2.2.2, the groundwater
inflow pressure and flow may be more persistent than indicated by the calculations. This is because
the inflow estimates are based on the TLS groundwater levels but the groundwater levels in the
overlying Opaline Claystone and sediments are expected to be higher based on comparable levels
elsewhere at the site. Consequently, it is expected that groundwater flows into the Secondary LDS
are occurring and will continue to occur as long as the system is pumped on a regular basis. Even
though the inward gradient contributes to the volume of leachate, it also significantly inhibits the

potential for advective migration of leachate into the groundwater system.

The total quarterly flow rate from Primary LCRS sumps in Cells 2A and 2B is slightly higher than the
total quarterly flow rate from Cells 2C thru 2G, but is lower than the total flow rate of Section I. This
may be caused by groundwater inflow into Cells 2A and 2B. In the other cells of Section I
groundwater infiltration is cut off from the Primary LCRS system by the Secondary LDS.

Based on the leachate pumping records and the composition of the liner and clover systems, Section

IT appears to be performing as should be expected. Given that the cells of Section II have been closed

for between 10 to over 20 years, the magnitude of future leachate production rates are not expected to
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decrease significantly, but could increase with very long-term deterioration of the cover and/or liner
systems. The only improvements recommended for Section II at this point are to improve the

stormwater drainage to improve drainage on and around the landfill.

3.3.2 Section II Stormwater

The ditch running along the western boundary of Section II (between Section II and Pond B) has very
little, and in some portions nearly no, flow line slope, and the topographic map indicates the potential
for standing water. However, as with Section 1, infiltration through the anchor trenches into either the
Primary LCRS (in Cell 2B) or the Secondary LDS (in Cells 2C and 2D) of the landfill is unlikely
because the Primary and Secondary liner geomembranes are welded to one another and to the cover
geomembrane. Depending on the location along the ditch, infiltration is more likely through the
Secondary sump riser boots where the risers penetrate the cover geomembrane, if there were a defect

in the Secondary riser boots.

Even though infiltration through the anchor trenches appears unlikely, the drainage along the western
boundary should be improved. One option would be to fill the ditch and redesign the road with only
an outer ditch, and possibly downslope pipes. This would result in the removal of all the access
crossings and culverts and stormwater would sheet flow over the road. The surface of the new road
would need to be constructed such that it would not eroded by the sheet flow. Alternatively, the ditch
could be divided in small sections between the existing culverts. Each small section would be
regraded (added fill to create a slight slope toward the low end) and drained through individual drop
inlets that would replace the existing culverts and re-direct the flow under, and to the other side of,
the road where the terrain slopes towards Pond B. These structures would require hydraulic design of

the individual channels and drop inlets.

Although not as severely as along the west side, the topography of the ditches that run along the
northern boundary of Section II, especially close to the Secondary sump risers appears to be relatively
flat. The runoff from these ditches would generally be directed under the road towards two drop
inlets located between the road and the property fence. A note on one of the drawings indicated that
it is not certain if pipes from these drop inlets carry flow to Pond B, although they could carry flow to
the perimeter French drain. The as-built drawings provided for the perimeter French drain, although
not clear, show three manholes, but these manholes do not seem to be in the same location as the drop

inlets. The discharge point from these pipes should be confirmed. Because there is limited space
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along the north side, filling the inside ditch and redesigning the road with an outer ditch may be the
best option to keep stormwater away from the Section II cover. This would also result in the removal
of all the access crossing and culverts, and the new road would need to be surfaced such that it is not

eroded by sheet flow from the cover. The capacity of the drop inlet would also have to be checked.

The topographic map also indicates that water is also getting trapped in an area north of the southern
access road on the cover of Section II. This area needs to be regraded to direct this flow down to the
perimeter ditch, which appears to be draining properly an this location, but directs the runoff under
the road towards an area between the southern edge of the access road and a soil stockpile, where
there is no outlet. This area needs to be drained, and this may be done by some regrading and

constructing a ditch that slopes toward the south where Pond A is located.

3.3.3 Section II Leachate Release Concerns

Kestrel expressed concern about the potential for leachate release from Section II through the
southern slope of Cell 2A and the east and west slopes of Cell 2B. These cells do not have a
Secondary liner and LDS to provide detection or collection of a release of leachate through the
Primary liner. The concern is primarily in regard to a release along the upper portion of the side
slopes where the slopes intersect the sediments and upper portion of the Opaline Claystone with sand
lenses. The concern was expressed for the potential for leachate to migrate laterally through the side-
slope Primary liner system and to the environment through the sand lenses. There is no French drain

along these areas to capture water from the sand lenses.

For the same reasons discussed for Section I, the likelihood of this leachate migration mechanism is
considered low, but would increase if the leachate level in the landfill would rise high enough to
impart an outward gradient across the upper part of the side slope. However, significant decreases in
leachate pumping rates would be expected (i.e., the system is clogged) for leachate to rise to such a
level and monitoring the pumping rates is recommended as an indicator of such clogging.
Groundwater monitoring of the shallow Opaline Claystone in this area would be appropriate for
detecting such a release, but such wells are currently not in place. Therefore, it is recommended that
monitoring wells be considered in this area with the spacing between wells evaluated as

recommended for Section L.
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In the event of a release along the southern slope of Cell 2A and the east and west slopes of Cell 2B
as described above, it is likely that there would be sufficient time to install corrective measures before
the release became a threat to human health and the environment. However, Kestrel should verify
this with the Pinewood groundwater team. Appropriate remedial measures might include a permeable
trench to collect the groundwater so it can be removed for on-site or off-site treatment or a slurry wall

to reduce the potential for migration.

34 Section ITI

3.4.1 Section III Liners, Covers and Leachate

Section III of Pinewood was operated for disposal of non-hazardous and hazardous waste until 2000,
when the owner (Safety Kleen) went bankrupt. At that time, disposal Cells 3A and 3B had been
constructed and operated, but only portions of these cells had been closed. In 2005 the area east of
Cell 3B, known as the 3B Extension, which had been partially filled, and the area south of Cell 3A
and 3B, known as Cell 3C or the Closure Cell, were filled with more than 40 feet of soil and closed.

All of Section III has both Primary and Secondary liners and leachate systems constructed of modern
components, including 80-mil thick HDPE liners. The systems are similar to those of Section II, but
use geocomposite layers along the inner side slopes rather than gravel drain layers. The Primary and
Secondary geomembrane liners were anchored at the top of the slope in side-by-side trenches, two

feet deep and one foot wide. The two liners are not welded together.

The cover for Section III is a modern, more conventional, composite system with a double-sided
geocomposite drain layer over a 60-mil thick textured HDPE that is underlain by a two-foot thick low
permeability clay layer. The HDPE cap of the cover is welded to the Primary HDPE liner. With the
HDPE placed above the clay layer, it seals the clay layer to preserve its permeability and there are no
concerns about possible penetrations of the HDPE from the testing of the clay layer. Consequently,

the Section III cover is expected to limit infiltration better than the Section II cover.

Cells 3A and 3B were partially closed in 1994 and 1998, respectively. These closures, however, only
covered the north and west slopes of the waste above the original ground surface. The closure of the
remainder of Section III occurred in 2005, so most of the landfill was essentially open to direct

rainfall for seven to ten years. It is also reported by Kestrel that during the filling and final closure of
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Section III a substantial volume of water was ponded on the soil being placed in the landfill and was

essentially left in the landfill when closed.

As discussed in Section 2.1.5.2, the total Primary LCRS pumping rates from before to immediately
after the recent closure of Section III fluctuate widely from just under 100 gpad to over 270 gpad
(about 1.4 to 3.7 inches of leachate per year per unit area). Individual Primary sump rates have been

as high as 1,785 gpad.

Overall, the total LDS pumping rates in Section 3 are below about 6 gpad (about 0.08 inches of
leachate per year per unit area). However, high pumping rates were reported at three of the sumps.
Pumping rates for Sump 3A1S have ranged from about 4 to 18 gpad over the five-year period, with
no apparent correlation to rainfall or fluctuations in Primary Sump 3A1P. Pumping rate records for
Sumps 3C1S and 3C2S begin in the first quarter of 2005 corresponding to closure activities. The
pumping rates for these two sumps increase to peaks of 69 gpad at Sump 3C1S and 181 gpad at 3C2S
in the third quarter of 2005, and have since dropped to about 7 gpad by the third quarter of 2006.
Sumps 3C1S and 3C2S are located in Cell 3C, which is the southern portion of Section III, and Sump
3A1S is located in the southern portion of Cell 3A, adjacent to Cell 3C. As discussed in Section
2.1.5, some of these initial high flows are attributed to direct infiltration of stormwater into the

secondary system during construction of the Closure Cell.

The wide fluctuations and high pumping rates in Section III are ascribed to operation and closure
activities, or lack thereof, during the bankruptcy period beginning in 2000 and the filling and closure
activities of Cell 3B Extension and Cell 3C that began in 2005 and that were completed in early 2006.
These high rates are likely not indicative of poor performance of the landfill lining systems or the
cover. Overall, the pumping rates are what should be expected given the operating and closure
practices. The pumping rates have been decreasing and are expected to continue to decrease over the
next several years. Using EPA reported data, it may take five years or more for the rates to stabilize.
Assuming that the cover system is not damaged, it is expected that the Section IIl pumping rates will

approach and may be lower than those of Section II on a unit areas basis.
The calculations indicate that with the low and high reported groundwater levels in the TLS there is

an inward gradient within all cells, except for Cell 3C with the reported low groundwater level.

Groundwater inflows into the Secondary LDS in Section III were estimated to range from about 9
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gpad to as much as 25 gpad. Even though the accuracy of the calculation results are indeterminable,
the results indicate that groundwater flow is generally inward and there could be a measurable
contribution to the leachate from groundwater inflow. As long as the Primary LCRS is pumped,
groundwater inflow is expected. Even though the inward gradient contributes to the volume of
leachate, it also significantly inhibits the potential for advective migration of leachate into the
groundwater system. Given that the above inflow estimates are based on the TLS groundwater levels
and that the levels in the overlying Opaline Claystone and sediments are expected to be higher based
on comparable levels elsewhere at the site, it is likely that the inward gradient estimates are actually
higher and that the inflow pressure and flow may be more persistent than indicated by the

calculations.

3.4.2 Section III Stormwater

The potential for surface water infiltration through the anchor trenches was initially noticed during
the construction of the cover system on the last portion of Section IIl. It is reported that during a
rainfall event, a large volume of water ponded in one area adjacent to the exposed anchor trenches of
Cell 3C, the Closure Cell. It is believed that some of this water flowed under the primary anchor
trench and infiltrated into the Secondary LDS at Sumps 3C1S and 3C2S. The Primary and Secondary
liners are not welded together at Section III. The perimeter ditch and the anchor trench along the toe
of the Closure Cell cover system are at approximately the same elevation and are in close proximity.
Because of this geometry, there is an opportunity for this to occur again if surface water is allowed to
pond in the ditches for long periods of time. It would be unlikely for a similar situation to occur in
Cells 3A and 3B because the roadside ditches are built on compacted fill that separates and raises the

ditch area several feet from the anchor trenches.

To avoid surface water infiltration into the Secondary LDS, the perimeter ditches should be
maintained so that they drain properly. However, if in the future it is found that this infiltration
mechanism becomes a chronic source of liquids into the Secondary LDS, the run-on (flat) area of the
anchor trenches can be exposed and the top of the Primary geomembrane can be cut and the cut edge
welded to the Secondary geomembrane. This will not affect the integrity of the geomembranes
because once a landfill is filled and closed, the anchor trench serves no mechanical purpose (i.e., the
geomembrane no longer needs to be anchored at the top of the slope) since the geomembrane is kept

in place by the load from the overlying soil layers and waste.
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The topographic map also indicates poor drainage in the ditches between the access points to the Cell
3B Secondary sump risers along the northern property line. The runoff from these ditches appears to
be generally directed under the road towards an inlet located between the road and the property fence.
This discharge location of this drop inlet is noted on the drawing as being questionable and should be
confirmed. As with the ditch running along the northern boundary of Section II, filling the inside
ditch and redesigning the road with an outer ditch may be the best option to keep stormwater away
from the Section III cover. This would also result in the removal of all the access crossing and
culverts, and as indicated for Section II, the new road would need to be surfaced so that it would not
be eroded by sheet flow from the cover. The capacity of the drop inlet would also have to be

checked.

Along the eastern and southern boundary of Section III, the roadside ditches that run along the toe of
the cover system are drained by culverts over short distances. The flat topography along these ditches
may be an indication that the culverts do not have sufficient capacity, or that the ditches are deeper
than the inlets to the culverts. Some regrading to increase the flow slope along the ditches may also
improve the drainage in these areas. The ditches do not necessarily need to have a constant depth,
especially when they are drained over short distances. The upstream depth of the ditch could be
shallow as long as the depth increases as it approaches the culvert. Culverts could also be installed

under the southern portion of the access road to drain the ditch over short distances.
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4.0 SUMMARY AND RECOMMENDATIONS

4.1 General

Golder performed a critical element analysis of the Pinewood Site hazardous waste disposal landfills
for the purpose of assessing the interaction between the liner and cover systems, the stormwater
management system, and the groundwater levels within the geologic units at the site. The analysis
has focused on the potential for surface water and groundwater to migrate into the waste mass as well
as the potential release of leachate into the shallow groundwater and deeper ditches. Also, the overall
stormwater management system has been reviewed to determine if modifications might reduce the

potential for stormwater infiltration into the landfills.

A large number of documents were provided by Kestrel for Golder’s use during the review. The
information most heavily relied on included:

e Design and as-built figures and drawings — (See Appendix D for select Figures);

e Records of some of the construction activities;

® Basic understanding of the geologic units;

* Groundwater elevations in monitoring wells and potentiometric maps; and

® Records of leachate pumping rates.

Based primarily on leachate pumping rates, the overall impression of the three landfills at Pinewood
is that Section II appears to be performing as would be expected for a landfill constructed to relatively
modern standards that has been closed for 15 to 20 years. Performance of Section III cannot be
precisely evaluated because of operating conditions during the Safety Kleen bankruptcy and because
it was just closed in early 2006, but the leachate rates are decreasing rapidly and the modern
components used to construct the liner systems and cover system would be expected to yield
performance equal to and perhaps a bit better than Section II. Section I, because it was constructed,
operated and closed between 22 and 29 years ago does not appear to be performing as well as Section
II, but is likely performing as well as might be expected given the components and methods used in

its construction, operation and closure.
One of the more significant factors noted for most all of the landfill Section cells is that their bottoms

(floors) have been constructed below the groundwater table. This creates inward hydraulic pressure

(gradient) over most of the Secondary liners and over the Section I Primary liner. These inward
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gradients significantly inhibit advective migration of leachate from the landfills. However, over the
long term, they will likely add to the volume of leachate, particularly in Section I because it has what

is likely the most permeable lining system.

The leachate pumping rate data provides excellent input to the performance of the landfill cover and
liner systems. Accurate leachate data should continue to be collected and should be evaluated at least
annually. The data reviewed for this analysis indicates numerous spikes for all of the Sections. To
some degree, these spikes can be expected since neither the waste nor drainage from the waste is
uniform. However, when there is a significant spike it could be an indication of a broken seal
between the sump and the cover. If higher than normal flow rates continue that cannot be explained
by other reasons, the connection between the sump and the cover geomembrane should be inspected

for leaks.

During the Green Team Meeting, it was noted that the leachate in some sumps has become more
viscous, described as being gummy or stringy. Specific sumps were not 1Dentified and this condition
has not been accounted for in the leachate pumping record evaluation, but a possible solution is
provided for whichever sumps have been impacted. In Golder’s experience, this is caused by the
release of carbon dioxide (CO,) as leachate enters the sump, which in turn increases the pH. With the
pH change and in the presence of oxygen, the leachate becomes more viscous. The cure is to first
eliminate the oxygen (air). This can be done by installing a “P” trap in the riser from the sump pump
and by installing a top on the outer casing and sealing the top to the sides of the outer casing, along
with any penetrations of the top or the outer casing. Over time, the leachate in the sumps should stay
more liquid. If viscous, gummy leachate residue has built-up in the sump, Glycholic acid can be

introduced to break it down into a pumpable liquid.

Because the potential for infiltration into a landfill increases when water becomes ponded on or in
close proximity to the landfill, it is important that a low-maintenance, effective stormwater control
system be put in place to direct runoff away from the landfill areas. The November 2006 topographic
map provides evidence of poor drainage on and adjacent to the Pinewood landfills. Because of the
low relief at Pinewood, addressing proper drainage in existing ditches may be challenging. The
general recommendation is that these areas be modified to eliminate, to the degree practicable,

improper drainage conditions.
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The November 2006 topographic map indicates that the low areas on the covers appear to be mostly
at the toes of the berms that cover the leachate header lines, and most of these areas appear to have
outlets in the form of culverts. Low areas on the cover are relatively easy to remedy, and should be
remedied, by adding fill and/or regrading the affected areas. Depressions will likely continue to
develop on the cover surface of the landfills with long-term compression of the underlying waste.
The cover surface topography should be regularly reviewed to 1Dentify and repair any depressions so
that water drains properly. Since these conditions apply to three landfills, it is not discussed in detail

for individual Sections.

There are several areas around the landfills that are lower than the surrounding areas with no surface
drainage outlet, and most appear to have either a culvert or a drop inlet that, if functioning properly,
should drain the affected area. Examples are locations where culverts have been installed to access
the Secondary LDS sump risers from the perimeter access roads, or to access the Primary sump risers
on the landfill cover. If water is detained behind of these structures, it is an indication that they are
either not sized properly, do not have the proper grades, the ditches are deeper than the inlets to the
culverts, or the culverts are clogged. These conditions should be easy to remedy, and should be

remedied, on a case-by-case basis.

Currently all of the landfills have ditches running along both sides of the perimeter access roads. The
original design drawings for some of the landfills show the roadside ditches as planned only along the
outer side of these access roads. In those locations where ditches are near-horizontal or for other
reasons do not drain properly, it may be possible to redesign the roads such that the inside ditch is
filled, the road is raised vertically and cross-sloped toward the outside of the road, and the outside
ditch is enlarged and regarded to properly drain. This may require that the stormwater conveyance
systems at and around the toes of the landfill cover slopes (including the existing culverts and drop
inlets) be evaluated in detail and possibly redesigned. Specific locations of these conditions are

discussed in the following sections for each landfill Section

In performing this data review and analysis, it became apparent that the drawings for Sections I and II
are not of the quality and accuracy as the drawings for Section III. Furthermore, the drawings are on
different coordinate systems. Consequently, the three-dimensional boundaries of the waste limits,
anchor trenches and edges of the covers could not be accurately determined in many cases making it

difficult to determine the proximity of features and thus difficult to conclusively evaluate potential
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stormwater interactions. It is recommended that all drawings be reproduced in the same coordinate
system and all boundaries and structures properly 1Dentified and located. This will facilitate and
improve the efficiency and accuracy of future evaluations and assessments of the interaction

stormwater and landfill containment systems.

4.2 Section I

The liner and cover systems of the Section I landfill were constructed before promulgation of modern
hazardous waste disposal regulations. Section I has a single composite liner system using 30-mil
thick Hypalon® as the geomembrane material. The cover system includes a 20-mil thick PVC
geomembrane placed beneath rather than above the low permeability clay layer. . The bottom of
Section I was constructed below the groundwater table so there is an inward groundwater gradient.
Even though the accuracy of the groundwater inflow calculation estimates are indeterminable, the
results indicate that groundwater flow is inward to the landfill and given the materials used in
constructing the Section I liner system, there is likely a measurable contribution to the leachate from
groundwater inflow. Leachate pumping rates in Section I are higher than in Section II, which is a
more modern landfill, and higher than reported for other modern hazardous waste landfills in the
southeastern United States. As long as the Primary LCRS is pumped, groundwater inflow is
expected. The higher leachate rates are ascribed to the lower effectiveness of the cover system in
reducing rainfall water infiltration and to inflow of groundwater. Even though the inward gradient
contributes to the volume of leachate, it also significantly inhibits the potential for advective

migration of leachate into the groundwater system.

Given that Section I has been closed for over 20 years, the magnitude of future leachate production
rates are not expected to decrease significantly, and could increase with very long-term deterioration
of the cover and/or liner systems. Given that it is impracticable to improve the liner system, the
practical approach to reduce the potential for future leachate production is to improve the cover
system. The order of magnitude costs of a modern geosynthetic composite cover with an internal
drainage layer, such as the cover on Section III, is estimated to cost in the range of $130,000 to
$180,000 per acre in 2007 dollars, which would be between about $2.5 and $3 million. The cost
would be quite dependent on the price of locally available clay and protective layer soil for the cover
and it may be cost effective to strip the present cover and reclaim some of the material. The
estimated cost of a new cover should be compared to the estimated future cost of leachate treatment

and disposal to determine its financial viability. Because reliable pumping rates are available only
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since about the second quarter of 2005, and because some of the individual sump rates have wide
fluctuations compared to others, it is recommended that the reliable rates be monitored for two to

three years before using the data to decide on the financial viability of a new cover.

It was also noted that the flow rates in sumps 1D2P and 1D3P were significantly larger than the
leachate flow rate in the other sumps. The connection between the riser and the cover geomembrane
at these locations should be checked to see if there is some defect that is allowing direct flow from the

surface of the cover into the sump riser outside annulus down through the waste and into the sump.

In addition to the general recommendations for stormwater control and drainage, for Section I
consideration should be give to redirecting the stormwater from the top of the slopes that bound the
landfill along the south and southeast sides. This stormwater could be diverted the along the road at
the top of the slope, instead of directing it towards Section I and along the toe of the cover system. In
addition, there is poor drainage existing along the southern ditch that runs parallel to the access road
is in very close proximity to the Section I French drain, and thus surface water may be infiltrating into
the drain. This may only be a concern if, for instance, stormwater runoff carries materials such as
fertilizer or oil that leaked from a piece of equipment into the drain. If these were to be 1Dentified in
a water sample obtained from the French drain, it may be wrongly inferred that there is leak in the
liner of Section I. It appears that there is a drop inlet or culvert in the lowest part of this area, so it is
possible that some regrading, together with the potential relocation or reconstruction of some culverts

may be sufficient to prevent future ponding.

Regarding specific concerns related to a potential release along the northwest side of Cell 1A into the
sand lenses of the Opaline Claystone, the likelihood for leachate migration by this pathway is
considered low. Leachate would preferentially drain down in the inside of the landfill side slope
rather than flow sideways through the liner with little lateral driving head. Groundwater monitoring
in this cell is appropriate for detecting such a release. However, it is suspected that the existing 300-
foot monitoring wells spacing may be too wide to adequately monitor the cell and Kestrel should

have the spacing evaluated by the Pinewood groundwater team.
In the event of a release along the northwest side of Area 1A, it is likely that there would be sufficient

time to install corrective measures before the release became a threat to human health and the

environment.  However, Kestrel should verify this with the Pinewood groundwater team.
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Appropriate remedial measures might include a permeable trench to collect the groundwater so it can

be removed for on-site or off-site treatment or a slurry wall to reduce the potential for migration.

4.3 Section IT
The liner systems in Section II Cells 2A and 2B were built before promulgation of the HSWA of

RCRA and only have a Primary liner and LCRS. Cells 2C through 2G were constructed to the
HSWA of RCRA and include Primary and Secondary composite liner systems using HDPE
geomembranes with a Primary LCRS and a Secondary LDS. The final cover system constructed on
Section II includes modern HDPE geomembranes, but like Section I is unconventional compared to
modern standards in that it was designed and built with the HDPE geomembrane beneath rather than

above the compacted low permeability clay layer.

There is no internal drainage layer in the cover system on Cells 2A and half of Cell 2B, but the
remaining Section II cover includes one. However, this drainage layer does not have an outlet to
effectively discharge the water that is collected in the layer. Without an outlet water tends to collect
at the toe of the slopes and can back-up and saturate the overlying soil well up the side slopes. This
can lead to an increased potential for infiltration through the cover and wet areas near the slope toes
that can become damaged by equipment or trigger minor slope instabilities, although the potential for
slope instability for Pinewood is low because of the relatively low-angle slopes. The installation of a
toe drain for the Section II cover system is recommended. The installed cost of a two-inch PVC pipe
placed in a shallow a gravel trench and surrounded with a geotextile fabric is estimated to be on the
order of $30.00 per foot. The perimeter of the cover in Section II is about 5,200 feet, therefore the
cost of this drain would be on the order of $156,000.

The total average Section II Primary LCRS pumping rates are less than about 15 gpad and show a
slight decreasing trend over time. This average Primary rate is comparable to the published 20 gpad
rate for other closed landfill cells in the southeast. The flows in the secondary system of Section II
are generally below 6 gpad and also show a decrease over time. This average Secondary rate is also
comparable to the 10 gpad rate noted by EPA for most cells in the southeast closed more than six
years. Both the Primary and Secondary pumping rates show decreases over time, which is also

consistent with the EPA data.
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The flow rates in sumps 2G2P, 2G3P, 2B2P and 2F3P were higher than the leachate flow rates in the
other sumps. These locations should be checked to see if there is a leak in the connection between the

cover system and the sump riser.

The majority of Section II was constructed to a depth that creates an inward hydraulic gradient over
most of the landfill using high TLS groundwater levels. With the low TLS groundwater levels, the
gradient varies across Section II. However, the inflow estimates are based on the TLS groundwater
levels but the groundwater levels in the overlying Opaline Claystone and sediments are expected to be
higher based on comparable levels elsewhere at the site. Consequently, it is expected that
groundwater flows into the Secondary LDS are occurring and will continue to occur as long as the
system is pumped on a regular basis. Even though the inward gradient contributes to the volume of
leachate, it also significantly inhibits the potential for advective migration of leachate into the

groundwater system.

In addition to the general recommendations for stormwater control and drainage, following are
specific recommendations for Section II:
® There appears to be some uncertainty that drop inlets along the northern boundary of the
site route stormwater to Pond B. This should be confirmed.
e Along the northern boundary the ditches that run on the inside edge of the access road
should be removed and the road rebuilt as discussed in the general comments in Section
4.1.
¢ Along the western boundary the ditch and the road may be redesigned as described in the
general comments in Section 4.1, or, alternatively, individual outlets should be properly
designed and installed at the low end of the small portions of ditch, to redirect the runoff
under the road and towards the west where Pond B is located.
e Stormwater from the southern portion of the cover is routed to an area between the south
access road and Pond A. At this location the water does not drain. This area needs to be

regraded, and a ditch designed to direct flow to Pond A.

Regarding specific concerns related to a potential release from Section II through the southern slope
of Cell 2A and the east and west slopes of Cell 2B into the sand lenses of the Opaline Claystone, the
likelihood for leachate migration by this pathway is considered remote for the same reasons as

discussed for Section I. The clay liner is about 10 feet thick in this area where the Opaline Claystone
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was laterally over-excavated and leachate would preferentially drain down in the inside of the landfill
side slope rather than flow sideways through the liner with little lateral driving head. Groundwater
monitoring of the shallow Opaline Claystone in this area would be appropriate for detecting such a
release, but such weHs are currently not in place. Therefore, it is recommended that monitoring wells

be considered in this area with the spacing between wells evaluated as recommended for Section L.

In the event of a release along the southern slope of Cell 2A and the east and west slopes of Cell 2B
as described above, it is likely that there would be sufficient time to install corrective measures before
the release became a threat to human health and the environment. However, Kestrel should verify
this with the Pinewood groundwater team. Appropriate remedial measures might include a permeable
trench to collect the groundwater so it can be removed for on-site or off-site treatment or a slurry wall

to reduce the potential for migration.

44 Section 11T

Section HI of Pinewood was operated for disposal of non-hazardous and hazardous waste until 2000,
when the owner (Safety Kleen) went bankrupt. At that time, disposal Cells 3A and 3B had been
constructed and operated, but only portions of these cells had been closed. In 2005 the area east of
Cell 3B, known as the 3B Extension, which had been partially filled, and the area south of Cells 3A
and 3B, known as Cell 3C or the Closure Cell, were filled with more than 40 feet of soil and closed.

The liners and cover system of Section III were designed and constructed per current HSWA and
RCRA regulations and with modern components. Section III has both Primary and Secondary liners
constructed with 80-mil thick HDPE liners. The Primary and Secondary geomembrane liners were
anchored at the top of the slope in side-by-side trenches, two feet deep and one foot wide, but are not
welded together. The bottom liner systems include both a leachate collection and leak detection

system.

The cover for Section III is a modern, more conventional, composite system with a double-sided
geocomposite drain layer over a 60-mil thick textured HDPE that is underlain by a two-foot thick low
permeability clay layer. The HDPE cap of the cover is welded to the Primary HDPE liner. The cover
system includes a composite liner and a drainage layer, but, as in Section II, this layer has no outlet.

The cost to install a toe drain around the perimeter of the Section III cover, about 4,000 feet, would be
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approximately $120,000. The Section III cover is expected to limit infiltration better than the Section

II cover.

The total Primary LCRS pumping rates from before to immediately after the recent closure of Section
I fluctuate widely from just under 100 gpad to over 270 gpad (about 1.4 to 3.7 inches of leachate per
year per unit area). Individual Primary sump rates have been as high as 1,785 gpad. Overall, the total
LDS pumping rates in Section 3 are below about 6 gpad (about 0.08 inches of leachate per year per

unit area). However, high pumping rates were reported at Sumps 3A1S, 3C1S and 3C2S.

The wide fluctuations and high pumping rates in Section III are ascribed to operation and closure
activities, or lack thereof, during the bankruptcy period beginning in 2000 and the filling and closure
activities of Cell 3B Extension and Cell 3C that began in 2005 and that were completed in early 2006.
These high rates are likely not indicative of poor performance of the landfill lining systems or the
cover. Overall, the pumping rates are what should have been expected given the operating and
closure practices. The pumping rates have been decreasing and are expected to continue to decrease
over the next several years. Using EPA reported data, it may take five years or more for the rates to
stabilize. Assuming that the cover system is not damaged, it is expected that the Section III pumping

rates will approach and may be lower than those of Section II on a unit areas basis.

The calculations indicate that with the low and high reported groundwater levels in the TLS there is
an inward gradient within all areas, except for Cell 3C with the reported low groundwater level.
Given that the above inflow estimates are based on the TLS groundwater levels and that the levels in
the overlying Opaline Claystone and sediments are expected to be higher based on comparable levels
elsewhere at the site, it is likely that the inward gradient estimates are actually higher and that the
inflow pressure and flow may be more persistent than indicated by the calculations. As long as the
Secondary LDS is pumped, groundwater inflow is expected. Even though the inward gradient
contributes to the volume of leachate, it also significantly inhibits the potential for advective

migration of leachate into the groundwater system.

In addition to the general recommendations for stormwater control and drainage, following are

specific recommendations for Section III:
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It is noted in the November 2006 aerial photograph that portions of the cover directly on
Cell 3C, the Closure Cell, are not vegetated. To avoid erosion of the cover soils, this area
needs to be stabilized with grass or erosion control mats.

o Along the northern boundary the ditches that run on the inside edge of the access road
should be removed and the road rebuilt as discussed in the general comments in Section
4.1. Also, the discharge location of the drop inlet in this area is noted on the provided

drawing as being questionable and should be confirmed.

The potential for surface water infiltration through the anchor trenches was initially noticed during
the closure of Section III, high volumes of water were reported in the Secondary LDS at Sumps 3C18
and 3C2S. It is believed that this was surface water that had been ponded in the area and that the
water entered the Secondary LDS by flowing under the Primary liner anchor trench. The perimeter
ditch and the anchor trench along the toe of the Closure Cell cover system are at approximately the
same elevation and are in close proximity, and the Primary and Secondary liners are not welded
together at Section III. To avoid surface water infiltration into the Secondary LDS, the perimeter
ditches should be maintained so that they properly drain. However, if in the future it is found that this
infiltration mechanism becomes a chronic source of liquids into the Secondary LDS, the run-on (flat)
area of the anchor trenches can be exposed and the top of the Primary geomembrane can be cut and
the cut edge welded to the Secondary geomembrane. This will not effect the integrity of the
geomembranes because once a landfill is filled and closed, the anchor trench serves no mechanical
purpose (i.e., the geomembrane no longer needs to be anchored at the top of the slope) since the

geomembrane is kept in place by the load from the overlying soil layers and waste.
GOLDER ASSOCIATES, INC.

Lol i

Claudia M.gMoeller, PE. Gary H. Collison, P.E.
Senior Engineer Practice/Program Leader and Principal
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APPENDIX A

Plotted Leachate Pumping Rates



APPENDIX A-1

Primary Leachate Collection and Removal System
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APPENDIX B

Groundwater Flow Evaluation




Fita:

= Subject: Groundwater flow Evaluation
A Goldgtl Job No. 063-349CA By: cIw Date "R 2007

Ref. Chkd: cmm Sheet
Kestret P d LF, SC
estrel Pmewoo, Rev: GHE

OBJECTIVE

Evaluate the potential for Groundwater flow nto each Cell, based on the construction as-built information and groundwater levels avaiable.

AFPPROACH

|. Obtamn the average elevation of the top of the Imer (primary or secondary if one was built) from construction/design information available.
Obtain groundwater elevations (use last 5 years) from wells screened (below each Cell) in the upper aquifer (Transitional Lang Sine) or water
bearing umit (Opaline Clay)} located near each Cell from the Groundwater Detention Monitoring Reports.

2. Use Darcy's Law of Flow to estimate the quantity of groundwater flow through each Cell.

GROUNDWATER INFORMATION
See summary of groundwater elevations on Groundwater Reference Tables, sheet 5 of 5.

Water Levels from Uppermost
= n, Water Beanng Zone {OC or
I Water Table Wells) Average Water level
n the cell

Water Levels from st I,
Aquifer (MW - TLS well s

CALCULATIONS
The following calculation 16 an example of how Darcy's Law 15 used n this calculation package to estimate groundwater flow into the Cells and
the time this may take.
Darcy Flow: = coefficient of permeability of the liner system (see attached
equivalent permeability calculation).
Q=kxixA e {hy- h)L where h, and h, are the elevations of the GW from the agquier and at

the top of the Cell.

Q = rate of flow (cm3/sec)

#

A= flow Area (Cell area)

The flow path L, n the equation above, 15 the thickness of the liner for that respective Cell {either 3 or 5 feet). Water levels in the Opaline
Clay are only available around Section |, therefore it 15 assumed that the water levels in the TLS wells are representative of the water levels

n the Opaline clay for Sections i and il

Example of Calculation (see table for calcﬁlatnon at each Cell)

For a 5 foot thick hmer (assume & h = 3 feet), the tollowing illustrates the calculation performed:

Qo= KA = 9.53E-09 cm/sec x 3/5 A = 5.72E-09 cm/sec™A
4.94E-04 cm/day™A
1.62E-05 ft/day"A

For | acre (43560 sq. f.) Quou= Q.71 #3/day or 5.28 gallons per acre per day (gapd)

vachate data\Final_12-18. ¥ to sumps time and unlt valume_cm_lgn.XL8

page ) of 5



B
ASsociates

Subject: Groundwater flow Evaluation

Job No.
Ref.

063-342C6A

Kestrel Pinewood LF, 5C

By:
ChKd:
Rev:

CIw
cmm
GHC

Date
Sheet

Liner hydr. Conductmty k

L= Liner thickness =

Cell bottom Area =

Calculation table (Section 2C to 2G Secondary Cells):

3.11E-09 cm/sec - see equiv. lner calculation for 3 ft thick iner

3.00

ft

43,560.00 sq. ft.

Sump Elevation 15 approximately floor elevation minus

Cell Base Min. Max
. Min. GW Max. GW
Cell ID(1) Elevation Groundwater | Groundwater flow Rate flow Rate Referenced GW Wells
(average) Elevation ® Elevation ™ ow ow
t) ®) {it) {gpad) {gpad)
e, 1s 20 o7 108 6.7 6.8 MW4ETR
nc, 25 20 95 101 4.3 10.8 MWAETR/Z7BTR
IC, 35 20 22 @5 1.9 4.5 MW27BTR
D, 1S 101 102 107 1.0 5.7 océ
Hnp.2s 101 102 107 1.0 5.7 oce
1D, 3% 101 102 107 1.0 5.7 ocs
HE, 1S a5 S0 29 NA 3.4 OCsTMWEST
Ng.25 95 20 29 NA 3.4 OCaT/MWSST
IE.35 21 20 29 NA 7.2 OCATIMWAIT
HF,15 92 20 92 NA G.2 OCaTMweaT
IIF,25 g2 90 =] NA €.2 OCaTMwWEaST
F, 35 88 S0 29 1.9 104 OCHBIMWEST
HG. 15 &8 108 110 19.2 21t MWEIT
1G.25 89 78 20 NA 1.0 MWwasT
HG,.35 86 78 20 NA 3. MwaoT

Liner hydr. Conductivity k =

L= Lmer thickness =

Cell bottom Area =

Caleulation table (Section 3 Secondary Celis):

3.1 1E-09 cmysec - see equwv. hner calculation for 3 f thick liner

3

it

43,560.00 =q. ft.

Sump Elevation 15 approximately Hoor elevation mmus

Cell ID(1) Eﬂiﬁ: Gmu’:;;ater Gm::::;ater Min. GW Max. GW | Referenced
(average) Elevation @ Elevation® flow Rate flow Rate GW Wells
(i) (i) (i) (gpad) (gpad)
A 1S 66 79 20 12.4 23.0 MWIOHT
A, 25 64 78 S0 13.4 24.9 MwBT
IHA,35 70 78 90 7.7 19.2 MWBST
B, 15 73 79 20 5.7 16.2 MWIOIT
nB,25 59 79 20 19.2 29.7 MWIOIT
nex, 3s 65 7 20 2.1 21.1 MW 6T
C, 15 83 72 20 6.7 MWICIT
e, 25 70 79 S0 86 19.2 MWIOIT

(2) Last 5 years minimum and maximum groundwater elevations near each specific Cell.

(1) Cell IDs follows the Cell where it 15 located. P designates a primary Cell and S designates a Secondary Cell

1o sumps

File: XACH

oachate data\Final_12-18.

tims ant unit volume_cm_jgn.X1.5

page 3 of 5



Fita: X:

Subject: Groundwater flow Evaluation

Job No. 063-349GA By: CIw Date THT 2o
Ref. Chkd: cmm Sheet
Kestrel Pnewood LF, 5C Rev: GHC
Groundwater Reference Tables:
(based on last 5 years GW data in applied wells)
Section |
Well Min. GW Time @ Max. GW Time @ Near by Screened
D Elevation Min. GW El. Elevation | Max. GW EL Sumps Elv. (ft)
wr3za 118.00 Oct-05 120.2 Jul-03 IDI
WT 27 107.50 Dec-05 114.00 Apr-03 TAL
oc2 29.50 Feb-03 100.5 an-04/Apr-0F IE3 B&5to 95
oce 293.00 Oct-02 28.0 Dec-03 1E3 79 to 84
oc4 27.00 Oct-02 102.0 Jan-04 ID3/1E3 77 to &2
OoCle 103.00 Jan-06 110.5 May-03 IE! 82 to 92
oCl15 107.50 Oct-05 110.0 Mar-03 IcCl 78.5 to 88
OCi4 97.50 Jan-06 102.50 May-03 1Bl 74 to 83
oci3 95.00 Aug-05 105.00 Dec-03 TAL 82to 92
ocr2 99.50 Jul-05 104.0 Feb-04 tA2/1A3 84 to 94
OoCt| 96.00 Sep-04 100.0 ec-03/Mar-0f  1B3/1C3 77 to 87
octo 96.00 ep-04/0ct-0 100.0 Dec-03 D3 78 to &
MWOA  |N/A, GW below pea gravel base 1C3
MW73T 89.00 Jan-06 95.0 Oct-O! IBl/ICI
MWSA 100.00 Jan-06 102.5 Jul-03 1E3
MWA45T 96.00 Jul-05 101.0 Oct-03 FA3/1 A4
Mw43T 22.00  Pu-05/Jan-06 95.0 Apr-O4 I A4
MWA42TR £9.00 ec-02/Jan-04 92.0 Oct-03 1B3
MW I ETR 920.00 Apr-05 103.5 Oct-03 1AL
MW | 34T 91.50 Jan-06 96.0 Jul-03 tEI
MW 32T 102.00  RNpr-02/Jan-0 104.0 Jul-03 1E!
MWI3IT 101.00 Apr-02 103.0 Jul-03 1D1
Section I}
Well M. GW Time @ Max. GW Time @ Near by Screened
D Elevation Min. GW El. Elevation Max. GW EI. Sumps Elv. (ft)
ocs 102.00 Jan-02 107.0 Feb-03 2D1/2D2 91 to 96
MW&aT 78.00 Jan-05 87.50 Jul-03 2G2/2G3 50to 51
MW&I1T 106.00 Apr-05 110.00 Oct-05 2Gl/2C| 68to 73
MWEIT 100.50 Oct-02 102.5 Aug-03 2D 75 to &3
MW5 1T 92.00 Apr-05 110.0 Jun-03 2A1/2B 1}
MW50T 91.00 Apr-05 1.0 Sep-03 2B1 69 to 74
MW49T 92.50 Apr-05 110.0 Aug-03 2Bt/2C!
MWA4STR 97.00 Sep-05 107.5 Oct-03 2ci 70to 72
MW29 24.00 Nov-O | 98.0 Mar-03 2D2/2D3
MW28A 92.50 Oct-02 97.0 Aug-03 2D3 80 to 85
MW27BTR 92.00 Oct-02 25.0 Jul-03 2C3 80 to &5
MW2EATR 87.00 Aug-02 23.5 Apr-03 2B3/2C3 80 to 85
MW24TR &4.50 Oct-02 86.5 Apr-03 2A3/2B3
MW23ATR 54.50 Sep-02 89.0 Mar-03 2A3 76 to Bl
MW22TR 85.00 Sep-02 89.0 Apr-03 2A3
MW2 | 56.00 Jan-06 89.0 Oct-03 2A2/2A3
MW20A 89.00 Oct-05 100.0 Aug-03 2A2/2B2 72to 75
MWI9A 88.50 Oct-05 105.0 Oct-03 2A1 G&to 73
MW | 27T 20.00 Oct-05 104.5 Oct-03 2A1/2B1
Section Il
Well Min. GW Time @ Max. GW Time @ Near by Screened
ID Elevation Min. GW EJ. Elevation Max. GW El. Sumps Elv. (f)
MW89T 72.00 Jan-04 87.00 Jul-03 3A2/3A3 50to 55 [GW fluc. Significantly
MWSIT 108.50 Apr-05 110.00 Oct-05 3c2 GW fluc. Significantly
MWI 1 ET 77.50 Jan-04 20.0 Jun-05 3B3 GW fluc. Significantly
MWIOIT 792.00 Dec-04 20.0 Apr-05 3C1 47 to 57 1GW fluc. Significantly
PSDLI 24.00 Jan-06 96.5 Oct-O1  BA3/3B1/3B2
) ] 0; te ! 12-18 | 1o sumps tme and unit volume_cm_jgn.s page 5 of 5
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HELP Run
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 November 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

* %
* %
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* %k
* k
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dkkkdhkkkkhhkhkkhhhhhhhhhhhhhhhhhdhhhhkhkhhhdhhrhhhhrkbbhhdhdhhrdhdhhdbddhhhhhdhhddbrhdn

khkkkkkkhkhddhkdhhhkdhdhhhhhkhhhhkrhhdhkdhdhdhhkhrhhdhhhhdrdhhhrhbhbkbdhkdhddhhrrbdbrhridrk

PRECIPITATION DATA FILE: C:\WHI\UNSAT22\data\P456

TEMPERATURE DATA FILE: C:\WHI\UNSAT22\data\P456.
.VHP\_weather3.dat

SOLAR RADIATION DATA FILE: C:\WHI\UNSAT22\data\P456
EVAPOTRANSPIRATION DATA: C: \WHI\UNSAT22\data\P456
SOIL AND DESIGN DATA FILE: C:\WHI\UNSAT22\data\P456

OUTPUT DATA FILE:

TIME: 7

:49

C:\WHI\UNSAT22\data\P456

DATE: 11/ 6/2006

.VHP\ _weatherl.dat

VHP\_weather2.dat

.VHP\_weather4.dat
.VHP\I_386016.inp
.VHP\O_386016.prt

khkkkhkkhkhkhkkhhkkkkhhhhkkdhhhkbhhhkhhhhkhdhdhhhhhhkhkhdhhkkhhhhdhhhhkhkkhhhhhhkkhhhhkdhr kit

TITL

E: EPA Cover System Model

khkhkkhkkhhhhkhhhkhhkhhhhhdhhdhdhhhhhhhdhhhkhk kA b hkdhdk kA AR I A RA XA AR I A AT AT Ak Ak kAT hkd K

NOTE

:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES

BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 7
1 A

THICKNESS = 15.24

POROSITY = 0.4730
FIELD CAPACITY = 0.2220
WILTING POINT = 0.1040
INITIAL SOIL WATER CONTENT = 0.3307

EFFECTIVE SAT. HYD. COND.

NOTE:

oM

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.520001164800E-03 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4
THICKNESS = 60.96 CcM

POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.1050 VOL/VOL
WILTING POINT = 0.0470 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4383 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.170000000000E-02
LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 1
THICKNESS = 30.48 CcM
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL

It

0.0180 VOL/VOL
0.4170 VOL/VOL
0.100000000000E-01

WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

il

i

SLOPE = 2.50 PERCENT
DRAINAGE LENGTH = 182.9 METERS
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 37
THICKNESS = 0.10 CM
POROSITY = .0000 VOL/VOL

.0000 VOL/VOL
.0000 VOL/VOL

0.0000 VOL/VOL
0.200000000000E~10

FIELD CAPACITY =
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 3 - GOOD

monounon
[=R-Nel

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 29

THICKNESS = 30.48 CM
POROSITY = 0.4510 VOL/VOL
FIELD CAPACITY = 0.4190 VOL/VOL

]

WILTING POINT 0.3320 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4510 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.680000000000E-06

il

Golder Associates

CM/SEC

CM/SEC

CM/SEC

7.41 HOLES/HECTARE
7.41 HOLES/HECTARE

CM/SEC



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 2.%
AND A SLOPE LENGTH OF 30. METERS.

SCS RUNOFF CURVE NUMBER = 69.14

FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 0.4047 HECTARES
EVAPORATIVE ZONE DEPTH = 55.9 CM

]

INITIAL WATER IN EVAPORATIVE ZONE = 22.877 CM
UPPER LIMIT OF EVAPORATIVE STORAGE = 24.968 CM
LOWER LIMIT OF EVAPORATIVE STORAGE = 3.495 CM
INITIAL SNOW WATER = 0.000 CM
INITIAL WATER IN LAYER MATERIALS = 58.213 CM
TOTAL INITIAL WATER = 58.213 CM
TOTAL SUBSURFACE INFLOW = 0.00 MM/ YR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

Columbia sc
STATION LATITUDE = 34 .04 DEGREES
MAXIMUM LEAF AREA INDEX = 4.50
START OF GROWING SEASON (JULIAN DATE) = 69
END OF GROWING SEASON (JULIAN DATE) = 323

EVAPORATIVE ZONE DEPTH 22.0 INCHES

]

AVERAGE ANNUAL WIND SPEED = 6.50 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 77.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR Columbia sC

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
4.38 3.99 5.16 3.59 3.85 4.45
5.35 5.56 4.23 2.5E 2.51 3.50

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR Columbia sC

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
44.70 47.10 54.50 63.80 71.50 77.70
81.00 80.20 74.80 63.40 53.90 46.70

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR Columbia sC
AND STATION LATITUDE = 33.94 DEGREES

Golder Associates
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AVERAGE MONTHIL.Y VALUES IN INCHES FOR YEARS 1 THROUGH 20

PRECIPITATION
TOTALS 4.35 3.64 5.06 3.92 3.71 5.18
5.91 5.66 5.30 3.22 2.27 3.49
STD. DEVIATIONS 2.43 1.56 2.85 2.59 2.21 2.14
2.89 3.05 3.06 2.64 1.32 1.73
RUNOFF
TOTALS 0.526 0.282 0.741 0.162 0.076 0.001
0.068 0.164 0.467 0.078 0.002 0.074
STD. DEVIATIONS 0.811 0.506 1.633 0.358 0.327 0.003
- 0.150 0.523 1.364 0.240 0.005 0.262
EVAPOTRANSPIRATION
TOTALS 1.496 1.863 3.034 4.335 5.074 5.010
4.840 4.679 3.328 1.656 0.895 0.961
STD. DEVIATIONS 0.235 0.329 0.612 0.769 1.619 1.518
1.568 1.298 1.245 0.524 0.123 0.209

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 1.0296 0.9848 1.1210 1.0747 1.0308 0.9455
0.9449 0.9282 0.8774 0.9167 0.8786 0.9358
STD. DEVIATIONS 0.2265 0.1778 0.1191 0.0746 0.0619 0.0474

0.0475 0.1066 0.1453 0.1887 0.1943 0.2135

TOTALS 0.0222 0.0222 0.0258% 0.0246 0.0202 0.0160
0.0145 0.0143 0.0139 0.0160 0.0155 0.0175

STD. DEVIATIONS 0.0099 0.0088 0.0072 0.0049 0.0041 0.0032
0.0030 0.0059 0.0072 0.0084 0.0078 0.0093

AVERAGES 26.5567 28.9949 30.9940 30.4463 24.2216 19.9452
17.4875 17.1454 17.1726 19.1764 19.2266 20.9333

STD. DEVIATIONS 11.7613 11.3580 8.5400 5.8175 4.8745 3.9386
3.6179 7.0288 8.8063 9.9645 9.6028 11.0958
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION : 51.71 ( 10.169) 187712.3 100.00
RUNOFF 2.641 ( 3.1890) 9586.03 5.107
EVAPOTRANSPIRATION 37.172 ( 5.4212) 134930.45 71.882
LATERAL DRAINAGE COLLECTED 11.66804 ( 1.06887) 42354 .061 22.56329
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.22280 ( 0.05197) 808.758 0.43085
LAYER 5
AVERAGE HEAD ON TOP 22.692 ( 5.261)
OF LAYER 4
CHANGE IN WATER STORAGE 0.009 ( 4.7567) 32.99 0.018

LR R R R O L g
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20 and their dates (DDDYYYY)

(INCHES) (CU. FT.)

PRECIPITATION —_;jai wwwwww ;;éi;jééé;; 2740013
RUNOFF 3.641 13216.66352 2450003
DRAINAGE COLLECTED FROM LAYER 3 0.04177 151.62785 2290003
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.001140 4.13976 2290003
AVERAGE HEAD ON TOP OF LAYER 4 42.000
MAXIMUM HEAD ON TOP OF LAYER 4 55.108
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 207.4 FEET
SNOW WATER 1.75 6353 5049 140019
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4468
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0625

***  Maximum heads are computed using McEnroe's equations. **¥*
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 20

LAYER (INCHES) (VOL/VOL)
B " 2.1659 o.3610
2 10.5185 0.4383
3 5.0040 0.4170
4 0.0000 0.0000
5 5.4120 0.4510

SNOW WATER 0.000

******************************************************************************
******************************************************************************
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THE TYPE OF HAZARDOUS WASTE DISPOSED WITHIN EACH CELL INCLUDES
CHARACTERISTIC AND LISTED HAZARDOUS WASTES AS IDENTIFIED BY THE
ADMINISTRATOR OF THE UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY AND INCLUDED IN 40 CFR 261, AND CHARACTERISTIC AND LISTED
HAZARDOUS WASTES IDENTIFIED BY THE SOUTH CARCLINA DEPARTMENT
OF HEALTH AND ENVIRONMENTAL CONTROL AND INCLUDED IN R.
61-79.261.

N/F 6.5.X. SERVICES OF SOUTH CAROLINA, INC.

LEGEND:
IPE = IRON PIN FOUND
Ips - Inoubin SEn oS REm)
THE VOLUME OF WASTE PLACED INTO EACH LANDFILL CELL IS AS o« CALCUCATED POINT
IDENTIFIED BELOW:

= FENCE
N<F = NOW OR FORMERLY
REFERENCE PLATS:
PLAT PREPARED FOR GSX SERVICES OF S.C., INC., BY
ROBERT G. MATHIS DATED JULY 24, 1587 RECOADED IN
Landfifl Celi Waste Volume (yd') Waste Volume (Ac-fr) PLAT BOOK 89 PAGE 398,
ALSO, PLAT PREPARED FOR DARGAN P. ELLIOTT BY W. B,
A 200,144 124.1 SYKES DATED AUGUST 7. 1963, RECORDED IN PLAT BOOK
s . Z 27 PAGE BO, ALSO, PLAT PREPARED FOR GSX SERVICES J
5.8 OF S.C., INC., BY ENVIRONMENTAL TECHNOLOGY
IB 138,458 . ENGINEERING, INC., DATED MAY {2, 1992, RECORDED IN
PLAT HOOK 82 PAGE BI2.
Ic 172,177 106.7
NOTES:
L) l64‘620 102.0 f. NO IMPROVEMENTS SHOWN,
IE 313,614 194.4
N 47480 . 1
5a.00"
v CELL 1A

2. 600 NALS WERE SET IN LIEV OF 24" LONG
MONUMENTS TO PREVENT POSSIBLE DAMAGE TO THE LINER
SYSTEM,

. ALL DIVISION LINES WERE ESTABLISHED FROM AS—-BUILT
PLANS PREPARED BY ROBERT G, MATHIS, RLS H&37(.

4, SECTION | CONTAINS 29.85 ACRES.

G.SLH

N/F G.S.X. SERVICES OF SOUTH CAROLINA, INC.

‘1 AL

5 0
seis
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SOUTHEASTEAR EDGE OF SEPERATION
BERM N BASE, OF LANDFRL
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3
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N/F 6.S.X. SERVICES OF SOUTH CAROLINA, INC.

CELL E

¥ 500 HAL sev

H 38%2185"w
azgo’

5 BE'4Y00W ZU2A0

& s s, sev
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ST NN W sotersore
AY 1T00"
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THIS PROPERTY HAS BEEN USED FOR THE DISPOSAL OF
HAZARDOUS WASTE AS REGULATED BY THE UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY AND THE SOUTH CAROLINA
DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL. THE
OWNER 5 REQUIRED BY FEDERAL AND STATE LAW TO RESTRICT

DISTURBANCE OF THIS PROPERTY AS REQUIRED BY 40 CFR 264
SUBPART G AND SCDHEC R. 61-79.264 SUBPART G.

Virogroup of S.C., Inc. — ETE Division

STATE OF SUUTH CAROLINA
COUNTY OF SUMTER

Lonsulting Engineers, Surveyors, and Hyv.jlmgaolag!s‘ts

1445 Plegah Church Road, Lexingion, S.C.. 29072

¢803) 5576270

PLAT PREPARED FOR
LAIDLAW ENVIRONMENTAL SERVICES OF
SUREY Syt SR s AT, ACCORIE O, T T, o BT, P
STADADS WaLRL FIR THE PRACTILE OF LAD SUREVING 1N SOUTH A HEETS
: OF DUEEDS THE REQUIREHENTS FOR A CLASS T SURUEY AS SPELIFIED THIREIN
N/F G6.5.X. SERVICES OF SOUTH CAROLINA, INC.

TAX MAP NI 11000-01-015

SOUTH CAROLINA, INC.

VIROGROUP OF S.C., INC.

ETE DIVISION

LANDFILL. SECTION |
1445 Pisgah Church Road
Lexington, S.C. 29072

TEL. H03-957-6370

DENNIS G. JOHNS, P.L.S. REG. NO. 8102
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