SKYLINE LANDFILL
CITY OF FERRIS
DALLAS AND ELLIS COUNTIES, TEXAS
TCEQ PERMIT APPLICATION NO. MSW 42D

PERMIT AMENDMENT APPLICATION

VOLUME 4 OF 5

Prepared for

Waste Management of Texas, Inc.

April 2012

“‘_\\\\\\
- g OF T, %
2

-
-~

”~
L

’

£ J JOHNMICHAEL SNYDER | 7

A GEOLOGY 4
-

Prepared by

BiGGs & MATHEWS ENVIRONMENTAL
1700 Robert Road, Suite 100 « Mansfield, Texas 76063 + 817-563-1144

TEXAS BOARD OF PROFESSIONAL ENGINEERS TEXAS BOARD OF PROFESSIONAL GEQSCIENTISTS
FirM REGISTRATION NoO. F-256 FIrM REGISTRATION No, 50222



SKYLINE LANDFILL
CITY OF FERRIS
DALLAS AND ELLIS COUNTIES, TEXAS
TCEQ PERMIT APPLICATION NO. MSW 42D

S e 3 Y Y
="z OF t
L

PERMIT AMENDMENT APPLICATION 5 ) "‘
JCHN MIGHAEL SNYDER iﬁ’
4
&

VOLUME 4 OF 5 3\ CEQL08Y )2

585
LAeA >4

CONTENTS 4220tz

PART Il FACILITY INVESTIGATION AND DESIGN

Attachment E - Geology Report
Attachment F —  Groundwater Monitoring Plan

Biggs & Mathews Environmental Skyline Landfill
MAPROMN 0101V 200PACOVERS INSIDE.DOC Rev. ¢, 41212



SKYLINE LANDFILL
CITY OF FERRIS
DALLAS AND ELLIS COUNTIES, TEXAS
TCEQ PERMIT APPLICATION NO. MSW 42D

PERMIT AMENDMENT APPLICATION

PART Hll - SITE DEVELOPMENT PLAN
ATTACHMENT E
GEOLOGY REPORT

Prepared for

Waste Management of Texas, Inc.

April 2012

JOEN MICHAEL SNYDER
- GEOLOGY -4
% 595

LanL/cEnsES

Vi ONA L GO ™
\\\%\f\&“h

4-12-2012-

s

Prepared by

BIGGS & MATHEWS ENVIRONMENTAL
1700 Robert Road, Suite 100 + Mansfield, Texas 76063 ¢ 817-563-1144

TEXAS BOARD OF PROFESSIONAL ENGINEERS TEXAS BOARD OF PROFESSIONAL (GEOSCIENTISTS
FIrM REGISTRATION NO. F-256 FIRM REGISTRATION NoO. 50222



CONTENTS

LIST OF TABLES ... ccvirrrrctmsscnimrenissnsrn s s sssseissesssssmsssrsssasssssnesssensanssessesssnnnssns E-v
1 REGIONAL GEOLOGIC/HYDROGEOLOGIC INFORMATION......ccccoecrniineane E-1
1.1 Regional Physiography and Topography .....cccoceeeveveveeeev e E-1
1.2 Regional Stratigraphy and LEhoIOGY .......cccevivieiiciece e E-1
2 GEOLOGIC PROCESSES .......cccc it crsrssssnres s seeresssssssssssssnsecssesssense E-4
2.1 FaUIE ATEES ..eiio et e e et e s e s e e e e eeana s E-4
2.2 Seismic IMmpact ZONeS........ooooiiiiee e E-5
2.3 UNstable ArBas ..o e E-5
3 REGIONAL AQUIFERS .....covieerrcecriircrie e s rsssnsssresssssssssesasarsasssssssssnenssenssesss E-7
3.1 Paluxy FOrmation ............coovieiieie e E-7
3.2  Woodbine FOrmation ...............cooviiiiiie e E-7
3.3 TaYIOr GrOUD c.ocii e E-8
3.4 Area Water Wells.......ooooei e E-9
4 SUBSURFACE INVESTIGATION REPORT ......coicverieccmrerss e essmnnesssesesarensnns E-10
4.1 Biggs and Mathews Environmental — 2011 ..o, E-11
4.2  Previous Drilling ActiVII@s ..............ooviiiiciiiiice e, E-11
4.2.1 McBride-Ratcliff — 1987-1990 .........cccoovveeiiiieee e E-11
4.2.2 HDRENgineering — 1991 ..o E-11
4.2.3 HDREngineering — 1993.........cciviiiiiiiiir e, E-11
4.2.4 Southwestern Laboratories — 1983 ..........ccoooeiiieviveee i, E-12
4.2.5 Southwestern Laboratories ~ 1978........cceeecvveiiviveerereeceeenen, E-12
4.2.6 Monitoring Well Installation.............cccoervrn i, E-12
4.3 SOOIl BOTING PN < oeoeeiiee et E-12
4.4 Site Stratigraphy ....ccoooi s e ————— E-17
4.4.1 Stratum | -~ Weathered TaylorMarl ...........occooiiiiiiiiiiieii. E-17
4.4.2 Stratum Il = Unweathered Taylor Marl...........cccoovovevveeinivennen, E-18
5 GEOTECHNICAL DATA ...t icrccetrerier e s ssesse e s s sss e e s erssrsnennevassasses E-19
5.1 Laboratory REPOrtS ..o E-19
5.2 Material Characteristics. ... e E-20
5.3 Material Requirements .............ccoooiiiii e e E-21
5.4 Groundwater OCCUIMENCE.........c...ooiieeiccee e e E-22
5.4.1 Groundwater Observation Points -~
Piezometers/Monitoring Wells ...............co oo, E-22
5.4.2 Water Level Measurements During Drilling .....cococooovveein, E-24
5.4.3 Piezometer Installations .........cccoeeieiiii i E-24
5.4.4 Groundwater Monitoring Well Installations ..........ccccooeeenii E-25
5.45 Water Level Measurements............c.ccccceeeviiier e ivvinieec e, E-25
55  Groundwater Monitoring Analytical Data....................cccoe e, E-30
Biggs & Mathews Environmental E-ii Skyline Landfill
MAPROMOTWOTMZ0WPPART 3 ATT E.DOC Rev. 0, 4/12112

Part I}, Attachment E



< ¢
7/ LSRN MCHAELSIDER 4
“ X ceowoar /.2
N, 55 J&F
¢ {%\@ LicpnsED O\(J;w
CONTENTS (CONTINUED) a4 -12-2012.
56 Site Hydrogeology........oooo i E£-30
5.6.1 Hydrogeologic Units ............cocviieiiiiiee e, E-30
5.6.2 Hydraulic Conductivity - Field Permeability Tests .................. E-32
5.6.3 Groundwater Flow Directionand Rate....................ccco..cco. E-32
6 ARID EXEMPTION.....ciiiiiiiecrirecimserscriscessrcrsiressessissssssessassassasssessmnmensuasssanss E-37
7 REFERENCGES ...ttt rcreee s vesvssenscvs s srnnssaseesssmessnessens smesarsue E-38
APPENDIX E1 - REGIONAL GEOLOGIC/HYDROGEOLOGIC DATA
Geologic VICINILY MaP. ..o e E1-1
Geologic Vicinity Legend..........o e E1-2
Generalized Regional Geologic Cross Section........oooovveeeiooiiieeeeee e Et-3
Regional Potentiometric Surface of the Woodbine Aquifer ..o, E1-4
Regional Potentiometric Surface of the Paluxy Aquifer.................................... E1-5
Water Well Location Map. ..o e E1-6
APPENDIX E2 - SITE EXPLORATION DATA
Boring Plan Approval Letter ... e E2-1
Boring and Well Location Map ... E2-2
Logs of Borings, Piezometers, and Monitoring Wells ....................... E2-3 through E2-284
APPENDIX E3 - SITE GEOLOGIC DATA
Geologic Cross Section Location Map ... E3-1
Geologic Cross Section A-A ... e E3-2
Geologic Cross Section B-B' ... e, E3-3
Geologic Cross Section C-C'.. ... e £3-4
Geologic Cross Section D-D e E3-5
Structural Contour Map of the Unweathered Taylor ... E3-6
APPENDIX E4 - FAULT AND SEISMIC DATA
Seismic IMpact Zone Map.........coo..coi e, E4-1
Locations of Oil/Gas Producing Wells ... e E4-2
APPENDIX E5 - LABORATORY TESTS
Geotechnical Laboratory Test Summary. ... E5-1 through E5-6
Geotechnical Laboratory Testing Data
Vertical Permeability Test Results ... E5-7
Horizontal Permeability Test Results ... E5-10
Triaxial Shear Test ResUlts ..., E5-11
Bigys & Mathews Environmental E-ii Skyline Landfill
MAPROJVO1\01200P\PART 3 ATT E.DOC Rev. 0, 4/12/12

Part lil, Attachment E



‘&i!ONALQGEOEC:

CONTENTS (CONTINUED) SaasA- 2 - 2002
APPENDIX E6 - SITE HYDROGEOLOGIC DATA

Potentiometric Surface Maps ... E6-1 through E6-5
Groundwater Velocity Caloulations.............coooiie oo eeeeeeeeeeeeeer e E6-6
Pre-Excavation Potentiometric Surface Map — June 19971.......c.vvoeeeveee e v E6-7
Topographic influences to Groundwater FIOW............cccocviveieeeeoeeeees oo E6-8
Conceptual Hydrogeologic Cross Section ...........ooveoee it oo E6-9
Conceptual Hydrogeologic Flow Model .........c.ooooooiorieeee oo E6-10
APPENDIX E7 - HISTORICAL GROUNDWATER DATA.....c..ccovniveas E7-1 through E7-26
Biggs & Mathews Environmental E-iv Skyline Landfil
MAPROMOT0TV20\PIPART 3 ATT E.DOC Rev. 0, 4/12/12

Part 1li, Attachment E



Table Page
E-1 Regional Stratigraphic Column...........cccocvvveveenn. e er ety E-3
E-2 Hydraulic Properties of Regional AQUITEr..............cceeeeeeeeeeeeeeeeeoeeeeeeev s E-8
E-3 Water Wells Within One Mile .............ooooieiiiieiii e E-9
E-4 HISTOTICal BOMNGS «.oooveeee e en e e e e E-13
E-5 Generalized Site Stratigraphy..........ocveviieiciie e, E-17
E-6 Laboratory Test SUMMEANY ...t eeeee e e E-19
E-7 Average Properties of On-Site Materials ............c.oo..o.oovoiiieeee E-20
E-8 Typical Soil Requirements for Landfill Construction .........ooovveeeevveveeneee, E-21
E-9 Piezometer and Groundwater Monitoring Well Details .................cocooeevene. E-22
E-10  Historic Water Levels — Monitoring Wells ...........ccoovcevvveececceneeer e, E-26
E-11 Historic Water Levels — Piezometers. .......cocov i E-28
E-12  Groundwater Observations During Driling ......coov v E-30
E-13  Hydraulic Conductivity ValUBS ...........c..cooiiiiiic e E-35
Biggs & Mathews Environmental Ewv Skyline Landfili
MAPROMAOTOTM20\P\PART 3 ATT E.DOC Rev. 0, 4/12/12

Part lil, Attachment E



1 REGIONAL GEOLOGIC/HYDROGEOLOGIC INFORMATION
30 TAC §§330.57((2), 330.63(e)(1)

This geology and geotechnical report has been prepared by Michael Snyder, P.G., a
qualified groundwater scientist, for the Skyline Landfill consistent with 30 Texas
Administrative Code (TAC) §§330.57(f)(2) and 330.63(e).

1.1 Regional Physiography and Topography

The project site is in the regional physiographic subdivision known as the Blackiand
Prairie. This north-south trending belt is underlain by the Eagle Ford, Austin, Taylor,
and Navarro formations of the Cretaceous System. Topography of the Blackland Prairie
is typically flat to rolling and has a gentie slope to the east. The Blackland Prairie is
poorly drained with sparse timber (Nordstrom, 1982).

The nearest surface water body in the area, Ten Mile Creek, is located several hundred
feet north of the site. Several small ponds exist on the site property as well as east of

the property.

1.2 Regional Stratigraphy and Lithology

Formations of the Cretaceous System were deposited by northward advancing seas
over extensively eroded Paleozoic strata. The Comanche and Gulf Series of the
Cretaceous System represent two major transgressions of Cretaceous seas. The
project site is underlain by strata deposited during the late Cretaceous Gulf Series.
Toward the end of the Cretaceous period, marine deposition ceased after a general
uplift to the west resulted in regression of the seas gulfward. Subsequent erosion of the
Cretaceous deposits continued through the Cenozoic era to the present.

Regional stratigraphy includes geologic units of the Cretaceous System from the lower
Comanche Series Trinity Group to the upper Guif Series Navarro Group. Stratigraphic
positions of these groups, along with lithologic characteristics and approximate depths
to the formations, are presented in Table E-1. The site is on the outcrop of the
Taylor Formation (lower Taylor Mart) as shown on Figure E1-1.

The Eagle Ford Group outcrops in the extreme western portion of the two counties and
consists primarily of bluish-black and gray shales of marine origin with a maximum
thickness of 300 feet. East and above the Eagle Ford is the Austin Chaik Group, which
is made up of chalks and marls up to 500 feet thick. Above the Austin Chalk lies the
Taylor Group. This group has an overall thickness estimated to be approximately
500 feet. Locally, the thickness is estimated at approximately 250 feet. The Woodbine
Group, stratigraphically situated beneath the Eagle Ford and composed of clay and
permeable sandstone up to 250 feet thick, is the first major water bearing zone beneath
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the counties. The regional dip of the Cretaceous in Dallas and Ellis Counties is
approximateily 50 feet to the mile and trends to the southeast. The site varies in
elevation from about 505 feet above mean sea level (msl) in the center of the property to
about 450 feet above msi along the west and east property boundaries. There is no
unfavorable topography that would limit the facility present on the site.

Regional cross sections indicate that the Cretaceous System forms a southeastward-
thickening wedge extending into the East Texas Basin structural feature. Outcrops of
Cretaceous geologic formations generally trend north-northeastward with the regional
dip to the east-southeast ranging from about 15 to 40 feet per mile (Nordstrom, 1982).
A generalized regional geologic cross section is on Figure E1-3.

Biggs & Mathews Environmental E-2 Skyfine Landfil
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Table E-1
Skyline Landfill
Regional Stratigraphic Column

Maximum
System Series Group Formation Thickness
(ft)
Kemp Clay 400
Corsicana Marl 20
Navarro -
Nacatoch Sand 450
landville Marl 125
Upper Gulf ] Neylandville Mar|
Cretaceous | Taylor 600 «—SITE
Austin 400
Eagle Ford 400
Woodbine 400
Fredericksburg & Washita 1000
Groups undifferentiated 250
Paluxy 100
Lower
Cretaceous Comanche Glen Rose 600
Trinity -
Twin Mountains 500
Antler 100
Source: Barnes, 1972
Biggs & Mathews Environmental E-3 Skyline Landfill
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2 GEOLOGIC PROCESSES

30 TAC §§330.63(e)(2), 330.67()(2)

A discussion of the geologic processes in the vicinity of the landfill follows.

2.1 Fault Areas

The property on which Skyline Landfill is located was examined for the presence of
faulting according to §330.555 criteria. A fault study was conducted by reviewing aerial
photographs for the site, reviewing available geologic literature and maps of the area,
conducting site reconnaissance, and examining the subsurface boring data from the
site.

Aerial photographs of the site were reviewed for indications of faults in the area of the
site. The Geologic Atlas of Texas, Dallas Sheet shown in Figure E1-1 shows no
evidence of surface faulting in the area.

The study included a review of literature on faulting in the area, interpretation of aerial
photographs, interpretation of a topographic map, a review of subsurface geologic
structure maps, and personal observations.

A site walkover was conducted by an experienced geologist familiar with both faulting
and solid waste disposal facilities. No unusual scarps or topographic breaks were
interpreted within 200 feet of the site. No evidence of faulting was found associated with
formation outcrops; no evidence of faulting was found by examination of area roadways;
no structural influence of stream courses was found; and no unusual refief or
topographic features, such as sag ponds or truncated alluvial spurs, were observed on
the site. No evidence of structural damage to buildings on the property was identified.

Cores refrieved from exploration borings revealed no evidence of faulting. Fractures
seen in the cores showed no evidence of displacement.

No oit and gas wells were identified within one mile of Skyline Landfill. Accordingly,
there is no apparent differential subsidence or faulting potential of shallow sediments
associated with oil and gas withdrawali.

fn summary, no fault scarps were observed at the surface within 200 feet of the site and
there was no evidence of vertical subsidence on any outcrops of geologic materials. No
vertical displacement or stratigraphic offset indicative of faults was observed in outcrops
or in any of the cores from the site borings. There is no active faulting within 200 feet of
the site; therefore, the site complies with §330.555.

Biggs & Mathews Environmental E-4 Skyline Landfill
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2.2 Seismic Impact Zones

The location criterion in TAC §330.557 requires that new MSWLF units and lateral
expansions shall not be located in seismic impact zones, unless the owner or operator
demonstrates to the executive director that all containment structures (including liners,
leachate collection systems, and surface water control systems) are designed to resist
the maximum horizontal acceleration in lithified earth material for the site. A seismic
impact zone is defined as an area with a probability of 10 percent or greater than the
maximum horizontal acceleration in rock, expressed as a percemtage of the earh's
gravitational pull, will exceed 0.10g in 250 years. If the maximum horizontal acceleration
is less than 0.10g, then the design of the unit will not be required to incorporate an
evaluation of seismic effects.

Areas within the United States where seismic effects need to be evaluated, as determined
by the USGS interactive website (hitp:/fearthquake.usgs.goviresearch/hazmaps), are
shown on Figure E4-1. As indicated on this figure, the Skyline Landfill is not located within
a seismic impact zone.

2.3 Unstable Areas

Consistent with §§ 330.63(e}(2), 330.61(j)(4), and 330559, unstable areas
documentation was prepared as part of this application to demonstrate that the
Skyline Landfill meets the location restriction for unstable areas.

TCEQ regulations require that owners or operators of new MSWLF units, existing
MSWLF units, and lateral expansions located in an unstable area shall demonstrate
that engineering measures have been incorporated into the MSWLF unit's design to
ensure that the integrity of the structural components of the MSWLF unit will not be
disrupted.

An unstable area is defined by the TCEQ as a location that is susceptible to natural or
human-induced events or forces capable of impairing the integrity of some or all of the
landfill's structural components responsible for preventing releases from a landfill. An
unstable area can exhibit poor foundation conditions, areas susceptible to mass
movement, and karst terrains.

The determination of potential unstable areas at the landfill site is based on site
observations and a review of existing documentation for the site. Based on this review,
the foundation conditions and the geological formations are stable. In addition, there is
no evidence to suspect mass movement of natural formations of earthen material on or
in the vicinity of this site. No foundation problems exist at the site. The proposed landfill
components were evaluated with respect to settlement, heave and slope stability. The
detailed analysis is included in Part lll, Attachment D5 — Geotechnical Design. Based on
the results of these analyses, the existing and proposed human-made features have
been predicted to have adequate factors of safety with respect to stability.

Bigys & Mathews Environmental E-5 Skyline Landfil
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Based on site observations, a review of existing geological data, and geotechnical
analysis of the structural components of the landfill development, the site is not located
in an unstable area and the integrity of the landfill is not expected to become impaired
by actual or human-induced events.

Biggs & Mathews Environmental E-6 Skyline Landfiil
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3 REGIONAL AQUIFERS

30 TAC §330.63(e)(3)

Regional Cretaceous aquifers that supply groundwater to wells in Dallas and Ellis
counties are the Paluxy and Woodbine formations. Groundwater is obtained for public
supply primarily from municipal wells tapping the Woodbine formations. The largest
users of groundwater in Ellis County include the cities of Waxahachie, Ennis, Ferris, and
Midlothian.

The Woodbine Aquifer is the uppermost aquifer beneath this site. It is separated from
the surface by approximately 1100 feet of Taylor, Austin, and Eagle Ford formations.
This stratigraphic section forms a regional confining system. The low permeability rocks
of these formations retard the vertical and lateral flow of groundwater and separate the
underlying aquifers from the surficial groundwater-bearing unit (weathered Ozan)
(Dutton et al., 1994). The Dutton et al. (1994) report is a comprehensive
geologic/hydrogeologic study conducted in Ellis County in conjunction with the
Superconducting Super Collider. That project included boring large-scale tunnels within
the Ozan Formation. Groundwater in the Woodbine is separated from the deeper
Paluxy Aquifer by several hundred feet of Cretaceous limestone and shales. The
Woodbine is not hydraulically connected to other aquifers.

3.1 Paluxy Formation

Outcrops of the Paluxy Formation are located in northwestern Tarrant County and in
western Johnson County, almost 60 miles west of the site. Depth to the top of the
Paluxy ranges from about 830 feet in northwestern Ellis County to more than 2,950 feet
to the east. Depth to the Paluxy in the landfil area is approximately 610 feet
{Thompson, 1967). Although the thickness of the Paluxy is irregular, the formation
generally thickens northward with thicknesses in Ellis County ranging from 77 to
160 feet. Regional dip of the formation is eastward at approximately 42 feet per miie in
west Ellis County and 85 feet per mile in east-central Ellis County (Thompson, 1967).

A few wells in the county tap the Paluxy Formation and vyield small to moderate
quantities of slightly saline water. The chemical quality of the water deteriorates
downdip, resulting in moderately saline groundwater in the eastern part of the county
{Thompson, 1967).

3.2 Woodbine Formation

The Woodbine Formation crops out in eastern Tarrant and Johnson counties and in
northwestern Ellis County. The site location spans the north central boundary line of
Ellis County where it adjoins Dailas County, approximately 30 miles east of the
Woodbine outcrop. The top of the formation in the southeastern part of Ellis County is

Biggs & Mathews Environmenta E-7 Skyline Landfil
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at a depth of approximately 1,980 feet. Depth to the Woodbine in the vicinity of the
landfill is approximately 1100 feet (Thompson, 1967). Thicknesses of the Woodbine
vary greatly in Ellis County with ranges from 190 to 405 feet. The formation dips
east-southeast at an average of about 60 feet per mile (Thompson, 1967). The
Woodbine Aquifer is confined by the overlying Eagle Ford, Austin, and Taylor formations
in the Ellis County area (Dutton et al., 1994).

The lower part of the Woodbine in the western three-quarters of Elfis County is an
important source of groundwater for domestic, livestock, and public-supply use
(Thompson, 1967).

3.3 Taylor Group

The Taylor Marl (Ozan Formation) crops out in a north-northwestward trending belt
across Ellis County; its maximum thickness is about 625 feet. Skyline Landfill is located
on the outcrop of the Ozan. This formation is not considered a regional aquifer but in
effect is an aquitard to overlying water-bearing sediments. In areas east of the site
where the Taylor Marl (Ozan) is overlain by water-bearing formations, it effectively
serves as the lower confining unit. Only a few shallow domestic and livestock wells tap
the weathered Taylor Marl in Ellis County and yield small quantities of fresh to slightly
saline hard water (Thompson, 1967).

Table E-2
Skyline Landfill
Hydraulic Properties of Regional Aquifer
Compiled from Texas Water Department Board (TWDB), 1999

Parameters Woodbine Paluxy
Compositic“}'n Sand, sandstone Sand and shale
Hydrautic Conductivity 44 gal/d/ft? 78 galfd/it
Water Table/Confined Confined Confined
Groundwater Flow Rate ' 15 ftiyr 2 filyr
Water Quality: ' '

Total Dissolved Solids 877.39 5 606.7

Total Dissolved Chlorides 85.88 36.08
Rechargé Zones : West West
Regional Water Table See Figure E1-4 See Figure'E1-5
Present Use of Water Municipal, industrial, and Municipal, Industrial, and

[rrigation Irrigation

Identification of Water Wells Within " See Table E-3 and See Table E-3 and
One Mile Figure E1-6 Figure E1-6

*Potentiometric surface map(s} using site data are included in Appendix E6, Figures E6-1 through E6-5.
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3.4 Area Water Wells

A water well search was compiled for a one-mile radius around the site. The search
identified 11 wells within one mile of the site. The search included a review of records
and maps on file at the TWDB and the TCEQ. One well identified in the TWDR
database as 33-27-501 was plugged in 1992 by Waste Management; it is within the
permit boundary but outside the limits of the waste disposal area and outside the
groundwater monitoring system. Another well identified in the TWDB database as
33-27-601 was abandoned and plugged in 1965. Both wells are listed in the TWDB
database. The water wells are shown on the USGS topographic map in Figure E1-6.
As shown on Table E-3, the water wells in the area are completed in the Woodbine
Aquifer at depths ranging from 1,360 to 1,500 feet below ground surface (bgs).

In addition, a windshield search for water wells was conducted in October 2011. No
potential or apparent water wells were identified.

Based on the information in Table E-1, the public supply and industrial water wells within
one mile of the site are completed in the lower portions of the Woodbine Group.

A total of 11 water well locations were identified within a one-mile radius of the site. No
additional or potential water well locations were identified. The information about each
of the wells is summarized in Table E-3.

Table E-3
Skyline Landfill
Water Wells Within One Mile

Well |  Well Depth | Completion | Completion |

Locator 1D No. (ft) Date Formation Well Use Longitude Latitude
501 | 33-27-501 | 1,500 1933 Woodbine Plugged | -96.66888 | 32.553055
5B | 3327-5B | 1,305 | a/20/84 Woodbine D -96.682892 | 32.569776
5C i 33-27-5C 1,430 3/4/84 ~ Woodbine D -96.676943 32.570538
601 | 33-27-601 | 1,408 1914 Woodbine Plugged -96,665 | 32.546388
602 | 33-27-602 | 1,362 6/1/63 Woodbine p -96.664722 | 32.546044
603 | 33-27-603 | 1,360 1964 Woochine D -06.653611 | 32563888
6(1) 33276 | 120 9/28/90 Und D -96.658163 | 32.567895
6(2) 33-27-6 | 118 10/5/20 Und D -96.662449 | 32.567807
6(3) 3327-6 | Unk 1090 Unk Uk -96.650622 | 32.568472
6(4) | 33276 | 1362 2/88 Woodbine D -96.663692 | 32.562639
901 | 33-27-901 | 1,493 1954 Woodbine P -96.666388 | 32.533054

*No potential wells were identified during a windshield search conducted in October 20711,
Notes: Und ~ Formation not identified on Well Report.

Unk — Unknown

P — Pubilic

D - Domestic
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4 SUBSURFACE INVESTIGATION REPORT
30 TAC §330.63(e)(4)(A)-(H)

The current and previous site characterization investigations of the geology,
geotechnical properties, and hydrogeology of the site have resulted in more than 126
borings, piezometers, and wells. Based on the site characterization, a sufficient
number of borings were drilled to establish subsurface site stratigraphy and to
determine the geotechnical properties of the soils beneath the site. Geologic strata
have been characterized to depths of more than 50 feet below the elevation of the
deepest excavation. Based on correlation of strata included in the borings, the
uppermost aquifer and lower confining unit (aguiclude) were identified. The
uppermost aquifer is the Woodbine, the depth of which is well known in published
literature (Thompson, 1967).

As discussed in Section 3, the Woodbine aquifer is the uppermost regional aquifer
beneath the site. However, groundwater meeting the TCEQ'’s definition of aquifer for
groundwater monitoring purposes exists within the weathered Taylor Marl in the
shallow subsurface beneath the site. The unweathered Taylor Marl consists of
hundreds of feet of very low permeability clayey material and serves as the lower
confining unit (aquiclude), beneath the weathered Taylor Marl groundwater. The
weathered Taylor Marl is not recognized by the State of Texas as a regional aquifer,
but has been recognized by TCEQ as a regulatory aquifer for groundwater monitoring
purposes. The borings have been drilled sufficiently deep enough to allow the
identification of this “uppermost aquifer” and the aguiclude boundary.

The thickness of the Taylor Marl which overlies the Woodbine and the depth to the
Woodbine are well known from published geological literature (Langley, 1999 and
Nordstrom, 1982). The Woodbine is separated from the surface by approximately
1100 feet of Taylor, Austin, and Eagle Ford formations. This stratigraphic section
forms a regional confining system. The low permeability rock of these formations
retard the vertical and lateral flow of groundwater and separate the underlying aquifer
from the surficial groundwater bearing unit (weathered Ozan; Dutton et al., 1994). It is
highly unlikely that a contaminant could migrate through several hundred feet of low
permeability Taylor, Austin, and Eagle Ford to the confined groundwater in the
Woodbine. If it were to migrate, travel times to the Woodbine would be thousands of
years.

Borings were drilled in accordance with TCEQ-approved boring plans and established
field exploration methods. Installation, abandonment, and plugging of borings were
performed in accordance with the TCEQ rules in effect at the time.
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4.1 Biggs and Mathews Environmental — 2011

Field exploration activities were conducted in July and August of 2011. As part of this
investigation, 22 previous borings were deepened. New borings were drilled adjacent
to previous borings as closely as possible. Borings were drilled and sampled to
confirm previous characterizations to original depths. Once the original depth was
reached, borings were drilled, logged, and sampled for geotechnical purposes. All
borings were drilled to a depth of at least 30 feet below the EDE of 377 fi-msl. All
borings were drilled in accordance with the approved soil boring plan. The soil boring
pian was approved by the TCEQ in a letter dated May 3, 2011 (see Figure E2-1). Al
drilling operations were supervised by a professional geoscientist or engineer who is
familiar with the geology of the area and is licensed to practice in the state of Texas.

4.2 Previous Drilling Activities

Three previous subsurface investigations conducted at the site are described below.
In addition, groundwater monitoring wells have been drilled and installed at the site
and are described below. Borings were drilled in accordance with established field
exploration methods. Installation, abandonment, and plugging of borings were
performed in accordance with the TCEQ rules in effect at the time. Figure E2-2
ilustrates the locations of all soil borings, piezometers, and monitoring wells previously
advanced on site. All available boring logs are included in Appendix E2.

4.2.1 McBride-Ratcliff — 19871990

McBride-Ratcliff conducted an investigation in May 1987 that consisted of 27 borings
(CB-1 through CB-27) drilled across the site. During this investigation, 23 piezometers
(P-1 through P-23) were drilled in adjacent borings at the site. -

4.2.2 HDR Engineering — 1991

HDR conducted an investigation from June 1991-1993 for a permit amendment that
consisted of 29 soil borings (CB-28 through CB-56) drilled across the site. During this
investigation, 13 piezometers (P-24 through P-36) were installed in adjacent borings at
the site.

4.2.3 HDR Engineering — 1993

The near surface hydrogeology of the site was presented in reports prepared by
HDR Engineering. Groundwater measurements were made in open boreholes after
drilling. The 55 borings ranged in depth from 11 to 128 feet bgs, and water levels were
measured in piezometers installed in the boreholes.

Large diameter test borings (LD-1 and LD-2) were drilled in the central portion of the
site to provide a visual demonstration of both the source and extremely limited
quantities of water in the subsurface clays. The borings were advanced into Stratum I
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to the approximate depth of the bottom of the proposed excavation. The location of
LD-1 and LD-2 are shown on Figure £2-2 in Appendix E2.

The borings were drilled using a bucket auger rig. A 42-inch steel casing was instalied
in each boring down to a depth of 39 ft bgs that extended through the Stratum | clays.
The purpose for the steel casing was to isolate Stratum Il clays from the above strata
in order to evaluate subsurface water conditions in the Stratum Il clays. Both borings
were then advanced into the Stratum Il clays down to the depth of the proposed
excavation grade elevation (432 to 437 ft msl) using a 36-inch diameter bucket. The
total depth of LD-1 and LD-2 is 65 ft bgs (elevation 433.55 ft msl) and 75 ft bgs
(elevation 428.85 ft msl), respectively. These depths represent penetrations to several
feet below proposed excavation grade.

4.2.4 Southwestern Laboratories — 1983

Southwestern Laboratories conducted an investigation in August of 1983 that
consisted of 11 borings (B-1 through B-11) drilled across the site.

4.2.5 Southwestern Laboratories — 1978

Southwestern Laboratories conducted an investigation in October of 1978 that
consisted of four borings drilled in the vicinity of the original permit boundary.

4.2.6 Monitoring Well Installation

A total of 26 groundwater monitoring wells have been installed and are part of a
Subtitie D groundwater monitoring system. Monitoring wells MW-1 and MW-4 through
MW-13 were installed in 1995, MW-14 through MW-19 were installed in 1994
MW-20R was installed in 2003; MW-2R and MW-3R were installed in 2007; and
MW-21 through MW-26 were installed in 2009.

4.3 Soil Boring Pian

A boring plan for this site was approved as complying with 30 TAC §330.63(e)(4) by a
letter dated May 3, 2011 from the TCEQ (Figure E2-1). A plan of the borings is shown
in Figure E2-2. The Skyline RDF expansion will include a lateral and vertical
expansion. The area of the landfill that will have a modified depth includes
129.1 acres with 106.8 acres below currently permitted depths. As defined in
§330.63(e)(4), the number of borings required for site characterization for a site the
size of 100 to 150 acres is 20-23 borings, of which 12-13 must be drilled greater than
30 feet below the EDE. The boring plan proposed to deepen 22 previous borings, all
of which will be drilled to depths greater than 30 feet below the EDE. Al borings were
driled in accordance with 30 TAC §330.63(e}(4)}B). Subsurface conditions were
evaluated by examination of logs from previous and recent site investigations. The
depths of borings range from 35 to 205 feet. Piezometer installations are addressed
in Section 5.4.3 of this attachment.
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Table E-4

Skyline Landfill
Historical Borings
Surface Elevation at Depth Above/ Drill
Boring No. Elevation Depth Total Depth Below EDE* Date Type
BME Borings (Deepened Previous Boring Location)

CB-9 500.30 165 335.30 41.70 8/22/2011 Boring
CB-15 458.50 125 333.50 -43.50 81142011 Boring
CB-16 442,50 110 332.50 -44.50 L 819/2011 Boring
CB-47 524.70 190 334.70 -42.30  Bi212011 Boring
CB-20 541,70 205 336.70 40.30 8/512011 Boring
€B-21 521.34 185 336.34 40,66 8/17/2011 Boring
Cb-23 44760 115 332.60 ©.44.40 712172011 Boring
CB-24 508.70 175 333.70 43.30 719/2011 Boring
CB-25 441.00 105 336.00 <41.00 7/14/2011 Boring
CB-26 422,69 %0 332.69 -44.31 7152011 Boring
CB-27 418.10 85 333.10 -43.90 7412011 Boring
CB-28 423,80 90 333.80 -43.20 7/18/2011 Boring
CB-29 405,50 70 335,50 -41.50 713/2011 Boring
cB-30 43090 95 335.90 -41.10 8/9/2011 ' Boring
CB-32 441.10 105 336.10 -40.90 7/12/2011 Boring
CB-33 432.92 100 33292 -44.08 711172011 Boring
CB-35 437.70 105 332.70 -44.30 8M0/2011 Boring
CB-37 442.80 110 332.80 -44.20 8/9/2011 Boring
CB-38 448.50 115 33350 -43.50 8/24/2011 Boring
CB-43 439.00 103.9 335.10 -41.90 8/18/201% Boring
CB-44 501.00 165 336.00 -41.00 8/15/2011 Boring
CB-56 472.92 140 332,92 -44.08 7/22/2011 Boring

HDR Engineering 1993 Large Diameter Borings
LD-1 498.55 65 433.55 56.56 Aug 1993 Boring
LD-2 503.85 65 438.85 61.85 Aug 1993 Boring
HDR Engineering 1881 Borings/Piezometers
CB-28 423.80 35 388.80 11.80 417/91 Boring
CB-29 (P-24) 405,50 35 370.50 -6.50 417191 Piezameter
CB-30 430.90 50 380.60 3.00 af2zi9t Boring
CB-31 (P-27) 415.10 35 38010 3.10 4/22/97 Piezometer
cB-32 438.30 45 393.30 16.30 4722091 Boring
CB-33 432.00 a5 ' 387.00 10.00 4/19/91 Boring
CB-34 473,30 80 393.30 16.30 424191 Boring
CB-35 434.90 35 399.90 22.90 4/22/91 Boring
CB-36 437.70 45 39270 15.70 42391 Boring
CB-37 442,60 50 392,80 15.80 4/26/91 Boring
CB-38 448.50 50 398.50 2150 4724191 Boring
CB-39 (P-25) (P-26) 493.80 100 393.80 16.80 4/22/91 Piezometer
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Table E-4
Skyline Landfill
Historical Borings

Surface Eievation at Depth Above/! Drill
Boring No. |_Elevation Depth Total Depth Below EDE** Date Type
CB-40 (P-28) 437.10 45 392.10 15.10 42491 Piezometer
CB-41 485.40 85 400.40 23.40 4425091 Boring
CB-42 457.20 70 387.20 10.20 4/22191 Boring
CB-43 439.00 35 |  404.00 2760 | 42301 Boring
CcB-44 501.00 105 396.00 19.00 4/29/91 Boring
CB-45 44150 | 35 406.50 29.50 419191 Boring
CB-46 (P-29) (P-30) 472.40 65 407.40 30.40 4126791 Piezometer
CB47 464.30 80 404.30 27.30 427 Boring
CB-48 492,30 20 41230 | 3530 4720091 Boring
CB-49 (P-35) (P-36) 493.70 80 413.70 3870 5/2/91 Piezometer
CB-50 48230 85 417.30 4030 51/91 Boring
CB-51 492,10 75 417.10 40.10 4/30/91 Boring
CB-52 475.30 65 41030 3330 51791 Boring
CB-53 (P-33) (P-34) 486.40 7 415.40 38.40 4/30/91 Piezometer
CB-54 468.90 50 41890 | 41.90 426091 Boring
CB-55 (P-31) (P-32) 47450 &0 414,50 37.50 4/20/9% Piezometer
cB-56 45610 4} 41410 3440 4/30/91 Boring

McBride-Ratcliff 1987 — 1990 Borings/Piezometers

CB-1 489.50 70 419.50 4250 5/21/87 Boring
CB-2 496.70 65 431.70 5470 | 5izoe7 Boring
CB-3 478.20 80 399.20 22.20 519/87 Boring
CB-4 489,70 70 419.70 42.70 5/19/87 Boring
CB-5 496.00 80 415,00 39.00 5/18/87 Boring
CB6 (P-5) (P-6) (P-10) 491.40 76 421.40 44.40 51987 Boring
CB-7 474.60 70 404.60 27.60 5/21/87 Boring
ca-g 485.50 75 41050 33.50 5i21/87 Boring
CB-9 502.70 70 432.70 56,70 [ sn7ieT Boring
CB-10 (P-7) {P-12) 435.80 a0 395.80 18.80 5/21/87 Boring
CB-11 510.10 75 435.10 58.10 5121787 Boring
CB-12 {P-8) (P-9) 458.80 50 40880 | 31.80 5/22/87 Boring
B3 433.40 50 383.40 6.40 5/20/87 Boring
CB-15 443.00 0 | 40300 26.00 5/27/8T Boring
CB-16 440.40 50 390.40 1340 | 520087 Boring
CB-17 49360 | 90 403.60 26.60 5/18/87 |  Boring
CB-18 41450 | 40 374.60 240 | sr2m7 Boring
CB-19 ((5’,’: 2}29))((5_ ‘339)) (P-21} 414,00 60 354,00 23,00 5/23/87 Boring
CB-20 50610 | 100 406.10 2010 516/87 Baring
Biggs & Mathews Environmental E-14 Skyline Landfill
MAPROMOT\G1V20\P\PART 3 ATT E.DOC Rev. 0, 4/12/12

Part ill, Attachment E



Table E-4

Skyline Landfill
Historical Borings
Surface Elevation at Depth Above/ Drill

Boring No. Elevation Depth Total Depth Below EDE™ Date Type

CB-21 (P-14) (P-15) (P-16) | 50420 100 404,20 27.20 5/16/87 Boring

CB22 41430 35 379.30 2.30 5114/87 Boring

CB-23 (P-1) (P-2) 447,60 45 402.60 25.60 52187 Boring

CcB-24 508.70 106 408.70 31.70 5/t4/67 Boring

CB25(P3)(P4)(P-11){P-13) | 441.00 50 391.00 14.00 513187 Boring

CB-26 1 44450 50 394.50 12,50 512187 Boring

cB-27 418.10 50 368.10 -8.90 5(13/87 Boring

McBride-Ratcliff 1987 Piezometers
P-1 447,49 23 424.40 47.40 5/27/87 Piezometer
P-2 44750 135 434.00 57.00 5/27/87 Piezometer
p.3 44130 25 418.30 39.30 5027187 Piezometer
P-4 a41.40 24 417.40 40.40 5/28/67 Piszometer
P-5 491.60 53 438.60 61.60 5/26/87 Piezometer
P-6 492.20 42 450.20 73.20 5126/87 Piezometer
P.7 436.20 30 405.20 28.20 B/2157 Piezometer
P-8 457.40 40 417.40 40.40 8/2/87 Piezometer
P-9 459.00 39 420,00 43.00 9/30/87 Piezometer
P-10 49150 | 41 450,50 73.50 9/30/87 Piezometer
P-11 440.00 20 £20.00 42.00 9/30/87 Piezometer
P12 439.00 il 428.00 51.00 /7190 Piezometer
P-13 440,00 35 405.00 28.00 1114190 Piezometer
P14 504.00 30.8 473.20 96.20 11/6/90 Piezometer
P15 504.00 214 482.60 105.60 /8/%0 Piezometer
P-16 504.00 61 443,00 66.00 11/13/90 Piezometer
P17 485.00 20 465.00 88.00 11/13/90 Piezometer
P-18 485.00 35 450.00 73.00 11/13/80 Piezometer
P-19 422,00 76 346.00 -31.00 11/15/90 Piezometer
P20 424.00 22 402.00 25.00 11714190 Piezometer
P21 424.00 12 412,00 35.00 11/14/50 Piezometer
P-22 424.00 43 381.00 4.00 11/16/80 Piezometer
P23 424.00 128.1 295.90 81.10 11/16/50 Piezomeer
Southwestern Labs 1983 Borings

Bt 530.00 40 490.00 113,00 8/12/1983 Boring

B2 462.00 a0 422,00 45.00 8/12/1983 Boring

B3 532.00 40 402,00 115.00 8/12/1983 Boring

B4 476.00 35 441.00 64.00 8/12/1983 Boring

B85 434.00 15 419.00 42,00 B/12/1983 Boring

B-6 543.00 45 © 498.00 121.00 8/12/1983 Boring
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Table £-4
Skyline Landfill

Historical Borings
Surface Elevation at Depth Abovel |  Drill

Boring No. Elevation Depth | Total Depth Below EDE** | Date Type

87 427.00 20 407.00 30.00 8/12/11983 Boring

B-8 428,00 15 413.00 36.00 8/12/1983 Boring

Bo 434.00 15 419.00 42.00 8/12/1983 Boring

B-10 412.00 40 372.00 5,00 8/12/1983 Boring

B-11 405.00 40 365.00 -12.00 8/12/1983 Baring

Southwestern Labs 1978 Borings

B-1 478.00 90 366.00 8.00 10/16/1978 Boring

8-2 538.00 100 | 43800 61.00 101711978 Boring

B3 448,00 60 388.00 11.00 10/18/1978 Boring

B4 463.00 65 398,00 21.00 101181978 | Boring

Menitoring Wells
MW 491.06 55 436.06 59.06 5/23/95 ‘Monitoring Well
MW-2R 494.04 76 418.04 41.04 8/23/07 Monitoring Well
MW-3R 47363 62 41163 34.63 8/23107 | Monitoring Wek
MW-4 433.82 25 40882 31.82 512195 Monitoring Weli
MW-5 42192 32 389.92 12.92 5/13/95 Monitoring Well
MW-6 416.81 25 39181 14.81 5/14/95 Monitoring Well
Mw-7 42073 | 25 404.73 27.73 5/10/95 Monitoring Well
MW-5 444.06 25 419.06 4206 5/12/95 Monitoring Well
MW-9 41819 | 38 380.19 3.19 516195 Monitoring Well
MW-10 415.30 49 366.30 1070 5/23/95 Monitoring Well
MW-11 415.10 a7 378.10 140 5(17/95 Monitoring Well

MW-12 417.83 22 395.83 18.83 511195 Monitoring Well
NW-13 432.23 25 407.23 30.23 5/15/95 Monitoring Wel
MW-14 483 51 325 431.01 54.01 9/20/94 Monitaring Wel
MW-15 448.66 255 | 42316 46.16 9/20/94 Moritaring Weil
MW-16 446.36 245 421.86 44.86 9/20/94 Moritoring Well
MW-17 489.85 575 432.35 56.35 8/20/94 Mornitoring Well
MW-18 467.00 475 419,50 42.50 612094 Monitoring Well
MW-18 441.25 31 410.25 33.25 9/20/94 Monitoring Well
MW-20R 464.63 355 429.13 5213 10/20/03 Monitoring Wef!
MW-21 412.17 25 387.17 10.17 10/20/09 Moniloring Well
MW-22 429.45 a3 396.45 1945 10/20/09 Monitering Wel
MW-23 416.73 35 38173 ' 4.73 10/20/09 Monitoring Wel
MW-24 42158 20 401,58 2458 11/9/09 Mantoring Wel
MW-25 459.53 s 42453 4753 10/20/09 Monitoring Wel
MW-26 448.09 20 428.09 51090 |  9/29/09 Monitoring Well

*Surface elevation not included on original log. Surface elevation is an estimate only,
"Elevation of Deepest Excavation - 377 feet msl.
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4.4 Site Stratigraphy

The facility is located on the outcrop of the Taylor Marl. The Taylor Marl is a very
dense, low permeability formation consisting of calcareous clays. More than
150 borings have been drilled and sampled on the site and were examined to
characterize site stratigraphic conditions. Four geologic cross sections are presented
in Appendix E3 that incorporate historic and newly drilled borings. For identification
purposes, the interpreted units have been labeled Stratum | and Stratum Il. These
sections illustrate the stratigraphy and lithology present beneath the site. Detajled
descriptions of these strata are included in the following sections.

Table E-5
Skyline Landfill
Generalized Site Stratigraphy

Average Average
Geologic Unit Lithology Depthto Top | Thickness Hydrogeologic Unit
of Unit {ft) of Unit (ft)
Stratuml |y and Weathered | Surf
ay and Weathere urface -
Weathered y Shate Outcrop 45 Uppermost Aquifer
Taylor Mart :
Stratum i
Unweathered Shale, Clayey 40 400 Aquiclude
Taylor Mari

*The Taylor Marl is not recognized by the State of Texas as a regibn';'l aquifer but has been recognized by the
TCEQ as such for groundwater monitoring purposes.

4.4.1 Stratum | - Weathered Taylor Marl

The weathered Taylor consists of 45 feet of brown to yellow to light gray, stiff to hard,
clay weathered from the marl. The average thickness is about 45 feet. The samples
range from dry and friable where they are above the water table to moist where they
oceur below the top of the water table. The weathered Taylor contains occasional
calcareous and iron nodules and some silt and sand partings. Near vertical fracturing
occurs as a result of the weathering process. Occasional angular jointing is present.
Fractures and joints may be filled with calcite or gypsum. Fracture frequency
decreases with depth. Field permeability testing of the material shows permeabilities
ranging from 5.44 x 107° to 1.59 x 10 cm/sec. The geometric mean of calculated
permeabilities is 4.23 x 10° cm/sec. A structural contour map of the top of the
unweathered Taylor (base of the weathered Taylor) is shown on Figure E3-6. The
previous stratigraphic description in the 1293 permit application for the site had
divided this stratum into two strata, Stratum | and Stratum Il. However, from a
hydrogeologic perspective, this identification is not ultimately useful in describing the
hydrogeology of the site.
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Stratum |, as defined in this application, includes the uppermost groundwater zone at
the site, which occurs in shallow, fractured, weathered Taylor Marl under unconfined,
water table conditions. Groundwater in Stratum 1 is characterized by fracture flow. In
the weathered marl, fracturing is abundant due to weathering processes and
expansion from the release of overburden pressure. The groundwater movement in
the weathered marl is characterized by flow through the interconnected vertical and
horizontat fractures and bedding planes that have hydraulic characteristics of normally
porous medium such as a sand or silt. The flow is generally topographically
controlled.

4.4.2 Stratum Il - Unweathered Taylor Marl

The unweathered Taylor consists of several hundred feet of dark gray to blue gray,
hard clayey shale (marl) with iron stains, gypsum seams, and occasional fossils. The
surface of the unweathered Taylor is the contact between the weathered and the
unweathered Taylor. This surface is a result of the depth of weathering created by
shrinking and swelling as a result of alternating rainfall and drying. Fifty-six soil
borings penetrate into this unit at a minimum of 10 feet into this stratum. Geotechnical
testing performed on samples from this strata conciudes that this unit is primarily a
clay. Some investigators refer to this material and this part of the Taylor as claystone.

As stated above, the stratigraphy of the site has been defined by the degree of
weathering. To illustrate the unweathered surface of the Taylor Marl, a structural
contour map of the top of the unweathered Taylor was prepared using information
obtained from the borings (Figure E3-6). This map indicates that the unweathered
unit (Stratum ) surface mimics the original surface topography and slopes to the
north-northwest, as does the surface topography. These maps and the generalized
cross sections (Figures E3-2 through E3-5) support the conclusion that the geologic
units generally parallel the surface and are thus related to weathering processes, not
to depositional processes.

Fracture density and fracture aperture decreases significantly in the unweathered marl.
This decrease in fracturing with depth was observed in the samples from site borings
and in excavations in the unweathered zone at this and other sites within the areas of
Dallas and Ellis Counties. This decreased fracture density with depth corresponds to the
lower permeability seen in permeability tests conducted in the unweathered zone
compared to the permeability results for the weathered zones, Field permeability testing
of the material shows permeabilities ranging from 1.61 x 10° to 8.54 x 10" cm/sec. The
geometric mean of calculated permeabilities is 2.59 x 10°. Geologic and hydrogeologic
characteristics observed in the deeper, unweathered Taylor Marl (Stratum 1) indicate
that this unit functions as an aquiclude or lower confining unit to the uppermost
groundwater zone at the site.
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5 GEOTECHNICAL DATA

30 TAC §330.63(e)(5)(A)-(F)

The geotechnical properties of the subsurface materials at this site are based on the
subsurface investigations that are described in Section 4 of this attachment. The
geotechnical design of the facility is provided in Attachment D5 — Geotechnical
Design.

5.1 Laboratory Reports

Geotechnical tests were performed on samples recovered from each soil layer or
stratum that will form the bottom and sides of the proposed excavation with fest
samples recovered up to 79 feet below the deepest excavation. The laboratory tests
were performed by independent third party laboratories using the industry standards
that were applicable at the time that the tests were performed. The results of the
laboratory tests are compiled in Appendix E5 of this attachment. Descriptions of the
tests, the number performed, and the test standards are summarized in Table E-6.

Table E-6
Skyline Landfill
Laboratory Test Summary

Test Description Test Method | Number Of Tests

Sieve Anaiysis ASTM D 1140 10
Atterberg Limits ASTM D 4318 194
Moisture Content ASTM D 2216 204

Unit Dry Weight ASTM D 2837 54

Permeability ASTM D 5084 6

Atterberg limits and sieve analysis tests were used to classify the soils according to
the Unified Soil Classification System. In addition, the Atterberg limits and sieve
analyses were used to estimate the parameters for the settlement/heave and slope
stability calculations and to evaluate the suitability of the materials for use as
compacted soil liner and final cover infiltration layer. The moisture content and unit
dry weight tests were used to estimate the parameters used for the settiement/heave
and the slope stability calculations.
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The permeability tests were used to estimate the parameters used for the temporary
dewatering system design and to evaluate the suitability of the materials for use as
compacted soil liner and final cover infiltration layer.

A total of five vertical (two from Stratum | and three from Stratum 1) and one
horizontal (Stratum I} hydraulic conductivity tests have been performed on undisturbed
samples from the current and previous explorations on the units that will form the
bottom and sides of the proposed excavations. Attempts to trim horizontally oriented
undisturbed samples from Stratum I that will form the sides of the excavations for
laboratory hydraulic conductivity tests were unsuccessful. All of the Stratum i
samples experienced some disturbance when attempts were made to trim them in a
horizontal orientation. Therefore, field tests from the previous explorations were used
to determine the horizontal permeability of the excavation sidewall soifs. The
laboratory and field test results were used to evaluate the hydrogeologic parameters
of the site and the hydraulic conductivity of engineered fill constructed from on-site
materials.

5.2 Material Characteristics

The resuilts of the laboratory tests were reviewed along with the boring logs to develop
the general soil properties of the subsurface materials that will be encountered in the
excavations and provide the foundation for the landfill. As shown on the cross
sections in Appendix E3 of this attachment, the excavation will encounter clayey
material. Average properties of soil included in each stratum are summarized in
Table E-7.

Table E-7
Skyline Landfill

Average Properties of On-Site Materials
==

Material Ligquid | Plastic | Plasticity ; Passing Moisture Unit Lab
[ Stratum Classification Limit Limit index #200 Content Dry Weight | Permeability
% % % % % {Ib/fe) {cmisec?)
o CH 74 30 | 44 99 25.0 95.8 5.40x 107
f CH 75 33 42 99 20.4 97.7 7.73 x 10°

"Refer to {aboratory test éummary in Appendix ES for source data.
ZAverage lab permeability calculated based on arithmetic mean.

The geotechnical design calcufations that are presented in Aftachment D5 -
Geotechnical Design, show that the in situ soils will provide adequate support for the
proposed landfill. Total settlement beneath the liner system should be less than
6 inches and differential settlement should not exceed 4 inches, which is well within the
strain tolerance of the proposed liner system. The factors of safety against slope failure
exceeded the recommended factors of safety for all conditions that were analyzed.
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5.3 Material Requirements

Onsite soils will be required for construction of the soil liner and protective cover
components of the liner system, and the infiltration layer and erosion layer
components of the final cover system. Onsite soils will also be required for
operational cover (daily and intermediate} and general earthfil. Typical material
requirements for the various landfill components are summarized in Table E-8.

The soil liner and final cover infiltration layer must be constructed from soils that can
be compacted to form a low hydraulic conductivity barrier. The classification and
hydraulic conductivity test results indicate that the clayey soils excavated from the site
should be satisfactory for use as compacted soil liner and infiltration layer material.

Protective cover and the erosion layer soils should not contain large rocks or boulders.
Operational cover soils shall not have been previously mixed with waste materials and
erosion layer material shall be capable of sustaining vegetation. The test results and
boring logs indicate that any of the soil material excavated from the site should be
suitable for use as operational and protective cover, and that the surface soils should
be suitable for use as the upper layer of the final cover system erosion layer.

General earthfill will be used to construct the site roads and embankments. The
classification test results indicate that the onsite soils are suitable for use as structural
fill material.

Table E-8
Skyline Landfill
Typical Soil Requirements for Landfill Construction
[ ' ' Hydraulic
Conductivity | Material
Landfili Component Classification LL Pl % - 200 cmisec Source
SOII Liner SC, CL, CH, MH 30 min 15 min | 30 min 1 x 107 max
Infiltration Layer SC, CL, CH, MH 30 min | 15min | 30 min 1 x 107 max
. SP, SW, SM, SC, -
Protective Cover CL. GH, ML, MH No large rocks
. | SC, CL, CH, SM, . . »
Erosion Layer ME. CL-ML 30min |15 min | 30 min NA On-site
Operational Cover N
(Daily Cover, gfl\ﬁf l\%lii- ’ I\CAE, Not mixed with waste
Intermediate Cover) P
. SC, CL, CH, Mt . .
General Fill CL-ML. MH NA S5min | 15 min NA
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5.4 Groundwater Occurrence

5.4.1 Groundwater Observation Points — Piezometers/Monitoring Wells

Groundwater observation points are summarized

in Table E-9.

Data from

36 piezometers and 26 groundwater monitoring wells, as well as the information from
borings, were used to characterize site hydrogeology (see Appendix E3 for cross

sections).

Monitoring well data sheets, well reports, and logs of piezometers are provided in
Appendix E2 and are summarized in Table E-9 below. Piezometer locations are
shown on Figure E2-2 of this attachment.

Attachment F.

Table E-9

Skyline Landfill
Piezometer and Groundwater Monitoring Well Detail

Monitoring well details are provided in

Top of Filter Pack '
Total Surface Casing Top Top Screen
Well Install | Depth | Elevation | Elevation Elevation Elevation Layer/
Date {ft msl) Lithology Screened
5/23/95 £59.06 Weathered Taylor Mar
MW-2R 8/23/07 7% 43404 497.24 44204 438.04 Weathered Taylor Marl
MW-3R 823107 62 47383 47859 435,63 432 63 Weathered Taylor Mari
MW-4 5205 | 25 43382 £37.00 428,82 426.82 Weathered Taylor Mar
MW-5 5395 | 32 42192 42514 41692 41492 Weathered Taylor Mar
MW-6 51195 25 416.81 419.96 41184 408.81 Weathered Taylor Marl
MW-7 5/10/95 25 42373 43267 42473 42273 Weathered Taylor Marl
M-8 5295 | 25 444,06 447.08 439.06 437.06 Weatherad Taylor Mar
MW-9 5/15/95 38 418.19 421.64 405.19 403.19 Weathered Taylor Mar}
MW-10 5123/95 49 41530 417,53 39180 389.30 Weathered Taylor Marl
MW-11 517195 37 415.10 417,59 40360 40110 Weathered Taylor Marl
MW-12 51795 22 417.83 420,95 412.83 410.83 Weathered Taylor Marl
MW-13 5/15/95 25 432.23 435,22 427.23 425.23 Weathered Taylor Marl
MW-14 aoied | 325 463.51 456,71 45551 453.51 Weathered Taylor Mari
MW-15 9/20/94 265 448,66 45220 442,66 440.66 Weathered Taylor Mari
MW-15 oR0me | 245 446,36 449,56 £4136 439.36 Weathered Taylor Mar
MW-17 90094 | 575 489,85 49275 456,85 454.85 Weathered Taylor Marl
MW-18 9094 | 475 467.00 470.20 444.00 £42.00 Weathered Taylor Marl
M-19 9/20/94 a1 441.25 444,45 434,25 43275 Weathered Taylor Marl
MW-20R 10/20/03 355 464.63 468.03 452,63 450.13 Weathered Taylor Marl
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Table E-9
Skyline Landfill
Piezometer and Groundwater Monitoring Well Details

Topof | Filter Pack |
Total Surface Casing Top | Top Screen
Well Install | Depth | Elevation | Elevation Elevation Elevation Layer/
Name Date | {ftbgs) | (ft msl) {ft msl) (ft msi} (ft msl) Lithology Screened |
MW21 | 10009 | 25 1247 414.90 w217 | 40047 Weathered Taylor Marl
MW-22 10/20/08 33 | 42045 432,26 41145 409.45 Weathered Taylor Marl
MW-23 | 100009 | 35 | 41673 410.46 39673 39473 | Weathered Taylor Mari
MWW-24 111909 20 42158 42462 41258 40958 Weathered Taylor Ma
MW-25 | 100008 | 35 459.53 46233 43953 43753 Weathered Taylor Marl
MW-26 929109 20 448.09 451.06 438,09 436,09 Weathered Taylor Marl
P-1(CB-23) 5127187 23 44740 45140 ] 43240 430.40 Weathered Taylor Mar
P2(0B23) | 52787 | 135 | 4750 | a4es0 242,50 439,00 ‘Weathered Taylor Mert
Pa(CcB2) | so7e7 %5 | 44130 445,30 436.30 42130 ‘Weathered Taylor Mar
PA(CB25) | 5/28/87 | 44140 44340 42540 42340 Unweathered Taylor Mari
P5(CBE) | 52887 53 43160 493.60 448,60 44460 Unweathered Taylor Marl
PH(CBE) | 58T P 49220 495.20 487.20 45520 Weathered Taylor Marl
P7(CBAQ) | 6/287 30 £35.20 441,20 430.20 41120 Weathered Taylor Marl
Weatherad/Unweathered
PS(CBAZ} | &/287 40 457.40 46190 45240 42240 Taylor Marl
P9 tcs-'iz) 9/30/87 3 459,00 462.00 430.00 42200 Unweathered Taylor Marl
PA0(CBS) | o087 &1 49150 | 49450 45050 45250 Weathered Taylor Marl
PA1(CB25) | /3087 20 240,00 443,00 £30.00 £22.00 Weathered Taylor Marl
PA2(CB0) | 117780 11 439,00 442,20 434.00 433.10 Weathered Taylor Mar!
PA3(CB2S) | 1140 | 35 440,00 443,00 412.00 41010 | Unweathered Taylor Mar
PA4(cB21) | 1180 | 308 504.00 507.00 479.00 47790 Weathered Taylor Marl
PASCB2Y) | 1600 | 214 504.00 507.00 489.00 48770 Weathered Taylor Marl
P-16 (08-2'1)' 11/113/90 61 504,00 507.00 450,00 448 10 Unweathered Taylor Marl
p-17 11/13/90 20 485,00 488,00 472.00 47010 Weathered Taylor Marl
P18 | 13m0 | 35 485.00 488.00 457.00 45510 Weathered Taylor Marl
P19 | 114500 | 76 42200 425,00 35260 35140 Unweathered Taylor Marl
P20 | 1400 | 2 42400 427,00 409.00 40710 Weathered Taylor Mar!
P21 | 111480 12 42400 427.00 42000 41810 Westhered Taylor Mari
P22 | sl | 43 42400 426,00 388,00 386.10 Unweathered Taylor Marl
P23 | 11MeR0 | 1284 42400 427.00 303.00 301.00 Unweathered Taylor Marl
P24 (CB29) | 501 | 3 405,50 406.78 38150 385 50 Unweathered Taylor Marl
P (CBAY | 5901 100 433.80 495,53 406,80 40180 Unweathered Taylor Marl
P26'(CB30) | 50001 48 493,80 497.04 45680 45180 Weathered Taylor Mar
P2TA(CB3Y | 5991 %5 £15.10 41720 35210 387.10 Unweathered Taylor Mar
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Table E-9

Skyline Landfill
Piezometer and Groundwater Monitoring Well Details
. Top of Filter Pack |
Total Surface Casing Top Top Screen

Well install | Depth | Elevation | Elevation Elevation Eievation Layer/

Name Date | (ftbgs) | (ft msl) {ft msl) (ft msi) (ft msi} Lithology Screened
P28'(CB40) | 5901 a5 43710 44051 405.10 40040 Unweathered Taylor Marl
pP-25* (CB-46) 519191 65 47240 47427 420.90 A14.40 Unweathered Taylor Mast
P30*(CB46) | 5901 31 47240 47525 45240 44740 Weathered Taylor Mar
P-31*(CB55) | 5/9/91 50 47450 47648 42650 42150 Unweathered Taylor Marl
P-32* (CB-55) 5/9/91 39 474.50 477.80 446.50 44150 Unweathered Téylor Marl
P-33*(CB-53) | 5/9/91 70 48640 48943 428.40 42240 Unweathered Taylor Marl
P-34*(CB-53) |  5/9/91 45 484,40 487 67 451.40 447,80 Unweathered Taylor Mazt
P-35* {(CB-48) 51941 &0 493.70 48533 .430_20 418.70 Unweathered Taylor Marl
P-36* (CB49) | 500/ %0 49370 49544 48370 45070 | Unweathered Taylor Marl

*Sutface elevations were not given on piezometer installation fogs. ”However, the surface elevations provided are from
the corresponding soil boring near the piezometer,
Note:

The site /s fourded in fat clay of the Taylor Formation. These clays are subjected to shrink swell, which causes minor
fluctuations of survey data.

5.4.2 Water Level Measurements During Drilling

The depth at which groundwater was encountered and records of after-equilibrium
measurements in all borings is included in Table E-12. The cross sections are
annotated to note the level at which groundwater was first encountered and the level
of groundwater after equilibrium was reached prior to plugging. Borehole water level
data are noted on the logs. However, because the borings were drilled with water, it was
not generally possible to distinguish between drilling water and formation water.
Borehole fluid level data were not used in engineering calculations because the
piezometers were properly constructed and screened to provide water level data on
individual strata; these data are much more reliable than borehole water observation
data. Afthough, in cases where water levels were identified prior to introduction of
drifling water, those water levels are included in Table E-12.

5.4.3 Piezometer Installations

Twenty-three piezometers (P-1 through P-23) were installed in adjacent borings during
the McBride-Ratcliff investigation (1987 to 1990). During the HDR Engineering (1991)
investigation, 13 piezometers were drilled and installed at the site. No piezometers
remain at the facility. All were previously plugged and abandoned in accordance with
appropriate regulations in effect at the time.
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5.4.4 Groundwater Monitoring Well installations

A total of 26 groundwater monitoring wells have been installed and are part of a
Subtitle D groundwater monitoring system. Monitoring wells MW-1 and MW-4 through
MW-14 were installed in 1995; MW-15 through MW-19 were installed in 1994,
MW-20R was installed in 2003; MW-2R and MW-3R were installed in 2007: and
MW-21 through MW-26 were installed in 2009,

5.4.5 Water Level Measurements

Water levels were measured in site piezometers from June 1987 to June 1991. Water
levels at the site have been measured from December 1994 to the present in site
monitoring wells. These data are compiled in Tables E-10 and E-11. Measurements of
water levels were made to 0.01 foot using an electronic water level indicator. Water
level elevations were calculated using measured water levels and surveyed well
elevations (top of casing).
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Table E-12
Skyline Landfill
Groundwater Observations During Drilling

Water Level
Weli Surface During Drilling | Stabilized Depth | Groundwater
Boring Install Depth Elevation Depth to Water to Water Elevation
No, Date ft ‘msl ft f ms]|

CB-19 5/23/1987 | 60 414.00 22.0 7.0 407.00
CB-26 5/12/1987 50 444 50 13.0 7.8 '436.70
CB-28 41711991 35 423,80 4127 | 11.10
CB-34 4/24/1991 ‘80 473.30 456.4 16.90
CB-36 4/23/1991 45 437.70 419.5 18.20
CB-44 4/29/1991 105 501.00 | 465.0 36.00
CB-47 412711991 80 464.30 457.4 .80
CB-48 4/20/11991 | 80 492.30 482.9 9.40
CB-50 '5/1/1991 | 65 482.30 478.4 3.90
CB-51 4/30/1991 75 492.10 488.8 3.30
CB-52 5/1/1991 85 475.30 4731 2.20
B-2 " 8/12/1983 40 462,00 32.0 " 430.00
B-3 8/12/1983 40 532.00 305 492 50
B-4 8/12/1983 | 35 476.00 32.0 44400
B-6 8/12/1983 45 543.00 14,0 529.00
B-9 8/12/1983 15 434.00 80 | 426.00
B-11 8/12/1983 40 405.00 ' 40 401.00

Note: Borings not fisted had no indication of groundwétéf observed during drilling prior to the introduction
of drifling water.

5.5 Groundwater Monitoring Analytical Data

A tabulation of historic groundwater chemistry results is provided in Appendix E7. The
history of the groundwater monitoring program at the site is discussed in Attachment F.

5.6 Site Hydrogeoiogy
5.6.1 Hydrogeologic Units
5.6.1.1 Stratum | — Weathered Taylor Mar! / Uppermost Aquifer

Groundwater is contained in the weathered Taylor Marl as seen in site piezometers and
groundwater monitoring wells. Groundwater enters the Taylor Marl at its surface
outcrop. Groundwater flow generally mimics the natural site topography and flows
predominantly to the east and northeast parts of the site. The groundwater movement
in the weathered marl is characterized by flow through the weathered, interconnected
vertical and horizontal fractures and bedding planes. Fracture frequency decreases with
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depth. Extensive near surface weathering of the upper portions (30 to 40 feet) of the
Taylor have created fractures and slickensides from the repeated shrinking and swelling
of the clays that make up the Taylor so that it has hydraulic characteristics (hydraulic
conductivity) equivalent to a normally porous medium such as sand or silt. The
geometric mean of calculated permeabilities for Stratum | is 4.23 x 10° cm/sec.
Figures E6-1 through E6-5 show a series of potentiometric surface maps of the
groundwater in the weathered Taylor.

The Taylor Marl is a clayey shale that is made up of clay particles. Clay particles have
large surface areas per unit weight compared to typical sand and silt particles. The
large surface areas can attract negatively and positively charged ions through
adsorption. Inorganic constituents in the groundwater may be adsorbed to the clay
particles thereby slowing or stopping contaminant movement (Brady and Weil, 2007).

5.6.1.2  Stratum Il - Unweathered Taylor Marl / Lower Confining Unit

Groundwater occurring in deeper fractures of the unweathered mar! would be recharged
by the slow, downward movement of groundwater from the overlying shallow, weathered
marl zone. Vertical movement of groundwater is retarded by unfractured or slightly
fractured, low permeability materials in the Taylor Formation, Only a small fraction (less
than 1 percent) of the groundwater that moves through the surficial bedrock moves
downward into the unweathered bedrock (Dutton et al., 1994). Once the overlying
weathered marl is removed, the underlying unweathered marl will not produce any
significant hydrostatic pressure. This has been observed for years in actual
constructions at the existing landfill site. Other than surface runoff from heavy periods
of rain, open excavations in the existing landfill area remain dry. The minimal seeps
observed in weathered sections of excavation walls dissipate rapidly, with no ponding on
the excavation floor,

Observations made during the large diameter test borings demonstrate the limited
quantities of water in the subsurface and that saturated conditions do not exist in the
unweathered Taylor Marl.

Studies of the Taylor Marl in Ellis County, Texas that employed groundwater dating
methods suggest that groundwater in weathered Taylor Marl was recharged within the
last 40 to 50 years; that groundwater in the slightly weathered, less fractured, less
interconnected Taylor bedrock was recharged within the last 15,000 to 20,000 years;
and that the average age of the groundwater in the unweathered Taytor Marl is 1 million
years (Dutton et al., 1994). This age dating of groundwater in the unweathered
suggests that the deeper water is either not recharged from overlying infiltration through
connection to shallow fracturing or poorly recharged. It also suggests that groundwater
infiltrating from the surface moves slowly downward in the weathered zone until it meets
the lower permeability, unweathered zone. Groundwater then flows laterally within the
weathered zone. The mean hydraulic conductivity for Stratum Il is 4.23 x 10 cm/sec.

Due to the scarcity of fractures and the resulting lower hydraulic conductivity in the
decreasing fractures with depth, the unweathered Taylor Marl is the lower confining unit
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(aquiclude) to the overlying weathered Taylor that serves as the uppermost aquifer at
this site for groundwater monitoring purposes.

5.6.2 Hydraulic Conductivity — Field Permeability Tests

Field permeability tests were performed in twenty-one piezometers. The test results are
summarized in Table E-13. The geometric mean of permeabilities calculated for
Stratum | is 4.23 x 10 cm/sec and 2.59 x 10° cm/sec for Stratum |l

Hydraulic conductivity values were calculated using Hvorslev's method for piezometers
P-3, P-5, P-6, P-8, P-9, P-11, P-14, P-16, P-17, P-18, P-19, P-20, P-22, P-23, P-25,
P-26, P-29, P-30, P-31, P-33, and P-35.

5.6.3 Groundwater Flow Direction and Rate
5.6.31 Groundwater Flow Direction

Groundwater occurs at the site in the weathered Taylor Marl and upper part of the
unweathered Taylor Marl. Groundwater flow is structurally controlled and mimics the
topography. Permeability in the Taylor Marl is related to the depth of weathering of the
Taylor and is thus related to the surface topographic expression. The top of the
unweathered map (Figure E3-6) shows a strong resemblance to the topography.
Groundwater in the Taylor Marl at the site flows from the south end of the site to the
north, generally toward Ten Mile Creek. Groundwater flow direction is influenced by the
depth of weathering and the unweathered surface (Figure E3-6) , which is influenced by
the topography (Figure E6-8). Minor fluctuations in the unweathered surface and thus
the potentiometric surface show minor variations in the groundwater flow directions to
the northwest and northeast perimeters. Groundwater flow from the south is diverted
around the composite lined excavation. Normal groundwater flow directions prevail
north of the site as precipitation infiltration reaches the water table. A conceptual
hydrogeologic cross section and a conceptual hydrogeologic flow model are included as
Figures E6-9 and E6-10. The excavation is extended well into the low permeability
unweathered Taylor. As such, a leachate leak is unlikely to migrate into the
unweathered Taylor groundwater. Because normal recharge caused by infiltration of
precipitation has been cut off over a larger area (the landfill footprint), water levels may
be lower than normal in some areas. Because of this, several monitoring wells are
periodically dry. Wells MW-2R, MW-3R, MW-4, and MW-5 on the west side of the site
are frequently dry. MW-7 is dry on the north side. MW-13 on the northeast side of the
site are also often dry, indicating that normal recharge and thus groundwater flow in
those areas has been cut off,

The original site characterization included in the 1991 permit application showed
multiple piezometers installed to identify groundwater in the weathered Taylor. Water
levels from piezometers are included in Table E-11. A pre-excavation potentiometric
surface map from June 1991 is included as Figure E6-7. Most of the piezometers
demonstrated groundwater occurrence during the characterization. Thirty-five
piezometers were installed in clustered locations, and piezometers at all locations
encountered groundwater during the characterization period of 1987-1993. Water
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levels from existing monitoring wells are shown in Table E-10. As shown in the table,
the areas near MW-4, MW 5, MW-7, and MW-13 are now consistently dry,

Initial development occurred with excavation of Cell 1 in the center of the site. This cell
opened in 1995 so excavation was completed prior to that. Cell development then
moved southward. By 1999 excavation and cell development had proceeded through
the center of the site to the southern extent of the site. All development then moved
clockwise from south to north along the west side.

Cell development consists first of excavation of the Taylor Marl. The process of
excavation and the accompanying dewatering creates an inward gradient. Once the
liner and underdrain are installed, the inward gradient persists. Also, when the liner is
installed, recharge by infiltration of precipitation is prevented by the liner.

There are currently three areas along the site perimeters where monitoring wells are
periodically dry. First, on the west side, MW-3R, MW-4, and MW-5 are dry. MW-3R
was dry upon installation in 2007, but has produced water since June 2009. MW-4 and
MW-5 have been dry since 2001, except during two groundwater events.

The second area, near MW-7 on the north side, initially had water and then was
intermittently dry through 2010. Since 2010, MW-7 has remained typically dry, only
having water during two monitoring events. MW-6, located on the northwest side
between MW-5 and MW-7 (both of which are dry), currently has water but has been
periodically dry. Monitoring well MW-21 (located between MW-6 and MW-7) has been
dry since June 2011,

Because the entire upgradient (south) end of the site was excavated, lined, and filled
early in the site history, precipitation infiltration that would otherwise have flowed
northward to the downgradient end of the site has been prevented. As the excavation
and fill sequence has progressed along the west side, monitoring wells on the west
(MW-4 and MW-5) are now dry. In addition, MW-7 and occasionally MW-6 and new
monitoring well MW-21 along the northeast part of the site are dry. As cell development
continues, additional wells will become dry or at least intermittently dry.

Finally, there is the area near MW-13 on the northern end of the east side of the site.
MW-13 has been dry since June 2002, Monitoring well MW-26 has been dry since
installation (September 2009).

Multiple potentiometric surface maps were created over both temporal and seasonal
variations and are included in Appendix E6, Figures E6-1 through EB-5. These
potentiometric surface maps reflect the altered groundwater flow pattern created by the
placement of the lined excavations that extend well into the unweathered Taylor.
Groundwater contours reflect “no-flow” boundaries adjacent to the excavation and the
dry areas near MW-4 and MW-5 on the west and MW-13 on the east. On the
downgradient side of the site (north boundaries) groundwater flow follows the
topography and the unweathered surface, and in places flows parallel to the site
boundaries.
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5.6.3.2 Groundwater Flow Rate

Groundwater flow velocity is estimated to flow at approximately 2.01 x 10™ ft/yr in
Stratum | (Figure E6-6). Stratum | values were used for calculation and are shown in
Table E-13,

Travel times across the site were estimated using the formula:
v=(k*i)/ne

Where: v = travel velocity
k = hydraulic conductivity of the aquifer
i = hydraulic gradient
n, = effective porosity

Recharge for the uppermost water bearing zone appears to occur entirely within the
property boundary. Therefore, as construction of the landfill progresses and areas are
lined and capped, the water levels shown on the potentiometric surface maps
(Figures E6-1 through E6-5) would be expected to decrease due to a reduction of the
recharge. In some areas, groundwater may be divided around a lined cell.
Groundwater will continue to flow toward the hydraulic downgradient northern part of the
site.
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Table E-13
Skyline Landfill
Hydraulic Conductivity Values

Piezometer No,

Hvorslev's

Hydraulic Conductivity (cm/sec)

STRATUM

P-3

5.86E-10

5.44E-10

9.09E-09

1.13E-08

P-6

1.78E-09

P11

1.66E-08

3.35E-09

P-14

2.91E-08

P17

2.82E-08

4.82E-09

P18

1.59E-08

8.65E-09

1.88E-09

P-20

4.24E-09

3.67E-09

1.83E-08

6.04E-09

P-26

3.05E-09

P-30

4.40E-02

Stratum | Mean

4.23£-09

STRATUM 11

4.07E-09

STRATUM Il

P-5

4,23E-09

3.90E-09

3.63E-09

3.08E-09

2.55E-09

P-9

5.77E-09

3.42E-09

8.38E-09

7.59E-09

P-16

5.63E-09

| 2.40E-00
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: Table E-13
/ Skyline Landfill
Hydraulic Conductivity Values
{Continued)
Hvorslev’é
Piezometer No. Hydraulic Conductivity {cmisec)
SCREENED INTERVAL STRATUM I (CONTINUED)
P-19 6.79E-09
547E-08
4.99E-09
4.69E-09
4.14E-09
P22 1.14E-08
3.12E-09
5.63E-09
3.03E-09
5.13E-09
P-23 ' 3.99E-10
8.01E-10
6.51E-10
P.25 8.54E-10
8.24E-10
1.24E-09
1.40E-09
P-29 8.57E-10
1.89E-09
1.15E-09
P-31 5.89E-09
) 3.78E-00
1.26E-09
P-33  1.93E-09
1.82E-00
1.61E-08
1.57E-09
P-35 1.08E-09
1.32E-09
1.39E-09
1.42E-09

Stratum It Mean 2.59E-09
Note - From HDR, 1991.
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6 ARID EXEMPTION

30 TAC §330.63(e)(6)

The applicant is not seeking an arid exemption for the landfill unit; therefore, 30 TAC
§330.63(e)(6) is not applicable to this application.
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SKYLINE LANDFILL
APPENDIX E1
REGIONAL GEOLOGIC/HYDROGEOLOGIC DATA

Geologic Vicinity Map

Geologic Vicinity Legend

Generalized Regional Geologic Cross Section

Regional Potentiometric Surface of the Woodbine Aquifer
Regional Potentiometric Surface of the Paluxy Aquifer
Water Well Location Map
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